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Preface

Antimicrobial stewardship, as “a coherent set of actions which promote using antimicrobials

in ways that ensure sustainable access to effective therapy for all who need them” (Dyar, O.J.;

2017), is critical (alongside, e.g., infection prevention and control strategies) for tackling antimicrobial

resistance/drug-resistant infections. Volume 2 of Antimicrobial Prescribing and Stewardship builds

on the success of volume 1 of this Special Issue. This Special Issue consists of manuscripts, including

original research articles, review articles, and opinion papers on antimicrobial stewardship-related

topics, including:

• Disease-based/organism-based antimicrobial stewardship;

• The influence of antimicrobial utilization changes on antimicrobial resistance;

• The impact of antimicrobial stewardship on quality performance measures and patient

outcomes;

• Novel antimicrobial stewardship education and training approaches or interventions aimed

toward public and/or healthcare workers;

• Behavioral change approaches to antimicrobial stewardship;

• Collaborative practice agreements in antimicrobial stewardship;

• Antimicrobial stewardship in special populations (e.g., pediatrics, geriatrics, emergency

medicine, hematology/oncology);

• Tackling AMR through antimicrobial stewardship in low- and middle-income countries;

• Antimicrobial stewardship for animal health;

• Antimicrobial stewardship in alternative settings (e.g., community practice, long-term care,

resource-limited settings, small and rural hospitals);

• Antimicrobial use and stewardship in the context of the COVID-19 pandemic;

• Global collaborations to tackle AMR through antimicrobial stewardship.

Diane Ashiru-Oredope

Editor
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Long-Term Outcomes in Patients on Life-Long Antibiotics:
A Five-Year Cohort Study
Christopher Kiss 1, Declan Connoley 1 , Kathryn Connelly 1,2, Kylie Horne 1, Tony Korman 1 , Ian Woolley 1,2

and Jillian S. Y. Lau 1,2,*

1 Monash Infectious Diseases, Monash Medical Centre, Monash Health, Clayton, VIC 3168, Australia;
c.r.kiss89@gmail.com (C.K.); declan.connoley@gmail.com (D.C.); kathryn.connelly@monash.edu (K.C.);
Kylie.Horne@monashhealth.org (K.H.); tony.korman@monash.edu (T.K.); ian.woolley@monash.edu (I.W.)

2 Faculty of Medicine, Nursing and Health Sciences, Monash University, Clayton, VIC 3800, Australia
* Correspondence: jillian.lau@monash.edu; Tel.: +61-395944564

Abstract: Background: Little is known about the impacts at an individual level of long-term antibiotic
consumption. We explored health outcomes of long-term antibiotic therapy prescribed to a cohort
of patients to suppress infections deemed incurable. Methods: We conducted a 5-year longitudinal
study of patients on long-term antibiotics at Monash Health, a metropolitan tertiary-level hospital
network in Australia. Adults prescribed antibiotics for >12 months to suppress chronic infection or
prevent recurrent infection were included. A retrospective review of medical records and a descriptive
analysis was conducted. Results: Twenty-seven patients were followed up during the study period,
from 29 patients originally identified in Monash Health in 2014. Seven of the 27 patients (26%) died
from causes unrelated to the suppressed infection, six (22%) ceased long-term antibiotic therapy and
two (7%) required treatment modification. Fifteen (56%) were colonised with multiresistant microor-
ganisms, including vancomycin resistant Enterococci, methicillin resistant Staphylococcus aureus, and
carbapenem resistant Enterobacteriaciae. Conclusions: This work highlights the potential pitfalls
of long-term antibiotic therapy, and the frailty of this cohort, who are often ineligible for definitive
curative therapy.

Keywords: antibiotics; life-long; suppression; antimicrobial resistance; multi-resistant organisms

1. Introduction

Antibiotics were originally developed and then used as short-term therapy for bacterial
infections [1]. Evaluation of their utility was thus focused on short term harm and benefits.
Subsequent evidence supports specific long-term effective use of certain antibiotics for
prophylaxis against infection following transplantation, splenectomy and for recurrent
urinary tract infections (UTI) [2], though less evidence supports their use in other settings,
such as for infected prosthetic material not amenable to removal and for nonantibacterial
effects such as immunomodulation [2]. In this context, the evidence is limited, as is the
measurement of the adverse consequences of long-term therapy [3].

Pitfalls associated with long-term antibiotic use include development of antimicrobial
resistance (AMR) and cumulative risk of adverse events. AMR is a growing global concern
with multiresistant microorganisms (MROs) responsible for greater than 35,000 deaths an-
nually in the United States [4]. Emergence of AMR has been demonstrated after prolonged
antibiotic usage in multiple conditions including post-splenectomy, rheumatic fever and
UTI prophylaxis [2].

We previously reviewed antibiotic prescribing practices at Monash Health, a large
tertiary-level, university-affiliated health service in Melbourne, Australia, and found that
long-term antibiotic therapy made up only a small proportion (202/66,127, 0.3%) of total
prescriptions, with great heterogeneity in indication for use [5]. Long-term therapy was

1
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defined as an intended treatment course of greater than 12 months. Out of the 202 pa-
tients on long-term antibiotic therapy identified in this previous study, 29 patients were
prescribed this therapy for infections deemed incurable [3,5]. We looked more closely at
this cohort of 29 patients and found one in five patients screened to be colonised with
multiresistant microorganisms (MROs) including vancomycin resistant Enterococci (VRE)
and methicillin resistant Staphylococcus aureus (MRSA) [3]. Furthermore, nearly half of the
patients in this cohort described adverse drug reactions (ADRs) attributable to long-term
antibiotic consumption [3].

Despite being a recognised treatment strategy [2], there is limited information on the
outcomes in patients who are prescribed long-term antibiotics for suppression of infections
deemed otherwise uncurable. The aim of this study was to describe the impact of long-term
antibiotic use on health outcomes in this cohort of patients originally identified in 2015,
and explore issues such as tolerance of therapy, treatment modification, adverse events and
colonisation with MROs.

2. Results
2.1. Patient Demographics

Of the 29 patients originally identified in our previous study [3], two had no follow-up
through our institution and were excluded from this analysis. Baseline demographics
and clinical information for the 27 eligible patients are presented in Table 1. The median
age was 73 (range of 47–93). Fourteen (52%) were female. Fifteen different antibiotic
regimens were used, with combination rifampicin and fusidic acid (6/27, 22%), and ce-
falexin monotherapy (6/27, 22%) prescribed most commonly. Indications for long-term
antibiotic prescriptions were diverse, the most frequent being prosthetic joint infection
(PJI) (15/27, 56%), vascular graft infection (VGI) (3/27, 11%), and recurrent Staphylococcus
aureus bacteraemia (3/27, 11%). The Charlson Comorbidity Index (CCI) increased over the
study period from 5 (median, range 1–13, interquartile range 3–7) at baseline, to 7 (median,
range 1–13, interquartile range of 4–9) by the end of follow-up.

2.2. Patient Outcomes

Patient outcomes are summarised in Figure 1. At the conclusion of the study pe-
riod seven patients had died (26%), two of whom died from infection, (not the original
suppressed infection). No deaths were attributed to treatment-related adverse drug re-
actions. Six patients (22%) ceased long-term antibiotic therapy: three completed their
therapy, two ceased because of adverse drug reactions including acute kidney injury (AKI)
and vaginal thrush, and one patient ceased therapy due to anticipated drug interactions
with new medications. These six patients had previously taken prolonged antibiotics for
between 2 to 10 years. They were followed up for between 3 months and 2 years following
cessation of antibiotics prior to discharge from clinic. Four had prosthetic joint infections
and had further surgery (two had joint revision surgery, one had washout/liner exchange,
one had joint arthroscopy without washout). All six were discharged from infectious dis-
eases (ID) outpatient follow-up and have not had any relapse of their suppressed infection.

2.3. Follow Up

Of the 14 patients who had remained on long-term antibiotic therapy (52%), eight had
been discharged from ID without any plan to cease therapy, tolerating their regimen without
issue. Three of these eight were discharged with no further input from our healthcare
network. The other five were followed up by specialty units within the network including
orthopaedics, cardiology and haematology, and are clinically stable. Of the six patients with
ongoing follow-up, three are reviewed annually, two reviewed six-monthly, and one every
three months. Two patients had modifications to their regimen, one because of diarrhea,
and another because a new organism was identified in a subsequent surgical procedure.
Four patients remained on their initial regimen and continue to attend ID outpatients.

2
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2.4. Adverse Events

Twenty patients required hospital admission in the follow-up period, 15 of these
for an infection unrelated to the one requiring suppressive therapy. Two patients expe-
rienced adverse drug events newly identified in the follow up period. One had severe
cholestatic liver function derangement (peak GGT 1562, ALP 600) and significant kidney
injury (eGFR 37 from 75) with associated metabolic acidosis, which occurred two years
following commencement of suppressive therapy. The other patient experienced recurrent
vaginal thrush.

The rest of the reported adverse drug events were noted during our original study [5],
and included gastrointestinal side effects such as nausea, vomiting, stomach discom-
fort, reflux and diarrhoea, itch/rash, weight gain, thrush, confusion, alopecia, fatigue,
and headache).

2.5. MRO Colonisation

We found 18 patients to be colonised with MROs (18/27, 67%). Of these patients,
vancomycin resistant Enterococci (VRE) was isolated in eight patients, methicillin resistant
Staphylococcus aureus (MRSA) in nine patients, carbapenem resistant Enterobacteriaciae
(CRE) in one patient, and five patients had extended-spectrum beta-lactamase organisms
(ESBL) isolated (three with Escherichia coli, two with Klebsiella pneumoniae). Six patients had
more than one MRO identified. Of the 24 organisms isolated across the 18 patients, 14 or-
ganisms were isolated from clinical specimens, the remaining 10 organisms were isolated
from screening purposes either from admission infection control or research purposes.

Eight patients had MROs detected after the commencement of suppressive therapy
(ranging between 6 months to 5 years following commencement). Eight patients had MROs
detected at the time of commencement of suppressive therapy, and two had MROs detected
prior to suppressive therapy (both detected 1 year prior).

3. Discussion

We observed a cohort of patients who had been prescribed long-term antibiotics over a
five-year period. The key finding of our study was a high overall mortality rate of 26% over
five years. Twenty-two percent of the cohort ceased their antimicrobials, with intolerable
medication side effects being the reason for cessation in a third of these cases.

The mortality rate of 26% is higher than in previous studies focusing on single indica-
tions for long-term antibiotic therapy. A mortality rate of 17.4% was previously demon-
strated in a cohort of 23 patients with infected prosthetic hip joints after a mean follow up
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of 33 months [6]. Reassuringly, no patients in our study died from the underlying infection
requiring suppressive therapy, or from adverse effects of the suppressive therapy itself.
Factors such as older age and comorbidities likely contributed to the observed mortality
rate. This is supported by the high median CCI of five of our cohort, which has an esti-
mated 1-year mortality of 85% [7], as well as the admission frequency for both infective
and noninfective indications seen over the follow-up period, unrelated to chronic infection
and suppressive antibiotics. We postulate that patients selected for suppressive antibiotic
therapy are likely ineligible for definitive (and usually more aggressive) management,
reflecting a frailer cohort with more comorbidities. Such patients are also at higher risk of
adverse effects from long-term antibiotics, which was seen in our study with 19% need-
ing modification or cessation of their treatment regimen most commonly due to adverse
drug reactions or medication interactions. This highlights the complexities of managing
these patients over time, and balancing infection suppression with the risks of long-term
antibiotics in the context of comorbidities and polypharmacy.

No recurrences of infection were noted in the patients who ceased antibiotic therapy
and continued to be followed up in our healthcare network. This may indicate that these
patients may not have actually required long-term antibiotics for their original infective
indications. Alternatively, this may reflect the small sample size of our cohort, as it does
not match previous studies that have stopped long-term antibiotics following prosthetic
joint infection [8].

A major strength of this study is the longitudinal design with long-term follow-up over
five years. There are few similar studies [2], of which most have focused on suppressive
antibiotics in the setting of a particular intervention such as debridement and implant
retention for PJI [6,9], or VGI [10]. These studies did not measure outcomes such as rates of
continued follow-up in ID clinic, and antibiotic discontinuation.

Our study has several limitations. First, the small cohort size from a single healthcare
network, and second reliance on medical records as the sole source of data. Nevertheless,
this study is important because long-term antibiotic prescribing may contribute significantly
to antibiotic consumption and associated morbidity, particularly in indications where the
evidence for their use is unclear. MROs were still detected in 67% of our cohort from
clinical specimens and screening for infection control and previous study purposes. This
suggests an association between long-term antibiotic consumption and AMR, which is
likely underestimated in our study as there was no routine MRO screening. Another
limitation is the heterogeneity of our cohort, including differing indications and antibiotic
regimens. Although this limits our ability to draw specific conclusions, it does reflect the
real-life challenges of managing these heterogeneous and often medically complex patients
on long-term antibiotics.

4. Materials and Methods

We conducted a longitudinal study of patients taking long-term antibiotics at Monash
Health, a large tertiary-level, university affiliated health service in Melbourne, Australia
comprising five hospitals and servicing more than 1.5 million people. Patients were
followed up for five years between April 2015 and May 2020. This study was approved by
the Monash Health Human Research Ethics Committee: approval number 14379A.

Adult patients prescribed long-term antibiotics were identified at baseline using the
hospital drug management system (Merlin Ver. 4.94, Pharmhos Software, Port Melbourne,
VIC, Australia) as previously described [3,5]. Patients prescribed antibiotics for longer
than 12 months to suppress chronic infection or prevent recurrent infection were included.
Patients were excluded if they were aged under 18 years, unable to give informed consent,
if they were prescribed prophylaxis in the context of immunocompromise and if they
received antibiotic therapy outside of our hospital network.

This study reports five-year follow-up of this patient cohort. Medical records were
retrospectively reviewed to determine baseline demographic characteristics and outcomes,
including rates of ongoing antibiotic therapy and cessation, adverse events (including
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side effects attributable to antibiotic therapy and infection-related hospital admission),
mortality, and isolation of MROs from clinical specimens, infection control screening and
our previous study’s swabs [3]. A CCI was calculated as a validated method to identify
comorbidity extent in our population at baseline and the end of the follow-up period [11].
A descriptive analysis was performed.

5. Conclusions

Our study demonstrates the pitfalls of long-term antibiotic therapy. A high 5-year
mortality rate reflects the older and more comorbid population of patients being prescribed
this therapy. Further research is needed to elucidate which antimicrobials are associated
with higher risk of adverse drug events and failure in this population, along with detailing
true rates of MRO colonisation.
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Abstract: Background: Antibiotics are commonly prescribed for outpatient management of cysti-
tis. Previous evidence suggests that certain factors likely beyond the infection seem to influence
the choice of antimicrobial treatment. However, studies on the specific antibiotic treatments for
cystitis are lacking. This study aimed to explore the antibiotic treatments for cystitis using nation-
wide primary healthcare data and investigate if factors beyond the infection could be associated
with fluoroquinolone treatment. Methods: This nationwide follow-up cohort study consisted of
352,507 women with cystitis. The primary aim was to investigate what specific classes of antibiotics
were redeemed by patients within five days from the cystitis diagnosis. Each patient could only
be included once. Logistic regression models were also used to examine the relationship between
fluoroquinolone (FQ) treatment, parity, and sociodemographic factors. Results: In total, 192,065
antibiotic prescriptions were redeemed. Pivmecillinam (58.4%) followed by nitrofurantoin (22.2%),
trimethoprim (12.0%), fluoroquinolone (5.6%), and cephalosporins (1.5%) were the most redeemed
antibiotics. Sociodemographic factors were weakly associated with fluoroquinolone treatment; young
age was inversely associated with fluoroquinolone treatment. Parity and cervical cancer history were
not associated with fluoroquinolone treatment. The proportion of fluoroquinolone and trimethoprim
treatments decreased over time, while pivmecillinam and nitrofurantoin increased. Conclusions: The
treatment trends of antibiotics redeemed within five days from a cystitis diagnosis were similar to
the national surveillance program of these antibiotics (not diagnosis linked). Fluoroquinolones were
weakly associated with sociodemographic factors, which likely is only of historical relevance.

Keywords: antibiotics; cystitis; fluoroquinolones

1. Introduction

Uncomplicated lower urinary tract infection (UTI), also known as uncomplicated
cystitis, is one of the most common bacterial infections in women. About one in ten women
have at least one infection each year and therefore cystitis is an important contributor to
antibiotics exposure in otherwise healthy women in Sweden and worldwide [1–5].

However, over the last decades, safe and effective treatment options have decreased.
This is partly due to an increase in antibiotic resistance, making certain antibiotics, such
as fluoroquinolones, less suitable as empirical treatment options for cystitis. For example,
fluoroquinolone resistance has passed 20% in several countries worldwide. Furthermore,
certain UTI antibiotics have also been found to be more associated with collateral damage
and severe adverse effects. For example, suspected cardiotoxicity and neuropsychiatric
conditions have been related to fluoroquinolones [6–20].
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All this considered, the treatment guidelines for cystitis (including in Sweden) have
turned away from certain antibiotics—mainly fluoroquinolones, reserved for more seri-
ous infections—towards more narrow-spectrum antibiotics, such as nitrofurantoin and
pivmecillinam, with lower resistance rates and more suitable safety profiles for use in the
treatment of cystitis [8,19,21]. The national antibiotic surveillance program has demon-
strated this shift [22], which has also been seen in smaller local but diagnosis-linked
studies [23,24]. However, no study has investigated on a population-based dataset UTI
treatment trends for a diagnosis of uncomplicated cystitis, nor how large of a proportion
of certain antibiotics (e.g., fluroquinolones) comprise and if this could vary due to factors
beyond the infection.

The gap in previous research is most likely due to the lack of nationwide population-
based data from primary healthcare, where UTIs are mostly managed. We recently identi-
fied that about 54.5% of women diagnosed with uncomplicated cystitis in Sweden redeemed
an antibiotic for their prescription. Furthermore, the study found that certain factors (likely
beyond the infection) were associated with antibiotic treatment for cystitis [4]. In this
follow-up study, by using a similar method [4], we aimed to study what specific classes of
antibiotics were redeemed for cystitis in Sweden over a 13-year time period and determine
if the annual trends were similar to the national surveillance program of antibiotics. We also
intended to study if factors likely beyond the infection (e.g., history of cervical cancer and
parity, and sociodemographic factors) could be associated with fluoroquinolone treatment.

2. Results

Table 1 includes the annual proportional distribution of each of the investigated an-
tibiotic groups amongst the 192,065 antibiotic treatments for uncomplicated cystitis during
the study period. The table shows that penicillins with extended spectrum (pivmecillinam)
were used in 58.4% of all cases, followed by nitrofurantoin (22.2%), trimethoprim (12.0%),
fluoroquinolones (5.6%), cephalosporins (1.5%), sulphonamides/trimethoprim combina-
tions (0.4%), and beta-lactam/beta-lactamase inhibitors (<0.1%). During the first couple
of years, treatment with fluoroquinolones, cephalosporins, and especially trimethoprim
was more common but declined prominently in the following years. Nitrofurantoin was
not widely used in our population during the first years, but as fluoroquinolones and
trimethoprim use decreased, nitrofurantoin treatment increased. From 2011–2018, nitrofu-
rantoin was used in about one-third of all cases. Pivmecillinam was used in about 60% of
all cases annually (except for the first two years). Supplementary Table S1 includes data on
when seven-level ATC codes from 2006 to 2013 were available. Pivmecillinam (J01CA08)
accounted for about 57.4% of all these, followed by nitrofurantoin (20.1%), trimethoprim
(13.6%), and fluoroquinolones (5.9%). Pivmecillinam also accounted for 99.4% of the peni-
cillin with extended spectrum (amoxicillin, J01CA04, accounted for the other 0.6%). The
proportion of nitrofurantoin and pivmecillinam treatments also seemed to increase in
parallel to the decline of trimethoprim and fluoroquinolone treatments.

Table 2 presents a fully adjusted model of the associations between the individual
sociodemographic variables and fluoroquinolone treatment within five days after the
uncomplicated cystitis event. Age and education level were weakly associated with fluo-
roquinolone treatment. For example, middle followed by low education level had higher
odds compared to high education level. Low income was associated with an increased
odds of fluoroquinolone treatment. For example, the lowest income quartile had an OR
of 1.30 (95% CI 1.23–1.38) compared to the highest income quartile. Living outside larger
cities was strongly associated with lower odds of fluoroquinolone treatment. Country
of origin did not seem to have a strong association with fluoroquinolone treatment in
general. However, women from Western countries, Asia (excluding the Middle East) and
Oceania, and Latin America and the Caribbean seemed to have significantly increased odds
of fluoroquinolone treatment compared to Swedish women. History of cervical cancer and
parity were associated with a decreased odds of fluoroquinolone treatment, however, only
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to a statistically significant extent for the latter. Year of infection (continuously increasing)
was significantly associated with a decrease in fluoroquinolone treatment.

Table 1. Treatment trends of the 192,065 antibiotics redeemed for uncomplicated cystitis (2006–2018).

Antibiotic Groups in Order of Total Proportion (%)
Year

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 All

Penicillins with extended spectrum (J01CA) 46.6 51.8 62.6 62.3 60.6 61.6 61.5 63.5 62.6 64.5 62.1 59.2 59.2 58.4

Nitrofuran derivatives (J01XE) 10.6 14.2 13.2 21.7 26.8 29.0 30.9 29.5 31.8 29.5 33.0 35.3 35.1 22.2

Trimethoprim and derivatives (J01EA) 28.0 22.1 16.2 10.5 7.7 5.2 3.5 2.7 1.7 1.6 0.9 0.8 0.5 12.0

Fluoroquinolones (J01MA) 11.4 9.0 5.6 4.1 3.7 3.1 2.9 3.3 3.0 3.5 2.9 3.7 4.1 5.6

Cephalosporins (J01DB-E,I) 3.0 2.5 2.0 1.2 0.9 0.8 0.9 0.8 0.7 0.7 1.0 0.5 0.7 1.5

Sulphonamides/Trimethoprim combinations (J01EE) 0.5 0.4 0.5 0.3 0.4 0.4 0.3 0.2 0.2 0.2 0.1 0.4 0.4 0.4

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

No sulphonamide antibiotics (J01EB, J01EC, J01ED) were identified. Less than 0.1% of the antibiotic treatments
were a beta-lactam/b-lactam inhibitor combination (J01CR, i.e., amoxicillin/clavulanic acid), hence why it is not
part of the table. During 2006–2013, when seven-level ATC coding was available, in regard to J01CA, >99% was
pivmecillinam and the remaining was amoxicillin; J01XE was nitrofurantoin; J01EA was trimethoprim; J01MA
was ciprofloxacin (62%) and norfloxacin (38%). No sulphonamide antibiotics (J01EB, J01EC, J01ED) or fosfomycin
(J01XX01) were identified. Each patient could only be included once during the study period. Data is from the
Swedish Prescribed Drug Register.

Table 2. The association between history of cervical cancer, parity, and individual sociodemographic
factors and fluoroquinolone treatment (10,684 cases) for uncomplicated cystitis.

Covariates * OR 95% CI p-Value

Gynecological history (ref. no history)
Parity 0.92 0.87 0.96 <0.001
Cervical cancer 0.92 0.83 1.02 0.126

Age (ref. age 45–50 years)
15–24 1.02 0.95 1.09 0.674
25–34 0.88 0.83 0.94 <0.001
35–44 0.95 0.90 1.01 0.082

Educational level (ref. ≥ 12 years)
≤9 1.06 1.00 1.12 0.060
10–11 1.12 1.06 1.18 <0.001

Family income (ref. high)
Low 1.30 1.23 1.38 <0.001
Middle-low 1.19 1.13 1.26 <0.001
Middle-high 1.07 1.01 1.13 0.019

Region of residence (ref. large cities)
Southern Sweden 0.88 0.83 0.92 <0.001
Northern Sweden 0.84 0.78 0.91 <0.001

Country of origin (ref. Sweden)
Eastern Europe 1.05 0.97 1.14 0.246
Western countries 1.21 1.10 1.33 <0.001
Middle East/North Africa 0.94 0.86 1.02 0.112
Africa (excluding North Africa) 1.05 0.92 1.19 0.502
Asia (excluding Middle East) and Oceania 1.25 1.13 1.37 <0.001
Latin America and the Caribbean 1.19 1.04 1.36 0.013

Year of infection (increasing) 0.93 0.92 0.93 <0.001
CI: confidence interval. OR: odds ratio. * Fully adjusted for all covariates. Time period: 2006–2018.

3. Discussion

This study presents diagnosis-linked antibiotic treatment trends for uncomplicated
cystitis on a nationwide level. As expected, pivmecillinam and nitrofurantoin were the
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two most used antibiotics. The annual proportion of these antibiotics increased over
time, as the proportion of trimethoprim and fluoroquinolones decreased. Year of infection
(continuously increasing) was also inversely associated with fluoroquinolone treatment
rates. These trends were in accordance with the national guidelines [21] and the general
trend of UTI antibiotics (not linked to diagnoses) in women in the national surveillance
program over the same time period [25]. Furthermore, annual treatment trends were
comparable to that of smaller local studies [23,24]. The consistencies support our findings,
and altogether this indicates that the national surveillance program of antibiotics [25]
seems to be representative and valid for cystitis. These findings could represent important
information for healthcare planners working on national antibiotic surveillance and for the
clinical implications of these programs for this very common bacterial infection.

Less than six percent of all the antibiotic treatments linked to uncomplicated cystitis
were fluoroquinolones (mainly ciprofloxacin). Factors likely beyond the infection—such as
sociodemographic factors and history of cervical cancer and parity—did not seem to be as-
sociated with fluoroquinolone treatment for uncomplicated cystitis to a high extent. Women
from low family income backgrounds seemed to have received more fluoroquinolone treat-
ments than women of higher socioeconomic status. For country of origin, only MENA
women had lower odds of fluoroquinolone compared to Swedish-born women (although
statistically non-significant), while women from Asia (excluding Middle East) and Oceania,
Western countries, and Latin America and the Caribbean had weak but significantly higher
odds of fluoroquinolone treatment compared to Swedish-born women. The mechanisms
behind these sociodemographic differences in fluoroquinolone treatment of uncomplicated
cystitis, which were similar to the odds for antibiotic treatment in general [4], could, in-
ter alia, be attributed to uncertainty in diagnostic testing [18]. During the last decade, it
has not been recommended to prescribe fluoroquinolones as a first-line prescription for
uncomplicated cystitis [19], as these antibiotics ought to be limited to serious infections
and not uncomplicated cystitis due to concern of worrisome collateral damage and ad-
verse effects associated with these antibiotics [15–20]. If the sociodemographic differences
associated with fluoroquinolones still exist, it would be of particular concern. However,
fluoroquinolones were not included in the recent Swedish guidelines for cystitis [21], and
the prescription of these drugs has in general been drastically declining over the recent
years [25], which was also seen in our study with diagnosis-linked data. Hence, it is
possible that these findings are of more historic relevance in Sweden.

Limitations of this study were that we did not have access to data on the symptoms or
clinical presentation in the patients, nor did we have data on adherence rates. Therefore,
no firm conclusion can be made on whether the differences in fluoroquinolone treatment
could have been due to unequal healthcare (differences in prescription rates) or differences
in adherence (differences in pick-up rates). Further studies could examine possible mecha-
nisms behind the found associations of factors likely beyond the infection and antibiotic
treatments [4]. The main strengths of this study include that this study involved several
highly validated nationwide patient and population data registries including nationwide
primary healthcare data. Previous population-based studies on antibiotic treatments of
primary healthcare infections have, to the best of our knowledge, not included data of
diagnoses linked to antibiotic prescriptions.

Antibiotics are important drugs for patients worldwide [26] and should be given when
needed. However, due to the growing threat of antimicrobial resistance [10,13,14] and
potential severe adverse reactions [15–20], certain drugs, such as fluoroquinolones, ought
to be saved for more serious infections. This study demonstrates that the shift in treatment
recommendations for uncomplicated cystitis seems to have been followed. In addition to
this, the findings support that the national surveillance program of antibiotics, although
lacking the diagnoses linked to the antibiotics, likely is representative, at least for UTI
antibiotics in women. Further population-based diagnosis-linked studies using primary
healthcare data are needed to validate these findings on other infections before a general
conclusion can be made.
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4. Materials and Methods
4.1. Study Design

This was a population-based cohort register study and follow-up to a recent nation-
wide study of ours [4]. The time period was from 1 January 2006 to 31 December 2018. The
study used several national registers together with nationwide primary healthcare data.

4.2. Setting

This research was conducted at the Center for Primary Health Care Research at Lund
University and Region Skåne, Malmö, Sweden. The STROBE statement for cohort studies
was considered when conducting this study and in the writing process [27].

4.3. Study Population

The study population consisted of 352,507 women [4] between the age of 15 and 50
years at the time of being diagnosed with a first event of uncomplicated cystitis during
the study period. The 10th revision of the International Classification of Diseases (ICD-10)
was used to identify the code N30 for acute infective cystitis [5]. Cases with diagnoses not
considered to be in accordance with uncomplicated cystitis were not included in the study:
i.e., ICD-10 codes of N301-304, and N308, or co-morbidities (ICD-10: B20-24, C64-68, D41,
D80-89, E10-11, M623, N03, N07, N11, N13-23, N25-29, N32, Q60-64) diagnosed within
two years prior to the cystitis episode. Women with ongoing pregnancy or treatment
with immunomodulating agents were also not considered [4]. Each woman could only be
included once.

4.4. Outcome Variable

The outcome variable (redeemed antibiotic prescription) was defined as the first
UTI antibiotic redeemed (measured as prescription from a physician dispensed at a phar-
macy) within five days after a diagnosis of uncomplicated cystitis. The outcome is gen-
erally referred to as “antibiotic treatment” in the manuscript. The following antibiotic
groups were assessed based on their ATC code: penicillins with extended
spectrum (J01CA), for example, pivmecillinam; beta-lactam/b-lactam inhibitor combina-
tions (J01CR); cephalosporins (J01DB-E,I); trimethoprim derivatives (J01EA), i.e.,
trimethoprim; sulphonamides/trimethoprim combinations (J01EE), i.e., trimethoprim/
sulphamethoxazole; fluoroquinolones (J01MA), for example ciprofloxacin; and nitrofuran
derivatives, i.e., nitrofurantoin (J01XE). Seven-level ATC codes were available during the
first eight years (2006–2013) of the study. Oral drugs were exclusively assessed. Mono-
sulphonamide antibiotics and fosfomycin were not considered, as these antibiotics were not
widely available in Sweden at the time of the study. We did not consider either antibiotics
that were not recommended [19,21] to be used or generally prescribed for patients with
cystitis (e.g., tetracyclines, macrolides).

4.5. Predictor Variables for Fluoroquinolone Treatment

The predictors investigated were measured at baseline (i.e., time of the cystitis diag-
nosis). Age groups were defined as being between 15–24, 25–34, 35–44, or 45–50 years
of age. Country of origin was categorized as originating from any of the following coun-
tries/regions: Sweden; Eastern European countries; Western countries; Middle East/North
Africa (MENA); Africa (excluding North Africa); Asia (excluding Middle East) and Oceania;
or Latin America/the Caribbean. Countries with geographical proximity and/or cultural
and economic similarities were categorized together. Both first- and second-generation
immigrants were included in country groups other than Sweden. The categories for this
study were based on the definition used in a previous study of ours [5]. Educational level
was classified into three different categories based on the duration of school years attended:
compulsory schooling or less (≤9 years); short or partially completed high school education
(10–11 years); or completed high school education or more, such as university or college
education (≥12 years). For those aged 15–17 years in the youngest age group, the highest
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educational level of the parents was used. Family income was categorized into four groups
based on a weighted average income in each family: low (lowest income quartile of the
study population), middle low/middle high (second/third quartiles), and high (highest
quartile). Region of residence was grouped as large cities, Southern Sweden, and Northern
Sweden. Parity was defined from the Swedish Medical Birth Register and categorized
as no child (nullipara) or at least one child. Cervical cancer (Yes/No) was defined from
the Swedish Cancer Register according to ICD-7 code 171. As the prescription rate of
fluoroquinolone decreased in Sweden [25] during the time period, the year of infection was
included as a continuous (increasing) variable in the analysis.

4.6. Data Sources

This cohort study population was identified through population-based primary health-
care data (1997–2018) accessed from 21 out of 22 administrative regions in Sweden during
the study period. The coverage of these data varied by time and region based on when the
patient records were digitalized. The database included around 72% of the population in
Sweden in 2015 and around 90% of the population at the end of the study. The following
nationwide registers, managed by the National Board of Health and Welfare (in Swedish:
Socialstyrelsen), were used to identify the outcome, parity, cervical cancer, as well as comor-
bidities or other complicating factors not aligned with uncomplicated cystitis: [1,28] the
Swedish Prescribed Drug Register (2005–2018), which contains the specific ATC codes on
redeemed drug prescriptions from all pharmacies in Sweden; the Medical Birth Register
(1973–2018); the National Patient Register (including inpatient (1964–2018) and outpatient
data (2001–2018)); the Cause of Death Register (1961–2018); and the Swedish Cancer Regis-
ter (1958–2018). The Total Population Register (1968–2018) was used to collect data on age,
country of origin, education, income, and region of residence. All linkages between the
individual-level data in the databases were performed using a pseudonymized (encrypted)
version of the unique 10-digit personal identification number (assigned to each person
residing in Sweden during their lifetime).

4.7. Statistical Analysis

Descriptive statistics on the annual treatment trends (redeemed antibiotic prescription
five days after a diagnosis of uncomplicated cystitis) were calculated for each antibiotic
based on the five-level-ATC-code antibiotic group for the whole study period (Table 1).
During the years when seven-level-ATC-code were available, a sub-analysis of specific
antibiotic treatment proportions was conducted (Supplementary Material Table S1). To
test for the association between the predictor variables and fluoroquinolone treatment,
adjusted logistic regression models (Table 2) were used to estimate odds ratios (ORs) and
95% confidence intervals (CIs). The study period started on 1 January 2006 and proceeded
until redeemed antibiotic prescription (within five days), death, emigration, or the end of
the study period on 31 December 2018. Missing values (range 0.0–1.3%) were not excluded.
A two-tailed p-value of <0.05 was used to define statistical significance. SAS version 9.4
(SAS Institute Inc.; Cary, NC, USA) was used for all statistical analyses.

4.8. Ethical Consideration

The present study was a non-intervention nationwide register study of pseudonymized
secondary data obtained from Swedish authorities and was approved by the Ethical Review
Board in Lund. All methods were performed in accordance with the relevant guidelines
and regulations.

4.9. Role of Funding Source

The funding sources of this study were all non-commercial and had no role in the
study design; the collection, analysis, and interpretation of data; the writing of the report;
or the decision to submit the paper for publication.
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5. Conclusions

The treatment trends of antibiotics (for urinary tract infections) redeemed within five
days from a cystitis diagnosis were similar to the national surveillance program of these
antibiotics (not diagnosis linked). The decreasing treatment rate of fluroquinolones over
time was also in accordance with the national surveillance program. This indicates that the
national surveillance program is likely representative and valid in identifying antibiotics
treatments for urinary tract infections. Fluoroquinolone treatment was weakly associated
with some sociodemographic factors and parity, which likely are beyond the infection
but only of historical relevance, as these antibiotics seem to be used less for this infection
in Sweden, in accordance with national guidelines. These findings represent important
new information, particularly for healthcare planners involved with the national antibiotic
surveillance of this very common bacterial infection in women.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics11020172/s1, Table S1: Number of specific UTI antibiotics in the four most common
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Abstract: To minimize complications associated with over-utilization of antibiotics, many antimi-
crobial stewardship programs have incorporated an antibiotic time out (ATO); however, limited
data are available to support its effectiveness. This was a single-center retrospective cohort study
assessing the impact of the automated electronic ATO in the setting of Gram-negative bacteremia.
The primary outcome was the proportion of patients who received a modification of therapy within
24 h of final culture results. Secondary outcomes included modification at any point in therapy, time
to modification of therapy, time to de-escalation, and days of therapy of broad-spectrum antibiotics.
There was a total of 222 patients who met inclusion criteria, 97 patients pre-ATO and 125 patients
post-ATO. The primary outcome of modification of therapy within 24 h of final culture results was
not significantly different (24% vs. 30%, p = 0.33). The secondary outcome of modification of therapy
at any point in therapy was not significantly different between the two groups (65% vs. 67%, p = 0.73).
All other secondary outcomes were not significantly different. The ATO alert was not associated with
a higher rate of antibiotic modification within 24 h of culture results in patients with GNB. Further
efforts are needed to optimize the ATO strategy and antibiotic prescribing practices.

Keywords: antimicrobial stewardship; antibiotics; antimicrobial prescribing; behavior change

1. Introduction

While broad-spectrum antibiotics may be effective to treat a variety of infections,
their over-utilization may lead to superinfections and contribute to the development
of antimicrobial resistance. In an effort to minimize these complications, antimicrobial
stewardship programs have been developed with the goal of optimizing antibiotic therapy
by using the most targeted regimen whenever possible. Stewardship programs include
a variety of effective strategies to optimize antimicrobial therapy, including an antibiotic
time out (ATO). An ATO is a strategy endorsed by the Centers for Disease Control and
Prevention (CDC) and the Joint Commission (TJC), which encourages a re-evaluation of
antibiotic therapy at a pre-specified time point during empiric treatment after clinical
results have been reported [1,2]. Despite the increasing adoption of an ATO, the optimal
strategy and timing have not yet been established.

Previous studies [3–5] have assessed the efficacy of an ATO strategy involving prospec-
tive audit and feedback (PAF) in which an infectious diseases (ID) physician or pharmacist
reviews individual patient cases and intervenes when a change in therapy is deemed appro-
priate. These studies suggested that this type of intervention may be effective as an adjunct
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to other stewardship interventions, but the impact of a self-driven ATO was uncertain.
A more recent study [6] evaluated the concept of self-stewardship, which prompts the
primary care provider to re-evaluate therapy when more data was available and found
that providers were more likely to de-escalate antibiotics. The results of these studies
have been inconsistent as some have shown utility while others have not [3–6] and the
optimal method of delivery of this alert has not yet been demonstrated. This study aimed
to address these inconsistencies by analyzing an automated ATO in patients who have a
true infection and who received at least 72 h of antibiotic treatment. We chose to focus on
Gram-negative bloodstream infections (GNB) because it is classified as a definitive disease
state without concern for the possibility of colonization or misclassification. GNB is a
high yield stewardship research opportunity for modification of therapy, as it is common
practice to de-escalate or escalate and, therefore, may have a better yield in terms of clinical
impact [7].

ATOs have been adopted broadly as an antimicrobial stewardship tool, despite limited
evidence supporting their effectiveness. This study was designed to analyze an automated
tool built into the electronic medical record (EMR). The objective of the study was to
assess the impact of an automated EMR-integrated ATO on the proportion of antibiotic
modification for patients with Gram-negative bacteremia (GNB).

2. Results

Of the 570 adult inpatients with GNB between September 2016 and December 2018,
222 patients were eligible to be included in the study (Figure 1). A total of 97 patients were
included in the pre-ATO cohort and 125 patients in post-ATO cohort. Patient demographics
and other covariates were assessed (Table 1). Overall, there were no statistically significant
differences in baseline characteristics between the two cohorts. The predominant source of
bacteremia was urinary (95/222 (43%)) and the most common isolated taxon was E. coli
(127/222 (57%)). All other encounter characteristics, including Pitt bacteremia score and
ICU admission, were similar between the two groups. All positive cultures resulted by
time of decision making.
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Table 1. Baseline demographics and clinical characteristics of patients included in the study.

Characteristic Pre-Intervention
(n = 97)

Post-Intervention
(n = 125) p-Value

Patient demographics
Age, y, mean (SD) 66 (50–82) 69 (55–83) 0.62

Female sex 43 (44) 63 (50) 0.42
CKD 25 (26) 40 (32) 0.37

Encounter characteristics
Pitt Bacteremia Score, mean (SD) 2 (0–5) 2.2 (0–5) 0.76

ICU admission while on antibiotic 38 (39) 44 (35) 0.58
Vasopressor use 20 (21) 31 (25) 0.52
Isolated taxon 0.63
Escherichia coli 55 (57) 72 (58)
Klebsiella spp. 19 (20) 28 (22)

Proteus mirabilis 5 (5) 10 (8)
Enterobacter spp. 6 (6) 9 (7)

Serratia marcescens 5 (5) 4 (3)
Pseudomonas aeruginosa 2 (2) 0 (0)

Stenotrophomonas maltophilia 2 (2) 1 (0.8)
Acinetobacter baumannii 1 (1) 1 (0.8)

Citrobacter freundii 2 (2) 0 (0)
Antibiotic resistance a 0.25
Carbapenem-resistant 6 (6) 2 (2)
Ceftriaxone-resistant 18 (19) 23 (18)

Fluoroquinolone-resistant 28 (29) 29 (23)
Allergies b 22 (23) 32 (26) 0.64

Beta-lactam allergy 18 (19) 20 (16)
Antibiotic allergy in addition to beta-lactam 6 (6) 5 (4)

Other antibiotic allergy(non-beta-lactam) 4 (4) 12 (10)
Anaphylaxis reported 5 (5) 5 (4)

Likely source of bacteremia 0.65
Urinary only 38 (39) 57 (46)

Abdominal only 25 (26) 27 (22)
Respiratory only 8 (8) 6 (5)

Other site 12 (12) 16 (13)
Multisite 7 (7) 13 (10)
Unknown 5 (5) 2 (2)

Skin and soft tissue only 1 (1) 3 (2)
Other positive culture c

Same pathogen as index blood culture 26 (27) 48 (38) 0.70
Same sensitivity profile as index blood culture d 22 (85) 40 (83)

Focus of infection e 29 (30) 45 (36) 0.42
Removed 20 (69) 36 (80)

Not removed 9 (31) 9 (20)
Antibiotic at time of final culture results

Piperacillin-tazobactam 61 (63) 75 (60) 0.82
Ceftriaxone 10 (10) 16 (13)
Meropenem 9 (9) 15 (12)

Other f 17 (18) 19 (15)
Modified antibiotic g 0.93

Ceftriaxone 18 (28) 25 (30)
Levofloxacin 12 (19) 18 (21)

Cefazolin 8 (13) 10 (12)
Meropenem 8 (13) 7 (8)

Other h 17 (27) 24 (29)
Primary hospital service at time of culture results 0.62

Internal medicine 47 (48) 77 (62)
Pulmonary 22 (23) 26 (21)

Surgical 13 (13) 14 (11)
Cardiovascular 4 (4) 4 (3)
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Table 1. Cont.

Characteristic Pre-Intervention
(n = 97)

Post-Intervention
(n = 125) p-Value

Other i 11 (11) 4 (3)
Discharge status 0.38

Home 52 (54) 56 (45)
Institution j 32 (33) 52 (42)

Death k 13 (13) 17 (14)

Data are presented as no. (%), unless otherwise indicated. Abbreviations: CKD, chronic kidney disease; ICU, intensive care unit; ID,
infectious disease. a Category of resistance is mutually exclusive and only highest level of resistance was recorded. Intermediate resistance
patterns were considered resistant. b Of the patients who reported a beta-lactam allergy, 33% of the pre-cohort and 4% of the post-cohort
had additional antibiotic allergies. Anaphylaxis included patients with allergy to any antibiotic with documentation of serious anaphylactic
reactions, including symptoms of shortness of breath and swelling. c A positive culture from another source (i.e., urine, tissue, body
fluid) that had final results prior to or within 24 h of final blood culture results. d Proportion of other cultures with same sensitivities
are reported on the basis of the frequencies of cultures with same pathogen as blood culture. e Removed focus of infection includes
patients who had a source of infection that may require removal to achieve source control. The percentages reported are based on
the total number of patients who had a removable source of infection. f Other antibiotics include aztreonam, levofloxacin, ertapenem,
ceftazidime, cefazolin, cefepime, ampicillin-sulbactam, ciprofloxacin, ceftazidime-avibactam, and ceftolozane-tazobactam. g If antibiotic
was modified. Percentages are calculated based on the total number of patients who modified therapy. h Other antibiotics after modification
included amoxicillin, amoxicillin-clavulanate, ampicillin-sulbactam, sulfamethoxazole-trimethoprim, ceftazidime, ceftazidime-avibactam,
ceftolozane-tazobactam, cephalexin, ciprofloxacin, and ertapenem. In cases when escalation of therapy was indicated, piperacillin-
tazobactam and meropenem were initiated. i Other services include hematology/oncology, gynecology/oncology, neurology, heart
transplant, infectious disease, and nephrology. j Institution is defined as discharged to another institution, including another hospital,
rehabilitation center, long-term care facility, or skilled nursing facility. k Death includes patients who were discharged to hospice.

The primary outcome of modification of therapy within 24 h of final culture results was
not significantly different for patients in the pre-ATO and post-ATO groups (24% vs. 30%
(p = 0.33)), as shown in Table 2. The secondary outcome of modification of therapy at any
point in therapy after final culture results was not significantly different between the two
groups (65% vs. 67%, p = 0.73). Of the 147 patients who received a modification of therapy,
the mean time to modification from time of final culture results was not significantly
different between the two cohorts (27.2 h vs. 25.4 h, p = 0.09). All other secondary outcomes
were not significantly different between study groups including days of broad-spectrum
antibiotic therapy.

Table 2. Primary and secondary outcomes.

Pre-Intervention
(n = 97)

Post-Intervention
(n = 125) p-Value

Primary outcome
Modification within 24 h of culture

results a 23 (24) 37 (30) 0.33

Secondary outcomes
Modification at any point in therapy 63 (65) 84 (67) 0.73
Time to modification (hours)–median

(±IQR) b 27.2 (21–52) 25.4 (10–48) 0.09

14-day in-hospital mortality 8 (8) 12 (10) 0.73
DOT c of broad-spectrum
antibiotic–median (±IQR) 6 (2–10) 5 (2–8) 0.08

C. difficile infection 2 (2) 9 (7) 0.08
Data are presented as no. (%), unless otherwise indicated. Abbreviations: AKI, acute kidney injury; DOT, days
of therapy. a Therapy modification is defined as the action of de-escalating to targeted regimen or escalating to
broader coverage based on culture results. One patient in the pre-cohort was classified as a discontinuation of
antibiotics due to allergic reaction to the empiric therapy and subsequent modification of therapy to an inactive
agent. b Time to modification among patients who modified at any point in therapy. c Days of therapy was
calculated from day of therapy initiation through day of discontinuation. Broad-spectrum antibiotic includes
piperacillin-tazobactam, ceftriaxone, meropenem, aztreonam, levofloxacin, ertapenem, ceftazidime, cefazolin,
cefepime, ciprofloxacin, ceftazidime-avibactam, and ceftolozane-tazobactam.

An exploratory subgroup analysis of patients who did not achieve the primary out-
come was performed to assess for differences among these patients (Table 3). A total
of 75 patients were included (34 patients from the pre-cohort and 41 patients from the
post-cohort). There were no significant differences in the characteristics, including ICU
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admission (29% vs. 29%, p = 0.99) and vasopressor use (21% vs. 17%, p = 0.93) during
therapy. Resistance patterns were also similar (p = 0.57). Within this subgroup, we also
assessed if the infectious diseases team was consulted (59% vs. 66%, p = 0.70), as well as if
the consult occurred prior to culture results (44% vs. 39%, p = 0.42).

Table 3. Subgroup analysis of patients who did not achieve primary outcome.

Characteristics Pre-Intervention
(n = 34)

Post-Intervention
(n = 41) p-Value

ICU admission while on antibiotic 10 (29) 12 (29) 0.82
Vasopressor use 7 (21) 7 (17) 0.99

Antibiotic resistance 0.57
Carbapenem resistant 1 (3) 1 (2)
Ceftriaxone resistant 5 (15) 11 (27)

Fluoroquinolone resistant 7 (21) 3 (7)
ID consult 20 (59) 27 (66) 0.70

ID consult before culture results 15 (44) 16 (39) 0.42

A separate analysis of the ATO data was performed for the intervention cohort (sup-
plementary material: Table S1). Among the 125 patients included in the intervention cohort,
109 patients (87.2%) triggered the automated ATO within the EMR. Of those, 36 patients
(28.8%) achieved the primary outcome of modification within 24 h of final culture results. A
total of 88 patients (70.4%) had a modification of therapy at any point in the hospitalization.

3. Discussion

In this observational study evaluating the effect of an automated ATO alert in patients
with GNB, we did not find a significant difference in the primary outcome. While more
patients in the post-implementation cohort had a modification of antibiotic therapy within
24 h of final culture results, this difference was not statistically significant. In addition, the
secondary outcome of modification at any point in therapy was not statistically significant
between the two cohorts. The time to modification was shorter in the post-cohort, however
this difference was not significant. The other secondary outcomes of 14-day in-hospital
mortality, days of therapy, and incidence of C. difficile infections were also not found to be
significant.

Our results may be comparable to Gruber et al. [3] who implemented an electronic
antimicrobial dashboard that required physicians to complete an electronic form and a
documented note within the EMR. The authors measured discontinuations of vancomycin
and piperacillin-tazobactam, two of the most commonly used broad-spectrum agents. The
authors found a higher rate of discontinuation of vancomycin, but, similar to our study, also
found no difference for piperacillin-tazobactam. Our study included other broad-spectrum
antibiotics and focused primarily on GNB, but the results were comparable.

Similar to other studies, we found that an automated ATO alert may not be as effective
as the sole stewardship intervention. A passive automated alert in addition to an active
intervention may be most effective. Thom et al. [5] evaluated the effect of a provider-
driven paper ATO tool that consisted of a structured conversation during clinical rounds,
prompted by the provider without direction from the stewardship team, and subsequent
completion of a form which included current antibiotic data. The authors found a signifi-
cant difference in the proportion of modification or discontinuation of antibiotics, which
was analyzed as a secondary outcome. The contrasting results may indicate that an active
provider-led intervention may be more effective than a more passive, automated alert as
we analyzed in our study. Similarly, other studies which have assessed an active in-person
ATO have reported comparable results [3,8].

Wolfe et al. [6] conducted a retrospective study evaluating all positive blood cultures
including both Gram-positive and Gram-negative organisms and found that there was a
significant increase in antibiotic de-escalation after the implementation of the automated
ATO. The results of our study may differ largely be due to the patient population included,
as Wolfe et al. included patients with all types of infections. Our study only included
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Gram-negative infections, which are generally more severe infections and may be a reason
for prescribers to be less inclined to de-escalate antibiotics.

The timing of the alert may have been a factor affecting our results. The ATO was
designed to trigger after 72 h of antibiotic initiation to allow ample time for final cultures
and sensitivities to be reported. At this point, teams would be able to make an informed
and confident decision to de-escalate, escalate, or appropriately continue antibiotics. A
study conducted by Van Schooneveld et al. [9] evaluated an ATO led by a pharmacist
which was performed 72 h after antibiotic initiation and after ≤5 days of initiation. The
authors did not find a significant difference in antibiotic use, which suggests that timing of
the intervention may not be a significant factor.

Paulson et al. [10] also evaluated a pharmacist-led ATO intervention at 48 h after
antibiotic initiation and evaluated antibiotic use after 72 h. The authors evaluated antibiotic
use by documentation of an antibiotic plan in the EMR, which was significantly improved
in the ATO group. This suggests that the 72 h timepoint may be appropriate. This study
also further suggests our earlier point that an active intervention as part of an ATO may be
more effective.

We hypothesized that the implementation of a physician-driven ATO would change
physician practice in favor of antimicrobial stewardship measures. However, this was
not observed. We speculate that this may be due to alert fatigue, as prescribers at our
institution also encounter other alerts during order entry. In addition, despite widespread
education of providers prior to and during implementation, further interventions may
have been required, especially amongst newer prescribers.

Limitations of this study include the retrospective design of the study, which would
make it difficult to control for confounding factors. Another limitation is that the ATO was
designed to alert if an order was active for 72 h. Therefore, it would not account for initial
one-time orders, which was true for most patients who initiated therapy in the emergency
department. Our study did include one-time orders when calculating the duration of an
antibiotic, and therefore the timing may not have correlated accurately with the timing of
the alert for the provider in real-time. Moreover, the automated ATO allowed physicians to
defer the alert, which may also have had an effect on the time when antibiotic modification
was performed. However, the alert was intended to act as a reminder so even if action
was not taken at that time, it may have prompted a discussion or reassessment which
could lead to discontinuation at a later point. Furthermore, the EMR triggered an alert
if one particular antibiotic order was active for 72 h so it would be less likely to alert for
patients whose antibiotics had been reordered. For example, a dose modification resulting
in the discontinuation and re-entry of the antibiotic would postpone the alert. In addition,
the ATO was designed to alert only during daytime hours, so any patient eligible for
the alert during evening or overnight hours may not have received the alert. It is also
important to note that not all in the post-intervention cohort was eligible to receive the
ATO. The authors designed the study to analyze real-world impact of the alert, rather
than only eligible patients. Moreover, as mentioned earlier, the ATO implemented at our
institution was a passive intervention. To build upon our results, it may be beneficial to
incorporate other active stewardship tools. For example, our institution recently initiated
an antimicrobial stewardship response team. This team, consisting of infectious diseases
physicians, faculty members, and pharmacists, contacts providers when culture results are
reported so they may provide guidance on treatment. Further studies may look into the
effect of this program, or a similar intervention, in addition to an ATO. Another limitation
was that there is not a well-established sample size in the literature to calculate sample size.
Also, the sample is constrained by the implementation study period so our study was a
convenience sampling. It is possible that our study is underpowered but because many of
the referred studies also had similar results, this may not be the case.

There are also several strengths of our study. This is the first study assessing the effect
of an ATO in a focused population of GNB. By including only GNB, we mitigate the risk
of confounding factors due to the type of infection and inappropriate discontinuation of

23



Antibiotics 2021, 10, 1078

therapy. Another strength was that all patient-related factors, other than the intervention,
were similar between the two groups, indicating minimal seasonal or secular trends that
could introduce confounding factors.

An effective ATO would optimize antimicrobial usage by encouraging providers to
perform timely modification of therapy. This may lead to a reduction in the duration
of broad-spectrum antibiotics and, as a result, decrease the possible induction of drug
resistance and other associated adverse effects. In addition, with increasing antibiotic
resistance, an ATO would alert providers to escalate therapy in the case of bacteria that
are resistant to the empiric antibiotic chosen. Due to its considerable potential, the ATO
is being increasingly adopted across a variety of platforms and methods. This study was
designed to evaluate a passive provider-driven EMR delivered ATO in patients with GNB.

While this data may not support the use of an ATO as the sole stewardship inter-
vention, it may provide further insight into the future of antimicrobial stewardship. As
clinicians continue to discover the optimal stewardship strategy, the role of the ATO may
be become more pronounced. Other forms of stewardship tools, such as active in-person
interventions, may be an important component of an ATO. Further studies investigating the
role of an automated time out in combination with other active interventions are needed.

4. Materials and Methods
4.1. Study Design

This was a single-center, retrospective, observational, before-and-after cohort study
conducted at a 625-bed academic medical center (Robert Wood Johnson University Hospital,
New Brunswick, NJ, USA). The data was collected via EMR chart reviews of inpatient
encounters from January 2018 to December 2018 (intervention cohort) and September 2016
to September 2017 (historical cohort). The sampling was conducted using convenience
sampling of first episode per patient during the specified study period.

The EMR used at the institution is Sunrise Clinical Manager (Allscripts, Chicago,
IL, USA). The study was approved by the local Institutional Review Board at Rutgers
University in New Brunswick, NJ, USA.

4.2. Participants

We included hospitalized adults (≥18 years) with GNB, as indicated by a positive
blood culture with a Gram-negative pathogen, who received at least 72 h of empiric
antibiotics at any point in hospitalization. Only Gram-negative isolates were included
as these were likely indicative of true infections. Patients who received less than 72 h of
empiric antibiotics would not have triggered the alert. Patients were excluded if they had
neutropenia, or absolute neutrophil count (ANC) below 500 cells/m3 at time of antibiotic
initiation and during empiric therapy. These neutropenic patients would be more likely to
continue broad-spectrum antibiotics for longer duration, independent of clinical response
or culture results. Patients were also excluded if antibiotics were initiated prior to the
patient’s admission on the basis of the outside hospital’s culture results since therapy would
already be targeted to recovered pathogen, or if more than one pathogen was identified
in the set of blood cultures as other culture results may impact the provider’s decision to
continue or modify antimicrobial therapy.

4.3. Routine Work-Up and Reporting from the Microbiology Laboratory

The microbiology laboratory is located on-site at Robert Wood Johnson University
Hospital. All positive blood culture Gram stain results are called to the nurse caring for the
patient who then informs the patient’s physician. Final culture results with identification
of organism and susceptibility to antimicrobials are available in the EMR. During both
the historical and intervention cohort time periods, there were no changes to laboratory
processes or reporting of positive blood cultures as positive. No rapid diagnostic testing
strategies were employed for identification of Gram-negative organisms from blood culture
isolates. In addition, the antimicrobial stewardship program was not directly involved
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with routine review, reporting, or guidance of Gram-negative blood culture isolates during
the entire study period.

4.4. Intervention

The ATO was an automated dashboard built into the EMR displayed to ordering
providers. This was implemented in October 2017. The alert was triggered after a patient
received at least 72 h of any antibiotic and after a provider entered any new order for
that patient in an effort to avoid interruption of workflow. The dashboard displayed the
patient’s relevant data, including culture results (if any), temperature curve, laboratory
trends, and current antibiotics (supplementary material: Figure S1). The user had the
option to either continue or discontinue each antibiotic within that screen. The user was
also given the option to defer, in the event that the user cannot make a decision on the basis
of the results at that time. Deferring the alert would cause the alert to trigger again after
12 h for that individual provider. In addition, the alert did not fire overnight when the
on-call providers were less likely to make decisions on patients for whom they were not
the primary care provider. The ATO was designed to alert providers when there may be a
potential to optimize antimicrobial therapy in a timely and convenient manner. Educational
efforts were provided to all ordering providers prior to the implementation via in-person
sessions and electronic distribution through the medical staff newsletter.

4.5. Outcomes

The primary outcome was the proportion of patients who received a modification of
therapy for GNB within 24 h of final culture results. Modification of therapy was defined as
either a de-escalation to a targeted agent or escalation of therapy to broader coverage based
on susceptibilities of blood cultures. De-escalation was defined as a change in antibiotic
from a broad-spectrum agent to a more targeted agent on the basis of the results of the
culture. Escalation was a change in antibiotic to an agent with a broader spectrum on the
basis of the results of the culture. Secondary outcomes included modification at any point
in therapy and time to modification among those patients. All outcomes measuring time
were measured from the time of final culture susceptibilities reported (“time zero”). Other
outcomes included 14-day in-hospital mortality, C. difficile infection incidence, and days of
therapy of empiric antibiotics.

4.6. Statistical Analysis

Continuous data were reported as means with standard deviations or medians with
interquartile ranges (IQR), as appropriate. All categorical data were reported as percentages.
Continuous data were analyzed with using Student’s t-test or Wilcoxon rank sum test for
nonparametric distribution. Categorical data were analyzed using the chi-squared test
or Fisher’s exact test, as appropriate. The significance level was determined as a p-value
of <0.05 (two-sided). A subgroup analysis of baseline characteristics was performed for
patients who did not achieve the primary outcome. Data were analyzed using R software
(version 1.0.136).

5. Conclusions

In conclusion, the results of our study indicate that a provider-driven automated ATO
did not have a significant effect on modifying antibiotic therapy following culture results.
However, future studies are required to determine the optimal timing of the alert, especially
in the setting of rapid diagnostics. By optimizing the ATO, we can improve antimicrobial
stewardship on a global scale and ultimately lessen the risk of antimicrobial resistance.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics10091078/s1, Table S1: Antibiotic time out data for intervention cohort. Figure S1:
Example of time out alert.
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Abstract: Background: Recent evidence suggests that short-course postoperative antibiotic therapy
(PAT) of intra-abdominal infections is non-inferior considering clinical outcomes. The aim of this study
was to compare the outcome of short vs. long PAT in complicated intra-abdominal infections (cIAIs)
without sepsis. Methods: We performed a single center-quality improvement study at a 1500 bed
sized university hospital in Bavaria, Germany, with evaluation of the length of antibiotic therapy
after emergency surgery on cIAIs with adequate source control during 2016 to 2018. We reviewed a
total of 260 cases (160 short duration vs. 100 long duration). The antibiotic prescribing quality was
assessed by our in-house antimicrobial stewardship team (AMS). Results: No significant differences
of patient characteristics were observed between short and long PAT. The frequency of long PAT
declined during the observation period from 48.1% to 26.3%. Prolongation of PAT was not linked
with any clinical benefits, on the contrary clinical outcome of patients receiving longer regimes were
associated with higher postoperative morbidity. AMS identified additional educational targets to
improve antibiotic prescribing quality on general wards like unnecessary postoperative switches of
antibiotic regimes, e.g., unrequired switches to oral antibiotics as well as prolongation of PAT due to
elevated CRP. Conclusion: Short-course antibiotic therapy after successful surgical source control in
cIAIs is safe, and long-duration PAT has no beneficial effects.

Keywords: antimicrobial stewardship; antibiotic prescribing quality; low-risk intra-abdominal infec-
tions; post-operative antibiotic treatment

1. Introduction

Antimicrobial stewardship programs (ASPs) are gaining, globally, increasing in mer-
ited recognition and acceptance and were primarily launched to stop antimicrobial resis-
tance (AMR) [1,2]. As antibiotic consumption is considered the main driver for AMR—
natural factors, such as intrinsic or acquired genetic resistance patterns, environmental
sources and missing hygiene measures are contributing effects too—one of the starting-
points includes improving the social and prescribing attitude towards the use of antimicro-
bial agents [3–6]. Indication, choice of antimicrobial agent, way of application, de-escalation
efforts and duration are amongst the markers to be evaluated each time antibiotics are pre-
scribed [7–9]. Incorporating multimodal concepts by engaging the responsible physicians
without neglecting nurse staff and undergraduate trainees embedded in a multidisciplinary
team, including infectious diseases specialists, microbiologists, pharmacists and infection
control physicians in charge, is by far the most worthwhile strategy in order to assure
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sustainable success for AMR to be antagonized [10–13]. Postantibiotic duration for compli-
cated surgical intra-abdominal infections (cIAIs) attracts focus and motivates progressively
more data suggesting that a short regimen may suffice for an optimal clinical recovery ap-
plying for both, complicated mild/moderate IAIs and severe postoperative IAIs in critically
ill patients, provided source control has been achieved [14–16]. Maximizing the clinical
benefit by minimizing collateral damage remains the curative principle especially given
the high rates of mortality and morbidity in patients with (uncontrolled) cIAIs [17–19].
Uncomplicated IAIs are managed either only surgically or conservatively with antibiotics
alone. For cIAIs the approach encloses timely performed surgical source control with appro-
priate antimicrobial treatment; community or hospital acquired IAIs may be uncomplicated
or complicated by definition as well [17,20–22].

This study is to be understood as a sequel to previously published data by Surat et al.
on the impact of antimicrobial stewardship on antibiotic consumption for non-elective
surgical IAIs [12]. However, this sub-analysis opens the chapter to postantibiotic therapy
(PAT) in complicated mild/moderate community-acquired IAIs in non-septic patients with
achieved source control, also encompassing de-escalation manners e.g., switching to oral
therapy conducted on general wards and aim at confirming the trend that a short duration
of PAT is again not afflicted with higher rates of postoperative infectious complications or
worse clinical outcomes.

2. Methods

This quality improvement study entails a period of 3 years (2016–2018) and was
conducted retrospectively in a 1500 bed tertiary hospital in Germany, with an in-hospital
ASP officially launched in 2015, gradually reaching out to all departments including the
department of general surgery by 2018. The backbone of the in-house AMS team consists
of infection control physicians, microbiologists, pharmacists and infectious diseases (ID)
consultants with an ID physician responsible for the leadership. The prequel of this project
included 776 patients and focused on the impact of antimicrobial stewardship interven-
tions on surgical antibiotic prescription behavior of surgical IAIs, especially postoperative
antibiotic use and the appropriateness of indication. The previous analysis revealed a
significant reduction of total days of antibiotic therapy and fewer patients receiving PAT
altogether [12]. The intention of this subsequent analysis was to assess the impact of an-
timicrobial stewardship implementations on patients actually receiving PAT due to cIAIs
but were non-septic or had life-threatening conditions.

2.1. Study Design

The effects of different durations of antibiotic therapy in IAIs were examined by a
retrospective cohort analysis. All data were retrieved from the hospital information system
and transferred in a pseudonymous database with multiple variables containing baseline
patient characteristics, pre-, peri- and postoperative antibiotic therapy (ABT), surgical
therapy, and postoperative 30-day outcome. We defined two groups based of the duration
of PAT. The short duration group was limited to a maximum of 4 days post-surgery, leant
on the STOP-IT trial by Sawyer et al. (sPAT group) [14]. Patients with longer PAT were
included in the lPAT group. Any extension beyond this had to be discussed with the in-
hospital AMS-team. Reasons for allowed extensions of therapy were immune suppression
or other present infections such as pneumonia or urinary tract infection. The follow-up
was limited to 30 days.

2.2. Patients

All patients ≥18 years undergoing emergency abdominal surgery with IAI and PAT
during 01.01.2016 and 31.12.2018 were included with the following selection criteria: Diag-
nosis of peritonitis (ICD-10 K65.0–K65.9), acute cholecystitis (ICD-10 K80.0-K80.01, K81.0),
acute appendicitis (ICD-10 K35.2–K35.8), acute diverticulitis (ICD-10 K57.2–K57.22), or
intestinal perforation (K25.1–K25.2, K26.1–K26.2, K63.0–K63.2). Patients with the following
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criteria were excluded from analysis: Acute pancreatitis, acute mesenteric ischemia, acute
leukemia, end-stage malignant disease in palliative care, ASA score > IV, extra-abdominal
infectious focus requiring antimicrobial therapy before and after surgery. For this subgroup
analysis, we included only non-septic patients with complicated IAIs with successfully
achieved surgical source control. Patients with postoperative anastomotic insufficiency
were excluded in this analysis.

2.3. Outcome Assessment

Postoperative outcome assessment up to 30 days postoperative. Postoperative com-
plications were graded according to Clavien-Dindo [23]. Clavien-Dindo grade I-II compli-
cations were appraised as no severe complications, whereas Clavien-Dindo grade IIIa-V
complications were appraised as severe complications. Surgical site infections (SSI) were
defined according to the Centers for Disease Control and Prevention (CDC) criteria [24].

2.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics, version 26 (Interna-
tional Business Machines Corporation, Armonk, NY, USA). Descriptive data were reported
as means with standard deviation, unless otherwise noted. Groups were compared using
the Chi-square, Fisher’s exact Test or Mann–Whitney U test according to the data scale and
distribution. The level of statistical significance was 0.05 (two-sided).

3. Results
Patients’ Baseline Characteristics and Indications for Emergency Surgery

There were no significant disparities in the preoperative risk-stratification between
the two groups. Shorter therapies were significantly more common in 2018 than in the
previous two years. The collected risk scores (Charlson comorbidity index and ASA score)
did not either differ significantly between both groups. Severe previous liver or kidney
disease or immunosuppression at the time of surgery were generally rare in the observed
cohort and similarly distributed between both groups. Preoperative risk factors such as
prolonged hospitalizations or pre-operations were also not present in greater numbers in
either group. Intraoperative findings revealed a higher prevalence of peritonitis in the sPAT
group (Table 1). There were slightly more cases of cholecystitis in the sPAT, and slightly
more cases of appendicitis and colonic perforations in the lPAT group.

Insignificantly more patients (sPAT 50% vs. lPAT 38%) were admitted directly to the
normal ward compared to patients who required intensive care support (sPAT 33.8% vs.
lPAT 48%). Accordingly, these patients were more often postoperatively ventilated (sPAT
21.3% vs. lPAT 31%) and received vasopressors (sPAT 17.5% vs. lPAT 26%). However, these
differences were again not statistically significant. There were almost twice as many sur-
gical side infections in the lPAT group (sPAT 6.9% vs. lPAT 12%), almost as many as
non-intra-abdominal infections (lPAT 11.9% vs. lPAT 10%), but this effect was also not
statistically significant. Importantly the groups differed significantly regarding postoper-
ative complications. The rate of necessary re-interventions was almost twice as high in
long-treated patients (sPAT 15% vs. lPAT 27%). Of these re-interventions many had to
be performed as re-operations (sPAT 8.8% vs. lPAT 23%). Accordingly, the postoperative
complications classified as per Clavien–Dindo were found to be to the disadvantage of
the lPAT group (sPAT 11.9% vs. lPAT 23%) (a complication-free course was significantly
more frequent in the short treated group (sPAT 36.3% vs. lPAT 16%). Length-of-stay (LOS)
differed significantly in the sPAT group (median 7 days) compared to the lPAT group
(median 11 days). In contrast, there was no difference in LOIS (Table 2). While the total
duration of PAT in the short-treated group was 4 days on average and median, patients in
the lPAT group were treated for more than twice as long (median 8; Table 2).
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Table 1. Preoperative patient characteristics and intraoperative findings.

Characteristic

Patients, No. (%) p Value b

Postoperative Antibiotic Therapy

Short (n = 160) Long (n = 100)

2016 42 (51.9) 39 (48.1)

0.0152017 59 (59.6) 40 (40.4)

2018 59 (73.8) 21 (26.3)

age, mean (median) 58.00 (61.50) 58.40 (62.00) 0.910

ASA classification

1 15 (9.4) 8 (8.0)

0.281
2 77 (48.1) 43 (43.0)

3 58 (36.3) 36 (36.0)

4 9 (5.6) 13 (13.0)

BMI, mean (median) 27.30 (27.00) 27.00 (27.0) 0.832

CCI

none (0) 41 (25.6) 27 (27.0)

0.264
low (1–2) 33 (20.6) 17 (17.0)

moderate (3–4) 52 (32.5) 25 (25.0)

severe (>4) 34 (21.3) 31 (31.0)

liver cirrhosis 1 (0.6) 1 (1.0) 0.736

chronic kidney disease 15 (9.4) 17 (17.0) 0.069

current immunosuppressive drugs 9 (5.6) 8 (8.0) 0.451

community-acquired IAI 133 (83.1) 83 (83.0)
0.979

hospital-aquired IAI 27 (16.9) 17 (17.0)

high-risk of MDR 28 (17.5) 17 (17.0) 0.917

preoperative a LOS, mean (median), d 14.00 (0.00) 13.00 (0.00) 0.724

surgery 15 (9.4) 8 (8.0) 0.704

MDR 5 (3.1) 5 (5.0) 0.444

MRSA 1 (0.6) 0 (0.0)

0.737VRE 2 (1.3) 2 (2.0)

3MRGN 1 (0.6) 2 (2.0)

intraoperative peritonitis 90 (56.3) 49 (49.0) 0.254

gastric perforation 10 (6.3) 4 (4.0)

0.612

small intestine perforation 10 (6.3) 9 (9.0)

colonic perforation 20 (12.5) 17 (17.0)

appendicitis 55 (34.4) 39 (39.0)

cholecystitis 57 (35.6) 28 (28.0)

intestinal obstruction 7 (4.4) 3 (3.0)
a Within 30 days prior index surgery; b p values were derived from Chi-square, Fisher’s exact or Mann-Whitney
U tests, depeding upon data scale. Abbreviations: ASA, American Society of Anesthesiologists; BMI, body
mass index; CCI, Charlson comorbidity index; IAI, intra-abdominal infection; LOS, length of hospital stay; ABT,
antibiotic therapy; MDR, multidrug-resistant bacteria, GI: gastrointestinal.
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Table 2. Postoperative outcome.

Characteristic a

Patients, No. (%) p Value d

Postoperative Antibiotic Therapy

Short (n = 160) Long (n = 100)

postoperative transfer to

general ward 80 (50.0) 38 (38.0)

0.069IMC 26 (16.3) 14 (14.0)

ICU 54 (33.8) 48 (48.0)

postoperative organ support

ventilation 34 (21.3) 31 (31.0) 0.077

vasopressors 28 (17.5) 26 (26.0) 0.100

SSI 11 (6.9) 12 (12.0) 0.157

other postoperative infections b 19 (11.9) 10 (10.0) 0.640

re-intervention necessary 24 (15.0) 27 (27.0) 0.018

re-operation necessary 14 (8.8) 23 (23.0) 0.001

postoperative findings

MDR 4 (2.5) 3 (3.0) 0.809

postoperative complications c

none 58 (36.3) 16 (16.0)

0.001no severe complications 83 (51.9) 61 (61.0)

severe complications 19 (11.9) 23 (23.0)

postoperative mortality 2 (1.3) 0 (0) 0.262

LOS mean (median) 10.00 (7.00) 14.00 (11.00) <0.001

LOIS mean (median) 2.00 (1.00) 3.00 (1.00) 0.138

duration of PAT mean (median) in days 4 (4) 9 (8.5) <0.001
a Within 30 days after the index surgery; b non-intraabdominal infection such as urinary tract infection, pneumonia,
etc; c according to the Clavien–Dindo classification; d p values were derived from Chi-square, Fisher’s exact or
Mann-Whitney U tests, depeding upon data scale. Abbreviations: IMC, intermediate care unit; ICU, intensive care
unit; SSI, surgical site infection; MDR, multi-drug-resistance bacteria discovered postoperative; PAT, postoperative
antibiotic therapy; AMS, antimicrobial stewardship; LOS, length of stay; LOIS, length of stay on ICU.

The initial empiric antibiotic regimens between both groups were quite similar. Pa-
tients on long therapy were more frequently subject to switches (sPAT 19.4% vs. lPAT
56%). Switches were rarely due to AMS recommendations in either group (sPAT 9.7% vs.
lPAT 1.8%), nor to keeping with the actual resistograms. Undocumented indications for
the use of antibiotics were still high (sPAT 77.4% vs. lPAT 72.7%; Table 3). Nevertheless,
most indications were deemed appropriate by our in-house AMS-team (sPAT 75.6% vs.
lPAT 77%). Inappropriate indications were mostly due to prolongations of the periopera-
tive prophylaxis (PAP). There were large differences in the management of switches, for
example 32% of those treated long were incorrectly escalated (mostly from a 1st/2nd gener-
ation cephalosporin to an oral 3rd generation cephalosporin, in comparison to 9.4% in the
short-treated group (Table 3). As per general definition a switch form intravenous to oral
antibiotic therapy is considered de-escalation, we defined this step as ‘escalation’ when the
selected oral antibiotic belonged to 3rd generation cephalosporins such as cefpodoxime [7].

31



Antibiotics 2022, 11, 120

Table 3. Postoperative antibiotic therapy.

Characteristic

Patients, No. (%) p Value a

Postoperative Antibiotic Therapy

Short (n = 160) Long (n = 100)

Initial Regimen:

cephalosporins 76 (72.4) 52 (67.5)

0.641broad-spectrum penicillin 26 (24.8) 21 (27.3)

carbapenems 3 (2.9) 4 (5.2)

switch of antibiotic agent 31 (19.4) 56 (56.0) <0.001

postoperative day of switch, mean
(median), d 3.00 (2.00) 4.00 (3.00) 0.004

Reason for Switch of Antibiotic Agent

not documented 24 (77.4) 40 (72.7)

0.123resistogram 4 (12.9) 14 (25.5)

AMS council 3 (9.7) 1 (1.8)

switch in ICU or IMC 7 (22.6) 9 (16.4)
0.567

switch on general ward 24 (77.4) 46 (83.6)

Assessment Based on AMS-Guidelines

PAT necessary 121 (75.6) 77 (77.0) 0.800

de-escalation or discontinuation correct 154 (96.3) 79 (79.0)

<0.001missing de-escalation 4 (2.5) 20 (20.0)

missing escalation 2 (1.3) 1 (1.0)

Switch of Empirical Antibiotic Therapy

not required or correctly performed 143 (89.4) 65 (65.0)

<0.001wrong de-escalation 2 (1.3) 3 (3.0)

wrong escalation 15 (9.4) 32 (32.0)

efficacy

not effective against strains 96 (60.0) 57 (57.0)
0.632

effective against detected strains 64 (40.0) 43 (43.0)

Biochemical Values After PAT

leukocytes. mean (median) 9.60 (8.60) 10.20 (9.90) 0.076

CRP mean (median) 10.30 (8.00) 6.10 (4.00) <0.001

PCT mean (median) 6.90 (0.80) 0.50 (0.50) 0.643
a p values were derived from Chi-square, Fisher’s exact or Mann-Whitney U tests, depeding upon data scale.
Abbreviations: AMS, antimicrobial-stewardship as defined by current AMS-standards; ICU, intensive care unit;
IMC, intermediate care unit; PAT, postoperative antibiotic therapy; CRP, C-reactive protein; PCT, procalcitonin.

4. Discussion

In this retrospective single-center study we analyzed patients requiring emergency
surgery for complicated IAIs over 2016–2018 with attention on the length of PAT. Yet, unlike
to the prequel published by Surat et al. these findings included only non-septic patients
with adequate source control [12,25]. This time the prescribing attitudes of surgeons on
general wards were the focus of our observations, within the wider ambition of discerning
the influence of biochemical inflammation markers such as C-reactive protein (CRP) or
procalcitonin (PCT) on the duration of PAT.
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In accordance with the data released on postsurgical antimicrobial management in
complicated community acquired (or healthcare associated IAIs) so far, our results support
that shortened PAT is not associated with worse clinical outcomes. The surgical and
clinical conditions that warranted interventions in this study were similar to the general
published data (e.g., peritonitis, appendicitis, cholecystitis) [14,15,26–28]. Here, both groups
did not differ in the risk-profile and yet the long-duration arm became evident with a
significantly higher rate of infectious complications and, in consequence necessitated more
re-operations. Continuing misuse of antibiotics has been linked with avoidable adverse
events, emergence of antibiotic resistance and unnecessary monetary burden for the health
system and demands a change in the prescribing culture of antibiotics [9,29]. The debate
about the duration of PAT is still ongoing and remains an important key factor for ASPs to
target on for it is deemed to being the main reason for inappropriate use of antibiotics in
managing IAIs [20,30]. Fortunately, our results re-emphasize the role of ASPs on antibiotics
for the postsurgical therapy of complicated IAIs: over the observed three years (2016–2018)
the duration of PAT successively shortened, which is mainly attributed to the roll-out of our
in-hospital ASP involving general wards in the already regularly happening antibiotic ward
rounds and discussions in intensive care units. Although this finding was not statistically
significant, long-duration PAT, on the other hand, did not prevent the significant need for
re-interventions, even given the fact that PAT was administered twice as long within the
long-duration group. These results are in line with data from Tellado et al. that showed that
inappropriate indication for the empiric use of antibiotics was associated with unsuccessful
outcomes and a higher rate of e.g., re-operations [31].

Looking further into the quality of antibiotic utilization, the long-duration group
happened to have not only a higher rate of switches of the empirically selected antibiotic
agents, but these switches mainly took place on the general surgical wards resulting in
‘escalations’ to oral antibiotics–reasonable, one might think given patients surgical and
clinical status and the fact that AMS consultations for general wards were missing at the
time. Although intravenous to oral antibiotic switch is a main tool in ASPs, in our study
these actions were considered inappropriate by our in-hospital AMS team for it prolonged
unnecessarily the duration wherein treatment could have been stopped. Importantly,
the choices of oral antibiotics were not in keeping with the in-house AMS de-escalation
standards (2nd- and 3rd-generation cephalosporin with poor oral bioavailability lacking
efficacy; data not available in the result part) [7,9,28].

Guiding antibiotic therapy by inflammatory markers (e.g., leukocyte count, CRP, PCT
or interleukin 6), has been numerously investigated in hospitalized patients including those
critically ill. PCT carries more specificity and sensitivity in the detection of truly bacterial
infections and the guidance of antibiotic duration by PCT may result in significant reduction
of antibiotic consumption and mortality [32–36]. Data on the prescribing behavior in cIAIs
directed by named markers remain sparse and yet the results, so far, attest PCT a useful
tool for both the diagnosis of bacterial infections and discontinuation of antibiotics; yet, it
must be stressed that biomarkers should not be read outside the clinical setting [35,37,38].
The power and the nature of this study does not allow to draw a conclusion regarding
the role of PCT in terms of ceasing PAT or the safeness of such a course, yet following the
decrease of the CRP level was associated with longer PAT.

Discussing the results of this study on the whole, the point of its research nature as in
the meaning of monocentric and retrospective limits their interpretation. Furthermore, the
power of the study cannot be used to reason that shortened duration of PAT is associated
with improved outcomes, but it clearly suggests that a longer duration of antibiotic therapy
is tied with more complications and does do more harm than good. The subject of the
influence of laboratory markers on the duration of PAT and the detailed appropriateness
and quantification of switches from intravenous to oral antibiotics will be outlined in future
investigations. In conclusion, our results confirm that short-course antibiotic therapy after
successful surgical source control in cIAIs is safe.
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Abstract: As the population ages, more and more patients with orthopaedic prostheses (OPs) require
dental implant treatment. Surveys of dentists and orthopaedic surgeons show that prophylactic
antibiotics (PAs) are routinely prescribed with a very high frequency in patients with OPs who are
about to undergo dental procedures. The present study aims to determine the need to prescribe
prophylactic antibiotic therapy in patients with OPs treated with dental implants to promote their
responsible use and reduce the risk of antimicrobial resistance. An electronic search of the MEDLINE
database (via PubMed), Web of Science, LILACS, Google Scholar, and OpenGrey was carried out.
The criteria used were those described by the PRISMA® Statement. No study investigated the need
to prescribe PAs in patients with OPs, so four studies were included on the risk of infections of
OPs after dental treatments with varying degrees of invasiveness. There is no evidence to suggest
a relationship between dental implant surgeries and an increased risk of OP infection; therefore,
PAs in these patients are not justified. However, the recommended doses of PAs in dental implant
procedures in healthy patients are the same as those recommended to avoid infections of OPs.

Keywords: antibiotic prophylaxis; antibiotics; joint replacement; prosthetic joint infection; oral
implantology; dental implants

1. Introduction

Today, life expectancy is higher than ever before due to the declining mortality rate of
young people in developing countries [1], while “developed” countries are experiencing
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a large decline in mortality at older ages, with an average life expectancy of 91 years for
women and 86 years for men [2]. This increases the number of people in need of orthopaedic
prostheses (OPs) of any kind [3]. In 2006, around 800,000 joint replacements (hip and knee,
as well as elbow, wrist, ankle, metacarpophalangeal, and interphalangeal joints) were
placed in the USA [4] and it is estimated that by 2030 these numbers will increase to
4 million for hip and knee replacements alone [5]. Globally, the age group with the highest
prevalence of tooth loss is 79-year-olds. Future figures may be even higher, as between 1990
and 2015, there was a 40% increase in the number of people with oral conditions such as
untreated caries and/or tooth loss [6]. For these reasons, it is expected that more and more
professionals will be faced with patients with OPs requiring the replacement of missing
teeth with dental implants.

Infection of orthopaedic prostheses (OPIs) occurs in 0.3 to 2% of patients with OPs [7],
requiring additional orthopaedic surgery, as well as the use of antibiotics for a long pe-
riod [5]. Depending on the timing of their occurrence concerning orthopaedic surgery, OPIs
are classified as “early”, “delayed”, or “late”. The first two occur before three months, and
between 3 and 24 months post-surgery, respectively, and are related to orthopaedic surgery.
On the other hand, late OPIs often result from the late growth of bacteria accidentally
inoculated during bleeding procedures or from a distant septic focus [8,9] (“hematoge-
nous orthopaedic prosthetic infections” (HOPIs)). It is estimated that around 10% of these
infections are caused by bacteria present in the oral cavity [3]. However, the frequency,
duration, and intensity of bacteraemia will influence the cumulative risk [8]. In this regard,
classic animal model studies have shown that high bacterial counts (>1000 colony-forming
units (CFU)/mL) are required for HOPIs to occur, which is often a consequence of systemic
sepsis [10,11].

Various surveys have shown that 63.4% [12] to 71.5% [13] of orthopaedic surgeons
consider the prescription of prophylactic antibiotics (PAs) to be necessary indefinitely
in patients with hip prostheses who are going to undergo dental treatment. A survey
conducted in Canada in 2014 revealed that around 70.7% of dentists routinely prescribe
Pas and 21.7% consider it essential for the rest of the patient’s life [12]. Despite that,
currently, antibiotic prophylaxis for patients with prosthetic joints who are undergoing
dental treatment is not routinely recommended in several countries, such as Australia [14],
the United Kingdom [15], Canada [16], and New Zealand [17]. Namely, a recent survey of
professionals dedicated to oral implantology studied for the first time their prescription
habits for PAs in patients with hip prostheses, showing that 74.3% prescribe them, as they
consider these patients to be at risk [18].

Considering the current context, these data should be considered where antimicro-
bial resistance causes around 33,000 deaths each year in the European Union [19]. The
associated healthcare costs and lost productivity are estimated to be 1.5 billion euros per
year [20]. It is a naturally occurring phenomenon, and this process is being accelerated
by the inappropriate and indiscriminate use of antibiotics in humans, food-producing
animals, and the environment. Immediate changes in the way antibiotics are prescribed
and used are urgently needed. Even if new methods are developed, resistance will continue
to pose a severe threat if current prescribing patterns are not modified [21]. In this sense, a
recent meta-analysis revealed that the average prescribed dose of PAs in implant surgery
is approximately 5 times higher than the one recommended to healthy patients without
anatomical constraints [22]. Furthermore, there is only clear scientific proof on the recom-
mended PA dose in the clinical situation mentioned above [23] and in bone augmentation
with the implant placement done in one or two phases [21], that is, 2–3 g of amoxicillin
an hour before the intervention [21,23], while in allergic patients, 500 mg of azithromycin,
1 h before surgery, has recently been suggested. [24]. Regarding the remaining clinical
situations, the type of antibiotic prescribed and its posology is up to the professional, who
in many cases tends to over-prescribe them.
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Therefore, given the data described above, it is considered necessary to carry out a
literature review to determine the need for PAs in patients with OPs who are going to be
treated with dental implants to promote their responsible use.

2. Materials and Methods

The criteria used are the ones described in the PRISMA® (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) Declaration [25].

2.1. Focused Question

The main objective was to answer the following “PICO” (P = patient/problem/population;
I = intervention; C = comparison; O = outcome) question (Table 1).

Table 1. Breakdown of the “PICO” question.

Component Description

P (problem/population) Patients with OPs 1 that have had a dental implant treatment

I (intervention) PAs 2 on the day of surgery and/or extended postoperatively

C (comparison)
Not prescribing PAsPrescribing a placeboOther antibiotics or

antibiotic regimensSame antibiotic with different
dosage/duration

O (outcome) Risk of infection from OPsSafety (for example, benefits for the
patient, OPIs 3 prevention, resistance to antimicrobials)

PICO question
In patients with OPs who are about to undergo an implant
procedure, does the prescription of PAs decrease the risk of

infection of OPs versus not taking them?
1 OPs, orthopaedic prostheses; 2 PAs, prophylactic antibiotics; 3 OPIs, orthopaedic prostheses infection.

In patients with OPs who are about to undergo an implant procedure, does the
prescription of PAs decrease the risk of infection of OPs versus not taking them?

2.2. Eligibility Criteria

Before proceeding, inclusion and exclusion criteria were defined and applied to the
resulting articles.

2.2.1. Inclusion Criteria

The included studies comprised (a) human studies; (b) articles published in English
or Spanish (c); meta-analysis; (d) systematic reviews; (e) randomized clinical trials (RCTs);
(f) clinical trials; (g) clinical studies; (h) comparative studies; (i) multicentre studies; (j) ob-
servational studies; and (k) grey literature.

2.2.2. Exclusion Criteria

The exclusion criteria determined the exclusion of the following: (a) experimental lab-
oratory studies; (b) animal studies; (c) studies whose main topic was not the prescription of
PAs before the dental procedure in patients with joint replacements; (d) duplicated articles;
(e) books or chapters of books; (f) letters to the Editor; (g) commentaries; (h) literature
reviews; and (i) surveys.

2.3. Information Sources and Search Strategy

A comprehensive search of the literature was conducted in the following databases:
MEDLINE (via PubMed), Web of Science, Google Scholar, and LILACS. A search for
unpublished studies (grey literature) was conducted on the OpenGrey database. Moreover,
we examined the bibliographic references of the selected articles for publications that did
not appear in the initial search and might be of interest.
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The search was performed by two independent researchers (A.-O.S.-P. and J.-F.P.-C.).
The search was temporarily restricted from 2 February 2011 to 2 February 2021, and was
later updated on 16 February 2021.

MeSH (Medical Subject Headings) terms, keywords and other free terms were used
with Boolean operators (OR, AND) to combine searches: (hip prosthesis OR hip replacement
OR prosthesis joint OR joint replacement OR knee prosthesis OR knee replacement OR
ankle prosthesis OR ankle replacement OR shoulder prosthesis OR shoulder replacement
OR elbow prosthesis OR elbow replacement) AND (dental implant OR dental implants OR
dental implantology OR oral implantology OR oral surgery OR dental OR dental treatment)
AND (antibiotics OR preventive antibiotics OR antibiotic prophylaxis OR clindamycin OR
amoxicillin OR erythromycin OR azithromycin OR metronidazole). The same keywords
were used for all search platforms following the syntax rules for each database.

2.4. Study Records

Two researchers (A.-O.S.-P. and J.-F.P.-C.) independently compared the results to
ensure completeness and removed duplicates. Then, the full title and abstracts of the
remaining papers were screened individually. Finally, full-text articles included in this
systematic review were selected according to the criteria described above. Disagreements
over eligible studies to be included were discussed with a third reviewer (N.K.), and a
consensus was reached. The reference list of the included studies was also reviewed for
possible inclusion.

2.5. Risk of Bias

Data collection was conducted using a predetermined table to assess the resulting
articles. Two independent reviewers (J.-F.P.-C. and A.G.-S.) evaluated the methodological
quality of eligible studies following the Joanna Briggs Institute Checklist for Systematic
Reviews and Research Syntheses [26], which incorporates 11 domains. The studies were
classified as low-quality assessment studies (0–6) or as high-quality assessment studies
(7–11).

3. Results
3.1. Study Selection

The search strategy resulted in 106 results, of which 99 remained after removing the
duplicates. Then, two independent researchers (A.-O.S.-P. and J.-F.P.-C.) reviewed all the
titles and abstracts and excluded 86 that were outside the scope of this review. Thus, we
obtained 13 potential references. After reading the full text of those 13 papers, it was found
that none answered the PICO question as they did not investigate the need to prescribe
PAs in implant treatments to reduce the risk of OPIs. Six articles were included that
investigated the risk of bacteraemia secondary to dental procedures with varying degrees
of invasiveness, so extrapolations were made to establish clear guidelines on the need to
administer PAs in implant procedures in these patients. The same situation occurred after
the search in Google Scholar and the analysis of the references of the selected articles. Three
articles were included in this way so that a total of four papers were analysed [5,7,27,28]
(Figure 1).

3.2. Study Characteristics

Most of these studies focused on the appropriateness of the prescription of PAs in hip
and/or knee prostheses [5,27] and joints in general. The main findings were described as
follows.

The American Dental Association (ADA) and the American Academy of Orthopaedic
Surgeons (AAOS) have collaborated on the development of Clinical Practice Guidelines
(CPGs) in patients with OPs. The first collaboration was in 2013 [5], where it was determined
that it was not necessary to routinely prescribe PAs for dental procedures in patients with
hip or knee replacements because, although PAs have been shown to reduce bacteria associ-
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ated with dental procedures, no evidence links these bacteraemias to HOPIs. Nevertheless,
the authors expressed that this decision should be left to the discretion of the professional
and the patient after weighing the benefits/risks. This workgroup concluded that PAs
would be “rare” or “perhaps appropriate” for non-invasive treatments, meaning those
that do not require gingival/mucosa manipulation/perforation, as well as for invasive
treatments in healthy patients. Among severely immunocompromised patients, patients
with non-controlled diabetes (with levels of glycosylated haemoglobin (HbA1c) ≥ 8 or
blood glucose level ≥ 200 mg/dL) and/or patients with a history of OPI, the prescription of
PAs would be considered “appropriate”. Patients with severely immunosuppressed states
can be classified into the following groups, according to the Center for Disease Control and
Prevention (CDC) guidelines [29]: (1) patients with stage III HIV/AIDS, i.e., patients with
a CD4 T-lymphocyte count < 200 or opportunistic infections; (2) patients on chemother-
apy with fever (absolute neutrophil count (ANC) < 2000) (39 ◦C) or severe neutropenia
(ANC < 500) with or without fever; (3) patients with rheumatoid arthritis (RA) on treatment
with disease-modifying biologic agents, including tumour necrosis factor-alpha (TNF-α) or
prednisone > 10 mg/day (4) patients who have received a solid organ transplant and are
on immunosuppressants; (5) patients with hereditary immunosuppressive diseases; and
(6) patients with a bone marrow transplant from the pre-transplant period until the end of
immunosuppressive treatment (usually about 36 months after surgery).
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Subsequently, the ADA [27] (2015) carried out a CPG with their workgroup following
previous guidelines, not systematically recommending the PAs. Despite this, they suggest
assessing the administration in diabetic or immunocompromised patients, including in
the immunocompromised group those with antibiotic resistance or under treatment with
systemic steroids/immunosuppressive drugs, the presence of some type of cancer, and/or
with a history of chronic renal disease. The odd ratios (OR) related to the mentioned
systemic alterations varied between 1.8 and 2.2 [30], although the magnitude of these
values lacks clinical relevance [27]. Thus, this recommendation should be treated carefully.
Also, they suggest assessing PAs on patients with a history of complications associated
with joint replacement surgeries that will go through an invasive dental procedure and
having an interview with the patient and a consultation with the orthopaedic surgeon. If it
is favourable, the latter should recommend the adequate antibiotic prescription and, ideally,
issue the pharmacological recipe.

Subsequently, the Canadian Agency for Drugs and Technologies in Health [28] (CADTH)
(2016) conducted a CPG updating a previous consensus document [31] where they con-
cluded that, although there were some cases of HOPIs after dental procedures, most of
these infections were not caused by microorganisms present at the oral level and there
was insufficient evidence to claim that taking PAs before a dental procedure could prevent
HOPIs. Therefore, they do not recommend its prescription in patients with total joint
replacements or with orthopaedic pins, plates, or screws.

In 2017, the Dutch Orthopaedic and Dental Societies [7] conducted a systematic review,
concluding that there was no convincing evidence in the literature to justify PAs to avoid
HOPIs. Human studies have not confirmed an increased risk of haematogenous infection
in joint prostheses during the first two years after placement. Nonetheless, they did observe
a higher susceptibility in those that were between two and five years old. Furthermore,
the bleeding cannot be considered an isolated factor of bacteraemia, but rather that the
gingival/mucosa (including chewing) manipulations cause a match between positive and
negative pressures in the capillaries that could favour the diffusion of bacteria into the
bloodstream [32]. Thus, positive capillary pressure could avoid the phenomenon.

3.3. Risk of Bias within Studies

Risk of bias and study quality analyses were performed independently by two review
authors (J.-F.P.-C. and A.G.-S.). Using the predetermined 11 domains for the methodolog-
ical quality assessment according to the JBI Prevalence Critical Appraisal Tool [26], we
determined that all the papers [5,7,27,28] have a high-quality evaluation (7–11). Table 2
shows a more detailed description of the articles included.

Table 2. JBI Critical Appraisal Tool [26] for Systematic Reviews and Research Syntheses.

Questions Rademacher et al.
[7] (2017)

CADTH [28]
(2016)

Sollecito et al.
[27] (2013)

Watters et al. [5]
(2013)

1. Is the review question clearly and
explicitly stated?
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thors found HOPI rates after total knee arthroplasty of 22.1%, out of which one-third oc-
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paedic surgery [32]. Some years later, they suggested carrying it out for the rest of the 
individual’s life [33] and, at present, some countries, such as Australia [14], the United 
Kingdom [15], Canada [16] and New Zealand [17], advise against its routine prescription. 
Undoubtedly, OPI is an important complication for the patient and with a high cost for 
the healthcare system, so the tendency, of oral and/or maxillofacial surgeons and ortho-
paedic surgeons to prescribe PAs before invasive dental procedures is understandable [8]. 
Despite this, their consistent use is currently not justified, as there is no evidence that bac-
teraemias following dental procedures are directly related to HOPIs [5,30,34]. Some au-
thors found HOPI rates after total knee arthroplasty of 22.1%, out of which one-third oc-
curred in immunocompromised patients, 4.2% were related to dental procedures, and 
7.2% to cutaneous infections. In the remaining cases, they did not find a causal factor [35]. 
Thus, their incidence is very low (2.9%; 6/224) and usually related to dental abscesses [36], 
and often it is hard to prove the relationship between a HOPI to the carried out dental 
treatment. In this regard, the expected benefits do not exceed the possible adverse effects 
that could develop due to the consumption of antibiotics [37]. In this sense, it has been 
determined that the risk of suffering an OPI after a dental procedure without PAs is 
0.00023 (0.00012–0.00034), while the OR associated with the PAs prescription is 0.7 [9]. 
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Undoubtedly, OPI is an important complication for the patient and with a high cost for 
the healthcare system, so the tendency, of oral and/or maxillofacial surgeons and ortho-
paedic surgeons to prescribe PAs before invasive dental procedures is understandable [8]. 
Despite this, their consistent use is currently not justified, as there is no evidence that bac-
teraemias following dental procedures are directly related to HOPIs [5,30,34]. Some au-
thors found HOPI rates after total knee arthroplasty of 22.1%, out of which one-third oc-
curred in immunocompromised patients, 4.2% were related to dental procedures, and 
7.2% to cutaneous infections. In the remaining cases, they did not find a causal factor [35]. 
Thus, their incidence is very low (2.9%; 6/224) and usually related to dental abscesses [36], 
and often it is hard to prove the relationship between a HOPI to the carried out dental 
treatment. In this regard, the expected benefits do not exceed the possible adverse effects 
that could develop due to the consumption of antibiotics [37]. In this sense, it has been 
determined that the risk of suffering an OPI after a dental procedure without PAs is 
0.00023 (0.00012–0.00034), while the OR associated with the PAs prescription is 0.7 [9]. 
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and often it is hard to prove the relationship between a HOPI to the carried out dental 
treatment. In this regard, the expected benefits do not exceed the possible adverse effects 
that could develop due to the consumption of antibiotics [37]. In this sense, it has been 
determined that the risk of suffering an OPI after a dental procedure without PAs is 
0.00023 (0.00012–0.00034), while the OR associated with the PAs prescription is 0.7 [9]. 

—Not applicable.

4. Discussion

Throughout the past few years, the recommendations regarding the need to prescribe
PAs in dental procedures to avoid OPIs have suffered diverse variations. In this regard, the
first guidelines recommended prescribing PAs during the first two years after orthopaedic
surgery [32]. Some years later, they suggested carrying it out for the rest of the individual’s
life [33] and, at present, some countries, such as Australia [14], the United Kingdom [15],
Canada [16] and New Zealand [17], advise against its routine prescription. Undoubtedly,
OPI is an important complication for the patient and with a high cost for the healthcare
system, so the tendency, of oral and/or maxillofacial surgeons and orthopaedic surgeons to
prescribe PAs before invasive dental procedures is understandable [8]. Despite this, their
consistent use is currently not justified, as there is no evidence that bacteraemias following
dental procedures are directly related to HOPIs [5,30,34]. Some authors found HOPI rates
after total knee arthroplasty of 22.1%, out of which one-third occurred in immunocompro-
mised patients, 4.2% were related to dental procedures, and 7.2% to cutaneous infections.
In the remaining cases, they did not find a causal factor [35]. Thus, their incidence is very
low (2.9%; 6/224) and usually related to dental abscesses [36], and often it is hard to prove
the relationship between a HOPI to the carried out dental treatment. In this regard, the
expected benefits do not exceed the possible adverse effects that could develop due to
the consumption of antibiotics [37]. In this sense, it has been determined that the risk of
suffering an OPI after a dental procedure without PAs is 0.00023 (0.00012–0.00034), while
the OR associated with the PAs prescription is 0.7 [9].

Kao et al. [38] carried out a cohort study of 57,066 patients with knee or hip prostheses
undergoing invasive dental treatments. They were compared to patients that had not
undergone dental treatment using a ratio of 1:1, describing OPIs rates of 0.57% and 0.61%,
respectively. The multivariable analysis of the COX regression did not find any relationship
between the invasive dental procedures and OPIs. On the other hand, OPIs happened in
0.20% of patients of the subcohort who were prescribed with PAs and in 0.18% who were
not prescribed PAs, without significant differences.

In implant surgery, there are three moments when bacteraemia can be caused: dur-
ing (1) the injection of local anaesthesia, (2) the rise of mucoperiosteal flaps, and (3) the
placement of the dental implant [39]. Regarding the anaesthetic technique, the infiltrative
methods, which are the ones used in oral implantology, produce a significantly lower
proportion of positive blood cultures than the modified and conventional intraligamen-
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tous techniques (16% vs. 50% vs. 97%, respectively)—the level of basal bacteraemia is
8% [40]. Lockhart [41] suggested that using local anaesthesia with epinephrine could
decrease the transit of bacteria to the bloodstream by reducing the flow. Furthermore, the
rate of secondary bacteraemia to implant surgery is very low, which was only described
by Piñeiro et al. [39] The authors analysed secondary bacteraemia with the placement of
implants in patients that rinsed with chlorhexidine digluconate (CLX) at 0.2% (10 mL for
1 min) (test group) before the anaesthetic injection versus a control group that did not use
any type of antimicrobial. The level of bacteraemia in the control group was 2% versus
6.7% in the test group. They only observed differences between patients with positive and
negative cultures concerning the intervention time (92.5 ± 24.7 min vs. 64.8 ± 20.2 min,
respectively), but not so for the history of periodontal disease, the level of oral health, or
the number of placed implants. These surgeries were carried out with general anaesthesia,
as well as a local one, which has been related to a higher risk of bacteraemia compared to
just administering local anaesthesia at 30 s (89% vs. 53%; OR = 5.04), 15 min (64% vs. 24%;
OR = 5.37), and 60 min (21% vs. 4%; OR = 6.5) [42].

On the other hand, Watters et al. [5] identified bacteria associated with a higher risk of
OPIs, such as Staphylococcus spp. (31.5%), specifically, S. aureus (26.0%) and S. epidermidis
(6.5%), Gram-positives species (9.0%), and Streptococcus spp. (6.5%). The isolated species
after secondary bacteraemia of implant placement were Streptococcus viridans and Neisse-
ria [39], which are not directly related to OPs complications. Also, certain oral hygiene
procedures carried out daily by patients have a risk of associated bacteraemia that is not in-
considerable, with higher proportions of OPI-causing bacteria than in invasive procedures
related to oral implantology [5].

Noori et al. [43] (2019) established for the first time some recommendations in patients
treated with foot and ankle surgeries, including total ankle arthroplasty. The bacteria
implicated in post-surgery infections in hip and/or knee joint prosthesis infections are
similar to those responsible for foot and ankle surgeries, so they determined that the
recommendations should be the same.

If it is decided to prescribe PAs, the first-choice antibiotic would be 2 g of amoxicillin,
30–60 min before the procedure and, to those allergic to penicillin, 500 mg of azithromycin
or clarithromycin [7,39]. Currently, there are only recommendations based on evidence
regarding the placement of unitary implants in ordinary conditions [23] and bone regener-
ation with the placement of implants in one or two phases [21]. In both procedures, the
recommended guideline is 2 or 3 g of amoxicillin, one hour before the intervention [21,23]
and, in allergic patients, 500 mg of azithromycin one hour before surgery [24], which would
be equivalent to what is recommended to prevent OPIs.

The current guidelines recommend assessing PAs in non-controlled diabetic patients,
those immunocompromised, and/or in patients with a history of OPI. For a long time,
it has been presumed that immunocompromised patients have a higher risk of HOPIs.
Nonetheless, it has not been proved after dental procedures, since they develop comparable
bacteraemia to the ones developed by healthy individuals, and with the latter, there is
no evidence that there is a higher risk [7]. On the other hand, the European Association
of Endodontics [44] recommends prescribing PAs in patients with OPs during the three
months following orthopaedic joint surgery. Dental implants entail an elective surgery,
so it does seem prudent to postpone the intervention during this time. Also, dental im-
plant surgery is not indicated for the described systemic states until the disease has been
controlled. The only scenario where the treatment could be assessed in these patients
would be in those with AR being treated with biological agents modifying the disease, and
despite this, different authors associated it with a higher risk of early placement failure and
peri-implantitis [45,46].

The relationship between the periodontal state, or the level of hygiene, and the level of
bacteraemia was not established [9,39]. Nonetheless, any implant procedure must be done
in an oral cavity without any pathology. Another preventive measure is using perioperative
antiseptics, such as CLX. Although ADA/AAOS was not able to conclude that rinsing

44



Antibiotics 2022, 11, 93

with different topical antimicrobials before a dental procedure prevents HOPIs [5], further
studies found that CLX rinses reduce the incidence of secondary bacteraemia in dental
extractions by 12% [47–49], possibly due to a reduction of the quantity of inoculated bacteria.
This is a simple preventive measure without evidence of adverse reactions. Thus, its use is
recommendable despite its low efficacy [47]. Furthermore, as a chemo-preventive measure
against the accumulation of biofilm, its use is recommended in the immediate post-surgery
period, a time when oral hygiene procedures could experience difficulties [50].

Given that the placement of dental implants currently involves the prescription of
PAs in healthy patients, future lines of research should focus on establishing the incidence
of infections following implant procedures in those patients with OPs. It would also be
interesting to study topical antiseptics, such as CLX, to reduce secondary bacteraemia in
implant procedures.

Strengths and Limitations

This systematic review presents several strengths, such as a previous record of protocol,
free search in the literature (including grey literature), the searching process of studies,
data extraction, and the risk analysis bias performed in duplicate, which determined a high
overall quality of the included studies.

Nonetheless, with the low number of studies available in the literature, the present
systematic review has limitations, so the external validity of the results of this review
should be confirmed with future studies.

5. Conclusions

No evidence suggests a relationship between dental implant surgery and a higher
risk of infection of OPs. Therefore, the prescription of PAs in these patients is not justified.
Nonetheless, the recommended PA dose in a dental implant procedure in healthy patients
is comparable to the dose recommended to avoid infections in OPs. We should evaluate
the prescription of PAs in patients with a history of infections in their OPs in second-stage
implant surgeries. Furthermore, it would be wise to avoid surgeries three months after
orthopaedic surgery.
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Abstract: Common self-limiting infections can be self-managed by patients, potentially reducing
consultations and unnecessary antibiotic use. This qualitative study informed by the Theoretical
Domains Framework (TDF) aimed to explore healthcare professionals’ (HCPs) and patients’ needs
on provision of self-care and safety-netting advice for common infections. Twenty-seven patients
and seven HCPs participated in semi-structured focus groups (FGs) and interviews. An information
leaflet was iteratively developed and reviewed by participants in interviews and FGs, and an addi-
tional 5 HCPs, and 25 patients (identifying from minority ethnic groups) via online questionnaires.
Qualitative data were analysed thematically, double-coded, and mapped to the TDF. Participants
required information on symptom duration, safety netting, self-care, and antibiotics. Patients felt
confident to self-care and were averse to consulting with HCPs unnecessarily but struggled to assess
symptom severity. Patients reported seeking help for children or elderly dependents earlier. HCPs’
concerns included patients’ attitudes and a lack of available monitoring of advice given to patients.
Participants believed community pharmacy should be the first place that patients seek advice on
common infections. The patient information leaflet on common infections should be used in primary
care and community pharmacy to support patients to self-manage symptoms and determine when
further help is required.

Keywords: primary healthcare; general practice; community pharmacy; antibiotics; qualitative study;
patient attitudes; self-care; questionnaire; behavioural science

1. Introduction

Antimicrobial resistance (AMR) continues to be a global threat, largely driven by
overuse of antibiotics [1]. Most antibiotics (70% in 2019) in England are prescribed in the
community [2], with many inappropriate for self-limiting infections [3–5], and primary
care continues to be a priority area for Antimicrobial Stewardship (AMS) programmes, to
optimise antimicrobial use. Patient behaviour is a key target of the UK AMR national action
plan (2019–2024); ambitions include preventing the need for antimicrobials and improving
the publics’ infection prevention behaviours [6]. The National Institute for Health and
Care Excellence (NICE) and Public Health England (PHE) recommend self-care actions
as first-line treatment for many common infections [7] and recommend that HCPs use
patient resources to educate patients on the management of common infections [8]. Among
UK primary care clinicians, 94% report using patient-facing infection-related information
leaflets [9]. Interventions to facilitate shared decision-making with patients, such as leaflets,
are effective at reducing antibiotic use for acute respiratory tract infections in primary
care [10]. Although there are patient leaflets covering specific or childhood infections,
there are no general infection self-care leaflets for use in primary care and community
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pharmacies to facilitate consistent advice to patients, empowering patients to manage their
current and future infections.

Analysis of a large 2018/19 community cohort study in England found that most
participants managed respiratory tract infection (RTI) symptoms without seeking med-
ical attention, with only 14% leading to a GP or dental consultation and 10% antibiotic
use [11]. The coronavirus disease 2019 (COVID-19) pandemic has seen an increase in
GP telephone consultations, possibly resulting in more antibiotic prescriptions [12,13].
Interventions developed using behavioural science can improve antibiotic prescribing [14],
and patient educational interventions developed using the TDF have high acceptability
and feasibility [15,16]. A person-based approach to intervention development uses a range
of qualitative research methods, evidence, and theory and puts end users at the centre of
development in order to effect behaviour change [17].

This study aimed to explore patients’ and HCPs’ needs for providing or receiving
infection self-care and safety-netting advice. Qualitative interviews and focus groups (FGs)
informed by the TDF, and online questionnaires were used in this person-based approach,
to inform the development of a patient and carer facing leaflet covering common infections.

2. Results
2.1. Participant Characteristics

A total of 27 patients and 7 HCPs participated in interviews and FGs and a further
5 HCPs and 25 patients (identifying from minority ethnic groups) provided feedback on a
near final draft of the leaflet via questionnaires (Table 1).

Table 1. Patient and healthcare professional self-reported characteristics.

Patients n = 52 Healthcare Professionals n = 12

INT and FGs (n = 27) Questionnaire (n = 25) INT and FGs (n = 7) Questionnaire (n = 5)

Age Profession
16–24 1 3 Community 3 -
25–34 3 12 pharmacist
35–49 8 1 General 2 -
50–64 8 2 Practitioner
65+ 7 5 Prescribing advisor 1 1

Unknown - 2 Nurse practitioner 1 4

Gender Gender

Female 18 13 Female 3 -
Male 9 11 Male 3 -

Unknown - 1 Unknown 1 5

Ethnicity

Bangladeshi 1 5
Black African - 2

Black Caribbean 1 2
Chinese - 5
Indian - 6

Pakistani 1 2
Sri Lankan 2 1

White British 20 -
White European 2 2

INT—Interviews. FGs—Focus Groups.

2.2. Emerging Themes on Management of Common Infections
2.2.1. Patients

Patient themes regarding self-managing common infections are summarised in Table 2
(detailed in Table S1).
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Antibiotics 2021, 10, 1113

(a) Preventing and self-treating infections
Patients believed that a healthy lifestyle could prevent infections and that handwash-

ing could stop infections from spreading. Some believed that family upbringing influenced
hygiene behaviour and that if you grew up in a house ‘too clean’, you were more suscep-
tible to infections. Patients interviewed at the start of the COVID-19 pandemic reported
more proactive health behaviours (e.g., oral hygiene) due to a perceived lack of healthcare
access and preventing COVID-19 by following social distancing and increased cleaning.

Patients reported self-care behaviours for common infections they believed their body
could usually fight off, including common RTIs. Patients believed rest and hydration
would help them to get better quicker. Some used over-the-counter (OTC) remedies,
whilst others believed that it was important for symptoms to run their course rather than
‘suppress’ them with medicines and that taking any medicine too often could make them
less effective. They were motivated to self-care and continued to carry out professional
and social responsibilities. Behaviours were influenced by family traditions, previous
successful methods, and advice from HCPs or the NHS website. Patients felt confident
self-caring for familiar symptoms (e.g., cough) but less-so for perceived serious symptoms
(e.g., rashes).

(b) Health-seeking behaviour
Patients reported difficulty in assessing when to consult and were guided by concerns

of potentially serious or persisting symptoms. Patients’ decision to consult was influenced
by work, children, social pressure, and symptom tolerance. Failure to resolve symptoms
through self-treatment was also a factor. Many patients expressed avoidance for seeking
GP help, due to feelings of guilt about putting pressure on the NHS and their GP’s time,
as a habit or family culture (‘we don’t tend to visit the GP’), or due to inaccessibility of
appointments. A minority perceived that they accessed healthcare more than necessary
due to anxiety about symptoms progressing to serious illness. When booking an appoint-
ment, patients reported negative feelings about discussing symptoms with reception staff.
Patients reported a lower threshold for seeking help for children or elderly family due to
concerns about vulnerability, uncertainty about how the infection might progress, and an
expectation that they need antibiotics due to a weaker immune system.

Many patients reported contacting community pharmacy staff for infection advice;
their knowledge was trusted, and they were more accessible than GPs. Patients reported
that public campaigns had increased their awareness of pharmacy services; a minority
viewed pharmacies as a place to collect their medicine only. Some would not discuss
certain symptoms in the pharmacy setting and were unaware of pharmacy consultation
rooms, which are available in some pharmacy settings.

(c) Healthcare expectations
Expectations for the consultation included wanting to have input into decisions, a

rapid solution to their symptoms, and the reassurance that their infection would resolve.
Patients would also consult when they believed antibiotics were required to treat an
infection, including urinary, chest, ear and skin infections, and tonsillitis. Patients were
familiar with appropriate antibiotic use messages from public campaigns, but had less
knowledge of antibiotic resistance; however, they believed that if they took antibiotics too
much they would not work. If antibiotics were prescribed, they viewed it as important to
take them as their HCP directed.

2.2.2. Healthcare Professionals

HCP themes regarding provision of advice to patients with common infections are
summarised in Table 3 (detail in Table S2).
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(a) Responsibilities and approaches to managing common infections
Overall, HCPs were motivated and optimistic that provision of self-care advice could

help to prevent future infections and enable patients to self-care before seeking help and
that these actions could reduce use of services and antibiotics. GPs discussed the benefit
of shared decision-making and the importance of identifying expectations at the start
of consultations and counselling against antibiotics, if not appropriate. Both GPs and
pharmacists believed that community pharmacies were accessible and should be viewed as
a patient’s first place for advice on common infections. Pharmacists reported some hurdles
to providing patients with advice, which included not being able to see the patient’s record
or indication and other responsibilities preventing them from having longer discussions.

GPs reported using AMS tools such as the TARGET patient leaflets [18] and reflected
that they helped to reassure patients. Some used back-up prescriptions and appointments
for safety-netting. A GP interviewed at the start of the COVID-19 pandemic briefly com-
mented on the use of telephone consultations and expressed concern that this may lead
to more antibiotics being prescribed. All HCPs reported that there were no systems in
place to monitor advice given in community pharmacy or GP settings. For GPs, variations
in antibiotic prescribing patterns at their practice were a concern and consequently their
efforts to change patient’s expectations could be undermined by other prescribers.

(b) Patient attitudes and context
GPs and a nurse practitioner discussed patient expectations for antibiotics as a hurdle

to overcome in consultations, particularly those patients who had been prescribed them
for previous infections and those consulting for children. HCPs generally believed that
patients’ understanding of AMR had improved somewhat in recent years due to public
campaigns. In contrast, they believed that patients had less awareness of the importance
of self-care but believed that campaigns and social media messaging could be effective at
influencing patient behaviour.

HCPs reported difficulty in knowing whether their advice had changed patients’
behaviour. There was some concern from GPs about a minority of patients who may
immediately take the back-up antibiotic prescription or seek another prescriber to request
antibiotics. HCPs reported barriers for patients to self-care for infections, including health
inequalities and affordability of OTC medicines, literacy or language barriers, complex
patients who are home bound, and those unable to take time off work.

2.3. Development of the Managing Common Infections leaflet

All participants from FGs, interviews, and questionnaires (Table 1) commented on
iterations of the information leaflet.

(a) Usefulness of leaflet covering common infections
Overall, participants across the study reported that a resource was required to educate

patients about managing common infections. All HCPs responding to the questionnaire
reported they were likely or very likely to use the leaflet with patients; HCPs rated every
section of the leaflet as very useful or useful, except for a section which included statistics
on which infections were most common in the population (80%, 4/5 rated useful); this
section was subsequently removed. Among the minority ethnic patients responding to the
questionnaire, 88% (22/25) reported the leaflet provided all the necessary information they
would need to self-manage a common infection and all agreed that the content was useful
or very useful.

‘Great way to get a lot of information to the patient. Will lead to less calls.’

(nurse, questionnaire)

‘I think it’s a very good leaflet, if the idea of this is to actually reduce the use of antibiotics
when other simpler remedies could be used then I think it’s a good idea.’

(Male patient, Focus Group 5)

(b) Information priorities for common infection leaflet

53



Antibiotics 2021, 10, 1113

Priorities were similar across all participants and included information on when a GP
appointment was needed, serious symptoms to look out for, average duration of illness,
advice on self-care and OTC medicines for symptoms, and advice on when antibiotics are
needed. Information needed to be simple with website links to further advice. Patients
in FGs requested information on signs of sepsis and information to help distinguish their
infection from COVID-19. Patients highlighted the need to clarify the difference between
existing chronic illnesses which may present similarly to symptoms of common infection;
for instance, for a urinary infection, symptoms may include passing urine more often at
night. Patients also highlighted the need to include information on social distancing to
protect vulnerable family members from infections.

‘Many BAME [Black and Minority Ethnic] patients have other underlying issues, which
may present the same symptoms as described in the leaflet, maybe expressing if there is
some difference to the normal symptom they present?’

(patient, questionnaire)

‘I think if it could be quite basic if it has links to things on the internet . . . and then if
you need to know more, this is where you go and look . . . and that set you on the path to
helping yourself by finding out other things online.’

(Female patient, Interview 1)

(c) Leaflet Design
Preferences from participants in interviews and FGs were for the leaflet to follow a

logical step-by-step process for managing infections, with subtitles consisting of questions
on personal actions patients could take, which could be discussed with an HCP. Suggested
amendments from participants included the use of plain English, a reduction in the quantity
of text, and the use of more images/icons to help understanding. Minority ethnic patients
highlighted that too much text was inaccessible and intimidating, especially for patients
where English was an additional language.

The final leaflet titled ‘How can I manage my common infection?’ (Figure 1) followed
behavioural steps which helped the reader to make decisions on how to manage their
own infection:

1. What are the symptoms of a common infection?
2. What if I think I have coronavirus (COVID-19)?
3. How can I treat a common infection?
4. How long could my infection last?
5. Will my infection need antibiotics to get better?
6. How can I stop my infection from spreading?
7. What symptoms of serious illness should I look out for?
8. What if I suspect signs of sepsis?

‘[For the title] I want to say, how you can manage your common infection, question mark
. . . I think it will put the emphasis on empowering the person. Them at the centre of this,
because that’s what I think it should be about.’

(Pharmacist, focus group 1)

(d) Suggestions for implementation of leaflet
HCPs believed the leaflet would be useful as a shared decision aid to support their

discussions with patients and help to educate patients in the GP and community pharmacy
settings. Patients reported they would expect to receive the leaflet from a GP or pharmacist.
All participants reported preferences for both printed physical and online versions of
the leaflet; a GP acknowledged the latter would be useful for remote consultations. The
leaflet was published as part of the TARGET antibiotics toolkit [18], including an online
web version and has been translated into 26 different languages, following feedback from
minority ethnic patients.

‘Depending on where they receive the leaflet. It could be attached to their prescriptions
when they collect it from the pharmacy, or handed out at the GP surgery.’
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(pharmacy staff, questionnaire)

‘Unless it is translated, this would be a lot of text for an average non-English speaker.
Visuals are great on this but I think there would be more required to help them better
understand.’

(patient, questionnaire)
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3. Discussion
3.1. Summary

Patients were confident about self-managing most common infections. Patients felt
guilty about consulting GPs, preferring to self-care with OTC medicine, fluids, and rest
unless symptoms became serious; however, they held contrasting expectations for children
and elderly family members. Patients’ decision to consult was based on perceived severity
and concern for duration of symptoms or a belief that their symptoms were not improving
through self-care; however, they struggled to judge when common infections were serious.
HCPs reported patient’s attitudes and expectations for antibiotics as their main hurdle
to overcome in consultations where antibiotics were not necessarily needed, sometimes
impacted by contradictory prescribing or advice from other prescribers. However, HCPs
noted there were no systems in place to monitor patient advice, and they did not always
know if their advice had influenced patients’ behaviour. Both patients and HCPs valued the
importance of self-care, indicated community pharmacies should be used first for advice,
and recognised the need for reassurance and a focus on safety netting in consultations.
Participants from the interviews, FGs, and questionnaires reported that a general infection
information leaflet was useful and needed, and their priorities and feedback were used to
finalise the content and design of the leaflet.

3.2. Strengths and Limitations

This study used a rigorous person-based approach [17] to develop a patient informa-
tion leaflet for use in primary care and community pharmacy, underpinned by behavioural
theory [21] throughout interview question development, analysis, and intervention devel-
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opment. Triangulation of data from patients and HCPs via multiple methods led to a large
sample of participants contributing to the leaflet development, with similar themes across
information and design needs.

The leaflet was designed to include general information to support HCPs’ provision
of advice to patients; a strength is that the leaflet may be applicable in many situations
and useful when the indicated illness is not known (this is quite common in the pharmacy
setting [22]). A limitation is that the leaflet cannot provide the specific advice required for
some patients—for instance, those with existing conditions, where safety-netting thresholds
may differ; in these contexts, the leaflet may not be suitable or HCPs may need to augment
the advice provided in the leaflet.

There is potential for researcher bias in qualitative studies where preconceptions about
the beliefs of participants could influence the data collection and analysis. We believe this
effect was mitigated because multiple researchers collected and analysed data and met
often to reflect on their role in the research and because a steering group with a range
of backgrounds was involved in the design of interview schedules and interpretation of
themes to inform the leaflet.

Part way through the study, interviews and FGs had to be conducted remotely and
participants were encouraged to have their camera on to allow the interviewer to pick up
on visual cues. The researchers consider that the input from participants and quality of
data was similar with both methods.

The recruitment strategy relied on participants volunteering and may be subject
to sampling biases, which could prevent transferability to other populations; however,
the use of several recruitment strategies reduced this, including recruitment of minority
ethnic patients. Likewise, themes may not be transferable to specific patient populations,
including those with pre-existing conditions. There were a larger number of females
participating in interviews/FGs than males, which is common in qualitative studies in this
area [23–27] and may relate to volunteer bias; however, there was a more equal ratio in the
questionnaire participants. Research studies often have low participation of minority ethnic
groups [28], and where these involve designing interventions, it can reduce usability across
different groups. We invited minority ethnic patients participating in another related study
to complete the online questionnaire; potentially this method may have been a barrier
for patients lacking access to the technology; however, we achieved views from patients
identifying from a diverse range of ethnicities.

A limitation was not recruiting patients based on education/literacy level and socioe-
conomic status, as these aspects may affect accessibility of the leaflet. However, the leaflet
was reviewed by the Plain English campaign (crystal mark 23499), and we recommend
that HCPs use the leaflet in conjunction with their own advice to account for the context
of patients.

3.3. Comparison with Existing Literature

In our study, patients reported being more likely to seek help for suspected infections
where they expected antibiotics, one of which was UTIs, and this aligns with previous
cross-sectional research where 95% of women with UTI symptoms consulted an HCP [29].
A qualitative study exploring women’s process of self-care to GP consultation for UTIs
described similar health-seeking behavioural influencers to our study, including perceived
long duration and severity of symptoms [30]. Similarly, for RTIs, patients judged severity
of symptoms on an evaluation of symptom duration, and their self-care actions were
influenced by advice from their GP, pharmacy, and media [31]. In an evaluation of an AMS
intervention to support community pharmacy staff advice about common infections, 20% of
patients reported they did not know how long it would take them to feel better [32]. Of the
literature on parents’ expectations for children with common infections, a key similarity
to our study was a belief of parents that consulting and being prescribed antibiotics were
viewed as safer options [33,34]. Parents reported uncertainty about when to seek help
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for children and how to judge the seriousness of symptoms [35,36], and studies echo our
implications that support is needed for patients around decision-making and self-care.

HCPs’ concerns around patients’ expectations for antibiotics align with previous re-
search [37]; however, patients in our study had better knowledge of appropriate antibiotic
use in comparison with the qualitative literature [23–27,38–40], which was conducted
mainly before 2012. Since 2012, there has been greater emphasis on public education
via national AMR campaigns, support for GPs with AMS tools [18], and incentives for
Clinical Commissioning Groups around improvements in antibiotic prescribing (Quality
Premiums) [41], which may have caused this attitude shift. Some patients in our study held
the belief that home cleaning practices could affect immunity, which has been reported in
recent public surveys [42,43]. Messages around targeted hygiene, in line with COVID-19
messaging, may help to improve these misconceptions [44]. The development of a general
self-care leaflet is supported by findings of systematic reviews of shared decision-making
(SDM) which have found that decision aid interventions for acute RTIs in primary care can
improve patient knowledge and satisfaction and can reduce antibiotic prescribing [10,45].
HCPs concerns around the prescribing or provision of contradictory advice of other pre-
scribers in their practice is common in the literature [16,37] and may be helped through
practice-based audits and regular training. A new finding is HCPs concern around the
lack of systems and processes to monitor the self-care advice given to patients, and further
work may be needed to explore how this can be embedded into existing auditing.

In our study, participants views on community pharmacy concur with the literature
with pharmacy staff, who view educating patients as one of their key AMS roles [22]. An
evaluation of the TARGET UTI leaflet found that 25% of patients with UTI symptoms
had sought help first from a pharmacist, and 65% were comfortable discussing their
symptoms in private settings with a pharmacist [46]. Evaluation of a patient-facing RTI
leaflet in community pharmacies led to a decrease in GP referrals for RTIs and an increase
in provision of self-care advice in the intervention group [47]. This supports the use of
the general infection leaflet in pharmacies, but research should explore the impact of
community pharmacy staff’s advice using these leaflets on patients’ AMS behaviours.

3.4. Implications for Research and Practice

Patients have inherent views, expectations, and traditions around managing common
infections, and HCPs should start with an honest dialogue to gauge a patient’s expectations
and understand their unique context. The managing common infections leaflet developed
from our study can support shared decision-making and patient education in the GP and
pharmacy setting, which may reduce unnecessary consultations and antibiotic use [48]. As
a general information leaflet, we recommend that the patient’s specific context and needs
should always be considered and that appropriate tailored advice provided in addition
to the leaflet as necessary. The managing common infections leaflet is freely available
via the TARGET toolkit (available on the Royal College of General Practitioners (RCGP)
website [18]) and will be reviewed against guidance regularly.

Patients in this study believed antibiotics were required to treat ear infections and
tonsillitis, most of which are self-limiting. In a 2020 public survey of 2022 people, over two-
thirds (68%) incorrectly stated that antibiotics are needed to treat most ear infections [49].
Antibiotic treatment for most ear infections opposes NICE guidelines, and it is therefore
an important area for further research to understand the source of these expectations.
Although we involved minority ethnic patients in the design of the leaflet, to ensure infor-
mation and advice is reaching those who need it most, further work is needed with diverse
minority ethnic groups and high deprivation communities to explore the accessibility
and affordability of treatment for self-managed common infections and to implement and
evaluate the effect of AMS educational interventions and patient-facing infection leaflets.

Implementation of patient-facing resources will become increasingly important to
support carers and patients with common infections as COVID-19 social distancing mea-
sures reduce. Remote consultations are anticipated to continue [50], and future research
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should explore implementation of patient information leaflets in this context and evaluate
their effect on antibiotic prescribing. The COVID-19 pandemic is likely to influence the
themes around patient management of infections reported in our study, and further work
is needed to explore the impact of the pandemic on public health-seeking behaviour and
attitudes towards antibiotics and hygiene.

4. Materials and Methods
4.1. Study Design

Qualitative study using FGs, interviews, and online questionnaires with patients and
HCPs to inform parallel development of a patient leaflet covering management of common
infections. The qualitative schedules (Supplementary S1) for HCPs and patients included
two sections: the first covered approaches to managing common infections, and the second
involved reviewing and giving feedback on the leaflet under development. Questions
were informed by a literature review, expert stakeholder input, and the TDF [21] in order
to ensure questions covered all behavioural determinants. Iterations of the leaflet were
reviewed in FGs and interviews, and participants were encouraged to think-aloud their
immediate views on the information and design. Following completion of interviews and
FGs, the research team decided to collect additional data from HCPs and specific patient
groups via online questionnaires to finalise the leaflet. Questionnaire participants reviewed
a near-final version of the leaflet towards the end of data collection. Questionnaires
(Supplementary S2) were hosted on the PHE Select Survey platform and were mostly
qualitative open questions, with a small number of quantitative Likert-type scale questions
on usefulness and completeness of information covered in the leaflet.

The research team and study steering group (including patient and HCP represen-
tatives) were experienced in qualitative research, behavioural science, and intervention
development for the primary care setting. The Consolidated Criteria for Reporting Qualita-
tive Research (COREQ) was observed in this report (Table S3).

4.2. Intervention Development
4.2.1. Audience and Purpose of the Leaflet

The study aimed to develop a patient leaflet including general information and
recommendations around common infections that could support HCPs with provision of
advice to adult patients in primary care consultations and in community pharmacy settings.
The leaflet was not intended to replace HCP advice, but to support it. As a general leaflet,
it was not designed to account for specific patient needs, for instance, those with existing
conditions who would likely need specific tailored advice from their HCP.

4.2.2. Leaflet Development

An initial leaflet draft incorporated evidence from a review of the literature on patient
self-care actions for common infections, incorporating recommendations from NICE and
PHE guidance and from stakeholder reviewers (different from participants in this study).
The stakeholder reviewers included a range of healthcare professionals, infectious disease
experts and consultants, and professionals with a background in behavioural science and
knowledge and literacy. Stakeholders were identified and recruited from PHE and from
a range of clinical groups and networks. Stakeholders reviewed and provided input on
iterations of the leaflet throughout the study. In line with the person-based approach to
intervention development [17], a log of suggested changes were kept, and leaflet drafts
were revised iteratively, with support from a design team. After questionnaire feedback
was incorporated, the leaflet was finally reviewed by a Plain English group to fine-tune
language, and stakeholder reviewers approved final content before publication.

4.3. Setting and Participant Recruitment

Participants were recruited January–May 2020 through a range of methods. For HCPs
participating in interviews and FGs, invitations were cascaded through the Gloucestershire
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Clinical Commissioning Group (CCG), existing networks, mailing lists, and social media.
Recruitment was purposive and aimed to recruit GPs, community pharmacists, and nurse
representatives from across England. For online questionnaires, HCPs were invited to give
feedback on the leaflet draft in May 2020 through the TARGET antibiotics toolkit mailing
list and newsletter (sent to 750 individuals).

Patients participating in interviews and FGs were recruited through the community
and known networks, including a PHE public representatives’ network. Inclusion criteria
for patients included being over 18 years, fluent in English, and not suffering from long
term illnesses or co-morbidities, as these patients may have complex information needs that
could not be captured in a general infection leaflet. Patients representing diverse minority
ethnic groups, participating in another study led by members of the research team, were
opportunistically invited to provide feedback on the leaflet via an online questionnaire in
May 2020. Minority ethnic patients (n = 76) were recruited to this other study via purposive
snowball and community sampling and were given the option to participate in an online
questionnaire for the present study.

Demographic data collected from all patients included self-reported age, gender, and
ethnicity. Information on socioeconomic status and health literacy and education level
were not collected.

4.4. Data Collection

Initially, semi-structured interviews and FGs were conducted face-to-face in Gloucester
and London; following the introduction of COVID-19 restrictions, they were undertaken
remotely on Skype. Type of data collection was dependent on participant preference and
availability. Participants provided written and informed consent and had the opportunity
to ask questions before data collection. Discussions lasted between 45 and 80 min for the
initial questions covering management of infection and between 30 and 60 min for leaflet
discussion, with a break in between; FGs tended to be longer in duration than individual
interviews. The leaflet was printed for face-to-face participants, and it was emailed to
Skype participants, ahead of the second section of the discussion.

Data were collected by three female researchers (B.M., C.V.H., R.A.) experienced
in qualitative methods and without a clinical background. Researchers made detailed
field notes about participants’ feedback on the leaflet. Participants were not known to
researchers prior to data collection and were paid for their time according to PHE policy
on public involvement in research. Data were collected until researchers agreed that
data saturation had been reached [51,52], where there were no new emerging themes.
Discussions were recorded, transcribed by an external agency, and checked for accuracy
by researchers. Recordings or transcripts were not returned to participants. All files were
handled in accordance with the Data Protection Act 2018 and General Data Protection
Regulations (GDPR).

4.5. Data Analysis

Inductive thematic analysis of qualitative data followed the six stages outlined by
Braun and Clarke [53]. Data were analysed in full by one researcher (C.V.H.), and 20% were
double coded by a second researcher (E.S.). First, researchers became familiar with the
data, and NVivo Pro-11 software was used to organise the analysis. Researchers labelled
transcripts with codes, meanings, and patterns emerging from the data. Codes were
subsequently arranged into themes and iteratively revised as the dataset was reviewed
against the coding framework. Researchers met regularly to discuss emerging themes and
insights and to discuss their own beliefs and involvement in the research process; any
conflicts in coding were resolved through discussion. Following agreement of a thematic
framework by the research team and steering group, the themes were mapped to the TDF
for reporting, and quotes which best illustrated the meaning of the theme were identified.
The quantitative Likert-type scale questionnaire data were analysed descriptively using
Microsoft Excel software.
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For leaflet development, two researchers collated the questionnaire findings and the
field notes, emerging themes, and think-aloud feedback from the interviews and FGs.
Following each data collection, key findings and suggestions were tabulated in Microsoft
Excel, and discussion between the research team and steering group agreed changes
or implications for the design, content, and implementation of the leaflet. This log of
changes was reviewed iteratively to allow rapid changes to the leaflet ahead of subsequent
interviews and FGs.

Themes from the interviews and FGs about approaches and experiences managing
common infections are presented in the Results Section 3.2, while specific feedback on the
leaflet (including questionnaire data) are presented in the Results Section 3.3.

5. Conclusions

A general patient information leaflet on common infections should support patients
to self-manage symptoms, utilise community pharmacies for advice and empower patients
to determine when GP consultation is required, especially for elderly or child dependents.
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Abstract: Globally, Antibiotic resistance is a major public health concern, with antibiotic use contribut-
ing significantly. Targeting informal healthcare providers (IHCPs) is important to achieve universal
health coverage and effective antibiotic stewardship in resource-constrained settings. We, therefore,
aimed to analyse the internal and external drivers that influence IHCPs’ prescribing behaviour for
common illnesses in children under five, with an emphasis on antibiotic use in rural areas of India.
A total of 48 IHCPs participated in focus group discussions. Thematic framework analysis with an
inductive approach was used, and findings were collated in the theoretical framework based on
knowledge, attitude, and practice model which depicted that the decisions made by IHCPs while pre-
scribing antibiotics are complex and influenced by a variety of external and internal drivers. IHCPs’
internal drivers included the misconception that it is impossible to treat a patient without antibiotics
and that antibiotics increase the effectiveness of other drugs and cure patients faster in order to
retain them. Formal healthcare providers were the IHCPs’ sources of information, which influences
their antibiotic prescribing. We found when it comes to seeking healthcare in rural areas, the factors
that influence their choice include ‘rapid cure’, ‘cost of treatment’, ‘distance’ and ‘24 h availability’,
instead of qualification, which may create pressure for IHCPs to provide a quick fix. Targeted and
coordinated efforts at all levels will be needed to change the antibiotic prescribing practices of IHCPs
with a focus on behaviour change and to help resolve misconceptions about antibiotics.

Keywords: healthcare providers; infectious diseases; caregivers; child; prescription; antibiotics;
antibiotic resistance; rural population; India

1. Introduction

Antibiotic resistance is a multi-sectoral public health risk on a global scale, posing
a threat to patient safety worldwide [1]. Between 2000 and 2015, global antibiotic use
increased by 65%, from 21.1 billion to 34.8 billion defined daily doses (DDDs) [2]. According
to the report released by the World Health Organisation (WHO) in 2014, we are entering a
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‘post-antibiotic’ era, in which antibiotics may no longer be effective in treating illnesses or
injuries that were previously treatable [3]. Worldwide, nearly 5.4 million children under the
age of five die every year, with infectious diseases accounting for approximately half of all
such deaths [4]. Among the most common infections in children are acute respiratory tract
infections and acute diarrhoea. Both of these are more likely to be caused by viral infections,
which do not need to be treated with antibiotics [5–7]. On the other hand, antibiotics are
frequently prescribed inappropriately and for illnesses that are not warranted, such as viral
infections [8–10]. When antibiotic use is increased, antibiotic resistance among the bacteria
that cause common infections is increased as well [11]. In many low- and middle-income
countries with a high burden of infectious diseases [12] and inadequate antibiotic provision
(including overuse and misuse) [13], as well as high rates of antibiotic resistance [14], the
first and most severe consequences will be increased healthcare costs, which will have
significant social and economic consequences [1]. Each year, an estimated 700,000 people
die of diseases caused by drug-resistant pathogens, a figure that might rise to 10 million
by 2050 if the current prevalence of drug resistance keeps increasing [15]. Furthermore, by
2050, the annual gross domestic product of the world is expected to decline by 3.8%. Poorer
countries will be hit the hardest by the consequences of the greater prevalence of infectious
diseases and the greater declines in economic growth [16].

The Indian government took action in April 2017 to combat antibiotic resistance and
enacted the National Action Plan on Antimicrobial Resistance, following the approach taken
by the WHO in drafting a global antimicrobial resistance action plan. The National Action
Plan has numerous goals, including reducing the number of infections, strengthening
surveillance, encouraging research, and improving the judicious use of antibiotics [17]. In
India, antibiotics sales are regulated by the Drugs and Cosmetics Act and Rules, which
provide a mandate for the identification of illegal pharmacies, unqualified doctors and
regulate over-the-counter sales of antibiotics [18]. Despite the fact that these provisions exist,
informal healthcare providers (IHCPs) can be found practicing in rural areas and are not
forced to close down, as it is a well-known fact even to the governing authorities that they
address the needs unmet by the formal healthcare system [19]. In this study, the term ‘IHCP’
is used for unqualified medical practitioners. IHCPs are healthcare professionals who have
not acquired a formal medical degree from an institution recognised by the Medical Council
of India and who are not registered with regulatory body Medical Council of India/State
Medical Council(s) as healthcare practitioners [20]. Additionally, anyone qualified in
another system of medicine (for example, Ayurveda, Unani, Siddha, or Homoeopathy) who
practices any sort of modern system of medicine is categorised under IHCP [21]. The data
from a longitudinal follow-up of caregivers’ healthcare-seeking behaviour from rural areas
in Ujjain, India, shows that IHCPs were first-contact providers in 73% of cases and provided
85% of the total antibiotics (mostly broad-spectrum) reported during the study [22]. In
our previous study, a survey of 15,322 prescriptions given to outpatients by the IHCPs
revealed that antibiotics were the most commonly prescribed drug than other medications
for common illnesses in both children and adults [8].

IHCPs play important roles in rural healthcare, and their role cannot be overlooked in
the effort to achieve Universal Health Coverage (UHC) and designing effective antimicro-
bial stewardship, especially in resource-limited settings. For them to be more efficiently
involved in the provision of healthcare services, it is important to gain an understanding of
their knowledge and practice—including how they interpret adequate care and rational
treatment. Our aim was, therefore, to analyse the internal and external drivers that influ-
ence IHCPs prescribing behaviour for common illnesses in under-five (U-5) children, with
an emphasis on antibiotic use, in rural areas of India.

2. Results

Our findings suggest that antibiotic prescribing decisions by IHCPs are complex and
influenced by multiple drivers at the knowledge, attitude, and practice level. We present our
themes grouped into internal and external drivers below, supported by illustrative quotes.
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According to our study findings, both internal and external drivers influence IHCPs’
practice, including patient behaviour and demand, availability and access to diagnostic
testing, information exchange from formal healthcare providers, and referral facility and
sociodemographic characteristics of the IHCPs. In order to give an illustrated overview
of the internal and external factors that influence IHCPs prescription behaviours with em-
phasis on antibiotic prescribing, we compiled our data into a model known as knowledge,
attitude, and practices (KAP), proposed by Rodrigues et al.(Figure 1) [23].
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2.1. Internal Drivers
2.1.1. Theme 1—IHCPs’ Accelerated Therapeutic Interactions with Ready Supply
Antibiotics Allowed Them to Surpass Academic Credentials

IHCPs with a long history of providing care are well established and hold a decent
reputation among members of their communities. There is hardly any rural community
without IHCPs. They are among the vital components of the community since they tend to
be less professionally distant and more social by being more interactive with the patients,
always having an available source of medicine for their patients, and also adding some
personal component to their approach to providing healthcare. These IHCPs and their
practices are strongly supported by the villagers. Therefore, IHCPs’ are the major source of
healthcare and antibiotics for residents of rural areas.

‘Like we are practicing and government try to stop us from practicing. Government
officials come to the village. So villagers meet head-on with them. They will not let us stop
practicing as long as the government doesn’t appoint good doctors or open a government
hospital in the village. Also, said that these people will work for us until and unless the
government makes other arrangements’. (Focus Group Discussion (FGD-4); Male 4)

IHCPs have been perceived as a better choice, as they were believed to accelerate
therapeutic interactions. As they were primarily local to the patients, they could be more
promptly available 24 h, could work a more flexible schedule, and had a readily avail-
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able supply of medicines and antibiotics. Treatments were expedited as a result of these
situations, so IHCPs were seen as a preferable option. Patients who arrived late at night
were given antibiotics without hesitation, believing that they were a vital element of
the treatment.

‘Patient came at night and obviously, he cannot go to town at that hour so we give him
primary treatment like paracetamol for fever and antibiotics for the night and tell him to
go to the paediatrician in the morning’. (FGD-3; Male 3)

Patients’ paying capacity is taken into consideration by healthcare professionals work-
ing in the informal sector, which in turn affects the selection of antibiotics and their doses,
resulting in a large number of inadequate doses being administered. IHCPs were supposed
to provide more than just good healthcare. Low-income patients benefit from their low-cost
therapy and flexible payment alternatives, which reduces their financial burden while
enhancing accessibility.

‘We write 3 days antibiotic dose properly. Actually, in rural areas, it should be at least
5–7 days dose. If we prescribe for complete 7 days, he will find it costly and so he will not
take the dose’. (FGD-2; Female 3)

Patients might easily receive credit from IHCPs for consultation fees and prescription
medicines. On occasions, they would even take produce in exchange for money. People in
rural areas, many of whom are employed seasonally in agriculture and farming, sometimes
do not have the money to pay for healthcare. This was a distinct benefit for IHCPs, as their
fees were significantly lower than those charged by traditional healthcare providers.

2.1.2. Theme 2—Beliefs Regarding Antibiotics as a Quick Fix and First Choice in
‘Hit-and-Try’ Prescriptions Increase Antibiotic Use

It appears that IHCPs believe antibiotics as a mandatory part of the treatment. They
regarded antibiotics as vital for primary care because they believed antibiotics could heal
the majority of diseases. The most common perception was that antibiotics are not for any
specific disease and that it is impossible to treat a patient without antibiotics.

‘Antibiotic is a sure-shot drug. It can cure any disease. Any kind of disease, the patient
doesn’t get well without antibiotics. Even if fever is there antibiotic is compulsory, for
cough and a cold antibiotic is compulsory, for wounds antibiotic is compulsory, any
infection of the body, immunity is enhanced by antibiotics, it is necessary for any disease’.
(FGD-4; Male 4)

Other IHCPs reiterated that antibiotics increase the effectiveness of other drugs if
given along with them and enhance the immunity of the body. They also mentioned that
antibiotics are already there in the human body:

‘I mean it boosts up the body, other drugs start working in the body. They are not effective
if antibiotics aren’t given. If antibiotics are not included in the treatment it takes a very
long time to get better and many a time there is no effect at all’. (FGD-5; Male 4)

Another perception of some IHCPs was that more antibiotics cure faster and if any
antibiotic resistance is at all present, at least one of the antibiotics in the combination or one
of the antibiotics among the two or three prescribed will work:

‘Knowledge also and they also want fast results. Like they are giving a combination of
2 antibiotics, whether it is needed or not, so accordingly he is adding and giving believing
that the patient will get well fast. The patient might not get cured by giving only cefixime,
so cloxacillin in combination is given or something else and he thinks that patient will
get fine because cases of resistance are also coming as patients are not taking full dose’.
(FGD-4; Male 4)

One more reason for practicing more antibiotic prescribing, as mentioned by one of
the IHCP, was to retain the patients. In the opinion of IHCPs, patients wanted the fastest
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cure possible; otherwise, they would go to other providers; hence, antibiotics were deemed
absolutely necessary as part of the treatment plan:

‘Also happens when the provider is having competition and do not want to lose his
patients to another provider thinking that if the single antibiotic prescribed did not affect
and the patient does not get better soon he will go to another provider and so they prescribe
more than one antibiotic’. (FGD-7; Male 1)

Antibiotics, they reasoned, were necessary for primary care since they could treat
the majority of infections. The decision to use an antibiotic is not based on scientific
evidence. Antibiotic selection and dose were based on IHCPs’ personal experiences with
the effectiveness of various antibiotics for certain illnesses. The ‘hit-and-try’ approach is
used to choose antibiotics for a certain disease. Over time, they’ve come to realise which
antibiotics to administer for which symptoms and diseases.

‘Prescription of antibiotics, we do it from our experience like if the patient has a fever,
in a normal way we give simple medicines many times, the fever didn’t subside then
second-time small antibiotic is given, Amoxicillin, MOX syrup with the fever and so
we got the result. Madam, we learnt with our experience that in fever if one antibiotic
is given with antipyretic then the body will get relief faster. Yes, experience teaches
everything, we keep track that this was the condition, and for this condition, this medicine
was better’. (FGD-6; Male 3)

Knowledge of the cause and development of antibiotic resistance varies widely among
the IHCPs. Many of the IHCPs did not know about antibiotic resistance. Some of the
IHCPs identified incorrect duration and incorrect dose of the drug as causes of occurrence
of antibiotic resistance.

‘They get treatment of cough cold in the village for 2 days, but they will take treatment
for only 1 day, we explain them properly, that it is very necessary to take antibiotics for
3 days and sometimes for 5 days if needed if you don’t take the complete course resistance
will develop and it will stop acting on you’. (FGD-5; Male 4)

Furthermore, only a small number of IHCPs recognise that antibiotic resistance is a result
of incorrect intake and that they themselves may be at fault. They justified this by stating
that they do not have a thorough understanding of how and when to administer antibiotics.

‘We are not educated in medicine; it is possible that we could be the reason for the
resistance’. (FGD-4; Male 6)

2.2. External Drivers
2.2.1. Theme 3—Mutually Beneficial Relationship between Informal and Formal
Healthcare Providers Led to Available Antibiotics

The study results revealed that there was no knowledge of the different types of
common acute illnesses in U-5 children among IHCPs. Their understanding of the causative
organism was limited to simple inferences such as that indicated in the following statement:

‘According to my experience, the tiny beings which we can’t see from our naked eyes,
they are bacteria. The ones which are tinier than bacteria, they are viruses which are dead
when outside and when they reach inside the body they become alive’. (FGD-6; Male 2)

Formal healthcare providers are the IHCPs’ source of information on the treatment
of illnesses which thus influence their antibiotic prescribing. IHCPs gather knowledge
by working as assistants under formal healthcare providers in their clinics or pharmacies,
while some have also taken one-time certificate courses organised by the government. Most
of the practice of the IHCPs is based on the learning gained by studying and following
the prescriptions written by formal healthcare providers or by consulting these formal
healthcare providers, and in return, when needed, they refer their patients to them.

‘I worked at the medical retail counter for 11 years so I have the knowledge of medicines
and from time to time we get training from the civil hospital, welfare society, Pushpa
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Mission Hospital, etc. Apart from this whenever needed we take advice from child
specialists’. (FGD-3; Male 4)

‘Madam, this we have learned during ‘Jan sawasthya rakshak’ (Community Health
Visitor) training. Also, doctors give lectures to us and tell us to come to see patients,
make groups of five, and take one group every day. To study what he had diagnosed and
written on a treatment pad. You have to stand there and observe’. (FGD-2; Male 1)

2.2.2. Theme 4—Patients Thought That Antibiotics Were Effective and Often Demanded
Them, Leading to Prescriptions

IHCPs who participated in FGDs had varying perspectives on patients’ knowledge
of antibiotics; infact, it is possible that some patients have never ever heard of them;
hence, there was little evidence of patients demanding antibiotics while sick. However,
the majority of patients need rapid cure owing to the insecure nature of their daily wage
jobs, and at a reasonable cost, which translates into a shorter course of antibiotic treatment.
They relied heavily on IHCPs for healthcare and antibiotics. Additionally, several other
IHCPs remarked that there are demanding patients who are difficult to convince, show
dissatisfaction when they do not obtain what they desire, and frequently shift to other
healthcare providers. As a result, IHCPs’ decisions about whether or not to administer
antibiotics are impacted. They feared that if they did not prescribe antibiotics, patients
would not recover, and they would lose their patients.

‘In village what happens, labour class are there, they don’t have time, they come in a
hurry that they have to go back for their work, for labour work, the kid should be alright
instantly; if he doesn’t get relief in next 2 h, they will come to me, we both are from the
same village, if I am unable to give relief, they will go to him; if he is not able to provide
the relief, they will go to someone else. But the kid should get relief in 1 h. Take treatment
here for one day, if it gets alright, then it is ok; otherwise, we have to go to Ujjain or show
to the big doctor. In such situations, we are also not able to make a decision that what
type of medicine should be given’. (FGD-2; Female 5)

IHCPs noted that incredibly, some patients were able to name certain antibiotics
even though they had no idea how or why they had been provided with these medica-
tions/antibiotics. This is because many patients in rural areas have been accustomed to
the instant relief of symptoms with antibiotics obtained from a medical shop, without fully
comprehending the hazards or uses of these medications. We also discovered that patients
put pressure on their doctors to give injectables instead of oral drugs because they believe
that injectables work faster.

‘They purchase from medical, by directly saying give us cefixime, give us monoxil,
amoxicillin. Just like zandu balm (Ayurvedic ointment for pain relief), the head is aching
so give us zandu balm. They take antibiotics like that which they have learned from
medical stores. If anybody goes to the store and tell them their symptoms, the medical
storekeeper will make a complete dose for them and give and tell them that this is antibiotic,
this is for fever, and this is for cough cold, so this is how they learn’. (FGD-4; Male 4)

3. Discussion

We identified key internal and external drivers and interconnection among drivers
influencing the prescribing behaviour of IHCPs, with emphasis on antibiotic prescribing
for common illnesses in U-5 children in rural areas in central India, in order to guide the
implementation of a customised social marketing intervention. The study results also reflect
that despite the lack of official recognition, IHCPs are part of wider rural social systems
and settings, and their prescription practices are influenced by all of the different parts of
this system. A KAP model was used to visualise and summarise these factors in order to
better understand the complexities of prescribing behaviour of IHCPs. Such models can
help to investigate and determine the healthcare providers’ subjective views or the type
of healthcare providers’ related attitudes and knowledge [24]. While other studies have
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reported similar findings [24–26], our findings aligned with a recent study of antibiotic
prescribing by IHCPs in rural West Bengal, India, which concluded that IHCPs must be
considered as an essential part of the rural healthcare system for developing an effective
antibiotic stewardship strategy and that multiple stakeholders must be targeted with a
variety of regulatory, educational, and behaviour change interventions [27]. Highlighting
the significance of this research even further is the fact that there is no qualitative study from
this region that demonstrates the interconnection between internal and external drivers
influencing the prescribing behaviour of IHCPs, especially antibiotics. Discussed below are
the key findings and potential determinants for effective interventions promoting prudent
antibiotic prescription in rural India and in similar contexts.

3.1. IHCPs Sociodemographic Characteristics, Awareness, Knowledge, and Misconceptions
Regarding Antibiotic Use

The National Health Mission, which was implemented in 2005, envisioned the use of
accredited social health activists (ASHAs) as the first point of contact for community health-
related problems in order to strengthen the existing three-tier rural public health delivery
system [28]. The results of our study, however, suggest that IHCPs continue to function as
the initial point of contact for primary level curative healthcare and play important roles in
providing healthcare and antibiotics in rural areas. Our analysis supported the findings of
numerous earlier studies showing that IHCPs provide a large portion of rural populations’
basic health care [29–33]. Our study results show that, among the rural population, it was
not a matter of qualification of healthcare providers; when it comes to seeking healthcare,
the factors which affects their selection were ‘rapid cure’, ‘cost of treatment’, ‘distance’,
and ‘24 h availability’, which may create pressure for IHCPs to provide a quick fix. Other
comparable research also found that proximity and round-the-clock availability were the
primary motivators for accessing IHCPs [33,34]. People in rural areas seek primary care
that is not doctor-centric and is not given at a distant doctor’s office [30].

Our study findings show that prescribing by the IHCPs was influenced by a com-
bination of misperceptions about antibiotics as a medical requirement. This outcome is
consistent with previous research indicating that IHCPs believe antibiotics are critical for
patient retention and financial stability [34]. IHCPs during FGDs in our study stated that
they chose antibiotic therapy based on affordability for patients and that they modify
antibiotic courses based on the patient’s ability to pay. Additionally, prescribe antibiotics
out of fear of losing patients. Affordability, comfort, and trust [35] all also play determining
roles in urban poor populations seeking care from IHCPs despite increased availability to
skilled health care professionals in urban areas [36]. In order to improve the rural public
healthcare system and to increase the uptake of formal healthcare providers, it is imperative
that the governing bodies reform and modify the current three-tier system to better meet
the demands of patients and their choices.

3.2. Influence of the Formal Healthcare Providers

Our research team also studied the prescriptions by IHCPs in the same setting in the
different studies and reported that 75% of prescriptions by IHCPs contained antibiotics
and were prescribed more frequently than any other medicine [8]. However, this study’s
findings suggest that antibiotic selection and dose patterns prescribed by the IHCPs were
arbitrary, without following established treatment protocols or regulatory standards. Our
study also reported that IHCPs learn from formal doctors by working at their clinics or
medical shops or by following the prescriptions written by formal doctors. Therefore,
IHCP practice is akin to a spillover impact from the formal system to these IHCPs, a
diluted practice. Gautham et.al reported that IHCPs receive information from formal
providers in return for the referral of patients to them [27]. Another study reported that
the antibiotic prescribing by formal healthcare providers was 55% greater than that of
IHCPs [37]; therefore, such guidance by formal providers may be a major factor in this
antibiotic misprescription. In a study by our group, it was reported that IHCPs informally
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learn from formal providers and improve over time as they gain experience. Thus, offering
educational opportunities for these IHCPs and integrating them into the official healthcare
system might be some of the innovative strategies to serve the larger rural population [38].

Previous studies comparing IHCPs to formal health providers have shown that IHCPs’
knowledge and methods differ, with lack of adequate training highlighted as a significant
underlying issue [39]. However, other studies also reported that the quality of service
provided is poor, there are knowledge gaps, and conflicting views exist on whether IHCPs
should be integrated into the formal healthcare system [32,40,41]. Attracting and retaining
formal providers in rural parts of low- and middle-income countries, particularly India,
has proven difficult for health ministries, jeopardising rural healthcare, which forms the
majority of the country’s population [42]. While IHCPs fill this gap [43], the Medical
Council of India still does not want IHCPs to be part of the formal healthcare system.
However, the current government of India is dedicated to achieving UHC by focusing
on improving the public health system and putting the needs of its citizens first. India’s
flagship ‘skill development’ programme provides short-term training or courses to improve
the abilities of IHCPs [44]. The Indian government’s ambitious Ayushman Bharat Scheme
aims at upgrading rural sub-centres and primary health centres to health and wellness
centres staffed by mid-level providers to give primary care, as one way of strengthening
rural primary care [43]. However, India’s huge rural population may be underserved by
these figures even if they are completely operational. Therefore, in order to fully strengthen
the rural public healthcare system and design effective antimicrobial stewardship, private
practitioners, including IHCPs, might be included in the UHC initiative [27].

3.3. Methodological Considerations

The IHCPs were difficult to convince to participate and share details related to their
practice, so the first strength of the study is that we were able to conduct these FGDs
with this hard-to-reach group. Another strength of our study stems from the depth of
our data. It made it possible for us to present our findings in accordance with the KAP
model, where it was demonstrated that antibiotic prescribing behaviour is influenced by
a plethora of internal and external drivers at all levels of the model. The FGDs provided
extensive insights into IHCPs’ prescribing behaviour. Though most of our respondents
were male, and this represents the distribution of IHCPs in this setting, we aimed to include
participants of both sexes and years of work experience. There is a possibility of information
bias; respondents might be influenced to offer an answer that was either right or positive.
This is a preliminary study, and our results’ transferability is limited to areas with similar
settings. It is vital to note that our study does not include informal pharmacists, which
is critical for future studies. Further research is needed involving multiple stakeholders,
such as patients and informal pharmacists, to have a deeper knowledge of individual
aspects at all levels of the model. This would aid in a more thorough understanding of and
response to the factors that drive antibiotic prescriptions, guiding an effective antibiotic
stewardship programme.

4. Materials and Methods
4.1. Study Setting

The study was conducted in rural areas in the Ujjain District of Madhya Pradesh state,
India. A vast, three-tiered rural public healthcare system exists in India, with the goal
of ensuring primary care to all individuals regardless of socioeconomic status [45]. The
sub-health centre (first tier) is the most remote and initial point of contact. According to
population guidelines, one sub-centre is built for every 5000 people in rural areas and
3000 people in hilly/tribal/desert areas and is expected to be staffed by qualified health
care professionals and auxiliary nurse midwives [46]. Primary Health Centres (second tier)
serve as initial points of contact between village residents and a medical officer. According
to population guidelines, one primary health centre is built for every 30,000 people in rural
areas and 20,000 people in hilly/tribal/desert areas. They are to be staffed by a physician,
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paramedics, and other support personnel [47]. Community Health Centre (third tier) serves
primarily as a referral centre for the nearby primary health centres. They are supposed to
have medical experts (a surgeon, general practitioner, a gynaecologist, and a paediatrician),
as well as paramedics and other support personnel, as well as 30 beds and amenities such as
an operating theatre and a radiography room [48]. However, this system has not been able
to provide effective care, a key reason for the failure of this healthcare system is the lack of
trained physicians and nurses willing to work in rural regions, resulting in a shortage [49],
as well as the absence of, appointed medical staff for a lengthy period of time [42,50].
Rural India accounts for approximately 71% of the overall population, but only 36% of
all healthcare providers work in rural areas [51]. The doctor-population ratio in India is
1:1456, compared with the WHO recommendation of 1:1000, whereas the urban-to-rural
doctor population ratio is wildly skewed [43,52]. IHCPs have emerged as a result of the
public healthcare system’s inability to deliver [45]. In 2019, 57.3% of individuals practicing
allopathic medicine lack a medical degree, which, according to the WHO, is defined as
IHCPs [43].

The Ujjain District is located in the Indian state of Madhya Pradesh. It has a population
of 1.9 million people, with 61% residing in rural regions [53]. The district has a literacy rate
of 72.3% [53] and the poverty rate of about 49%, which is higher than the national average
of 21.2% [54]; the maternal mortality rate is 176 per 100,000 live births, and the infant
mortality rate is 54 per 100,000 live births [55], both of which are higher than the national
average. Both the public and private sectors contribute to Ujjain’s healthcare system. In
Ujjain, IHCPs account for 56% of all health care professionals, with the percentage being
higher in rural areas [8,56].

4.2. Study Design and Participants

A qualitative approach was deemed appropriate to address our study aim. Following
a literature search and gathering expert opinions, a discussion topic guide (Table S1)
was developed. It was pilot tested by conducting one FGD with 8 IHCPs in March 2016
and revised accordingly. The discussion guide was first developed in English and then
translated into Hindi for its use in the field. Snowball sampling was used for participants’
selection [57] due to the IHCPs’ reluctance to divulge their identities and details. Therefore,
the first author (S.K.) contacted the eight IHCPs who had been connected with our medical
college (Ruxmaniben Deepchand Gardi Medical College) with the purpose of obtaining
information about treatment by attending various workshops and seminars held by the
medical college, and they were willing to participate after describing the project aim. Then,
the IHCPs in the first sample group were requested to help in contacting other IHCPs
among their acquaintances, with the goal of obtaining a varied group of IHCPs in terms of
age, gender, education, years of experience, and place of practice. This method of recruiting
helped the researcher with the opportunity to communicate better with the participants
who otherwise were reluctant to participate [58]. In total, 48 IHCPs took part in 7 FGDs.
Age ranged from 19 to 61 years (mean ± standard deviation (SD) of 41 (±6) years); IHCPs
experience ranged from 2 to 34 years (mean ± SD of 16 (±5) years) (Table 1).

4.3. Data Collection

The first author (S.K.), experienced in qualitative methods, conducted all the FGDs
with the assistance of a research assistant skilled in moderating discussions, between
December 2016 and February 2017. At the beginning of the FGD, IHCPs were given different
case scenarios; for example, if a parent with a child U-5 years of age visits their clinic and
complains about frequent watery stools since last night, how would they treat the child’s
illness? What treatment would they prescribe, and why would they that treatment? Then,
the facilitator used a topic guide to help participants discuss their treatment experiences.
The FGDs were conducted in Hindi in which the participants, as well as the data collectors,
were conversant. In total, 5–8 people participated in each FGD. After the seventh FGD, we
discovered that no new information had emerged, and the sampling was then closed. One
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FGD was conducted with a group of female IHCPs; six were conducted with groups of male
IHCPs. Audio recordings of the FGDs were performed with the participants’ permission,
and each discussion lasted for around 60–90 min. In addition, field notes and reflections
were taken during the interviews. A light snack was provided to the attendees following
the FGDs. Participants in the study were not given any additional incentives.

Table 1. Informal healthcare provider’s demographic characteristics (n = 48).

Variables Frequency, n

Age (years)
19–28 1
29–38 7
39–48 37
49–58 2
59–68 1

Gender
Male 43

Female 5

Education
Secondary education (10thgrade) 14

Senior secondary education (11th–12th grade) 16
Higher education(BA/BSc/BCom) * 18

Experience as informal healthcare provider
(years)

1–10 6
11–20 36
21–30 5
31–40 1

* BA—Bachelor of Arts, BSc—Bachelor of Science, BCom—Bachelor of Commerce.

4.4. Data Analysis

Transcription was carried out in Hindi, and the content was translated into English by
S.K. and research assistants. S.K. and S.A. (an experienced qualitative researcher) analysed
FGD transcripts iteratively, using the thematic framework analysis with an inductive
approach [59].Beginning with the first FGD, the process of analysis was initiated, allowing
for the integration of results into later focus group work. To begin, transcripts were read
independently multiple times and then were coded manually. Certain topics emerged
from the literature research; others were identified inductively from the data through the
open coding approach. This process was repeated, and finally, similar codes were grouped
together and condensed into categories, then grouped into themes (Table 2). Analysis was
discussed repeatedly between S.K. and S.A., and later with all co-authors until consensus
was reached. Finally, findings were presented in the theoretical framework based on the
KAP model [23], to depict how IHCP’s practicing behaviour is influenced by processes and
interactions at 3 levels: knowledge, attitude, and practice.
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Table 2. Illustrative table of analysis undertaken.

Responses (Meaning Units) Codes Categories Themes

“Like we are practicing and gov-
ernment try to stop us from prac-
ticing. Government officials come
to village. So villagers meet head-
on with them. They will not let us
stop practicing as long as govern-
ment doesn’t appoint good doctors
or open a government hospital in
the village. Also, said that these
people will work for us until and
unless government makes other ar-
rangements”. (FGD 4, Male 4)

IHCPs have support
from villagers which

gives them the
confidence to practice.

Perception of informal
healthcare providers

IHCPs’ accelerated
therapeutic interactions
with readily available

antibiotics allowed
them to surpass

academic credentials.

“Patient came at night and obvi-
ously, he cannot go to town at that
hour so we give him primary treat-
ment like paracetamol for fever and
antibiotics for the night and tell him
to go to paediatrician in the morn-
ing”. (FGD 3, Male 3)

IHCPs are available in
the village and are

available with medicines
such as antibiotics,

paracetamol, etc. during
the wee hours.

IHCPs are approached
for the treatment, as they

are available for 24 h

“They don’t give us any fees; they
don’t give us money; they can give
200–400 rs to doctor in city but not to
us that is why we do not give injec-
tions and prescribe accordingly, see
I will say what is reality”. (FGD 1,
Male 1)

Patients ask for the
treatment for which they
can pay or for half of the

treatment and so
prescribe accordingly.

The financial condition
of the caregiver affects

the treatment
prescribing behaviour

of IHCPs

“Antibiotic is a sure-shot drug. It
can cure any disease. Any kind
of disease, patient doesn’t get well
without antibiotic. Even if fever is
there, antibiotic is compulsory, for
cough and cold antibiotic is compul-
sory, for wounds antibiotic is com-
pulsory, any infection of the body,
immunity is enhanced by antibi-
otics, it is necessary for any disease”.
(FGD 4, Male 4)

Antibiotics boost the
immune system of the

body; viral will not
get covered

without antibiotics.

Knowledge of informal
healthcare providers
about antibiotic use

Beliefs regarding
antibiotics as a quick fix

and first choice in
‘hit-and-try’

prescriptions increase
antibiotic use.

“I mean it boosts up the body; other
drugs start working in the body.
They are not effective if antibiotics
aren’t given. If antibiotics are not
included in the treatment it takes
a very long time to get better and
many times there is no effect at all”.
(FGD 5, Male 4)

Improves the efficiency
of other drugs when

given along with them.

IHCPs consider
antibiotics as the

mandatory part of
the treatment
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Table 2. Cont.

Responses (Meaning Units) Codes Categories Themes

“Prescription of antibiotics, we do it
from our experience like if patient
has fever, in a normal way we give
simple medicines many times, fever
didn’t subside then second time,
small antibiotic is given, Amoxi-
cillin, MOX syrup with the fever and
so we got the result. Brother, we
learnt with our experience that in
fever if one antibiotic is given with
antipyretic, then body will get relief
faster. Yes, experience teaches every-
thing; we keep a track that this was
the condition and for this condition,
this medicine was better”. (FGD 6,
Male 3)

Selection of antibiotics
for an illness is based on

‘hit-and-trial’ method
and learning with

experience.

Antibiotics prescribing
practice of IHCPs

“I worked at medical retail counter
for 11 years so I have the knowledge
of medicines, and time to time, we
get training from civil hospital, wel-
fare society, Pushpa Mission Hospi-
tal, etc. Apart from this, whenever
needed, we take advice from child
specialists”. (FGD 3, Male 4)

Gain knowledge about
different treatments by
assisting other formal

practitioners and
attending training

sessions held by medical
institutions.

Learning by observing
and attending treatment

training sessions

Mutually beneficial
relationships between
informal and formal

healthcare providers led
to available antibiotics.

“In village what happens, labour
class are there, they don’t have time,
they come in a hurry that they have
to go back for their work, for labour
work, kid should be alright instantly;
if he doesn’t get relief in next 2 h,
they will come to me, we both are
from same village; if I am unable to
give relief, they will go to him; if he
is not able to provide relief, they will
go to someone else. But kid should
get relief in 1 h. Take treatment here
for one day, if it gets alright then it is
ok, otherwise we have to go to Ujjain
or show to big doctor. In such situ-
ations, we are also not able to take
decision that what type of medicine
should be given”. (FGD 2, Female 5)

Caregivers put pressure
for quick relief.

Barriers in providing
appropriate treatment

Patients thought that
antibiotics were effective

and often demanded
them, leading to

prescriptions.

5. Conclusions

We identified key drivers under the knowledge, attitude, and practice component of
the model, where knowledge to practice was not always unidirectional, and the attitude
of the IHCPs often affected their knowledge, as they showed interest in more training,
to collect more knowledge, and improve practice. Similarly, the practice also helped to
improve their knowledge, as they were untrained in medicine but with experience of
working under formal healthcare providers and then with independent practice, they
acquired more knowledge. By using a KAP model, we were able to discern the extent
of the problem’s complexity and the many implications it has for IHCPs’ decisions and
behaviour when it came to prescribing antibiotics. Therefore, these areas can be targeted
to successfully improve IHCPs’ prescribing behaviour with emphasis on antibiotics for
common illnesses in U-5 children. IHCPs are a vital part of the rural healthcare system.
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However, they were unable to deliver proper treatment and care due to a lack of training
and knowledge. Their treatments were not always consistent with guidelines, and a number
of barriers reported in the study prevented them from providing proper treatment. In
addition, we found that IHCPs had a limited understanding of antibiotic resistance and
the risks of irrational antibiotic use. When establishing a successful antibiotic stewardship
strategy, it is critical that regulatory bodies recognise and acknowledge their role in the
health system and then lawfully offer different interventions targeting the factors that affect
their practices with a combination of regulatory, educational, and behaviour modification
interventions. Under the Government of India’s flagship ‘skill development’ programme,
planned short-term training and courses to upgrade the skills of IHCPs can focus on
improving diagnosis, enhancing IHCPs’ and patients’ understanding of antimicrobial
resistance and rational use of antibiotics, and monitoring behavioural changes among these
groups, as well as improving the referral of patients from rural areas. In addition, the
services provided by IHCPs in rural areas can be supported with incentives. Finally, more
study is needed to better understand the opinions and behaviour of the general public and
informal pharmacists in order to develop effective intervention strategies that involve all
important stakeholders.
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Abstract: Objective: Inappropriate antimicrobial prescribing in the emergency department (ED)
can lead to poor outcomes. It is unknown how often the prescribing clinician is guided by others,
and whether prescriber factors affect appropriateness of prescribing. This study aims to describe
decision making, confidence in, and appropriateness of antimicrobial prescribing in the ED. Meth-
ods: Descriptive study in two Australian EDs using both questionnaire and medical record review.
Participants were clinicians who prescribed antimicrobials to patients in the ED. Outcomes of interest
were level of decision-making (self or directed), confidence in indication for prescribing and appro-
priateness (5-point Likert scale, 5 most confident). Appropriateness assessment of the prescribing
event was by blinded review using the National Antibiotic Prescribing Survey appropriateness
assessment tool. All analyses were descriptive. Results: Data on 88 prescribers were included, with
61% making prescribing decisions themselves. The 39% directed by other clinicians were primarily
guided by more senior ED and surgical subspecialty clinicians. Confidence that antibiotics were
indicated (Likert score: 4.20, 4.35 and 4.35) and appropriate (Likert score: 4.07, 4.23 and 4.29) was
similar for juniors, mid-level and senior prescribers, respectively. Eighty-five percent of prescriptions
were assessed as appropriate, with no differences in appropriateness by seniority, decision-making
or confidence. Conclusions: Over one-third of prescribing was guided by senior ED clinicians or
based on specialty advice, primarily surgical specialties. Prescriber confidence was high regardless
of seniority or decision-maker. Overall appropriateness of prescribing was good, but with room
for improvement. Future qualitative research may provide further insight into the intricacies of
prescribing decision-making.

Keywords: antibiotics; antimicrobial stewardship; appropriateness; emergency department; prescribing

1. Introduction

Antimicrobial resistance (AMR) has been declared a global health crisis and if not
tackled could cause up to 10 million deaths worldwide per year by 2050 [1]. While
appropriate and timely antibiotic therapy saves lives [2–4] the misuse and overuse of
antimicrobials accelerates the development of AMR and threatens our ability to treat
infectious diseases, resulting in prolonged illness, disability, death, and increasing health
care costs [5]. Overuse has harms on an individual level; from minor allergic reactions to
potentially fatal infections, as well as serious medication interactions.
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Errors in medication related problems are common, affecting 4–7% of medication
orders [6,7]. Antimicrobial prescriptions in particular have shown greater incidence of
prescription errors than other prescribing events, especially when prescribed by junior
doctors. It has been estimated by the Institute of Medicine that medication errors cause 1 of
131 outpatient and 1 of 854 inpatient deaths [8]. Thus all clinicians should espouse caution
and critical thinking when prescribing antimicrobials.

The Emergency Department (ED) is a uniquely challenging environment for pre-
scribers, with high-volume care, frequent interruptions, and competing priorities. ED
clinicians frequently face diagnostic uncertainty and the threat of patient deterioration
whilst awaiting results of investigations [9,10]. The challenge facing ED doctors is not only
one of whether to prescribe antibiotics, but also of which type, route, frequency and dose,
sometimes in the absence of a clear infective source or diagnosis. Ideally, clinicians are
compliant with guidelines such as the surviving sepsis campaign [11] however, most pa-
tients with infection admitted from EDs do not have sepsis, yet are frequently commenced
on broad-spectrum, parenteral antibiotics [12,13].

Most patients in hospital are admitted via the ED, consequently antimicrobial prescrib-
ing in EDs impacts the patterns of antimicrobial use across the hospital [14,15]. Additionally,
prescriptions started in the ED are often continued in the community setting [14], impacting
outpatient antimicrobial use. However, antimicrobial stewardship initiatives rarely focus
on the ED [14]. A descriptive ED-based study in 2017 showed that in 33% of all patients
receiving an antimicrobial prescription, the prescription was considered inappropriate [16].
This data needs further exploration as the antimicrobial prescribing clinicians may not
be the primary decision makers and may have been directed by supervising clinicians,
peers or inpatient specialty teams. To get further insight in how to remediate inappropriate
prescribing in ED, we need to understand who is making the prescribing decisions in ED.

This study aims to describe factors associated with overall and appropriate antibi-
otic prescribing in the ED, including seniority, specialty of decision-makers and level of
confidence of the prescriber, in both independent and guided prescribing decisions. The
overarching goal of this work will be to inform future targeted steps towards improving
antimicrobial stewardship (AMS) in the ED as well as to develop novel solutions.

2. Methods
2.1. Design, Setting and Participants

This was a descriptive study using both medical record review and questionnaires.
The study was conducted in two EDs within the same health service in Queensland,
Australia. The first ED serves a large tertiary level 750-bed hospital, and the second
ED serves a 403-bed urban district hospital. In 2019 the two sites had a combined ED
attendance of around 174,000 patients (112,000 and 62,000). Both hospitals are affiliated
with local university and have medical and nursing students on placement. The combined
staffing of the ED included doctors with a range of experience (63 consultants, 56 registrars,
81 residents and 19 interns), as well as nurse practitioners (8). Nurse practitioners have
completed additional study at Master’s degree level and are senior and independent
clinician with ability to prescribe antibiotics. Participants were a convenience sample of
clinicians who prescribed antimicrobials to patients in the ED during data collection periods
over two months in the winter of 2019. Within this health service all levels of medical
practitioners can prescribe independently for all types of patients. Several guidelines,
including the statewide sepsis pathway are available, which can prompt for senior medical
officer input, but no formal policies or antimicrobial restrictions are enforced.

2.2. Questionnaire Design and Data Collection

The questionnaire questions were determined a-priori and pilot tested for face validity
by three clinicians not part of the research team. After review by a qualitative research
expert, questions were further refined. (Questionnaire; Appendix A).
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Two research assistants collected data during six 12-h time periods (Table 1). A
variety of shifts were selected including weekdays, weekends, days and nights, in order to
minimize potential sample bias.

Table 1. Data Collection Periods.

Site 1 Site 2

23/08/19 20:00–08:00 (Friday–Saturday) 17/09/19 08:00–20:00 (Tuesday)

26/08/19 08:00–20:00 (Monday) 28/09/19 08:00–20:00 (Saturday)

12/09/19 08:00–20:00 (Thursday) 29/09/19 20:00–08:00 (Sunday–Monday)

All patients who presented to the ED for the six pre-determined 12-h periods were iden-
tified. The two research assistants used the integrated electronic medical record (ieMR) to
manually review the medication record of every patient. If the patient had been prescribed
oral or parenteral antibiotics during their ED attendance, their prescribing doctor was
eligible for participation and contacted to complete the questionnaire. Prescribing events
were not eligible if the prescription was for topical medication, antivirals/antifungals, or
the patient did not receive the prescribed medication whilst in the ED. The medical record
was reviewed to determine prescribing doctor and indication for antibiotics as well some
detail on clinical variables. All eligible clinicians were invited to complete the questionnaire
within the same shift (in person) or at the latest 48 h after prescribing (in person or via
telephone) as to minimize recall bias. Eligible clinicians were given the explicit option to
decline participation.

When a clinician did not make their own decision, this was identified as a ‘guided’
or ‘directed’ decision. This direction, guidance or advice could relate to any, some or all
components (type of drug, dose, route, duration) of the prescription. We defined clinicians
as senior (consultants and registrars), mid-level (senior house officers and principal house
officers) and junior (junior house officers and interns). Some prescribing decisions were
made jointly (e.g., Senior ED clinician in consultation with mid-level inpatient team). For
the purposes of analysis and simplicity, the most senior person noted was considered the
primary decision maker. Confidence in prescribing was measured using a 5-point Likert
scale with 5 representing high confidence.

2.3. Assessment of Appropriateness

Antibiotic appropriateness was independently assessed by two researchers who used
the National Antibiotic Prescribing Survey (NAPS) tool [16,17] (Table A1), which has been
used with a high rate of inter-rater reliability and validity [17]. As no gold standard for
appropriateness exists, assessments were based on interpretation of clinical record review.
Prescribing which deviated from guidelines could still be classed as appropriate if clear
reasons were given (such as first line medication being out of stock). The validity of this
approach has been further demonstrated by the consistency of findings from nationwide
hospital point-prevalence studies [18]. Each assessor allocated the antibiotic prescription
as being Optimal (1), Adequate (2), Suboptimal (3), Inadequate (4), or Not Assessable (5)
as per NAPS guidelines [17]. If there was no agreement, a senior researcher arbitrated
the appropriateness. Ratings of 1 or 2 were given a final classification of appropriate and
ratings of 3 or 4 were classified as inappropriate.

2.4. Data Analysis

As this is a descriptive study, no formal power calculation was performed. All data is
descriptive in nature. We described the prescribers as follows; firstly, by dividing them by
independent decision-makers and directed decision makers, secondly by seniority.

Ethical approval was granted by the institutional Human Research Ethics Commit-
tee (HREC/17/QGC/41). Findings are reported in accordance with the Strengthening

82



Antibiotics 2021, 10, 843

the Reporting of Observational studies in Epidemiology (STROBE) Statement for cohort
studies [19].

3. Results

The questionnaire was distributed to 128 clinicians and returned by 94 (73% response
rate) of those 88 met eligibility criteria (Figure 1).
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Figure 1. Flow chart of included participants.

There were few missing data (less than 3% for any variable.) Seniority of the par-
ticipants are summarised in Table 2, with over three-quarters of participants classed as
mid-level or senior, with the most experienced respondent practicing for 25 years. Twenty-
two respondents were emergency medicine trainees. The conditions for which antibiotics
were prescribed are outlined in Table A2. The three most common indications were res-
piratory tract infections (30%), skin and soft tissue infections (20%) and urinary tract
infections (17%).

Table 2. Characteristics of Respondents.

Seniority
Classification n (%) Job Role n (%) Specialty—n (%)

Senior 31 (35.2)
Consultant 3 (3.4) Emergency—28 (90.3)

Respiratory—2 (6.5)
Urology—1 (3.2)Registrar 28 (31.8)

Mid-level 38 (43.2)
Senior House Officer 31 (35.2) Emergency—35 (92.1)

Obstetrics &
Gynaecology—3 (7.9)

Principal House
Officer 7 (8.0)

Junior 14 (15.9)
Junior House Officer 4 (4.5) Emergency—13 (92.9)

Orthopaedics—1 (7.1)Intern 10 (11.4)

Other 5 (5.7)
Nurse Practitioner 4 (4.5)

Unknown 1 (1.1)
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3.1. Seniority and Specialty of Prescribing Decision-Making

Almost two-thirds (61%, 54/88) of participants made the prescribing decision them-
selves. Of the 39% (n = 34) of clinicians who did not make their own prescribing decision,
88% (n = 30/34) reported that a senior (consultant or registrar) clinician had guided them.
There were 2 interactions whereby mid-level staff advising junior or mid-level staff in their
prescribing and one instance of a nurse practitioner guiding mid-level staff. No junior
specialty doctor(s) advised a senior on prescribing.

In cases where the participant was not the decision maker, over half (62%) were
directed by a non-ED clinician. The specialty teams involved are shown in Figure 2.
Inpatient specialties were often involved when the patient had previously been under their
care as an inpatient, with known microbiological sensitivities available.
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Figure 2. Antibiotic prescribing guided by other staff than prescriber (n = 34).

There were three cases where the infectious disease (ID) team was involved (3.4%). A
surgical subspecialty registrar consulted ID for one patient and for the other two patients
an existing ID antimicrobial plan was documented in the medical record. This plan was
followed by the treating clinicians.

3.2. Resource Use

Three-quarters (74%, 40/54) of respondents who made their own decision indicated
they used the national resource “Electronic Therapeutic Guidelines”TM to aid their decision
making [20]. Of those who indicated they made their own decision and used eTG (35/40)
87.5% were appropriate and followed guideline recommendations. Eleven (12.5%) of
respondents used other guidelines. Five (5.7%) of respondents quoted “ED experience”
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as the resource that they used. A quarter (23.9%) of respondents used multiple resources
(n = 21) and 6.8% (n = 6) used an ED senior as a resource for direct advice.

3.3. Prescribing Confidence by Decision-Maker and Seniority

Confidence in prescribing was high across all groups. If the prescribing clinician was
not the decision maker, they were less frequently ‘very confident’ that antibiotics were
indicated or appropriate (Figure 3a,b). Confidence was similar across all groups regardless
of seniority. Mean confidence on a Likert scale from 1–5 that antibiotics were indicated
(4.20, 4.35 and 4.35, respectively) and appropriate (4.07, 4.23 and 4.29, respectively) was
similar for juniors, mid-level and senior prescribers.

Antibiotics 2021, 10, x FOR PEER REVIEW 6 of 14 
 

Three-quarters (74%, 40/54) of respondents who made their own decision indicated 
they used the national resource “Electronic Therapeutic Guidelines”TM to aid their deci-
sion making [20]. Of those who indicated they made their own decision and used eTG 
(35/40) 87.5% were appropriate and followed guideline recommendations. Eleven (12.5%) 
of respondents used other guidelines. Five (5.7%) of respondents quoted “ED experience” 
as the resource that they used. A quarter (23.9%) of respondents used multiple resources 
(n = 21) and 6.8% (n = 6) used an ED senior as a resource for direct advice.  

3.3. Prescribing Confidence by Decision-Maker and Seniority 
Confidence in prescribing was high across all groups. If the prescribing clinician was 

not the decision maker, they were less frequently ‘very confident’ that antibiotics were 
indicated or appropriate (Figure 3a,b). Confidence was similar across all groups regard-
less of seniority. Mean confidence on a Likert scale from 1–5 that antibiotics were indicated 
(4.20, 4.35 and 4.35, respectively) and appropriate (4.07, 4.23 and 4.29, respectively) was 
similar for juniors, mid-level and senior prescribers. 

 
(a) 

0

5

10

15

20

25

30

35

1 2 3 4 5

Nu
m

be
r o

f P
re

sc
rib

er
s

Level of Confidence on 5-Point Likert Scale

Independent
Prescribing (n=54)

Directed
Prescribing (n=34)

Figure 3. Cont.

85



Antibiotics 2021, 10, 843
Antibiotics 2021, 10, x FOR PEER REVIEW 7 of 14 
 

 
(b) 

Figure 3. (a) Prescriber confidence if antibiotic prescription was indicated. (b) Prescriber confidence if antibiotic prescrip-
tion was appropriate. 

3.4. Appropriateness of Prescribing 
Eighty-five percent (75/88) of prescribing was assessed as appropriate using the 

NAPS tool. Proportions of appropriate prescribing were similar, when comparing by sen-
iority, independent vs directed prescribing or different levels of confidence (Table 3). 

Table 3. Appropriateness of Prescribing. 

 Seniority. n (%) Appropriate * 
n (%) 

Seniority of Respond-
ents   

Senior  31 (35.2) 26 (84) 
Mid-level  38 (43.2) 33 (87) 

Junior  14 (15.9) 12 (86) 
Other  4 (4.5) 3 (75) 

Unknown  1 (1.1) 1 (100) 

Seniority of decision 
maker 

Senior  51 (60.0) 44 (86) 
Mid-level  28 (31.8) 24 (86) 

Junior  3 (3.4) 3 (100) 
Other  5 (5.7) 4 (80) 

Unknow  1 (1.1) 1 (100) 

Decision  
Independent 54 (61.4) 47 (87) 

Directed  34 (38.6) 28 (82) 
Confidence level Antibi-

otic Indicated—Inde-
pendent 

4 or 5  49 (91) 43 (88) 

1, 2 or 3  5 (9) 4 (80) 

Confidence level Antibi-
otic Indicated—Directed 

4 or 5  24 (71) 19 (79) 
1, 2 or 3  10 (29) 9 (90) 

Figure 3. (a) Prescriber confidence if antibiotic prescription was indicated. (b) Prescriber confidence if antibiotic prescription
was appropriate.

3.4. Appropriateness of Prescribing

Eighty-five percent (75/88) of prescribing was assessed as appropriate using the NAPS
tool. Proportions of appropriate prescribing were similar, when comparing by seniority,
independent vs directed prescribing or different levels of confidence (Table 3).

Table 3. Appropriateness of Prescribing.

Seniority. n (%) Appropriate *
n (%)

Seniority of Respondents

Senior 31 (35.2) 26 (84)

Mid-level 38 (43.2) 33 (87)

Junior 14 (15.9) 12 (86)

Other 4 (4.5) 3 (75)

Unknown 1 (1.1) 1 (100)

Seniority of decision maker

Senior 51 (60.0) 44 (86)

Mid-level 28 (31.8) 24 (86)

Junior 3 (3.4) 3 (100)

Other 5 (5.7) 4 (80)

Unknow 1 (1.1) 1 (100)
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Table 3. Cont.

Seniority. n (%) Appropriate *
n (%)

Decision
Independent 54 (61.4) 47 (87)

Directed 34 (38.6) 28 (82)

Confidence level Antibiotic
Indicated—Independent

4 or 5 49 (91) 43 (88)

1, 2 or 3 5 (9) 4 (80)

Confidence level Antibiotic
Indicated—Directed

4 or 5 24 (71) 19 (79)

1, 2 or 3 10 (29) 9 (90)

Confidence level Antibiotic
Appropriate—Independent

4 or 5 50 (93) 44 (88)

1, 2 or 3 4 (7) 3 (75)

Confidence level Antibiotic
Appropriate—Directed

4 or 5 26 (76) 21 (81)

1, 2 or 3 8 (24) 7 (88)
* Appropriateness assessed by NAPS assessment [17].

4. Discussion

This study describes the novel concept of decision-making in antibiotic prescription, in
contrast with most studies which focus on the act of prescribing. We found that nearly two-
thirds of clinicians who prescribe antibiotic medication decide this themselves, mostly with
the support of endorsed guidelines. Over one-third of prescribing was guided or directed
by senior ED clinicians or subspecialty advice. Prescriber confidence that antibiotics were
indicated or appropriate was high, regardless of seniority or whether prescribing was
self-directed or directed by others. Overall appropriateness of prescribing in this study
was 85%, with similar proportions of appropriate prescribing when comparing seniority,
decision-maker and prescriber confidence.

4.1. Seniority and Specialty of Decision-Making

Our study shows that mid-level and senior ED clinicians conduct most prescribing,
with the junior cohort responsible for less than 20% of prescriptions. This is reassuring,
as independent decision-making skills are still developing in this junior group. This is in
contrast with a recent paper which showed that seventy percent of hospital prescribing is
done by doctors in their first two years after medical school [21]. This difference may be
explained by the difference in setting, where in the ED there is usually a senior clinician
available for direct consultation.

Of particular interest was the decision-making process for patients who were geo-
graphically in the ED and were to be admitted under an inpatient specialty. In nearly
60%, when participants had prescribed an antibiotic and the primary decision maker was a
non-ED clinician, this was directed by surgical specialties. Uncertainty about admission,
institutional hierarchy, perceived urgency, and possible delays to specialty review all can
influence prescribing decisions [22]. It is crucial to patient safety that there is a collabora-
tive approach to patient care, including antimicrobial decisions, as there is an important
trade-off between timely and inappropriate prescribing [21,22].

In our study, surprisingly no ED clinicians consulted with the infectious disease team.
This may be due to the time constraints, but also may represent a knowledge gap on
when to consult appropriately. It is possible that prescribing clinicians feel that this is core
business, and they should be able to prescribe without specialist advice. The finding that 1
in 6 patients received inappropriate antibiotics suggest a more robust approach may be
required. Also, after study design but before data collection, our health service ceased to
have an on-call microbiology registrar, limiting consultation options.
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4.2. Prescribing Details

Of note, clinicians often felt the need to further explain their decision-making process
by hand-written notes on the paper questionnaire. In nine cases (10%) the clinicians stated
they had deviated from guidelines due a nation-wide benzylpenicillin shortage. This
demonstrates the complexities inherent in having a one-size-fits-all approach to antibiotic
prescribing; nuance is required on a patient level. This is a barrier to effective guidelines,
as patients will invariably have idiosyncrasies which lead to deviation. However, with
developing machine learning and artificial intelligence, perhaps individualised recommen-
dations may be the future of AMS. Decision support tools and smartphone apps have
shown value in this space [23,24].

4.3. Prescribing Confidence

In our study confidence in own prescribing was high, with similar level of confidence
in senior doctors and juniors, although respondents tended to be more confident in their
own decisions than decision of others. Prior studies indicate that medical students and
junior doctors have important shortcomings in the domain of prescribing, especially
with respect to antimicrobials [25]. Despite this known weakness, there is little targeted
teaching around antimicrobial choice in early clinical practice. Some junior clinicians
maybe exhibiting the “unconscious incompetence” [26] of early clinical practice, which has
been previously described [27,28]. However in our study appropriateness was similar for
junior and senior staff.

4.4. Appropriateness

In our sample, 85% of prescriptions were deemed appropriate (NAPS 1 or 2) which
compares favourably to the 67% appropriateness found in the same setting using the
same methodology in 2017 [16]. This difference may be partially explained by chance (as
our study was small), improved practices in our setting, or because of our design which
allowed clinicians to clarify any decisions that were not strictly following guidelines. It
highlights that non-compliance with guidelines cannot be entirely interpreted as inappro-
priate prescribing per se, although this finding warrants further study. Our study found
similar appropriate prescribing by seniority, decision making or confidence and a larger
study focusing on these factors would be required.

4.5. Limitations

This was a dual site study in a single season and findings may not be generalisable to
other settings. Despite a good response rate of 73% and limited missing data, we cannot
exclude selection bias. Although, we believe that as only one eligible respondent declined
participation it is unlikely to have had a significant impact. Consultants only represented
3% of participants, but this is consistent with prior prescribing studies. Further, our study
has limitations common to all survey-based research. Our questionnaire was purpose-made
and although tested for face-validity it had limited answer options, making interpretation
of more nuanced clinical situations challenging. This is highlighted by respondents using
free text comments to further explain their decisions. The cross-sectional nature of this
study provides a static picture of a dynamic process. This is further limited by using
the terminology ‘guided’ or ‘directed’ prescribing. We acknowledge that by using this
terminology certain subtleties in the decision making and prescribing etiquette cannot
be commented on [29]. Furthermore, we cannot comment on what effect ED nursing or
pharmacy staff may have had on prescribing habits. Response bias or recall bias may have
led to erroneous or misleading answers, this was mitigated by only allowing answers up
to 48 h post prescribing. Participants on night shift contributed to our non-response rates.
Lastly, clinicians may be reluctant to admit that they did not use endorsed guidelines,
as only two respondents stated they did not use guidelines. Given the busy nature of
emergency medicine, this proportion is likely to be higher.
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4.6. Recommendations

Our study has provided further insight in antimicrobial prescribing, decision-making
and confidence. It provides useful information to inform future work related to individ-
ualised prescribing. Such prescribing will place the patient at the center of the decision
making with a focus on areas where inappropriate prescribing is currently most common.
Future qualitative research will be required to provide further insight into the intricacies of
prescribing decision-making.

5. Conclusions

Nearly two-thirds of ED clinicians who prescribe antibiotic medication decide this
themselves, usually supported by guidelines. In over one-third of prescribing was di-
rected by senior ED clinicians or based on specialty advice, primarily surgical specialties.
Prescriber confidence was high regardless of seniority or decision-maker. Overall appropri-
ateness of prescribing was good with further room for improvement.
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Appendix A. Questionnaire

Antibiotic Prescribing in ED
We are aiming to understand more about antibiotic prescribing in the ED.
There are seven (7) questions which should take <5 min to complete.
Q1. What is your role in ED?
# Intern
# Junior House Officer (Resident, PGY2)
# Senior House Officer (Resident, PGY3 or above)
# Principal House Officer (Unaccredited registrar)
# ED Registrar
# Consultant
# Nurse practitioner
# Other (please state . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .)
In your most recent experience with antibiotic prescribing during the shift on the following date:
__________________
Q2. What antibiotic was prescribed?
Antibiotic Type __________________________________
Antibiotic Dose __________________________________
Antibiotic Frequency ______________________________
Q3. What condition were antibiotics prescribed for? (i.e., working diagnosis: UTI, febrile
neutropenia)
___________________________________________________
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Q4. Did you make the decision to prescribe?
# Yes
# No
Q5. If No, then who made the decision?
(indicate level of training and speciality)
Level of Training
# Intern
# JHO
# SHO
# Registrar
# Consultant

Speciality
# ED
# General Medical
# General Surgical
# ICU
# Other________________

Q6. For your most recent experience, which of the following were used to decide on antibiotic
selection? (tick all which apply)?
O Electronic Therapeutic Guidelines (eTG)
O Other guidelines (please specify _________________________)
O ED consultant recommendation (please specify if in person or vs phone call)
O Infectious disease recommendation
please specify if registrar or consultant
please specify if in person or phone call
please specify if you talked to ID, or someone else; if so, who _____________
O Microbiology recommendation
please specify if registrar or consultant
please specify if in person or phone call
please specify if you talked to ID, or someone else; if so, who _____________
O Other recommendation (please specify ___________________________)
O I don’t know
Q7. At time of pre-scribing, how con-fident were you on a scale of 1-5 that antibiotics were
in-dicated? (please circle)
Q8. At the time of prescribing, how confident were you on a scale of 1-5 that an appropriate
antibiotic was prescribed? (please circle)
Thank you for participating!

Table A1. National Antimicrobial Prescribing Survey (NAPS) tool for assessment of antibiotic appropriateness/[17].

Appropriateness If Endorsed Guidelines Are Present If Endorsed Guidelines Are Absent or Not
Applicable

Appropriate

1 Optimal *

Antimicrobial prescription follows either
the Therapeutic Guidelines ˆ or endorsed

local guidelines optimally, including
antimicrobial choice, dosage, route and

duration #, including for surgical
prophylaxis

The antimicrobial prescription has been
reviewed and endorsed by a clinician with

expert antimicrobial prescribing knowledge $

OR
The prescribed antimicrobial will cover the

likely causative pathogen/s and there is not a
narrower spectrum or more appropriate

antimicrobial choice, dosage, route or
duration available (including for surgical

prophylaxis)

2 Adequate

Antimicrobial prescription does not
optimally follow the Therapeutic

Guidelines ˆ or endorsed local guidelines,
including antimicrobial choice, dosage,

route or duration #, however, is a
reasonable alternative choice for the likely

causative or cultured pathogens
OR

For surgical prophylaxis, as above and
duration # is less than 24 h

Antimicrobial prescription including
antimicrobial choice, dosage, route and

duration # is not the most optimal, however,
is a reasonable alternative choice for the likely

causative or cultured pathogens
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Table A1. Cont.

Appropriateness If Endorsed Guidelines Are Present If Endorsed Guidelines Are Absent or Not
Applicable

Inappropriate

3 Suboptimal

Antimicrobial prescription including antimicrobial choice, dosage, route and duration # is
an unreasonable choice for the likely causative pathogen/s, including:

Spectrum excessively broad or an unnecessary overlap in spectrum of activity
OR

There may be a mild or non-life-threatening allergy mismatch

4 Inadequate

Antimicrobial prescription including antimicrobial choice, dosage, route or duration # is
unlikely to treat the likely causative or cultured pathogens

OR
An antimicrobial is not indicated for the documented or presumed indication

OR
There may be a severe or possibly life-threatening allergy mismatch

5 Not
assessable

The indication is not documented and unable to be determined from the notes
OR

The notes are not comprehensive enough to assess appropriateness
OR

The patient is too complex, due to multiple co-morbidities, allergies or microbiology results,
etc.

* Taking into account acceptable changes due to the patient’s age, weight, renal function or other prescribed medications, if this information
is available. ˆ Antibiotic Expert Group. Therapeutic Guidelines: Antibiotic. Version 16 (2019). http://online.tg.org.au/ip/, accessed on 30
March 2021. # Duration should only be assessed if the guidelines state a recommended duration and the antimicrobial has already been
dispensed for longer than this, or if there is a clear planned ‘end date’ documented. $ Examples including infectious disease physician,
clinical microbiologist, or specialist pharmacist.

Table A2. Conditions for which antibiotic medications were prescribed.

Condition n Appropriate n (%) Inappropriate n (%)

Aspiration pneumonitis 2 2 (2.3) 0 (0)

Bartholin’s 2 0 (0) 2 (2.3)

Bronchitis 2 2 (2.3) 0 (0)

Community Acquired Pneumonia 13 12 (13.6) 1 (1.1)

C. difficile/diarrhoea 2 1 (1.1) 1 (1.1)

Cholecystitis 2 1 (1.1) 1 (1.1)

Dental abscess/infection 3 3 (3.4) 0 (0)

Diverticulitis 1 1 (1.1) 0 (0)

Dog bite prophylaxis 2 2 (2.3) 0 (0)

Ear Infection 1 1 (1.1) 0 (0)

Epididymitis 1 1 (1.1) 0 (0)

Facial bone fractures 2 0 (0) 2 (2.3)

Febrile neutropenia 1 1 (1.1) 0 (0)

Infected prosthesis 2 2 (2.3) 0 (0)

Hepatic encephalopathy 1 1 (1.1) 0 (0)

Infectious Exacerbation COPD 2 2 (2.3) 0 (0)

Mastitis 1 1 (1.1) 0 (0)

MRSA Osteomyelitis 1 1 (1.1) 0 (0)

Periorbital cellulitis 2 2 (2.3) 0 (0)

Pharyngitis 5 4 (4.5) 1 (1.1)

Pelvic Inflammatory Disease 5 5 (5.7) 0 (0)
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Table A2. Cont.

Condition n Appropriate n (%) Inappropriate n (%)

Post-Indwelling Catheter insertion 1 0 (0) 1 (1.1)

Post-operative infection 2 2 (2.3) 0 (0)

Pyelonephritis 3 3 (3.4) 0 (0)

Sepsis 2 2 (2.3) 0 (0)

Skin infection (cellulitis) 9 9 (10.2) 0 (0)

Sexually Transmitted Inefection 1 1 (1.1) 0 (0)

Surgical prophylaxis 1 1 (1.1) 0 (0)

Urinary tract infection (UTI) 10 10 (11.4) 0 (0)

UTI prophylaxis 1 0 (0) 1 (1.1)

Uvulitis 1 0 (0) 1 (1.1)

Wound collection 1 1 (1.1) 0 (0)

Wound prophylaxis 3 1 (1.1) 2 (2.3)

Total 88 75 (85.2) 13 (14.8)
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Abstract: Antimicrobial resistance (AMR) is a threat to hospital patients. Antimicrobial stewardship
programs (ASPs) can counteract AMR. To optimize ASPs, we need to understand what affects
physicians’ antibiotic prescription from several contexts. In this study, we aimed to explore the factors
affecting hospital physicians’ antibiotic choices in a low-resistance country to identify potential targets
for future ASPs. We interviewed 14 physicians involved in antibiotic prescription in a Norwegian
hospital. The interviews were audiotaped, transcribed verbatim, and analyzed using thematic
analysis. The main factors affecting antibiotic prescription were a high work pressure, insufficient
staff resources, and uncertainties regarding clinical decisions. Treatment expectations from patients
and next of kin, benevolence towards the patients, suboptimal microbiological testing, and limited
time for infectious disease specialists to offer advisory services also affected the antibiotic choices.
Future ASP efforts should evaluate the system organization and prioritizations to address and manage
potential time-pressure issues. To limit the use of broad-spectrum antibiotics, improving microbiology
testing and the routines for consultations with infectious disease specialists seems beneficial. We also
identified a need among the prescribing physicians for a debate on ethical antibiotic questions.

Keywords: hospital physicians; low-resistance country; antibiotic prescription; antibiotic steward-
ship; antimicrobial resistance; semi-structured interviews; qualitative study

1. Introduction

Antibiotics are a cornerstone in the treatment of infections and critical to modern
medicine [1]. However, inappropriate antibiotic use has led to increased antimicrobial resis-
tance (AMR), threatening global health [2–4]. Antimicrobial stewardship programs (ASPs),
defined as “a coherent set of actions which promote using antimicrobials responsibly” [5],
are essential to combat AMR [6]. Understanding and considering the factors influencing
physicians’ antibiotic decisions are critical to provide tailored measures towards the stake-
holders and thus the success of ASPs [7,8]. Systematic reviews on antibiotic prescribing
behavior have identified some common barriers to rational prescription, including the
fear of negative consequences for the patient and the belief that other professionals or
other countries and health care practices, rather than themselves, are causing the problem
of AMR [9–11]. ASPs are context-specific and must be adjusted to different health care
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environments. Exploration of key drivers from several contexts are crucial to ensure robust
interventions [7,8]. Consequently, there is a need for exploratory studies across various
settings [12,13].

In Norway, broad-spectrum antibiotics (BSAs) and AMR rates are lower than in most
other countries. For instance, Norway has the lowest rate of methicillin-resistant staphy-
lococcus aureus and a lower rate of other resistant bacteria, in company with Denmark
and Finland, compared to southern and eastern Europe [14]. The main reasons are the
historical strict national regulatory approval of new antibiotics and conservative guidelines
for antibiotic use [15]. However, there has been a slight but steady increase in total and
broad-spectrum antibiotic use in Norwegian hospitals, on a grander scale than the preva-
lence of infectious diseases suggests [16]. At the hospital where this study was conducted,
BSA consumption has been relatively high compared to other Norwegian hospitals, which
highlighted a need for reinforced ASPs.

The study aim of the present study was to explore factors affecting hospital physicians’
antibiotic prescribing practices, in a low-resistance country, to identify potential targets for
improvement of future ASPs.

2. Results

The final study population included 14 respondents: five physicians from infectious
diseases; three physicians from oncology; one medical resident; and one physician from
anesthesiology, gastrointestinal surgery, gastroenterology, pulmonology, and hematology.
The participants’ experience level and characteristics are presented in Table 1.

Table 1. Characteristics of the study participants (n = 14).

Age (Years)

Median (IQR) 36.5 (14.5)
Range 29–66

Working Experience as a Physician (Years) (n)

<5 years 4
5–10 years 3

10–20 years 4
>20 years 3

Gender (n)

Female 9
Male 5

IQR: Interquartile range.

We identified four main themes affecting the physicians’ antibiotic prescribing choices:
(i) Clinical workflow pressures, (ii) Clinical uncertainty, (iii) Decision support, and (iv)
Benevolence. Visualization of the themes and subthemes is shown in Figure 1. The themes,
their respective subthemes, and illustrative quotes are shown in Table 2.
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Table 2. Themes, subthemes, and illustrative quotes representing the determinants of antibiotic
prescription.

Theme Subtheme Quotes (Respondent Number, Years of Experience)

Clinical workflow
pressures

Time pressure

There is too much pressure, no time to just observe the patient ( . . . ) so most
doctors will give what they know works, which means broad-spectrum
antibiotics, and the problem is that it works! ( . . . ) (R4, 25 years)
For (patients with) chronic obstructive pulmonary disease patients and
patients like that, it is difficult to know if they have an infection or not, and I
feel it is more efficient just to put them on antibiotics (R14, 1 years)

Follow-up resources

If you know the patient gets followed up, and clinical deterioration would
easily get picked up, you would probably be more comfortable starting
penicillin (instead of more broad-spectrum antibiotics), as opposed to a patient
who gets left alone in a corridor, which is often the case (R9, 8 years)
It is not the nurses’ fault, but it often happens that they say no if I ask for close
follow-up (of an ill patient) during night shifts. They tell me they don’t have
the capacity and no one to step in (R13, 4 years)

Clinical uncertainty

Just in case

9/10 doctors would, in cases of insecurity, rather ensure themselves (and give
broad-spectrum antibiotics) (R9, 8 years)
(Physicians continue antibiotics because) ( . . . ) it is the fear of doing wrong, of
being appealed, both legally but also from colleagues. (R8, 23 years)

Knowledge and
experience

It is an intuition you get with clinical experience that allowed us to trust the
clinical picture and withhold antibiotics (R6, 4 years)
I got this idea that I wish to use narrower antibiotics, but then I don’t know
enough to do so (R5, 4 years)

Decision support

Microbiological tests

The most important thing is to have a resistance pattern, then I can feel safe
that I use the right antibiotic (and don’t need to give more broad-spectrum
antibiotics) (R5, 4 years)
We need to become better at sputum tests ( . . . ), often the patient has had a lot
of productive cough and no collected sputum ( . . . ), which is a shame, because
if you find the right microbe to target, then we will actually succeed (with
narrow-spectrum antibiotics) (R11, 22 years)

Collegial consulting

We often call up infectious medicine and ask for help ( . . . ) if we are in doubt.
(R14, 1 years)
I almost never make difficult decisions alone; I just talk to a colleague (R8,
23 years)
Unfortunately, the reality is that you usually have several tasks in addition to
giving consultations, and that certainly affects the quality of the advice we
give (ID specialist, R4, 25 years)
If you don’t have time, then the advice (on antibiotics) you give may be bad
and sometimes even dangerous (ID specialist, R2, 18 years)
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Table 2. Cont.

Theme Subtheme Quotes (Respondent Number, Years of Experience)

Benevolence

The patient’s
wellbeing

If you’ve got an, e.g., immunosuppressed patient who is ill, then we treat with
what is available in antibiotics now without worrying about the problem of
resistance, sure we do (R10, 16 years)
It is an analogy to peeing in one’s pants; it is solving the problem now (by
prescribing antibiotics), everyone know it will be uncomfortable later ( . . . ),
but that is a problem for tomorrow ( . . . ) (R2, 18 years)

Treatment expectations

In cancer and transplant patients, we often choose more broad-spectrum
antibiotics, as they are immunocompromised, though you know broader
spectrum means more resistance ( . . . ), and that is problematic, because
patients who could have been cured from cancer could later die due the
complications of the treatment (multi-resistant bacteria) (R10, 8 years)
When, e.g., you are 90 years old and sick, it is probably okay to die of
pneumonia. We try to tell relatives that, but they have a high level of
expectations and will say, “But pneumonia is treatable”, and then we start
treatment anyways, and then it doesn’t work, and we often try a more
broad-spectrum antibiotic, and it doesn’t work either, and that’s a vicious
circle (R4, 25 years).
The family was literally praying to me, ‘She must live, what can be done?’ and
then we continued to treat ( . . . ), but it won’t be any better (R5, 5 years)

2.1. Theme (i) Clinical Workflow Pressures

The theme “Clinical workflow pressures” consists of the subthemes “time pressure”
and “follow-up resources”. Both subthemes represent physicians’ experience of unfulfilled
intentions of making thorough antibiotic decisions. The physicians constantly experienced
being in a squeeze between providing optimal patient care, including making rational
antibiotic decisions, and having a high workload and limited follow-up resources.

“Time pressure” reflects the pressures upon physicians’ to increase patient turnover.
The respondents reported experiencing a pressure mainly from nursing staff due to bed
pressure. The physicians also reported putting pressure on themselves, e.g., when they
observed many patients waiting in the emergency room. This strain was reported to often
result in unnecessary use of broad-spectrum antibiotics to compensate for short time to
observe patients and to perform adequate diagnostics:

“I think a lot is due to the pressure in the hospital; we hear all the time, ‘Discharge,
discharge, discharge’ ( . . . ) We get whipped up like that, ( . . . ) and then I think the
threshold ( . . . ) to give broader spectrum antibiotics is lower.” (Respondent 11, 22 years
of experience).

“Follow-up resources” refers to the physicians’ experience of a lack of patient follow-
up resources which made them scared of patient adverse outcomes and thus led to use of
more antibiotics to ensure safety. A lack of nurses (and thus capacity) was, for instance,
viewed as a challenge:

“It is important that the patient is properly followed up; that is what’s scary in an
understaffed hospital full of patients: a lack of nurses. Then, it might be more rational
to use broader spectrum antibiotics than in a more orderly situation ( . . . ) A typical
example is that we actually shift from penicillin to cefotaxime (i.e., a more broad-spectrum
antibiotic) on Fridays due to lesser capacity during weekends” (R7, 13 years).

2.2. Theme (ii) Clinical Uncertainty

The theme “Clinical uncertainty” consisted of two subthemes: “just in case” and
“knowledge and experience”. Both subthemes underscored that the most important aspect
for the physicians when they prescribed antibiotics was to feel certain in their decisions,
both regarding a favorable outcome for their patients and to justify their decisions to their
peers later.
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“Just in case” reflects the finding that if the physicians were uncertain whether the
clinical condition would deteriorate at home, they reported they would often continue to
give antibiotics, even broad-spectrum antibiotics, to be on the safer side:

“We know that, theoretically, they often don’t need antibiotics, but it is hard to select
the patients who actually don’t need antibiotics and have the courage to send them home
without any ( . . . ) you are scared the patient will come back in worse shape, and you will
be asked why you didn’t continue antibiotics” (R12, 10 years).

The physicians also considered their own “knowledge and experience” levels when
making antibiotic decisions. The less experienced (under five years of experience) physi-
cians more often reported that a feeling of inadequate knowledge led to less confidence
to prescribe restrictively (please see Table 3 for illustrative quotes). They expressed that
this lack of confidence led to an increased use of antibiotics just to be “on the safe side”.
In contrast, having enough experience to ‘trust their gut’ facilitated a more restrictive
prescription:

“It is partly the experience level that allows you to have the guts to be restrictive” (R7,
13 years).

2.3. Theme (iii) Decision Support

“Decision support” consists of the subthemes “microbiological tests” and “collegial
consulting”. These subthemes illustrated that the physicians viewed microbiological
test and consultation as facilitators of rational prescription, but experienced that these
facilitators were underused due to capacity constraints. Thus, they reported that underuse
of available decision support negatively affected antibiotic prescription.

The physicians considered microbiological tests to aid in rational prescription as long
as the sampling was correct, which was reported to not always be the case due to time
pressure:

“Often the material is inadequate. It is an extreme pressure in the emergency ward
sometimes, and you choose the easiest solution, which gives non-representative results”
(R6, 4 years).

The physicians experienced inadequate material as a lost opportunity to de-escalate to
narrow-spectrum antibiotics.

“Collegial consulting” is bipartite; on one side, consultations with ID specialists were
considered an important measure to facilitate more rational prescription by providing
support in decision-making:

“What works well is to seek collegial support when you are in doubt, call an infectious
disease specialist” (R8, 23 years).

One the other side, the ID specialists highlighted that their antibiotic prescription
advice was sometimes suboptimal due to limited time to engage, potentially hampering its
effect on antibiotic prescription:

“( . . . ) If we had time for consultation, it would be fine, but when it (the consultation
phone) buzzes on top of everything else you have to do, then you don’t have time ( . . . ),
and the advice might be suboptimal” (R7, 13 years).

2.4. Theme (iv) Benevolence

The theme “Benevolence” consists of the subthemes “the patient’s wellbeing” and
“treatment expectations”. This theme addresses the physicians’ benevolent efforts; they
described a desire to improve their patients’ health and meet the patients’ or their relatives’
wishes, which often would include the prescription of antibiotics. Simultaneously, they
expressed a desire to limit unnecessary use of antibiotics and AMR.

“The patient’s wellbeing” refers to the physicians’ prioritization of the present patient’s
potential improvement, a possible future increase in antibiotic resistance notwithstanding,
as illustrated by respondent 7:
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“( . . . ) Sometimes I think, ‘Why am I doing this?’ when I, e.g., give broad-spectrum
antibiotics to an old patient who has dementia and has not improved on other antibiotics—
it feels wrong, but at the same time, I feel I don’t have a choice when I stand in front of
the patient” (R7, 13 years).

The physicians expressed an unease knowing that such decisions often could result in
a more inappropriate antibiotic prescription.

The “treatment expectations” subtheme represents situations when the physicians
saw it as routine and expected to prescribe antibiotics, even though they often had second
thoughts whether the antibiotic prescription was correct, regarding the aspect of AMR.
An example some of the respondents used was oncologic or transplant patients for whom
prolonged antibiotic treatment is often routine beside chemotherapeutic regimes. The
physicians reported they obviously complied in offering life-extending therapy to individ-
ual patients. Nevertheless, they questioned the price to pay in terms of antibiotic resistance
development:

“It is obvious that every patient, who can and wishes to get well, should receive all
available treatment ( . . . ). For some patients, this would mean complicated antibiotic
regimens to keep them alive during the treatment (e.g., transplant or cancer treatment).
( . . . ) This is worrisome due to the development of resistant bacteria that may kill other
individuals” (R1, 12 years).

Another challenge the physicians experienced was the expectations of antibiotic treat-
ment from the patient or the patient’s family in situations when the physicians did not
intend to prescribe an antibiotic:

“You often feel pressured; you know (when a relative asks), “Can you guarantee that my
father doesn’t have this and this condition?”—in situations like that you might push the
boundaries more than you intended to” (R4, 25 years).

3. Discussion

Our main finding was the physicians report of the clinical workflow pressure to
commonly facilitate excess antibiotic prescription to be on the safe side. Workflow pressure
was perceived to hamper (1) correct microbiological specimens and (2) the quality of advice
that the ID specialists gave, potentially facilitating unnecessary antibiotic prescriptions. We
also identified a need to debate ethical dilemmas of antibiotic prescribing in specific clinical
encounters, particularly with terminally ill patients.

The finding of clinical workflow pressure aligns with previous studies that have identi-
fied a high workload as a contributor to inappropriate prescriptions in hospitals [10,17,18].
In contrast, in two recent systematic reviews on determinants of physicians’ antibiotic
prescription decisions, time pressure was not a prominent finding [9,19]. The reason for
this discrepancy may relate to the fact that the authors used frameworks for analyzing
cognitive determinants of physicians’ behavior. Time pressure due to high workload is
mainly an external (systemic) and less of a cognitive factor and thus may not have called
attention in these studies. The dominant and uniform reporting of time pressure as a barrier
in our study strongly suggests that a focus on physician’s behavior alone is ineffective, a
notion which is in line with a recent publication by Broom et al. [20]. Based on analyses
of qualitative studies over a decade, the authors argue for “no longer portraying AMR as
the result of the actions of individual healthcare professionals but instead as a systemic
problem ( . . . ).” Consequently, the ability of hospital administrators to analyze the work
system organization and prioritizations within may be important for the success of ASPs.

Our second most prominent finding was the physicians’ need for clinical certainty.
This finding aligns with the findings of two systematic reviews that showed that fear of pa-
tient adverse outcomes causes’ antibiotic overtreatment [9,19]. Considering the physicians’
unified need to be safe, ASPs should include measures supporting prescribing physicians’
sense of safety. Our study revealed several actions that could provide such support. The
physicians called for improved microbiological testing, which could be achieved by re-
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viewing sampling techniques and reinforce training [21]. Furthermore, experience and
knowledge could be accelerated by systematizing consultation with ID physicians and im-
plementing audits and feedback on antibiotic prescription, both of which are interventions
that have proven effective in ASPs [13]. In particular, attention should be paid to the less
experienced physicians. They expressed the highest level of insecurity in our study and
potentially need more training on when and how to use expert consultations [18].

Another finding was the physicians’ desire to do all they could for the present patient
as a driver for an increased use of broad-spectrum antibiotics. However, the physicians
sometimes had second thoughts about the benefit of their prescription (e.g., in pre-terminal
patients), but they experienced that they did not have a choice when facing the patient. This
sentiment echoes the ‘tragedy of the commons’ principle, which is known to lead to failure:
If everyone thinks about themselves (misuse antibiotics now), all will suffer (increased
AMR in the future) [22]. In our view, this finding highlights a need to debate when to
provide and when to restrict antibiotic treatment. This topic is often too complex to be
left at the discretion of the individual physician [23]. One suggestion is to develop further
ethical committee services, e.g., by enabling a fast track for hospital doctors to consult with
committee members. In addition, improved education on ethical topics is warranted for
physicians who care for seriously ill patients, as the decision to use antibiotics is ultimately
left for them [24].

In this study, we have aimed to identify factors, in a low-resistance context, that may
help improve future ASPs. Factors identified in our context does not seem to diverge
noteworthy from factors in other contexts [19], and thus support existing principles of ASP
such as ID specialist consultation and education. However, core elements of infrastructure
such as organizational structure should be reinforced [25].

Additionally, our findings of structural deficiencies may be more tangible to implement
in ASPs than changes in physicians’ behavior. Additionally, structure and behavior should
be seen as integral to each other [20].

For more long-term gain regarding AMR ethical questions in antibiotic prescriptions
should be evaluated.

The validity of our findings was strengthened as three researchers with different
backgrounds (First author; IC, last author; LPJJ, and second author; JBH) read the transcripts
and agreed on the themes in the analytic process [26]. To ensure adequate report of
our study we used the consolidated criteria for reporting qualitative research (COREQ)
(Supplementary Materials File S2).

Our study also has some limitations. First, one should always be careful to generalize
the results from single center studies. Still, we believe the results from our hospital in a
country with a low AMR represents a valuable supplement to similar exploratory studies
from locations where AMR is far more prevalent. Several of the factors we identified may
be relevant to aid in developing ASPs, particularly in settings of low antibiotic resistance
rates and for high-intensity antibiotic prescribers in hospitals. Secondly, the recruitment
of “frequent antibiotic prescribing physicians” resulted in a high representation of ID
specialists and oncologists, indicating a potential selection bias. On the other hand, this has
resulted in valuable viewpoints from two perspectives, i.e., from advice-seeking prescribers
and advice-giving ID specialists. Finally, the principal investigator (IC) knew most of
the respondents before the interviews, which may have affected their responses and her
interpretations in the analytic process. We sought to limit such influence using reflexivity
throughout the process [27].

In conclusion, future ASP efforts should evaluate the system organization and pri-
oritizations to address and manage potential time-pressure issues. To limit the use of
broad-spectrum antibiotics, improving microbiology testing and the routines for consulta-
tions with infectious disease specialists seems beneficial. We also identified a need among
the prescribing physicians for a debate on ethical antibiotic questions.
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4. Materials and Methods
4.1. Design and Setting

This qualitative study, using semi-structured interviews, was conducted at Østfold
Hospital Trust, a 380-bed, secondary, acute care hospital with a catchment area of 320,000 in-
habitants. From 2016 all Norwegian hospitals began establishing ASPs and from 2017 and
at the time of the study, the study hospital had an antibiotic stewardship team consist-
ing of an infectious disease (ID) specialist, a clinical pharmacist, and a nurse trained in
infectious diseases. This team mainly conducted surveillance of antibiotic use, revised
antibiotic guidelines, and conducted education promoting rational antibiotic use. The na-
tional antibiotic guidelines were made available electronically and distributed as a pocket
booklet. The recommendations are based on treatment tradition and national antibiotic
resistance patterns. Narrow-spectrum antibiotics are recommended in several empirical
regimens, e.g., benzylpenicillin is the first choice for community-acquired pneumonia, and
benzylpenicillin or ampicillin combined with gentamicin is recommended for sepsis [28].

In the study hospital, similar to most Norwegian secondary acute care hospitals, the
physicians consult ID specialists by phone whenever they have complicated questions
regarding infections, and antibiotic treatment.

4.2. Recruitment

To participate in the study, we sought respondents that could give rich information on
the factors affecting physicians’ antibiotic prescription. We purposively invited physicians
that were prescribing antibiotics on a daily basis. Relevant respondents were chosen from
lists over physicians in departments with high antibiotic use as documented by routine
pharmacy data statistics and point-prevalence surveys of antibiotic prescriptions [29].
We made sure to include physicians representing different experience levels. A total
of 17 physicians were invited by email and provided with information about the study,
including the need to reserve 60–90 min of interview time. Of the 17 physicians invited
to participate in the study, two did not have time to participate, and one did not respond,
giving 14 potential respondents. Following the 12th interview, we identified no new themes.
However, to ensure data saturation, we interviewed the two remaining physicians. The
mean interview time was 52 min (range 23–74).

4.3. Interview Guide and Interviews

We developed an interview guide based on recommendations by Kallio et al. [30],
and searched and used existing literature [31,32]. We designed the questions to have the
respondents recall clinical situations in which they had prescribed antibiotics to obtain
answers that reflected their everyday practice (Table 3). We conducted three pilot interviews
with eligible candidates recruited through convenience sampling to optimize the final
interview guide and technique. The data from the pilot interviews were not included in the
data analysis.

The interviews were conducted in a quiet room in the study hospital from November
2018 to February 2019. The objectives of the study were presented both orally and on a
written consent form. All interviews were performed by IC, a female MD and Ph.D. student
trained in qualitative methods and with clinical experience in surgery and oncology. The
pilot interviews were conducted together with LPJJ, a professor of health science with
prior extensive experience with qualitative research, to observe and give feedback. Since
interviews were performed at the same hospital as IC was employed, both interviewer and
interviewees were known to each other, either in person or as colleagues. Consequently,
measures were taken to minimize the risk of bias (please see data analysis).

101



Antibiotics 2022, 11, 98

Table 3. Summarized interview guide (full version in Supplementary Materials File S1).

1 What are your thoughts about rational antibiotic prescription?
2 What are your thoughts about antimicrobial resistance?

3 How would you describe the antibiotic prescription in this hospital, from your
perspective?

4 What influences you when you prescribe antibiotics?

5 Can you please tell me about a situation where you had to decide when to start, not
start, or stop antibiotics that you remember in particular?

6 Do you have any final comments on rational antibiotic prescription?

4.4. Data Analysis

The interviews were audio-recorded, transcribed verbatim, and de-identified (I.C.). In
the transcripts I.C. made remarks about the physicians’ body language, pauses in speech
and other non-verbal communication, to provide more context to the transcripts. To
minimize the risk of bias L.-P.J.-J. and J.B.H. consecutively reviewed and gave feedback
on the interview transcriptions. The respondents were not automatically offered return of
transcripts, unless they inquired it. One respondent did so and read and approved of the
content. I.C. and L.-P.J.-J. coded the transcripts and themes derived from the data following
the recommendations of Braun and Clarke [33]. NVIVO software assisted in the coding
process. I.C. scanned the transcripts for illustrative quotes. Throughout this process, the
possible influence of our positions and presumptions was scrutinized and documented in a
project log (confer reflexivity) [27].

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antibiotics11010098/s1, File S1: Full interview guide; File S2:
COREQ (COnsolidated criteria for REporting Qualitative research) Checklist.

Author Contributions: Conceptualization, I.C., J.B.H. and D.B.; Data curation, I.C. and L.-P.J.-J.;
Formal analysis, I.C. and L.-P.J.-J.; Funding acquisition, J.B.H.; Methodology, I.C., J.B.H., J.V.B., B.S.
and L.-P.J.-J.; Project administration, I.C. and J.B.H.; Resources, J.B.H.; Supervision, J.B.H., D.B.,
J.V.B. and L.-P.J.-J.; Validation, I.C., J.B.H., D.B., J.V.B., B.S. and L.-P.J.-J.; Writing—original draft, I.C.;
Writing—review and editing, J.B.H., D.B., J.V.B., B.S. and L.-P.J.-J. All authors have read and agreed to
the published version of the manuscript.

Funding: The study was funded by the Østfold Hospital Trust, the study hospital. Project number:
AB3464.

Institutional Review Board Statement: The Regional Committees for Medical and Health Research
Ethics (2018/1935 A) and the hospital data protection officer (public 18/06887) approved the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Extended data are available upon request to the corresponding au-
thor (I.C.).

Acknowledgments: We wish to thank all the participating physicians.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Chandler, C.I.R. Current accounts of antimicrobial resistance: Stabilisation, individualisation and antibiotics as infrastructure.

Palgrave Commun. 2019, 5, 53. [CrossRef]
2. Jee, Y.; Carlson, J.; Rafai, E.; Musonda, K.; Huong, T.T.G.; Daza, P.; Sattayawuthipong, W.; Yoon, T. Antimicrobial resistance: A

threat to global health. Lancet Infect. Dis. 2018, 18, 939–940. [CrossRef]
3. Podolsky, S.H. The evolving response to antibiotic resistance (1945–2018). Palgrave Commun. 2018, 4, 124. [CrossRef]
4. Antibiotic Resistance: Global Report on Surveillance. World Health Organisation. 2014. Available online: https://apps.who.int/

iris/bitstream/handle/10665/112642/9789241564748_eng.pdf (accessed on 10 December 2021).

102



Antibiotics 2022, 11, 98

5. Dyar, O.J.; Huttner, B.; Schouten, J.; Pulcini, C. What is antimicrobial stewardship? Clin. Microbiol. Infect. 2017, 23, 793–798.
[CrossRef]

6. Fridkin, S.; Baggs, J.; Fagan, R.; Magill, S.; Pollack, L.A.; Malpiedi, P.; Slayton, R.; Khader, K.; Rubin, M.A.; Jones, M.; et al. Vital
signs: Improving antibiotic use among hospitalised patients. MMWR Morb. Mortal. Wkly. Rep. 2014, 63, 194–200. [PubMed]

7. Hulscher, M.; Prins, J.M. Antibiotic stewardship: Does it work in hospital practice? A review of the evidence base. Clin. Microbiol.
Infect. 2017, 23, 799–805. [CrossRef]

8. Edwards, R.; Charani, E.; Sevdalis, N.; Alexandrou, B.; Sibley, E.; Mullett, D.; Loveday, H.P.; Drumright, L.N.; Holmes, A.
Optimisation of infection prevention and control in acute health care by use of behaviour change: A systematic review. Lancet
Infect. Dis. 2012, 12, 318–329. [CrossRef]

9. Krockow, E.; Colman, A.M.; Chattoe-Brown, E.; Jenkins, D.; Perera, N.; Mehtar, S.; Tarrant, C. Balancing the risks to individual
and society: A systematic review and synthesis of qualitative research on antibiotic prescribing behaviour in hospitals. J. Hosp.
Infect. 2019, 101, 428–439. [CrossRef] [PubMed]

10. Rodrigues, A.T.; Roque, F.; Falcão, A.; Figueiras, A.; Herdeiro, M.T. Understanding physician antibiotic prescribing behaviour: A
systematic review of qualitative studies. Int. J. Antimicrob. Agents 2013, 41, 203–212. [CrossRef]

11. McCullough, A.; Rathbone, J.; Parekh, S.; Hoffmann, T.; Del Mar, C. Not in my backyard: A systematic review of clinicians’
knowledge and beliefs about antibiotic resistance. J. Antimicrob. Chemother. 2015, 70, 2465–2473. [CrossRef]

12. Charani, E.; Edwards, R.; Sevdalis, N.; Alexandrou, B.; Sibley, E.; Mullett, D.; Franklin, B.; Holmes, A. Behaviour change strategies
to influence antimicrobial prescribing in acute care: A systematic review. Clin. Infect. Dis. 2011, 53, 651–662. [CrossRef] [PubMed]

13. Davey, P.; Marwick, C.A.; Scott, C.L.; Charani, E.; McNeil, K.; Brown, E.; Gould, I.M.; Ramsay, C.R.; Michie, S. Interventions
to improve antibiotic prescribing practices for hospital inpatients. Cochrane Database Syst. Rev. 2017, 2, CD003543. [CrossRef]
[PubMed]

14. European Centre for Disease Prevention and Control. Antimicrobial Resistance in the EU/EEA (EARS-Net)—Annual Epidemiological
Report 2019; ECDC: Stockholm, Sweden, 2020.

15. Hobæk, B.; Kveim Lie, A. Less Is More—Norwegian Drug Regulation, Antibiotic Policy and the Need Clause. Milbank Q. 2019,
97, 762–795. [CrossRef] [PubMed]

16. NORM/NORM-VET 2020. Usage of Antimicrobial Agents and Occurrence of Antimicrobial Resistance in Norway; NORM/NORM-VET:
Tromsø/Oslo, The Netherlands, 2021; ISSN 1502-2307.

17. Sikkens, J.J.; Gerritse, S.L.; Peters, E.; Kramer, M.H.H.; Van Agtmael, A.M. The ‘morning dip’ in antimicrobial appropriateness:
Circumstances determining appropriateness of antimicrobial prescribing. J. Antimicrob. Chemother. 2018, 73, 1714–1720. [CrossRef]

18. Coombes, I.; Stowasser, A.D.; Coombes, J.; Mitchell, C. Why do interns make prescribing errors? A qualitative study. Med. J. Aust.
2008, 188, 89–94. [CrossRef]

19. Warreman, E.; Lambregtsa, M.; Wouters, R.; Visser, L.; Staats, H.; van Dijk, E.; de Boer, M. Determinants of in-hospital antibiotic
prescription behaviour: A systematic review and formation of a comprehensive framework. Clin. Microbiol. Infect. 2019, 25,
538–545. [CrossRef]

20. Broom, A.; Kenny, K.; Prainsack, B.; Broom, J. Antimicrobial resistance as a problem of values? Views from three continents. Crit.
Public Health 2020, 31, 451–463. [CrossRef]

21. Skodvin, B.; Aase, K.; Brekken, A.L.; Charani, E.; Lindemann, P.C.; Smith, I. Addressing the key communication barriers between
microbiology laboratories and clinical units: A qualitative study. J. Antimicrob. Chemother. 2017, 72, 2666–2672. [CrossRef]
[PubMed]

22. Hardin, G. The tragedy of the commons. The population problem has no technical solution; it requires a fundamental extension
in morality. Science 1968, 162, 1243–1248. [CrossRef]

23. Leibovici, L.; Paul, M.; Ezra, O. Ethical dilemmas in antibiotic treatment. J. Antimicrob. Chemother. 2012, 67, 12–16. [CrossRef]
24. Baker, E.F.; Geiderman, J.M.; Kraus, C.K.; Goett, R. The role of hospital ethics committees in emergency medicine practice. J. Am.

Coll. Emerg. Physicians Open 2020, 1, 403–407. [CrossRef]
25. Report on the Modified Delphi Process for Common Structure and Process Indicators for Hospital Antimicrobial Steward-

ship Programs. Available online: https://www.cdc.gov/drugresistance/pdf/tatfar_rec1-finalreport_2015.pdf (accessed on 17
December 2021).

26. Fusch, P.; Fusch, G.E.; Ness, L.R. Denzin’s Paradigm Shift: Revisiting Triangulation in Qualitative Research. J. Soc. Chang. 2018,
10, 19–32. [CrossRef]

27. Barrett, A.; Kajamaa, A.; Johnston, J. How to . . . be reflexive when conducting qualitative research. Clin. Teach. 2020, 17, 9–12.
[CrossRef] [PubMed]

28. The Norwegian Health Directorate. National Guidelines for Use of Antimicrobial Agents in Hospital Care. 2020. Available online:
https://www.helsedirektoratet.no/retningslinjer/antibiotika-i-sykehus (accessed on 5 March 2021). (In Norwegian)

29. Point Prevalence Survey of Healthcare-Associated Infections and Antimicrobial Use in Acute Care Hospitals. Protocol Version
5.3—Full Scale Survey; European Centre for Disease Control and Prevention: Stockholm, Sweden, 2016; Available online: https:
//op.europa.eu/en/publication-detail/-/publication/39a84b73-dee0-11e6-ad7c-01aa75ed71a1 (accessed on 29 August 2019).

30. Kallio, H.; Pietilä, A.-M.; Johnson, M.; Kangasniemi, M. Systematic methodological review: Developing a framework for a
qualitative semi-structured interview guide. J. Adv. Nurs. 2016, 72, 2954–2965. [CrossRef] [PubMed]

103



Antibiotics 2022, 11, 98

31. Skodvin, B.; Aase, K.; Charani, E.; Holmes, A.; Smith, I. An antimicrobial stewardship program initiative: A qualitative study on
prescribing practices among hospital doctors. Antimicrob. Resist. Infect. Control 2015, 4, 24. [CrossRef]

32. Bate, P.; Mendel, P.; Robert, G. Organizing for Quality: The Improvement Journey of Leading Hospitals in Europe and the United States.
Nuffield Trust; CRC Press: Boca Raton, FL, USA, 2008.

33. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]

104



antibiotics

Article

Comparing Hospital and Primary Care Physicians’ Attitudes
and Knowledge Regarding Antibiotic Prescribing: A Survey
within the Centre Region of Portugal

António Teixeira Rodrigues 1,2, João C. F. Nunes 3 , Marta Estrela 1 , Adolfo Figueiras 4,5,6 , Fátima Roque 7,8,*
and Maria Teresa Herdeiro 1

����������
�������

Citation: Rodrigues, A.T.; Nunes,

J.C.F.; Estrela, M.; Figueiras, A.;

Roque, F.; Herdeiro, M.T. Comparing

Hospital and Primary Care

Physicians’ Attitudes and Knowledge

Regarding Antibiotic Prescribing: A

Survey within the Centre Region of

Portugal. Antibiotics 2021, 10, 629.

https://doi.org/10.3390/

antibiotics10060629

Academic Editor: Seok-Hoon Jeong

Received: 13 April 2021

Accepted: 23 May 2021

Published: 25 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Medical Sciences, iBiMED—Institute of Biomedicine, University of Aveiro,
3800 Aveiro, Portugal; at.afonso@outlook.com (A.T.R.); mestrela@ua.pt (M.E.); teresaherdeiro@ua.pt (M.T.H.)

2 Centre for Health Evaluation and Research (CEFAR), National Association of Pharmacies,
1249 Lisbon, Portugal

3 Department of Chemistry, CICECO—Aveiro Institute of Materials, University of Aveiro,
3800 Aveiro, Portugal; jcfn@ua.pt

4 Department of Preventive Medicine and Public Health, University of Santiago de Compostela,
15702 Santiago de Compostela, Spain; adolfo.figueiras@usc.es

5 Consortium for Biomedical Research in Epidemiology and Public Health (CIBER Epidemiology and Public
Health—CIBERESP), 28001 Madrid, Spain

6 Health Research Institute of Santiago de Compostela (IDIS), 15706 Santiago de Compostela, Spain
7 Research Unit for Inland Development, Polytechnic of Guarda (IPG-UDI), 6300 Guarda, Portugal
8 Health Sciences Research Centre, University of Beira Interior (CICS-UBI), 6200 Covilhã, Portugal
* Correspondence: froque@ipg.pt

Abstract: Background: Antibiotic resistance is a worldwide public health problem, leading to longer
hospital stays, raising medical costs and mortality levels. As physicians’ attitudes are key factors
to antibiotic prescribing, this study sought to explore their differences between primary care and
hospital settings. Methods: A survey was conducted between September 2011 and February 2012 in
the center region of Portugal in the form of a questionnaire to compare hospital (n = 154) and primary
care (n = 421) physicians’ attitudes and knowledge regarding antibiotic prescribing. Results: More
than 70% of the attitudes were statistically different (p < 0.05) between hospital physicians (HPs)
and primary care physicians (PCPs). When compared to PCPs, HPs showed higher agreement with
antibiotic resistances being a public health problem and ascribed more importance to microbiological
tests and to the influence of prescription on the development of resistances. On the other hand, PCPs
tended to agree more regarding the negative impact of self-medication with antibiotics dispensed
without medical prescription and the need for rapid diagnostic tests. Seven out of nine sources of
knowledge’s usefulness were statistically different between both settings, with HPs considering most
of the knowledge sources to be more useful than PCPs. Conclusions: Besides the efforts made to
improve both antibiotic prescribing and use, there are differences in the opinions between physicians
working in different settings that might impact the quality of antibiotic prescribing. In the future,
these differences must be considered to develop more appropriate interventions.

Keywords: hospital care; primary care; physicians; antibiotic; prescription; Portugal

1. Introduction

Antibiotic resistance is a worldwide public health problem, leading to longer hospital
stays and raising medical costs and mortality levels [1–5]. Previous studies highlighted
the role of the over-prescription and mis-prescription of antibiotics on the development of
resistances [6–11]. Hence, promoting interventions to improve the antibiotic prescribing
process is a key element to improving antibiotic use and diminishing resistances.

To improve the effectiveness of antimicrobial stewardship interventions, their design
should be multifaceted, multidisciplinary and based on the characteristics of each specific
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setting [12–14]. However, prescribing is a complex process, usually affected by economic,
demographic, clinical, cultural and social factors beyond evidence-based recommenda-
tions [6].

Attitudes are the key factors in the antibiotic prescribing process [13,15,16]. However,
an in-depth understanding of how attitudes affect physicians’ clinical practice in different
settings is needed. To our knowledge, there are no studies assessing the differences between
attitudes and knowledge of hospital physicians (HPs) and primary care physicians (PCPs).
Therefore, the aim of this study was to compare both the attitudes and knowledge between
PCPs and HPs with regards to antibiotic prescribing.

2. Materials and Methods
2.1. Study Design, Population and Ethics Statement

A survey was conducted in Portugal’s Centre Regional Health Administration (ARS-
Centro) (Population in 2011: ~1,737,059 people), from September 2011 to February 2012.
Determinants of prescribing were assessed in all PCPs working in the National Health
Service facilities of the ARS-Centro and hospital care physicians working in internal
medicine departments within the hospitals of the ARS-Centro.

This study was approved by Portugal’s Centre Regional Health Administration (Per-
mit No. 015650/2011), by the hospital’s administration and by the Portuguese Data Protec-
tion Authority (Comissão Nacional de Proteção de Dados/CNPD) (Permit No. 2886/2013).
The personally addressed, reply-paid self-administered questionnaires were sent by post
mail to PCPs up to four times to nonrespondents. In the case of HPs, the questionnaires
were hand-delivered to the director of each hospital/medical service, who distributed them
among the HPs. The answers were then collected by the administrative services of the
department. The respondents did not receive any incentives. Nine hundred and fourteen
questionnaires were delivered to PCPs and two hundred and twenty-seven questionnaires
to HPs. All the data concerning PCPs’ knowledge and attitudes has been previously
published [15].

2.2. Data Collection

All physicians were asked to fill a previously validated (published elsewhere [16,17]),
two-page long questionnaire, divided into 5 sections:

1. Instructions to complete the questionnaire;
2. “Antibiotics and Resistance”: 17 statements regarding the knowledge and attitudes

towards antibiotic prescribing, antibiotic use and antimicrobial resistance. To each of
these statements, an attitude was attributed;

3. “In the treatment of respiratory infections, how would you rate the usefulness of each
of these sources of knowledge?”: 9 statements regarding the importance of having
several sources of knowledge, which can help comprehend the sources of knowledge
underlying antibiotic mis-prescription;

4. Sociodemographic and professional data (age, gender, medical specialization, work-
place and workflow);

5. Open box for additional comments.

The measurement of the agreement with the questions included in Sections 2 and 3
of the questionnaire was performed through a horizontal, continuous visual analog scale,
8 cm long and unnumbered [16]. Answers were converted into a range from zero (total
disagreement) to ten (total agreement). Physicians confidentiality was guaranteed.

2.3. Statistical Analysis

As the variables did not follow a normal distribution, nonparametric tests were
conducted. Differences in the results between HPs and PCPs were evaluated using the
Mann–Whitney U test. Differences were established as statistically significant at p < 0.05.
The statistical analysis was performed using SPSS 25 (SPSS Inc., Armonk, NY, USA) and
MS Excel (Microsoft Corporation, Redmond, WA, USA) software.
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2.4. Sensitivity Analysis

In order to assess whether the differences observed were influenced by the fact that
some physicians reported to work on both settings, a sensitivity analysis was conducted,
in which these physicians were excluded.

3. Results

The overall response rate was 47.8%: of the PCPs; 421 answers were obtained, which
corresponded to an overall response rate of 46.1%; 124 of the HPs invited accepted to
participate in the study, corresponding to an overall response rate of 54.6%.

The process of distributing and collecting the questionnaires is summed up in the
Figure 1 below.

Antibiotics 2021, 10, x FOR PEER REVIEW 3 of 11 
 

2.3. Statistical Analysis 
As the variables did not follow a normal distribution, nonparametric tests were con-

ducted. Differences in the results between HPs and PCPs were evaluated using the Mann–
Whitney U test. Differences were established as statistically significant at p < 0.05. The 
statistical analysis was performed using SPSS 25 (SPSS Inc., Armonk, NY, USA) and MS 
Excel (Microsoft Corporation, Redmond, WA, USA) software. 

2.4. Sensitivity Analysis 
In order to assess whether the differences observed were influenced by the fact that 

some physicians reported to work on both settings, a sensitivity analysis was conducted, 
in which these physicians were excluded. 

3. Results 
The overall response rate was 47.8%: of the PCPs; 421 answers were obtained, which 

corresponded to an overall response rate of 46.1%; 124 of the HPs invited accepted to par-
ticipate in the study, corresponding to an overall response rate of 54.6%. 

The process of distributing and collecting the questionnaires is summed up in the 
Figure 1 below. 

 
Figure 1. Questionnaire distribution and collection flowchart. 

3.1. Comparison of Sociodemographic and Professional Characteristics 
Table 1 presents the comparisons between the sociodemographic characteristics of 

PCPs and HPs. 

Table 1. Sociodemographic and professional characteristics of both primary care and HPs. 

 PCPs HPs 
Age (years)  

Median 55 (421/100%) 40 (124; 99.2%) 
Gender  

Figure 1. Questionnaire distribution and collection flowchart.

3.1. Comparison of Sociodemographic and Professional Characteristics

Table 1 presents the comparisons between the sociodemographic characteristics of
PCPs and HPs.

3.2. Comparison of Knowledge and Attitudes towards Antibiotic Prescribing, Antibiotic Use and
Antimicrobial Resistance

Table 2 describes and compares the results obtained for the 17 statements concerning
antibiotic prescribing and resistances in both PCPs and HPs.

Statistically significant results were obtained for the attitudes such as ignorance, re-
sponsibility of others, fear, complacency and indifference statements. Regarding ignorance,
hospital physicians showed a higher agreement with resistance being a public health prob-
lem (S1), the importance of microbiological tests (S2) and the influence of prescriptions on
the development of resistances (S4) compared to PCPs.

107



Antibiotics 2021, 10, 629

Table 1. Sociodemographic and professional characteristics of both primary care and HPs.

PCPs HPs

Age (years)

Median 55 (421/100%) 40 (124; 99.2%)

Gender

Male 207/49.2% 44/35.5%

Female 214/50.8% 79/63.7%

Missing 0/0% 1/0.8%

Activity in

Public practice 316/75.1% 99/79.8%

Public and private practice 95/22.6% 20/16.1%

Missing 10/2.4% 5/3.22%

Setting

Primary care 309/73.4% NA

Hospital and primary care 96/22.8% 25/20.2%

Hospital care NA 98/79%

Missing 16/3.8% 1/0.8%

Emergency Activity

No 133/31.6% 12/9.7%

Yes 280/66.5% 111/89.5%

Missing 8/1.9% 1/0.8%

Patients per day
(25th and 75th
percentile/n)

P25th = 20; P50th = 25; P75th = 30
n = 416/Missing = 5

P25th = 8; P50th = 10;
P75th = 15

n = 124/Missing = 8

Patients in emergencies per week (25th,
50th and 75th percentile/n)

P25th = 15; P50th = 25; P75th = 40
n = 389/Missing = 32

P25th = 15; P50th = 20; P75th = 30
n = 124/Missing = 11

Time (min) per
consultation (25th and 75th percentile/n)

P25th = 10; P50th = 15; P75th = 15
n = 385/Missing = 36

P25th = 20; P50th = 30; P75th = 30
n = 124/Missing = 13

About the responsibility of others, HPs appear to be less convinced that the develop-
ment of new antibiotics will solve the resistance problem (S5). On the other hand, PCPs
tend to agree more regarding the negative impact of self-medication with antibiotics and
dispense without medical prescription (S12 and S13). Furthermore, PCPs expressed a
higher agreement about the need of rapid diagnostic tests (S3).

PCPs agreed more with the prescription of antibiotics in situations of fear and uncer-
tainty (S7 and S8), as well as about having a complacent attitude with their patients (S10).

3.3. Comparison of the Usefulness of Different Sources of Knowledge

Table 3 describes and compares the results regarding the usefulness of different sources
of knowledge between primary care and HPs.

The differences found in the usefulness of sources of knowledge were all related to
HPs considering some of the sources evaluated more helpful. Differences were found for
clinical practice guidelines, documentation from the industry and from medical information
officers, continuous educations, contribution of specialists, peers and the internet.
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Table 2. Differences in the attitudes and knowledge regarding antibiotic prescribing between PCPs and HPs (10—completely
agree; 0—completely disagree).

PCPs
Percentiles

HPs
Percentiles p-Value

25th 50th 75th 25th 50th 75th

S1: Antibiotic resistance is an important Public Health problem in
our setting (Ignorance). 8.5 9.5 10 9.5 10 10 <0.001

S2: In a primary care context, one should wait for the microbiology
results before treating an infectious disease (Ignorance). 1 3.5 5.5 1.5 5 7 0.005

S3: Rapid and effective diagnostic techniques are required for
diagnosis of infectious diseases (Responsibility of
others—Health-care system).

6.5 9 10 4.5 7 9 <0.001

S4: The prescription of an antibiotic to a patient does not influence
the possible appearance of resistance (Ignorance). 0.5 1.5 5 0.5 0.5 1.5 <0.001

S5: I am convinced that new antibiotics will be developed to solve
the problem of resistance (Responsibility of others—Research) 3.5 5.5 8 3 5 6 <0.001

S6: The use of antibiotics on animals is an important cause of the
appearance of new resistance to pathogenic agents in humans
(Responsibility of others)

5.5 8 9.5 5 8 9.5 0.681

S7: In case of doubt, it is preferable to use a broad-spectrum
antibiotic to ensure that the patient is cured of an infection (Fear). 2.5 5.5 8 1.5 4.5 7 0.045

S8: I frequently prescribe an antibiotic in situations in which it is
impossible for me to conduct a systematic follow-up of the patient
(Fear).

2 4 6 0.5 2.5 5 <0.001

S9: In situations of doubt as to whether a disease might be of
bacterial aetiology, it is preferable to prescribe an antibiotic (Fear). 1 3 5.5 1 4 5.5 0.183

S10: I frequently prescribe antibiotics because patients insist on it
(Complacency). 0.5 0.5 1.5 0.5 0.5 1 0.011

S11: I sometimes prescribe antibiotics so that patients continue to
trust me (Complacency). 0.5 0.5 1 0.5 0.5 1 0.029

S12: I sometimes prescribe antibiotics, even when I know that they
are not indicated because I do not have the time to explain to the
patient the reason why they are not called for (Indifference).

0.5 0.5 1 0.5 0.5 1 0.009

S13: If a patient feels that he or she needs antibiotics, he or she will
manage to obtain them at the pharmacy without a prescription,
even when they have not been prescribed (Responsibility of
others—Other Professionals).

4.5 6.5 9 3 5.5 8.5 0.026

S14: Two of the main causes of the appearance of antibiotic
resistance are patient self-medication and antibiotic misuse
(Responsibility of others—Patients).

8 9.5 10 6 8.5 10 0.011

S15: Dispensing antibiotics without a prescription should be more
closely controlled (Responsibility of others—Health-care system). 9.5 10 10 9.5 10 10 0.613

S16: In a primary care context, amoxicillin is useful for treating
most respiratory infections (Ignorance). 5.5 8.5 9.5 5.5 8.5 9.5 0.407

S17: The phenomenon of resistance to antibiotics is mainly a
problem in hospital settings (Responsibility of others—Other
professionals).

1 3 6 1 3.5 7.5 0.205
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Table 3. Differences in the usefulness of sources of knowledge between primary care and HPs (10—completely agree; 0—completely disagree).

PCPs
Percentiles

HPs
Percentiles p-Value

25th 50th 75th 25th 50th 75th

S1: Clinical practice guidelines. 7 8.5 9.5 8 9 9.5 0.003

S2: Documentation furnished by the Pharmaceutical Industry. 2.5 5 5.5 3 5 6.5 0.019

S3: Courses held by the Pharmaceutical Industry. 2.5 5 6 2.5 5 7 0.223

S4: Information furnished by Medical Information Officers. 2 3.5 5.5 2 5 6 0.024

S5: Previous clinical experience. 7.5 8.5 9.5 7.5 8.5 9.5 0.408

S6: Continuing Education Courses. 7.5 8.5 9.5 8 9 9.5 0.019

S7: Others, e.g., contribution of specialists (microbiologists,
infectious disease specialists, etc.). 7 8.5 9.5 8 9 9.5 0.005

S8: Contribution of peers (of the same specialisation). 6.5 8 9 7.5 9 9.5 <0.001

S9: Data collected via the Internet. 3 5.5 7.5 5 7 8.5 <0.001

3.4. Sensitivity Analysis

Overall, after the sensitivity analysis, the differences between PCPs and HPs, have
remained constant in almost all dimensions. However, the attitudes of fear (S7) and re-
sponsibility of others—other professionals (S13) were no longer significant. Furthermore,
despite that the distribution remained the same as the one reported in Table 2, the differ-
ences between the importance attributed to Continuing Education Courses (S6) were no
longer significant.

4. Discussion

This study shows that, besides an overall increasing of both apprehension and knowl-
edge regarding health professionals and patients, there are still differences in the knowledge
and attitudes that may be important to tackle in future healthcare interventions [18,19].
Furthermore, and considering that antibiotics can only be prescribed by physicians, these
results provide a picture on the discrepancies between HPs and PCPs in terms of attitudes
and knowledge concerning antibiotic resistances.

Regarding the attitudes underlying antibiotic prescribing, statistically significant
differences were found for the responsibility of others, fear, indifference, complacency
and ignorance in 12 of the 17 statements evaluated. These constitute somewhat unsettling
results, as it reveals how different the attitudes concerning resistance between both settings
can be.

Most HPs and PCPs agreed that antibiotic resistance is an important public health
problem in their settings, reflecting the knowledge regarding antibiotic resistance is a
distressing worldwide public health problem, increasing medical costs and mortality
levels [3–5,20,21]. However, significant differences were found between HPs and PCPs,
where the HPs showed higher agreement with the statement. This fact might be related with
the challenges that HPs are facing to hamper and control the spread of resistant infections
and their treatment in their setting. HPs also showed higher knowledge when considering
the impact of a prescription to a patient as a factor underlying the possible appearance of
resistance. Prior evidence revealed antibiotic prescriptions and use as selective pressure
driving at this resistance, both on an individual [22] and community level [23].

The development of new antibiotics is also a point of discordance between PCPs and
HPs: the first are more convinced that new antibiotics will be developed, and the literature
shows promising lines of research [24]. However, the evidence shows the importance of
conserving the molecules already available in practice, namely by using them wisely.

Significantly different answers were also obtained regarding the usefulness of the
microbiology results in deciding which treatment to provide and the availability of the
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diagnostic techniques. The results of blood cultures help to reduce antibiotic use and
narrow antibiotic therapy, thus reducing the costs [25], and there are several emerging
potential technologies that can address the clinical needs [26]. Nevertheless, the differences
found might be related to the availability of diagnostic techniques in time in the hospital
setting, contrarywise to what is found in primary care settings, in which widespread
testing is not feasible. Yet, in some specific diseases—namely, for pharyngitis—rapid
antigen testing is recommended before an antibiotic prescription [27–31].

Differences were also found regarding the responsibility of patients or pharmacies,
where PCPs agreed more that patients may manage to obtain antibiotics even without
a prescription and/or self-medicate. This difference in physicians’ perceptions might
be related to the proximity between primary care and community pharmacy practices.
Nevertheless, the evidence is published about the dispense without a prescription [32,33]
and self-medication with antibiotics [34], which leads to antibiotic misuse and resistances.

Fear about future bacterial resistances was also an attitude where physicians showed
differences. PCPs agreed more about prescribing broad-spectrum antibiotics, in the case
of diagnostic uncertainty or the impossibility of following-up patients. This might be
explained with the unavailability of diagnostic tools to aid physicians’ diagnosis in primary
care settings and is concordant with the previous research [6,35–37].

The statistically significant opinions in which physicians showed the least agreement
were related to insistence from the patient, patient trust and time constraints. Again,
differences were found, and PCPs seem to be more complacent with patients than the
HPs. There is data indicating that both physicians consider patient satisfaction is crucial,
so it is vital to manage patients’ expectations [9,38], namely with emphasis on precise
clarifications. As a patient’s satisfaction is related to their belief of their understanding of
their disease, the data shows the success of longer, patient-centered consultations with low
antibiotic prescriptions [6,8,9,13,39,40]. Changing primary healthcare setting is hard, but
patient empowerment and reinforcement during doctor–patient communication with a
realist awareness of the patient’s expectations was reveal to be essential in reducing the
antibiotic prescription [41,42].

HPs tended to show higher agreement about the usefulness of the sources of knowl-
edge. With exception to the courses promoted and organized by the pharmaceutical
industry and previous clinical practices, all the other sources of knowledge evaluated
were considered more useful by HPs. The reasons behind these differences are complex
to understand, but the need to be continuously updated in a hospital care context might
be associated with the results found. Furthermore, as the HPs tended to be younger, they
might feel the need to resort to other sources of knowledge to compensate for a lower clini-
cal practice experience when compared to PCPs, who tend to be older. Perhaps younger
doctors rely more on sources of information based on scientific evidence, while older
doctors rely on their clinical experience.

Considering the fact that the vast majority of antibiotics are prescribed in primary
care [43], the identification of the differences in the attitudes and the underlying behav-
iors in antibiotic prescribing between settings allows us to tailor antibiotic stewardship
interventions. As inadequate antibiotic prescriptions are an important factor for antibiotic
resistances development [18,19], and high rates of inadequate antimicrobial prescribing are
noted in the context of primary care [44], identifying the dimensions in which PCPs are
less aware is an essential strategy toward improving these issues. Furthermore, parallel
to the results in this study, in which PCPs tend to attribute more responsibility to others
than HPs, and less important than the issue of antibiotic resistances, some studies have
shown that PCPs do not only give less importance to the issue of antibiotic resistances
but also tend to not consider themselves particularly accountable about their roles in this
issue [20,21,44]. Hence, raising awareness among PCPs to tackle antimicrobial resistances
should be a priority.

This study is accompanied by some limitations. Despite the statistically significant
differences in attitudes, we cannot assure it triggers different antibiotic prescribing practices
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between settings. Considering the geographical limitations, the low response rate and
specific characteristics regarding physicians’ clinical practice and the Portuguese Health
System, the extrapolation of the results to other countries might not be adequate, as it can
compromise its external validity. Nevertheless, the internal validity has been assured, as
the questionnaire has been previously validated [16,45]. The response rates obtained both
with primary care and HPs are low when compared to similar studies [46–48]. However,
low response rates among physicians is a recognized problem in survey research [49,50].
The fact that the questionnaires were sent by post mail to PCPs and hand-delivered to the
director of each hospital/service, along with the differences in the geographical dispersion
of physicians within the territory, might explain the slight discrepancy between the response
rates. Still, the difference in only 8% between response rates constitutes a positive outcome
in this study, as it results in a less-biased appraisal between both settings. Furthermore, at
the time in which this survey was conducted, there were 4.5 physicians/1000 inhabitants,
considering both the public and private sectors [51]. Considering the estimated population
of the center region, we estimate that this survey is highly representative of the public sector
physician population, as it included almost a third of the physicians of this region. Even
though this study was conducted in 2011 to 2012, which can be considered a limitation, the
data from this study remains relevant, as the attitudes are stable variables over time [20,21],
and it still brings an important contribution to the knowledge on this topic.

5. Conclusions

To conclude, the results of the study revealed that there are differences in opinions
between physicians working in hospital and primary care that might impact the quality of
antibiotic prescribing. Therefore, interventions to improve the antibiotic prescription qual-
ity should be tailored to each setting, especially considering the more evident differences
between primary care and HP attitudes (particularly, dimensions of fear, ignorance and
responsibility to others) for a more effective tackling of this global concern.
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Abstract: Background: Using the COM-B model as a framework, an EU-wide survey aimed to ascer-
tain multidisciplinary healthcare workers’ (HCWs’) knowledge, attitudes and behaviours towards
antibiotics, antibiotic use and antibiotic resistance. The UK findings are presented here. Methods:
A 43-item questionnaire was developed through a two-round modified Delphi consensus process.
The UK target quota was 1315 respondents. Results: In total, 2404 participants responded. The
highest proportion were nursing and midwifery professionals (42%), pharmacists (23%) and medical
doctors (18%). HCWs correctly answered that antibiotics are not effective against viruses (97%), they
have associated side effects (97%), unnecessary use makes antibiotics ineffective (97%) and healthy
people can carry antibiotic-resistant bacteria (90%). However, fewer than 80% correctly answered
that using antibiotics increases a patient’s risk of antimicrobial resistant infection or that resistant
bacteria can spread from person to person. Whilst the majority of HCWs (81%) agreed there is
a connection between their antibiotic prescribing behaviour and the spread of antibiotic-resistant
bacteria, only 64% felt that they have a key role in controlling antibiotic resistance. The top three
barriers to providing advice or resources were lack of resources (19%), insufficient time (11%) and
the patient being uninterested in the information (7%). Approximately 35% of UK respondents who
were prescribers prescribed an antibiotic at least once in the previous week to responding to the
survey due to a fear of patient deterioration or complications. Conclusion: These findings highlight
that a multifaceted approach to tackling the barriers to prudent antibiotic use in the UK is required
and provides evidence for guiding targeted policy, intervention development and future research.
Education and training should focus on patient communication, information on spreading resistant
bacteria and increased risk for individuals.

Keywords: anti-infective; antimicrobial; antimicrobial resistance; behaviour change; healthcare
workers; antimicrobial stewardship

1. Introduction

In England, antimicrobial resistant infections increased between 2016 and 2019, peak-
ing at an estimated 65,192 infections in 2019 [1]. Nationally and internationally, several
policy papers have emphasised the need to address this globally recognised, complex threat
to human health [2–5]. The UK’s five-year National Action Plan (NAP) to tackle antimicro-
bial resistance (AMR) emphasises the importance of reducing our need for, and exposure
to, antimicrobials, and optimising the use of these life-saving drugs in humans and animals.
Healthcare workers’ (HCWs’) practices impact infections and antimicrobial use; therefore,
they are vital in our efforts to tackle AMR. Moreover, HCWs play an instrumental role
in implementing antimicrobial stewardship interventions, highlighting the necessity of
understanding their knowledge, attitudes and behaviour towards antibiotics, antibiotic use
and AMR.
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To support HCWs in tackling AMR, Public Health England (PHE) published a re-
sources toolkit aimed at healthcare workers in 2014, which outlines key actions HCWs
can take to help combat AMR [6]. Studies and public health campaigns that investigate
and target the general public’s knowledge and understanding of antibiotics and antibiotic
resistance have been conducted [7,8]. The literature reports good basic knowledge with
areas for improvement, such as targeting the misunderstanding that these drugs can be
used to treat viral infections [9,10]. Evidence also exists for a subset of medical prescribers
and nurses. Earlier studies have reported good knowledge of antibiotics among nurse
practitioners and their intention to prescribe antibiotics appropriately [11,12]. Factors im-
pacting nurse and physician prescribing have included patient pressure, fear, complacency
and time [12,13]. Although there is some evidence for medical prescribers and nurses, a
gap remains in the literature regarding multidisciplinary HCWs’ knowledge, attitudes and
behaviours towards this topic [11–15].

The European Centre for Disease Prevention and Control (ECDC) funded the first mul-
tiprofessional study across 30 European Union (EU) and European Economic Area (EEA)
countries to assess HCWs’ baseline knowledge, attitudes and behaviours surrounding
antibiotics in 2019. This paper presents the results for the United Kingdom and aims to:

• Assess the knowledge, attitudes and behaviour of UK HCWs (including prescribers)
in regard to antibiotics and antibiotic use and resistance;

• Determine baseline data from a pre-COVID-19 pandemic landscape to allow for the
future comparison of the impact of the pandemic on antimicrobial awareness and
response and inform policy and interventions;

• Support the evaluation of UK communication campaigns (UK National Action Plan
(NAP), Antibiotic Guardian and the Keep Antibiotics Working (KAW) campaign) and
international awareness activities (World Antimicrobial Awareness Week (WAAW)
and European Antibiotic Awareness Day (EAAD)) which have been targeting HCWs
for over a decade.

2. Materials and Methods

This study was part of a wider 2019 ECDC-funded survey across 30 EU/EEA countries.
The full methodology is described elsewhere [16,17]. Using the COM-B model of behaviour
change as a framework, this study sought to understand the capabilities (C), opportunities
(O) and motivations (M) which enable prudent behaviour (B) about antibiotic use amongst
healthcare workers in the UK [18].

The COM-B model was selected to underpin the questionnaire and analysis because it
is a comprehensive synthesis and integration of at least 19 models of behaviour change [19].
The COM-B model proposes that behaviour is an interaction involving three essential
components: the ‘capability’ (C) to perform the behaviour and the ‘opportunity’ (O) and
‘motivation’ (M) to carry out the behaviour. Studies of the model have shown that to affect
behaviour change, any introduced interventions must influence as least one of these three
components, so as to reshape behaviour and minimise setbacks [18].

The final questionnaire is available in the Supplementary Materials. Perceived and
actual capability were measured to assess HCWs’ knowledge. Perceived capability was
assessed via self-reported understanding of antibiotic use and antibiotic resistance; par-
ticipants were asked 3 questions about their own understanding. Actual capability was
assessed via a 7-question knowledge test, with additional questions to assess one health
and hand hygiene topics. Participants were asked 3 opportunity statements to assess
whether they have the opportunity to contribute to tackling AMR; these focused on access
to guidelines and materials and whether they were able to provide advice to patients.
Motivation statements were utilised to assess attitudes towards antibiotics and their use.
Behaviour investigated included the frequency of prescribing and whether HCWs gave out
resources and advice.

A Project Advisory Group (PAG) consisting of 87 nominated individuals across 51 or-
ganisations and countries within the EU and EEA was established in 2018, of these 2 were
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from the UK. Following a systematic review of the literature, the PAG participated in a
two-round Delphi consensus process to develop the questionnaire tool. The final 43-item
questionnaire was developed following a pilot of the survey across the EU/EEA, translation
into 25 European languages and validation.

PAG members disseminated the validated online survey to HCWs in each of the
30 included countries. Multiple dissemination routes were used in the UK including email
cascade via national AMR groups with representation from multidisciplinary professional
groups asking them to cascade wider and social media, using the hashtag #ECDCAntibi-
oticSurvey on Twitter. The information provided to survey participants is available in
the Supplementary Materials. The questionnaire was live for 6 weeks, from 28 January to
4 March 2019. Participation was voluntary. Data were collected anonymously, with the
option to submit contact details. Public Health England was responsible for housing all
data securely and as per the General Data Protection Regulation 2016/679.

The statements used a five-point Likert score; for the purposes of this report, agreed
and strongly agreed were merged in the text and reported as agreed.

The minimum survey sample size was obtained via quota sampling with the aim of
generating a representative sample from different healthcare worker groups and coun-
tries and capturing different demographics, specialties, levels of experience and sectors
of healthcare [16]. The sample size for the UK was calculated by determining 0.2% of
practicing physicians (365/182,534), dentists (70/34,867) and pharmacists (113/56,542)
and 0.1% of nursing professionals (548/548,291) available through EU/EEA healthcare
personnel statistics of healthcare workers [17,20].

Data were analysed using Microsoft® Excel (2010) and STATA release 15. Descriptive
statistical analysis was undertaken to analyse HCW capability, opportunity, motivation
and behaviour.

The results of the UK study were shared with thirty-four attendees across the UK
devolved administrations in June 2020 to inform recommendations.

Ethical statement: The data for this study were extracted from and comply with the
ethical statement for the research undertaken by Ashiru-Oredope et al. [16]. Informed con-
sent was provided prior to participation. The original study was part of an evaluation of the
EU EAAD communications campaign which commenced in 2008 and included significant
input in development and distribution from the PAG. The PAG officially represented all
participating countries and European professional groups and organisations.

3. Results
3.1. Demographics

In the EU/EEA multicountry study, 18,365 HCWs responded to the online survey.
Of these, 2404 participants were from the UK, equating to 13% of the EU/EEA total and
the largest proportion among all 30 countries involved. The highest number of responses
was collected from England (51%), followed by Scotland (40%), Wales (7%) and Northern
Ireland (2%) (Supplementary Table S1). The highest number of participants stratified by
English region were from the North West (23%), London (15%) and the South West (12%)
(Supplementary Figure S1).

The UK exceeded its quota sample size by 979 responses, achieving 174% of the desired
target (Supplementary Table S2). In England, Scotland and Wales, nursing professionals
(nurses, nursing assistants and midwives) had the highest response rate (40%), followed
by pharmacists (22%) and medical doctors (18%) (Supplementary Table S3). In North-
ern Ireland, pharmacists constituted the largest respondent group, followed by medical
professionals and scientists. Healthcare students were not included in this sample.

Similarly to the EU/EEA survey results, most UK participants were female (77%),
21% were male and 1% preferred not to state their sex (Supplementary Table S4). UK
respondents were mostly aged between 36 and 55 years (59%), 23% were under 36 years
and 17% over 55 years. Respondents predominantly practised in hospitals (58%) or the
community (31%).
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In total, 24% of UK respondents used Facebook and 23% used Twitter for professional
purposes. (Supplementary Table S5). Almost half of UK respondents (44%) did not use any
social media for professional purposes.

3.2. Perceived Capability

The majority (96%) of UK respondents agreed or strongly agreed that they ‘know what
antibiotic resistance is’ (Figure 1). Over three-quarters (78%) agreed or strongly agreed
that they had sufficient knowledge on using antibiotics in their practice, and 80% agreed
or strongly agreed that they know what information to provide to their patients on the
prudent use of antibiotics and antibiotic resistance.

Figure 1. UK respondents’ perceived capability.

3.3. Actual Capability Assessed by Seven Knowledge Test Questions

The highest proportion of correct answers in the UK were given to the true or false
questions: ‘Antibiotics are effective against cold and flu’ (answer = false) (98% false and
2% true); ‘Taking antibiotics has associated side effects or risks such as diarrhoea, colitis,
allergies’ (answer = true) (97% true and 3% false); and ‘Unnecessary use of antibiotics make
them become ineffective’ (answer = true) (97% true and 3% false) (Figure 2). Over 90% of
HCWs knew that healthy people can carry antibiotic-resistant bacteria.

The question that was answered incorrectly by the most respondents was ‘Antibiotic
resistant bacteria can spread from person to person’ (answer = true) (22% of respondents
incorrectly answered false), which was higher than the percentage of incorrect answers from
the EU/EEA respondents (13%) for that same question. The second statement with the most
incorrect answers in the UK was ‘Every person treated with antibiotics is at an increased risk
of antibiotic resistant infection’ (answer = true) (20% incorrectly answered false); this question
had a higher rate of incorrect answers from the EU/EEA respondents (25%).
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Figure 2. Percentage of UK (n = 2403) and EU/EEA respondents (n = 18,348) correctly answering the
seven knowledge test questions.

In total, 59.4% of UK participants were able to answer all seven knowledge questions
correctly. The EU/EEA average was 58%.

The answers to the knowledge test questions varied across professional groups. Medical
doctors demonstrated the best knowledge of AMR (80% answered all questions correctly),
followed by pharmacists (74%), dentists (68%) and scientists (62%) (Supplementary Figure S2).
Only medical doctors had all the representatives scoring a minimum of five out of seven
correct answers. Questions 5 and 6 were answered most correctly by medical doctors (86%
and 96%, respectively (Supplementary Figure S3).

The percentage of respondents answering all seven questions correctly varied across
the devolved administrations (54–80%). Northern Ireland had the highest proportion of re-
spondents answering all seven questions correctly (80%, n = 41) (Supplementary Table S6).
Across the EU/EEA, no country had 100% of respondents achieve 7/7 in the knowl-
edge score.

Less than a quarter (23%) of UK participants correctly answered that the use of an-
tibiotics to stimulate growth in farm animals is illegal in the EU (Supplementary Table S7).
Almost half of respondents said they could list the WHO’s five moments of hand hygiene
(Supplementary Table S8).

3.4. Opportunities

Four out of five (80%) UK respondents stated having easy access to guidelines, com-
pared to 75% of EU/EEA participants (Table 1). Only 62% of practitioners in the UK felt
they have good opportunities to provide advice on prudent antibiotic use to individuals,
compared to 72% of EU/EEA participants.
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Table 1. Percentage of respondents who agreed or strongly agreed with the opportunity statements.

Statement UK EU/EEA

I have easy access to guidelines I need on managing infections (UK, n = 2291; EU/EEA, n = 14,301) 79.7% 75.1%
I have easy access to the materials I need to give advice on prudent antibiotic use and antibiotic

resistance (UK, n = 2291; EU/EEA, n = 14,299) 67.5% 67.5%

I have good opportunities to provide advice on prudent antibiotic use to individuals (UK, n = 2291;
EU/EEA, n = 14,296) 61.6% 72.3%

3.5. Motivation/Attitude towards Antibiotic Resistance

The majority (81%) of respondents who were prescribers agreed there was a connection
between their prescribing and the emergence and spread of antibiotic-resistant bacteria, yet
only 64% felt they have a key role in controlling antibiotic resistance (Supplementary Figure S4).

Across the devolved administrations, the percentage of survey participants agreeing
with the motivation statements varied, ranging from 79% in Wales to 88% in Northern
Ireland (Supplementary Figure S5).

3.6. Behaviour (Giving out Resources or Advice) and Barriers

In total, 59% of UK respondents had prescribed, administered or dispensed antibiotics
at least once in the previous week (Supplementary Table S9), while almost 14% of the UK
participants had not prescribed, administered or dispensed any antibiotics.

Of the prescribers, 21% had given out resources (e.g., leaflets or pamphlets) and
61% had given out advice on prudent antibiotic use at least once in the previous week to
participating in the survey (Supplementary Figure S6).

The most common reasons respondents (n = 1671) gave for not providing resources
or advice as frequently as they prescribed, administered or dispensed antibiotics were
lack of resources (19%), insufficient time (11%) and the patient being uninterested in the
information (7%) (Supplementary Table S10). Only 8% of HCWs stated they were able to
give out advice or resources as needed.

3.7. Awareness of National Initiatives and Campaigns, and Perceived Effectiveness

Almost two-thirds (63%) of survey participants agreed that there has been good promotion
of prudent antibiotic use and antibiotic resistance in the UK (Supplementary Figure S7). The
results varied among HCWs across the devolved administrations (Supplementary Figure S8),
with the most respondents agreeing from Northern Ireland (76%) and the least from Wales (54%).

Fifty-eight percent of UK respondents were aware of the National Action Plan (Figure 3).
Less than half of respondents were aware of either EAAD (46% aware) or WAAW (45%),
and approximately 30% felt that national campaigns had been effective. Respondents
in the UK were mostly undecided (55%) on the campaign’s effectiveness. Comparative
data for the EU/EEA is available in Supplementary Figure S9. Focusing in on the UK
constituent countries, participants from England agreed the most that national campaigns
are effective (32%), whereas participants from Northern Ireland disagreed the most (24%)
(Supplementary Figure S10).

Across the UK as a whole, the most commonly known resources were the National
Institute for Health and Care Excellence (NICE) guidelines (49%), Treat Antibiotics Re-
sponsibly, Guidance, Education and Tools (TARGET) (31%) and Antibiotic Guardian (30%)
(Figure 4). The most commonly used resources were the NICE guidelines (34%), resources
other than those listed (32%) and Antibiotic Guardian (AG) (24%). Across the devolved
nations results varied; however, NICE guidelines were the most commonly known and
used resource across the four countries (Supplementary Figure S11).

In total, 49% percent of respondents stated they were Antibiotic Guardians; however,
only 21% could recall their pledge (Supplementary Figure S12). Results varied across the
four nations; England had the highest percentage of Guardians (56%) and Scotland the low-
est (31%) (Supplementary Figure S12). Over three-quarters (76%) of UK HCW respondents
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had seen or heard the KAW advert on television (TV) or radio (Supplementary Figure S13).

Figure 3. Awareness of campaigns in the UK; NAP (n = 2060), EAAD (n = 2070) and WAAW (n = 2054).

Figure 4. Awareness of campaigns, projects and platforms related to antibiotic use and AMR in the UK.

Less than a third (29%) of UK respondents stated they were prescribers of antibiotics,
the majority of which were medical doctors (46%), then nurses (29%) and pharmacists (19%)
(Supplementary Table S11). The majority of prescribers agreed they considered antibiotic
resistance when treating a patient (92%), they have a key role to play in helping control
antibiotic resistance (88%) and they are confident when making antibiotic-prescribing
decisions (90%) (Table 2). Almost all prescribers were confident in the antibiotic guidelines
available (96%), and they have easy access to those guidelines (94%).

Almost three-quarters (74%) of respondents agreed they feel supported not to prescribe
antibiotics when they are not necessary. Over 20% of prescribers prescribed an antibiotic at
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least once in the past week when they would have preferred not to (Figure 5). The reasons
given for this were the fear of patient deterioration or complications (34%) and uncertainty
in their diagnosis (25%).

Figure 5. Reasons prescribers initiated antibiotic prescriptions when they would have preferred not
to in the previous week, UK, 2019.

Table 2. Responses from UK prescribers to the motivation statements.

Motivation Statement Agree or
Strongly Agree

Disagree or
Strongly Disagree Undecided Do Not Understand

the Question

I am confident making antibiotic prescribing
decisions (n = 682) 90.0 3.2 6.6 0.1

I have confidence in the antibiotic guidelines
available to me (n = 681) 95.6 1.5 2.8 0.1

I have a key role in helping control antibiotic
resistance (n = 681) 88.4 3.7 7.6 0.3

I consider antibiotic resistance when treating a
patient (n = 681) 91.6 3.1 5.0 0.3

I have easy access to antibiotic guidelines I
need to treat infections (n = 681) 94.0 1.9 4.0 0.1

I feel supported to not prescribe antibiotic
when they are not necessary (n = 680) 74.3 8.4 17.1 0.3
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3.8. Summary Recommendations for Action from Stakeholder Workshop

• Further analysis of the data should be undertaken to compare differences across
professional groups and differences across settings.

• Sepsis messaging should be more strongly linked to antimicrobial resistance and focus
on preventative measures.

• Facebook presents an opportunity to engage with UK healthcare workers. Campaigns,
initiatives and interventions should be promoted on both Twitter and Facebook.

• Key organisations should be encouraged to produce a short video for WAAW outlining
their AMR and AMS activities and available resources.

• All recommendations should align with the COM-B behaviour change wheel.

4. Discussion

This is the first UK-wide study assessing multidisciplinary HCWs’ knowledge, atti-
tudes and behaviour towards antibiotics, antibiotic use and resistance. As a sub-study of the
multicountry EU/EEA survey, the UK results present the most comprehensive and detailed
dataset for the UK so far, with responses from 2404 participants across a variety of age
groups, professions and prescribing settings. All data were collected prior to the COVID-19
pandemic, providing insight into a population’s baseline level prior to the widespread
communication of prescribing measures that occurred throughout the pandemic. This
analysis gives evidence for developing interventions targeted at HCWs, informing policy
making, improving the reach and impact of public awareness campaigns and supporting
HCWs with their antimicrobial stewardship.

The study exceeded its calculated quota sample by 74%, significantly increasing the
generalisability and validity of the results at a country level. The UK constituted the
largest proportion of respondents across the EU, equating to 13% of the total participants.
However, it is worth noting that the majority of UK responses were from participants
in England (50%) and Scotland (40%), limiting the direct application of these results to
Northern Ireland and Wales and biasing the results to be more representative of Scotland
in the context of the UK population. Volunteer bias risk is high in surveys; it is likely that
those HCWs most interested in AMR completed the survey. Equally, it is possible that
the wider prescribing population may not have the same level of interest and awareness
of AMR. The authors also acknowledge the survey did not include the assessment of all
elements of antimicrobial stewardship HCWs may utilise. Additional clinical decision and
support tools, such as Electronic Health Records, and quality improvement initiatives, such
as auditing, are valuable AMS strategies.

A key strength is the representation across all healthcare settings. In addition, the
quota sample size was exceeded for key healthcare professional groups who prescribe,
administer or dispense antibiotics such as physicians, nurses and pharmacists. [21]. In
the UK, the largest groups of survey respondents were nurses and pharmacists, these
two professions made up the highest percentage of the target sample size, at 175% and
462%, respectively (Supplementary Table S2). This emphasises the need to target future
interventions and communications to these engaged groups and reinforces that they, along
with physicians, can contribute to positive change in combating AMR. This differed to the
EU/EEA in which physicians made up the greatest proportion of respondents, followed by
nurses and pharmacists [16]. This is to be expected, as in mainland Europe, only medical
doctors are able to prescribe.

The findings highlighted gaps in knowledge across all healthcare professional groups.
Although HCWs understood the risk of side effects to the patient, fewer understood that
antibiotic use increases a person’s risk of AMR. Similarly, despite over 90% of HCWs
understanding that healthy people can be colonised with antibiotic-resistant bacteria, one
in five UK HCWs knew resistant bacteria can spread between people. It is important
that prescribers understand the wider implications of AMR on patient outcomes. The
positive results in the knowledge test correlate with earlier studies; in the United States,
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Hamilton et al. found that 97% (n = 194) of nurse practitioners understood antibiotics can
harm the patient and inappropriate use can cause resistance (97%) [11].

Overall, EU/EEA knowledge was stronger than the UK’s regarding spread, but
marginally weaker when it came to understanding a patient’s increased risk of AMR.
Future campaigns should consider including messages on the transmission of AMR, ad-
dressing the gap in knowledge identified through this study. National and local educational
groups could also include these messages within their infection-related training materials.

Access to guidelines for managing infections was high in the UK (78%); however,
fewer HCWs had access to the materials needed to provide advice and opportunities to
provide that advice (68% and 62%, respectively). Improving opportunities to provide
advice is a particular area of concern in the UK, as fewer UK respondents agreed with
this statement in comparison to the EU/EEA as a whole. Increasing access to resources,
as well as improving opportunities for HCWs to provide advice to patients on beneficial
and judicious antibiotic use, are key to maximising HCWs’ antimicrobial stewardship
(AMS) capabilities. Intervention types should align with the behaviour change wheel [18]
and focus on training, environmental restructuring, modelling exemplar behaviours and
enablement [22] to produce durable development and improvement.

All HCWs can contribute to tackling AMR via good infection prevention and control
practices; however, only 63.9% of respondents felt they had a key role in controlling AMR.
As would be expected, the equivalent figure was higher in prescribers, where 88.4% felt
they had a key role. Further engagement with HCWs should focus on empowering them
in optimal AMS prescribing practices and reinforcing their vital role in tackling resistance.
Educating HCWs on the wider context of One Health actions and impact may encourage
their ensuing motivation for behaviour change, highlighting the importance prescribing
behaviour can have on this global health challenge [23].

Findings from this study provide insight into the reasons why practitioners do not
give AMS advice and are reinforced by the EU/EEA survey results. A lack of resources is
the most frequently cited barrier (19% of respondents) to giving out advice. This can be
addressed by implementing patient educational resources about antibiotics and resistance
and making them easily accessible for practitioners. Resources should be accompanied by
national and local campaigns to increase awareness and outline their purpose for use. These
findings provide evidence of the need to further promotion and dissemination of available
AMS resources such as TARGET (Treat Antibiotics Responsibly, Guidance, Education and
Tools), EAAD/WAAW resources, When Should I Worry’ patient brochure or ‘Treating
Your Infection’ patient leaflet. More than half of respondents answered ‘unsure’ when
asked if they were aware of or have used the TARGET resources; in a small evaluation
of TARGET resources, participants (including HCWs) have reported these resources are
useful, reinforcing the value of further dissemination [24]. A limitation of this study is that
it is not known whether participants who had access to the resources were more likely
to provide advice on antibiotics. It is also pertinent to understand barriers and enablers
to their use. Insufficient time was cited as the second most common barrier to providing
advice across both the UK and EU/EEA. This is concordant with the UK finding that only
62% of HCWs felt they had sufficient opportunity to provide advice on antibiotics (Table 1).

It is important to consider all barriers associated with prudent prescribing, taking
into account the professional group, and investigate them further in order to best support
HCWs to overcome these challenges. The fear of patient deterioration or complications
was the foremost reason (34% of respondents), both in primary and secondary care settings,
for issuing an antibiotic prescription, and uncertainty in diagnosis was the second most
common reason (25%). These findings correlate with the literature; fear has been cited as a
common barrier to tackling AMR amongst community healthcare providers and physicians,
alongside patient pressure, time and systemic overworking [12,13,25,26].

Other factors to consider include consultation time constraints, prescriber–patient
relationships and patient awareness and expectations in receiving antibiotic prescriptions.
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Further qualitative research is warranted to improve our understanding of these factors
and implement useful and successful interventions.

International and national campaigns provide means through which to reach more
population numbers. WAAW and EAAD managed to reach nearly half of the UK re-
spondents, with 45% stating they were aware of WAAW, and 46% were aware of EAAD.
Nationally, 76% of UK HCWs had seen or heard the KAW advert on TV or radio. Con-
versely, in answer to a separate question, only 36% of respondents stated they were aware
of or had used KAW materials.

Tackling AMR requires engagement at individual, population and government levels.
The Antibiotic Guardian (AG) initiative, of which more than half of the study cohort (53.7%)
are aware of or have used, includes the proactive engagement of ‘pledging’ [26]. The
evaluation of the AG campaign demonstrated an increased commitment of healthcare
workers, scientists/educators and the public in tackling AMR, increased self-reported
knowledge and changed self-reported behaviour, particularly among people with prior
AMR awareness [27,28]. Pledging has been identified as an effective and inexpensive driver
for behaviour change relating to antibiotic use [27]. It provides individuals with concrete
actions and examples of how to tackle AMR and at the same time includes them in the
collective movement to drive change.

The survey identified that Facebook was the most popular social media platform used
by UK HCW respondents for professional use. This communication channel presents an
opportunity to disseminate information and engage with HCWs. A significant proportion
(44%) of participants did not use any of the social media platforms listed. In future surveys,
it would be worth expanding communication efforts beyond social media channels to
engage with participants in a more inclusive manner, ultimately increasing impact.

It is important that the UK considers the findings of this study and advocates for
next steps and actions to tackle the public health threat of AMR. This study provides
baseline data for policy makers on AMR awareness and AMS involvement within the
HCW population. It would be insightful to undertake the survey in the wake of the
COVID-19 pandemic, to help assess what, if any the impact pandemic may have had (with
the consistent infection prevention and control measure messages), on HCW populations
and their awareness of AMR and AMS. Moreover, conducting regular surveys to evaluate
ongoing initiatives would be valuable in order to measure impacts and identify areas
for improvement.

The implementation of actions at both national and local levels is imperative to
changing practice and behaviour. The effectiveness of interventions on improving antibiotic
prescribing depends on prescribing behaviours and on perceived and actual barriers to
change. Multifaceted educational interventions occurring on multiple levels will only
be effective after local barriers to change are addressed [29–31]. Educational, training or
communications materials for HCWs in the UK should consider the findings of this study
when developing content/curriculum and embed behaviour change strategies as part of
developing interventions.

5. Conclusions

These findings strengthen our understanding of UK HCWs’ knowledge, attitudes and
behaviours towards antibiotics and antibiotic resistance and provide an evidence base for
guiding future AMS activities, interventions and research priorities. The results highlight
HCWs’ comprehension of AMR; however, specific knowledge gaps across professional
groups should be targeted in future educational initiatives. Training materials should
address the risk of AMR spread and the impact this has for individuals and the public.
Resources, initiatives and future campaigns should be promoted across a variety of social
media platforms to maximise engagement with UK HCWs. Further evaluation is needed
to identify the most effective method for communicating with practitioners that do not
use social media professionally. The findings identify potential barriers faced by HCWs.
Subsequent evaluation is needed of the barriers and enablers to inform future interventions
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on improving awareness of and access to antibiotic resources, increasing the opportunity
for HCWs to use these resources and supporting prescribers not to prescribe when they feel
antibiotics are not needed. Future surveys should be undertaken to longitudinally inform
and evaluate strategies in this field. Research on novel interventions should embed be-
haviour change strategies, aligning with the behaviour change wheel, to produce effective,
long-lasting and positive behaviours relating to antibiotics and their use.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/antibiotics11081133/s1, Supplementary Material. Table S1: UK responses
across the devolved administrations; Figure S1: Participation in the survey by region in England;
Table S2: UK quota sample size and responses to the survey; Table S3: Percentage of UK respondents
by profession; Table S4 Respondents’ age, gender and professional setting; Table S5: Percentage of UK
and EU/EEA respondents that use the different social media platforms; Figure S2: The percentage of
respondents answering all seven knowledge test questions correctly - by profession; Figure S3a: Per-
centage of respondents answering question 5 correctly, by professional group; Figure S3b: Percentage
of respondents answering question 6 correctly, by professional group; Table S6: Respondents answer-
ing all seven knowledge test questions correctly, by UK constituent; Table S7: Respondents answering
the One Health knowledge question correctly; Table S8: Respondents answering the Hand Hygiene
knowledge question correctly; Figure S4: Percentage of respondents who agree with the following
motivation statements; Figure S5: Percentage of UK respondents agreeing to the motivation state-
ments (by constituent); Table S9: The frequency of prescribing/administering/dispensing antibiotics
during the last one week; Figure S6: Percentage of respondents that gave out resources or advice;
Table S10: Barriers: Most common reasons why UK healthcare workers were unable to provide advice
or resources to their patients in a one-week period; Figure S7: Percentage of respondents who agree
with the campaign impact and effectiveness statements in the UK and EU/EEA; Figure S8: Percentage
of respondents who agree with the campaign impact and effectiveness statements across the devolved
administrations; Figure S9: Awareness of campaigns in a. the UK b. the EU/EEA; Figure S10: Per-
ceived effectiveness of EAAD and WAAW in the UK; Figure S11: Awareness of campaigns, projects
and platforms related to antibiotic use and AMR in the UK; Figure S12: Engagement with Antibiotic
Guardian; Figure S13: Awareness of the Keep Antibiotics Working Campaign; Table S11: Professions
of prescribers in the UK; Table S12: Setting of prescribers in the UK; Figure S14: Responses from UK
prescribers to the motivation statements.

Author Contributions: Conceptualisation, D.A.-O. and S.H.; data curation, D.A.-O., E.U. and S.V.;
formal analysis, E.C. and S.V.; funding acquisition, D.A.-O. and S.H.; methodology, D.A.-O., E.U., J.R.
and S.H.; project administration, E.C., E.U. and S.V.; supervision, D.A.-O. and S.H.; writing—original
draft, D.A.-O., E.C., E.U. and S.V.; writing—review and editing, D.A.-O., E.C., E.H., E.U., S.V., J.R.
and S.H. All authors have read and agreed to the published version of the manuscript.

Funding: The survey was funded by the European Centre for Disease Prevention and Control (ECDC)
through a specific service contract (ECD.8836) to Public Health England, London, United Kingdom.
The analysis and interpretation of the findings was completed by the contractor.

Institutional Review Board Statement: The data for this study were extracted from and comply
with the ethical statement for the research undertaken by Ashiru-Oredope et al. [16]. Informed
consent was provided prior to participation. The original study was part of an evaluation of the
EU EAAD communications campaign which commenced in 2008 and included significant input
in development and distribution from the PAG. The PAG officially represented all participating
countries and European professional groups and organisations.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Additional data from the study can be found via https://www.ecdc.
europa.eu/en/publications-data/survey-healthcare-workers-knowledge-attitudes-and-behaviours-
antibiotics (accessed on 1 April 2021).

Acknowledgments: The authors would like to thank all healthcare workers and individuals who
promoted the survey locally/nationally or via social media. The authors would also like to thank
the ECDC Project Advisory Group: Reinhild Strauss (Austria); Vinciane Charlier, Samuel Coenen
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Abstract: This cross-sectional study aims to assess parents’ knowledge, attitude, and practices on
antibiotic use for children with URTIs symptoms in Greece in the era of the COVID-19 pandemic. We
distributed a questionnaire to a random sample of parents who visited primary health care centers
in Patras, Greece. Out of 412 participants, 86% believed that most infections with common cold
or flu symptoms were caused by viruses, although 26.9% believed that antibiotics may prevent
complications. Earache was the most common symptom for which antibiotics were needed. Most of
them (69%) declare being considerably anxious about their children’s health during the COVID-19
pandemic. The majority (85%) knew that COVID-19 was of viral origin, yet half of them declared
uncertain whether antibiotics were needed. All demographic characteristics, except for gender, were
found to have a significant effect on parents’ knowledge, attitude, and practices on antibiotic use for
URTIs and COVID-19. Factor analysis revealed six groups of parents with common characteristics
associated with misuse of antibiotics. Our findings highlight the need to decrease misconceptions
regarding antibiotic use by providing relevant education for parents targeting particular characteris-
tics, especially during the COVID-19 pandemic. Continuous education of healthcare providers in the
field is also of paramount importance.

Keywords: upper respiratory tract infections; antibiotics; antimicrobial resistance; parental knowl-
edge; attitudes; practices; child; Greece; COVID-19

1. Introduction

Upper respiratory tract infections (URTIs) in children account for more than 10% of
the total outpatient and emergency department visits and are considered the main cause
of children’s absenteeism from school as well as parents’ from the workplace [1,2]. The
discovery of antibiotics is a very important achievement of the 20th century, and their
proper and judicious use reduces mortality and morbidity [3]. However, antibiotics are
often used inappropriately, especially for the treatment of URTIs in children, even though
there is sufficient evidence to support the viral origin of these conditions and the fact that
this practice does not change the duration and severity of symptoms [4,5]. Many issues
have been raised because of overuse or misuse of antibiotics, such as the high cost of health
services, rise of side effects such as diarrhea, and increased antibacterial resistance [6–8].
There is a strong association between antibiotic overuse and the development of resistance,
and countries with high rates of antibiotic consumption have reported a high incidence of
resistant pathogens [9,10]. As a result, over the past decade, the World Health Organization
(WHO) recognized the emergence of antibiotic resistance as one of the 10 top global
public health threats facing humanity [11]. Based on numerous reports, factors leading
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to antimicrobial overuse in children are complex, involving easy access to antibiotics for
self-medication [12], overprescribing by physicians due to diagnostic uncertainty [13], or
parents’ wish, which is mainly driven by lack of knowledge and misperceptions [14–17]. A
recent review demonstrated that one-third of the population of low and middle-income
countries have significant knowledge gaps in the field [18]. The quality of communication
between parents and pediatricians plays an important role in the decision of prescribing [19].
Associations between demographic characteristics and parental knowledge, attitude, and
practices towards antibiotic use in URTIs have also been described [13,20–24].

Coronavirus infectious disease 2019 (COVID-19), declared as a pandemic on the 11th
of March of 2020, may cause URTI symptoms and, in the majority of children, warrants
only symptomatic treatment [25–27]. No studies on parents’ knowledge, attitude, and
practices on antibiotic use have been thus far conducted during the pandemic. Despite
numerous national educational activities in Greece on judicious antibiotic use, antibiotic
consumption in the community has been found to be the highest amongst 31 European
countries [28–30]. A nationwide study conducted in 2010 demonstrated that Greek parents
understand the benign course of URTIs, rarely give antibiotics without medical advice, and
contribute less than expected to antibiotic misuse [31]. The present study aims to explore
parental knowledge, attitude, and practices (KAP) regarding antibiotic use for URTIs and
COVID-19 infection in Greece, during the COVID-19 pandemic, with the view of designing
educational strategies focusing on those parents who are prone to antibiotic misuse.

2. Results
2.1. Parents’ Demographic Characteristics

Out of the 499 questionnaires distributed, 412 were returned (response rate 82.5%).
Table 1 shows the demographics of our studied population. Of note, the majority of our
study participants were women (77.2%), aged between 31–50 years old (88.1%), of Greek
nationality (85.7%), and with good self-perceived access to the health care system (65.8%).

Table 1. Demographic characteristics of the study participants.

Demographic Characteristics Total Frequency (n = 412) Percent (%)

Gender
Female 318 77.2
Male 91 22.1

N/A * 3 0.7
Parental age (years)

18–30 26 6.3
31–50 363 88.1
51–60 20 4.9
N/A 3 0.7

Ethnicity
Greek 353 85.7

Non—Greek 59 14.3
Education

Primary school 6 1.5
Secondary school 20 4.9

High school 76 18.4
College 42 10.2

University 170 41.3
Postgraduate-doctoral degree 59 14.3

N/A 39 9.5
Occupation

Unemployed 87 21.1
Student 2 0.5

Part-time 34 8.3
Full-time 287 69.7
Retired 2 0.5
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Table 1. Cont.

Demographic Characteristics Total Frequency (n = 412) Percent (%)

Medical Insurance
Public 358 86.9
Private 13 3.2

Both 19 4.6
None 22 5.3

Family income
Low 75 18.2

Middle 311 76.9
High 20 4.9

Age of child
0–5 years 121 29.4
6–11 years 166 40.3

12–16 years 122 29.6
N/A 3 0.7

Single-parent family
Yes 36 8.7
No 376 91.3

Chronic disease in child
Yes 19 4.6
No 393 95.3

Access to the healthcare system
Low 40 9.7

Moderate 101 24.5
Good 271 65.8

Pediatrician
Public 259 62.9
Private 153 37.1

* N/A: not answered.

2.2. Parental Knowledge on Antibiotic Use in Children with URTIs

The vast majority of parents (81.6%) knew that infections with signs of cold or flu
symptoms were caused by viruses. Most of them acknowledged that antibiotics were not
necessary, and (69%) answered that symptomatic treatment was only needed for viral
infections. Of note, 48.5% of parents thought that antibiotics were needed for bacterial
infections while 50.7% for viral ones. Earache was the most common symptom for which
parents thought that antibiotics were needed (25.2%), followed by a runny nose (9.5%).
More than half of the parents (52.2%) declared that antibiotics were always needed for their
child’s tonsillitis and 47.1% for otitis. The majority of parents (73.6%) identified successfully
antibiotics between other drugs. Half of them did not believe that antibiotic use may protect
them from complications of the common cold or the flu. Most of the parents (80.8%) knew
that imprudent use of antibiotics reduces their efficacy and may cause antibiotic resistance,
and two-thirds of them were familiar with the fact that antibiotics may have some side
effects. Most parents (73.3%) declared to be adequately informed about judicious use of
antibiotics, and 91.7% of them declared that an educational program about the proper use
of antibiotics would be useful.

2.3. Parental Attitude and Practices towards Antibiotic Use in Children with URTIs

Nearly half of the parents (48.8%) declared that they did not know whether their child
needed an antibiotic before visiting the pediatrician. Most of the responders (69.4%) would
not feel more satisfied if their pediatrician were to prescribe antibiotics for their child’s
cold symptoms. Moreover, 93% of the participants always comply with their pediatrician’s
recommendations. When asked if they would visit another pediatrician for a second
opinion in case their own would not prescribe antibiotics, 82% disagreed. In addition,
the majority (86.6%) would not change pediatrician because they would not prescribe
antibiotics as frequently as they desired. Most of them never used leftover antibiotics,
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while 13.6% sometimes did. A total of 84% of the participants never insisted that their
pediatrician prescribe antibiotics, and most of them (90.3%) answered that their pediatrician
did not prescribe antibiotics because they insisted, while 7.8% declared that this happens
frequently. A total of 85% did not purchase antibiotics for their child’s cold or flu symptoms
over the counter, while 15% of them adopted this practice sometimes, often, or always.
Moreover, 61.4% of the parents answered that their pediatrician never recommended
antibiotics over the phone, while 32.5% answered that this had happened sometimes. If
their child was unwell, parents always (50.5%) or most of the time (27.6%) consulted their
pediatrician, followed by previous experience where they referred to sometimes (27.9%) or
often (19.7%). Moreover, 23.1% sometimes asked their relatives, while 14.6% sought advice
from the internet.

2.4. Parental Knowledge Attitude, and Practices towards Antibiotic Use in Children with
COVID-19 Infection

Most parents (85%) declared that COVID-19 infection was of viral origin, and 72.3%
answered that it may cause flu and cold symptoms in children. Most parents (68.4%)
declared being anxious for their child’s health during the COVID-19 pandemic. Approxi-
mately half of the parents (49.8%) declared unaware whether antibiotics were needed for
COVID-19, and 47.8% did not know whether their child would be sick for a longer time
if they would not receive antibiotics for COVID-19. Half of the parents (51.5%) declared
more satisfied if their pediatrician would not recommend antibiotics for their child’s cold
or flu symptoms. The vast majority of parents (93.2%) answered that their pediatrician did
not recommend antibiotics over the phone for their child’s cold or flu symptoms during
the pandemic.

2.5. Effect of Demographic Characteristics and Knowledge, Practice, and Attitude on Antibiotic
Use

The correlations between sociodemographic characteristics and KAP on antibiotic use
during the COVID-19 pandemic are shown in Table 2. Of note, KAP on antibiotic use during
COVID-19 was not associated with parental age and gender, chronic disease in the child,
and number of children in the family. Various other associations have been demonstrated
between KAP and other sociodemographics. The relevant correlations between KAP and
URTIs in general (not only for COVID-19) are available as Supplemental Tables S1 and S2.

Table 3 shows the results of factor analysis. We found six groups of parents who
misused antibiotics, which in total accounts for 76.6% of the variation of the answers given
on KAP in our study (meaning that 76.6% of our study participants belong to at least one
of these groups).
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Table 3. Factor analysis of parental characteristics associated with antibiotic misuse *.

Group 1 (Eigenvalue 3.6/24% of variation)

Knowledge of no use for viral infections −0.656

Education −0.642

Income −0.507

Feeling of adequate information 0.491

Second opinion 0.488

Group 2 (eigenvalue 1.52/10.2% of variation)

Father 0.577

Second opinion 0.431

Knows if child needs antibiotics 0.430

Education 0.365

Income 0.347

Group 3 (eigenvalue 1.31/8.8% of variation)

Father 0.623

Knows when child needs antibiotics −0.571

Education 0.344

Second opinion 0.370

Feeling of adequate information 0.303

Group 4 (eigenvalue 1.26/8.4% of variation)

Knowledge of no use for viral infections 0.500

Feeling of adequate information 0.419

Age 0.403

Income −0.360

Group 5 (eigenvalue 1.1/7.3% of variation)

Age 0.617

Knows when the child needs antibiotics −0.396

Group 6 (eigenvalue 1.05/7% of variation)

Knowledge of no use for viral infections 0.415

Second opinion −0.415

Knows when the child needs antibiotics 0.400

Age 0.317
* Exploratory dichotomous factor analysis (promax oblique rotation and least-squares extraction method) of
parental characteristics associated with antibiotic misuse. Only parameters with a factor loading >0.300 are
shown.

3. Discussion

This is the first study on knowledge, attitude, and practices from parents in Greece
regarding antibiotic use in young children with URTIs in the era of the COVID-19 pandemic.
The response rate was 82.4%, which is rather satisfactory, especially taking into account the
COVID-19 strict restrictions during visits in primary health care.

According to the results of this study, parents have a satisfactory level of knowledge
on antibiotic use for URTIs, however some incorrect perceptions have been revealed.
The majority of parents (81.6%) correctly answered that most URTIs are viral in origin,
in contrast to parents from a similar study from Northern Ethiopia who scored lower
percentages of correct answers (31.4%) [15]. In the latter study, 30% of the responders
believed incorrectly that antibiotics were needed for viral infections, and 20.6% declared
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to be uncertain. Of note, this percentage is even smaller than other studies in China and
Pakistan (79% and 83%, respectively) [32,33]. Almost 70% of parents were aware that
common cold and flu need only supportive care, although 26.9% falsely believed that
antibiotic use may protect from complications while 26.9% declared uncertain, which are
similar percentages to those previously reported [32–39]. A total of 15.6% answered that
their children’s disease will get complicated in the case of not using antibiotics in contrast to
similar surveys in China [32], Cyprus [14], and the Republic of Macedonia [18], in which the
percentages were higher, 50%, 48%, and 44%, respectively. In our study, most responders
were familiar with antibiotics and able to distinguish them among other drugs similar to
Palestinian parents [38]. In particular, 61% were worried about antibiotics’ side effects,
and the majority knew that imprudent use drives antimicrobial resistance, as previously
depicted in similar studies worldwide [8,14,16,23].

The results of this study regarding parents’ attitudes and practices towards antibiotic
use for children’s URTIs are of great interest. Parents do not seek antibiotics as 83% of
them do not insist on this practice, and 69% are not more satisfied if this happens. Less
than 10% believed that their pediatrician prescribes antibiotics due to their insistence,
which is less than Palestinian parents (28%) but more than the percentage of parents from
Cyprus [8,14]. Of note, only 8% of Australian parents asked their pediatrician for antibiotics
(8%), whereas 82% of Chinese parents mentioned that they would not get displeased if
their pediatrician rejected their demand for antibiotics [22,32]. In general, parents expect
physical examination and adequate consultation for the nature of the disease and the need
for antibiotics [37–40]. These findings emphasize the vital role of communication between
parents and pediatricians.

The findings of the survey also demonstrate that Greek parents do not treat their
children without medical advice. Only 12.6% of the participants reported that they have
sometimes purchased antibiotics without medical prescription by the drug store. This
finding is lower than in other countries such as Peru (23.5%) and Lebanon (22.5%) [34–38].
Of note, 16.3% have sometimes used leftover antibiotics in contrast with Saudi Arabia
and the Republic of Macedonia, where higher percentages were recorded, 66%, 60.8%,
respectively [16,18]. Moreover, it appears that Greek parents trust their pediatricians as the
vast majority would neither visit another pediatrician for a second opinion (81.3%) if their
pediatrician would not prescribe antibiotics for their child’s cold or flu, nor change their
pediatrician in case they did not prescribe antibiotics as often as they believed that they
should (86.4%). In addition, 93% always comply with their pediatrician recommendations
in regards to their child’s cold or flu symptoms. These findings are similar to a similar
study in Palestine but differ from a study in Jordan where 39.3% of the parents answered
that they would indeed change pediatrician if they prescribed antibiotics less frequently
than they desired [23,39]. The pediatrician remains the main source of information for the
ill child, followed by previous experience, pharmacist, relatives, and the internet. Finally,
more than one-third of the parents obtained antibiotics for their child following a telephone
consultation, and the same percentages have been reported in Jordan and Cyprus [14,23].

It is of interest to note that we did not find many differences in comparison with a
similar survey conducted in our country a decade ago [31]. Earache was the most common
symptom for which parents anticipated receiving antibiotics. Whereas in both studies,
most parents declared to be aware of antimicrobial resistance due to antibiotic misuse
(88% in the previous and 81% in our study), a similar percentage of parents (24.7% in the
previous and 24% in our study) would administer antibiotics in case their child got flu or
cold symptoms in order to recover sooner. Moreover, similar percentages of parents (42%
in the previous and 38% in the current study) got a medical recommendation for antibiotics
over the phone. As a result, the development and implementation of parental education
measures to improve antibiotic use are crucial and still warranted at a national level.

This is the first study on parental knowledge, attitude, and practices towards antibiotic
use on COVID- 19 infection in children in our country. The majority of parents (68.4%)
declared to be extremely anxious as far as their children’s health is concerned due to the
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pandemic. Most parents knew that COVID-19 causes flu or cold symptoms and is of viral
origin. However, half of them declared to be uncertain as to whether antibiotics were
needed for its treatment, and a third of them were not aware if their child’s illness would
last for longer if no antibiotics are used. These results were predictable as COVID-19 was
a new infection, and parents were not adequately informed, especially in the beginning
of the pandemic. Therefore, pediatricians should invest more time in order to inform
parents about COVID-19. As far as over the telephone diagnosis and recommendation
of antibiotics are concerned, the vast majority of parents (93%) replied that this never
happened during the pandemic, whereas 63% replied that this was never practiced by
their pediatrician before. Parents expect physical examination and recommendation of
the appropriate treatment. Given the circumstances during the pandemic, this might not
always be feasible. Healthcare providers should therefore have a low threshold of antibiotic
prescribing and continue to adhere to the antimicrobial stewardship principles during the
pandemic to combat further development of resistant pathogens.

Factor analysis revealed six groups of parents with common characteristics that were
associated with antibiotic misuse. Group 1 that accounts for 24% of the variation includes
parents that do not have an adequate background on judicious antibiotic use. Even worry-
ingly, group 2 (10.2% of the variation) includes parents that are confident in antibiotic use
yet misuse them. For these two groups, more time needs to be invested by prescribers in ed-
ucating parents in the field. On the other hand, groups 3, 4, 5, and 6 (31.5% of the variation)
are parents that do not use antibiotics prudently but do listen to their pediatricians. The
latter highlights the need for interventions on antibiotic prescribers, including continuing
education. Educational activities for prescribers should start early on in their career, as
research thus far has highlighted gaps in medical training in the field [41,42]. Novel and
effective training methods on all aspects of antimicrobial stewardship and antimicrobial
resistance should be incorporated in the Medical Curricula worldwide. In addition to
education, better prescribing requires expert personnel, practice guideline drafting, and
implementation aids, as well as setting clear goals and quantitative targets for quality in
prescribing [43]. All the above have been used with apparent success in some Northern
European countries and should guide relevant interventions in Greece [43].

It is of interest to highlight that our study population included a small percentage of
parents with low cultural and economic levels. In particular, more than half of our study
participants were urban with a university education. As the problem of antimicrobial
misuse is a social issue, it demands a relevant approach from that perspective [44]. Hence,
a good level of knowledge on antibiotics use could be partially related to the high socioeco-
nomic status of our participants. The involvement of social scientists in the field is crucial
to address the multiple dimensions of the problem, such as socio-cultural, economic, and
political. In addition to the above, given the dynamic and constantly changing nature of hu-
man behavior, social media could also play an important role in public health interventions
to combat antimicrobial resistance, and their role is yet to be further established [44,45].

We acknowledge that our study as a pragmatic one has strengths and limitations.
One of its strengths is that data were collected through self-administered questionnaires.
This methodology was preferred more than face-to-face or telephone interviews in order
to avoid the chance of the interviewer influencing the parent’s response as well as the
likelihood that interviewers respond in accordance with what is believed to be the expected
answer. With regards to study limitations, firstly, the distribution of the questionnaires
took place in the summer months of 2020 (during precautionary measures to prevent the
spread of COVID-19) with a low number of primary care visits. Secondly, it was difficult
for parents with low socioeconomic status or belonging to special population groups
(e.g., Roma) to take part in the study because they might have been incapable of reading or
understanding the questionnaire. Moreover, the study enrolled parents who only sought
care at health care centers, which limits the generalizability of the results. Finally, data
were collected from a large city in Greece and thus mainly represent the urban but not
necessarily the rural population of the area.
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4. Materials and Methods

We performed a cross-sectional study including parents of children aged 0–16 years
and attending the primary pediatric healthcare services in the city of Patras during a period
of 4 months (May–August 2020). Patras is the third-largest city in Greece after Athens and
Thessaloniki. All parents/guardians of children attending the primary care clinics were
informed in detail with a written information sheet about the study aims, as well as data
confidentiality. Parents who agreed to take part in the study were asked to complete an
anonymous self-administered questionnaire regarding their KAP on the use of antibiotics
for childhood URTIs and COVID-19. The questionnaire was written in Greek and consisted
of 2 parts. Part A included 13 questions on demographics (age, gender, nationality, level of
education, occupation, health insurance status, single-family status, child’s chronic disease,
access to the healthcare system). Part B included 23 questions on the parent’s knowledge,
attitudes, and practices on antibiotic use for URTIs and COVID-19. Answers were given
on a 5-point Likert scale (“strongly agree”, “agree”, “uncertain”, “disagree”, “strongly
disagree”, or “never”, “sometimes”, “often”, “most of the time”, “always”). Statistics
were performed using the SPSS v.21 software (IBM Corp, Armonk, NY, USA). The level of
significance was set to 0.05 for all analyses. Descriptive statistics were used to summarize
data on demographic characteristics, knowledge, attitude, and practices towards antibiotic
use. Chi-square test was used to test for significant association between demographic
characteristics and parents’ knowledge, attitude, and practices. Unsure responses were
scored as incorrect. Factor analysis was used in order to identify groups of parents with
common characteristics that were at high risk of inappropriate antibiotic use.

5. Conclusions

This study is an important step towards a better understanding of the knowledge,
attitude, and practices regarding antibiotic use in URTIs in children during the COVID-19
pandemic. It revealed that there was a diversity of parental awareness about antibiotics
and antimicrobial resistance on the basis of social-demographic factors. Of note, the
pandemic does not seem to have influenced parental views on antibiotic use for their
offspring. Educational campaigns targeting high risk groups to decrease misconceptions
about antibiotic use and to increase awareness regarding the risks of inappropriate use
are warranted. Targeted education on the particularities of COVID-19 is also vital for
parents. In addition, continuous training of pediatricians about effective communication
with parents and prudent prescribing of antibiotics is essential. Ideally, this study should be
conducted with a large country-representative sample and during the consequent phases
of the pandemic in order to assess for possible changes. It would also be useful to assess
attitudes pre and post-training, specifically designed for that purpose, for both parents and
pediatricians. Furthermore, studies assessing country-specific determinants of antibiotic
misuse, such as country wealth and health care system particularities, would also be
useful for the implementation of multilevel interventional programs aimed at limiting the
spread of antibiotic resistance. Despite multiple efforts to achieve that in Greece during
the last decades, there is still room for further development. Public health interventions at
a national level should be constant and sustainable following the successful examples of
other European countries. Finally, antimicrobial stewardship activities and interventions
should not be neglected during the COVID-19 pandemic.
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Abstract: Background: The current study is aimed at identifying the factors associated with antimi-
crobial drug (AMD) use and stewardship practices on conventional California (CA) dairies a year
after CA Senate Bill 27. Methods: Responses from 113 out of 1282 dairies mailed a questionnaire in
2019 were analyzed to estimate the associations between management practices and six outcomes
including producer familiarity with medically important antimicrobial drugs (MIADs), restricted
use of MIADs previously available over the counter (OTC), use of alternatives to AMD, changes in
on-farm management practices, changes in AMD costs, and animal health status in dairies. Results:
Producers who reported having a veterinarian–client–patient relationship (VCPR) and tracking AMD
withdrawal intervals had greater odds of being familiar with the MIADs. Producers who began or
increased the use of preventive alternatives to AMD in 2019 had higher odds (OR = 3.23, p = 0.04)
of decreased use of MIADs previously available OTC compared to those who did not. Changes in
management practices to prevent disease outbreak and the use of diagnostics to guide treatment
were associated with producer-reported improved animal health. In addition, our study identified
record keeping (associated with familiarity with MIADs), use of alternatives to AMD (associated
with management changes to prevent diseases and decreased AMD costs), and use of diagnostics in
treatment decisions (associated with reported better animal health) as factors associated with AMD
stewardship. Conclusions: Our survey findings can be incorporated in outreach education materials
to promote antimicrobial stewardship practices in dairies.

Keywords: antimicrobial drug use; antimicrobial stewardship; dairy cattle; knowledge; logistic
regression models; machine learning; survey

1. Introduction

Antimicrobial drugs (AMD) are important compounds used in humans and livestock
for the prevention, control, and treatment of bacterial infections. Medically important
antimicrobial drugs (MIADs) are AMD considered as essential or otherwise important for
therapeutic purposes in humans. In the United States, MIADs are AMDs that are important
for treating human disease and includes all critically important, highly important, and
important drugs according to the Federal Food and Drug Administration’s Guidance for
Industry #152 [1]. According to the U.S. Food and Drug Administration [1], for the 2019
calendar year, the cattle industry was involved with 41% of the total sales and distribution
of MIADs approved for use in food-producing animals. Likewise, the FDA estimated for
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the 2019 sales and distribution data that 81% of cephalosporins, 65% of sulfas, 45% of
aminoglycosides, and 42% of tetracyclines were associated with cattle. However, AMD use
comes with the risk of antimicrobial resistance (AMR) in humans and livestock [2–5].

In January 2017, the FDA fully implemented the Veterinary Feed Directive (VFD)
final rule requiring approval and oversight by a licensed veterinarian for MIADs adminis-
tered for therapeutic purposes via animal feed to food-producing animals and eliminated
non-therapeutic uses for both growth promotion and feed efficiency [6]. The FDA also
concurrently applied the same requirement for MIADs administered in drinking water
for food-producing animals. Beyond these national regulations, in January 2018, Califor-
nia (CA) implemented Senate Bill 27 (SB 27; codified as the Food and Agricultural Code,
FAC 14400-14408, here onwards referred to as SB 27), becoming the first state to require
a veterinary prescription, under a valid veterinarian–client–patient relationship (VCPR),
for all other dosage forms (e.g., injectables and boluses) of MIADs used for livestock [7].
The SB 27 removed all MIADs from over the counter (OTC) sales for livestock. In addition,
SB 27 mandated the development of antimicrobial stewardship (AMS) guidelines and
resources that support the collection of information on livestock management practices,
the monitoring of AMD sales, and AMD use to provide relevant information to producers
and other stakeholders. Similar legislation was passed in other states to increase AMS
through the judicious use of AMD, such as Maryland SB 471 [8] and Oregon SB 920 [9]. The
implementation of effective AMS practices is critical to reducing the threat AMR poses to
animal and public health [10]. Similarly, worldwide AMD use in food-producing animals
is increasingly being regulated with the goal of adopting AMS practices. Such regulations
have included the ban on the preventive use of AMD in the feed of food-producing animals
in the European Union [11], benchmarking AMD use between farms in the Netherlands [12],
documenting AMD use on individual farms through electronic connection with billing in
Denmark [13] and setting up national targets for a reduction of AMD use in Belgium [14].

Ekong et al. [15] conducted a survey immediately after the implementation of SB 27
to identify the factors associated with the adoption of AMS practices in CA conventional
dairies. Amongst the survey findings were that dairy producers who reported keeping
written or computerized animal health protocols, keeping a drug inventory log, being
aware that the use of MIADs required a prescription, involving a veterinarian in the
AMD treatment duration and determination, and using on-farm diagnostics to guide
AMD therapy were associated with good AMS practices. Our hypothesis was that factors
that were associated with AMS immediately after the implementation of SB 27 were still
important a year later. Our objective was to identify the factors associated with AMS
practices in adult cows in conventional dairies one year post implementation of SB 27 in
CA and to compare them to those identified immediately after SB 27.

2. Results
2.1. Descriptive Statistics

A total of 131 (10.2%) out of 1282 CA licensed grade A conventional and organic dairies
responded to our survey. For the current study, AMS was investigated using responses from
only conventional dairies, specifically a total of 113 survey responses. Herd demographics
of the dairies included in the survey analyses are summarized in Supplementary Materials
Table S1. The majority of dairies were from Northern San Joaquin Valley (NSJV; 46.9%) and
Greater Southern California (GSCA; 46.0%) compared to Northern California (NCA; 7.1%).
The distribution of breeds in respondent dairies was primarily Holstein (56.3%), mixed
herds of Holstein and Jersey breeds (35.7%), crossbreed (5.4%), and Jersey (2.4%).

2.2. Logistic Regression Models

For each of the six logistic regression models, the NCA and NSJV regions were com-
bined due to limited sample size and collectively compared to the GSCA region. With
a few exceptions, region, herd size, and breed were not significantly associated with the
model outcomes.
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2.2.1. Predictors Concerning Familiarity of Dairies with the FDA “MIADs” Term

Among the dairies that completed the survey, a total of 73 respondents (65.8%) re-
ported familiarity with FDA’s term ‘MIADs’, while 38 respondents (34.2%) were not familiar
with this term. Table 1 summarizes the final logistic regression model for the association
between the survey factors and familiarity with MIADs. Dairy producers who reported
tracking both milk and meat withdrawal intervals, amongst other information such as
date, dose, or route of AMD treatment, had greater odds (OR = 10.6, p < 0.01) of being
familiar with MIADs compared to those who did not track either. Among the dairies in
our study, 94 dairies (84%) selected milk and/or meat withdrawal intervals as information
they tracked during AMD treatment and 18 dairies (16.1%) reported tracking either date,
dose, or route of AMD treatment. Responses to the related question of “Do you keep track
of AMD withdrawal intervals for treated cows?” confirmed a similarly high response rate
with 99% of respondents reporting that they keep track of AMD withdrawal intervals, with
more than half (58%) using computer software while the remaining (41%) use either paper
records, white/chalk board, memory, or markings on animals. In addition, dairy producers
who reported having a VCPR had greater odds (OR = 15.3, p = 0.03) of being familiar with
MIADs than those who reported they did not have a VCPR.

Table 1. Estimated coefficients and odds ratios from a multilevel mixed-effects logistic regression
model for the association between survey factors and familiarity with the U.S. Food and Drug
Administration’s term “medically important antimicrobial drugs”.

Variables Coefficient SE Odds Ratio 95% CI p-Value 2

Lower Upper

Region 1

GSCA Referent
NCA + NSJV −0.49 0.51 0.61 0.22 1.63 0.32

Herd size, milking cows
<1304 Referent
≥1304 −1.10 0.63 0.33 0.09 1.17 0.09

Breed
Holstein Referent
Jersey −0.82 1.41 0.44 0.02 7.01 0.56
Crossbreed 1.75 1.25 5.74 0.49 66.25 0.16
Mix/Other −0.37 0.59 0.69 0.21 2.22 0.54

Which AMD treatment information do you track
or record?

No milk or meat withdrawal interval Referent
Included milk and meat withdrawal interval 2.36 0.69 10.57 2.73 40.94 <0.01
Included milk or meat withdrawal interval −0.34 0.99 0.71 0.10 5.01 0.74

Do you have a veterinarian–client–patient
relationship (VCPR)?

No Referent
Yes 2.73 1.24 15.29 1.34 173.53 0.03

1 Northern California (NCA), Northern San Joaquin Valley (NSJV), and Greater Southern California (GSCA).
2 Factors are statistically significant at p ≤ 0.05.

2.2.2. Predictors Concerning the Use of MIADs That Were Restricted from OTC Sales
Beginning in January 2018

In our survey, 81 of the 113 respondent dairies reported use of OTC MIADs before
2018. However, of the 81 respondents, only 78 dairies responded to a survey question
regarding the changes (decreased, no change, or increased) they made for use of OTC
MIADs after SB 27 became effective. Of those 78 dairies, 37 (47.4%) reported decreased use
of MIADs federally labeled for OTC sale, while 41 dairies (52.6%) reported increased or no
change of this category of MIADs. The final model for the associations between the survey
factors and the change in use of MIADs that were previously available OTC is summarized
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in Table S2. Large dairies (≥1304 cows) had six-times greater odds for the decreased use
of OTC MIADs compared to small dairies (<1304 cows; p < 0.01). In addition, our model
showed that producers who began using or increased the use of preventive alternatives
to AMD in their dairies in 2019 had higher odds (OR = 3.2, p = 0.04) of a decreased use of
MIADs that were previously available OTC compared to those who did not. For producers
who reported the use of preventive alternatives to AMD in our study, 58.3% reported the
use of vaccines, herbal remedies (36.1%), vitamins (66.7%), and/or minerals (38.9%).

An analysis of the survey responses from producers who began or increased their
use of preventive alternatives to AMD in 2019 showed that a higher percentage of such
producers made changes in management to prevent disease outbreaks or spread compared
to those who neither began nor increased their use of such alternatives (44.8% ± 9.4 vs.
23.8% ± 4. 8; p = 0.03). Furthermore, a higher percentage of such producers vaccinated
their animals against coliform mastitis compared to those who neither began nor increased
their use of AMD alternatives (92.6% ± 5.13 vs. 74.3% ± 5.11; p = 0.04).

2.2.3. Predictors Concerning the Use of Preventive Alternatives to AMD on Dairy Farms

Among the dairies who completed the survey, a total of 30 respondents (26.8%)
reported an increased use of preventive alternatives to AMD in their dairies during 2019.
Table 2 summarizes the final model for the survey factors associated with the use or
increased use of preventive alternatives to AMD.

Table 2. Estimated coefficients and odds ratios from a multilevel mixed-effects logistic regression
model for the association between survey factors and use or increased use of preventive alternatives
to AMD.

Variables Coefficient SE Odds Ratio 95% CI p-Value 2

Lower Upper

Region 1

GSCA Referent
NCA + NSJV −0.79 0.64 0.45 0.13 1.61 0.22

Herd size
<1304 Referent
≥1304 −0.75 0.77 0.47 0.10 2.13 0.32

Breed 3

Holstein Referent
Others (Jersey, crossbreed, and mix) 0.68 0.68 1.97 0.51 7.61 0.32

Participate in any dairy quality assurance
programs?

No Referent
Yes 1.26 0.65 3.55 0.98 12.80 0.05

Changes made by farm regarding MIADs
previously available OTC since 2018

Increased/no changes Referent
Decreased 1.79 0.74 5.99 1.38 25.84 0.01

1 Northern California (NCA), Northern San Joaquin Valley (NSJV), and Greater Southern California (GSCA).
2 Factors are statistically significant at p ≤ 0.05. 3 Breed was categorized into two levels, namely Holstein and
others (Jersey, crossbreed, and mixed herds), due to small sample size.

Our model showed that producers who received training or participated in any dairy
quality assurance programs during 2019 had greater odds (OR = 3.6, p = 0.05) of using
or increasing the use of AMD preventive alternatives compared to those who did not
participate in such programs. In addition, our survey revealed that conventional dairies that
reported a decreased use of MIADs previously available OTC had higher odds (OR = 6.0,
p = 0.01) of usage or an increase in the use of AMD preventive alternatives compared to
dairies that reported increased or no change in the use of MIADs previously available OTC.
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2.2.4. Predictors Concerning Changes in Management Practices to Prevent Spread or
Outbreaks of Disease on Dairies

Among the dairies who completed the survey, a total of 32 respondents (29.4% ± 4.4)
reported they had made changes in management to prevent disease outbreaks or spread in
their dairies, while 77 respondents (70.6% ± 4.4) reported they had made no changes in
management. In our study, 22% of respondents reported a change in management in the
form of vaccination programs to prevent disease, 4.6% reported a change in management in
the form of improved biosecurity (e.g., restricted traffic on operation, better isolation of sick
animals, or designated separate equipment for feed and manure handling), 1.8% reported
a change in management in the form of prepurchase testing of animals before being added
to the herd, and 0.9% reported a change in management in the form of quarantining of
purchased/returning animals from offsite locations.

Table S3 summarizes the final model for the survey factors associated with changes in
management to prevent outbreaks. Our model showed that producers who included vet-
erinarians in the revision of animal health protocols for cows had greater odds (OR = 13.5,
p = 0.01) of reporting changes in management practices in their dairies compared to those
who did not include veterinarians in protocol reviews. In addition, producers who reported
better animal health on their farms during 2019 had greater odds (OR = 4.7, p < 0.01) of
having made management changes to prevent disease spread or outbreaks compared to
those who reported no changes to their animal health. Finally, producers who reported the
use or increased use of alternatives to AMD in their dairies, such as vitamins, minerals, and
vaccines, to reduce the use of MIADs were at greater odds (OR = 2.7, p = 0.04) of having
made management changes to prevent disease spread or outbreaks compared to those who
did not use any alternatives to AMD.

2.2.5. Predictors Concerning Change in a Dairy’s AMD Costs

Changes in a dairy’s drug costs were dichotomized as “decreased AMD costs” vs.
“increased/no change” in AMD costs. Among the dairies who completed the survey, a total
of 29 respondents (26.6% ± 4.3) reported decreased farm AMD costs since January 2018,
while 80 respondents (73.4% ± 4.3) reported increased or no change in farm AMD costs.
Table S4 summarizes the final model for the survey factors associated with decreased farm
AMD costs.

Our model showed that producers who reported the use or increased use of AMD
preventive alternatives reported decreased AMD costs in their dairies compared to those
who did not use AMD preventive alternatives (OR = 7.89; p ≤ 0.01). In addition, our study
showed that producers who indicated better animal health in their farms also reported
decreased AMD costs in their dairies compared to those who reported no change or worse
animal health (OR = 5.48; p ≤ 0.01).

2.2.6. Predictors Concerning Change in Reported Farm Animal Health

The response to a survey question regarding the farm animal health status as an
outcome was dichotomized as “better animal health” vs. “worse/no change”. Among the
dairies who completed the survey, a total of 47 respondents (44.3% ± 4.9) reported better
animal health since January 2018, while 59 respondents (55.7% ± 4.9) reported worse or
no change on the farm’s animal health. Table 3 summarizes the final model for the survey
factors associated with better animal health in the dairy farms.

Our results showed that producers who included the veterinarian in the decision as to
which AMD were used to treat sick cows had lower odds of reporting better animal health
in their dairies compared to those who did not include the veterinarian in their treatment
decision (OR = 0.31; p = 0.01).
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Table 3. Estimated coefficients and odds ratios from a multilevel mixed-effects logistic regression
model for the association between antimicrobial drugs (AMD) survey factors and better farm ani-
mal health.

Variables Coefficient SE Odds Ratio 95% CI p-Value 2

Lower Upper

Region 1

GSCA Referent
NCA + NSJV −0.30 0.51 0.76 0.28 2.10 0.59

Herd size
<1304 Referent
≥1304 −0.33 0.53 0.72 0.25 2.10 0.54

Breed 3

Holstein Referent
Other (Jersey, crossbreed, and mix) −0.02 0.55 0.97 0.32 2.90 0.96

Who decides AMD to treat sick cows?
Dairy personnel only Referent
Veterinarian involved −1.20 0.51 0.31 0.12 0.84 0.02

Have you used on-farm diagnostic techniques to
guide AMD treatment?

No Referent
Yes 1.51 0.52 4.53 1.61 12.71 <0.05

Have you made changes in management to
prevent disease outbreak/spread?

No Referent
Yes 1.10 0.52 2.91 1.10 8.10 0.04

Farm’s AMD costs
Increased/no change Referent
Decreased 1.30 0.54 3.68 1.30 10.78 0.01

1 Northern California (NCA), Northern San Joaquin Valley (NSJV), and Greater Southern California (GSCA).
2 Factors are statistically significant at p ≤ 0.05. 3 Breed was categorized into two levels, namely Holstein and
others (Jersey, crossbreed, and mixed herds), due to small sample size.

Producers who indicated using on-farm diagnostic techniques to guide AMD treat-
ment decisions had greater odds of reporting better animal health on their dairies compared
to those who did not use diagnostic techniques (OR = 4.53; p < 0.01).

In addition, the current model indicated that producers who reported management
changes in their dairies to prevent disease spread or outbreaks had greater odds (OR = 2.91,
p < 0.01) of having better animal health in their farms during 2019 compared to those
who reported no changes in management practices. Similarly, producers who reported
decreased AMD costs in their dairies had greater odds (OR = 3.68, p = 0.01) of having better
animal health in their farms during 2019 compared to those reported increased/no change
in their AMD costs.

2.2.7. Predicting Factors Associated with Dairy Producers’ Perceptions Regarding the
Importance of AMS Practices on Dairies Using Machine Learning Classification Models

The distribution of CA dairy producers (n = 113) with respect to five statements
on the importance of AMS practices is presented in Figure 1. Based on the number of
the AMS practices that the dairy producers scored as very important, we found that
41.3%, 37.6%, 19.3%, 0.9%, and 0.9% of producers were given a score of 5, 4, 3, 2, and 1,
respectively. By classifying producers as having “good to excellent = score of 4 and 5”
AMS knowledge or as having “limited-moderate = score of 3 or less” AMS knowledge, we
found that 78.9% (86/109) of producers had “good to excellent” knowledge, while 21.1%
(23/109) of producers were classified as having “limited-moderate” knowledge based on
their responses.
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Figure 1. Distribution of responses from Californian conventional dairy producers to five statements
on importance of antimicrobial stewardship practices. Bars represent proportion of responses by level
of importance. The plot summarizes survey responses from 113 conventional dairy respondents.

A descriptive analyses of responses based on their knowledge of AMS practices
(Table S5) showed that a greater percentage of respondents classified as having good to
excellent AMS knowledge kept drug inventory logs compared with respondents classified
as having limited–moderate knowledge (81.4% ± 5.9 vs. 18.6% ± 5.9; p < 0.01). Similarly,
results showed that a greater percentage of respondents classified as having good to
excellent AMS practices knowledge were familiar with FDA’s term “MIADs” compared
with respondents classified as having limited–moderate knowledge (90.1% ± 3.5 vs. 9.85%
± 3.5; p < 0.01).

Table S6 summarizes the performance of three different classification algorithms. The
three models had similar specificity; however, the highest sensitivity was achieved by
the gradient boosting (GB) model. The three classification models identified herd size
and familiarity with MIADs as the top two important predicting variables for classifying
dairy producers’ AMS knowledge. The decision tree (DT) model showed that a higher
percentage of dairy producers who were familiar with the FDA term MIAD were classified
as producers with “good-excellent” AMS knowledge compared to producers with “limited-
moderate” AMS knowledge. In addition, the DT model further classified dairies of a herd
size >1737 milking cows/herd as dairies with “good-excellent “AMS practices compared
with dairies of a herd size ≤1737 cows/herd.

Despite the moderate sensitivity (46.5%), random forest had the greatest precision
(88.9%) compared to the remaining ML models. In general, the best classification perfor-
mance as measured using the AUC was obtained using the GB model (AUC = 96). The top
ten GB-identified predicting variables included herd size, familiarity with the FDA term
“MIADs”, annual RHA for milk production, location of herd in CA, veterinarian input on
parenteral AMD purchases, willingness to treat animals with AMD alternatives, use of
on-farm diagnostic techniques to guide AMD treatment decisions, producer agreement
with the statement that antibiotics use in livestock may cause problems in humans, and the
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basis for the mastitis treatment decision (abnormal milk, California Mastitis Test, microbio-
logic culture of milk samples, drug sensitivity testing or treatment while culture results
are pending) and producer agreement that current antibiotic use in livestock will make it
harder to treat future infections (Supplementary Materials Figure S1).

3. Discussion

The response rate obtained in this survey was relatively low; however, our response
rate is consistent with other mailed surveys conducted in CA [16,17] and with other surveys
of both Canadian [18] and UK dairies [19]. Furthermore, response rates stratified by region
in our survey were like the regional distribution of herds as reported in a California
Department of Food and Agriculture report [20]. The current survey respondents reported
a greater proportion of mixed-breed herds compared to a previous survey, indicating either
a different population of respondents or a shift in the state dairy herd breed make-up [21].
Earlier surveys also reported higher estimates for the Holstein herd composition (65% in
Aly et al. [22]; 77% in Love et al. [16]; and 66% in Ekong et al. [23]) compared to our survey.
Such variability may be due to inherent differences in producers responding to such a wide
range of surveys (beef quality assurance, bovine respiratory disease, and antimicrobial
stewardship), which could be influenced by their interests.

3.1. Predictors Concerning Familiarity of Dairies with the FDA “MIADs” Term

Our results showed that dairy producers who reported tracking both milk and meat
withdrawal intervals during AMD treatment or those who reported having a VCPR were
more familiar with the FDA’s term “MIADs” than those who did not report. These findings
agree with findings from the survey conducted the year SB 27 was implemented [15].
However, our survey showed that 34.2% of the dairy respondents were not familiar with
or not sure how the FDA’s term “MIADs” related to their dairies. Similarly, a survey
that was conducted to identify the common perceptions of Tennessee cattle producers
regarding the VFD [24] found that 13% and 25% of dairy producers were not familiar at
all or were slightly familiar with VFD, respectively. Hence, more educational outreach is
needed to increase producers’ knowledge and familiarity with the judicious use of MIADs
in maintaining the health of cattle and reducing the pressure for AMR. The veterinarians
can play an important role in communicating and educating farmers on concepts of AMR
and the judicious use of AMD at the farm level. The survey conducted in the UK [19] found
that the dairy farmers who had greater awareness of AMR were those that had more visits
from and contact with their vets.

The majority of respondents (94.6%) in our survey confirmed they had a VCPR, while
the remaining respondents (5.4%) indicated they did not; however, the latter also indicated
that a veterinarian was involved in AMD treatment decisions, which may refer to the
need for outreach on what establishes a valid VCPR. Veterinarians can play a major role
in educating dairy producers to ensure that they have knowledge of AMR threat and
AMS. Alternatively, producers may gain knowledge of MIADs independent of their herd
veterinarian due to their own education and inquisition. Nevertheless, under the recently
adopted VFD final rule and SB 27 regulations, veterinarians are expected to work alongside
livestock producers as well as feed manufacturers and distributors to assume a greater
role and increased responsibility for the use of MIADs. The VFD final rule specifies that
the veterinarian must work with their client and assume responsibility for making clinical
judgments about animal health; must have sufficient knowledge of the animals by virtue of
examinations and/or visits to the farm where the animals are located; and must provide for
any necessary follow-up evaluation or care, which are necessary components of a VCPR [6].

3.2. Predictors Concerning the Use of MIADs That Were Restricted from OTC Sales Beginning in
January 2018

On January 2018, SB 27 moved all MIADs that were federally labeled for OTC sale, such
as penicillin, oxytetracycline, and tylosin, to prescription status in CA. Our model showed
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that herd size and the use of preventive AMD alternatives were important predictors for
dairy producers reporting a decreased use of OTC AMD in their dairies. The reported
decrease in the use of OTC MIADs by large dairies compared to smaller dairies could be
attributed to the differences in management practices, presence of computerized health
protocols, and familiarity with MIADs or the use of preventive alternatives to MIADs. Our
machine learning models also showed that the majority (84%) of the large dairy producers
were classified as producers with “good to excellent” AMS knowledge compared with
producers of small dairies. Similarly, the survey by Ekong et al. [15] found that large dairies
producers were more familiar with MIADs, reported a greater use of alternatives to AMD,
and reported better animal health compared to small dairy producers after implementation
of SB 27.

The use of preventive alternatives to AMD may have filled the gap in the decreased
use of OTC MIADs; however, it is not known whether the increased use of alternatives
preceded or followed the decrease in the use of AMD previously available OTC. Similarly,
Ekong et al. [15] found that producers of large dairies and producers who began using
AMD alternatives had higher odds for reporting a decreased use of MIADs that were
previously available OTC compared to producers of small dairies or producers who did
not use alternatives to AMD.

In addition, most producers (53%) who reported a decreased use of OTC MIADs also
reported that they strongly agreed that current AMD use practices in animal agriculture
will make it harder to treat future livestock infections compared to producers who did
not report a decreased use of AMD. Such findings indicate that producers who believe
that current AMD use practices will make it harder to treat future livestock infections
may have also employed good management strategies that include disease prevention
and outbreak investigations, and the use of preventive alternatives, which may result in
decreased AMD use on dairy farms. A study that surveyed the New York State dairy
veterinarians’ perceptions of AMD use [25] reported that veterinarians in their study
believed that AMD use could be reduced through improved herd management strategies.
However, the veterinarians also stated that the biggest barrier to implementing these
changes were financial. Gerber et al. [26] found that dairy producers who implemented
preventive management changes for udder and uterine health significantly reduced the
use of systemic AMD for both udder and uterine health while maintaining animal health
compared to producers that did not implement improvements in herd health management.

3.3. Predictors Concerning the Use of Preventive Alternatives to AMD on Dairy Farms

Our results showed that dairy producers who reported a decreased use of OTC
AMD and reported participation in dairy quality assurance programs were more likely to
report the use or increased use of preventive alternatives to AMD in their dairies. Dairy
quality assurance programs are voluntary programs that promote quality animal care
practices, food safety and quality assurance, as well as enhanced consumer confidence
in dairy products (CDRF, 2011). These programs, including CDQAP (California Dairy
Quality Assurance Program), the National Dairy FARM (Farmers Assuring Responsible
Management) program, cooperative extension outreach education, creamery-led programs,
and on-farm training, provide training and standards for quality animal care to promote
best management practices for AMS and public health. Most of these programs have
specific modules about AMS which provide ongoing education for the dairy community
on the judicious and responsible use of MIADs, including avoidance of drug residues in
milk and meat.

Similar results were obtained by Ekong et al. [15] who found that producers who
reported a decreased use of OTC MIADs had 5.2-times greater odds of having initiated
the use or increased use of alternatives to AMD in their dairies compared to producers
who made no change or increased use of OTC MIADs. Antimicrobial drug preventive
alternatives may have replaced MIADs that were previously available OTC, as evident by
the reported decrease in the use of AMD for therapeutic purposes by producers who used
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or increased the use of alternatives. Alternatively, producers could have increased their use
of AMD alternatives due to other reasons including changes in costs of MIADs that may
have favored a shift in use of such alternatives. Therefore, further research is needed to
verify our findings and determine the success of such preventive measures as alternatives
to AMD.

3.4. Predictors Concerning Changes in Management Practices to Prevent the Spread or Outbreak of
Disease in Dairies

Our results showed that dairy producers who reported the inclusion of veterinarians
in the revision of health protocols were more likely to report changes in management
practices. Herd veterinarians are professionals with experience in animal health and direct
knowledge of their herds, and hence are capable of identifying the successful interventions
to control and prevent diseases. The survey conducted in New York exploring dairy farmers‘
attitudes [27] indicated that dairy farmers are more receptive to the opinions of fellow
farmers and veterinarians regarding AMD use compared to scientists/researchers and
government regulators. A valid VCPR between the dairy producer and herd veterinarian
can improve the health and welfare of animals by identifying shared concerns and adopting
action plans [28]. For example, Jansen et al. [29] found that the communication between
farmers and veterinarians helped in the adoption of practices that reduced mastitis.

Our survey findings also showed that changes in management practices were associ-
ated with better animal health. Implementing a disease prevention plan that includes good
hygiene, isolation of sick or new animals, and a regular vaccination program are associated
with improved animal health and productivity [30]. Good management practices help in
reducing disease incidence through inhibiting the proliferation of, exposure, or suscepti-
bility to pathogens [31]. Good management practices for biosecurity focus on efforts to
prevent the entry of diseases onto the farm (external biosecurity) as well as to prevent
disease transmission within the farm (biocontainment) [32,33]. Ohlson et al. [34] found
an association between the lower prevalence of BRD infections with better biosecurity at
the herd level. There is strong evidence that high standards of both biocontainment and
external biosecurity may lead to improved animal health and, in turn, to a reduction of
AMD use [30,35].

Producers who reported making changes in management to prevent disease outbreaks
or spread in their dairies also reported an increased usage of alternative preventive mea-
sures to reduce the use of AMD. Preventive alternatives may work by improving animal
health and hence reducing the need for AMD. However, more research is needed to iden-
tify alternatives with the same effectiveness and safety for dairy cattle in comparison to
AMD [36].

3.5. Predictors Concerning Change in Dairy’s AMD Costs

Producers reported that better animal health and use or increased use of AMD alterna-
tives were important predictors of decreased AMD costs in their dairies. Increased use of
preventive alternatives to AMD in livestock production has been associated with improved
animal health and reduction in both AMD use and AMR [31,37]. The use of vaccines and
other preventive measures can help minimize the need for AMD by preventing and control-
ling infectious diseases in animal populations [31]. Several studies have demonstrated that
the use of various bacterial as well as viral vaccines in animals can result in a significant
reduction in AMD consumption [31,38,39]. Furthermore, improved animal health may be
associated with decreased AMD use and consequently reduced AMD cost. Maximizing the
management practices that promote animal health and reduce the incidence of diseases
may decrease the use of MIADs in dairy cattle, which is an important factor in reducing
the pressure for AMR [40]. In agreement with our results, Ekong et al. [15] found that
the reported use or increased use of AMD preventive alternatives was a predictor for a
reported decrease in farm AMD cost, their study also reported that inclusion of veterinarian
in decision to use AMD, decreasing use of MIADs previously available OTC, participation
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in dairy quality assurance programs were positively associated with reporting decreased
farm AMD cost.

3.6. Predictors Concerning Farm’s Animal Health Compared to 2018

Our findings showed that the use of on-farm diagnostic techniques reduced AMD
cost and adopting changes in management to prevent disease outbreak/spread were
positively associated with better animal health. In agreement with the findings reported
by Ekong et al. [15], our survey producers who reported decreased AMD costs on their
dairies had greater odds (OR = 4.57, p = 0.01) of having better animal health in their
farms during 2019 compared to those who reported increased/no change in their AMD
costs. Both surveys also identified the use of on-farm diagnostic techniques to guide AMD
treatment and improved management practices to prevent both disease outbreak and
spread as predictors of producers who reported better animal health. The use of diagnostic
techniques such as laboratory culture, auscultation, and lung ultrasound to guide treatment
decisions for cows is an important practice to facilitate the judicious use of AMD [41,42].
The availability of affordable diagnostic tools that can detect animals at early stages of
disease is important to prevent the high financial costs derived from lost productivity
and the treatment of diseased animals [43]. Testing animals for disease can boost herd
health and cut costs associated with AMD treatment [44]. A UK survey of dairy herds
reported that both farmers and veterinarians recognized there was substantial room for
improvement of current diagnostic tools for the detection of mastitis and metabolic disease
in dairy cows, particularly with regard to early disease detection [44].

3.7. Comparing Survey Findings Immediately Post SP 27 (2018) and One Year Later (2019)

A detailed comparison of the associations explored over the two AMS surveys con-
ducted in CA post SB 27 shows specific shared predictors with similar magnitudes of
associations (Figure S2). Predictors common between the current survey (2019) and a year
prior (2018) include the reported decreased use of AMD, increased use of AMD alternatives,
having a VCPR, tracking AMD treatment information, on-farm record keeping, the use
of on-farm diagnostic techniques to guide AMD treatment, participation in dairy quality
assurance programs, the inclusion of veterinarians in decisions for the selection of AMD to
treat sick cows, and implementation of management practices to prevent disease introduc-
tion and spread. In agreement with the current survey (2019), surveys conducted on Illinois
dairies [45] and Ohio dairies [46] identified appropriate antimicrobial treatment selection;
the use of health protocols; on-farm record keeping; and the application of herd-specific
veterinary written protocols, education, and training of farm personnel on diagnostic crite-
ria for the initiation of AMD treatments as important areas for the improvement of AMS
in dairies.

3.8. Factors Associated with Dairy Producers’ Perceptions Regarding the Importance of AMS
Practices on Dairies

Our main goal for machine learning (ML) classification models was to identify factors
that can assign dairy producers with good–excellent AMS knowledge. Machine learning
models have been used in human medicine to predict AMS intervention in hospitals [47];
however, their use lacks prediction of AMS in veterinary medicine. Using such tools can be
helpful for the prediction of AMS interventions in the dairy industry. Machine learning
models can be developed to predict which dairies require a stewardship intervention.
However, further work is required to develop models with adequate discriminatory power
to be applicable to the real-world dairy industry. Our ML models classified producers of
large dairies (>1737 milking cows/herd) as producers with “good-excellent” AMS knowl-
edge compared with producers of small dairies (≤1737 cows/herd). A recent Australian
study [48] surveyed livestock veterinary practices and identified a lack of access to educa-
tion, training, and AMS resources as key barriers to the implementation of AMS practices in
veterinary practices. Jones et al. [49] suggested that the scientific advice to convey to dairy
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farmers to achieve responsible AMD use would include advice on best farm practice to
minimize the risk of disease and data on cost savings that might be obtained from reduced
AMD. In agreement with Ekong et al. [15], our classification ML models also showed that
the knowledge of dairy producers about AMS and the adoption of AMS programs may be
improved using continuing education and outreach specifically to producers of small and
medium-sized dairies. Our results identified that herd size, familiarity with MIADs, RHA,
the location of the dairy in CA, tracking AMD treatment, having a written computerized
protocol, the somatic cell count, vaccination of animals against mastitis, keeping a drug
inventory log, and awareness that MIADs require prescription were the common predictors
for classifying dairy producer knowledge regarding AMS practices.

The majority of conventional dairy producers in our study (>95%) indicated that the
administration of the appropriate AMD dose, the route, good record keeping on AMD
treatment, and observing AMD withdrawal periods are very important AMS practices.
This agrees with a previous study that has suggested that improvement in dairy farmers’
AMD use practices can be achieved by using written treatment protocols [50] and the
appropriate use of AMD through antimicrobial testing to guide the AMD treatment [51].
Therefore, more extension and outreach efforts should focus on those components to
improve antimicrobial stewardship in California dairies.

3.9. Study Limitations

The response rate of the current survey was relatively low; however, it is similar to
other surveys conducted in California. Furthermore, it is possible that only the producers
most interested in AMS responded to this survey, therefore our survey could be subject
to different selection bias. As with any survey, our findings are limited by the responses
obtained through a questionnaire mailed to CA conventional dairy producers, which may
be subject to information bias. However, we piloted the questionnaire using in-person
interviews with extension and outreach specialists and veterinarians in CA [21] and used
both multiple-point scales and ordinal Likert scales. The actual AMD usage or treatment
practices and the health status of the cows on respondent dairies were not measured and
hence findings based on related questions should be interpreted with caution. Finally,
AMS practices cannot be characterized by the current survey’s responses alone. Therefore,
further studies are needed to directly measure the associations between AMD use and
AMS practices based on management protocols and an evaluation of both health and
production records.

4. Materials and Methods

A survey instrument was developed to collect information on AMD use in adult cows
in CA dairies during 2019, one year post full implementation of SB 27. The survey was
mailed to 1282 grade A dairies in CA during the period from May to December 2019. A
list of all licensed grade A dairies in California in 2017 was obtained from the California
Department of Food and Agriculture and served as a sampling frame for our survey. The
survey development, descriptive statistics, and cluster analyses of the 2019 survey are
described in detail in Abdelfattah et al. [21]. Briefly, the survey questionnaire consisted
of 44 questions partitioned into three main sections. The first section included variables
about herd demographics including the respondent’s role, the county where the dairy
was located, the herd’s breed(s), number of milking cows, annual rolling herd average
(RHA) milk production, and previous month’s average bulk tank somatic cell count. The
second section included questions about dairy cow health management and AMD use
including protocols for dry-off, vaccination, disease prevention and diagnosis, sources of
information on AMD, who makes decisions on the AMD purchased and used, whether
producers had written or computerized animal health protocols, use of a drug inventory,
and the presence of a VCPR in dairies. The third section inquired about the dairy practices
including enrollment in the animal welfare audit and/or dairy quality assurance programs,
producer’s familiarity with MIADs and changes made since 2018 with regard to MIADs
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previously available OTC, AMD costs, the use of AMD alternatives, disease prevention,
and the herd’s health status. An optional comments section was included in the survey
to allow respondents to provide feedback about their concern regarding AMD use and
AMR in dairies. Multiple-point scales and ordinal Likert scales were used to capture the
participant responses to the survey questions.

4.1. Statistical Analyses
4.1.1. Descriptive Statistics

For the 113 conventional survey responses, proportions and their standard errors were
computed for categorical and ordinal variables, while means and standard errors were
computed for continuous variables. Data on the location of dairies in CA were categorized
into three regions, namely Northern California (NCA), Northern San Joaquin Valley (NSJV),
and Greater Southern California (GSCA), based on the distinct differences among the three
regions in dairy infrastructure and management practices [16]. For the purposes of model
building, milking herd size was categorized as ≤1304 or >1304 milking cows based on the
CA mean herd size while RHA was categorized as <10,880 kg/cow or >10,880 based on the
CA mean herd milk production [20].

4.1.2. Logistic Regression Models

Six survey questions related to AMD use and AMR in CA dairies were selected and
analyzed as outcome (dependent) variables. These outcome questions included:

(1) Familiarity of dairy producers with the FDA’s MIADs term. The familiarity of dairy
producers with MIADs was identified if the survey respondent recognized the FDA
classification of MIADs as important, highly important, or critically important drugs,
and/or that MIADs are available for livestock only via prescription or veterinary feed
directive pursuant to VCPR with a licensed veterinarian. Familiarity with MIADs was
dichotomized into 2 levels: “familiar” and “not familiar.”

(2) Changes made since January 2018 regarding the use of injectable, bolus, and/or intra-
mammary dosage forms of OTC MIADs. This outcome was classified as “decreased
OTC MIADs use” or “increased or no change in the use of OTC MIADs”.

(3) Initiation or increased use of alternatives to AMD since January 2018. This third
outcome was dichotomized as “yes” (use AMD alternatives) or “no” (do not use
AMD alternatives).

(4) Changes in management practices to prevent disease outbreak or spread since January
2018. This fourth outcome was dichotomized as “yes” (made changes in management
practices in the form of improvement in vaccination programs, quarantined purchased
and returned animals from offsite locations, improvements of farm biosecurity mea-
sures, or testing of pre-purchased animals for infectious diseases before joining the
herd) and “no” (no changes in management practices).

(5) Description of the farm’s AMD costs since January 2018. This fifth outcome modeled
the changes in the farm AMD drug costs in 2019 and was dichotomized as “decreased
AMD cost” or “increased/no change AMD cost”.

(6) Description of the farm’s animal health conditions since January 2018. This sixth
outcome modeled the changes in farm animal health and was dichotomized as “better
animal health” or “worse/no change in animal health”.

Logistic regression models were specified for each outcome. Univariate models were
used to assess the association between the survey variables described in Abdelfattah
et al. [21] and each of the six outcomes of interest. Predictors associated with an outcome of
interest at p ≤ 0.20 were considered for further modeling. A manual forward model building
approach was used while assessing confounding by the breed, herd size, RHA, and region
using the method of change in estimates [52]. Previously excluded variables were offered
into the model again and retained at p ≤ 0.05. All biologically meaningful interaction
terms were explored using significance testing. Collinearity of all the potential explanatory
variables was checked using the spearman rank correlation statistic. The diagnostics were
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performed, and plots of residuals were examined, confirming the goodness of fit of each
model. Final model selection and fit were assessed using the Akaike Information Criterion
(AIC). The coefficients, odds ratios (OR), and their associated 95% confidence intervals
were estimated in the final logistic model for factors statistically significant (p ≤ 0.05) with
the outcome. All statistical analyses were performed using Stata 15 (Stata Corp, College
Station, TX, USA).

4.1.3. Machine Learning Classification Models

Machine learning algorithms were used to predict dairy producers who considered
AMS practices as important to preserve the efficacy of AMD and reduce AMR in dairy
farms. In this study, three widely used machine learning algorithms were evaluated,
including decision tree (DT), random forest (RF), and gradient boosting (GB) algorithms.
The responses of 113 conventional dairy producers to survey questions about AMS practices
were used as a target for the three predictive models. The question requested respondents
to classify the following five AMS practices as very important, somewhat important, or
not important: (1) administration of appropriate AMD dose, route, and duration; (2) good
record keeping on treatment and treatment dates; (3) having a current VCPR; (4) observing
withdrawal periods and drug residue avoidance; and (5) using alternatives to AMD such
as vaccines and supplements. The respondents were given a score of one to five based on
the number of the AMS practices that they scored as very important. For example, if one
respondent indicated that all five previously mentioned AMS practices are very important,
they would be given a score of 5 and so on. A score of 5 was ranked “excellent”, 4 as
“good”, 3 as “moderate”, and 2 or 1 as “limited” knowledge of AMS practices. Then, dairy
respondents were reclassified as having “good to excellent” AMS knowledge based on a
score of ≥4 or as having “limited-moderate” knowledge based on a score of ≤3. Having
“good to excellent” vs. “limited-moderate” AMS knowledge was the outcome of the three
predictive models (target variable). Each model was offered a set of 27 survey factors
(predictor variables) that contributed to most of the variability in the survey responses, as
identified using multiple factor analysis, as reported by Abdelfattah et al. [21]. The predictor
variables included herd demographics (herd size, location, annual rolling herd average milk
production, and somatic cell count); good general practices (feed newborn calves colostrum
from fresh cows, have a separate calving pen, and vaccinate against different diseases);
AMD usage information (sources of information about AMD, inclusion of veterinarian in
the decision to purchase and treat cows with AMD, tracking of AMD withdrawal periods,
and having a written/computerized health protocol); mastitis management practices (basis
for treatment of mastitis with AMD, AMD treatment choice, and class of AMD used to treat
mastitis); metritis management practices (basis for treatment of metritis and AMD treatment
choice); treatment choice for pneumonia in adult cows (oral or injectable AMD); familiarity
of producers with the FDA’s term “MIADs” and that MIADs require prescription; and
the level of agreement (strongly agreed/agreed, neutral, or strongly disagree/disagree)
of dairy producers on the following statements: current antibiotic use practices in animal
agriculture will make it harder to treat future livestock infections, antibiotic use in livestock
does not cause problems in humans, antibiotic use in livestock leads to bacterial infections
in people that are more difficult to treat, any use of antibiotics may result in infections that
are more difficult to treat in the future, and willingness to treat animals with alternatives to
antibiotics if they were equally effective and comparable in price. The original dataset was
partitioned into training and testing data sets using a random split ratio of 70: 30 (training:
test). Each model was trained with the training dataset and evaluated by assessing their
predictive performance on the testing dataset using Salford Predictive Modeler 8.0 software
(https://www.minitab.com/en-us/products/spm/ accessed on 15 July 2021). For the DT
algorithm, we used a 10-fold cross-validation method for testing, Gini as the optimization
method, and the minimum cost tree as the choice for the best tree [53]. The RF method
is based on multiple decision trees: it builds several individual classification trees using
a random subsample of the data and then selects the most popular class [54]. For the RF
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model, we used the out-of-bag testing method with 500 classification trees. Meanwhile,
for the GB model, we used a 10-fold cross-validation method, a tree size of 500, balanced
sample weights, and the best model chosen by cross-entropy [54]. Evaluation of model
performance was based on accuracy, sensitivity, specificity, F1 score, and the Area Under
Curve (AUC) estimated from receiver operator characteristic (ROC) curve analyses [55].
The probability threshold at which a classification was made was initially set at a standard
0.5. Then, the obtained results were explored, and the optimal predictive threshold was
determined to select the highest specificity [56].

5. Conclusions

The majority of survey producers agreed that the administration of the appropriate
AMD dose, the route, keeping good records on AMD treatment, and observing AMD
withdrawal periods are very important AMS practices. Our results showed that better cow
health was positively associated with management changes to prevent disease spread and
the use of on-farm diagnostic techniques to guide AMD treatment decisions. In addition,
the use or increased use of preventive alternatives to AMD was positively associated with
the decreased use of OTC AMD and decreased farm AMD cost. Our findings identified that
factors that were associated with antimicrobial stewardship practices in conventional CA
dairies immediately after implementation of SB 27 are still important one year later. These
factors included a valid veterinarian–client–patient relationship, a reduction in the use of
MIADs that were previously available OTC before implementation of SB 27, a decreased
farm AMD cost, and the use or increased use of AMD alternatives. In addition, herd size,
familiarity with MIADs, location of the dairy in CA, tracking AMD treatment, having a
written computerized protocol, keeping drug inventory logs, and awareness that MIADs
require prescription were the common predictors between the survey of 2018 and 2019 that
identified dairy producers with “good to excellent” antimicrobial stewardship knowledge
using machine learning. The findings of our survey should be interpreted with caution due
to biases related to surveys.

Findings from this survey may benefit extension outreach efforts by offering educa-
tion and training on identified areas associated with improved antimicrobial stewardship
practices in CA dairies. Future research is needed to study the association between the
implementation of antimicrobial stewardship practices and the reduction in the prevalence
of AMR in food-producing animals. In addition, further research is needed to identify the
barriers that prevent the implementation of the identified components of antimicrobial
stewardship practices in CA dairies.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/antibiotics11020165/s1. Table S1: Summary of herd characteristics
from 113 responses received from conventional dairies to a mailed questionnaire on antimicrobial drug
(AMD) use in adult cows in California during 2019; Table S2: Estimated coefficients and odds ratios
from a multilevel mixed-effects logistic regression model for the association between survey factors
and decreased use of antimicrobial drugs (AMD) that were previously available over the counter;
Table S3: Estimated coefficients and odds ratios from a multilevel mixed-effects logistic regression
model for the association between survey factors and having farm-made changes in management to
prevent spread of disease; Table S4: Estimated coefficients and odds ratios from a multilevel mixed-
effects logistic regression model for the association between survey factors and decreased AMD
cost compared to 2018; Table S5: Summary of descriptive analysis of dairy producers’ respondents
classified as having “limited-moderate knowledge” or “good-excellent knowledge” in antimicrobial
stewardship practices based on responses obtained from 113 conventional California dairies; Table
S6: Performance metrics of three classification models used to study the association between good–
excellent antimicrobial stewardship practices and survey responses in 113 conventional California
dairies during 2019; Figure S1: Predictive variables importance plot showing the ranking of variables’
relative importance for predicting dairies with good to excellent antimicrobial stewardship practices
based on survey responses from 113 conventional California dairies during 2019. “MIADs” are
medically important antimicrobial drugs. “AMD” is antimicrobial drug; and Figure S2: Web diagram
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showing the magnitude and direction of the associations between six antimicrobial stewardship
outcomes and predictors from logistic regression models based on surveys of conventional California
dairies during 2018 (black arrows) and 2019 (red arrows). Associations with both black and red
arrows identify common associations between surveys.
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Abstract: Antimicrobial resistance (AMR) is a global health problem threatening safe, effective health-
care delivery in all countries and settings. The ability of microorganisms to become resistant to the
effects of antimicrobials is an inevitable evolutionary process. The misuse and overuse of antimi-
crobial agents have increased the importance of a global focus on antimicrobial stewardship (AMS).
This review provides insight into the current AMS landscape and identifies contemporary actors
and initiatives related to AMS projects in eight African countries (Ghana, Kenya, Malawi, Nigeria,
Sierra Leone, Tanzania, Uganda, and Zambia), which form a network of countries participating in the
Commonwealth Partnerships for Antimicrobial Stewardship (CwPAMS) programme. We focus on
common themes across the eight countries, including the current status of AMR, infection preven-
tion and control, AMR implementation strategies, AMS, antimicrobial surveillance, antimicrobial
use, antimicrobial consumption surveillance, a one health approach, digital health, pre-service and
in-service AMR and AMS training, access to and supply of medicines, and the impact of COVID-19.
Recommendations suitable for adaptation are presented, including the development of a national
AMS strategy and incorporation of AMS in pharmacists’ and other healthcare professionals’ curricula
for pre-service and in-service training.

Keywords: antibiotic resistance; CwPAMS; national action plans; pharmacy; One Health

1. Background

Antimicrobial resistance (AMR) is a worldwide public health threat of global dimen-
sions. The 2016 Review on AMR commissioned by the UK Government estimated that, by
2050, antimicrobial-resistant infections could be responsible for 10 million deaths globally
each year. This is more than cancer, road traffic accidents, diabetes, and diarrhoeal diseases,
with developing countries and large emerging nations bearing the brunt of this problem [1].
The impact of this will be felt in all healthcare provisions, with routine surgeries and minor
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infections becoming life-threatening once again. In 2019, it was estimated that the highest
rates of AMR burden were in sub-Saharan Africa, among all regions [2]. However, in
sub-Saharan Africa, inadequate surveillance and regulation make it challenging to define
the accurate status of AMR and to implement effective and sustainable programmes to
address it [3].

According to country-specific situational analyses, joint external evaluation reports,
and other studies from hospital to the national level, worsening AMR trends have been
identified in many low- and middle-income countries (LMICs) within the African continent.
Coupled with the burden of infectious diseases, such as tuberculosis (TB), respiratory
infections, and diarrhoeal diseases, emerging resistance to treatments for these diseases
has a potentially devastating impact on healthcare in these countries [4,5]. AMR has been
exacerbated in these contexts by the irrational use of medicines and national guidelines
have identified the need to address inadequate AMR surveillance and enable legislation to
monitor the rise in AMR [6,7].

This paper presents findings from a rapid scoping review to assess national antimicro-
bial stewardship (AMS) activities (including those following a One Health approach) in
eight African countries (Ghana, Kenya, Malawi, Nigeria, Sierra Leone, Tanzania, Uganda
and Zambia) that were carried out as part of the Commonwealth Partnerships for Antimi-
crobial Stewardship (CwPAMS) programme [8]. CwPAMS provided the useful setting
for the review of existing AMS activities because the programme had established an in-
frastructure that enabled the easy identification of relevant national stakeholders to be
included in the scoping process. Given the CwPAMS partnerships’ efforts in running AMS
interventions in LMICs, the project further provided the ideal context for assessing existing
AMS and infection prevention and control (IPC) structures (including the One Health
approach), as well as national policies and guidelines in place.

This review addresses three main research questions in relation to the eight African
CwPAMS countries:

1. What is the current status of AMR?
2. What programmes of AMS and IPC are currently in place for human and animal

health?
3. What national policies and guidelines exist to support these programmes?

By addressing these questions, the review aims to critically review and compare
existing AMS approaches in sub-Saharan Africa and outline gaps or areas for improvement.
We conclude by proposing a number of actionable recommendations to support ongoing
efforts to tackle AMR in LMICs of the African continent and beyond.

2. Methods

The CwPAMS scoping, Figure 1, involved a literature search using topics and key-
words (detailed further in Box S1) relating to AMS conducted on the Medline database
from 2015 to 2021 for each CwPAMS country. References to relevant articles were reviewed
to identify any additional literature. This timeframe was chosen to ensure the timeliness
and current relevance of the research. A total of 2197 articles were identified and screened
for relevance against the scoping review objectives. A total of 267 articles were selected
and reviewed in full. Citation and references were found in selected articles. An additional
search using keywords was conducted for One Health literature for each country, resulting
in 204 articles being identified and screened for relevance. Overall, 66 articles were included
in the review [9–74]. With English being an official language in all eight African countries
included in this review, only publications in English were screened.

159



Antibiotics 2022, 11, 1149

Antibiotics 2022, 11, x FOR PEER REVIEW  3  of  17 
 

and screened for relevance against the scoping review objectives. A total of 267 articles 

were selected and reviewed in full. Citation and references were found in selected articles. 

An additional search using keywords was conducted for One Health literature for each 

country, resulting in 204 articles being identified and screened for relevance. Overall, 66 

articles were included in the review [9–74]. With English being an official language in all 

eight  African  countries  included  in  this  review,  only  publications  in  English  were 

screened. 

Additionally, purposive searches of key organisational websites, such as respective 

government websites and World Health Organization, were conducted for reports and 

policy documents. This was supported by local expert correspondence to identify addi‐

tional relevant literature from stakeholders and acting bodies in each country. This iden‐

tified 342 relevant articles for the scoping review. 

The study findings informed the discussion guide for a series of focus group discus‐

sions with participants and stakeholders in each country. 

Between April and May 2021, workshops, key stakeholders and personal interviews, 

(Table S1), were conducted with a total of 55 experts with representation from National 

AMR Committees, Antimicrobial Stewardship, Ministries of Health, One Health, Animal 

and Environmental Health,  Infection Prevention  and Control, Medicine, Nursing  and 

Pharmacy. 

. 

Figure 1. Summary of CwPAMS scoping process. 

3. Findings 

3.1. The Current Status of Antimicrobial Resistance 

All the eight assessed countries previously participated in the WHO Joint External 

Evaluations (JEE), which  informed the development of national action plans (NAPs) to 

implement international health regulations (IHR). A summary of recommended priority 

Figure 1. Summary of CwPAMS scoping process.

Additionally, purposive searches of key organisational websites, such as respective
government websites and World Health Organization, were conducted for reports and
policy documents. This was supported by local expert correspondence to identify additional
relevant literature from stakeholders and acting bodies in each country. This identified
342 relevant articles for the scoping review.

The study findings informed the discussion guide for a series of focus group discus-
sions with participants and stakeholders in each country.

Between April and May 2021, workshops, key stakeholders and personal interviews,
(Table S1), were conducted with a total of 55 experts with representation from National
AMR Committees, Antimicrobial Stewardship, Ministries of Health, One Health, Ani-
mal and Environmental Health, Infection Prevention and Control, Medicine, Nursing
and Pharmacy.

3. Findings
3.1. The Current Status of Antimicrobial Resistance

All the eight assessed countries previously participated in the WHO Joint External
Evaluations (JEE), which informed the development of national action plans (NAPs) to
implement international health regulations (IHR). A summary of recommended priority
actions for AMR, which are currently under implementation, is explained further in the
Box S2 [9–13].
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Several studies in these countries have shown resistance to the most commonly used
antimicrobials, such as penicillin, tetracyclines, ciprofloxacin, and cotrimoxazole [14].
Resistance to frequently used antimicrobials has been identified in multiple common
microbial organisms, including Staphylococcus aureus and other Staphylococci (including
Methicillin-resistant Streptococcus pneumoniae, Salmonella typhi, Shigella spp., Escherichia coli,
and Vibrio Cholerae [6,7,15]. In addition, several studies suggest various drivers of AMR,
mostly due to gaps in health systems’ capacity, supply, and regulation of antimicrobials
across multiple sectors. These are detailed further in the Box S3 [7,15].

3.2. Antimicrobial Use, Monitoring, and Stewardship

Evidence suggests inappropriate use of antimicrobials in hospitals, community set-
tings, and veterinary treatment [10–13,16–18]. As a result, AMR prevention interventions
have targeted healthcare facilities, communities, and the animal industry. There are varia-
tions in the status of AMS programme implementation in the eight countries and, despite
recent strides, many face challenges, including leadership commitment to AMS, clinical
pharmacy expertise, reporting, education, and accountability. Only one of the countries,
Kenya, had specific national AMS guidelines for healthcare settings.

Country-specific studies at the hospital level further reported suboptimal compliance
with treatment guidelines in healthcare-associated infections (HCAIs); lack of clarity in
documentation in AMS; prolonged surgical antibiotic prophylaxis; extensive misuse of
antibiotics (particularly in treating uncomplicated infections) and a lack of awareness
among health workers.

3.3. Infection Prevention and Control (IPC)

IPC is a central precondition for reducing the need for antimicrobials. Our scoping
search evidenced the existence of national IPC plans, policies, and documents to support
IPC and water sanitation and hygiene (WASH) in healthcare facilities across the eight
countries. However, IPC appears to be a neglected area at the healthcare facility level, and
it is evident that there is a need for strengthening activities to address this.

There are little data on the incidence of (HCAIs), although it is a widely recognised
priority issue to address. The actual burden of HCAIs in many LMICs is unknown due to
microbiological data scarcity, inaccurate patient records, lack of electronic medical records,
and inadequate surveillance systems to track HCAIs. However, studies indicate urinary
tract infections (UTIs), surgical site infections (SSI), and healthcare-associated pneumonia
(HAP) as common HCAIs in the eight African countries included in this review [19].

Effective IPC practices require training and monitoring of the health workforce. Barri-
ers to IPC include a lack of adherence to training guidelines. Several studies were conducted
on IPC knowledge, awareness, and practice by healthcare workers in the eight countries of
interest. Results of the studies showed poor hygiene compliance due to inadequate training,
poor infrastructure, and lack of personal protective equipment (PPE) in hospitals [20–23].

3.4. Use of WHO Tools and Participation in Assessments

Several WHO guidance and policy documents are available to inform national policy
and decision-makers by providing data and guidelines on the burden of AMR, IPC and
WASH, among other critical areas.

A range of WHO tools and guidelines used by the eight countries are summarised in
Table 1.
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Table 1. Summary of range of WHO tools used by the focus countries.

Enrolment
to GLASS-

AMR

WHO Joint
External

Evaluation
(JEE)

WHO
Methodology

for PPS

National
Action
Plans

WHO
WASH FIT

WHO Global
Plan on AMR

Global
TrACSS

Ghana x x x x x
Kenya x x x x x x x

Malawi x x x x x x
Nigeria x x x x x

Sierra Leone x x x x
Tanzania x x x x x
Uganda x x x x x x
Zambia x x x x x

These tools serve different purposes in providing guidance for the participating coun-
tries. Global antimicrobial resistance and use surveillance system (GLASS)-AMR provides
a standardized approach to the collection, analysis, and sharing of AMR data by countries
and seeks to support capacity development and monitor the status of existing or newly
developed national AMR surveillance systems. The joint external evaluation (JEE) is a vol-
untary, collaborative, multisectoral process to comprehensively assess a country’s capacity
to prevent, detect, and rapidly respond to public health risks in the framework of the inter-
national health regulations (IHR). The WHO point prevalence survey (PPS) methodology
collects basic information from medical records and associated patient documentation on
all hospitalized patients, which is of relevance for the treatment and the management of
infectious diseases regardless of whether these patients are on antibiotic treatment at the
time of data collection.

The national action plan (NAP) is a government document and is aligned with govern-
ment policies, laws, regulations, and structures as necessary or relevant to AMR. Water and
sanitation for health facility improvement tool (WASH FIT) is a risk-based approach for
improving and sustaining water, sanitation and hygiene, and healthcare waste management
infrastructure and services in healthcare facilities in LMICs. The global action plan (GAP)
provides a framework for developing national action plans, including key actions that the
various actors should take within 5–10 years to combat AMR. The tripartite AMR country
self-assessment survey (TrACSS) is an annual evaluation jointly administered by the Food
and Agriculture Organization (FAO), World Organisation for Animal Health (OIE), and
WHO to monitor a country’s progress in the implementation of NAPs.

3.5. National AMR Strategies and Their Status of Implementation

National AMR action plans or strategies were available in all eight countries and
included some or all of the necessary elements for effective AMS. These plans and strate-
gies are led by an AMR coordinating committee (AMRCC) or a platform of multi-sector
stakeholders who coordinate implementation activities. They represent a promising ad-
vancement in the form of increased policy awareness and commitment to tackle AMR.
However, national AMR strategies varied in their degrees of implementation. Significant
barriers remained, including gaps in operationalizing One Health interventions and a
lack of monitoring processes for implementation. Additionally, input from in-country
consultants indicated a lack of financial resources to effectively measure and establish
the impact of AMR, e.g., through measuring cost-efficiency, quality-adjusted life years
(QALYs), disability-adjusted life years (DALYs), mortality rates, costs associated with
infectious disease, bed space, drugs, and treatment.
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3.6. Notable Themes in National Action Plans

All eight countries adopted a multi-stakeholder approach to developing NAPs based
on the country-specific Global Antibiotic Resistance Partnership (GARP) situation analysis
recommendations. The stakeholders included WHO, FAO, Fleming Fund and respective
government line ministries. Out of the eight assessed countries, the Malawi NAP was not
readily available to stakeholders but was under review to improve implementation strategies.

Across all countries, representatives from different pharmaceutical bodies and phar-
macists were involved in the drafting of the NAP. One of the NAP principles in all eight
countries was using a One Health approach. There was a common understanding that
AMR requires collective actions from all One Health components, including human and
animal production, crop agriculture, and environmental activities.

Most of the countries’ NAPs contain clear implementation plans with monitoring
and evaluation (M&E) indicators. However, there was limited documented evidence on
the status of implementation of the NAPs. Fleming Fund country grant activities were
implemented to support NAP development, along with an M&E plan to track progress in
its implementation.

3.7. Surveillance of Antimicrobial Use (Including Point Prevalence Survey)

Most of the data that support treatment guidelines come from studies and surveillance
systems from high-income countries (HICs). However, even in HICs, gaps still exist in the
surveillance of bacterial pathogens that cause animal and human infections [24]. In addition,
reports have shown that LMICs’ capacity for AMR laboratory testing is centralized, with
minimal capacity at district level.

Several country-specific examples [24–28] are outlined in the Box S4.

3.8. Guidelines on Antimicrobial Use

The national clinical guidelines across all eight countries inform the prescription and
dispensing of antimicrobials. However, Kenya was the only country out of the eight with
dedicated national AMS guidelines for healthcare settings. In contrast, the rest of the
countries have several updated guidelines, such as Standard Treatment Guidelines and
Essential Medicines Lists, where AMS principles have been integrated. All countries have
a broad legal framework for medicines control, including antimicrobials. However, there is
currently limited literature on the implementation status of these guidelines.

3.9. Behavioural Barriers to AMS

Although policies on tackling AMR are available, they are often not implemented in
practice due to resource limitations [29]. In addition, AMS activities are affected by the
behaviour of health workers, individuals, and service providers. It was noted that structural
barriers may result in additional behavioural barriers. Box 1 highlights behavioural barriers
(including structural barriers) to tackling AMR in the eight countries [29–33]:

3.10. Initiatives to Improve AMS

Focus group discussions highlighted the urgent need for progress with regard to AMS
interventions. In addition to behavioural barriers to implementation, a lack of financial
resources and competing national priorities often result in AMS work being side-lined.

Examples of current initiatives to improve AMS in the eight countries include:

• The African Institute for Development Policy (AFIDEP) developed awareness ma-
terials, such as comic strips and fact and information sheets, in the local Chichewa
language in Malawi [34].

• The Drivers of Resistance in Uganda and Malawi (DRUM) consortium is a multi-
stakeholder project working in Malawi and Uganda, researching AMR in humans,
animals, and the environment [35].

• Nigeria utilises social media to promote AMS awareness and has an AMR Awareness
Facebook page, where information is shared to support the implementation of the
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Global Action Plan on Antimicrobial Resistance and minimise the impact of AMR on
human health, animal health, and the environment [36].

• A project was conducted to increase the awareness of AMR from February 2nd to May
13th, 2019, in Nigeria. The project used community outreach and social media to raise
awareness about AMR and address issues, such as misconceptions and knowledge
gaps. The student-led project had over 200,000 likes on Facebook, demonstrating how
social media can be a powerful tool to reach the masses [37].

• In collaboration with relevant ministries, departments, and agencies in the animal
and human health sectors, Nigeria’s Centre for Disease Control participates in World
Antimicrobial Awareness Week activities every year. In 2020, under the theme ‘An-
timicrobials: Handle with care’, several activities were conducted. These included
a webinar regarding operationalising One Health interventions on AMS, engage-
ment with livestock farmers, and training with Fleming Fund Fellows on AMR and
antimicrobial use (AMU) surveillance [38].

• ReAct Africa assists countries, such as Zambia and Ghana, by bringing together
experts and key stakeholders to form technical working groups on AMR. They ensure
a multi-sectoral, holistic approach to AMR, targeting the general public, as well as
the health, veterinarian, agricultural, and environmental sectors. Their role is to also
increase collaboration with other relevant networks and organisations [39].

• In Kenya, both public and private hospitals, such as the Kenyatta National Hospital,
Aga Khan University Hospital, and The Nairobi Hospital, have developed and im-
plemented AMS programmes. They have observed significant adherence to AMU
guidelines in surgical prophylaxis, restricted carbapenem, and other reserve antibiotic
use, resulting in a decline in multi-drug resistant infections and candidemia. Other
hospitals are in the process of establishing AMS teams with mentorship from hospitals
that have implemented AMS programmes. Insights from the focus group discus-
sions showed initiatives and unpublished documentation on AMS in the country.
There is ongoing work with the United States Agency for International Development
- Medicines, Technologies, and Pharmaceutical Services (MTaPS) Program (USAID-
MTaPS), Fleming Fund, ReAct, CDC, WHO, FAO, and OIE.

• In 2017, Mbeya Zonal Referral Hospital (MZRH) and the University of South Carolina
(UofSC) agreed on a collaborative project to strengthen antimicrobial prescribing in the
southern highlands of Tanzania and train a new generation of clinicians in responsible
AMU and adherence to national guidelines [40].

3.11. Guidelines on Infection Prevention and Control

Multiple partners, such as US CDC implementing partners, USAID-MTaPS, WHO,
and ReAct, have been supporting countries to improve IPC. At the national level, in
Kenya, they have provided technical assistance to the National Infection Prevention and
Control Advisory Committee and the MoH Patient and Health Worker Safety Division
to review the existing policies for health care workers. The National IPC Advisory and
Coordination Committee supports and improves adherence to hand hygiene and waste
management practices.

Several documents have been developed and implemented across all eight countries
to facilitate IPC procedures and policies at the national and hospital level. They include
but are not limited to: IPC plan; Infection Control and Waste Management plan; Standard
Treatment guidelines; National Communication Strategy for IPC; National IPC Guidelines
& Pocket Guides; Quality Improvement—IPC Orientation Guide for Participants; National
IPC Standards; National Health Care Waste Management Policy Guidelines; HCWM
Standards and Procedures; HCWM Monitoring Plan; National Catalogue for National
HCWM Equipment and Facility Options; Essential Medicine List.
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Box 1. Behavioural barriers (including structural barriers) to tackling AMR [29–33].

• Unrestricted access to antimicrobial medicines without prescription due to limited enforcement of legisla-tion;
• Individuals use antimicrobials to try to prevent infection, rather than using for treatment;
• Unaffordability of antimicrobials results in purchasing less than prescribed and patients tend not to finish their prescribed

courses;
• Self-medication is common with medicines from market vendors, pharmacies, and drugs shared between friends and family;
• There is a lack of medical supplies, and long distances to health facilities;
• Poor attitudes of medical professionals towards patients;
• The misuse of antibiotics in hospitals, while not well documented, is evident, and there are no national guidelines for the use of

antibiotics in intensive care unit (ICUs);
• Guidelines are not adhered to and hardly used, which may be due to a lack of faith in the advice;
• Up-to-date information on AMR is limited and not circulated or collated to be available from one source, so it does not influence

clinical practice. This has led to the prescription of antibiotics being a matter of trial and error;
• Financial incentives exist through privately selling antibiotics in hospitals;
• Polypharmacy, including antimicrobials, and the use of fixed-dose combinations;
• Poor enforcement of laws and regulations on the handling of medicines. In addition, many drug shops and private clinics do

not conform to the required standards and remain operational in many districts;
• Lack of diagnostic tests in medical decision-making, increasing or decreasing the probability of infection in a patient based on

the result;
• Poor education on IPC and AMR;
• Characteristics of the facility and the healthcare worker, such as the healthcare worker’s knowledge and the availability of

supplies, suggest that improvements will require a broader focus on behavioural change. Findings also emphasise the need to
create hospital leadership buy-in in order to overcome challenges in effective AMS programme implementation, in the response
to AMR.

3.12. One Health Initiative in Relation to Antimicrobial Stewardship
3.12.1. One Health Approach

Currently, in Ghana, Kenya, Nigeria, Tanzania, and Zambia, One Health collaboration
is established within multi-sectoral working groups that operate using clear terms of
reference and defined activities and follow arrangements pertaining to reporting and
accountability [41]. By contrast, in Sierra Leone, One Health initiatives are established but
did not have clear terms of reference and defined activities.

In Uganda, national strategic plans were reviewed by key stakeholders in the relevant
ministries (Ministries of Health, Agriculture and Environment) to include the AMS/AMR
agenda as part of their deliverables for further implementation. These efforts are expected
to promote AMS activities at sub-national, district, and individual farmer levels. In Malawi,
only a concept note exists on the One Health approach to date.

The FAO, WHO, and OIE have played a strong role in promoting intersectoral co-
ordination and collaboration at the country level, particularly in Ghana, Sierra Leone,
and Tanzania through One Health intersectoral groups and committees [42]. The Fleming
Fund also signed an MoU with relevant ministries, departments, and agencies (MDAs)
to implement a One Health approach to respond to public health threats through health
promotion, early detection, timely response, and post-outbreak management [43].

3.12.2. Raising Awareness of AMR in The Animal Health Sector

The FAO’s awareness-raising activities have targeted a range of stakeholders from
food producers and medicine sellers to veterinarians and para-veterinarians in some of
the countries included in the review [42]. However, despite the evidence of nationwide,
government-supported AMR awareness campaigns in some countries [41], there is a need
for more awareness targeting the animal, food, and environmental health sectors in all
eight countries.

3.12.3. Antimicrobial Use and Stewardship in Farms

Antibiotics are used in the animal health sector for the treatment and prevention of
infections, among other purposes. In addition, they are used in sub-therapeutic doses

165



Antibiotics 2022, 11, 1149

in livestock feeds to enhance growth and improve feed efficiency in intensive livestock
farming [44]. The situation on AMU/AMS [17,41,42,45–54] across the agricultural sector in
the eight countries are depicted in Table S2.

3.12.4. Veterinarians and AMS

In Ghana, there are agencies responsible for monitoring the use of antibiotics and
surveillance of resistance in animals. Ad hoc AMR training courses are available for
veterinary-related professionals in Ghana, Nigeria, and Sierra Leone [41]. In addition, plans
to strengthen the capacity gaps in veterinary services are currently being developed in
Sierra Leone [41].

Continued professional training on AMR/AMU exists for veterinary-related profes-
sionals in Tanzania and Zambia [41]. In Sierra Leone, the monitoring of veterinary services
performance is carried out regularly, e.g., through Performance of Veterinary Services (PVS)
Evaluation follow-up missions [41]. No regular training is provided to farmers in Nigeria
because it is challenging to engage with them easily. In Malawi, the development of AMS
guidelines in the animal sector is still underway.

3.12.5. Antimicrobial Surveillance in Animal and Environmental Sectors

In Kenya, all laboratories performing antimicrobial sensitivity testing are integrated
into the AMR surveillance system [41]. Some AMR data are collected locally and fed into
the national surveillance system for AMR in livestock and aquaculture.

In the other countries, there are national surveillance systems for AMR in the animal,
food, and environmental health sectors. The surveillance plans for AMR in animal health
sectors have been approved in Kenya, while the surveillance plans for AMC/AMU in
animal health and environmental health sectors are under review in Malawi and Ghana.
However, in some countries, the animal health and food safety sectors are not integrated
into the national AMR laboratory network. As a result, the antimicrobial sensitivity testing
conducted in those labs is not included in the national AMR surveillance system [41]. In
Ghana and Tanzania, there are IPC programmes in the animal and plant health services,
while in the other countries, there is no evidence of national IPC guidelines covering the
animal, food, environment, and agriculture sectors [41].

3.13. Stakeholder and AMR Coordinating Committee (AMRCC) Engagement

The eight assessed countries have well established AMRCC committees to facilitate
AMR-NAP implementation, with the names of these differing across countries. For ex-
ample, in Kenya, it is referred to as the ‘National Antimicrobial Stewardship Interagency
Committee’ while in Sierra Leone, it is the ‘National Multi-Sectoral Coordinating Group’.
The AMRCC oversees and provides overall coordination of the AMR National Action Plan
(AMR-NAP) implementation. The activities of the AMRCC are supported by national
technical working groups in the implementation of each of the strategic objectives. These
technical working groups are composed of technical experts from key stakeholders, repre-
senting animal health, food and animal production, human health, the environment, public,
private institutions, and civil society.

Currently, the AMRCC in all eight countries has been conducting:

• Assessment of various curricula to determine the extent of inclusion of AMR content;
• Situation analysis of sanitary and phytosanitary measures, IPC, and biosecurity;
• Periodic studies on the efficacy of antimicrobials.

3.14. Digital Health

The penetration of mobile phones and other digital technologies has provided an
opportunity for digital health initiatives. There has been an increased use of digital health,
mirroring global trends fuelled by the COVID-19 pandemic. Additionally, our review
demonstrated increased development and implementation of mobile health applications.
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Countries, such as Ghana, Kenya, Malawi, and Zambia, have adopted national e-Health
strategies whilst Nigeria, Sierra Leone, Tanzania, and Uganda are yet to do so [55].

District Health Information Software-2 (DHIS-2), a digital interface designed initially
for collecting and using district health information, has been implemented in seven coun-
tries. Sierra Leone has not yet implemented the use of DHIS-2 [56].

3.14.1. Advances in the Use of E-Prescribing

Medical apps for healthcare professions have been developed to support adverse
event monitoring, prescribing, and quality assurance. These applications are used for vari-
ous purposes, including point-of-care reference tools, physician consultation, monitoring
adherence to therapy, inter-professional interaction, etc.

As part of the CwPAMS programme, the Commonwealth Pharmacists Association
(CPA) developed an antimicrobial-prescribing app, to support antimicrobial-prescribing
and AMS activities conducted by health partnerships through the programme in Ghana,
Tanzania, Uganda, and Zambia by providing guidance, resources, and training documents.
The use of apps to aid AMS and inform practice has been well implemented in hospitals [57].
In addition, the UK-led telemedicine initiatives, such as Virtual Doctors have also supported
healthcare workers in rural areas in Zambia [58]. However, several barriers to using
digital health existed in LMICs, including unavailability of digital tools and connectivity
issues [59].

Electronic health services, such as prescribing, are becoming increasingly popular
in LMICs. Some examples include the MyDawa app in Kenya [60]; the Surveillance
Programme of In-patients and Epidemiology (SPINE) and the MicroGuide app [61,62], im-
plemented in Malawi; and the electronic health records system, ‘Stre@mline’ in Uganda [63].

3.14.2. Use of Medicines Supply Apps or Software

Mobile applications have eased service provision to local hospitals, enabling more
efficient and effective distribution of essential medical supplies. However, in some cases,
there was no evidence to support whether hospitals had widely implemented the apps [64].
Additional studies on clinical usability and the workflow fit of digital health systems are
needed to ensure efficient system implementation. However, this requires support from
critical stakeholders, including the government, international donors, and regional health
informatics organisations [64].

A study on improving access to antimicrobial prescribing guidelines in four African
countries noted initial barriers to uptake that were addressed using a behaviour change
approach [59].

3.15. Coverage of AMR and AMS in Pharmacy Training

There is a critical shortage of pharmacy personnel, especially in government health
centres in all assessed countries. This shortage leads to unqualified personnel managing
medicines and supply chains and dispensing medicines to patients, impacting patient
care and medicine availability. Countries, such as Kenya, Malawi, Nigeria, Tanzania
and Zambia, train pharmacy assistants and technicians for 2–3 years, while pharmacists
undergo higher education by completing a 5–6 year Bachelor or Doctor of Pharmacy,
respectively. Both the pharmacy technician and pharmacist qualifications require a pre-
registration placement [65]. Most of the eight countries have some form of continuing
professional development (CPD), designed to update pharmacists’ knowledge and enable
them to keep abreast of advancements in pharmaceutical development and modern trends
in pharmacy [66]. The uptake of CPD is currently low in countries where it is not mandated,
requiring personal motivation to engage [67,68]. The number and role of pharmacists in
the eight countries are detailed further in the Table S3.
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3.16. Access to Antimicrobials, Supply of Medicines

The CwPAMS programme running from 2018 to 2021 highlighted that, in some cases,
medicine supply issues led to challenges in achieving AMS. Many African countries are
regularly impacted by shortages, substandard/falsified medicines, and supply issues due to
COVID-19 and heavy import dependency, especially in the pharmaceutical sector [1,69–72].

The medicine supply chains of the eight countries in focus have commonalities and
variables between them, relating to factors, such as procurement agency type and author-
ity in place. All eight countries procure, source funding from, and distribute essential
medicines from a combination of government (Ministries of Health), non-government/not-
for-profit organisations, and private sectors. The systems in place are categorised as tier
systems, single agency, or devolved.

3.17. Access to Medicines via Community Pharmacy

Several studies [17,59] have documented the over-the-counter supply of antibiotics in
community pharmacies and enable patient self-medication and misuse of antibiotics. The
additional drivers of misuse [73,74] in community pharmacies are highlighted in Box 2

Box 2. Key drivers of antimicrobial misuse in community pharmacies [73,74].

Further findings that highlight the key drivers of antimicrobial misuse in community pharmacies include;

• Poor and inefficient public health systems;
• Lack of policies nor strict enforcement;
• Dispensing of antimicrobials in partial doses;
• Sub-optimal AMR knowledge and attitudes among pharmacy personnel;
• Lack of antimicrobial sensitivity knowledge in patients and clients.

3.18. Impact of COVID-19

Understandably, COVID-19 has radically shifted the focus of public health agendas. It
is, therefore, important to consider how COVID-19 might be impacting the emergence and
spread of drug-resistant pathogens through the overuse of medication for the treatment
of COVID-19 and secondary infections. COVID-19 has affected the assessed countries’
strides in tackling AMR. The eight countries included in this review operate with several
COVID-19 guidelines, and IPC measures are included in these as an integral part of the
clinical management of patients. The guidelines highlight the need to ensure standard
precautions in all areas of healthcare facilities, including hand hygiene and the use of PPE
to avoid direct contact with patients. None of the guidelines mention AMR.

COVID-19 also diverted personnel and resources away from priority diseases, such
as HIV/AIDS, TB, malaria, and routine healthcare services, such as antenatal care and
vaccination programmes. The full impact of this is yet to be realized.

4. Conclusions

This scoping review provides a current overview and assessment of national AMS
activities, including IPC programmes and One Health approaches, by eight countries in
sub-Saharan Africa: Ghana, Kenya, Malawi, Nigeria, Sierra Leone, Tanzania, Uganda, and
Zambia. Notably, all countries have existing NAPs that were developed with the inclusion
of pharmacists and reflect the prominence of AMR on the political agenda. Our review
further highlighted a significant number of IPC and WASH activities in the eight countries
and a notable increase in digital health approaches. However, we also identified a number
of shortcomings in national AMS activities, including a lack of documented evidence on
AMR and AMU surveillance, AMS activities, and evaluation of NAP implementation.
Additionally, there is a need to match increased political motivation to tackle AMR with
sufficient investment in technical workforce capacity and expertise in spite of competing
healthcare agendas (e.g., around the management of COVID-19). Below, we suggest adapt-
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able recommendations to improve existing AMS practices and increase the sustainability of
interventions in the eight countries that were part of this study and beyond.

5. Recommendations

The following recommendations for promoting AMS activities are based on the scop-
ing review and focus group discussions with local and national stakeholders in the eight
focus countries. They should be adapted to ensure relevance for context and take into
account available resources, barriers, and facilitators.

• Develop national AMS plans or guideline documents to facilitate the implementation
of national action plans on AMR.

• Increase the number of AMS programmes in healthcare facilities through national
roll-outs of successful pilot programmes.

• Incorporate AMS in the curricula for pre-service and in-service training of pharmacists
and other healthcare professionals in the national health budget to increase human
resources for the in-country implementation of national AMR programmes.

• Identify National Action Plan indicators that need to be improved or upgraded.
• Increase capacity and recognition of technical working groups on AMS.
• Provide technical support to increase the workforce and streamline processes to im-

prove monitoring and evaluation (M&E) for NAPs (Most countries did not have
enough literature on the status of AMS implementation).

• Update hospital/healthcare clinical guidelines to include AMS principles and inte-
gration of the Access, Watch and Reserve (AWaRe) classification of antibiotics. These
customisable guidelines can also be incorporated into existing digital and e-health
applications, such as DHIS-2 to optimise prescriptions. The shift towards digitisation
can potentially improve antimicrobial prescribing through easy access to information
and records.

• Improvement and enforcement of regulations regarding sales of prescription-only
antibiotics (There were notable gaps in the policies that govern the sale of antibiotics,
especially in community pharmacies. It is important to harness advances in digital
technology where possible).

• Streamlining and strengthening national medicine supply chain systems to ensure the
consistent availability of quality-assured antimicrobials.

• Encouraging more policies and government regulatory frameworks on the distribution
and manufacturing of quality-assured health products at the national level.

• Incorporate bottleneck analysis of national supply chains to identify root causes and
human behaviour influencing them.

• The establishment of AMS programmes that incorporate medical supply chain man-
agement to facilitate rational antimicrobial selection, procurement, use, monitoring,
storage, distribution, and supply.

• The improvement of national quality control and assurance systems of pharmaceuti-
cals to reduce the prevalence of substandard and falsified antimicrobials within the
country’s distribution systems and channels.

• The provision of incentives to support AMS programmes and further inclusion/
collaboration into/with IPC, WASH, TB and other health programmes in all healthcare
facilities.

• The prioritisation of institutionalising and subsequent decentralisation of One Health
activities to the sub-national level for implementation, fostering operation, and capac-
ity building.

• Expanding national AMU and AMR surveillance programmes and AMR/AMS aware-
ness campaigns targeted at the stakeholders and MDAs in the animal, food processing,
agriculture, and environmental health sectors to enhance coverage.

• The involvement of pharmacists and pharmacy associations further in the implemen-
tation of national AMS activities.
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• At every opportunity, strengthen and foster partnerships and opportunities that ensure
the inclusion of all relevant stakeholders/actors (nationally and internationally) in the
implementation of AMS activities.

• The encouragement of more AMR and/or One Health-driven research collaborations
between government and non-government stakeholders, with the aim of enhancing
the implementation of NAPs.

• Conduct a comprehensive ethnographic study on the use and misuse of antimicrobial
drugs in human and animal health, agriculture, and the environment to adequately
inform antimicrobial stewardship initiatives.

• Use of digital health tools to support AMS. In Kenya, Sierra Leone, Zambia, and
Malawi, it was noted that there is a need for easy access to prescribing information
through an app.
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Abstract: Antimicrobial resistance (AMR) is a global health threat and one of the top 10 global public
health threats facing humanity. AMR contributes to 700,000 deaths annually and more deaths, as
many as 10 million are projected to happen by 2050. Antimicrobial stewardship (AMS) activities
have been important in combating the ripple effects of AMR and several concerted efforts have
been taken to address the issues of antimicrobial resistance. The Commonwealth Pharmacists
Association through the Commonwealth Partnerships for Antimicrobial Stewardship (CwPAMS)
programme has been enhancing the capacity of health institutions in Low-Middle-Income Countries
(LMIC) to combat AMR. Through such efforts, an antimicrobial prescribing app (CwPAMS app)
was launched and delivered to support antimicrobial prescribing and improve AMS practice in
four African countries; Ghana, Uganda, Zambia, and Tanzania. The app provides easy access to
infection management resources to improve appropriate use of antimicrobials in line with national
and international guidelines. This study aimed to identify and explore the potential for the usability
of the CwPAMS app among healthcare students across selected African countries that are part of the
Commonwealth. The study equally evaluated the healthcare students’ understanding and attitudes
towards antimicrobial resistance and stewardship. Despite 70% of the respondents indicating that they
had been taught about prudent use of antibiotics, diagnosis of infections and their management using
antibiotics in their universities, notable knowledge gaps were discovered: 52.2% of the respondents
had no prior information on the term AMS, 50.6% of them reported a lack of resources for accessing
up-to-date information on drugs, for instance only 36% had had an opportunity to access an app as
a learning resource even when 70% of the respondents thought that a mobile app would support
in increasing their knowledge. Those challenges reveal an opportunity for the CwPAMS App as a
potential option to address AMR and AMS gaps among healthcare students.

Keywords: antimicrobial resistance; CwPAMS; prescribing app; antimicrobial surveillance; antibi-
otics; antimicrobials; antimicrobial stewardship

1. Introduction

Resistance to antimicrobials threatens the effective prevention and treatment of an
ever-increasing range of infections [1]. Antimicrobial resistance is a current global health
and development threat and the World Health Organization declared it as one of the
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top 10 global public health threats facing humanity [1]. The overarching issue is that
antimicrobial resistance threatens the very core of modern medicine and the sustainability
of an effective global public health response [2]. Each year, 700,000 people lose their lives
to AMR, and more deaths.As many as 10 million deaths are projected to happen by 2050
with a 3.8 percent reduction in the annual gross domestic product (GDP) if action is not
taken [3]. AMR significantly affects the economy through prolonging illness, thus causing
longer hospital stays and the need for more expensive medicines, which pose financial
challenges for the national health systems and the affected individuals [1,4].

Whilst resistance to existing antibiotics is increasing, the development of new an-
tibiotics is low. In 2019, the WHO identified only six antibiotics of the 32 antibiotics that
were in clinical development that address the WHO list of priority pathogens [1]. Misuse
and overuse of antimicrobials are the main drivers in the development of drug-resistant
pathogens [1]. Existing literature commonly highlights that health care providers especially
those in LMIC have inadequate knowledge on use of antimicrobials and antimicrobial
resistance [5,6]. As a result, the challenge of inappropriate prescription of antimicrobials
continues to prevail, thus worsening antimicrobial resistance [5–7].

Antimicrobial stewardship alongside infection prevention and control have been the
mainstay in tackling the challenge of AMR. As a global response, antimicrobial stewardship,
which is the systematic, coordinated effort that promotes the appropriate use of antimicro-
bials was launched through several collaborations and concerted efforts of governments
and healthcare bodies and organisations [8,9]. It is important that prescribers ensure
“the right antibiotic, at the right dose at the right time” [10] Antimicrobial stewardship
programmes should take into consideration monitoring and evaluation of antimicrobial
prescribing, regular feedback to prescribers, education and training for health and social
care staff, and integrating audits into existing quality improvement programmes [11].

The UK aid Fleming Fund funded a new programme in 2018, the Commonwealth
Partnerships for Antimicrobial Stewardship programme (CwPAMS), managed by the Com-
monwealth Pharmacists Association (CPA) and Tropical Health and Education Trust (THET)
and supports improvement of antimicrobial prescribing, surveillance and stewardship [12].
As part of the CwPAMS antimicrobial stewardship interventions, an Antimicrobial Pre-
scribing app (CwPAMS app) was launched in 2019 and delivered to improve antimicrobial
prescribing practice in four African countries; Ghana, Uganda, Zambia, and Tanzania [13].
The app provides easy access to infection management resources and improves the appro-
priate use of antimicrobials according to national and international guidelines.

Following the launch of the CwPAMS app in the four African countries, there were
530 downloads of the app and 2795 guides opened within 12 months. Ghana received
more downloads (50.3 percent) than Uganda (31 percent), Tanzania (13 percent), Zambia
(1.9 percent), and others (3.8 percent) [13]. Relatedly, Olaoye et al. [13] reported that the
CwPAMS app improved the health care providers’ awareness on AMS and prescribing
practices. Further, the health care providers found the CwPAMS app easily accessible as
its usability is not internet dependent [13]. To respond to one of the recommendations
of this study, which was further dissemination of the CwPAMS app; identifying and
addressing the educational needs of health care students (future healthcare professionals)
was considered paramount to effecting long term and sustainable changes in antimicrobial
stewardship. By taking stewardship activities to the grassroots, i.e., healthcare students,
they can be better informed on antimicrobial prescribing and more empowered healthcare
providers as professionals. The importance of smartphones in healthcare training and
education cannot be underestimated. Smartphones are described as a resource called
“Learn Anywhere” [14].

In this context, this study aimed to understand the potential use of the CwPAMS
app to guide antimicrobial prescribing, and specifically to serve as an educational tool for
healthcare students in Commonwealth countries within the African continent. The study
was also planned to evaluate knowledge and attitudes of healthcare students towards
antimicrobial resistance and stewardship activities.
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2. Materials and Methods
2.1. Survey Development

A survey- based approach was adopted, using a 59-item questionnaire (Supplementary
Materials) developed from two existing validated surveys in the literature; European survey
of healthcare workers’ knowledge, attitudes and behaviours with respect to antibiotics,
antibiotic use and antibiotic resistance [15] and healthcare students’ survey assessing
the knowledge, attitudes and behaviors of human and animal health students towards
antibiotic use and resistance [16]. The survey was hosted on Survey Monkey, a web-based
survey platform. A pilot survey was initially conducted in Nigeria and Uganda with
seventeen [17] health care students. The survey was updated based on feedback and
disseminated to healthcare students across ten African countries. Time taken to fill the
survey and other suggestions for improvement were noted during the pilot. Pilot data was
excluded from the final analysis. All questions were presented to respondents in English
language. The questions were a mixture of Likert-scale, True or False, and choice format.
The questionnaire included study information about respondents, inclusion of antimicrobial
stewardship as part of their learning, existence of educational content focusing on AMR and
stewardship, and explored perspectives to understand the potential benefits of a mobile
application that guides antimicrobial prescribing. It also focused on information about
individuals who had participated in a prudent antibiotic use campaign in the past three
years. The survey was reviewed and refined by discussing with the CwPAMS project team
and CPA’s global AMR lead.

2.2. Target Respondents and Data Collection Procedure

The target population were undergraduate health care students from universities
in Africa. Promotion was primarily to eight countries that are part of the original and
extension phase of CwPAMS programme—Ghana, Kenya, Malawi, Nigeria, Uganda, Tan-
zania, Zambia. Healthcare students from diverse academic backgrounds were eligible to
participate in this survey. Participation was voluntary, with the survey being open for
responses over a 6-week period (12 April until 20 May 2021).

The survey was promoted through the support of CwPAMS representatives to health
students in the selected African countries. The survey was also promoted through social
media platforms amongst students and university leads.

2.3. Data Analysis

Descriptive statistics on the frequency distributions and percentages were used to
analyse the responses and IBM SPSS Statistics 25 and Microsoft Excel 2016 were used to
analyse the data.

2.4. Ethics

Formal ethics approval was not required because this study was classified as a service
evaluation of CPA’s activities. Informed consent was obtained from all the respondents
to participate in the study (100%). No personal and identifiable data was collected and
respondents were assured that the information provided would be kept confidential. Par-
ticipation in this study was optional, and they had the option to withdraw their consent
if they no longer agreed to any aspect. The data were held securely and in-line with the
General Data Protection Regulation 2016/679.

3. Results
3.1. Demographics of Respondents and Countries Involved

The study included responses from 483 health care students from 44 universities
across 10 Commonwealth countries; Nigeria (313), Kenya (111), Uganda (34), Tanzania (16),
Zambia (2), Malawi (2), India (1), Democratic Republic of Congo, Rwanda (1 student each).
The respondents were studying a range of health related courses 250 pharmacy, 84 pharma-
cology, 66 medicine, 42 pharmacy technicians, 31 biomedical sciences, 5 nursing, 1 dentistry,
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1 veterinary medicine and 3 others, which are part of the aforementioned courses). Most
of the respondents had at least 4 years and above for their chosen undergraduate degree
(90.2). The majority of respondents were already in their penultimate and final year of
undergraduate degree; third year (23.6%) and fourth year of education (31.1%) (Table 1).

Table 1. Demographics of respondents and countries involved (across 10 Commonwealth countries).

Variables Frequency Percentage (%)

The undergraduate
degree being studied

Pharmacy 250 51.8

Pharmacology 84 17.4

Medicine 66 13.7

Pharmacy Technician 42 8.7

Health sciences (biomedical sciences) 31 6.4

Nursing 5 1

Others (Veterinary Medicine, Dentistry, Clinical
Pharmacology & Therapeutics, Clinical Medicine) 5 1

Total 483 100.0

Years of the
undergraduate degree
for the chosen career

3 years 47 9.7

4 years 158 32.7

5 years 213 44.1

6 years 6 1.2

>6 years 59 12.2

Total 483 100.0

Country

Nigeria 313 10.1
Kenya 111 20.1

Uganda 34 23.6
Tanzania 16 31.1

Ghana, Rwanda, Congo, Malawi, Zambia and Others 9 11.2
Total 483 100.0

3.2. Knowledge of Antimicrobials, Antimicrobial Use and Stewardship
3.2.1. Teachings on Antibiotic Treatment and Usage

Most of the respondents reported that they received lectures about antibiotics during
their undergraduate degree programme. More than two thirds of the respondents had
teaching on prudent antibiotic use (70.4%), diagnosis of infections (74.3%), and antibiotic
treatment (77.2%). Few were not taught about the prudent use of antibiotics (18.4%), diag-
nosis of infections (14.3%) and treatment with antibiotics (14.3%). Small percentages were
not sure if they had been taught about the prudent use of antibiotics (11.2%), diagnosis of
infections (11.4%) and treatment with antibiotics (8.5%) (Supplementary Material Table S1).

3.2.2. Examination Questions on Antibiotic Use

Most of the respondents reported having had exam questions on antibiotics. More
than half of them had exam questions on: prudent antibiotics (60.2%); diagnosis of in-
fections (66.0%) and antibiotic treatment (70.0%). Only a few had no exam questions
on prudent use of antibiotics (25.9%), diagnosis of infections (21.5%) and antibiotic treat-
ment (18.8%). A small percentage was not sure if they had exam questions on prudent
use of antibiotics (13.9%), diagnosis of infections (12.4%) and antibiotic treatment (11.2%)
(Supplementary Material Table S2).
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3.2.3. Students’ Participation in Public Health Campaigns on Prudent Antibiotic Use

Many of the respondents (69.6%) reported that they had not been involved in a cam-
paign linked to prudent antibiotic use in the previous three years, 18% stated they had
participated in campaigns and 12.4% could not remember whether they had participated
or not. Of the 87 respondents that participated in a prudent antibiotic use campaign, 39.1%
provided education on antimicrobial resistance, 20.7% reported they shared their knowl-
edge about antimicrobial resistance on social media, others participated in Antimicrobial
Resistance Seminar (10.3%), engaged in rallies and campaigns (9.2%), joined debates and
conferences (4.6%), and (4.6%) helped to raise community awareness in a rally (Table 2).

Table 2. Students’ participation in public health campaigns on prudent antibiotic use.

Variables Frequency Percentage (%)

Participation in a campaign on
the prudent use of antibiotics

over the last three years

Yes 87 18.0

No 336 69.6

Cannot remember 60 12.4

Means of participation

Through rallies and campaigns 8 9.2

Surveys on AMR and Surveys on AMR and data
collection (4.5%) 4 4.5

Social media awareness on antimicrobial resistance 18 20.7

SARS committee member MKU chapter 2 2.3

Outreach program to secondary schools in Ilala
Tanzania 2 2.3

In debate and conferences 4 4.6

I wrote a poem on antimicrobial resistance for the
world health students’ alliance. 2 2.3

Educating people about antimicrobial resistance 34 39.1

Community awareness rally 4 4.6

Attended an AMR seminar 9 10.3

Total 87 100.0

3.2.4. Teaching Methods for Prudent Antibiotic Use

The most common method used for teaching the majority of the respondents on pru-
dent antibiotic use was lecturing to more than 15 people (61.7%). Another teaching/learning
technique frequently used was active learning tasks such as reading articles, group work,
preparing an oral presentation (53.4%), e-learning (52.8%), discussion of clinical cases and
vignettes (40.0%), peer or near-peer teachings such as classes led by other students or
recently qualified doctors (39.3%), and digital resources such as apps (36.0%). On the other
hand, unpopular learning methods included small group teachings with less than 15 people
and clinical microbiology placement as reported by almost half of the respondents (Table 3).

3.2.5. Reference Sources for Information on Antimicrobials

Almost half of the students stated they did not know of any source of information
on antimicrobials (47.0%) Those who had an antimicrobial reference source represented
40.8%, and 12.2% could not decide whether they knew or not. There were mixed responses
on the reference sources that respondents were using with the highest proportion (13.5%)
stating antimicrobial textbooks, followed by 8.9% who stated internet research and 7.2%
who stated Emdex. Less than 5% referred to other sources including the BNF and the World
Health Organization handbook on antimicrobial stewardship. Almost half (48.9%) did not
specify the reference sources they currently use (Supplementary Material Table S3).
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Table 3. Teaching methods used to teach students about prudent use of antibiotics/antibiotic treatment.

Statements Yes No Unsure

Lectures (with >15 people) 295 (61.1%) 95 (19.7%) 93 (19.3%)

Small group teaching (with <15 people) 96 (19.9%) 217 (44.9%) 170 (35.2%)

Discussions of clinical cases and vignettes 193 (40.0%) 143 (29.6%) 147 (30.4%)

Active learning assignments
(e.g., article reading, group work,
preparing an oral presentation)

258 (53.4%) 109 (22.6%) 116 (24.0%)

E-learning 255 (52.8%) 115 (23.8%) 113 (23.4%)

Role play or communication skills
sessions dealing with patients
demanding antibiotic training

147 (30.4%) 183 (37.9%) 153 (31.7%)

Infectious diseases clinical placement
(i.e., clinical rotation or training in

infectious diseases, involving patients)
131 (27.1%) 185 (38.3%) 131 (27.1%)

Microbiology clinical placement 117 (24.2%) 216 (44.7%) 150 (31.1%)

Peer or near peer-teaching
(i.e., teaching led by

other students or recently
qualified doctors)

190 (39.3%) 159 (32.9%) 134 (27.7%)

Use of digital resources such as apps 174 (36.0%) 169 (35.0%) 140 (29.0%)

An online learning platform was the most popular reference source of information
used by the students. Half of the students mainly used online libraries for their medical
reference (48.0%), 35% used textbooks, 8% used the BNF and 9% used other sources.

3.2.6. Antimicrobial Stewardship Awareness amongst Students

Slightly more than half (52.2%) of participants reported that they had no prior knowl-
edge of the term antimicrobial stewardship (AMS); 42% stated they had heard of AMS and
5.8% were unsure.

3.2.7. Barriers to Up-to-Date Information about Drugs amongst Students

About half of the respondents indicated that one of the challenges in obtaining up-to-
date information on drugs was lack of resources (50.6%). Other factors highlighted included
internet access (29.8%), power outages (17.9%), reliable sources (0.7%) and laxity (0.2%). Only
0.9% had no challenges in obtaining current information (Supplementary Material Table S4).

3.2.8. Social Media Channels Used Mostly amongst Students

When asked “What social media channel do you think students relate with the most?”;
the most common channels selected by the respondents were Twitter (33.5%), Instagram
(23.6%), Facebook (17.2%) and WhatsApp (16.8%). Others included YouTube (0.4%), Zoom
(0.2%), the Internet (0.2%) and Google (0.2%) (n = 483). There was no response from 6.8%
of the respondents (Supplementary Material Table S5).

3.3. Students’ Perspectives on Antimicrobial Resistance and Stewardship
3.3.1. Students’ Perspectives on Antibiotics Use

The majority (73.5%) of respondents believed that: unnecessary use of antibiotics
makes them ineffective, that taking antibiotics is associated with side effects or risks, such
as diarrhoea, colitis and allergies (66.7%), that healthy people can carry antibiotic-resistant
bacteria (55.3%), and that any person treated with antibiotics is at increased risk of antibiotic-
resistant infection (49.9%) (Table 4). About half of the respondents reported that antibiotics
are not effective against viruses (53.6%), cold, and flu (42.4%). Approximately a quarter
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of the respondents (23.6%) could correctly answer that the use of antibiotics for growth
promotion in farm animals is not legal in the EU.

Table 4. Students’ responses to statements on antibiotics.

Statement
(Correct Answers—
False (F); True (T))

True False Unsure Do Not Know

Antibiotics are effective against viruses (F) 118
(24.4%)

259
(53.6%)

81
(16.8%)

25
(5.2%)

Antibiotics are effective against cold and flu (F) 176
(36.4%)

205
(42.4%)

72
(14.9%)

30
(6.2%)

Unnecessary use of antibiotics makes them become ineffective (T) 355
(73.5%)

43
(8.9%)

56
(11.6%)

29
(6.0%)

Taking antibiotics have associated side effects or risks such as diarrhea,
colitis, allergies (T)

322
(66.7%)

39
(8.1%)

90
(18.6%)

32
(6.6%)

Every person treated with antibiotics is at an increased risk
of antibiotic-resistant infection (T)

241
(49.9%)

111
(23.0%)

91
(18.8%)

40
(8.3%)

Bacteria that are resistant to antibiotics spread easily
from person to person (T)

224
(46.4%)

95
(19.7%)

118
(24.4%)

46
(9.5%)

Healthy people can carry antibiotic resistant bacteria (T) 267
(55.3%)

68
(14.1%)

101
(20.9)

47
(9.7%)

The use of antibiotics to stimulate growth in farm animals is
legal in the EU (F)

114
(23.6%)

69
(14.3%)

216
(44.7%)

84
(17.4%)

More than three quarters of the students (82%) agreed or strongly agreed that prescrib-
ing, dispensing or administering inappropriate or unnecessary antibiotics was profession-
ally unethical. A similar proportion of students strongly agreed or agreed that antibiotic
resistance is both a national problem (73%) and one that would be a problem for their
future individual practice (71%) (Table 5).

Table 5. Level of agreement or disagreement with antibiotic prescribing patterns.

Statements Strongly
agree Agree Neutral Strongly

Disagree Disagree No Response

Most coughs, colds and sore throats get better
on their own without the need for antibiotics

162
(33.5%)

156
(32.3%)

85
(17.6%)

13
(2.7%)

23
(4.8%)

44
(9.1%)

Prescribing, dispensing, or administering
inappropriate or unnecessary antibiotics is

professionally unethical

315
(65.2%)

81
(16.8%)

26
(5.4%)

7
(1.4%)

7
(1.4%)

47
(9.7%)

There are enough antibiotics under
development worldwide to keep up with the

problem of resistance

99
(20.5%)

103
(21.3%)

116
(24.0%)

49
(10.1%)

67
(13.9%)

49
(10.1%)

Antibiotic resistance is a national problem 228
(47.2)

128
(26.5%)

60
(12.4%)

9
(1.9%)

9
(1.9%)

49
(10.1%)

I think the antibiotic resistance will be a
problem for my future individual practice

240
(49.7%)

100
(20.7%)

63
(13.0%)

9
(1.9%)

19
(3.9%)

52
(10.8%)

3.3.2. Students’ Perspectives on Indiscriminate Antimicrobial Use in
Respondents’ Countries

The majority of the respondents (74.9%) thought that the rate of the indiscriminate
use of antimicrobials in their countries was alarming; 13% chose maybe, 6% respectively
disagreed or were unsure.
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3.3.3. Students’ Perspectives on Education about Antimicrobial Resistance and
Antimicrobial Stewardship

There were mixed responses to the statements measuring students’ perspectives on
antimicrobial resistance and stewardship as shown in Table 6. More than a quarter (40.6%)
of the respondents indicated that antimicrobial resistance (AMR) is a recurrent theme
in their teaching and 40.8% reported that there is not enough educational content about
AMR/AMS at their institution. More than half of the students thought that more AMR and
stewardship learning content should be offered (56.1%) and 55.9% stated that an application
that provides essential information about antimicrobials would be helpful for their learning.
More than half also highlighted that increasing national campaigns on the prudent use
of antimicrobials would help disseminate information about antimicrobial resistance and
54.7% agreed that social media would help increase awareness of antimicrobial stewardship.
Those who would likely engage with an educational tool such as a phone app to learn
more about antimicrobials accounted for 50.1%. Slightly more than half (52.1%) believed a
medical information app offline and on the go will help them make more informed decisions
about antibiotics. However, 52.2% of respondents believed antimicrobial resistance is not
really as it seems, with new antibiotics being developed by scientists every year.

Table 6. Students’ perspectives on antimicrobial resistance and stewardship.

Variables Strongly
Agree Agree Neutral Strongly

Disagree Disagree No
Response

Antimicrobial resistance (AMR) is a
recurring theme in my learning

71
(14.7%)

126
(26.1)

97
(20.1)

94
(19.5)

50
(10.4)

45
(9.3%)

There is enough educational content
around AMR/AMS in my institution

24
(5.0%)

84
(17.4%)

129
(26.7%)

61
(12.6%)

136
(28.2%)

49
(10.1%)

I think more learning content about AMR
and stewardship opportunities should be

made available

172
35.6%)

99
(20.5%)

43
(8.9%)

108
(22.4%)

18
(3.7%)

43
(8.9%)

An App that provides important
information about antimicrobials will be

useful for my personal learning

172
(35.6%)

98
(20.3%)

45
(9.3%)

106
(21.9%)

20
(4.1%)

42
(8.7%)

Reinforcement of national campaigns
around prudent antimicrobial use will help

spread information about antibiotic
resistance

155
(32.1%)

110
(22.8%)

47
(9.7%)

106
(21.9%)

17
(3.5%)

48
(9.9)

Social media handles among student health
professionals will help to raise more

awareness of antimicrobial stewardship.

138
(28.6%)

126
(26.1%)

53
(11.0%)

91
(18.8%)

25
(5.2%)

50
(10.4%)

Antimicrobial resistance is not really as it
seems because new antibiotics are

developed yearly by scientists

26
(5.4)

47
(9.7%)

99
(20.5%)

125
(25.9%)

127
(26.3%)

59
(12.2%)

I am likely to engage with an educational
tool such as an App on my phone to learn

about antimicrobials

117
(24.2%)

125
(25.9%)

71
(14.7%)

90
(18.6%)

23
(4.8%)

57
(11.8%)

Having an offline and on-the-go medical
information app will help me make more

informed choices about antibiotics

147
(30.4%)

105
(21.7%)

55
(11.4%)

102
(21.1%)

20
(4.1%)

54
(11.2%)

3.4. Factors Contributing to AMR

There was a mixed response on the highest implicating factor in antimicrobial re-
sistance. Approximately one-third of respondents reported that the factor contributing
most to AMR was not completing the full course of antibiotics (36.6%) or an inappropriate
prescription of antibiotics (34.8%). Other respondents thought the highest implicating
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factor was poor management of antibiotic residues (9.3%), lack of infection control (5.6%),
and poor hygiene (4.8%) (Supplementary Material Table S6).

3.5. Responsibility for Antimicrobial Stewardship

Most respondents stated that health professionals (61.8%) have the greatest responsi-
bility for antimicrobial stewardship, followed by the Ministry of Health (26.5%), medical
institutions (9.7%), all individuals (1.1%), the community (0.2%), and patients themselves
(0.4%) (Supplementary Material Table S7).

3.6. Topics Students Would like more Information about and Educational Tools Students Would
Use if Available

There was a mixed response on the topics healthcare students would like to receive
more information about (Figure 1). The medical conditions for which antibiotics are used
ranks as the primary topic students want to know more about (37.5%). Others include
resistance to antibiotics (31.8%), methods of antibiotic use (14.9%), hygiene and infection
control measures (14.4%), and 0.2% each for a systematic review of antibiotics and a
complete library of diseases. Of all respondents, less than 1% (0.9%) stated that they would
like more information on all the topic options provided.
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The majority of the respondents would like to use an antimicrobial app as an educa-
tional tool that is part of their regular learning, if available (68.7%). Printed guidelines on
antibiotics would be an alternative for 19.1% of them, and antimicrobial journals were of
interest to 11.7%. A combination of antimicrobial app and journals was found appealing by
0.2%, as shown in Figure 2.
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4. Discussion

This is the first service assessment to consider the possibility of rolling out the Cw-
PAMS Antimicrobial prescribing app to undergraduate students as an educational and
learning tool. The study also aimed to assess the knowledge and perspectives of health
care students towards AMR and stewardship.

4.1. Knowledge and Students’ Perceptions on Antimicrobial Stewardship

The study demonstrated that education on antimicrobials is highly considered in
universities; more than 70% of the study respondents agreed that they had been taught
about prudent use of antibiotics, diagnosis of infections and their management using an-
tibiotics (Supplementary Material Table S1). This is important as, previously highlighted in
a knowledge, attitude and practice study conducted among medical students in Colombia,
university training improved knowledge of students on antimicrobials and their use [17].
In that study and a similar one conducted in China it was revealed that the knowledge
level on antimicrobials increased as students progressed to higher academic years of study
within their respective programmes [16–18].

Various educational strategies were used to educate students on prudent use of antimi-
crobials with the most common being lectures of at least 15 people (61.1%), oral presentation
(53.4%) and e-learning (52.8%) (Table 3). These methods are not unique to the current study
participants; the literature shows they have been used elsewhere, for example, in European
settings, with lectures also being the most commonly used strategy [19,20].

While close to 70% of the respondents thought that a mobile application app would
be essential in increasing their knowledge on the prudent use of antimicrobials, at the
time the study was conducted, less than half (36.0%) of the participants previously had an
opportunity to use digital resources such as apps for learning (Figure 2). As access to smart
phones increases, several studies recommend the usage of mobile applications for medical
education, as they have been shown to facilitate quick and timely access to information,
flexible learning and peer interactions, thus improving efficiency and patient care [21–24].
Despite the advantages that come with using apps in patient care, some studies have
noted that these can be sources of disruptions while providing patient care, as clinicians’
attention may be drawn to notifications from other personal mobile apps [22]. Furthermore,
usage of phone could also be perceived negatively by patients as demonstrated in previous
studies [13,25].

Earlier research findings have shown that usage of mobile applications in medical
education can be facilitated by affordable cost and the ability to use the phone in an offline
mode, thus not requiring internet connectivity and also reducing interference from other
mobile apps [21,22]. Those facilitators were considered when developing the CwPAMS app
as it is freely accessible without cost and, once downloaded, there is no need for internet
connectivity to use it [13].

Despite this study reflecting a high consideration of prudent use of antimicrobials
as part of the education system, the study also revealed notable gaps in the knowledge
and access to information on antimicrobial usage. For instance, more than half of the
participants had no prior knowledge on the term antimicrobial stewardship (AMS) and
reported a lack of resources for obtaining up to date information on drugs (Supplementary
Material Table S4). This is similar to a research finding among physicians in Nigerian
Hospitals [26]. Relatedly, almost 70% of the study participants reported not participating in
a campaign that included prudent antibiotic use in the previous three years (Table 2) and
close to 50% of them did not know any source of information about antimicrobials. These
findings indicate that besides the formal educational curriculum, there are opportunities
for engaging and empowering students in Africa in antimicrobial stewardship. This is also
evident in the study participants’ perspectives, where more than half of the students noted
their need for more AMR and stewardship content, and suggested that increasing national
campaigns on the prudent use of antimicrobials would help disseminate information about
antimicrobial resistance. Previous studies also recommend the usage of various educational
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strategies to improve access to information on antimicrobial resistance and stewardship
among students [27–29]. In that regard, interventions such as the CwPAMS app, which
has been proven to provide easy access to infection management resources and to improve
the appropriate use of antimicrobials according to national and international guidelines,
can be an important tool in empowering students in Africa [13]. This study revealed that
if an intervention like a prescribing app is availed, more than half of the students could
potentially use it to as an educational tool (Figure 2).

Additionally, 54.7% of the study participants thought that social media could help as
part of improving their knowledge on antimicrobial resistance and stewardship. Here, the
most preferred social media channels were Twitter, Instagram, Facebook and WhatsApp.
With about 47% of the global population having access to the internet via mobile phones, the
usage of social media has increased and this should be taken as an opportunity to increase
awareness about disease prevention, and rational use of antibiotics and antibiotic resistance
among the population and health workers [3,30,31]. An earlier research study about usage
of social media in LMICs demonstrated that social media can be used as a platform to
promote various educational interventions such as videos, games, and images [3]. As
such, social media can be leveraged for promoting the usage of interventions such as
the CwPAMS app that has proven to be an essential tool for enhancing antimicrobial
stewardship in Africa.

With most of the study respondents (61.8%) indicating that health professionals have
the greatest responsibility for antimicrobial stewardship (Supplementary Material Table S6),
it suggests that as health care students, they are aware that students have an important role
to play. Thus, if empowered and given the opportunity, they can contribute to the reduction
in the burden of AMR, as recommended in another study that increasing the knowledge
of healthcare students, especially pharmacists who will have frequent interactions with
antimicrobial users in the future, is key [32]. Students who participated in this study
felt the need for more knowledge in some of the following areas: medical conditions for
which antibiotics are used, resistance to antibiotics, methods of antibiotic use, hygiene, and
infection control measures (Figure 1). The CwPAMS app can be an appropriate intervention
for those needs as it hosts national and international guidelines with instructions on
antimicrobial usage and infection prevention and control [13].

4.2. Strengths and Limitations

Although the survey includes responses from several respondents in Low-Middle-
Income-Countries (LMIC) within the Commonwealth, the number of respondents for
some countries was low, and only selected African countries participated in the survey.
In addition, the number of medical students who responded to the survey was dispro-
portionately lower than that of students from the pharmacy profession; however some
of our findings such as knowledge of AMS amongst health students is similar to a study
conducted amongst physicians in Nigeria, which reported that although physicians are
familiar with AMR they have limited knowledge of AMS [26]. The results do not provide
in-depth details of the issues within each country or across educational institutions, hence
we cannot determine the local learning needs across regions. Further evaluation, perhaps
using follow-up surveys, would be required to explore this. Nevertheless, the survey
provides useful data on healthcare students’ knowledge and perspectives towards AMR
and provides insights into the potential use of mobile applications such as the CwPAMS
app for educating health students.

5. Conclusions

While progress has been made through collaborative programs to optimize the appro-
priate use of antimicrobials, more concerted effort is required to understand the needs of
healthcare students and channel educational resources to improve their knowledge and
involvement in antimicrobial stewardship. The study findings highlight that university
education provides an avenue for health care students to learn about prudent antimicro-
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bial usage. However, the study also revealed several opportunities for strengthening the
knowledge and engagement of students in antimicrobial stewardship. The demonstration
of poor knowledge of the term antimicrobial stewardship and limited access to related
information shows that there could be value in the use of mobile applications such as
CwPAMS app as an educational tool for AMR and AMS amongst healthcare students
in LMICs. The strength of successful usage of the CwPAMS app lies in the fact that it
can be used in an offline mode and is freely accessible. It is important that global health
organisations such as the Commonwealth Pharmacists Association (CPA), leading on AMS
interventions, consider expanding their support beyond qualified healthcare professionals
to include the education and training of health care students; working in collaboration
with international health student bodies such as the International Pharmaceutical Students’
Federation and International Federation of Medical Students’ Associations. This approach
can potentially establish embedding use of evidence based guidelines in preparation for
their professional careers.
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Abstract: Background: Excessive use of ceftriaxone contributes to the emergence and spread of an-
timicrobial resistance (AMR). In low and middle-income countries, antibiotics are overused but data
on consumption are scarcely available. We aimed to determine the prevalence and factors influencing
ceftriaxone prescription in a tertiary care private not-for-profit hospital in Uganda. Methods: A
cross-sectional study was carried out from October 2019 through May 2020 at Mengo Hospital in
Uganda. Patients admitted to the medical ward and who had been prescribed antibiotics were en-
rolled. Sociodemographic and clinical data were recorded in a structured questionnaire. Bivariate and
adjusted logistic regression analyses were performed to determine factors associated with ceftriaxone
prescription. Results: Study participants were mostly female (54.7%). The mean age was 56.2 years
(SD: 21.42). The majority (187, 73.3%) presented with fever. Out of the 255 participants included
in this study, 129 (50.6%) participants were prescribed ceftriaxone. Sixty-five (25.5%) and forty-one
(16.0%) participants had a prescription of levofloxacin and metronidazole, respectively. Seven partici-
pants (2.7%) had a prescription of meropenem. Out of 129 ceftriaxone prescriptions, 31 (24.0%) were
in combination with other antibiotics. Overall, broad-spectrum antibiotic prescriptions accounted
for 216 (84.7%) of all prescriptions. Ceftriaxone was commonly prescribed for pneumonia (40/129,
31%) and sepsis (38/129, 29.5%). Dysuria [OR = 0.233, 95% CI (0.07–0.77), p = 0.017] and prophylactic
indication [OR = 7.171, 95% CI (1.36–37.83), p = 0.020] were significantly associated with ceftriaxone
prescription. Conclusions: Overall, we observed a high prevalence of prescriptions of ceftriaxone at
the medical ward of Mengo Hospital. We recommend an antibiotic stewardship program (ASP) to
monitor antibiotic prescription and sensitivity patterns in a bid to curb AMR.

Keywords: ceftriaxone prescription; prevalence; antibiotic stewardship; Uganda

1. Background

Ceftriaxone is a broad-spectrum, third-generation cephalosporin antibiotic [1]. It is
used in the treatment of many community and hospital-acquired infections mainly due to
Streptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, Escherichia coli, Neisse-
ria meningitides, Neisseria gonorrhoeae, Proteus mirabilis, and Enterobacter spp. [1]. Indications
for ceftriaxone use include acute bacterial meningitis, severe pneumonia, complicated
intra-abdominal infections, pyelonephritis, severe prostatitis, and sepsis in neonates and
children [2].
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Ceftriaxone use is high in many low-income countries owing to its broad-spectrum
activity, low toxicity, and cheaper cost compared with other antibiotics [3–5]. In Uganda,
studies conducted in public healthcare facilities have reported high ceftriaxone prescription
rates among hospitalized patients [5–7].

Unfortunately, there are reports of increasing resistance to this commonly prescribed
antibiotic, and this is one of the emerging global health issues. For instance, in one review
on antimicrobial resistance (AMR) covering Eastern African countries, Gram-negative
and Gram-positive resistance to ceftriaxone was very high [8]. In Uganda, a summary
of antimicrobial drug resistance patterns from blood cultures collected between June
2013 and October 2014 at Mulago National Referral Hospital showed high resistance of
Enterobacteriaceae to ceftriaxone [9]. Furthermore, a study done at Uganda Cancer Institute
among febrile cancer patients observed that Gram-negative resistance to ceftriaxone was
very high [10].

To curb the increasing AMR, the World Health Organization (WHO) recommends
continuous monitoring of antibiotic use [11]. Consequently, cephalosporins are frequently
identified as a particular target for use evaluation and antibiotic stewardship [12].

In Uganda, similar to many other low-income countries, the private sector is increas-
ingly becoming an important source of health care filling gaps where no or little public
health care is available [13]. Half of all Ugandans (49%) utilize the private or private-not-
for-profit (PNFP) sector care [14]. Despite this, there is a paucity of data on antibiotic use
in private hospitals in Uganda. This study aimed at identifying the prevalence and the
factors influencing ceftriaxone prescription at a tertiary care private not-for-profit hospital
in Kampala, Uganda.

2. Methods
2.1. Study Setting and Design

A cross-sectional study was carried out from October 2019 through May 2020 at the
medical ward of Mengo Hospital in Uganda. Mengo Hospital is a tertiary care private not-
for-profit faith-based hospital in Kampala, the capital city of Uganda, with a bed capacity
of 300. The medical ward consists of 40 beds and admits an average of 8 patients in 24 h
and 240 patients over a month.

2.2. Data Collection

A team of doctors conducted the study at the medical ward of Mengo Hospital.
Training and piloting of the study instruments were conducted for the study team before
the start of the study. The study was conducted on weekdays. Hospital files for patients
admitted to the medical ward of Mengo Hospital were reviewed. Patients with an antibiotic
prescription were approached for written informed consent to participate in the study. For
participants who could not consent, their next of kin was approached. We administered a
structured pretested questionnaire to the study participants or their next of kin to obtain
information about their sociodemographic data (age, sex, address), and medical history.
Physical examination was performed on all participants. The name of the antibiotic(s)
prescribed and the indication(s) for the prescription at the time of admission were extracted
from the files.

2.3. Data Handling and Statistical Analysis

We coded and double entered all variables into Epidata version 3.0, and thereafter
exported it to STATA® version 14, where the data were cleaned and analyzed. The preva-
lence of ceftriaxone prescription was defined as a percentage of patients with ceftriaxone
prescription among the total number of patients on any systemic antibiotic. Bivariate and
adjusted logistic regression analyses were performed to determine factors associated with
ceftriaxone prescription. Statistical significance was set at cutoff points of 0.2 and 0.05 for
bivariate and adjusted analyses, respectively.
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3. Results

Two hundred and seventy-three patients admitted to the medical ward of Mengo Hos-
pital between October 2019 and May 2020 received a prescription of antibiotics. Eighteen
patients were excluded; fifteen did not consent while three were below 18 years of age. Out
of the 255 enrolled, 129 (50.6%) were prescribed ceftriaxone as shown in Figure 1 below.

Antibiotics 2021, 10, x FOR PEER REVIEW 3 of 11 
 

adjusted logistic regression analyses were performed to determine factors associated with 
ceftriaxone prescription. Statistical significance was set at cutoff points of 0.2 and 0.05 for 
bivariate and adjusted analyses, respectively. 

3. Results 
Two hundred and seventy-three patients admitted to the medical ward of Mengo 

Hospital between October 2019 and May 2020 received a prescription of antibiotics. Eight-
een patients were excluded; fifteen did not consent while three were below 18 years of 
age. Out of the 255 enrolled, 129 (50.6%) were prescribed ceftriaxone as shown in Figure 
1 below. 

 
Figure 1. Study profile of hospitalized patients with antibiotic prescription. 

3.1. Demographic Characteristics of Study Participants 
Among the 255 participants, 54.5% were female. The mean age was 56.2 years (SD: 

21.42) with the majority (148, 58%) over 50 years of age. More than half (156, 61.2%) of 
study participants were Baganda by tribe. 

3.2. Clinical Characteristics of Study Participants 
The majority of study participants had a fever (see Table 1). The median temperature 

was 36.5 °C (IQR 36.1–37.0). The median systolic blood pressure was 125 mmHg (IQR 104–
147). One hundred and eighteen participants (46.3%) had at least one co-morbidity. Dia-
betes mellitus was the most prevalent co-morbidity. Nearly a third had crackles on phys-
ical examination. More than half of study participants had received antibiotics 5 days be-
fore admission (see Table 1). 
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3.1. Demographic Characteristics of Study Participants

Among the 255 participants, 54.5% were female. The mean age was 56.2 years
(SD: 21.42) with the majority (148, 58%) over 50 years of age. More than half (156, 61.2%) of
study participants were Baganda by tribe.

3.2. Clinical Characteristics of Study Participants

The majority of study participants had a fever (see Table 1). The median temper-
ature was 36.5 ◦C (IQR 36.1–37.0). The median systolic blood pressure was 125 mmHg
(IQR 104–147). One hundred and eighteen participants (46.3%) had at least one co-morbidity.
Diabetes mellitus was the most prevalent co-morbidity. Nearly a third had crackles on
physical examination. More than half of study participants had received antibiotics 5 days
before admission (see Table 1).
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Table 1. Clinical characteristics of the study participants.

Frequency (n) Percentage (%)

Symptoms
History of fever 187 73.3
History of joint pains 107 42.0
History of cough 103 40.4
History of muscle pains 91 35.7
History of vomiting 90 35.3
History of abdominal pain 86 33.7
History of rapid breathing 78 30.6
History of confusion 77 30.2
History of passing urine frequently 37 14.5
History of wound or ulcer 27 10.6
History of pain on passing urine 20 7.8
History of convulsions 19 7.5

Co-morbidities
Diabetes mellitus 53 20.8
HIV 39 15.3
Stroke 10 3.9
Chronic lung disease 9 3.5
Malignancy 8 3.1
Heart disease 7 2.7
Chronic liver disease 5 2.0
Chronic kidney disease 3 1.2

Use of antibiotics 5 days prior to admission 145 56.9
Clinical Signs

Pallor $ 101 39.6
Lymphadenopathy 5 2.0
Oral thrush 8 3.1
Skin rash 10 3.9
Wound or ulcer 25 9.8
Bronchial breathing 9 3.5
Crackles 73 28.6
Rhonchi 15 5.9
Temperature ≥ 37.5 ◦C 54 21.2
Pulse > 100 beats/min 116 45.5
Systolic blood pressure ≤ 100 mmHg 51 20.0
Respiratory rate ≥ 22 breaths/min 70 27.7

Glasgow Coma Scale (GCS)
>13 204 80.0
≤13 51 20.0

Quick Sequential Organ Failure Assessment
(q SOFA) score

0 127 49.8
1 92 36.1
2–3 36 14.1

$ Pallor (Mild/Moderate 81, Severe 20).

Prevalence of Ceftriaxone Use

Out of 255 study participants, 129 [(50.6%), 95% CI: 44.4–56.7%] were prescribed
ceftriaxone. Of these, 40 (31.0%) were prescribed for pneumonia, 38 (29.5%) for sepsis,
14 (10.9%) for gastroenteritis, and 14 (10.9%) for urinary tract infection.

3.3. Prescribed Antibiotics and Indications

The most commonly prescribed antibiotics were ceftriaxone and Levofloxacin (see
Table 2). Seven patients received meropenem. Of the 255 participants, 71 (27.8%) received
a combination of 2 antibiotics. Ceftriaxone and metronidazole, 20 (28.2%), ceftriaxone and
azithromycin, 9 (12.7%), and levofloxacin and azithromycin, 6 (8.5%) were the commonest
combinations. Two participants received a combination of ceftriaxone, metronidazole, and
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levofloxacin. Overall, broad-spectrum antibiotic prescriptions accounted for 216 (84.7%) of
all prescriptions. Pneumonia and sepsis were the most common indications for antibiotic
use (see Table 2).

Table 2. Prescribed antibiotics and indications for antibiotic use.

Frequency (N = 255) (n) Percentage (%)

Antibiotics
Ceftriaxone 129 50.6
Levofloxacin 65 25.5
Metronidazole 41 16.1
Azithromycin 27 10.6
Piperacillin-tazobactam 16 6.3

Amoxicillin/clavulanic acid 16 6.3
Gentamycin 6 2.4
Others * 28 11.0

Indication
Pneumonia 74 29.0
Sepsis 72 28.3
UTI 37 14.5
Gastroenteritis 33 12.9
Medical prophylaxis ** 16 6.3
Others *** 23 9.0

* Cefuroxime (5), Meropenem (5), Flucamox (4) Septrin (3), Ciprofloxacin (2), Imipenem (2) Salbactam (2),
Ampiclox (1), Cefazolin (1), Cefixime (1), Cefpodoxime (1) Erythromycin (1). ** Refers to conditions where
antibiotics were prescribed without clinical and/or laboratory evidence of infection for example liver cirrhosis
complicated by ascites to prevent development of spontaneous bacterial peritonitis. *** CNS infection (5), Cellulitis
(5), Sinusitis (2), Tonsillitis (2), PID (1), Abscess (1), Cholecystitis (1), Conjunctivitis (1), Empyema (1), Oral Abscess
(1), Pharyngitis (1), Rhino sinusitis (1), and Septic arthritis (1).

3.4. Indications for Commonly Prescribed Antibiotics

Ceftriaxone was commonly prescribed for pneumonia (40/129, 31%) and sepsis
(38/129, 29.5%). Levofloxacin was commonly prescribed for sepsis (19/65, 29.2%) and UTI
(17/65, 26.2%). Metronidazole was prescribed commonly for gastroenteritis (17/41, 41.5%).

3.5. Factors Associated with Ceftriaxone Prescription

Bivariate and multivariate analyses were performed to identify factors associated with
ceftriaxone prescription. Significant factors at bivariate analysis were: sex, dysuria, skin
rash, UTI indication, medical prophylactic indication, and HIV disease. Factors signifi-
cantly associated with ceftriaxone prescription included dysuria and medical prophylactic
indication (see Table 3).

Table 3. Multivariate logistic analysis for factors associated with ceftriaxone prescription.

Adjusted
Odds Ratio (95% Confidence Interval) p-Value

Sex
Male 1
Female 0.668 (0.39–1.14) 0.145

History of pain on passing urine
No 1
Yes 0.233 (0.07–0.77) 0.017 *

Indication
Sepsis 1
Pneumonia 1.079 (0.55–2.11) 0.825
UTI 0.989 (0.40–2.44) 0.982
GIT Infection 0.670 (0.29–1.61) 0.391
Medical prophylaxis 7.171 (1.36–37.83) 0.020 *
Others 0.588 (0.22–1.59) 0.296
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Table 3. Cont.

Adjusted
Odds Ratio (95% Confidence Interval) p-Value

HIV
No 1
Yes 1.792 (0.81–3.97) 0.150

Skin Rash
No 1
Yes 4.671 (0.53–41.22) 0.165

* Statistically significant at 5% level of significance.

4. Discussion

This study was carried out to investigate the prevalence of antibiotic prescription
among medical inpatients in a tertiary care private not-for-profit hospital in Kampala,
Uganda. The most commonly prescribed antibiotics were ceftriaxone (50.6%), levofloxacin
(25.5%), metronidazole (16.1%), azithromycin (10.6%), and piperacillin-tazobactam (6.3%).
This is comparable to what has been reported from studies done in public healthcare facili-
ties in Uganda. For instance, a study done at Mulago national referral hospital reported
prescription rates of 16% and 6% for metronidazole and azithromycin, respectively [5]. Sim-
ilar results have also been reported in Tanzania [15], Ethiopia [16], and Egypt [17]. Studies
investigating antibiotic prescription patterns in public healthcare facilities in Uganda have
reported prescription rates for ciprofloxacin at 10.2% [18] and 19% [5]. A higher levofloxacin
prescription rate in this study could likely be attributed to a change in antimicrobial suscep-
tibility patterns. Ceftriaxone, metronidazole, azithromycin, and piperacillin-tazobactam
are all listed on the 21st WHO model list of essential medicines 2019 [19] and the ministry
of health essential medicines list for Uganda 2016 [20], tools designed to facilitate the
appropriate use of antibiotics. Thus, the antibiotic prescription culture at Mengo Hospital
is fairly adherent to international and local recommendations. Importantly, levofloxacin,
the second most commonly prescribed antibiotic in this study is not listed on these lists.
This highlights the need for an antibiotic prescription guideline at this facility in accordance
with national and international guidelines to reduce irrational use of levofloxacin, a WHO
Watch category antibiotic.

In this study, the indications for antibiotic use were pneumonia (29%), sepsis (28.2%),
urinary tract infection (UTI) (14.5%), gastroenteritis (13%), and central nervous system
(CNS) infection (2%). Pneumonia was the most common indication for antibiotic use in this
study probably because a significant proportion (46.7%) of our study participants were over
60 years and therefore more predisposed to pneumonia [21]. Urinary tract infections are
also common in this age group [22]. Our findings are in agreement with what has been re-
ported in other studies [4,16,23,24]. A report by the Uganda National Academy of Sciences
on antibiotic resistance in Uganda showed that pneumonia, septicemia, acute diarrhea, and
urinary tract infections were the leading bacterial infections among hospitalized patients
in Uganda [24]. Another retrospective study investigating the trends of admissions and
case fatality rates among medical in-patients at a tertiary hospital in Uganda showed that
pneumonia, sepsis, and gastroenteritis were among the leading causes of admissions to the
infectious disease wards for a period between January 2011 and December 2014 [23]. Our
findings are consistent with findings from studies done in Tanzania [15], Ethiopia [2,16],
Eriteria [25], the Netherlands [26], and the US [27,28].

One in every two patients admitted to the medical ward of Mengo Hospital were
prescribed ceftriaxone. This is a high prescription rate of ceftriaxone given that it belongs
to the watch WHO group of antibiotics that have a high resistance potential and should not
be prescribed routinely [29].Ceftriaxone is among the most commonly utilized antibiotics
owing to its high potency, a wide spectrum of activity, and a low risk of toxicity [2]. It is
used to treat different types of bacterial infections including pneumonia, abdominal, skin
and soft tissue, and urinary tract infections [30]. It has the advantage of wide coverage of
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pathogens, easy administration as it is once-daily dosing–limiting the nursing time needed
and a low cost compared with many other antibiotics [31,32]. This probably explains its
high prescription rate in this study.

Not surprisingly, studies done in other public healthcare facilities in Uganda have
shown a relatively high extent of ceftriaxone prescription; for instance, in a study from
a tertiary care hospital in Kampala, the ceftriaxone prescription rate was 43% [7] and
66% [5]. Similar studies done in public healthcare facilities in other parts of Uganda such as
Mbarara [33], and Bwindi [6] have reported relatively high ceftriaxone prescription rates of
77.7% and 45%, respectively. Similarly, studies were done in private healthcare facilities in
Ethiopia—49% [34], Pakistan—46% [35], and Bangladesh—50% [36]; countries with social
and economic indicators of development similar to those of Uganda [37] have also reported
a relatively high ceftriaxone prescription rate.

Thus, generally, the observed ceftriaxone use in the present study is irrationally high
as this drug should only be used in confirmed severe infections. Overuse of ceftriax-
one contributes to antibiotic resistance [38]. To reduce ceftriaxone use and mitigate the
rapid development of AMR, hospital antimicrobial stewardship programs should impose
and enforce prescription restrictions, set up antibiotic consumption surveillance systems,
and deliver appropriate education campaigns to prescribers. Stewardship will increase
knowledge on resistance patterns to secure other low-spectrum antibiotics that can still
be effectively used. Notably, there is no available published data on resistance rates of
bacteria to ceftriaxone at Mengo Hospital. However, studies done in other public healthcare
facilities in Uganda have reported resistance rates of 64–66% for Escherichia coli [9,10] and
85–100% for Klebsiella pneumoniae [9,10]. It is likely that the resistance rates of bacteria to
ceftriaxone at Mengo Hospital are similarly high.

We further investigated factors that may influence ceftriaxone prescription. Factors
that were significantly associated with ceftriaxone use included a history of pain on passing
urine (dysuria) and medical prophylactic indication. Attending clinicians were 76% less
likely to prescribe ceftriaxone to patients with dysuria compared with those with no
dysuria. It is not surprising that participants with dysuria were less likely to be prescribed
ceftriaxone by the attending clinicians. Dysuria is a well-recognized symptom of urinary
tract infections [39]. International [40] and local [41] guidelines recommend nitrofurantoin
monohydrate and fluoroquinolones as the first line in the treatment of both uncomplicated
and complicated urinary tract infections (acute pyelonephritis), respectively, in adults, and
therefore it is likely that clinicians followed these guidelines. Clinicians were seven times
more likely to prescribe ceftriaxone for medical prophylaxis compared with sepsis. In
our study, medical prophylaxis referred to conditions where antibiotics were prescribed
without clinical and/or laboratory evidence of infection for example ceftriaxone prescribed
for patients with liver cirrhosis complicated by ascites without evidence of infection to
prevent development of spontaneous bacterial peritonitis or antibiotics prescribed for
patients with diabetes mellitus and hyperglycemia but no evidence of infection. This
implies that whenever clinicians assess patients and find no evidence of infection, they
are likely to prescribe ceftriaxone for prophylaxis. This is probably because it is a broad-
spectrum antibiotic with activity against a wide range of pathogens. Moreover, qualitative
studies done in other healthcare facilities revealed that sometimes clinicians prescribe
antibiotics for fear of bad outcomes [42–44]. It is therefore likely that ceftriaxone prescribed
for medical prophylaxis was unnecessary. Notably, prophylactic use of antibiotics is
a potential driver of antimicrobial resistance [45–48] which is associated with adverse
outcomes. This highlights the importance of having a local prescription guideline and
whenever appropriate the need to wait for laboratory results before choosing the best
antimicrobial therapy.

A strength of this study is that data were collected from a private tertiary care facility,
and it could be one of the first studies investigating ceftriaxone prescription in such a
setting. This could imply and depict the real practice in many private tertiary hospitals in
Uganda. Therefore, our paper presents data from an area and setting of the world with
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limited available data. We believe it adds valuable information to antibiotic prescribing and
stewardship in private healthcare facilities in low-income countries. Results from this study
were presented to clinicians and stakeholders at Mengo Hospital and an antimicrobial
stewardship committee was set up to promote appropriate antibiotic use at Mengo Hospital.

However, we acknowledge the inherent weaknesses of this study in that first, the
prescriptions were strictly based on the physicians’ clinical acumen. Second, there are other
factors we could not investigate such as influence from pharmaceutical and health insurance
companies. It would be important to explore the contribution of these factors toward
excessive use of antibiotics in private tertiary healthcare facilities in Uganda. Additionally,
this was a single site study and therefore more data may need to be collected from other
sites before generalizing the results.

5. Conclusions

Prevalence of ceftriaxone prescription was high in this hospital, mainly for pneumonia
and sepsis. We recommend an ASP to monitor antibiotic prescription and sensitivity
patterns in a bid to curb AMR.
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Abstract: Standardized monitoring of antibiotic use underpins the effective implementation of antimi-
crobial stewardship interventions in combatting antimicrobial resistance (AMR). To date, few studies
have assessed antibiotic use in hospitals in Uganda to identify gaps that require intervention. This
study applied the World Health Organization’s standardized point prevalence survey methodology
to assess antibiotic use in 13 public and private not-for-profit hospitals across the country. Data for
1077 patients and 1387 prescriptions were collected between December 2020 and April 2021 and
analyzed to understand the characteristics of antibiotic use and the prevalence of the types of antibi-
otics to assess compliance with Uganda Clinical Guidelines; and classify antibiotics according to the
WHO Access, Watch, and Reserve classification. This study found that 74% of patients were on one
or more antibiotics. Compliance with Uganda Clinical Guidelines was low (30%); Watch-classified
antibiotics were used to a high degree (44% of prescriptions), mainly driven by the wide use of
ceftriaxone, which was the most frequently used antibiotic (37% of prescriptions). The results of
this study identify key areas for the improvement of antimicrobial stewardship in Uganda and are
important benchmarks for future evaluations.

Keywords: point prevalence survey; antimicrobial stewardship; antibiotic use surveillance;
antimicrobials; Uganda; hospital; private sector; global health security

1. Introduction

Antimicrobial resistance (AMR) is a threat to global health and sustainable develop-
ment, with adverse health and economic consequences, unless evidence-based efforts are
implemented to control its emergence and spread [1,2]. The health and social consequences
of AMR include increased morbidity and mortality, increased health care costs, and a
projected negative impact on economic growth [3]. More than 700,000 people die annually
from AMR, which is estimated to increase to 10 million annually by 2050 if decisive actions
are not taken [4]. The potential exacerbating effects of the COVID-19 pandemic on the
rise and spread of antimicrobial resistance have increased the urgency to address this
problem [5–8]. AMR threatens the effective prevention and treatment of infections and
undermines health gains globally as antimicrobials become less effective [9].
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Numerous factors contribute to the emergence of AMR [10–12]. Among these factors
is the irrational use of antibiotics in health care facilities. A 2015 situational analysis in
Uganda showed a high prevalence of AMR to commonly used antibiotics [13]. Recent stud-
ies have also demonstrated the high prevalence of multidrug-resistant bacteria in Ugandan
hospitals [14]. Further, pharmacokinetic and pharmacodynamic sex-based differences, in
addition to gender roles, put females at higher risk of AMR [15]. As part of global efforts to
contain AMR, the World Health Organization’s (WHO) Global Action Plan on AMR lists
five strategic objectives for member countries to adopt and implement. A key aspect of the
Global Action Plan is the surveillance of antibiotic use and consumption [16]. Recognizing
the importance of antibiotic use surveillance, the Uganda National Action Plan on AMR
(2018–2023) includes a strategic objective on surveillance of antibiotic use and consump-
tion [17]. However, a key barrier to implementing this National Action Plan is the lack of
current data and surveillance processes to monitor antibiotic use throughout the country,
particularly within health facilities. To further strengthen antibiotic use surveillance at
health facilities in resource-constrained countries, the WHO developed a standardized
point prevalence survey (PPS) template and an associated package of tools which permit
uniform collection and comparison of data within and among countries [18].

Recent efforts to measure antibiotic use in sub-Saharan African hospitals have been
documented [19–22]. However, there are limited studies that utilize the standardized WHO
PPS methodology for resource-limited settings, such as Ugandan hospitals [23–25]. This
paper presents data from 13 hospitals in the context of a global health security agenda
project for strengthening antimicrobial stewardship programs in low- and middle-income
countries. This study was conducted as part of ongoing quality improvement approaches
and efforts to build capacity for monitoring antibiotic use in health facilities, with a long-
term goal of linkage to each hospital’s AMR containment program as well as national
efforts to combat AMR [26,27]. These hospitals are depicted in Figure 1.

Figure 1. Geographic location of study sites and number of hospital beds.

200



Antibiotics 2022, 11, 199

2. Results

Across the 13 included hospitals, de-identified data for 1077 patients was collected
for analysis (Table 1). Of those patients, 609 (56.5%) were female, and the median age was
27 years old (IQR 10–38 years old). Patients were similarly distributed between maternal
(28.8%), medical (22.2%), pediatric (22.5%), and surgical (26.3%) wards. Among all patients,
at the time of data collection, 97.3% had a peripheral catheter present, 5.6% had a urinary
catheter present, 0.5% were intubated, and 0.3% had a central catheter present. In terms
of underlying health conditions of the included patients, at the time of data collection,
10.9% had malaria, 4.8% were malnourished, 4.3% were living with HIV, and 1.9% had
tuberculosis. Approximately 66% of the included patients were in public hospitals and 34%
were in private not-for-profit hospitals. Additional demographic and clinical characteristics
of patients are summarized in Table 1 and the hospital characteristics are presented in
Figure 1 and Supplementary Table S1.

Table 1. Demographic and clinical characteristics of enrolled patients (n = 1077).

Variable Number (Proportion) (n = 1077)

Demographics

Female 609 (56.5%)

Male 468 (43.5%)

Age a 27 (10–38)

Hospital ownership

Public 706 (65.5%)

Private not-for-profit 371 (34.4%)

Hospital

Gulu RRH 133 (12.3%)

Hoima RRH 103 (9.6%)

Kagando 61 (5.7%)

Kiwoko 43 (4%)

Kumi 47 (4.4%)

Lacor 168 (15.6%)

Lira RRH 119 (11%)

Masaka RRH 127 (11.8%)

Moroto RRH 99 (9.2%)

Ruharo Mission 6 (0.6%)

Soroti RRH 125 (11.6%)

St. Anthony 12 (1.1%)

St. Francis Naggalama 34 (3.2%)

Ward

Maternal 311 (28.8%)

Medical 239 (22.2%)

Pediatric 243 (22.5%)

Surgical 284 (26.3%)
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Table 1. Cont.

Variable Number (Proportion) (n = 1077)

Underlying patient condition

Central catheter 3 (0.3%)

Peripheral catheter 1049 (97.3%)

Urinary catheter 60 (5.6%)

Intubation 5 (0.5%)

Malaria 118 (10.9%)

Tuberculosis 20 (1.9%)

HIV 46 (4.3%)

COPD 12 (1.1%)

Malnutrition 52 (4.8%)
a Age in years expressed as median (interquartile range). Abbreviations: COPD = chronic obstructive pulmonary
disease; HIV = human immunodeficiency virus; RRH = regional referral hospital.

2.1. Antibiotic Prevalence

Data were collected on 1387 antibiotics that were prescribed to patients in our study.
Of these prescriptions, ceftriaxone was the most prescribed antibiotic (37%), followed by
metronidazole (27%), gentamicin (7%), and ampicillin (6%) (Table 2).

Table 2. Prevalence of antibiotic use by indication.

Antibiotic All Prescriptions
(n = 1387)

Community
Acquired

Infection (n = 577)

Hospital
Associated
Infection
(n = 87)

Medical
Prophylaxis

(n = 404)

Surgical
Prophylaxis

(n = 319)

Ceftriaxone 513 183 (35.7%) 21 (4.1%) 177 (34.5%) 132 (25.7%)

Metronidazole 380 121 (31.8%) 26 (6.8%) 98 (25.8%) 135 (35.5%)

Gentamicin 119 70 (58.8%) 12 (10.1%) 22 (18.5%) 15 (12.6%)

Ampicillin 89 55 (61.8%) 5 (5.6%) 27 (30.3%) 2 (2.2%)

Ampicillin-cloxacillin 79 31 (39.2%) 4 (5.1%) 31 (39.2%) 13 (16.5%)

Ciprofloxacin 45 25 (55.6%) 2 (4.4%) 15 (33.3%) 3 (6.7%)

Cloxacillin 27 17 (63%) 1 (3.7%) 5 (18.5%) 4 (14.8%)

Amoxicillin 26 12 (46.2%) 0 (0%) 10 (38.5%) 4 (15.4%)

Azithromycin 19 15 (78.9%) 0 (0%) 3 (15.8%) 1 (5.3%)

Penicillin 16 10 (62.5%) T0 (0%) 5 (31.3%) 1 (6.3%)

Levofloxacin 15 10 (66.7%) 4 (26.7%) 1 (6.7%) 0 (0%)

Other a 59 28 (47.5%) 12 (20.3%) 10 (16.9%) 9 (15.3%)
a Other category includes the following antibiotics: nitrofurantoin (n = 10), cefotaxime (n = 7), flucamox (n = 7),
cef-sulbactam (n = 5), cefixime (n = 4), meropenem (n = 4), piperacillin-tazobactam (n = 4), sulbactam (n = 4),
co-trimoxazole (n = 3), erythromycin (n = 3), ceftazidime (n = 2), amoxyclav (n = 1), doxycycline (n = 1), secnidazole
(n = 1), tinidazole (n = 1), clindamycin (n = 1), cefazolin (n = 1).

2.1.1. Prevalence by Indication

Among all the antibiotic prescriptions, the most common indication was for CAI
(41.6%), followed by MP (29.1%), SP (23.0%), and HAI (6.3%) (Table 2). For all four
indications, ceftriaxone and metronidazole were the two most prescribed antibiotics. For
each antibiotic, the most common indication was CAI, except for metronidazole, which
was most often prescribed for SP.
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2.1.2. Prevalence by Diagnosis

Figure 2 summarizes the most prescribed antibiotic for each of the top five patient
diagnoses within indications for CAI and HAI, which are the only two indication categories
for which specific diagnosis data were collected. Among CAI indications, the most common
diagnoses were clinical sepsis (20%), cellulitis, wound or deep soft tissue infection (19%),
pneumonia (18%), gastrointestinal infections (13%), and symptomatic lower urinary tract
infections (8%). Among HAI indications, the most common diagnoses were surgical site
infections (41%), obstetric or gynecological infections (31%), cellulitis, wound or deep soft
tissue infection (7%), intra-abdominal sepsis (7%), and pneumonia (5%). The three most
frequently prescribed antibiotics for each of these five most common diagnoses in each
indication are also summarized by antibiotic name and the WHO’s Access, Watch and
Reserve (AWaRE) classification in Figure 2.

Figure 2. Top three antibiotics prescribed for various diagnoses and their AWaRe classification. Notes:
1 WHO AWaRe classification for antibiotics: � Access, � Watch, � Reserve, � not classified. 2 First-
line treatment recommendation from the Uganda Clinical Guidelines 2016: ampicillin and gentamicin.
3 First-line treatment recommendation: cloxacillin. 4 First-line treatment recommendation: ampicillin
and gentamicin (for children < 5yrs) or benzylpenicillin (for older children and adults). 5 First-
line treatment recommendation: ceftriaxone and metronidazole, gentamycin (optional). 6 First-line
treatment recommendation: nitrofurantoin or ciprofloxacin. 7 First-line treatment recommendation:
ampicillin, gentamicin, and metronidazole.

203



Antibiotics 2022, 11, 199

Indications for antibiotics were much more common for CAIs than HAIs. Clinical
sepsis, cellulitis, pneumonia, and gastrointestinal infections were the most common CAI
diagnoses for antibiotic use. Ceftriaxone and metronidazole are the most prescribed
antibiotics at 37% and 27%, respectively.

2.1.3. Prevalence by Hospital

Prescribing patterns, in terms of antibiotic use prevalence, were similar across hospitals
(Table 3). Among patients in 13 hospitals in Uganda, antibiotic use was common with
73.7% of patients receiving one or more antibiotics. Among hospitalized patients given
an antibiotic, the mean number of antibiotics per patient ranged from 1.6 to 2.0 antibiotics
per patient (Table 4). Public hospitals were significantly more likely to be associated
with antibiotic use than private hospitals (OR 1.8, p < 0.01) (Table 5). Ceftriaxone and
metronidazole were the two most prescribed antibiotics in all hospitals, except for Lacor
hospital, where gentamicin and ampicillin were prescribed more frequently than ceftriaxone
(Table 3). No patients were specifically treated based on antimicrobial susceptibility test
laboratory results in any of the hospitals, as no hospitals in this sample regularly conducted
sample collection or susceptibility testing as part of their surveillance activities.
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Table 4. Antibiotic use by hospital.

Care Setting Mean Antibiotics per Patient (Range)

Hospital ownership

Public 1.66 (1–4)

Private not-for-profit 1.70 (1–4)

Hospital

Gulu RRH 1.631 (1–3)

Hoima RRH 1.727 (1–3)

Kagando 1.776 (1–3)

Kiwoko 1.792 (1–4)

Kumi 1.658 (1–3)

Lacor 1.667 (1–3)

Lira RRH 1.953 (1–3)

Masaka RRH 1.685 (1–3)

Moroto RRH 1.325 (1–4)

Ruharo Mission 2.000 (1–3)

Soroti RRH 1.646 (1–3)

St. Anthony 1.727 (1–3)

St. Francis Naggalama 1.625 (1–3)

Table 5. Associations of antibiotic use with characteristics of the study sample.

Variable Antibiotic Use (n [%]) Univariate Model Multivariate Model 2

Odds Ratio p-Value 1 Odds Ratio p-Value 1

Age category

<2 years 102 (82.9%) 1 (reference)

2–50 years 569 (71.7%) 0.65 0.01 * 0.63 0.08

>50 years 117 (75.8%) 0.52 0.16 0.70 0.28

Sex

Female 425 (69.8%) 1 (reference)

Male 369 (78.8%) 1.15 <0.001 * 1.57 0.003 *

Hospital ownership

Private not-for-profit 245 (66.0%) 1 (reference)

Public 549 (77.8%) 1.80 <0.001 *

Hospital

Gulu RRH 84 (63.2%) 1 (reference)

Hoima RRH 88 (85.4%) 3.42 <0.001 *

Kagando 49 (80.3%) 2.38 0.02 *

Kiwoko 24 (55.8%) 0.74 0.39

Kumi 38 (80.9%) 2.46 0.03 *

Lacor 86 (51.2%) 0.61 0.04 *

Lira RRH 86 (70.3%) 1.52 0.12
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Table 5. Cont.

Variable Antibiotic Use (n [%]) Univariate Model Multivariate Model 2

Odds Ratio p-Value 1 Odds Ratio p-Value 1

Masaka RRH 114 (89.8%) 5.11 <0.001 *

Moroto RRH 81 (81.8%) 2.62 0.002 *

Ruharo Mission 5 (83.3%) 2.92 0.33

Soroti RRH 96 (76.8%) 1.93 0.02 *

St. Anthony 11 (91.7%) 6.41 0.08

St. Francis Naggalama 32 (94.1%) 9.33 0.003 *

Ward

Maternal 219 (70.4%) 1 (reference)

Medical 170 (71.1%) 1.04 0.86

Pediatric 188 (77.4%) 1.44 0.06

Surgical 217 (76.4%) 1.36 0.10

Underlying conditions

HIV (no) 689 (71.7%) 1 (reference)

HIV (yes) 43 (93.5%) 5.65 0.004 * 5.90 0.003 *

TB (no) 705 (71.9%) 1 (reference)

TB (yes) 18 (90%) 3.51 0.09

Malaria (no) 667 (73.2%) 1 (reference)

Malaria (yes) 85 (72%) 0.94 0.78 0.79 0.31

COPD (no) 752 (73.9%) 1 (reference)

COPD (yes) 9 (75.0%) 1.06 0.93

Malnutrition (no) 738 (72.9%) 1 (reference)

Malnutrition (yes) 49 (94.2%) 6.06 0.002 * 5.78 0.004 *

Hosp in past 90 days (no) 696 (72.8%) 1 (reference)

Hosp in past 90 days (yes) 65 (80.2%) 1.51 0.15
1 Statistical significance is noted by an * for all relationships with p < 0.05. 2 Multivariate model includes:
age, sex, HIV status, malaria status, and malnutrition status. Abbreviations: RRH = regional referral hospital;
COPD = chronic obstructive pulmonary disease; HIV = human immunodeficiency virus; TB = tuberculosis.

2.2. Antibiotic Stewardship Indicators
2.2.1. Guideline Compliance

Among all antibiotics, only 30.1% (n = 423) were prescribed in compliance with the
Uganda Clinical Guidelines 2016 [28]. Compliance with treatment guidelines was 30.9% of
prescriptions in public hospitals and 29.7% in private not-for-profit hospitals (Table 6). In
addition to Ruharo (which had 0% compliance but based on a small sample size of 10 total
antibiotics), the lowest proportion of prescriptions in alignment with treatment guidelines
was recorded at Kumi (15.6%, n = 12), and the highest proportion was at Kiwoko (54.5%,
n = 24). Compliance with prescription guidelines for each antibiotic varied as well. Sec-
nidazole, sulbactam, and tinizadole were always prescribed in accordance with guidelines,
and metronidazole was prescribed with a relatively high rate of compliance (63%). All
other antibiotics were not prescribed in accordance with guidelines more than half the time.
Frequencies of compliance with treatment guidelines by hospital are summarized in Table 6
and compliance by antibiotic is summarized in Supplementary Table S2.
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Table 6. Antibiotics prescribed in compliance with Uganda Clinical Guidelines by hospital.

Setting Guideline Compliance (n, %)

Hospital ownership

Public 289 (30.9%)

Private not-for-profit 134 (29.7%)

Hospital

Gulu RRH 41 (28.5%)

Hoima RRH 61 (40.4%)

Kagando 17 (18.9%)

Kiwoko 24 (54.5%)

Kumi 12 (15.6%)

Lacor 58 (38.7%)

Lira RRH 61 (35.9%)

Masaka RRH 67 (33%)

Moroto RRH 34 (30.6%)

Ruharo Mission 0 (0%)

Soroti RRH 25 (15.9%)

St. Anthnoy 5 (26.3%)

St. Francis Naggalama 18 (29.5%)
Abbreviations: RRH = regional referral hospital.

Overall, the indication for treatment was documented in patient record notes for 80.1%
(n = 1373) of all prescriptions. St. Francis Naggalama recorded the highest proportion
of prescriptions with the reason for prescribing antibiotics documented in the notes at
96.8% (n = 61), and Lacor hospital recorded the lowest at 64.3% (n = 153). Among all SP
prescriptions, 1% (n = 3) of prescriptions were for 1 dose, 0.7% (n = 2) were multiple doses
on day 1, and the remaining was for a longer duration, which was 301 (98.4%) multiple
doses on more than 1 day.

2.2.2. WHO AWaRe Classification

Among all 1387 antibiotic prescriptions, 654 (47.2%) were from the Access group, 612
(44.1%) were in the Watch classification, and 9% were unclassified (Figure 3). The most
prescribed Watch antibiotics were ceftriaxone (n = 519), ciprofloxacin (n = 45), azithromycin
(n = 19), levofloxacin (n = 15), and erythromycin (n = 3). There were no antibiotic prescrip-
tions in the Reserve group. The highest proportion of Access antibiotics was recorded at
Lacor hospital (70.5%) and the lowest Access proportion was in Moroto (25.7%). Similarly,
the highest proportion of Watch antibiotics was recorded at Moroto hospital (58.4%) and
the lowest proportion at Lacor (20.5%).
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Figure 3. Prescriptions by AWaRe classification per hospital.

2.2.3. Missed Doses

Among all antibiotics with more than 20 prescriptions, ampicillin-cloxacillin (30.4%,
n = 24) had the highest proportion of courses that were not administered to patients,
followed by metronidazole (15.1%, n = 57). By hospital, Lira hospital and Gulu hospital had
the highest percentage of prescriptions that were not administered to patients (25.6%, n = 52;
and 16%, n = 31, respectively), and five hospitals had prescriptions that were administered
to all patients studied: Hoima, Kagando, Kiwoko, Kumi, and St. Francis Naggalama. The
proportion of antibiotic courses that were administered by hospital are summarized in
Supplementary Table S3.

2.2.4. Route of Administration

Across all 1387 prescriptions, 11% (n = 157) were administered orally and 88% (n = 1230)
were administered parenterally. A switch from parenteral to oral antibiotics was noted for
1.9% (n = 39) among all orally administered antibiotics. Among the antibiotics that were
administered parenterally, 925 (75.3%) were administered intermittently, 302 (24.3%) were
administered continuously, and 2 (<1%) were administered intramuscularly.

2.3. Antibiotics per Patient

Overall, 794 (73.7%) observed patients were on one or more antibiotics. By sex,
425 (69.8%) females and 369 (78.8%) males were on one or more antibiotics. Among patients
on antibiotics, 302 (38%) were on one antibiotic, 440 (55%) were on two antibiotics, 44 (6%)
were on three antibiotics, and two (<1%) were on four antibiotics. Among patients on any
antibiotics, the mean number of antibiotics per patient was 1.55 (range 1–4). The mean
number of antibiotics per patient ranged from 1.6 in St. Francis Naggalama Hospital to 2.0
in Ruharo Mission Hospital (p < 0.001). In publicly owned hospitals, the mean number of
antibiotics per patient was 1.66, and in private not-for-profit hospitals, the mean number of
antibiotics was 1.70 (p = 0.41) (Table 4).

Several characteristics were associated with significantly increased odds of being on
antibiotics based on the univariate analyses (Table 5). These characteristics were being
male, public hospital setting, specific hospital, patient HIV status, and patient malnutrition
status (Table 5). Males had a 15% increase in the odds of antibiotic use, and public hospital
settings had a nearly two-fold increase in antibiotic use than private, not-for-profit hospitals.
Among the hospitals surveyed, there were up to nine-fold increases in antibiotic use. Lacor
hospital had a 39% decrease in the odds of antibiotic use (p = 0.04). HIV and malnutrition
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patients had a nearly six-fold increase in antibiotic use (p < 0.001). Whether a patient was
hospitalized in the previous 90 days did not increase the odds of antibiotic use. In the
multivariate logistic regression, male sex (p = 0.003), HIV status (p = 0.003), and malnutrition
status (p = 0.004) were significantly associated with odds of antibiotic use, while age and
malaria status were not (Table 5).

Antibiotics by Sex

Among females, the characteristics associated with increased odds of antibiotic use
were attendance at a public hospital (OR 1.60, p < 0.01), positive HIV status (OR 4.57,
p = 0.04), malnourishment status (OR 5.21, p = 0.03), and attendance at the following
hospitals: Hoima (OR 3.55, p < 0.01), Kumi (OR 5.49, p = 0.03), Masaka (OR 4.67, p < 0.01),
and St. Francis Naggalama (OR 5.83, p = 0.02). Among males, the characteristics associated
with increased odds of antibiotic use were attendance at a public hospital (OR 2.44, p < 0.01)
and attendance at the following hospitals: Masaka (OR 6.51, p < 0.01), Moroto (OR 4.77,
p = 0.01), and Soroti (OR 3.32, p = 0.03) (Supplementary Tables S4 and S5).

3. Discussion

The observed prevalence of antibiotic use of 73.7% is somewhat similar to findings
from certain PPS studies conducted in Kenya (67.7%) [29], Botswana (70.6%) [30], Ghana
(60.5%) [31] and Jordan (75.6%) [32]. The prevalence of antibiotic use found in this study
is high compared to what was found in high-income countries, but similar to findings in
other low- and middle-income countries [33]. In contrast, a lower prevalence of antibiotic
use was reported in other studies from Kenya (46.7%) [34]; Tanzania (44%) [35]; countries of
Ghana, Uganda, Zambia, and Tanzania in the Global PPS (30–57%, with overall prevalence
of 50%) [36]; Brazil (52.2%) [37]; Northern Ireland (46.2%) [38]; and Belgium (27.1%) [39].
Cross-national differences may be accounted for by factors such as varying disease bur-
den, antibiotic use guidelines, and policies across countries, including ease of access to
antibiotics, differences in patients’ characteristics, and types of hospitals.

3.1. Antibiotic Use and Prevalence by Patient Characteristics

Both sex (identified by physical or physiological differences) and gender (defined
by socially constructed roles) play important roles in AMR, based on sex differences in
pharmacokinetics and pharmacodynamics and gender roles [15]. Body weight, blood
volume, and fat distribution differences between the sexes have biological effects on how
antibiotics are absorbed, distributed, metabolized, and eliminated. This is one of the reasons
that females have a greater risk for AMR than males [40]. In this study, males had greater
odds of being prescribed an antibiotic compared to females. In many societies where
women are considered less valuable than men, gender determines the use of preventative
measures and referral for more invasive therapeutic strategies [41]. To understand why,
in the study, men were given more antibiotics would require a mixed-methods study to
determine if the difference was a population-based difference in the proportion of males
versus females, based on clinical indications or standards of care, lack of sex-specific
antibiotic guidelines or due to other factors that suggest health inequity at the tertiary care
level. Without better data, it is difficult to discern if there are sex differences in diagnosis
indications at presentation, standards of care, or health care utilization (e.g., males may
present later in the course of the disease) [42]. The WHO PPS does not allow for important
data collection and analysis of sex and gender impacts on antibiotic use and AMR. Given
WHO’s priority to equitably address AMR, the PPS should be updated to include these
data in the PPS methodology [43].
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3.2. Antibiotic Use Based on Uganda Clinical Guidelines and Hospital Setting

We found that most patients received multiple doses on more than one day, an average
of 2.3 antibiotics administered per patient, contrary to WHO recommendations of single
antibiotic prophylaxis [44]. In addition to the current practices of antibiotic use driving up
the emergence of resistance, it also increases the cost of health care, with an increased risk of
adverse drug reactions. There is a lack of guidance on the use of antibiotics in surgery in the
Uganda Clinical Guidelines. The lack of guidelines on antibiotic use in surgery is a major
concern for AMR emergence and needs to be addressed. Insufficient knowledge, prescriber
attitudes, resistance to change, patient expectations exacerbated by scarce resources in
countries such as Uganda and several other factors present additional challenges [45].

Use of parenteral antibiotics was very high (88%) compared to oral (12%) in the present
study. These values are similar to the use of parenteral antibiotics in Indonesia (85.1%)
and Pakistan (91.5%) [46,47]. The overuse of parenteral antibiotics (specifically, using
parenteral antibiotics when not indicated or for longer than indicated) often increases costs
of care, including costs associated with antibiotics, and nursing time and also increasing
the duration of hospital stays; as such, overuse poses a challenge for infection prevention
and control, especially in resource-constrained countries, such as Uganda. In this study,
reasons for the indication for antibiotic prescription were written in the patient notes
somewhat more frequently (80.1% of patients on antibiotics) compared to studies conducted
in Indonesia (63.5%) and Pakistan (76.2%).

Our finding of poor adherence to Uganda’s Clinical Guidelines (30.1%), along with
the high percentage of antibiotics used in the Watch category, further accentuates the need
for effective antimicrobial stewardship programs in Uganda, in connection with progress
toward universal health coverage [48]. Many factors could contribute to the low adherence
to the Uganda Clinical Guidelines, including poor dissemination of the guidelines, lack of
proper diagnostic stewardship in hospitals, such as in microbiology and radiology, and long
turnaround times for laboratory results. Lastly, in many settings, prescriber preferences and
behaviors are a major cause for non-adherence to the guidelines [49]. Similar factors have
been described elsewhere as barriers to guideline adherence [50,51]. In contrast, in Tanzania,
compliance with national guidelines was high at 84% and South Africa at 90.2% [52,53].
The overall low compliance with Uganda’s Clinical Guidelines could be a contributing
factor to the observed high prevalence of Watch category antibiotics. In contrast, Lacor
hospital, a private-not-for-profit, had a high adherence to the Uganda Clinical Guidelines,
39% less odds of antibiotic use, and hence higher use of the Access category antibiotics,
partly attributed to the existence of its hospital antimicrobial stewardship program. The
relatively high compliance to national guidelines in Tanzania and South Africa could partly
be attributed to the implementation of antibiotic use policies and regulations, along with
health care quality improvement initiatives [54,55]. A recent in-depth study of prescribers
in Uganda found that stockouts of certain antibiotics, high patient load, prescriber’s years
of experience, influence of pharmacies and pharmaceutical companies, patient demand,
lack of ownership of the dangers of AMR and other factors contributed to poor prescribing
practices [56]. Therefore, the Uganda Ministry of Health should strengthen and enforce
policies to address the challenge of low compliance to guidelines in health facilities.

Contrary to the general view that inappropriate antibiotic prescribing with respect
to indication and quantity is higher in the private sector and based on a situational anal-
ysis [13], our findings showed no difference in prevalence of ceftriaxone prescribing, the
percentage of guideline compliance, and mean number of antibiotics per patient, which
was approximately the same when comparing the public and private-not-for-profit hospi-
tals. Further, public hospitals were associated with 1.8 times higher odds of antibiotic use
compared to private hospitals. This could be due to similar disease patterns and common
prescriber behavior across both public and private practitioners. Health practitioners (in-
cluding physicians, nurses, and pharmacists) commonly work in both private and public
sectors. So, such working arrangements contribute to prescribing and dispensing behavior
across both public and private sectors.
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3.3. Proportion of Prescribed Antibiotic Doses Not Administered to Patients

The finding of ampicillin-cloxacillin and metronidazole having a high proportion of
doses not administered to patients (coded as “missed doses” in WHO PPS methodology)
is not surprising since these drugs are administered at a higher frequency, i.e., every six
hours and eight hours, respectively, compared to antibiotics like ceftriaxone, which is
administered once a day. Public hospitals have a higher burden of patients and tend to use
more higher-frequency dosing drugs. Other possible causes could be essential medicine
stockouts, including certain Access group antibiotics, which means the antibiotics were
not administered. The latter could also explain the high prevalence and, at times, lack
of alignment with clinical guidelines for certain Watch group antibiotics, when the first-
line Access group antibiotics ran out of stock [57,58]. These findings have implications
for stewardship and may be associated with the emergence of resistance and have been
associated with poor treatment outcomes [59,60]. Although causative factors for missed
doses may vary between low- and middle-income countries and high-income countries, the
use of continuous quality improvement plans has been found to be effective in addressing
this challenge [61].

3.4. Route of Administration

The observed high proportion of parenteral antibiotics could point to overall steward-
ship challenges in health facilities. One possible explanation is the lack of adherence to
the Uganda Clinical Guidelines. The observed low compliance with the guidelines (30%)
could also explain the high proportion of parenteral antibiotics since most of the first-line
drugs for treating common bacterial infections are oral medicines as per the guidelines.
Additionally, implementing a hospital-parenteral-to-oral switch program requires regular
patient review and availability of microbiology results to guide the switch to determine
suitable oral medications. Human resource shortages could hinder regular patient review
to switch antibiotics from parenteral to oral. Additionally, the lack of microbiology capacity
in most hospitals may negatively affect the clinicians’ ability to empirically make decisions
for the parenteral-to-oral switch. Lastly, the general belief that parenteral antibiotics work
better than oral antibiotics could be a contributing factor [62]. Contributing factors and
possible solutions to this challenge have been previously described [63].

3.5. WHO AWaRE Antibiotic Classification

Ampicillin-cloxacillin is listed as “not recommended” in the WHO AWaRe antibiotic
classification database. It is considered as an inappropriate fixed-dose combination and
is a problem not only in Uganda but in many low- and middle-income countries [64,65].
Ampicillin-cloxacillin was removed from the 2016 Uganda Clinical Guidelines. Reasons for
its use could not be elucidated in our study, but it is concerning, given that it is among the
top ten most consumed antibiotics nationwide in Uganda [66].

Ceftriaxone, a Watch antibiotic, was the most prescribed antibiotic for patients in these
13 regional hospitals and was used routinely for CAIs, MP, and SP. Ceftriaxone was used
empirically as the first-line treatment for CAIs, contrary to Uganda’s Clinical Guidelines.
Inappropriate use of ceftriaxone, which is a third-generation cephalosporin, can accelerate
the emergence of AMR of multidrug-resistant organisms, increase treatment cost, and result
in avertable adverse drug effects. In Uganda, one study reported 32% inappropriate use of
ceftriaxone in nine health facilities while another study reported a high level of ceftriaxone
use at a tertiary care, private not-for-profit hospital [67,68]. A possible explanation for the
high prevalence of ceftriaxone could be the ease of use (single daily dose) coupled with
its wide spectrum coverage, giving the prescriber a sense of broad-spectrum coverage for
most infections encountered in clinical practice.

Not using antimicrobial susceptibility testing when prescribing antibiotics in Uganda
is also concerning. This situation is not unique to Uganda as only 2 out of 591 patients that
received antibiotics in a PPS study conducted in Tanzania were specifically treated based on
antimicrobial susceptibility testing results [52]. Among the challenges in antimicrobial sus-
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ceptibility testing in sub-Saharan Africa are inadequate resources, weak supply chains for
consumables for microbiological laboratory procedures, the timely turn-around of results
for clinical decision-making (approximately 22 days in Uganda), and laboratory workforce
limitations, such as staffing levels and training [69]. Underuse of culture sensitivity tests in
hospitals is pervasive in resource-constrained countries.

This study informs antimicrobial stewardship strategies for Ugandan hospitals by es-
tablishing measurable antimicrobial use targets, such as reducing the use of broad-spectrum
antibiotics, complying with treatment guidelines and increasing the uptake of antimicrobial
susceptibility testing. There is a need to develop and implement feasible strategies for com-
plementing antimicrobial stewardship interventions such as in infection prevention and
control and hand hygiene interventions for prevention of health care-associated infection
that can reduce the need for antibiotic use. Additionally, the study can serve as a baseline to
evaluate future antimicrobial stewardship strategies in Uganda’s hospitals. Areas of action
could include establishing a funded national system for surveillance of antibiotic use in
health facilities to inform antimicrobial stewardship interventions. There is also a need to
strengthen implementation and enforcement of policies on the use of antibiotics. This could
help reduce the inappropriate use of Watch category antibiotics and increase compliance
with the Uganda Clinical Guidelines. For hospitals, survey findings can be used to develop
specific continuous quality improvement plans to address the identified gaps. Areas of
future research include understanding the potential enablers of implementing antimicro-
bial stewardship programs in Uganda; behavioral, sex, and gender impacts; and other
factors that influence prescribing and consumer behaviors for antibiotics. Comprehensive
solutions and multi-pronged approaches to tackle weak laboratory capacity in Uganda and
sub-Saharan Africa in general have been extensively described elsewhere. Our study pro-
vides further evidence on the need for Uganda to secure appropriate investments to solve
this vexing problem, which is an essential component of antimicrobial stewardship [70,71].

3.6. Limitations

Data collection took place over five months, rather than the WHO-recommended
three-week window. A major cause of this limitation was the lack of capacity within health
facilities to conduct antibiotic use surveys. The longer duration of our study may have
resulted in some inconsistencies in antibiotic use patterns based on external factors, such
as holidays and changes in disease transmission, including the COVID-19 burden. The
PPS study design is restricted to assessing only inpatient antibiotic use. Consequently,
antibiotics taken prior to hospitalization or those purchased externally and brought to the
hospital are not recorded. The point-in-time nature of the PPS design further limits insight
into seasonal patterns in antibiotic use. Even though the study included hospitals from
different regions of the country as well as from government and private sectors, there are
some limitations in the generalizability of our findings to other hospitals in Uganda and to
hospitals in other countries with similar disease burdens and patient demographics.

Our study has numerous strengths. Using the standard WHO PPS methodology
allows for comparisons with future studies not only in Uganda but also in other East
African settings and sub-Saharan African settings in general. Compared to other PPS
studies performed in as few as 1–6 hospitals, the present study included 13 hospitals.
Inclusion of public and private not-for-profit hospitals is another strength of the study
along with the dispersed geographical coverage of the hospitals in Uganda. Our study
built on the existing hospital medicines and therapeutics committee as the mechanism
for stewardship interventions. Further, our findings go beyond measuring the use of
antibiotics. Several study variables, such as the burden of surgical indications, reasons for
antibiotic prescribing, and data on antibiotic use for specific sites, have the potential for
additional utility to improve clinical decision making and ensure patient safety. Finally, we
are the first to assess sex-disaggregated differences to understand inequities in antibiotic
use among males and females by using the PPS methodology.
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4. Methods and Materials

All data were collected and analyzed based on the “WHO Methodology for Point
Prevalence Survey on Antibiotic Use in Hospitals” version 1.1. The WHO Methodology for
Point Prevalence Surveys, published in 2019, is intended to guide the collection of infor-
mation on prescribing practices of antibiotics and other information relevant to treatment
and management of infectious diseases in hospitalized patients [16]. Given challenges
associated with data collection and high workload in resource-limited countries such as
Uganda, the WHO PPS methodology has been developed with flexibility in mind. The data
was collected to inform program activities and not submitted to WHO. Our study used
the WHO PPS method over the Global-PPS method given our program’s consistent use of
standardized WHO tools across countries including Uganda. The WHO-PPS methodology
allows for paper-based data entry in hospitals with no access to computer devices.

4.1. Data Collection
4.1.1. Setting

The study was conducted from December 2020 to April 2021 in 13 hospitals in Uganda.
Six of the hospitals were public, government owned RRHs and seven were private not-
for-profit hospitals. The public hospitals were chosen purposively based on ongoing
involvement in related antimicrobial stewardship programs, and the private not-for-profit
hospitals were chosen based on geographic location to cover four main regions of the coun-
try. Data were collected from all health facilities where our program is working to improve
antibiotic use and no sampling of hospitals was done. Uganda has a decentralized health
care system, with the lowest level being the Village Health Team and the highest being the
National Referral Hospitals. General hospitals provide primary health care, covering the
main disciplines of Medicine, Surgery, Pediatrics, and Obstetrics. The RRHs provide all the
care provided by the general hospitals and provide specialized care in addition.

4.1.2. Data Collection

Data collection was conducted by staff from each hospital’s medicines and therapeu-
tics committee. Training on using the WHO PPS standardized data collection methods,
including the paper form, took place one day before the data collection began and included
practice sessions. Data were included for all patients admitted to the ward before 8:00 am
on the study day as well as all patients discharged on the study day. Data were excluded
for patient types listed in the WHO PPS protocol, including all patients who were admitted
after 8:00 am, patients in the palliative long-term care wards, patients currently undergoing
radiological or surgical procedures, and patients who are still physically present in the
ward but who have been officially discharged. Each ward was surveyed completely within
one day to minimize impact of patients moving between wards. The variables collected
were all core variables in the WHO PPS methodology for hospital, ward, patient, antibiotic,
and indication categories of variables.

4.1.3. Study Ethics and Approval

The Uganda Ministry of Health approved this study as part of ongoing technical
assistance and implementation of the AMR national action plan [17].

4.2. Data Analysis

After data collection, de-identified data were entered into the WHO PPS Microsoft
Excel-based tool by the study team for analysis. Data cleaning checks were performed
for all 13 hospitals, and all data entry discrepancies were resolved using the original
paper data collection forms. The data cleaning and entry was done as per the WHO
methodology/protocol referenced above.

Indication was grouped into four categories: community-acquired infection (CAI),
hospital-associated infection (HAI), medical prophylaxis (MP), and surgical prophylaxis
(SP). According to the WHO PPS methodology, infection is categorized as HAI if the date
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of onset is on: Day 3 onwards OR Day 1 or Day 2 AND patient transferred from another
hospital OR Day 1 or Day 2 and patient discharged from a hospital (same hospital or
another one) in preceding 48 h. Antibiotics were grouped according to 2019 WHO AWaRe
classification of antibiotics for evaluation and monitoring of use [72]. Antibiotics in the
Access category have a wide range of activity against common pathogens and show low
resistance potential; Watch antibiotics have higher resistance potential and are intended
to be key targets of stewardship programs and monitoring, and Reserve antibiotics are
last-resort options when other alternatives have failed.

Descriptive statistics for the data are presented using mean ± standard deviation or
median (IQR) for continuous variables. Results from categorical variables are expressed as
proportions and the χ2 test or Fisher’s exact test was used, as appropriate, for comparisons.
Univariate logistic regression to assess factors associated with increased odds of antibiotic
use was conducted with the following prespecified factors: age (categorized as <2 years,
2–50 years, >50 years), sex, ward, hospital ownership, hospital facility, underlying condition
status (HIV, TB, malaria, malnutrition, COPD), hospitalization within previous 90 days,
indication category, and whether patient is a referral. This same univariate analysis was
then performed disaggregated by sex as well. A multivariate logistic regression was also
conducted which included pre-specified variables of interest: age, sex, HIV status, malaria
status, and malnutrition status. Significance was evaluated at the alpha = 0.05 level. All
analyses were performed using R Studio version 4.0.1 [73].

5. Conclusions

This is the first study in Uganda that was based on the WHO methodology for PPS on
antibiotic use in hospitals. These data provide insights into the most common antibiotics
used in 13 public and private not-for-profit hospitals throughout the country, including
prevalence by patient characteristics, hospital, indication, and diagnosis. Notable findings
were the high use of antibiotics among hospitalized patients, the high proportion of patients
receiving parenteral antibiotics, the high prevalence of Watch antibiotics (particularly
ceftriaxone), antibiotic use for SP nearly always spanning more than one day, low adherence
to Uganda Clinical Guidelines, and sex differences in antibiotic use. These findings support
the Uganda National Action Plan on AMR in identifying targeted strategies for improving
antimicrobial stewardship. The estimates provided herein may also serve as a helpful
baseline for the national antimicrobial stewardship technical working committee to promote
and facilitate locally appropriate stewardship strategies in hospital settings and catalyze
experience sharing and cross-fertilization. Additional research is needed to identify the
drivers of inappropriate use in relation to disease burden and operational enablers of
effective antimicrobial stewardship programs.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics11020199/s1, Table S1: Hospital characteristics, Table S2: Associations of antibiotic
use with characteristics of females in the study sample, Table S3: Associations of antibiotic use with
characteristics of males in the study sample, Table S4: Compliance with Uganda Clinical Treatment
Guidelines by antibiotic, Table S5: Adherence by hospital and antibiotic.

Author Contributions: Conceptualization, R.K.; methodology, R.K. and J.W.; training of hospital staff,
R.K., J.W. and M.M.; data entry, J.W. and R.K.; formal analysis, R.W. and H.N.N.; writing—original
draft preparation, R.K., R.W., J.W., H.N.N., A.S. and N.K.; writing—review and editing, N.O., R.K.,
R.W., J.W, F.E.K., M.M., L.L.L., S.M., M.P.J., A.S. and N.K.; supervision, R.K., J.W. and N.K.; project
administration, R.K., J.W. and N.K.; funding acquisition, R.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was made possible by the generous support of the American people through
the US Agency for International Development (USAID) contract no. 7200AA18C00074.

Institutional Review Board Statement: The Ministry of Health granted permission to the USAID
MTaPS program for long-term technical assistance in multisectoral coordination on AMR, infection
prevention and control, and antimicrobial stewardship, which includes permission for antibiotic

215



Antibiotics 2022, 11, 199

use studies. The conduct of this study is part of the USAID MTaPS program’s routine technical
assistance to inform priorities for stewardship. The senior administration of all participating hospital
sites provided their respective approval and clearance. The study was conducted according to the
guidelines of the Declaration of Helsinki.

Informed Consent Statement: Not applicable as there was no direct patient contact and all data
were anonymized.

Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge the dedicated efforts of the hospital staff in the 13 participating
hospitals in their efforts to collect the data and adhere to the WHO PPS methodology. We thank
the senior administration of the 13 participating hospitals in their efforts to facilitate the success of
this study as part of the ongoing technical assistance being provided by the USAID MTaPS program.
Julius Kisembo is appreciated for his work on Figure 1.

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer: The contents are the responsibility of the authors and do not necessarily reflect the views
of USAID or the US Government.

References
1. Naylor, N.R.; Atun, R.; Zhu, N.; Kulasabanathan, K.; Silva, S.; Chatterjee, A.; Knight, G.M.; Robotham, J.V. Estimating the burden

of antimicrobial resistance: A systematic literature review. Antimicrob. Resist. Infect. Control 2018, 7, 58. [CrossRef] [PubMed]
2. Hay, S.I.; Rao, P.C.; Dolecek, C.; Day, N.P.J.; Stergachis, A.; Lopez, A.D.; Murray, C.J.L. Measuring and mapping the global burden

of antimicrobial resistance. BMC Med. 2018, 16, 78. [CrossRef] [PubMed]
3. Hernando-Amado, S.; Coque, T.M.; Baquero, F.; Martínez, J.L. Defining and combating antibiotic resistance from One Health and

Global Health perspectives. Nat. Microbiol. 2019, 4, 1432–1442. [CrossRef] [PubMed]
4. O’Neill, J. Review on Antimicrobial Resistance Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of Nations.

London: Review on Antimicrobial Resistance. 2014. Available online: https://amr-review.org/Publications.html (accessed on 21
December 2021).

5. Getahun, H.; Smith, I.; Trivedi, K.; Paulin, S.; Balkhy, H.H. Tackling antimicrobial resistance in the COVID-19 pandemic. Bull.
World Health Organ. 2020, 98, 442. [CrossRef]

6. Monnet, D.L.; Harbarth, S. Will coronavirus disease (COVID-19) have an impact on antimicrobial resistance? Eurosurveillance
2020, 25, 2001886. [CrossRef]

7. Afshinnekoo, E.; Bhattacharya, C.; Burguete-García, A.; Castro-Nallar, E.; Deng, Y.; Desnues, C.; Dias-Neto, E.; Elhaik, E.; Iraola,
G.; Jang, S.; et al. COVID-19 drug practices risk antimicrobial resistance evolution. Lancet Microbe 2021, 2, e135–e136. [CrossRef]

8. Rodríguez-Baño, J.; Rossolini, G.M.; Schultsz, C.; Tacconelli, E.; Murthy, S.; Ohmagari, N.; Holmes, A.; Bachmann, T.; Goossens,
H.; Canton, R.; et al. Key considerations on the potential impacts of the COVID-19 pandemic on antimicrobial resistance research
and surveillance. Trans. R. Soc. Trop. Med. Hyg. 2021, 115, 1122–1129. [CrossRef]

9. Bloom, G.; Merrett, G.B.; Wilkinson, A.; Lin, V.; Paulin, S. Antimicrobial resistance and universal health coverage. BMJ Glob.
Health 2017, 2, e000518. [CrossRef]

10. Castro-Sánchez, E.; Moore, L.S.P.; Husson, F.; Holmes, A.H. What are the factors driving antimicrobial resistance? Perspectives
from a public event in London, England. BMC Infect. Dis. 2016, 16, 465. [CrossRef]

11. Vikesland, P.; Garner, E.; Gupta, S.; Kang, S.; Maile-Moskowitz, A.; Zhu, N. Differential Drivers of Antimicrobial Resistance across
the World. Acc. Chem. Res. 2019, 52, 916–924. [CrossRef]

12. Chatterjee, A.; Modarai, M.; Naylor, N.; Boyd, S.E.; Atun, R.; Barlow, J.; Holmes, A.H.; Johnson, A.; Robotham, J. Quantifying
drivers of antibiotic resistance in humans: A systematic review. Lancet Infect. Dis. 2018, 18, e368–e378. [CrossRef]

13. UNAS; CDDEP; GARP-Uganda; Mpairwe, Y.; Wamala, S. Antibiotic Resistance in Uganda: Situation Analysis and Recommendations;
Uganda National Academy of Sciences: Kampala, Uganda; Center for Disease Dynamics, Economics & Policy: Washington, DC,
USA, 2015; p. 107.

14. Kajumbula, H.; Fujita, A.W.; Mbabazi, O.; Najjuka, C.; Izale, C.; Akampurira, A.; Aisu, S.; Lamorde, M.; Walwema, R.; Bahr, N.C.;
et al. Antimicrobial Drug Resistance in Blood Culture Isolates at a Tertiary Hospital, Uganda. Emerg. Infect. Dis. 2018, 24, 174–175.
[CrossRef] [PubMed]

15. Soldin, O.P.; Mattison, D. Sex Differences in Pharmacokinetics and Pharmacodynamics. Clin. Pharmacokinet. 2009, 48, 143–157.
[CrossRef] [PubMed]

16. WHO. Global Action Plan on Antimicrobial Resistance; The World Health Organization: Geneva, Switzerland, 2015.
17. Antimicrobial Resistance National Action Plan (2018–2023). The Republic of Uganda. 2018. Available online: https://www.heps.

or.ug/index.php/publications/antimicrobial-resistance-national-action-plan-uganda-nap (accessed on 21 December 2021).
18. WHO. World Health Organization Methodology for Point Prevalence Survey on Antibiotic Use in Hospitals; Version 1.1; World Health

Organization: Geneva, Switzerland, 2018.

216



Antibiotics 2022, 11, 199

19. Ogunleye, O.O.; Oyawole, M.R.; Odunuga, P.T.; Kalejaye, F.; Yinka-Ogunleye, A.F.; Olalekan, A.; Ogundele, S.O.; Ebruke, B.E.;
Richard, A.K.; Paramadhas, B.D.A.; et al. A multicentre point prevalence study of antibiotics utilization in hospitalised patients
in an urban secondary and a tertiary healthcare facilities in Nigeria: Findings and implications. Expert Rev. Anti-Infect. Ther. 2022,
20, 297–306. [CrossRef] [PubMed]

20. Abubakar, U. Antibiotic use among hospitalized patients in northern Nigeria: A multicenter point-prevalence survey. BMC Infect.
Dis. 2020, 20, 86. [CrossRef]

21. Bediako-Bowan, A.A.A.; Owusu, E.; Labi, A.-K.; Obeng-Nkrumah, N.; Sunkwa-Mills, G.; Bjerrum, S.; Opintan, J.A.; Bannerman,
C.; Mølbak, K.; Kurtzhals, J.A.L.; et al. Antibiotic use in surgical units of selected hospitals in Ghana: A multi-center point
prevalence survey. BMC Public Health 2019, 19, 797. [CrossRef]

22. Godman, B.; Momanyi, L.; Opanga, S.; Nyamu, D.; Oluka, M.; Kurdi, A. Antibiotic prescribing patterns at a leading referral
hospital in Kenya: A point prevalence survey. J. Res. Pharm. Pract. 2019, 8, 149–154. [CrossRef]

23. Lanyero, H.; Ocan, M.; Obua, C.; Lundborg, C.S.; Nanzigu, S.; Katureebe, A.; Kalyango, J.N.; Eriksen, J. Antibiotic use among
children under five years with diarrhea in rural communities of Gulu, northern Uganda: A cross-sectional study. BMC Public
Health 2021, 21, 1254. [CrossRef]

24. Sekikubo, M.; Hedman, K.; Mirembe, F.; Brauner, A. Antibiotic Overconsumption in Pregnant Women with Urinary Tract
Symptoms in Uganda. Clin. Infect. Dis. 2017, 65, 544–550. [CrossRef]

25. Saito, H.; Inoue, K.; Ditai, J.; Weeks, A.D. Pattern of Peri-Operative Antibiotic Use among Surgical Patients in a Regional Referral
and Teaching Hospital in Uganda. Surg. Infect. 2020, 21, 540–546. [CrossRef]

26. USAID Medicines, Technologies, and Pharmaceutical Services Program. MTaPS Support in Uganda. Available online: https:
//www.mtapsprogram.org/where-we-work/uganda/ (accessed on 21 December 2021).

27. USAID MTaPS Program. A Technical Guide to Implementing Facility Level Antimicrobial Stewardship Programs in MTaPS
Program Countries. Available online: https://www.mtapsprogram.org/wp-content/uploads/2021/03/USAID-MTaPS-Mini-
guide-for-facility-AMS-program.pdf (accessed on 21 December 2021).

28. Uganda Clinical Guidelines. National Guidelines for Management of Common Conditions; The Republic of Uganda, Ministry of Health:
Kampala, Uganda, 2016.

29. Okoth, C.; Opanga, S.; Okalebo, F.; Oluka, M.; Kurdi, A.; Godman, B. Point prevalence survey of antibiotic use and resistance at a
referral hospital in Kenya: Findings and implications. Hosp. Pract. 2018, 46, 128–136. [CrossRef] [PubMed]

30. Paramadhas, B.D.A.; Tiroyakgosi, C.; Mpinda-Joseph, P.; Morokotso, M.; Matome, M.; Sinkala, F.; Gaolebe, M.; Malone, B.;
Molosiwa, E.; Shanmugam, M.G.; et al. Point prevalence study of antimicrobial use among hospitals across Botswana: Findings
and implications. Expert Rev. Anti-Infect. Ther. 2019, 17, 535–546. [CrossRef] [PubMed]

31. Amponsah, O.K.O.; Buabeng, K.O.; Owusu-Ofori, A.; Ayisi-Boateng, N.K.; Hämeen-Anttila, K.; Enlund, H. Point prevalence
survey of antibiotic consumption across three hospitals in Ghana. JAC-Antimicrob. Resist. 2021, 3, dlab008. [CrossRef] [PubMed]

32. Abdel-Qader, D.H.; Ismael, N.S.; Albassam, A.; El-Shara’, A.; Aljamal, M.S.; Ismail, R.; Abdel-Qader, H.; Hamadi, S.; Al Mazrouei,
N.; Ibrahim, O.M. Antibiotics use and appropriateness in two Jordanian children hospitals: A point prevalence study. J. Pharm.
Health Serv. Res. 2021, 12, 166–172. [CrossRef]

33. Pauwels, I.; Versporten, A.; Drapier, N.; Vlieghe, E.; Goossens, H.; Koraqi, A.; Hoxha, I.; Tafaj, S.; Cornistein, W.; Quiros, R.; et al.
Hospital antibiotic prescribing patterns in adult patients according to the WHO Access, Watch and Reserve classification (AWaRe):
Results from a worldwide point prevalence survey in 69 countries. J. Antimicrob. Chemother. 2021, 76, 1614–1624. [CrossRef]
[PubMed]

34. Maina, M.; Mwaniki, P.; Odira, E.; Kiko, N.; McKnight, J.; Schultsz, C.; English, M.; Tosas-Auguet, O. Antibiotic use in Kenyan
public hospitals: Prevalence, appropriateness and link to guideline availability. Int. J. Infect. Dis. 2020, 99, 10–18. [CrossRef]

35. Horumpende, P.G.; Mshana, S.E.; Mouw, E.F.; Mmbaga, B.T.; Chilongola, J.O.; De Mast, Q. Point prevalence survey of antimicrobial
use in three hospitals in North-Eastern Tanzania. Antimicrob. Resist. Infect. Control 2020, 9, 149. [CrossRef]

36. D’Arcy, N.; Ashiru-Oredope, D.; Olaoye, O.; Afriyie, D.; Akello, Z.; Ankrah, D.; Asima, D.M.; Banda, D.C.; Barrett, S.; Brandish, C.;
et al. Antibiotic Prescribing Patterns in Ghana, Uganda, Zambia and Tanzania Hospitals: Results from the Global Point Prevalence
Survey (G-PPS) on Antimicrobial Use and Stewardship Interventions Implemented. Antibiotics 2021, 10, 1122. [CrossRef]

37. Porto, A.; Goossens, H.; Versporten, A.; Costa, S.; Brazilian Global-PPS Working Group. Global point prevalence survey of
antimicrobial consumption in Brazilian hospitals. J. Hosp. Infect. 2020, 104, 165–171. [CrossRef]

38. Elhajji, F.D.; Al-Taani, G.M.; Anani, L.; Al-Masri, S.; Abdalaziz, H.; Qabba’H, S.H.; Al Bawab, A.Q.; Scott, M.; Farren, D.; Gilmore,
F.; et al. Comparative point prevalence survey of antimicrobial consumption between a hospital in Northern Ireland and a
hospital in Jordan. BMC Health Serv. Res. 2018, 18, 849. [CrossRef]

39. Vandael, E.; Latour, K.; Goossens, H.; Magerman, K.; Drapier, N.; Catry, B.; Versporten, A.; Belgian Point Prevalence Survey Study
Group. Point prevalence survey of antimicrobial use and healthcare-associated infections in Belgian acute care hospitals: Results
of the Global-PPS and ECDC-PPS 2017. Antimicrob. Resist. Infect. Control 2020, 9, 13. [CrossRef] [PubMed]

40. WHO. Taking Sex and Gender into Account in Emerging Infectious Disease Programmes. An Analytical Framework; World Health
Organization Western Pacific Region: Manilla, Philippines, 2011; ISBN 978 92 9061 532 3.

41. Mauvais-Jarvis, F.; Merz, N.B.; Barnes, P.J.; Brinton, R.D.; Carrero, J.-J.; DeMeo, D.L.; De Vries, G.J.; Epperson, C.N.; Govindan, R.;
Klein, S.L.; et al. Sex and gender: Modifiers of health, disease, and medicine. Lancet 2020, 396, 565–582. [CrossRef]

217



Antibiotics 2022, 11, 199

42. Accorsi, S.; Fabiani, M.; Nattabi, B.; Ferrarese, N.; Corrado, B.; Iriso, R.; Ayella, E.O.; Pido, B.; Yoti, Z.; Corti, D.; et al. Differences
in hospital admissions for males and females in northern Uganda in the period 1992–2004: A consideration of gender and sex
differences in health care use. Trans. R. Soc. Trop. Med. Hyg. 2007, 101, 929–938. [CrossRef] [PubMed]

43. WHO. Tackling Antimicrobial Resistance (AMR) Together: Working Paper 5.0: Enhancing the Focus on Gender and Equity; World Health
Organization: Geneva, Switzerland, 2018.

44. WHO. Global Guidelines for the Prevention of Surgical Site Infection, 2nd ed.; World Health Organization: Geneva, Switzerland, 2018.
45. Cooper, L.; Sneddon, J.; Afriyie, D.K.; Sefah, I.A.; Kurdi, A.; Godman, B.; Seaton, R.A. Supporting global antimicrobial stewardship:

Antibiotic prophylaxis for the prevention of surgical site infection in low- and middle-income countries (LMICs): A scoping
review and meta-analysis. JAC-Antimicrob. Resist. 2020, 2, dlaa070. [CrossRef] [PubMed]

46. Limato, R.; Nelwan, E.J.; Mudia, M.; de Brabander, J.; Guterres, H.; Enty, E.; Mauleti, I.Y.; Mayasari, M.; Firmansyah, I.; Hizrani,
M.; et al. A multicentre point prevalence survey of patterns and quality of antibiotic prescribing in Indonesian hospitals.
JAC-Antimicrob. Resist. 2021, 3, dlab047. [CrossRef]

47. Saleem, Z.; Hassali, M.A.; Versporten, A.; Godman, B.; Hashmi, F.K.; Goossens, H.; Saleem, F. A multicenter point prevalence
survey of antibiotic use in Punjab, Pakistan: Findings and implications. Expert Rev. Anti-Infect. Ther. 2019, 17, 285–293. [CrossRef]

48. WHO. WHO Releases the 2019 AWaRe Classification Antibiotics. 2019. Available online: https://www.who.int/news/item/01-1
0-2019-who-releases-the-2019-aware-classification-antibiotics (accessed on 21 December 2021).

49. Nambasa, V.; Ndagije, H.; Serwanga, A.; Manirakiza, L.; Atuhaire, J.; Nakitto, D.; Kiguba, R.; Figueras, A. Prescription of
Levofloxacin and Moxifloxacin in Select Hospitals in Uganda: A Pilot Study to Assess Guideline Concordance. Antibiotics 2020,
9, 439. [CrossRef]

50. Maina, M.; McKnight, J.; Tosas-Auguet, O.; Schultsz, C.; English, M. Using treatment guidelines to improve antibiotic use: Insights
from an antibiotic point prevalence survey in Kenya. BMJ Glob. Health 2021, 6, e003836. [CrossRef]

51. Almazrou, S.; Alfaifi, S.; Alfaifi, S.; Hakami, L.; Al-Aqeel, S. Barriers to and Facilitators of Adherence to Clinical Practice
Guidelines in the Middle East and North Africa Region: A Systematic Review. Healthcare 2020, 8, 564. [CrossRef]

52. Seni, J.; Mapunjo, S.G.; Wittenauer, R.; Valimba, R.; Stergachis, A.; Werth, B.J.; Saitoti, S.; Mhadu, N.H.; Lusaya, E.; Konduri, N.
Antimicrobial use across six referral hospitals in Tanzania: A point prevalence survey. BMJ Open 2020, 10, e042819. [CrossRef]

53. Skosana, P.; Schellack, N.; Godman, B.; Kurdi, A.; Bennie, M.; Kruger, D.; Meyer, J. A point prevalence survey of antimicrobial
utilisation patterns and quality indices amongst hospitals in South Africa; findings and implications. Expert Rev. Anti-Infect. Ther.
2021, 19, 1353–1366. [CrossRef] [PubMed]

54. Policy Guidelines for Implementing Antimicrobial Stewardship; The United Republic of Tanzania, Ministry of Health, Community
Development, Gender, Elderly and Children: Dodoma, Tanzania, 2020.

55. Chetty, S.; Reddy, M.; Ramsamy, Y.; Naidoo, A.; Essack, S. Antimicrobial stewardship in South Africa: A scoping review of the
published literature. JAC-Antimicrob. Resist. 2019, 1, dlz060. [CrossRef] [PubMed]

56. Kagoya, E.K.; Van Royen, K.; Waako, P.; Van Royen, P.; Iramiot, J.S.; Obakiro, S.B.; Kostyanev, T.; Anthierens, S. Experiences and
views of healthcare professionals on the prescription of antibiotics in Eastern Uganda: A qualitative study. J. Glob. Antimicrob.
Resist. 2021, 25, 66–71. [CrossRef] [PubMed]

57. Ministry of Health Knowledge Management Portal. Periodic Stock Status Report. Example of One Report Dated 29 April
2021. Available online: http://library.health.go.ug/publications/medicines/ministry-health-stock-status-report-1st-april-2021
(accessed on 21 December 2021).

58. Muyinda, H.; Mugisha, J. Stock-outs, uncertainty and improvisation in access to healthcare in war-torn Northern Uganda. Soc.
Sci. Med. 2015, 146, 316–323. [CrossRef] [PubMed]

59. ReAct Group. Shortages and AMR—Why Should We Care? 4 Consequences of Antibiotic Shortages. 2020. Available on-
line: https://www.reactgroup.org/news-and-views/news-and-opinions/year-2020/shortages-and-amr-why-should-we-care-
4-consequences-of-antibiotic-shortages/ (accessed on 21 December 2021).

60. Hwang, B.; Shroufi, A.; Gils, T.; Steele, S.J.; Grimsrud, A.; Boulle, A.; Yawa, A.; Stevenson, S.; Jankelowitz, L.; Versteeg-Mojanaga,
M.; et al. Stock-outs of antiretroviral and tuberculosis medicines in South Africa: A national cross-sectional survey. PLoS ONE
2019, 14, e0212405. [CrossRef]

61. Coleman, J.J.; Hodson, J.; Brooks, H.L.; Rosser, D. Missed medication doses in hospitalised patients: A descriptive account of
quality improvement measures and time series analysis. Int. J. Qual. Health Care 2013, 25, 564–572. [CrossRef]

62. Bonniface, M.; Nambatya, W.; Rajab, K. An Evaluation of Antibiotic Prescribing Practices in a Rural Refugee Settlement District in
Uganda. Antibiotics 2021, 10, 172. [CrossRef]

63. Engel, M.F.; Postma, D.F.; Hulscher, M.E.; van Berkhout, F.T.; Emmelot-Vonk, M.H.; Sankatsing, S.; Gaillard, C.A.; Bruns, A.H.;
Hoepelman, A.I.; Oosterheert, J.J. Barriers to an early switch from intravenous to oral antibiotic therapy in hospitalised patients
with CAP. Eur. Respir. J. 2013, 41, 123–130. [CrossRef]

64. Sayer, B.; Bortone, B.; Sharland, M.; Hsia, Y. Fixed-dose combination antibiotics: The search for evidence using the example of
ampicillin–cloxacillin. Br. J. Clin. Pharmacol. 2021, 87, 2996–2999. [CrossRef]

65. Bortone, B.; Jackson, C.; Hsia, Y.; Bielicki, J.; Magrini, N.; Sharland, M. High global consumption of potentially inappropriate
fixed dose combination antibiotics: Analysis of data from 75 countries. PLoS ONE 2021, 16, e0241899. [CrossRef]

218



Antibiotics 2022, 11, 199

66. Namugambe, J.; Delamou, A.; Moses, F.; Ali, E.; Hermans, V.; Takarinda, K.; Thekkur, P.; Nanyonga, S.; Koroma, Z.; Mwoga, J.;
et al. National Antimicrobial Consumption: Analysis of Central Warehouses Supplies to in-Patient Care Health Facilities from
2017 to 2019 in Uganda. Trop. Med. Infect. Dis. 2021, 6, 83. [CrossRef] [PubMed]

67. Kizito, M.; Lalitha, R.; Kajumbula, H.; Ssenyonga, R.; Muyanja, D.; Byakika-Kibwika, P. Antibiotic Prevalence Study and Factors
Influencing Prescription of WHO Watch Category Antibiotic Ceftriaxone in a Tertiary Care Private Not for Profit Hospital in
Uganda. Antibiotics 2021, 10, 1167. [CrossRef] [PubMed]

68. Kutyabami, P.; Munanura, E.I.; Kalidi, R.; Balikuna, S.; Ndagire, M.; Kaggwa, B.; Nambatya, W.; Kamba, P.F.; Musiimenta, A.; Kesi,
D.N.; et al. Evaluation of the Clinical Use of Ceftriaxone among in-Patients in Selected Health Facilities in Uganda. Antibiotics
2021, 10, 779. [CrossRef]

69. Barbé, B.; Yansouni, C.; Affolabi, D.; Jacobs, J. Implementation of quality management for clinical bacteriology in low-resource
settings. Clin. Microbiol. Infect. 2017, 23, 426–433. [CrossRef] [PubMed]

70. Jacobs, J.; Hardy, L.; Semret, M.; Lunguya, O.; Phe, T.; Affolabi, D.; Yansouni, C.; Vandenberg, O. Diagnostic Bacteriology in
District Hospitals in Sub-Saharan Africa: At the Forefront of the Containment of Antimicrobial Resistance. Front. Med. 2019, 6,
205. [CrossRef]

71. Lamorde, M.; Mpimbaza, A.; Walwema, R.; Kamya, M.; Kapisi, J.; Kajumbula, H.; Sserwanga, A.; Namuganga, J.F.; Kusemererwa,
A.; Tasimwa, H.; et al. A Cross-Cutting Approach to Surveillance and Laboratory Capacity as a Platform to Improve Health
Security in Uganda. Health Secur. 2018, 16, S-76–S-86. [CrossRef]

72. WHO. The 2019 WHO Aware Classification of Antibiotics for Evaluation and Monitoring of Use. 2019. Available online:
https://aware.essentialmeds.org/groups (accessed on 21 December 2021).

73. RStudio Team. RStudio: Integrated Development for R; RStudio Inc.: Boston, MA, USA, 2020.

219



antibiotics

Article

Antibiotic Prescribing Patterns in Ghana, Uganda, Zambia and
Tanzania Hospitals: Results from the Global Point Prevalence
Survey (G-PPS) on Antimicrobial Use and Stewardship
Interventions Implemented

Nikki D’Arcy 1, Diane Ashiru-Oredope 1,* , Omotayo Olaoye 1, Daniel Afriyie 2 , Zainab Akello 3,
Daniel Ankrah 4 , Derrick Mawuena Asima 5, David C. Banda 6, Scott Barrett 7, Claire Brandish 8,
Joseph Brayson 7, Peter Benedict 9, Cornelius C. Dodoo 10 , Frances Garraghan 11, Josephyn Hoyelah, Sr. 12,
Yogini Jani 13 , Freddy Eric Kitutu 14, Ismail Musoke Kizito 15, Appiah-Korang Labi 16, Mariyam Mirfenderesky 17,
Sudaxshina Murdan 18 , Caoimhe Murray 19, Noah Obeng-Nkrumah 20, William J’Pathim Olum 21,
Japheth Awuletey Opintan 16, Edwin Panford-Quainoo 22 , Ines Pauwels 23 , Israel Sefah 24 ,
Jacqueline Sneddon 25, Anja St. Clair Jones 26 and Ann Versporten 23

����������
�������

Citation: D’Arcy, N.;

Ashiru-Oredope, D.; Olaoye, O.;

Afriyie, D.; Akello, Z.; Ankrah, D.;

Asima, D.M.; Banda, D.C.; Barrett, S.;

Brandish, C.; et al. Antibiotic

Prescribing Patterns in Ghana,

Uganda, Zambia and Tanzania

Hospitals: Results from the Global

Point Prevalence Survey (G-PPS) on

Antimicrobial Use and Stewardship

Interventions Implemented.

Antibiotics 2021, 10, 1122. https://

doi.org/10.3390/antibiotics10091122

Academic Editors: Gabriella Orlando

and Seok Hoon Jeong

Received: 24 July 2021

Accepted: 13 September 2021

Published: 17 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Commonwealth Partnerships Programme on Antimicrobial Stewardship, Commonwealth Pharmacists
Association, London E1W 1AW, UK; nikki.darcy@commonwealthpharmacy.org (N.D.);
omotayo.olaoye@commonwealthpharmacy.org (O.O.)

2 Pharmacy Department, Ghana Police Hospital, Accra P.O. Box CT104, Ghana; dspdan77@yahoo.com
3 Laro Division, Gulu Regional Referral Hospital, Gulu P.O. Box 166, Uganda; zainake99@gmail.com
4 Korle-Bu Teaching Hospital, Accra P.O. Box 77, Ghana; d.ankrah@kbth.gov.gh
5 LEKMA Hospital, P.M. B Teshie, Nungua, Accra P.O. Box CT104, Ghana; mawuenaasima@gmail.com
6 Department of Pharmacy, University Teaching Hospital, Lusaka P.O. Box 50001, Zambia;

banda.chimbi@gmail.com
7 Pharmacy Department, North Tyneside Hospital, Northumbria Healthcare NHS Foundation Trust,

Rake Lane, North Shields NE29 8NH, UK; Scott.Barrett@northumbria-healthcare.nhs.uk (S.B.);
Joseph.Brayson@northumbria-healthcare.nhs.uk (J.B.)

8 Buckinghamshire Healthcare NHS Trust, Amersham HP7 0JD, UK; claire.brandish@nhs.net
9 Kilimanjaro Christian Medical Centre, Moshi P.O. Box 3010, Tanzania; peterbenedict55@gmail.com
10 School of Pharmacy, University of Health and Allied Sciences, PMB 31, Ho, Ghana; cdodoo@uhas.edu.gh
11 Manchester University NHS Foundation Trust, Oxford Road, Manchester M13 9WL, UK;

frances.garraghan@mft.nhs.uk
12 St. Mary’s Hospital Lacor, Gulu P.O. Box 180, Uganda; oyella.josephine@lacorhospital.org
13 Centre for Medicines Optimisation Research and Education, University College London Hospitals NHS

Foundation Trust, 250 Euston Road, London NW1 2PG, UK; yogini.jani@nhs.net
14 Sustainable Pharmaceutical Systems (SPS) Unit, Pharmacy Department, School of Health Sciences, Makerere

University, Kampala P.O. Box 7062, Uganda; freddy.kitutu@mak.ac.ug
15 Entebbe Regional Referral Hospital, Entebbe P.O. Box 29, Uganda; ismailkizito11@gmail.com
16 Medical Microbiology Department, University of Ghana Medical School, Accra P.O. Box GP 4236, Ghana;

aklabi@ug.edu.gh (A.-K.L.); jaopintan@ug.edu.gh (J.A.O.)
17 North Middlesex University Hospital NHS Trust, London N18 1QX, UK; mariyam.mirfenderesky@nhs.net
18 UCL School of Pharmacy, University College London, 29-39 Brunswick Square, London WC1N 1AX, UK;

s.murdan@ucl.ac.uk
19 St. Francis Hospital, Katete Private Bag 11, Zambia; caoimhe.murray@nhs.net
20 Department of Medical Laboratory Sciences, University of Ghana School of Biomedical and Allied Health

Sciences, Accra P.O. Box LG 25, Ghana; nobeng-nkrumah@ug.edu.gh
21 Jinja Regional Referral Hospital, Jinja P.O. Box 43, Uganda; pjathim@gmail.com
22 Liverpool School of Tropical Medicine, Liverpool L3 5QA, UK; 248964@lstmed.ac.uk
23 Laboratory of Medical Microbiology, Vaccine & Infectious Disease Institute (VAXINFECTIO), Faculty of

Medicine and Health Sciences, University of Antwerp, Universiteitsplein 1, 2610 Antwerp, Belgium;
Ines.Pauwels@uantwerpen.be (I.P.); ann.versporten@uantwerpen.be (A.V.)

24 Department of Pharmacy, Keta Municipal Hospital, Keta-Dzelukope P.O. Box WT82, Ghana;
isefah@uhas.edu.gh

25 Scottish Antimicrobial Prescribing Group, Healthcare Improvement Scotland, Delta House, 50 West Nile
Street, Glasgow G1 2NP, UK; jacqueline.sneddon@nhs.scot

26 Brighton and Sussex University Hospitals NHS Trust, Brighton BN1 9PX, UK; anja.st.clair-jones@nhs.net
* Correspondence: diane.ashiru-oredope@phe.gov.uk or diane.ashiruoredope@commonwealthpharmacy.org

220



Antibiotics 2021, 10, 1122

Abstract: Antimicrobial resistance (AMR) remains an important global public health issue with
antimicrobial misuse and overuse being one of the main drivers. The Global Point Prevalence Survey
(G-PPS) of Antimicrobial Consumption and Resistance assesses the prevalence and the quality of
antimicrobial prescriptions across hospitals globally. G-PPS was carried out at 17 hospitals across
Ghana, Uganda, Zambia and Tanzania. The overall prevalence of antimicrobial use was 50% (30–57%),
with most antibiotics prescribed belonging to the WHO ‘Access’ and ‘Watch’ categories. No ‘Reserve’
category of antibiotics was prescribed across the study sites while antimicrobials belonging to the
‘Not Recommended’ group were prescribed infrequently. Antimicrobials were most often prescribed
for prophylaxis for obstetric or gynaecological surgery, making up between 12 and 18% of total
prescriptions across all countries. The most prescribed therapeutic subgroup of antimicrobials was
‘Antibacterials for systemic use’. As a result of the programme, PPS data are now readily available
for the first time in the hospitals, strengthening the global commitment to improved antimicrobial
surveillance. Antimicrobial stewardship interventions developed included the formation of AMS
committees, the provision of training and the preparation of new AMS guidelines. Other common
interventions included the presentation of findings to clinicians for increased awareness, and the
promotion of a multi-disciplinary approach to successful AMS programmes. Repeat PPS would be
necessary to continually monitor the impact of interventions implemented. Broader participation is
also encouraged to strengthen the evidence base.

Keywords: antimicrobial resistance; global-pps; antimicrobial surveillance; antibiotics; antimicro-
bials; antimicrobial stewardship

1. Introduction

Antimicrobial resistance (AMR) is a global, public, and individual health challenge
affecting the delivery of safe, effective healthcare in all settings and all countries. The
ability of microorganisms to become resistant to the effect of antimicrobials is an inevitable
evolutionary process; however, misuse and over-use of antimicrobial agents hastens the
development and spread [1,2].

AMR leads to increased mortality rates [3] and duration and cost of patient care [1].
This is of particular concern in low- and middle-income countries (LMICs) due to the
reduced availability of appropriate equipment and/or appropriate diagnostic tools, as well
as challenges with access to quality antimicrobials [4–7]. The rise in incidence of AMR
has led to an increased global focus on antimicrobial stewardship (AMS). Surveillance of
antimicrobial use and resistance are core to all AMS activities and understanding how
antimicrobials are used allows for a review of current practices and highlights areas for
improvement. Point prevalence surveys (PPSs) are a widely recognised surveillance
method requiring limited resources to collect information on antimicrobial prescribing
practices and other relevant factors in hospitalized patients [8–11].

PPS are a key resource when planning and supporting national and local steward-
ship interventions in a range of settings, offering a standardised method for comparing
data on antimicrobial use across hospitals and countries. The Global Point Prevalence
Survey of Antimicrobial Consumption and Resistance (G-PPS; www.global-pps.com/,
accessed on 15 May 2021) aims to assess the global prevalence of antimicrobial prescribing
and resistance, with an emphasis on countries with low resources, support, and exper-
tise and supports antimicrobial stewardship programs in order to enhance appropriate
antimicrobial prescribing [12].

Alongside the evaluation of antimicrobial prescribing practices in hospitals, PPS
can identify targets for quality improvement of antimicrobial prescribing and implement
and monitor the impact of interventions through repeated surveys. One of the main
aims in strengthening global AMS is to reduce the use of antimicrobials that are in the
World Health Organization’s (WHO) ‘Watch’ and ‘Reserve categories’ and ‘Not Recom-
mended’ group of their AWaRe framework [13,14]. The framework recommends preferred
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antimicrobial choice for treating common infections—the ‘Access’ category, based on con-
sideration of benefits versus risks to patients and the potential for resistance. An additional
classification—‘Not recommended’ was added to the framework more recently to include
fixed-dose combinations of broad-spectrum antibiotics for which use is not evidence-
based [15]. Similarly, the Anatomic Therapeutic Chemical (ATC) classification categorizes
drugs active substances into different groups and subgroups according to their therapeutic,
pharmacological and chemical properties. WHO endorses the ATC classification as the
standard for drug utilization monitoring and research [16].

The Commonwealth Partnerships for Antimicrobial Stewardship programme (Cw-
PAMS), managed by the Commonwealth Pharmacists Association (CPA) and Tropical
Health and Education Trust (THET), is a health partnerships programme funded by the
UK Official Development Assistance (ODA), through the Department of Health and Social
Care’s Fleming Fund to address AMR globally [17]. The aim of the programme is to
enhance the implementation of protocols and evidenced-based decision making to support
antimicrobial prescribing and the capacity for surveillance of antimicrobial consumption
and stewardship.

The CwPAMS programme included 12 partnerships between UK health institutions
and counterparts in four African Commonwealth countries: Ghana (GH), Uganda (UG),
Zambia (ZM), and Tanzania (TZ). The partnerships consisted of volunteer health workers
and experts from the five countries who shared skills and knowledge to co-develop strate-
gies to address AMR and AMS. As part of the fulfillment of the aims of the partnership, a
Global Point Prevalence Study was used to obtain baseline data and measure the impact of
the implementation of AMS programmes across partnership countries.

This paper aims to compare national data on antimicrobial use obtained from 12
hospitals across four countries (Ghana (6), Uganda (4), Zambia (1) and Tanzania (1)) and
identify target points for improvement. As part of an additional collaboration, PPS data
from a further four hospitals in Ghana and one additional hospital in Zambia (which
collected data using the Global PPS platform during the same period as the CwPAMS
programme), are also included in the study.

2. Results
2.1. Characteristics of Included Hospitals and Eligible Patients

A total of 4376 patients were included in the survey, with 2169 (50%) treated with
antimicrobials across the four countries. From the total number of treated patients, 1366
(63%) were from 10 hospitals in Ghana, 386 (17.8%) from four hospitals in Uganda, 238
(11%) from two hospitals in Zambia, and 179 (8%) from one hospital in Tanzania (Table 1).
Of the 17 hospitals included, 3 were identified as primary care, 6 as secondary care and 8
as tertiary care. Additionally, eight hospitals were classed as teaching hospitals, three in
both Uganda and Ghana and one in both Zambia and Tanzania.

Table 1 summarises the general characteristics of the patients surveyed across the four
countries. More adults were included across all sites than children or neonates. A greater
proportion of children were included in Uganda (35%) than the other three countries
(Ghana (19%), Tanzania (16%), Zambia (15%). Activities of the wards where patients were
surveyed were relatively uniform across the countries, with patients on intensive care
wards (IC) making up the smallest proportion of those surveyed (4–20%).
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Table 1. Characteristics of wards and patients (treated with at least one antimicrobial) in PPS conducted at 17 hospitals.

Characteristics Ghana Uganda Zambia Tanzania

Number of Hospitals 10 4 2 1

Number of Treated Patients 1366 386 238 179

Patient Age
Neonate (≤1 month) 150 (11%) 20 (5%) 32 (13%) 34 (19%)

Child (>1 month–≤17 years) 261 (19%) 136 (35%) 35 (15%) 29 (16%)
Adult (≥18 years) 955 (70%) 214 (56%) 171 (72%) 116 (65%)

Unknown - 16 (4%) - -

Patient Gender
Male 570 (41.7%) 162 (42%) 96 (40%) 93 (52%)

Female 794 (58.1%) 205 (53%) 142 (60%) 84 (46.9%)
Unknown 2 (0.2%) 19 (5%) - 2 (1.1%)

Ward Activity
Medicine 76 (46%) 28 (54%) 9 (45%) 7 (35%)
Surgery 74 (45%) 22 (42%) 7 (35%) 10 (50%)

Intensive Care 15 (9%) 2 (4%) 4 (20%) 3 (15%)

2.2. Prevalence of Antimicrobial Use

The prevalence of antimicrobial use (AMU) was 50% from the 17 sites across the four
countries (Table 2). The proportion of patients treated with antimicrobials at the time of the
survey was highest in Zambia (57%), followed by Ghana (55%) and Uganda (45%), and
was lowest in Tanzania (30%).

Table 2. Prevalence of antimicrobial use in four countries included in PPS.

Country Admitted Patients Treated Patients Prevalence of AMU (%)

Ghana 2502 1366 55
Uganda 862 386 45
Zambia 418 238 57

Tanzania 594 179 30

Total 4376 2169 50

There was a total of 3838 prescriptions recorded in the survey, 2435 (63%) of which
were reported from hospitals in Ghana, 710 (18.5%) from Uganda, 402 (10.5%) from Zambia,
and 290 (7.5%) from Tanzania.

Of these prescriptions, those in the ATC J01 category (antibacterials for systemic use)
were further classified into each of the WHO AWaRe categories (Figure 1). There was no
reported use (0%) of the Reserve category of antibiotics in any of the four countries.

Antibiotics 2021, 10, x FOR PEER REVIEW 5 of 16 
 

143, Tanzania 38%; n = 109). There was no reported use (0%) of the Reserve category anti-
biotics in any of the four countries. 

 
Figure 1. The proportion of antibiotics in the ACT J01 group prescribed in each of four countries. 

‘Not Recommended’ antibiotic combinations were prescribed in Uganda, Tanzania, 
and Ghana. Ugandan hospitals had the highest prescription rate of these drugs (8%; 
48/592) with 47 prescriptions of Ampiclox®® (ampicillin and cloxacillin) (7% of total pre-
scriptions) and one of ciprofloxacin and metronidazole. In Tanzania, Ampiclox®® was pre-
scribed on 9 occasions (3% of total prescriptions). In Ghana, the “Not Recommended” 
group of antibiotics made up 0.2% of antibiotic prescriptions (4/1212) with ceftriax-
one/beta-lactamase inhibitor being prescribed twice, ceftriaxone in combination with an-
other unspecified antibiotic prescribed once and penicillin in combination with another, 
unspecified antibacterial also prescribed once. Unclassified antibiotics were prescribed 
very infrequently in all countries. 

The proportion of antimicrobials used, as grouped according to the ATC classifica-
tion level 1, is shown in Table 3. For all countries, antibacterials for systemic use (J01) were 
the most frequently prescribed, making up 83–99% of prescriptions. Additionally, in 
Ghana, Uganda, and Zambia, antiprotozoals used as antibacterials (P01AB) made up 4–
10% of the prescriptions. Uganda had the highest proportion of prescriptions for antima-
larials (P01B) at 4.6% of the total and drugs for treatment of tuberculosis (J04A) at 4.5% of 
the total. Rates for antibiotics used as intestinal anti-infectives (A07AA), antimycotics and 
antifungals for systemic use (J02; D01BA) and antivirals for systemic use (J05) were low 
(0–2%) for all four countries. 

Table 3. Proportional antimicrobial use by country grouped by therapeutic subgroup. 

Therapeutic Subgroup 
Proportional Antimicrobial Use (% of Prescriptions) 

Ghana Uganda Zambia Tanzania 
Antibacterials for systemic use (J01) 85.1 83.4 86.3 99.3 

Antimycotics and antifungals for systemic use (J02; D01BA) 0.8 1.3 2.2 0.3 
Drugs for treatment of tuberculosis (J04A) 1.2 4.5 0.2 0 

Antibiotics used as intestinal anti-infectives (A07AA) 0.5 0.3 0.2 0 
Antiprotozoals used as antibacterial agents (P01AB) 8.3 4.2 10.2 0.3 

Antivirals for systemic use (J05) 1.4 1.7 0 0 
Antimalarials (P01B) 2.8 4.6 0.7 0 

The most prescribed antimicrobial across Ghanaian hospitals was metronidazole for 
systemic use (12% of total prescriptions; 288/2435), compared to ceftriaxone which was 
prescribed most frequently in the three other countries; Uganda 24% (173/710), Zambia 
21% (83/402), and Tanzania 32% (94/290). Full details of the proportions of antimicrobials 
prescribed in each country can be found in the supplementary data (Tables S1 and S2). 

  

Figure 1. The proportion of antibiotics in the ACT J01 group prescribed in each of four countries.

223



Antibiotics 2021, 10, 1122

Antibiotics in the WHO access category were prescribed more frequently than those
in other categories across all countries and were prescribed at similar rates, accounting for
60% of the total of ATC J01 antibiotics prescribed in Ghana (1212/2071), 52% in Uganda
(309/592), 58% in Zambia (201/347), and 59% in Tanzania (170/288) (Figure 1). Antibiotics
in the Watch category were the second most frequently prescribed, again with proportions
being similar for all countries (Ghana 42%; n = 851, Uganda 39%; n = 232, Zambia 41%
n = 143, Tanzania 38%; n = 109). There was no reported use (0%) of the Reserve category
antibiotics in any of the four countries.

‘Not Recommended’ antibiotic combinations were prescribed in Uganda, Tanzania,
and Ghana. Ugandan hospitals had the highest prescription rate of these drugs (8%; 48/592)
with 47 prescriptions of Ampiclox®® (ampicillin and cloxacillin) (7% of total prescriptions)
and one of ciprofloxacin and metronidazole. In Tanzania, Ampiclox®® was prescribed on 9
occasions (3% of total prescriptions). In Ghana, the “Not Recommended” group of antibi-
otics made up 0.2% of antibiotic prescriptions (4/1212) with ceftriaxone/beta-lactamase
inhibitor being prescribed twice, ceftriaxone in combination with another unspecified
antibiotic prescribed once and penicillin in combination with another, unspecified antibac-
terial also prescribed once. Unclassified antibiotics were prescribed very infrequently in
all countries.

The proportion of antimicrobials used, as grouped according to the ATC classification
level 1, is shown in Table 3. For all countries, antibacterials for systemic use (J01) were the
most frequently prescribed, making up 83–99% of prescriptions. Additionally, in Ghana,
Uganda, and Zambia, antiprotozoals used as antibacterials (P01AB) made up 4–10% of the
prescriptions. Uganda had the highest proportion of prescriptions for antimalarials (P01B)
at 4.6% of the total and drugs for treatment of tuberculosis (J04A) at 4.5% of the total. Rates
for antibiotics used as intestinal anti-infectives (A07AA), antimycotics and antifungals for
systemic use (J02; D01BA) and antivirals for systemic use (J05) were low (0–2%) for all
four countries.

Table 3. Proportional antimicrobial use by country grouped by therapeutic subgroup.

Therapeutic Subgroup Proportional Antimicrobial Use (% of Prescriptions)

Ghana Uganda Zambia Tanzania

Antibacterials for systemic use (J01) 85.1 83.4 86.3 99.3
Antimycotics and antifungals for systemic use (J02; D01BA) 0.8 1.3 2.2 0.3

Drugs for treatment of tuberculosis (J04A) 1.2 4.5 0.2 0
Antibiotics used as intestinal anti-infectives (A07AA) 0.5 0.3 0.2 0
Antiprotozoals used as antibacterial agents (P01AB) 8.3 4.2 10.2 0.3

Antivirals for systemic use (J05) 1.4 1.7 0 0
Antimalarials (P01B) 2.8 4.6 0.7 0

The most prescribed antimicrobial across Ghanaian hospitals was metronidazole for
systemic use (12% of total prescriptions; 288/2435), compared to ceftriaxone which was
prescribed most frequently in the three other countries; Uganda 24% (173/710), Zambia
21% (83/402), and Tanzania 32% (94/290). Full details of the proportions of antimicrobials
prescribed in each country can be found in the supplementary data (Tables S1 and S2).

2.3. Reason for Prescribing Antimicrobials

The main reasons for prescribing antimicrobials for each country are shown in Figure 2.
Across all countries, antimicrobials were most often prescribed for prophylaxis for obstetric
or gynaecological surgery, making up between 12 and 18% of total prescriptions (Figure 2).
Antimicrobials were next most frequently prescribed for pneumonia or lower respiratory
tract infections, in all but Tanzania, where drugs used as medical prophylaxis for new-born
risk factors was the second most common reason for prescribing (15% of total).
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In Ghana, the third most common reason for prescribing was to treat skin and soft
tissue infections (equal to prescriptions for completely unknown infections). Uganda had
a higher prescription rate for prophylaxis for plastic or orthopaedic surgery than other
countries (8%) and prescriptions for infections of the central nervous system were higher
in Zambia (8%). Drugs were frequently prescribed for sepsis across all countries (7–9%).

Across all four countries, antimicrobials were frequently prescribed for prophylaxis.
This practice was highest in Tanzania, with 48% of all prescribed antimicrobials being for
prophylaxis. This was followed by in Ghana (33%), Uganda (27%) and Zambia (27%).

Proph OBGY—prophylaxis for obstetric or gynaecological surgery (caesarean section,
no episiotomy, carriage of group B streptococcus); pneu—pneumonia or lower respiratory
tract infections; UNK—prescriptions for completely unknown infections; SST—skin and
soft tissue infections (cellulitis, wound including surgical site infection, deep soft tissue not
involving bone, e.g., infected pressure or diabetic ulcer, abscess); proph BJ—prophylaxis
for plastic or orthopaedic surgery (bone or joint); CNS—prescriptions for infections of the
central nervous system; NEO-MP—medical prophylaxis for new-born risk factors, e.g.,
VLBW (very low birth weight) and IUGR (intrauterine growth restriction).

Out of 4376 admitted inpatients, 237 patients (5.4%; range 4.1% in Uganda to 5.1% in
Zambia) were treated with antibiotics for systemic use (ATC J01) for at least one healthcare
associated infection. Table 4 shows the types of indication for which antimicrobials were
prescribed by country. Out of all therapeutic prescribing, community-acquired infections
were the most common indication for antimicrobial use. Surgical prophylaxis of >1 day
(SP3) was common in all countries, up to 97% of all prescriptions for surgical prophylaxis
in Tanzania and Uganda (Table 4). Ghana recorded most antimicrobial prescriptions for
which the indication was not known (11%).

Table 4. Type of indication for antimicrobial prescribing.

Ghana Tanzania Uganda Zambia

Total Number of Prescriptions 2435 290 710 402

Therapeutic use 1344 (55.2%) 134 (46.2%) 477 (67.2%) 288 (71.6%)
Community-Acquired infection; CAI 1074 (79.9%) 89 (66.4%) 416 (87.2%) 257 (89.2%)
Healthcare-Associated Infection; HAI 270 (20.1%) 45 (33.6%) 61 (12.8%) 31 (10.8%)

Prophylactic use 805 (33.1%) 145 (50.7%) 225 (31.7%) 102 (25.4%)
Medical Prophylaxis; MP 172 (7%) 46 (16%) 50 (7%) 17 (4%)
Surgical Prophylaxis; SP 633 (26.0%) 99 (34.1%) 175 (24.6%) 85 (21.1%)

Surgical Prophylaxis One dose; SP1 42 (6.6%) 3 (3.0%) 2 (1.1%) 1 (1.1%)
Surgical Prophylaxis One day; SP2 113 (17.9%) 0 (0%) 3 (1.7%) 2 (2.3%)
Surgical Prophylaxis > 1 day; SP3 478 (75.5%) 96 (97.0%) 170 (97.1%) 83 (96.5%)

Other (OTH) 19 (0.7%) 1 (0.3%) 1 (0.1%) 8 (2%)
Unknown (UNK) 267 (11%) 10 (3%) 7 (1%) 4 (1%)

225



Antibiotics 2021, 10, 1122

As mentioned above, one common indication for prescribing antimicrobials in all
countries was for prophylaxis for obstetric or gynaecological surgery. The types of antimi-
crobials prescribed for this indication differed across the four countries. In participating
hospitals in Ghana, 16 different drugs were prescribed for OBGY prophylaxis (Table 5), with
metronidazole comprising 44% of prescriptions for this indication (186/425). This was split
relatively evenly between oral (95/186; 22% of total number of prescriptions) and parenteral
administration (91/186; 21.4% of total prescriptions). Of the 186 times metronidazole was
prescribed, it was co-administered with another antimicrobial (88%; 164/186). When given
orally, it was most commonly prescribed with co-amoxiclav; amoxicillin/clavulanic acid
(42/95) and, when given parenterally, it was most commonly prescribed with co-amoxiclav
(23/91) or ceftriaxone (22/91).

Table 5. Antimicrobials prescribed for prophylactic OBGY purposes in Ghana (% of total) and AWaRe
group.

ATC Code Drug % of Prescriptions
for Proph-OBGY

AWaRe
Classification

P01AB01 Oral Metronidazole 22.4 Access
J01XD01 Parenteral Metronidazole 21.4 Access

J01CF02 Co-amoxiclav/Amoxicillin
and enzyme inhibitor 21.6 Access

J01DC02 Cefuroxime 11.8 Watch
J01CA04 Amoxicillin 9.9 Access
J01DD04 Ceftriaxone 6.4 Watch
J01MA02 Ciprofloxacin 1.6 Watch
J01GB03 Gentamicin 1.4 Access
J01FF01 Clindamycin 1 Access
J01FA10 Azithromycin 0.5 Watch
J01AA02 Doxycycline 0.5 Access
J01MA12 Levofloxacin 0.5 Watch
P01AB07 Secnidazole 0.5 Unclassified
J01DD13 Cefpodoxime 0.2 Watch
J01CF05 Flucloxacillin 0.2 Access
J02AC01 Fluconazole 0.2 Unclassified

Again, in Ghana, co-amoxiclav was prescribed as a single agent on 19% of occasions
(81/425) and, as described, frequently co-administered with metronidazole (65/186). Ce-
furoxime was the next most frequently prescribed on 12% of occasions (50/425). The top
two drugs that were most prescribed in the participating hospitals in Ghana were in the
access category, whereas ceftriaxone is in the Watch category. Whilst the most common
reason for prescribing antimicrobials was the same for the other 3 countries, there was less
variation in drug type (Figure 3).

In Uganda, metronidazole and ceftriaxone were prescribed together frequently for
proph OBGY. Metronidazole was prescribed 47.1% of total prescriptions for proph OBGY
(41/87) and ceftriaxone 44% (38/87) (Figure 3). They were co-prescribed on 37 occasions,
with ceftriaxone only being prescribed alone once for this indication. All but two prescrip-
tions for metronidazole were parenteral administration.

Metronidazole and ceftriaxone were both prescribed for proph OBGY with the same
frequency in Tanzania (49%) but were not co-administered on any occasion to the same
patient. Metronidazole was also the most prescribed antimicrobial for prophylactic OBGY
purposes in Zambia (44%) and was frequently co-administered with amoxicillin (22%)
(Figure 3).
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2.4. Antibiotic Prescription by AWaRe Categories and Age, Gender and Countries

Based on a chi-squared test conducted on the general dataset, there was a significant
association between antibiotic prescription across the AWaRe categories and countries
(X2 = 43.80, p < 0.001), gender (X2 = 24.81, p < 0.001) and age (X2 = 97.74, p < 0.001). From
country-specific analysis, there was a significant association between gender and antibiotic
prescription across the AWaRe categories in Ghana (X2 = 26.67, p < 0.001) and Zambia
(X2 = 14.12, p < 0.001) while the association was not significant in Uganda (X2 = 1.46,
p = 0.482) and Tanzania (X2 = 0.41, p = 0.815). Furthermore, there was a significant asso-
ciation between age and antibiotic prescription across the AWaRe categories in Ghana
(X2 = 42.23, p < 0.001), Tanzania (X2 = 58.50, p < 0.001) and Uganda (X2 = 22.68, p < 0.001).
A summary of the statistics is available in Supplementary Tables S3–S5.

2.5. Quality Indicators for Prescribing

Quality indicators for all prescriptions were recorded during each survey and include
criteria from the GPPS protocol [18] as shown in Table 6. Stop/review dates (i.e., whether
a date of review or stop date of the antimicrobial was recorded in the medical records)
were almost always reported in both Uganda (99% of prescriptions) and Tanzania (99%).
Indications for prescriptions were well-documented ranging from 66% of all prescriptions
in Ghana to 97% in Uganda. The proportion of prescriptions that were guideline-compliant
varied widely among the four countries from 55% in Zambia, to 88% in Tanzania (Table 6).
Ghana most frequently reported the absence of antimicrobial prescription guidelines (13%).
Moreover, in Ghana, in 1096 antimicrobial prescriptions (45%), the information with respect
to the guidelines was not assessable because the indication was unknown.

Table 6. Proportion of total prescriptions of all antimicrobials for each of the 4 quality indicators (% of total).

Quality Indicator Ghana Uganda Zambia Tanzania

Total number of prescriptions 2435 710 402 290

Prescriptions with a documented stop/review date 1579 (67%) 700 (99%) 82 (20%) 289 (99%)
Prescriptions with a documented indication 1601 (66%) 687 (97%) 321 (80%) 248 (86%)

Prescriptions that were guideline-compliant * 858 (84%) 413 (67%) 195 (55%) 237 (88%)
Prescriptions for which no guidelines were available (NA) 313 (13%) 36 (5%) 38 (10%) 1 (0.3%)

* Guideline compliance is calculated as compliance to guidelines (Yes) when guidelines are existing (Yes + No).
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2.6. Antimicrobial Stewardship Interventions as a Result of PPS

The key antimicrobial stewardship interventions that were implemented as a result
of the PPS data in the CwPAMS programme institutions are summarised in Table 7 with
further details in SInfo1: Antimicrobial Stewardship Intervention summaries.

Table 7. AMS interventions at 16 of the 17 hospitals in response to the PPS carried out.

Hospital

AMS Intervention 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

New guidelines developed X X X X X X X X X X

Catalyst for forming AMS
committee X X X X X X X X X X X X

Improved access to guidelines
through:

Posters X X X

Printed copies X X X X

Promotion of CwPAMS app X X X X X X

Other: Please state X

Training sessions X X X X X X X X X X X X X X X

Repeat PPS conducted and
submitted G-PPS platform X X X X

Repeat PPS conducted and
analysed internally X X X X X X X X

AMS awareness raising X X X X X X X X X

Data presented to clinicians X X X X X X X X X X X

Data presented to AMS committee
or DTC X X X X X X X X

Activities for WAAW X X X X X X

Antibiogram developed X

Drug chart updated or created X X X

Improved laboratory services X X X X X X X

Other: Please list below

Quality improvement project on
prescriber’s adherence to
antibiotics for ambulatory
pneumonia management

Outpatient A/B prescribing
survey

X X

Engagement with external
stakeholders X X

No details provided by hospital 17.

3. Discussion

The Point Prevalence Surveys presented provide key insights into antibiotic prescrib-
ing in selected public or not-for-profit hospitals across Ghana, Tanzania, Uganda, and
Zambia. The overall prevalence of antimicrobial use was 50% (30–57%), with most antibi-
otics prescribed belonging to the WHO ‘Access’ and ‘Watch’ groups. No ‘Reserve’ category
antibiotics were prescribed across the study sites; however, there were some prescriptions
of ‘Not Recommended’ antibiotic combinations. While this pattern of antibiotic use may
partly be due to the prescriber’s consideration of optimality and potential for antimicrobial
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resistance, in line with WHO’s goal of improving antibiotic use through antimicrobial
stewardship [19], other authors suggest alternative reasoning [20,21].

Antibiotic prescribing patterns were significantly associated with accessibility and
affordability, with broad-spectrum antibiotics in the Access category being more readily
available and affordable than antibiotics in the Watch and Reserve categories and the
‘Not Recommended’ group [20,21]. A recent study on antibiotic availability and use in 20
low- and middle-income countries reported that the median proportion of facilities across
countries with availability of Access category antibiotics was 89.5% [22]. Pauwels et al.
(2021) reported that low-income countries had the highest percentage of use of Access cate-
gory antibiotics (63%), the lowest use of Watch category antibiotics (36%) and no Reserve
category prescriptions on adult wards across 69 countries [23]. A PPS conducted across
six referral hospitals in Tanzania also supports data presented in the current study, report-
ing 62% of prescriptions for in-patients being from the Access group [24]. In addition to
availability and affordability, the similarity in prescription patterns across all four countries
in the current study might be associated with the circulating bacterial strains and disease
burden across low- and middle-income countries [6,7,25]. The WHO proposes that the
AWaRe classification should support monitoring of antibiotic prescribing and inform AMS
programmes and has the target that by 2023 at least 60% of national antibiotic consumption
should come from the Access category [15]. In data presented here, 60% of the total of ATC
J01 antibiotics prescribed in Ghana (1212/2071), 52% in Uganda (309/592), 58% in Zambia
(201/347) and 59% in Tanzania (170/288) were in the Access category, demonstrating the
hospitals’ alignment with the WHO target for national antibiotic consumption.

The antibiotics most commonly prescribed across hospitals in all four countries in
the current study were metronidazole and ceftriaxone, with metronidazole being the most
prescribed antibiotic across Ghanaian hospitals. These findings are supported by data from
the Pauwels et al. study across 69 countries, where ceftriaxone was the most commonly
used antibiotic for therapeutic use on adult wards worldwide. In the same study, up to 24%
of prescriptions for surgical prophylaxis in sub-Saharan Africa were for metronidazole,
followed by ceftriaxone (23%) [23]. A PPS carried at the Korle-Bu Teaching Hospital
in Ghana (2018) reported metronidazole as the most frequently prescribed antibiotic,
followed by amoxicillin-clavulanic acid, cephalosporins (ceftriaxone, cefuroxime), and
cloxacillin [26]. A PPS in Kenya also recorded a higher use of nitroimidazoles compared to
beta-lactam antibiotics [27]. Furthermore, a PPS in three hospitals in north-eastern Tanzania
reported ceftriaxone, metronidazole, and penicillin as the most prescribed antibiotics [28].

Metronidazole is effective in the treatment of a broad range of anaerobic infections
which may be more common in African countries [29]. Metronidazole was used in addi-
tion to co-amoxiclav, so this could perhaps be an area to target to reduce use if anaerobic
infections are covered by use of other antibiotics. This highlights that it might be useful to
increase the awareness and understanding of antibiotic sensitivity. The findings presented
here show that metronidazole was primarily prescribed for prophylaxis for obstetrics
and gynaecology. Published data demonstrate a similarity between the most commonly
prescribed antibiotics in PPSs carried out in other low-income countries. This could be
explained by the affordability, availability, and the spectrum of activity of metronidazole
and ceftriaxone, as well as their suitability for prophylaxis in certain obstetric and gy-
naecological procedures [30]. However, the broad-spectrum activity of some antibiotics,
particularly cephalosporins, can lead to the over-growth of other bacteria that are resistant
to their activity, for example Clostridiodies difficile, methicillin-resistant Staphylococcus aureus
(MRSA), and vancomycin-resistant enterococci (VRE) [31,32]. The use of cephalosporins, in
particular, and third-generation drugs such as ceftriaxone, are linked to the rise in incidence
of extended-spectrum beta-lactamase (ESBLs)-producing bacteria, leading to a reduction
of effective antibiotics [33,34]. Therefore, there remains a need to evaluate prescriber’s
choices and the frequent prescription of ceftriaxone, which falls within the Watch group of
antibiotics in the WHO AWaRe categories.
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Reasons for antimicrobial prescribing in other published studies demonstrate a similar
pattern to the current study, with lower respiratory tract infections and medical and surgical
prophylaxis presented as common reasons for prescribing [24,25]. Prophylaxis for obstetric
or gynaecological surgery was the most frequent reason for prescribing in the current study.
Although the reasons for antimicrobial prescribing were similar across all four countries,
Uganda had the highest prescription rates for antimalarials, drugs for the treatment of
tuberculosis (TB). The WHO Global Tuberculosis Report (2020) reported Zambia having the
highest incidence of TB (of the four countries included here) in 2019 (300–499 incidences
per 100,000 population per year), followed by Tanzania (200–299 incidences per 100,000
population per year) and Ghana and Uganda having similar, lower rates (10–99 incidences
per 100,000 population per year) [35]. It is possible that there were localised TB and malaria
outbreaks in the regions where the Ugandan hospitals were, but data are not available
to confirm or deny this. This data may also be influenced by the time of year the PPS
was carried out. If the PPS was conducted in the rainy season, then prescriptions for
antimalarials might be higher than if the PPS was done in the dry seasons. The reason
for this could also be that TB detection methods may be more robust in Uganda, which
may explain the lower prevalence of disease but higher use of drugs. Further analysis and
PPS would be required to explain the higher observed rates for unclassified antimicrobials
and drugs used in the treatment of TB and malaria seen in Uganda. Antimicrobials were
often prescribed when indication was documented (Figure 2). There is a need to improve
diagnostic capacity as diagnostic uncertainty might lead to the increase of antimicrobial
prescribing [36].

From the 4376 admitted inpatients across the 4 countries, 5.4% were treated with
antibiotics for systemic use for at least one healthcare-associated infection (HCAI). Out of
all therapeutic prescribing, community acquired infections were the most common reason
for antimicrobial use. The rates of HCAI were similar to a large study conducted across
acute care facilities in 28 countries in the EU/EAA, where 6.5% of patients had at least one
HCAI [37]. Although the European study was conducted over a much larger sample group,
the data show a trend towards similar rates of HCAI in the data presented in this study.

The chi-squared test of association revealed significant associations between age,
gender, countries, and AWaRe categories. Although the exact nature of the relation-
ship between variables is uncertain, the summary statistics (Supplementary Material:
Tables S3–S5) provide more insight into these associations. As observed from descriptive
analysis, reasons for antibiotic prescribing differ across populations with some age-specific
indications such as ‘medical prophylaxis for new-born risk factors’ mostly observed in
Tanzania and Uganda and gender-specific indications such as ‘prophylaxis for obstetric
or gynaecological surgery’ observed across all countries. While these partly explain sig-
nificant associations between antibiotic prescribing, gender, and age in specific countries
and the general population, our results reflect country-specific trends worthy of further
investigation.

Through the Global PPS programme and CwPAMS (for the participating hospitals),
all partnerships and additional hospitals in Ghana and Zambia have demonstrated the
strengthening of their healthcare workforce knowledge and capacity (Table 7) in the areas of
antimicrobial use surveillance and AMS. Prior to the programme, although other hospitals
had collated antimicrobial use data through PPS methodology, only one hospital in the
four countries had previously conducted data collection to the scale of the Global PPS.

Translating PPS findings into contextualised interventions can be challenging but all
CwPAMS health partnerships and hospitals involved have provided information regarding
key AMS interventions taken as a result of the Global PPS undertaken at their institutions.
These are summarised in Table 7 (for the full text, see Supplementary Data). In an evaluation
of the impact of the Global-PPS on local AMS programmes, prolonged surgical antibiotic
prophylaxis was the most common target for improvement identified [38]. This study also
highlights the need to focus on prolonged surgical antibiotic prophylaxis considering that
prescriptions for more than one day for surgical prophylaxis were common. However,
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antibiotics are only one component that can be used to reduce SSI. The inability to ensure a
sterile environment and optimal IPC conditions may result in overuse or antibiotics.

Variations in quality indicators were observed across countries. Consistent with this
study, the PPS in 6 reference hospitals in Tanzania observed an 84% adherence of antibiotic
prescriptions to the National Standard Treatment Guideline [24]. Similarly, a multi-centre
PPS in Ghana also recorded a level of non-compliance to national antimicrobial standard
treatment guidelines [39]. The variations observed could be influenced by varying national
antimicrobial prescribing policies, hospital protocols and the effectiveness of antimicrobial
stewardship intervention programs in study centres across all four countries.

The consistency of data collection via the G-PPS methodology adds rigor and validity
to the data presented here. The study demonstrates inclusivity with data obtained from 17
hospitals across four countries in 3 African regions, coupled with a good representation
of gender, age groups, and hospital sections. In addition, data were collected by trained
health professionals working, for the most part, as part of the Commonwealth Partnerships
for Antimicrobial Stewardship.

4. Materials and Methods

Training on the collection of surveillance data for the G-PPS reported in this paper
was provided to the CwPAMS health partnerships by the Global PPS team and the CPA,
supporting the development of evidence-based standards, guidelines, protocols and the
development of a mentorship programme to support sustainability. UK volunteers who
had experience of PPS also provided mentorship and in-country support during their visits
to Ghana, Uganda, Zambia, and Tanzania. Data collection was carried out by volunteers
from individual health partnerships. PPS were conducted between May and December
2019, using the G-PPS methodology as described elsewhere [18]. Data from 17 hospitals
across four countries: ten in Ghana, four in Uganda, two in Zambia and one in Tanzania
were collected and analysed. Follow-up data were collected in a second PPS for two
hospitals but only the data from the first survey are included here.

Age of patients were defined as: adult (≥18 years) Child (>1 month–≤17 years) or
neonate (≤1 month). Gender, age, diagnosis (reason for prescribing), indication (therapeu-
tic versus prophylactic prescribing), routes of administration, prescribed antimicrobials
dosing regimen, and causative microorganisms were all recorded. Data collection also
included a set of prescription-related quality indicators; Prescriptions with a documented
stop/review date, prescriptions with a documented indication, prescriptions that were
guideline compliant and prescriptions for which no guidelines were available. The G-PPS
data collection form is available via: https://www.global-pps.com/documents/ (accessed
on 15 September 2021).

Hospitals were classified as primary, secondary, or tertiary care hospitals. All inpa-
tients admitted at 8 a.m. on the day of the PPS were included and data were analysed by
country and ward type. The included wards were neonatal medical and intensive-care
units, paediatric medical, surgical or haematology-oncology ward and intensive-care units
and adult medical, pneumology, surgical, haematology-oncology wards, and intensive-care
units.

Prescribed antimicrobials were divided into four main categories using the WHO
AWaRe classification [14] and further grouped using the 2021 WHO ATC code classification
system [20]. AWaRe groups were Access, Watch, Reserve and Not Recommended. Those
that were not included in the classification were recorded as unclassified. Antimicrobials
were grouped into therapeutic subgroups (ATC 2 level) following the WHO ATC classifi-
cation system [20]. The therapeutic subgroups were antibacterials for systemic use (J01),
antimycotics and antifungals for systemic use (J02 and D01BA including griseofulvin and
terbinafine), drugs for treatment of tuberculosis (J04A), antibiotics used as intestinal anti-
infectives (A07AA), antiprotozoals used as antibacterial agents, nitroimidazole derivatives
(P01AB), antivirals for systemic use (J05) and antimalarials (P01B).
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Antimicrobial stewardship interventions as a result of PPS data: leads of all hospitals
were asked to provide a short summary of AMS interventions, detailing the actions taken
and any follow up data as a result of the PPS.

Data analysis: The results were analyzed descriptively and analytically using the R
software (version 4.1.0) and Microsoft Excel (2016). Antimicrobial use prevalence rates
were reported by calculating the number of patients on at least one antimicrobial relative
to the number of admitted patients at the time of the PPS using Microsoft Excel (2016). The
chi-squared test of association was conducted to compare national data on antimicrobial
use and identify associations between dependent and independent variables within the
dataset using the R software. The tests investigated the association between countries,
gender, age groups, and antibiotic prescription across the AWaRe categories. Age was split
into three categories namely: neonates (>1 month), children (1 month–17 years), and adults
(18 years and above). Statistical significance was set at p < 0.05.

Ethics: Formal ethics approval was not required at any hospital as there was no direct
patient contact and all data were anonymized. All sites obtained approval from their
respective hospital administration. Ethics review and approval was sought and obtained
in Uganda and administrative clearance by the participating hospitals was also given. For
the four additional sites in Ghana, formal ethical approval was received.

5. Conclusions

The prevalence of antimicrobial use in the hospitals included in this study was
50% (30–57%), with most antibiotics prescribed belonging to the WHO ‘Access’ and ‘Watch’
groups. No ‘Reserve’ category antibiotics were prescribed across the study sites. Not
Recommended antibiotics were prescribed, albeit infrequently. This aligns with previ-
ously published data in that the ‘Access’ and ‘Watch’ category antibiotics are commonly
prescribed in LMICs, although to varying extents across countries.

As a result of the CwPAMS health partnership programme and collaboration with
other hospitals, PPS data are available for the most part for the first time, strengthening
the global commitment to improved antimicrobial surveillance. AMS interventions as a
result of the PPSs conducted include formation of AMS committees, preparation of new
AMS guidelines and provision of training. Other common interventions included the
presentation of findings to clinicians, thus supporting awareness and the multi-disciplinary
approach to successful AMS programmes.

In order to continue to monitor the impact of interventions, repeat PPS should be
carried out and to strengthen the quality of data, widening participation is encouraged.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics10091122/s1, Table S1: Most common reason for antimicrobial prescribing across 17
hospitals participating in the PPS, Table S2: Proportional use of ATC level 5-defined antimicrobials in
each of 4 countries, Table S3: Countries and Antibiotic Prescription by AWaRe Categories, Table S4:
Gender and Antibiotic Prescription by AWaRe Categories, Table S5: Age and Antibiotic Prescription
by AWaRe Categories. SInfo1: Antimicrobial Stewardship Intervention summaries.
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Abstract: The antibiotic stewardship program (ASP) is a necessary part of febrile neutropenia (FN)
treatment. Pharmacist-driven ASP is one of the meaningful approaches to improve the appropri-
ateness of antibiotic usage. Our study aimed to determine role of the pharmacist in ASPs for FN
patients. We prospectively studied at Thammasat University Hospital between August 2019 and April
2020. Our primary outcome was to compare the appropriate use of target antibiotics between the
pharmacist-driven ASP group and the control group. The results showed 90 FN events in 66 patients.
The choice of an appropriate antibiotic was significantly higher in the pharmacist-driven ASP group
than the control group (88.9% vs. 51.1%, p < 0.001). Furthermore, there was greater appropriateness
of the dosage regimen chosen as empirical therapy in the pharmacist-driven ASP group than in the
control group (97.8% vs. 88.7%, p = 0.049) and proper duration of target antibiotics in documentation
therapy (91.1% vs. 75.6%, p = 0.039). The multivariate analysis showed a pharmacist-driven ASP
and infectious diseases consultation had a favorable impact on 30-day infectious diseases-related
mortality in chemotherapy-induced FN patients (OR 0.058, 95%CI:0.005–0.655, p = 0.021). Our
study demonstrated that pharmacist-driven ASPs could be a great opportunity to improve antibiotic
appropriateness in FN patients.

Keywords: antibiotic stewardship; febrile neutropenia; appropriateness; pharmacist-driven; hema-
tology oncologic patient

1. Introduction

Febrile neutropenia (FN) is a life-threatening complication of cancer therapy which
can increase morbidity and mortality [1]. Broad spectrum antimicrobial agent administra-
tion is an essential part of the treatment of febrile neutropenia to cover hospital-acquired
pathogens. Pharmacokinetic alterations of several antibiotics (e.g., piperacillin/tazobactam)
were found in febrile neutropenic patients [2,3]. Prescribing antibiotics with common
dosage regimens might be inadequate for these patients. Furthermore, incorrect antibiotic
dosing was found as the most common non-compliant antibiotic prescription practice in
febrile neutropenic patients [4]. Antibiotic optimization would be a challenging method
among febrile neutropenic patients. An antibiotic stewardship program (ASP) in immuno-
compromised patients is suggested by the Infectious Diseases Society of America (IDSA)
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2010 guidelines [5]. Recent evidence supports that adherence to an ASP is associated with
a lower mortality rate [6]. Although several studies have shown the effectiveness of ASP
implementation in febrile neutropenic patients, there is limited evidence of the effectiveness
of ASP implementation led by a pharmacist [7–11]. Pharmacist-driven ASPs have been
reported to increase antibiotic appropriateness in several studies [12–14]. We believe this
is the first study to demonstrate that a pharmacist-driven ASP can be beneficial among
febrile neutropenic patients. Our study compared antibiotic appropriateness between a
pharmacist-driven ASP and a control group.

2. Results

Ninety febrile neutropenic events occurred in 66 patients. The proportion of men in
the control group was higher than the intervention group (57.8% vs. 35.6%, p = 0.035).
The mean age of all patients was 51.6 ± 15.6 years. Most patients were diagnosed with
cytotoxic chemotherapy-induced febrile neutropenia (74.4%) while twenty patients were
identified as a febrile neutropenia during the period of initial hematologic abnormalities
diagnosis (22.2%) and only three patients were diagnosed as a febrile neutropenia from
other causes such as vitamin B12 deficiency, severe infection, and zidovudine-induced
pancytopenia. The majority of our patients had hematologic malignancy (80%) and 8.9%
had solid cancer. The Multinational Association for Supportive Care in Cancer (MASCC)
risk index median score was 20 (interquartile range (IQR) 17–21). The median absolute
neutrophil count was 153.9 cells/mm3 (IQR 19–520). Fifty-one percent of patients had a
history of febrile neutropenia and 55.6% of patients had been exposed to antibiotics within
the past 3 months. The median duration of neutropenia was 7 days. The frequency of
infectious diseases consultation was similar in both groups. The baseline characteristics are
displayed in Table 1.

The major causative organisms were Gram-negative bacteria (43.3%), followed by
Gram-positive bacteria (13.3%) and fungi (3.3%). The most common causative Gram-
negative bacteria were Escherichia coli (33.3%), Klebsiella pneumoniae (25.6%), and Pseu-
domonas aeruginosa (10.3%). Most Gram-negative bacteria exhibited multiple-drug resis-
tance (MDR) (69%). More carbapenem-resistant Gram-negative bacteria were often found in
the pharmacist-driven ASP group compared to the control group (8.9% vs. 2.2%, p = 0.167)
while extended spectrum beta-lactamase (ESBL)-producing Gram-negative bacteria were
lower than the control group (6.7% vs. 20%, p = 0.063). The most common causative
Gram-positive bacteria were Enterococci spp. (41.7%), Staphylococcus aureus (33.3%), and
Corynebacterium spp. (16.7%). Ampicillin-resistant Enterococci spp. was isolated from only
in one patient and only one patient had methicillin-resistant Staphylococcus aureus (MRSA).
Most of the causative organisms were isolated from blood, urine, or sputum (27.8%, 12.2%,
and 8.9%, respectively). The most common sources of infection were primary bacteremia,
urinary tract infection, and pneumonia (23.3%, 13.3%, and 10%, respectively). However,
the causative organisms were not isolated in nearly half of patients.

Overall, antibiotic appropriateness in the pharmacist-driven ASP group was signifi-
cantly higher than the control group (88.9% vs. 51.1%, p < 0.001) (Table 2). In providing
empirical therapy, the pharmacist-driven ASP group was more appropriate than the control
group (97.8% vs. 77.8%, p = 0.007). The appropriate dosage regimen in the pharmacist-
driven ASP group was significantly higher than the control group (97.8% vs. 88.7%, p
= 0.049) as well as appropriate antibiotic coverage (100% vs. 91.1%, p = 0.041), while
appropriate indications were similar in both groups. When providing therapy for definitive
infections, the overall appropriateness was greater in the pharmacist-driven ASP group
than in the control group (88.9% vs. 64.4%, p = 0.004), as was the duration of therapy (91.1%
vs. 75.6%, p = 0.039). For therapy if the source of infection was unknown, the overall
appropriateness in the pharmacist-driven ASP group also significantly greater than the
control group (90% vs. 54.4%, p = 0.011). Furthermore, the appropriateness of duration
of therapy in the pharmacist-driven group was significantly greater than in the control
group (93.2% vs. 75.6%, p = 0.022). However, the antibiotic appropriateness in cases of
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known causative pathogens were not significantly greater than the control group, but there
was a trend of improved appropriateness in the pharmacist-driven ASP group. The total
antibiotic duration between two groups were similar (p = 0.948) (Table 2). The compliance
rate to the pharmacist suggestion was 93.8% in the pharmacist-driven ASP group. The
most common pharmacist interventions were de-escalation (31.3%), adding additional
antimicrobials (18.8%), and avoiding serious drug interaction (18.1%).

Table 1. Baseline characteristics.

Baseline Characteristic
Total

(90 FN Episodes),
No. (%)

Intervention
(45 FN Episodes),

No. (%)

Control
(45 FN Episodes),

No. (%)
p Value

Age, mean years ± SD 51.6 ± 15.6 15.6 ± 14.6 52.0 ± 16.7 0.894

Male 42 (46.7) 16 (35.6) 26 (57.8) 0.035

Weight, mean kg ± SD 57.76 ± 1.50 58.94 ± 1.94 60.57 ± 2.30 0.590

Cause of febrile neutropenia
Cytotoxic chemotherapy 67 (74.4) 34 (75.6) 33 (73.3) 1.000
During period of initial hematologic

abnormalities diagnosis 20 (22.2) 10 (22.2) 10 (22.2) 1.000

Other causes a 3 (3.33) 1 (2.22) 2 (4.44) 1.000

Active hematologic cancer 72 (80) 34 (75.6) 38 (84.4) 0.496

Active solid cancer 8 (8.9) 4 (8.9) 4 (8.9) 0.496

MASCC score, median (IQR) 20 (17–21) 19 (13–21) 21 (19–21) 0.129

High risk of febrile neutropenia (MASCC < 21) 45 (50) 25 (55.6) 20 (44.4) 0.292

Absolute neutrophil count, median cells/mm3

(IQR)
153.9 (19–520) 184 (40–645) 77 (13–368) 0.198

Had history of febrile neutropenia 46 (51.1) 20 (44.4) 26 (57.8) 0.206

Recent exposed to antibiotic within past 3 months 50 (55.6) 25 (55.6) 25 (55.6) 1.000

Neutropenia duration, median days (IQR) 7 (4–14) 8 (4–14) 6 (4–10) 0.435

Infectious diseases specialist consultation 50 (55.6) 27 (60) 23 (51.1) 0.396

Time to administer antibiotic, median hours
(IQR) 1 (0–4) 1.5 (0–4) 1 (0–4) 0.497

Causative organism identified 49 (54.4) 26 (57.8) 23 (51.1) 0.525
Gram-positive bacteria 12 (13.3) 7 (15.6) 5 (11.1) 0.774
Gram-negative bacteria 39 (43.3) 20 (44.4) 19 (42.2) 0.761

ESBL-producing organisms 12 (13.3) 3 (6.7) 9 (20) 0.118
Carbapenem resistance organisms 5 (5.6) 4 (8.9) 1 (2.2) 0.361

ESBL, extended spectrum beta-lactamase; FN, febrile neutropenia; IQR, interquartile range; MASCC, Multinational Association for
Supportive Care in Cancer risk index score; SD, standard deviation. a Other causes of febrile neutropenia were from vitamin B12 deficiency,
zidovudine-induce pancytopenia and severe infection.

Overall, the antibiotic appropriateness in the pharmacist-driven ASP group was
significantly higher than control group (88.9% vs. 51.1%, p < 0.001) (Table 2). In providing
empirical therapy, the pharmacist-driven ASP group was more appropriate than the control
group (97.8% vs. 77.8%, p = 0.007). The appropriate dosage regimen in the pharmacist-
driven ASP group was significantly higher than the control group (97.8% vs. 88.7%, p =
0.049) as well as the appropriate antibiotic coverage (100% vs. 91.1%, p = 0.041) while
the appropriate indications were similar in both groups. When providing therapy for
definitive infections, the overall appropriateness was greater in the pharmacist-driven
ASP group than in the control group (88.9% vs. 64.4%, p = 0.004) as was the duration of
therapy (91.1% vs. 75.6%, p = 0.039). For therapy if the source of infection was unknown,
the overall appropriateness in the pharmacist-driven ASP group was also significantly
greater than the control group (90% vs. 54.4%, p = 0.011). Furthermore, the appropriateness
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of duration of therapy in the pharmacist-driven group was significantly greater than in
control group (93.2% vs. 75.6%, p = 0.022). However, the antibiotic appropriateness in
cases of known causative pathogens were not significantly greater than the control group,
but there was a trend of improved appropriateness in the pharmacist-driven ASP group.
The total antibiotic duration between two groups were similar (p = 0.948) (Table 2). The
compliance rate to the pharmacist suggestion was 93.8% in the pharmacist-driven ASP
group. The most common pharmacist interventions when compared with the control group
were de-escalation (22.2% vs. 20%, p = 0.796), adding additional antimicrobials (17.8% vs.
8.9%, p = 0.215), and avoiding serious drug interaction (6.7% vs. 0%, p = 0.078).

Table 2. Study outcomes.

Outcomes
Intervention

(45 FN Episodes),
No. (%)

Control
(45 FN Episodes),

No. (%)
p Value

Overall appropriateness 40 (88.9) 23 (51.1) <0.001

Step 1 Empirical therapy 44 (97.8) 35 (77.8) 0.007
Appropriate Indication 45 (100) 45 (100) -
Appropriate coverage 45 (100) 41 (91.1) 0.041
Appropriate dosage regimen 44 (97.8) 39 (88.7) 0.049

Step 2 Documentation therapy 40 (88.9) b 29 (64.4) 0.004
Appropriate indication 43 (95.6) 41 (91.1) 0.361
Appropriate dosage regimen 44 (97.8) 43 (93.3) 0.242
Appropriate duration 41 (91.1) 34 (75.6) 0.039

Length of stay, median days (IQR) 28 (19–42) 23 (16–35) 0.689

30-day infectious diseases related
mortality 6 (13.6) 5 (11.1) 1.000

Total antibiotic duration, median days
(IQR) 14 (10–23) 15 (10–21) 0.948

antibiotic duration in
de-escalation 21 (14–28) 17.5 (15.5–29.5) 0.666

antibiotic duration in escalation 19 (13–34.5) 15 (11–25.5) 0.309

FN, febrile neutropenia; IQR, interquartile range. b Total 44 FN episodes since one death occurred before culture
was reported.

The 30-day infectious diseases-related mortality and length of stay were similar in both
groups (Table 2). In univariate analysis, neither the pharmacist-driven ASP nor ID consulta-
tion showed a significant impact on 30-day infectious diseases-related mortality (p = 0.810
and 0.267, respectively). However, in multivariate analysis, the pharmacist-driven ASP
group and infectious diseases consultation significantly reduced the 30-day infectious
diseases mortality in patients with cytotoxic chemotherapy-induced febrile neutropenia
(OR 0.058, 95% CI: 0.005–0.655, p = 0.021). A history of febrile neutropenia was associated
with an increased 30-day infectious diseases mortality, as described in Table 3. The uti-
lization rate of target antibiotics in the pharmacist-driven ASP group tended to be higher
than control group (882 Defined Daily Dose (DDD)/1000 patient-day vs. 705.1 DDD/1000
patient-day). The trend of the overall target antibiotic seemed to be higher in both groups
(supplementary data, Table S1). The trend of ceftazidime, cefepime, and meropenem
utilization was lower in the pharmacist-driven ASP group while piperacillin/tazobactam
utilization was higher. In the control group, ceftazidime utilization tended to be decreased,
but other target antibiotics’ utilization including cefepime, piperacillin/tazobactam, and
meropenem were increased. Overall intravenous antibiotic utilization in the pharmacist-
driven ASP group declined while amount of utilization in the control group increased.
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Table 3. Multivariate analysis of 30-day infectious diseases-related mortality.

Variables
Univariate Analysis Multivariate Analysis

OR 95%CI p Value OR 95%CI p Value

Pharmacist-driven ASP group and infectious
diseases consultation in chemotherapy-
induced febrile neutropenic patient

0.184 0.037–0.911 0.038 0.058 0.005–0.655 0.021

Male 0.653 0.176–2.419 0.524 0.744 0.133–4.148 0.736

High risk of febrile neutropenia 5.426 1.098–26.829 0.038 5.155 0.762–34.890 0.093

Had history of febrile neutropenia 5.143 1.040–25.420 0.045 9.380 1.311–67.100 0.026

Carbapenem resistance organisms 8.111 1.015–64.839 0.048 18.771 0.560–628.848 0.102

ESBL producing Gram negative bacteria 2.75 0.614–12.307 0.186 7.417 0.787–69.906 0.080

ASP, antibiotic stewardship program; CI, confidence interval; ESBL, extended spectrum beta-lactamase; MASCC, Multinational Association
for Supportive Care in Cancer risk index score; OR, odds ratio.

3. Discussion

The pharmacist-driven ASP group interventions in febrile neutropenic patients showed
a favorable effect on antibiotic appropriateness in our study. We found higher antibiotic ap-
propriateness in the pharmacist intervention group than the control group (88.9% vs. 51.1%,
p < 0.001). When providing empirical therapy, the pharmacist-driven ASP group was more
appropriate than the control group, which was different from a previous study [15]. We
believe that main reason for this discrepancy was that the previous study evaluated only
the prescribed antibiotic appropriateness based on the hospital guidelines and described
only the antibiotics indicated for febrile neutropenia, but did not assess the appropriate-
ness of dosage regimens which was included in our assessment of the appropriateness of
prescribed antibiotics [15,16]. Moreover, our ASP implementation provided daily review
and feedback while the Madran et al. study implemented a hospital guideline and had
only a weekly discussion with the ASP team [15]. Likely our study, which provided more
frequent feedback, improved the primary physicians’ compliance, as noted in a recent
study [10]. Furthermore, our results showed that the appropriate dosage regimens were
more frequently found in the pharmacist-driven ASP group than the control group (97.8%
vs. 88.7%, p = 0.049). Our finding was similar to previous studies that the appropriateness
was 6.5-fold higher in the pharmacist intervention group then the control group [17]. On
the other hand, the appropriateness of antibiotic indication in the pharmacist-driven ASP
group resembled the control group, as described in Madran et al. study [15]. However,
we also used current standard guidelines and all of our patients had a high risk of febrile
neutropenia, similar to the previous study [15].

In documented infection evaluations, the pharmacist-driven ASP group had a greater
appropriateness of prescribed antibiotics than the control group (88.9% vs. 64.4%, p = 0.004).
Our result was similar to previous study in which more appropriateness was found in
the intervention group [15]. Moreover, the appropriate duration of therapy was higher in
the pharmacist-driven ASP group (p = 0.039). Our result was concordant with a previous
study that pharmacist-driven ASPs could reduce the duration of antibiotic therapy [18].
However, the appropriateness of antibiotic indication was similar in both groups because
our study divided the category of appropriateness into microbial susceptibilities and the
penetration of antibiotics to the target site. If pathogens were identified and antibiotics
susceptibilities were reported, it could help physicians to choose proper antibiotics. Since
most pathogens in the control group were ESBL-producing organisms, this might affect
antibiotic appropriateness because carbapenems are drugs of choice for ESBL-producing
organisms, and choice of antibiotics was controlled by an infectious diseases physician [19].
In addition, the overall antibiotic appropriateness and proper duration of therapy in the
pharmacist-driven ASP group were also greater than the control group when the source of
infection was unknown (p = 0.039 and 0.066, respectively) (supplementary data, Table S2).
However, the total antibiotic duration between two groups did not differ. The reasons

239



Antibiotics 2021, 10, 456

for prolonging antibiotic duration in the intervention group were fungal infection (e.g.,
invasive pulmonary aspergillosis and mucormycosis), superinfection with MDR organisms,
and an uncontrolled source of infection. Although the result did not show any difference of
antibiotic appropriateness in the case of known causative pathogens and source of infection
between the two groups, the pharmacist-driven ASP group tended to use more proper
antibiotics than the control group in terms of indication, dose and duration (p = 0.384, 0.833,
and 0.872, respectively) (supplementary data, Table S3).

Nevertheless, our study did not show a difference in the 30-day infectious diseases-
related mortality between the two study groups. Our patients tended to have longer
neutropenia durations and higher carbapenem resistance Enterobacteriaceae (CRE) in-
fection rates in the intervention group which differed from a previous study [15]. As a
result of rising CRE incidence in Thailand, our patients were more likely to be infected
with CRE than reported in a previous study, which might have affected the mortality rate
in our study [15,20,21]. However, other ASP studies in febrile neutropenic patients also
showed no difference in mortality between two groups as well [10,22–25]. Based on our
multivariate analysis, pharmacists should collaborate with other medical personnel such as
infectious diseases physicians to improve the 30-day infectious diseases-related mortality
in febrile neutropenic patients caused by cytotoxic chemotherapy. This study supports the
IDSA Guidelines that ASP team should be made up of a multidisciplinary team to achieve
successful ASP implementation [5]. On-site infectious diseases specialists, including an ID
physician and pharmacist, can improve the ASP effectiveness in recent study [26]. Hence, a
multidisciplinary team would be beneficial for ASP implementation in these specific popu-
lations where data are limited, such as febrile neutropenic patients. Notably, although most
of the febrile neutropenic patients in our study were caused by cytotoxic chemotherapy,
there are some patients caused by hematologic abnormalities during diagnosis in our study
which was also mentioned in previous study [27]. Furthermore, our study did not find any
difference in the length of stay in both groups, as has been noted in a previous study [10].

Although our target antibiotics utilization in the pharmacist-driven ASP group in-
creased during the study period, which was similar to a previous study, it might have
affected inappropriate prescriptions in the control group [10]. For instance, there were
some antibiotics improperly used in empirical therapy in the control group such as ceftri-
axone, which were not included in our target antibiotics, and antibiotics might have been
prescribed at an improper low dose. Therefore, the DDD of target antibiotics in the control
group might be lower than expected. Moreover, we implemented a high dose of target
antibiotics according to previous pharmacokinetic studies this might have contributed to
a higher DDD of target antibiotic in the pharmacist-driven ASP group [2,3]. Besides, the
overall intravenous antibiotics in the pharmacist-driven ASP group demonstrated a lower
trend than the control group.

Our study had several limitations. First, ward physician rotation could have affected
the result. However, the result of this study also showed that the pharmacist interven-
tion group had more appropriateness than the control group. Second, the study was
implemented only in medical wards since Thammasat University Hospital did not have
a hematology–oncology ward during the study period and we could not fully perform
interventions in the other wards such as the emergency department and intensive care unit.
Ideally, the ASP implementations in febrile neutropenic patients should be carried out in
all wards. Third, we calculated our sample size to demonstrate antibiotic appropriateness
rather than 30-day infectious diseases-related mortality. A larger sample size is needed to
assess the effect of a pharmacist-driven ASP on 30-day infectious diseases-related mortality.
Fourth, we could not evaluate the effect of pharmacist-driven ASPs on antibiotic resistance
since the study site did not have an isolation ward for febrile neutropenia patients with
multidrug-resistant pathogens. Thus, the acquisition of antibiotic resistance organisms
from other patients might have affected our results. Finally, the role of pharmacists in
Thailand may be different from western countries. Pharmacists cannot change the antibiotic
dosage regimen or discontinue antibiotics by themselves; a physician’s signature is needed.
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Thus, pharmacist cooperation with a physician was also an important aspect to implement
a successful pharmacist-driven ASP in Thailand.

In conclusion, our study showed that a pharmacist-driven ASP in febrile neutropenic
patients could improve the antibiotic appropriateness in both empirical and documentation
therapy. However, 30-day infectious diseases-related mortality and the length of stay
were not different between the groups. Although the target antibiotic utilization in the
intervention group increased, we found a reduction in the total antibiotic utilization in the
pharmacist-driven ASP group.

4. Materials and Methods

This prospective study was conducted at Thammasat University Hospital in Thailand,
a tertiary care and teaching hospital, between 1 August 2019 and 30 April 2020. Two
medical wards were pre-designated as the pharmacist-driven ASP group and two other
similar medical wards were pre-designated as the control group. Febrile neutropenia in our
study was defined as fever (single temperature equivalent to ≥38.3 ◦C orally or equivalent
to ≥38.0 ◦C orally over a 1 h period) with neutropenic condition (patient who had ≤500
neutrophils per microliter or ≤500 neutrophils per microliter and a predicted declined to
≤500 neutrophils per microliter over the next 48 h). High risk of febrile neutropenia was
identified by the MASCC risk index score less than 21 [28]. Inclusion criteria included
adult patients (i.e., age >18 years); patient diagnosed with febrile neutropenia; and patient
received antibiotics for treatment of febrile neutropenia. Exclusion criteria included the
receipt of antibiotics for febrile neutropenia <24 h, pregnancy, or lactation. This study was
approved by the human research ethics committee, Thammasat University (protocol no.
MTU-EC-OO-0-078/62).

Our ASP team consisted of an infectious diseases-trained clinical pharmacist, infec-
tious diseases physicians and hematologists. We developed TUH’s recommended antibiotic
and dosage regimen for empirical therapy in febrile neutropenia, which, adapted from the
IDSA 2010 and National Comprehensive Cancer Network (NCCN) 2020 guidelines and
distributed to primary physicians prior to the pharmacist-driven ASP, was implemented
in two medical wards groups [5,28]. In the intervention group, a clinical pharmacist per-
formed the daily prospective audit and feedback to the primary physician. The pharmacist
suggested a suitable antibiotic for each patient, calculated an appropriate dose and rec-
ommended the treatment duration for both empirical therapy and documented infection.
The antibiotic appropriateness and antibiotic utilization in the intervention group was
reported monthly by the clinical pharmacist. Medical personnel practicing in the interven-
tion group were provided education via lectures and posters by the clinical pharmacists
during monthly ward conferences. No ASP interventions were performed in the control
group. The criteria to evaluate antibiotic appropriateness was adapted from previous stud-
ies (supplementary data, Figure S1) [29–31]. In empirical therapy evaluations, a clinical
pharmacist evaluated an appropriateness of indications, antibiotic coverage, and dosage
regimen of the antibiotics. Therapeutic evaluations for documented infection were divided
into 2 groups—unknown source of infection and known causative pathogens and source of
infection. Both groups were also evaluated for antibiotic indication, dosage regimen, and
duration of antibiotic therapy by pharmacist.

The primary outcome of this study was to compare antibiotic appropriateness be-
tween pharmacist-ASP driven group and the control group. Secondary outcomes were
to compare antibiotic utilization, patient length of stay, 30-day infectious diseases-related
mortality between the intervention and control groups. Target antibiotics in this study were
ceftazidime, cefepime, piperacillin/tazobactam, meropenem and imipenem which are rec-
ommended as an empirical therapy for febrile neutropenia in current guidelines [28,32,33].
All intravenous antibiotics classes commonly used in these patients were evaluated in
this study.

To have an 80% power and 95% confidence interval, the minimum sample size required
in each arm, calculated based on a previous study, was 33 subjects [15]. Each outcome
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was defined as a febrile neutropenic event. All statistical analyses were performed using
STATA version 16 (College Station, TX). Chi-square test (two-tailed) was used to compare
proportion for categorical variables while t-test was used to compare means for continuous
variables. Antibiotic utilization was reported as the defined daily dose per 1000 patient-
days. The trend of antibiotic utilization was analyzed by linear regression and reported as
the coefficient and p-value. Univariate and multivariate analyses of variables influencing
on 30-day infectious diseases-related mortality were performed. All comparisons were
2-sided and a p value < 0.05 was consider statistically significant.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics10040456/s1, Figure S1: criteria of antibiotic appropriateness evaluation, Table S1:
antibiotics utilization, Table S2: antibiotic appropriateness in documentation therapy: unknown
source of infection, Table S3: antibiotic appropriateness in documentation therapy: known causative
pathogens and source of infection.
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Abstract: To evaluate the effect that an education-based Antimicrobial stewardship program (ASP)
implemented in two hospitals in southern Italy had on the quality and appropriateness of antibiotic
prescription. We conducted a multicenter observational study in two hospitals in the Campania
region. Only some departments of both hospitals were already participating in the ASP. We collected
data on all patients admitted on the day of evaluation in antibiotic therapy or prophylaxis through
a case report form. The primary outcome was to investigate the difference in the appropriateness
of the antibiotic prescriptive practice in the departments that had joined the ASP and in those that
had not participated in the project (non-ASP). The total number of patients assessed was 486. Of
these, 78 (16.05%) were in antibiotic prophylaxis and 130 (26.7%) in antibiotic therapy. The prescrip-
tive appropriateness was better in the units that had joined ASP than in those that had not, with
respectively 65.8% versus 22.7% (p < 0.01). Patients in the non-ASP units more frequently received
unnecessary antibiotics (44.9% versus 0%, p = 0.03) and, as surgical prophylaxis, the use of antibiotics
not recommended by the guidelines (44.2% versus 0%, p = 0.036). Multivariable analysis of the factors
associated with prescriptive appropriateness identified ASP units (p = 0.02) and bloodstream or
cardiovascular infections (p = 0.03) as independent predictors of better prescriptive appropriateness.
The findings of the present study reinforce the importance of adopting an educational ASP to improve
the quality of antimicrobial prescription in clinical practice.

Keywords: antibiotics; antimicrobial stewardship; quality of prescription; prescriptive appropriate-
ness; surgical prophylaxis

1. Introduction

Antimicrobial resistance is one of the greatest threats to global health today, leading to
increased mortality, higher medical costs and prolonged hospital stays [1]. The number of
estimated cases of infections with selected antibiotic-resistant bacteria occurring in 2015
in the EU and European Economic Area (EEA) was 671,689, accounting for about 33,110
attributable deaths and 874,541 disability-adjusted life-years (DALYs) [2]. In particular,
among European countries Italy and Greece have the greatest burden of infections due to
antibiotic-resistant bacteria [2].

Although antimicrobial agents used to treat infections are lifesaving, their overuse is
one of the main drivers of antimicrobial resistance, resulting in the increased emergence
and spread of multidrug-resistant bacteria. In hospitals the proportion of broad-spectrum
antimicrobials used varied from 16% to 62% across Europe [3]. These drugs are not always
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necessary, and when their use is required, the selection, dose, route of administration and
duration of treatment may be inappropriate [4–7].

To improve antibiotic prescriptions in the hospital setting is of utmost importance
to avoid heading into a post-antibiotic era, where common infections and minor injuries
can once again kill [1]. Thus, the implementation of programs for optimizing the use of
antibiotics in hospitals is a public health priority. Antibiotic stewardship interventions are
effective in increasing compliance with antibiotic policy and reducing consumption and
duration of antibiotic treatment without, however, leading to an increase in mortality [8,9].

The objectives of the present study were to provide a snapshot analysis of antibiotic use
and to investigate the impact of an educational antimicrobial stewardship program (ASP)
on the appropriateness of antibiotic prescribing in two hospitals in southern Italy, in order
to identify priority areas of intervention and implement measures aimed at optimizing
antibiotic prescribing.

2. Materials and Methods
2.1. Study Design and Setting

This study was carried out in two hospitals in Naples and Caserta, in the Campania
region of southern Italy. The 268-bed teaching hospital located in Naples serves adults
and pediatrics in 30 units; the community hospital in Caserta has about 486 active beds in
23 units. Only the latter is equipped with an emergency department.

A persuasive-educational ASP, based on audit and feedback conducted by a team of
infectious disease consultants [8], was started in January 2017 in Naples, and April 2018 in
Caserta. The departments included in the ASP were those with the highest consumption of
broad-spectrum antibiotics (in terms of defined daily dose) and/or those who had greater
interest and willingness to join the project. In particular, five medical units (nephrology,
neurology, endocrinology, geriatrics and infectious diseases), six surgical units (thoracic
surgery, orthopedics, general surgery, gynecology and otolaryngology) and four intensive
care units (ICUs) (of which one was a cardiac surgery ICU) were involved in the ASP.
Briefly, we identified a multidisciplinary team, including infectious disease consultants,
clinical microbiologists, pharmacists and a statistician. During the audits all patients on
antibiotic treatment were evaluated, and recommendations on the indication, choice of
antibiotics, route of administration and duration of therapies were given to the physicians
in care. For each unit involved in the ASP one or more reference physicians were identified
to carry out the audits with the infectious disease consultants. During the audits, carried
out once or twice a week at regular intervals depending on the complexity of the unit,
the adherence to these indications was evaluated. Furthermore, the infectious disease
consultants were responsible for writing and sharing diagnostic and therapeutic protocols,
based on the local epidemiology, for the management of the most common infectious
syndromes. Moreover, all units of both hospitals had been involved since March 2019 in
the “bacteremia program”: for five days a week, in the case of bloodstream infections, the
microbiology unit informed the infectious disease specialists of positivity to allow better
management of the patient.

The present study was prospectively planned by the infectious disease consultants
of the ASPs and by the healthcare administration of the two hospitals that approved and
institutionalized the ASP. They prepared the study protocol in September 2019 and a
pre-formed case report form. The team of infectious disease consultants at both hospitals
received the same training and education on local and international infectious guidelines
to follow. They also were trained with the same methodology in conducting the ASP.

Thus, the snapshot analysis of antibiotic use and the evaluations of appropriateness
of antibiotic prescribing were performed by audit in the two hospitals, respectively, in
the week 10–14 of February 2020 in Naples, and 14–23 of November 2019 in Caserta. The
audits in Naples were performed by infectious disease consultants operating in Caserta,
and the audits in Caserta by those operating in Naples; the consultants were unaware if
the units were participating in the ASP or not.
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2.2. Data Collection

The pre-formed case report form was filled-in on the days of evaluation by the infec-
tious disease consultants to assess antibiotic prescriptive appropriateness, both in the units
that had joined the ASP and in those that had not participated in the project.

The data collected included the following: type of unit, number of patients admitted
to the ward in empiric or targeted antibiotic therapy and/or antibiotic prophylaxis (type of
antimicrobial, dosage, way of administration, indication and duration). For each antibiotic
prescription the appropriateness in relation to the patient’s clinical state and guidelines
was evaluated. We included all types of antimicrobials in the evaluation: antibacterials
and antifungals for systemic use, antituberculosis, antiprotozoal and antimalarials and
antivirals for systemic use. We did not include topical antibiotics.

For each patient in antibiotic therapy additional data were collected. They included the
type of acquisition of infection (nosocomial, according to US CDC criteria [10], healthcare-
associated or community-acquired), presentation with sepsis or septic shock [11], the site
of infection and whether the therapy was empirical or targeted.

2.3. Assessment of Appropriateness

The appropriateness of antimicrobial treatment was defined a priori in the phase
of planning of the present study (in September 2019). Precisely, treatment was defined
adequate if it was active towards the pathogen responsible for infection and if it was correct
in dosage, duration and way of administration [12,13]. A therapy was defined empirical
prior to the identification of the germ with relative antibiogram or targeted otherwise.
Empirical therapy was considered adequate when at least one antimicrobial with activity
against the most frequent germs involved in relation to the presumed site of infection was
administered [14].

For every antibiotic prescription deemed inappropriate, the reason for inappropriate-
ness was recorded. Only one reason for inadequacy was enough to consider the treatment
as inadequate, and it could be considered inadequate for several reasons at the same time.
The antibiotic was considered unnecessary when the patient’s clinical state did not show ev-
idence of infection. Antimicrobial therapy was considered inadequate when not indicated
by the guidelines or when the antibiotic had no activity on the etiology involved [12].

Antimicrobial therapy was considered not recommended when, in the targeted treat-
ment, the antibiotic was active but had an excessively wide range of action for the expected
etiologies or, in the case of empirical treatment, it was not recommended by the guidelines.
The duration of antimicrobial therapy was considered excessive when it exceeded the
recommended limits of the international guidelines.

2.4. Outcomes

The primary outcome was to assess the appropriateness of antibiotic prescribing in
the two hospitals; in particular, to assess whether there was a difference in the adequacy of
prescriptive practice in the departments that had joined the ASP and in those that had not
participated in the project.

The secondary outcome was to identify the main reasons for prescriptive inappro-
priateness in order to identify priority areas of intervention and put in place measures to
optimize antibiotic prescribing.

2.5. Ethics

All methods used in the study were in accordance with the international guidelines,
with the standards on human experimentation of the Ethics Committee of the Azienda
Ospedaliera Universitaria, University of Campania, and with the Helsinki Declaration
of 1975, revised in 2013. Since the leadership of the University of Campania and AORN
Caserta formally approved the study, and the data were collected in the aggregate manner
during routine clinical activities, no approval was required by the local Ethics Committee.
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2.6. Statistical Analysis

Continuous variables were summarized as mean and standard deviation, and categor-
ical variables as absolute and relative frequencies. For continuous variables, the differences
were evaluated by the Student t-test; categorical variables were compared by the chi-square
test, using exact procedures if needed.

Variables with a univariate p value < 0.1 were chosen for inclusion in an exploratory
multivariable analysis, which was performed using logistic regression.

3. Results
3.1. Characteristics of Units Participating in the Study

A total of 53 units, between the two hospitals, were assessed; in particular, 19 medical,
25 surgical and 9 ICUs were evaluated. Of the total number of units evaluated 15 had
joined the ASP and 38 had not. The total number of patients assessed was 486. Of these,
208 (42.8%) were being treated with antibiotics, specifically 78 (16.1%) were in antibiotic
prophylaxis and 130 (26.7%) in antibiotic therapy.

3.2. Appropriateness in ASP and Non-ASP Units

The global adequacy of antimicrobial prescription and a comparative analysis between
the wards that had joined the ASP units and those that had not (non-ASP units) are
summarized in Table 1.

Table 1. Characteristics and global adequacy of antimicrobial prescription between ASP and non-ASP units.

Variables ASP Non-ASP p Value

Characteristics of Units

Units N 15 38 −
Beds available N 184 426 −

Patients admitted/
Available beds n/N (%) 117/184 (63.6) 369/426 (86.6) −
Medical Units n/N (%) 5/15 (33.3) 14/38 (36.8) 0.81
Surgical Units n/N (%) 6/15 (40) 19/38 (50) 0.51

Intensive Care Units n/N (%) 4/15 (26.7) 5/38 (13.2) 0.24

Characteristics of antibiotic prescriptions

Antibiotic prophylaxis n/N (%) 14/117 (12) 64/426 (17.3) 0.17
Antimicrobial therapy n/N (%) 27/117 (23.1) 103/426 (27.9) 0.30

Prescriptive appropriateness

Appropriate antimicrobial prescription n/N (%) 27/41 (65.8) 38/167 (22.7)
<0.001Inappropriate antimicrobial prescriptions n/N (%) 14/41 (34.2) 129/167 (77.2)

Reason for inappropriate antimicrobial prescription

Antimicrobial unnecessary n/N (%) 3/14 (21.4) 50/129 (38.7) 0.14
Antimicrobial inadequate n/N (%) 3/14 (21.4) 14/129 (10.8) 0.30

Antimicrobial not
recommended n/N (%) 4/14 (28.6) 46/129 (35.6) 0.46

Excessive duration n/N (%) 3/14 (21.4) 40/129 (31) 0.36
Inadequate dose n/N (%) 4/14 (28.6) 19/129 (14.7) 0.24

Inadequate way of
administration n/N (%) 0/14 (0) 2/129 (1.5) 0.62

2 reasons for inappropriate antimicrobial prescription n/N
(%) 3/14 (21.4) 35/129 (27.1) 0.53

≥3 reasons for
inappropriate antimicrobial prescription, n/N (%) 0/14 (0) 3/129 (2.3) 0.55

The prescriptive appropriateness was better in the ASP units than in the non-ASP
units (65.8% versus 22.7%, p < 0.01). The inappropriateness was more frequently due
to unnecessary (38.7%) or not recommended prescriptions (35.6%) or excessive duration
(31%) in non-ASP units, while inadequate antibiotic prescription (21.4%) or dosing (28.6%)
was more frequent in the ASP group, although the difference was not statistically signifi-
cant. Patients in the non-ASP units were more frequently treated with third-generation
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cephalosporins (20.9% versus 7.3%, p = 0.01) and quinolones (17.4% versus 2.4%, p < 0.01)
(Table S1). On the contrary, first-generation cephalosporins were more frequently pre-
scribed for patients in the ASP units (53.6%) than for those in the non-ASP units (10.2%,
p < 0.01) (Table S1). Only 10 patients were taking other antimicrobials such as antifungals
and anti-tuberculosis agents.

3.3. Factors Associated with Appropriate and Inappropriate Antimicrobial Prescription

As shown in Table 2, a comparison between appropriate and inappropriate prescrip-
tions showed that antimicrobial therapy was more frequently appropriate in ASP units
(41.5% versus 9.8%, p < 0.01), especially in medical units (50.8% versus 28.7%, p < 0.01) and
ICUs (15.4% versus 5.6%, p = 0.02).

Table 2. Factors associated with appropriate or inappropriate prescription.

Variables Appropriate Prescription Inappropriate Prescription p Value

N◦ of Antimicrobial prescriptions 65 143 −
Antibiotic prophylaxis, N (%) 16 (24.6) 62 (43.4) 0.01

Antibiotic therapy, N (%) 49 (75.4) 81 (56.6) 0.01
Prescriptions in non-ASP units, N (%) 38 (58.5) 129 (90.2) <0.01

Prescriptions in ASP units N (%) 27 (41.5) 14 (9.8) <0.01

Characteristics of Units

Medical units, N (%) 33 (50.8) 41 (28.7) <0.01
Surgical units, N (%) 22 (33.8) 94 (65.7) <0.01

Intensive care units, N (%) 10 (15.4) 8 (5.6) 0.02

Appropriateness of antibiotic therapy prescription

Empiric therapy, n/N (%) 25/49 (51.0) 72/81 (88.9) <0.01
Prescriptions in non-ASP units, n/N (%) 30/49 (61.2) 73/81 (90.1) <0.01

Prescriptions in ASP units, n/N (%) 19/49 (38.8) 8/81 (9.9) <0.01

Acquisition of infection

Community-acquired infection, n/N (%) 30/49 (61.2) 44/81 (54.3) 0.44
Healthcare-associated infection, n/N (%) 5/49 (10.2) 5/81 (6.2) 0.40

Nosocomial infection, n/N (%) 11/49 (22.4) 20/81 (28.9) 0.04
Unknown, n/N (%) 3/49 (6.2) 12/81 (14.8) 0.13

Severity of infection

Sepsis, n/N (%) 6/49 (12.2) 5/81 (6.2) 0.23
Septic shock, n/N (%) 1/49 (2) 1/81 (1.2) 0.72

Source of infection

Unknown source, n/N (%) 1/49 (2) 9/81 (11.1) 0.06
Pneumonia, n/N (%) 9/49 (18.4) 20/81 (24.7) 0.40

Endocarditis/Cardiovascular, n/N (%) 5/49 (10.2) 0/81 (0) <0.01
Abdominal, n/N (%) 1/49 (2) 15/81 (18.5) <0.01

Genito-urinary, n/N (%) 6/49 (12.2) 13/81 (16) 0.55

Osteoarticular, n/N (%) 3/49 (6.1) 1/81 (1.2) 0.12
Skin and soft tissues, n/N (%) 5/49 (10.2) 4/81 (4.9) 0.25

Central Nervous System, n/N (%) 1/49 (2) 1/81 (1.2) 0.72
Bloodstream, n/N (%) 9/49 (18.4) 2/81 (2.5) <0.01

Other, n/N (%) 7/49 (14.3) 7/81 (8.6) 0.31
Missing data, n/N (%) 4/49 (36.4) 7/81 (63.6) 0.92

Collection of microbiology
specimen, n/N (%) 37/49 (75.5) 36/81 (44.4) <0.01

On the contrary, inappropriate prescriptions were more frequently reported in surgical
units (65.7% versus 33.8%, p < 0.01) due to the inappropriate prescription of antibiotic
prophylaxis (43.4% versus 24.6%, p = 0.01) (Table 2). Moreover, appropriateness was more
frequently reported in the 11 patients with bloodstream infections (p < 0.01) and in the
5 patients with bacterial endocarditis (p < 0.01); instead, the 16 patients with abdominal
infections were more frequently treated with inappropriate antimicrobial therapy (p < 0.01).
Another factor associated with appropriate prescription was the collection of microbiology
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specimens (p < 0.01), while a factor associated with inappropriate prescription was the
presence of nosocomial infections (p = 0.04) (Table 2).

Multivariable analysis of the factors associated with prescriptive appropriateness
identified ASP units (p = 0.02), and bloodstream or cardiovascular (p = 0.03) as a source of
infections, as independent predictors of better prescriptive appropriateness (Table 3).

Table 3. Logistic regression analysis for independent factors related to prescriptive appropriateness.

Factor OR 95% CI p Value

Lower Limit Upper Limit

Medical units (ref.)
Surgical units

Intensive care units

0.50
1.70

0.12
0.37

2.04
7.79

0.33
0.49

ASP (ref.)
Non-ASP 0.21 0.05 0.85 0.03

Community-acquired infection (ref.)
Healthcare-associated infection

Nosocomial infection

0.68
0.42

0.11
0.12

4.13
1.53

0.674
0.19

No sepsis (ref.)
Sepsis

Septic shock

1.89
0.12

0.28
0.00

12.88
4.34

0.52
0.24

Other sources of infection (ref.)
Bloodstream or Cardiovascular infections/

Abdominal

7.16
0.39

1.19
0.04

43.05
3.73

0.03
0.41

Collection of microbiology specimen (ref)
No collection of microbiology specimen 0.42 0.12 1.49 0.18

3.4. Analysis of Antimicrobial Therapy and of Antibiotic Prophylaxis

Considering only antimicrobial therapy, no differences in acquisition, source and
severity of infection were observed between the ASP and non-ASP units (Table 4).

Table 4. Adequacy of antimicrobial therapy between ASP and non-ASP units.

Variables ASP, N (%) Non-ASP, N (%) p Value

N of antimicrobial therapy
prescriptions 27 103 −

Antibiotic therapy

Empiric therapy, N (%) 10 (37) 87 (84.5) <0.01
Target therapy, N (%) 17 (63) 16 (15.5) <0.01

Acquisition of infection

Community-acquired infection, N (%) 16 (59.2) 58 (56.3) 0.78
Healthcare-associated infection, N (%) 4 (14.8) 6 (5.8) 0.11

Nosocomial infection, N (%) 4 (14.8) 27 (26.2) 0.21
Unknown, N (%) 3 (11.1) 12 (13.1) 0.94

Severity of infection

Sepsis, N (%) 2 (7.4) 9 (8.7) 0.82
Septic shock, N (%) 2 (7.4) 0 (0) <0.01

Source of infection

Unknown source, N (%) 0 (0) 10 (9.7) 0.09
Pneumonia, N (%) 6 (22.2) 23 (22.3) 0.99

Endocarditis/Cardiovascular 4 (14.8) 1 (1) <0.01
Abdominal, N (%) 2 (7.4) 14 (13.6) 0.38

Genito-urinary, N (%) 5 (18.5) 14 (13.6) 0.51
Osteoarticular, N (%) 2 (7.4) 2 (1.9) 0.14

Skin and soft tissues, N (%) 3 (11.1) 6 (5.8) 0.33
Central Nervous System, N (%) 0 (0) 2 (1.9) 0.46

Bloodstream, N (%) 3 (11.1) 8 (7.8) 0.57
Other, N (%) 1 (3.7) 13 (12.6) 0.18

Missing data, N (%) 1 (3.7) 10 (9.7) 0.31
Collection of microbiology specimen, N (%) 23 (85.2) 50 (48.5) <0.01
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Table 4. Cont.

Variables ASP, N (%) Non-ASP, N (%) p Value

Prescriptive appropriateness

Appropriate antimicrobial therapy
prescription, N (%)

Inappropriate antimicrobial therapy
prescription, N (%)

21 (77.7)

6 (22.3)

34 (33)

69 (67)
<0.01

Reason for inappropriate antimicrobial therapy prescription

Antimicrobial unnecessary, n/N (%) 0/6 (0) 31/69 (44.9) 0.03
Antimicrobial inadequate, n/N (%) 1/6 (16.6) 8/69 (11.6) 0.71

Antimicrobial not recommended, n/N (%) 4/6 (66.6) 21/69 (30.4) 0.07
Excessive duration, n/N (%) 0/6 (0) 15/69 (21.7) 0.20

Inadequate dose, n/N (%) 2/6 (33.3) 14/69 (20.3) 0.45
Inadequate way of administration, n/N (%) 0/6 (0) 1/69 (1.4) 0.77

2 reasons for inappropriate antimicrobial therapy
prescription, n/N (%) 1/6 (16.6) 17/69 (24.6) 0.66

≥3 reasons for inappropriate antimicrobial therapy
prescription, n/N (%) 0/6 (0) 2/69 (2.9) 0.67

In the ASP units the patients were less frequently treated with an empirical antimicro-
bial therapy (37% versus 84.5%, p < 0.01), and microbiological samples were more often
collected before the start of therapy (85.2% versus 48.5%, p < 0.01); moreover, antimicrobial
prescriptions were more frequently appropriate (77.7% versus 33%, p < 0.01) (Table 4). Non-
ASP wards more frequently gave unnecessary antimicrobials (44.9% versus 0%, p = 0.03)
(Table 4).

Considering only the antibiotic prophylaxis, as reported in Table 5, ASP units showed
better prescriptive appropriateness (57.2% versus 18.8%, p < 0.01), whereas, in the non-
ASP units the use of antibiotics not recommended by the guidelines was more frequently
observed (44.2% versus 0%, p = 0.04).

Table 5. Adequacy of antibiotic prophylaxis between ASP and non-ASP units.

Variables ASP, N (%) Non-ASP, N (%) p Value

N◦ of antimicrobial prophylaxis prescriptions 14 64 −
Units

General Surgery, n/N (%) 0/6 (0) 7/19 (36.8) 0.19
Urogenital Surgery, n/N (%) 1/6 (16.6) 3/19 (15.8) 0.70
Emergency Surgery, n/N (%) 0/6 (0) 2/19 (10.5) 0.50

Orthopedics, n/N (%) 1/6 (16.6) 1/19 (5.3) 0.23
Head and neck Surgery, n/N (%) 0/6 (0) 4/19 (21.1) 0.33

Thoracic Surgery, n/N (%) 1/6 (16.6) 0/19 (0) 0.03
Abdominal Surgery, n/N (%) 3/6 (50) 2/19 (10.5) 0.01

Prescriptive appropriateness

Appropriate antibiotic prophylaxis prescription, N (%) 8 (57.2) 12 (18.8)
<0.01Inappropriate antibiotic prescription, N (%) 6 (42.8) 54 (81.2)

Reason for inappropriate antibiotic prophylaxis prescription

Antibiotic unnecessary, n/N (%) 2/6 (33.3) 14/54 (26.9) 0.74
Antibiotic inadequate, n/N (%) 2/6 (33.3) 4/54 (7.7) 0.05

Antibiotic not recommended, n/N (%) 0/6 (0) 23/54 (44.2) 0.04
Excessive duration, n/N (%) 3/6 (50) 23/54 (44.2) 0.79

Inadequate dose, n/N (%) 1/6 (16.6) 5/54 (9.6) 0.59
Inadequate way of administration, n/N (%) 0/6 (0) 1/54 (1.9) 0.73

2 reasons for inappropriate antibiotic prophylaxis
prescription, n/N (%) 2/6 (33.3) 15/54 (28.8) 0.81

≥3 reasons for inappropriate antibiotic prophylaxis
prescription, n/N (%) 0/6 (0) 1/54 (1.9) 0.73
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4. Discussion

Antibiotic resistance is rising to dangerously high levels all over the world. Overuse
and misuse of antibiotics contribute to the acquisition and spread of infections due to
antibiotic-resistant bacteria. In the present study, we report the effects that an education-
based ASP implemented in some units of two hospitals in the Campania region of southern
Italy had on the appropriateness of antimicrobial prescription. Specifically, we observed
a higher antimicrobial prescription appropriateness for both antibiotic therapy and pro-
phylaxis in the units that joined the ASP; moreover, a significant decrease in the use of
antibiotics with a high environmental impact, such as third-generation cephalosporins and
quinolones, was observed in ASP units. Programs and interventions that aim at optimizing
antimicrobial use, i.e., antimicrobial stewardship programs, have grown exponentially in
recent years [15], proving effective and important in hospital settings. The introduction
of ASP in hospitals involves a series of structured interventions. They first include the
institutionalization of the program so that it is recognized and progressively accepted by
all the professionals of the hospital. Secondly, it is important to assess the local data on
prevalence of antibiotic resistance and the consumption of antibiotics in order to implement
tailor-made interventions.

ASPs in hospitals have shown a positive impact, with reduced length of stay, shorter
treatment duration without an increase in mortality and a reduction in colonization and
infection with resistant bacteria [9,16]. In our previous work [8], we observed a significant
decrease in antimicrobial consumption, and in the incidence of bloodstream infections
due to multidrug-resistant Gram-negative organisms, in two intensive care units after
the implementation of a persuasive educational ASP. Educational interventions, although
less immediate than restrictive methods, have a more sustained impact in influencing
prescriptive behavior and can yield even better long-term results [17]. Antimicrobial
stewardship includes not only limiting inappropriate use, but also optimizing antimicrobial
selection, dosing, route and duration of therapy to maximize the clinical cure [18]. Thus,
the present study confirms the effects of an ASP on the appropriateness of antimicrobial
prescription since the participation in an ASP was an independent factor associated with
appropriate antimicrobial prescription.

When analyzing the reason for inappropriate prescriptions, we found a higher fre-
quency of unnecessary (38.7%) or not recommended prescriptions (35.6%) in non-ASP units
as compared to ASP units (21.4% and 28.6%, respectively), while inadequate antibiotic
prescriptions (21.4%) or dosing (28.6%) was more frequent in ASP groups, although none
of these differences reached statistical significance. A commonly feared consequence of
narrowing the spectrum of empirical therapy is the prescription of antibiotics that are
ineffective against the clinical isolates. However, we should consider that in our study the
definition of inadequate empirical therapy does not imply a lack of effectiveness against
the isolated strain, but only against the totality of the potentially expected etiologies. Fur-
thermore, we should point out that if we consider the total number of prescriptions, the
rate of inadequacy is similar in non-ASP units (14 of 167, 8.4%) and in ASP units (3 out of
41, 7.3%).

Making accurate diagnoses is one of the main goals of the ASP. Overall, the results
of the analysis of the antimicrobial therapy in ASP and non-ASP units reinforce the rec-
ommendations in pursuing the collection of culture samples before the start of therapy. In
addition, we found that non-ASP units make greater use of empirical therapy at the same
severity of the patient’s clinical state and more often resorted to the use of antibiotics when
not necessary, i.e., the patient’s clinical state was not suggestive of infection. Indeed, we
found a rate of about 50% of unnecessary antimicrobial prescription in non-ASP units.

Similar data come from a study conducted in the United States in 2010–2011 that
found at least 30% of antibiotics prescribed in doctors’ offices, emergency departments and
hospital clinics were unnecessary [19].

In the present study, another factor independently associated with appropriateness in
antimicrobial prescription was the presence of bloodstream infections or bacterial endo-
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carditis. These data may be associated with the infectious disease management of bacterial
endocarditis and to the structured bacteremia program conducted by infectious disease
specialists in ASP and non-ASP units of both hospitals. The infectious disease consulta-
tions that were provided to all patients with bloodstream infections have most probably
increased the appropriateness of antibiotic prescriptions in this setting and improved the
adequacy of patients’ management. In fact, some studies showed that advice from infec-
tious disease specialists reduced inappropriate treatment and resulted in better clinical
outcomes in the management of sepsis [20,21] and Staphylococcus aureus bacteremia [22–24].

Finally, a better prescriptive appropriateness in ASP units was registered even in
surgical prophylaxis. One of the strategies of ASP was to optimize surgical antibiotic
prophylaxis, ensuring that timely and appropriate antibiotics are administered as rec-
ommended before surgery and limiting prolonged use of antibiotic prophylaxis once
surgery is over [25]. We found how, not following the guidelines, surgical non-ASP units
more frequently used broad-spectrum antibiotics as a first choice for surgical prophylaxis.
These findings underline the importance of using a persuasive educational approach that,
through audits and drafting of locally adapted guidelines, allows an improvement in the
prescribers’ knowledge.

This study has several limitations: even using a study setup that minimized bias inher-
ent in subjective parameter estimation (e.g., the use of standardized treatment guidelines),
the experts of infectious diseases may have had motivational biases that influenced their
clinical judgment. Moreover, baseline data on the antimicrobial appropriates in wards
before the beginning of ASP were not available, making it difficult to compare the out-
comes before and after the intervention. Finally, the analysis on the relationship between
appropriateness and experience of the physicians was not done. The strengths of our
study include its multicenter design and the use of structured intervention that can easily
be replicated and incorporated into clinical practice to evaluate the appropriateness of
antimicrobial prescription.

5. Conclusions

The findings of this study reinforce the importance of adopting an educational ASP in
order to improve the quality of antimicrobial prescription in clinical practice and possibly
to contribute to a reduction in the global phenomenon of antibiotic resistance. Structured
and persuasive interventions aimed at improving prescriber knowledge and compliance,
and at optimizing the management of complicated infections such as bacteremia, are of
fundamental importance for the success of ASP programs. The efforts of future research
should focus on identifying the best strategies to implement an effective stewardship
program in hospital settings in order to reduce the misuse of antibiotics.
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Abstract: Antimicrobial stewardship programs (ASPs) in hospitals have long been shown to improve
antimicrobials’ use and reduce the rates of antimicrobial resistance. However, their implementation
in hospitals, especially in developing countries such as Saudi Arabia, remains low. One of the main
barriers to implementation is the lack of knowledge of how to implement them. This study aims to
explore how an antimicrobial stewardship programme was implemented in a Saudi hospital, the
challenges faced and how they were overcome, and the program outcomes. A key stakeholder case
study design was used, involving in-depth semi-structured interviews with the core members of
the ASP team and analysis of 35 ASP hospital documents. ASP implementation followed a top-
down approach and involved an initial preparatory phase and an implementation phase, requiring
substantial infectious diseases and clinical pharmacy input throughout. Top management support
was key to the successful implementation. ASP implementation reduced rates of multi-drug resistance
and prescription of broad-spectrum antimicrobials. The implementation of ASPs in hospital is
administrator rather than clinician driven. Outsourcing expertise and resources may help hospitals
address the initial implementation challenges.

Keywords: antimicrobial stewardship programs; hospitals; multi-drug resistance

1. Introduction

Antimicrobial stewardship programs (ASP) in hospital are interventions to reduce
risks of antimicrobial treatment failures, adverse events, hospital acquired infections,
rates of antimicrobial resistance and costs associated with antimicrobial prescriptions and
prolonged length of stay in hospital [1]. These programs focus on optimizing the choice,
dosing and route of administration of antimicrobials, monitoring their prescription and
resistance patterns, and continuous provision of education and feedback to prescribers.

The programs were first implemented in the USA in the late 1990s, and started to
gain popularity in Europe soon after that [2]. In an international survey carried out in
2015 by the ESCMID Study Group for Antimicrobial Policies (ESGAP) and ISC Group on
Antimicrobial Stewardship, 52% of the countries had a national antimicrobial stewardship
plan, 58% had ASPs in hospitals and 4% of the countries were planning antimicrobial
stewardship strategies [3]. The Netherlands, France [4] and England [5] reported high rates
of ASP implementation in hospitals. In the USA, a recent study suggests that 51% of the
leading hospitals in the country have an active ASP. Around 59% of these hospitals had
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ASP for more than 5 years [6]. However, the status of ASP implementation in hospitals
in developing countries is less clear. Various reports point to low levels of implementa-
tion [7–9] for various reasons including: a lack of diagnostic testing and antimicrobials,
sub-optimal infection prevention and control practices and the prevalent inappropriate
prescribing practices [10,11]. Resistant microorganisms may spread from one person to
another, one health care facility to another and one country to another [12]. Tackling
antimicrobial resistance in developing countries is critical to reduce its burden in those
countries, and to strengthen the global effort to contain this threat.

Like in many other developing countries, Saudi hospitals report low levels of ASP
implementation, mainly in tertiary hospitals, despite having a national antimicrobial
stewardship plan to implement ASPs in hospitals [13]. This is in contrast to reports of
high prevalence of antimicrobial resistance and the emergence of new and rare multi-
drug resistant strains [14]. Worryingly, these pathogens can spread globally given that
Saudi Arabia is a popular destination for millions of international travelers annually for
pilgrimage (Hajj).

We recently reported that one of the factors behind the lagging implementation of
ASPs in Saudi hospitals is the lack of “know how” to implement them [13]. ASPs are
novel to Saudi hospitals, and their implementation would require a significant change to
routine practice, where antimicrobials are heavily prescribed, often inappropriately [15,16].
A recent guide by Mendelson et al. details a generic protocol for the implementation
and/ or optimization of ASP in hospitals in both developing and developed countries’
contexts [17]. However, three issues may be considered. First, the protocol may provide a
useful outline of the resources needed and what the programs usually entail, but it may
not be sufficiently practical, and may not highlight how implementation challenges can be
practically overcome. Second, although the protocol recognises the resource limitations
in developing countries, it does not differentiate between implementation in developing
vs. developed contexts. Third, the protocol is clinician-oriented; however, in various
developing countries, such as Saudi Arabia, it is hospital administrators, not clinicians,
who often make decisions about policy implementation [15]. This study aims to explore
how an antimicrobial stewardship programme was implemented in a Saudi hospital, the
challenges faced and how they were overcome, and the program outcomes. Findings
would improve the current knowledge of ASP implementation in developing countries,
and provide hospitals in the region with a practical guide to implement these programs.

2. Results

A number of areas emerged as key themes from the interviews: motives for ASP
adoption, development and implementation of ASP, implementation challenges, and
outcomes. Where useful, we included quotes from the participants to illustrate key points.

2.1. Motives for ASP Adoption in the Medical City

The decision to adopt and implement an antimicrobial stewardship programme was
initially made by the chief executive officer (CEO) of the medical city in 2015.

“Leadership support is the biggest thing we have here (at the hospital). It was all from
the leadership to begin with. After 2–3 weeks from my appointment, the CEO came to me
and said I want to start this (antimicrobial stewardship) programme, and it has to be up
and running . . . ”

Various factors (stated in no particular order of importance) seem to have influenced
this decision. First, the CEO’s surgical background heightened the need to improve infec-
tion prevention and control, and reduce the prevalence of multi-drug resistant strains in
the facility. The CEO’s training in an international hospital with a longstanding experience
of ASPs influenced their conviction of the benefits of ASPs in the organisation. Second,
the CEO perceived the medical city, one of the largest and most highly specialist tertiary
centres in the country, to be a pioneer, and an exemplary model for other hospitals in
the region to follow suite in relation to implementing ASPs. Third, the special context of
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the medical city, being a referral facility from other hospitals in the region, means that
they often admit patients with complex care needs, who would have spent months in
the referring hospitals. These patients tend to be colonized with multi–drug resistant
strains, which are then transferred to the medical city. Fourth, the medical city is home to
advanced neurosurgery and oncology centres, whose patients are immunocompromised
and vulnerable to severe outcomes of multi-drug resistant infections. This context necessi-
tated the adoption and implementation of interventions, such as ASPs, that can reduce the
prevalence of multi–drug resistance and optimise the use of antimicrobials.

From the infectious diseases’ consultant, clinical microbiologist, the lead antimicrobial
pharmacist and infection control consultant’s perspectives, the strongest motive to adopt
and implement ASPs was the high prevalence of multi-drug resistant (MDR) microor-
ganisms, particularly among Gram–negative bacteria. This was fueled by the high and
inappropriate use of antimicrobials. The high prevalence of MDR organisms may have
contributed to increased mortality rates, failure of surgical procedures, and may have
compromised the safety of immunocompromised patients receiving specialist oncology,
cardiac and neurosurgery services. The hospital was also planning to set up a transplant
centre and was desperate to reduce the rates of multi-drug resistance.

“They were prescribing very expensive and inappropriate antibiotics and antifungals
. . . ICU patients were mostly on 3, 4, or 5 antibiotics. It was not justifiable at all . . . We
needed to start a strong antimicrobial stewardship programme for the patient’s sake, and
also to educate prescribers”.

“We were having outbreaks of multi-drug resistant organisms and there was overuse
of antibiotics. We had a major issue with drug resistant Acinetobacter baumannii which
was sensitive to colistin, and then it became resistant to colistin. So, it became pan-drug
resistant Acinetobacter baumannii. The infection control experts (in the hospital) said that
this was because of the overuse of carbapenems in the ICU, and then the overuse of even
colistin in the ICU”.

“We have the oncology centre and we wanted to start the transplant centre, and of course
the immunocompromised patients needed to have much fewer resistant microorganisms”.

It is noteworthy that the MOH antimicrobial stewardship plan does not appear to be a
motive for ASP adoption and implementation despite the medical city being a “flagship”
MOH organisation.

2.2. Development and Implementation of the Antimicrobial Stewardship Programme
Phases of ASP Implementation

The ASP is part of the hospital’s patient safety portfolio (PSP) of 10 strategic patient
safety programs to address patient safety issues within the hospital and to improve the
quality and safety of care. These are shown in Figure 1.

There were two phases of ASP implementation in the medical city.
Phase 1
The ASP aims to improve antimicrobial prescribing practices, reduce the high preva-

lence of multi–drug resistance in the hospital and the high costs associated with antimicro-
bials’ prescribing.

Initially, the ASP programme was suggested to be part of the medication safety
program, but the CEO insisted that the ASP programme should be an independent, stand-
alone programme with its own key performance indicators.

“When we started discussing antimicrobial stewardship, the idea was that it should be
part of the medications (safety) programme, but I said no, it needs to be done independently,
it needs to stand out, to be very obvious and very evident”
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The hospital had no expert staff “in house” to set up and implement the ASP, so it
outsourced a locum infectious disease pharmacist, who trained in a hospital in the USA. The
locum ID pharmacist reviewed current practices and the potential implementation barriers,
and provided practical guidelines on how these could be overcome. The hospital then
appointed an antimicrobial lead pharmacist, who worked with the locum ID pharmacist,
and the ID consultant to draft the hospital ASP policy (based on the Infectious Diseases
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Society of America (IDSA) ASP guidelines) [1,18], the formulary restriction list (based on
local antibiogram and MDROs surveillance reports), and set up the ASP team.

“we started with first thing formulary restriction based on the MDR (multi-drug resis-
tance) pattern at the hospital. What are the medicines that we need to restrict firstWe started
with broad spectrum antibiotics . . . carbapenems, meropenem, imipenem, colistin . . . and
then with the antifungals voriconazole, posaconazole . . . then we included caspofungin,
micafungin and anidulafungin since they have a high cost . . . ”

The core members of the ASP team at the medical city were:

• The ID consultant as the director of the ASP program and their ID team;
• The antimicrobial lead pharmacist as the manager of the ASP program and the clinical

pharmacists’ team;
• Clinical pharmacists;
• Consultant clinical microbiologist and their team;
• The infection control consultant and their team.

The roles and responsibilities of each team member are presented in Figure 2. The
ASP team maintained direct (and frequent) communication with key stakeholders such as
the heads of ICU, hematology and oncology departments (where antimicrobials’ use and
resistance were high), and the head nurse (whose team is directly affected by the change in
how antimicrobials will be obtained and administered). Those key stakeholders were often
invited to take part in ASP team meetings, and become members of the bigger ASP team.
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communication with the ID Team , microbiology and the 

infection control consultant, and collect DOT data 

Clinical pharmacists 

Identify patients being prescribed restricted antimicrobials 

Ensure appropriate restriction forms are submitted and 

approved 

Review if the antimicrobial is still indicated and if the 

treatment duration is within the ID recommendation 

Discuss with ID team alternative antimicrobials and 

appropriateness of dosing, and treatment duration 

Optimise dosing of antimicrobials based on changes in 

kidney function and microbiology lab results 

Coordinate with clinical pharmacists  when patients are 

transferred to their wards 

Microbiology Team 

Report information on antimicrobial susceptibility  

Maintain constant communication (via a daily email) with ID team, 

clinical pharmacists is sent to  team, and infection control consultant 

regarding antimicrobial resistance rates and selective reporting of 

antibiotic susceptibility testing 

Prepare annual antibiogram 

Infection control Team 

Monitor the rate of healthcare acquired infection and 

incidence rates of multi-drug resistant infections 

Share and discuss infection rates data with ASP team 

members and key stakeholders on a monthly basis 

Match infection rates data with rates of antimicrobial 

consumption and discuss potential solutions with ASP team 

Figure 2. Roles and responsibilities of core members of the ASP team. ASP (antimicrobial stewardship programme); ID
(Infectious Diseases); DOT (Days of Therapy).
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The team developed an antimicrobial restriction form and discussed it with hospital
physicians, and clinical and hospital pharmacists. The form was introduced on a trial basis,
to get physicians used to filling in the form and discussing prescription decisions with the
ID consultant. It was then updated based on prescribers’ and pharmacists’ feedback, before
approval by the medical records committee. A copy of the antimicrobial restriction form
and the associated workflow is included in Supplementary File S1.

The remaining steps of the implementation plan were then agreed; these included:
Raising awareness of antimicrobial resistance and the outcomes of inappropriate

antimicrobials’ use through a hospital-wide health promotion event lasting for a week and
coinciding with the World Antimicrobial Awareness Week (18–24 November 2015).

“everyday was targeted to specific people or specific departments. We published a newslet-
ter about antimicrobial stewardship and we had small antimicrobial stewardship contests”.

Antimicrobials prescribing training sessions for physicians:
“We let people get used to filling the forms, and know which antibiotics are restricted.

Before there was resistance, and now everyone knew that it is just a matter of telling,
understanding, and providing feedback . . . it will be applied and implemented as re-
stricted antibiotics will not be approved unless it is necessary. If it (restricted antibiotic) is
prescribed, it will not be approved by the ID team (unless the form is filled in)”

Training members of the ID team and the clinical pharmacists on how to carry out the
daily ASP tasks once the programme goes live at beginning of January 2016.

Phase 2
The two core strategies (restriction and preauthorization, and prospective audit with

intervention and feedback) of ASPs were implemented. In January 2016, the plan was
to introduce the restriction form into hospital departments with the least prescriptions
of broad-spectrum antimicrobials (neuroscience and surgery) to identify potential imple-
mentation issues, and manage the workload of the small ID team at the time. However,
the hospital decided to roll out the form into all the remaining departments including
ICU, hematology and oncology because of the recruitment of more ID clinicians, which
expanded the capacity of the ID team to review and authorize physicians’ requests of
restricted antimicrobials. Furthermore, the ID team provided 24 h, 7 days a week “on call”
cover dedicated to reviewing and authorising (or not) restriction forms.

“Each unit is covered by ID (Infectious disease team) for these forms. They meet every
morning. They meet with the clinical pharmacist in that unit. They will also review all the
(restriction) forms, and if it is justified they will approve it. If they are not satisfied, they
look into the patient’s file, and then discuss with the prescribers. The discussion with the
prescriber is mainly because we want the education to play a role (in the programme)”.

In addition to antimicrobials’ restriction, the ASP team conducted regular auditing of
antimicrobials’ prescribing, communicated rates of antimicrobials’ prescribing to relevant
heads of departments, and provided feedback to prescribers. Prospective audit and feed-
back were also carried out by the pharmacy team to ensure adherence to antimicrobials’
guidelines and optimise antimicrobials’ dosing before input from the ID team; the infec-
tious disease physicians and the clinical pharmacists maintained regular contact with the
medical team regarding patients on antibiotics. The clinical pharmacists were responsible
for documenting the daily follow ups or recommendations on the patients’ files. They
would document their input under the title “ASP Pharmacy Assessment”.

The microbiology team started selective reporting of antibiotic susceptibility testing to
reduce physicians’ prescribing of restricted antimicrobials such as meropenem and imipenem:

“We follow cascade reporting . . . microbiology (started) to minimise the disclosure of
all susceptibility reporting”.

The ASP team continued to meet monthly to review rates of antimicrobial resistance,
DOT (days of therapy) data and the list of restricted antimicrobials. Feedback from physi-
cians and heads of department regarding antimicrobials’ prescribing needs was discussed
and addressed. Examples include drafting guidelines on the prescribing of oral fosfomycin
for UTIs, surgical prophylaxis, granulocytopenia and vancomycin dosing.
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“Most of our physicians do not use Fosfomycin because they do not believe that
oral medication can be used against multi-drug resistant organisms like ESPL (Extended-
Spectrum Beta-Lactamases) or CRB (Chlorine-Resistant Bacteria) . . . we have a lot of
patients now deescalating to fosfomycin”

Education efforts were ongoing throughout the second phase of implementation.
Prescribers’ education has been a fundamental component for ASP success at the medical
city. Figure 3 shows the timeline for implementing the ASP in the medical city.
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2.3. ASP Implementation Challenges

Various factors affected the implementation of ASP in the medical city.

2.3.1. Shortage of ASP Staff

During the initial phase, the availability of only one ID consultant, and no other
clinician with ID expertise forced the ASP team to optimise ID input, and resulted in an
initial “short” list of restricted antimicrobials requiring approval from the ID consultant.

“We started with one ID consultant, we did not have anyone else. That’s why we
needed as much concise shortlist as we can”.

During phase 2, the hospital recruited more ID clinicians, resulting in rolling out the
ASP across all hospital departments. The shortage of ID physicians has been attributed
to the lack of infectious diseases training programs for physicians in the Middle East and
most Asian countries.

Shortage of microbiology personnel and facilities at the medical city also challenged
the implementation of the programme. The medical city had only one consultant clinical
microbiologist, heading a team of microbiology technicians. Supply issues of laboratory
consumables and equipment, due to financial pressures, placed constraints on how quickly
susceptibility tests were reported:

“we do not have items coming regularly. Sometimes we even run out of gram stain
reagents and we need to borrow them from other hospitals . . . we would like to have some
key equipment like MALDI/TOF (matrix-assisted laser desorption ionization time-of-flight
mass spectrometry)... we all know there are financial constraints . . . so we have supply
issues, space issues and financial issues”.

2.3.2. Incompatible IT Systems

One of the biggest challenges to ASP implementation at the medical city, as reported
by the participants, was the incompatibility of the electronic medical system in the hospital
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with the requirements of the ASP, so several data had to be generated manually (antimi-
crobials’ costs data, DOT data and data for the hospital antibiogram). Furthermore, the
restriction forms could not be submitted electronically, they had to be filled in manually,
and hard copies had to be collected by pharmacists, and reviewed and authorised by
ID physicians:

“we have some constraints in our hospital information system . . . we are trying to
work around that”;

“The health information system at the hospital is not supportive enough, to get
accurate data, as we collect data manually (in all departments), which consumes time
and manpower”.

Physicians’ resistance to ASP formulary restrictions and policies
The physicians were initially resistant to formulary restrictions and the need to obtain

ID approval for the prescription of restricted antimicrobials for numerous reasons:
1. Physicians’ worry about complications given that their patients tend to be complex,

immunocomprosied and systemically unwell.
“At the beginning we faced resistance, especially in the critical areas in haematology

and oncology because they (physicians) say our patients are sick”.
2. During phase 1, the resistance appears to be mainly towards ID clinicians’ involve-

ment. The physicians at the hospital were routinely making antimicrobial prescription
decisions without seeking input from the only ID consultant; who would not have been
able to provide input to all departments. During phase 2, after the ID consultant, and later
the ID team, became more involved in decisions about antimicrobial prescriptions, the
physicians started to seek more consultations and input from the ID team:

“Now the doctors trust more the ID (infectious diseases) team with their consultations.
I think also since the ID team started to be more involved with the restriction and talking
to convince the doctors that this needs de-escalation . . . ”.

3. Resistance to change: Before the implementation of the ASP, the physicians rou-
tinely prescribed antimicrobials empirically and prescribed more than one broad-spectrum
antimicrobial, without much reliance on susceptibility reporting. The restriction of pre-
scribing options, and the need to rely on susceptibility reporting and ID approval, was a
significant change to their routine practice.

“People tend to treat empirically instead of trying to diagnose”.

2.4. Critical Factors for the Sucessful Implementaion of ASP in the Medical City

A number of factors have been identified as key to the implementation of the ASP in
the hospital.

2.4.1. Top Management Support

The decision to adopt and implement ASP in the medical city was made by the CEO.
Top management support ensured dedicated financial resources for ID clinicians’ and
locum ASP pharmacist recruitment. Furthermore, senior managers instructed the hospital
departments to engage with the ASP team’s educational events and process changes. This
support was provided throughout the implementation phases, and was perceived by the
participants to be a key determinant of the successful implementation of the ASP:

“There is a lot of commitment from the administration and the leadership”;
“Leadership support is the biggest thing we have here”.

2.4.2. Project Management Training

When the PSP programmes and projects were outlined, the hospital administration
provided project management training (outsourced) to clinicians involved in these projects
including the ASP project. This entailed training on how to write policies and project
proposals, identify project outcomes, carrying out relevant data analysis, and strategies to
influence behavior change.
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2.4.3. A Dedicated ASP Team

A key facilitator to ASP implementation was setting up a dedicated ASP team. This
meant that there was a specific person (or group) that maintained open, constant communi-
cation with the hospital staff regarding ASP, and was always available for assistance with
the implementation of the program. The group members had clear roles and responsibili-
ties and communicated frequently to track the progress of the implementation plan and
evaluate its outcomes.

2.4.4. Increased ID Clinicians’ Involvement in the Prescribing and Monitoring of Antimicrobials

The implementation of ASP in the hospital aimed to change physicians’ antimicrobial
prescription behaviors, through the restriction of certain antimicrobials, the prescribing of
which would require the input of an ID clinician. The ID team ensured that an ID clinician
was available over 24 h, 7 days a week to review restriction forms, authorise requests if
appropriate and suggest alternative antimicrobials if needed. This increased provision
facilitated physicians’ cooperation and reduced their resistance to the process changes:

”even weekends they (ID team) come to just sign and review the forms, and there is
always an ID on call for antimicrobial stewardship beside the ID on call”.

The ID team also delegated antimicrobials’ dose optimisation to the pharmacy team
in recognition of clinical pharmacists’ skills and expertise, and to manage the workload
associated with the increased cover:

“The ID consultant sent a memo to the whole hospital that the ID consultant, ID
doctors and hospital physicians will recommend the regimen, and the dosing will be the
responsibility of the pharmacist. That was a huge thing, and everyone was following
this recommendation”.

Figure 4 summarizes the nine essential steps for ASP implementation in hospital,
fostered by strong senior management support and governed by key implementation
strategies. Hospitals in the region should first start by setting up the ASP program as a
stand-alone program with defined aims and outcome measures. Then, an ASP team needs
to be set up with clear roles and responsibilities, especially in relation to the day-to-day
management of the implementation and oversight of the program. The ASP team would
need to be trained on how to manage the project, carry out the implementation steps,
evaluate interventions and modify the implementation plans based on feedback from
users. Relevant ASP interventions would then have to be designed and refined based on
clinicians and administrators’ feedback, followed by education campaigns and training
sessions with the clinicians to improve their engagement and reduce their resistance.
Throughout the constant engagement with clinicians and hospital administrators, barriers
to implementation need to be identified and addressed prior to implementation. The
ASP program can be piloted in departments with the least antimicrobial prescribing and
resistance issues, before launching it throughout the remaining departments. This is a
cyclical process, and sustaining successful outcomes and good practice may require refining
the ASP aims and outcomes, adding more members to the ASP team, further education and
training and ongoing exploration and identification of barriers to adherence to ASP policies
and procedures. Senior management support is paramount throughout the implementation
process. The ASP team should have autonomy in managing and refining the ASP, should
focus on achieving the defined ASP outcomes, and employ an education approach to help
clinicians adhere to the restrictive requirements of the program.
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2.5. Outcomes of ASP implementation

The ASP implementation outcomes set out by the ASP team were: reduction of
antimicrobial resistance rates, rates of multi-drug resistant microorganisms, antimicrobials’
usage (DOTs) and costs (we were not able to obtain data for all the outcomess). These
were used as key performance indicators (KPIs) and were regularly monitored by the
ASP committee.

Following the implementation of the ASP in 2016, the hospital achieved a reduction
in resistance rates (Table 1) and antimicrobials’ usage (Table 2). The hospital either sus-
tained or slightly increased levels of the susceptibility of microorganisms to antimicrobials
throughout 2017–2019. However, antimicrobial usage seems to have increased over the
years. DOT data of 2019 shows a particularly marked increase compared to data from
2018 (data shown in Tables S1 and S2 of Supplementary File S2) This increase has been
attributed to a number of reasons (suggested through personal communication) including:
setting up a solid organ transplant center in 2018 and the associated increase in patient
numbers and prescribing antimicrobials, an incremental 20% increase in patients’ numbers
annually and increased numbers of extended-spectrum β-lactamase (ESBL) isolates due to
the restriction of prescribing board spectrum antimicrobials, which led to increased use
of piperacillin/tazobactam, cefepime and quinolones. Furthermore, Meropenem’s use
doubled, and micafungin’s use tripled from 2018 to 2019. In 2019, the hospital decided to
reduce the use of imipenem and limit its use to resistant Enterococcus facium, due to cost.
The alternative, Meropenen, was more cost-effective, and was being prescribed instead.
Similarly, Micafungin was being prescribed as an alternative to the more expensive an-
tifungals caspofungin and anidulafungin in late 2018. Later in 2019, anidulafungin was
re-added to the formulary for limited patients with liver impairment.
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Table 1. Hospital antibiogram data (2015–2016) showing the percentage of sensitive susceptibilities between specific
microorganisms (columns) and antibiotics (rows).

Microorganisms

Antibiotics Year E. coli A. baumannii Enterobacter spp. S. epidermidis S. aureus MRSA

Amoxicillin/Clavulanic
acid

2015 37 - - - 28 -
2016 49 - - - - -

Cefepime 2015 45 28 39 - - -
2016 48 22 66 - - -

Ciprofloxacin 2015 33 20 60 20 62 47
2016 36 22 75 20 75 69

Clindamycin 2015 - - - 45 -
2016 - - - 28 76 71

Colistin
2015 - 69 - - - -
2016 - 97 - - - -

Gentamicin
2015 71 24 56 46 75 55
2016 65 34 79 53 86 71

Piperacillin/Tazobactam 2015 47 - 48 - - -
2016 77 - 64 - - -

Table 2. Hospital DOT data for July–Dec 2015 (before ASP implementation) and January–June
2016 (after).

Antibiotics Total DOT (07–12/2015) Total DOT (01–06/2016)

Tigecycline 1039.8 624.5
Colistin 2080.9 1417.2

Meropenem 2287.2 2597.3
Imipenem 2365.6 1666.1

TOTAL 7773.5 6305.1 (−18.9%)

In late 2020, we sought updates on the status and outcomes of the ASP in the hospital.
Supplementary File S3 includes a summary of personal communications with the hospital’
s ASP team.

3. Discussion

Top management initiation and support of ASP implementation in the hospital, com-
bined with a team approach to planning, implementing and monitoring of the ASP has
led to the successful implementation of the program in the hospital. The implementation
challenges reported in this study have been reported nationally in Saudi Arabia [13], but
this hospital demonstrates that implementation remains possible if key players (top man-
agement and ASP team members) work together, effectively, to address those challenges.

In this case study, we demonstrate how managerial and clinical interests can be aligned
to reduce antimicrobial resistance rates, and pioneer the implementation of ASPs to en-
hance the hospital’s reputation. Alignment of managerial and clinical interests has been
shown to be a key determinant of the success of quality improvement interventions [19].
Furthermore, in contrast to a typical top-down order delegation approach, the CEO empow-
ered the members of the ASP team to take over the responsibility of ASP, monitor its key
performance indicators, and make autonomous decisions. This empowering leadership
strategy was key to the successful implementation of ASP in our study, and was also
reported in Steinmann et al. study [20].

The initial lack of “know how” to implement ASPs and the national shortage of ASP
team members have widely been reported to hinder ASP implementation [15,21]. However,
top management support ensured the allocation of the necessary funds and resources,
and outsourcing expert staff to help hospital staff implement ASPs. Other reported ex-
amples also include outsourcing laboratory services [22] or pharmacy services [23]. ASP
implementation in the hospital could only occur once more ID clinicians were recruited.
Other hospitals may not be able follow example given the national shortage of these spe-
cialists. To overcome the shortage of ID clinicians, hospitals in South Africa implemented
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an alternative pharmacist-led ASP [24], highlighting the need to adapt ASP programs
and interventions to maximise the use of scarce resources. We also suggested in [13] that
regional/local ASP hubs can be set up so that ID and clinical pharmacists’ resources are
shared to improve ASP implementation in hospitals.

The lack of and/or incompatibility of information technology (IT) systems with an-
timicrobial stewardship interventions hinders ASP implementation [15,25]. Innovation
and integration of compatible IT systems improves the processes and outcomes of ASPs
in hospitals [26]. Moreover, physicians’ resistance to ASP restrictions on prescribing an-
timicrobials also affects ASP implementation. In their study, Perozziello et al. [27] suggests
that ASP education interventions, instead of restrictive ones, can improve physicians’
engagement with ASP implementation. In our study, education, early engagement with
physicians, and trialing interventions prior to full implementation increased physicians’
engagement despite the initial resistance. This was also shown by Alawi et al. 2016 [28].

ASP implementation in the hospital reduced antimicrobial consumption and rates
of some resistant strains, which further strengthens the evidence base for their effective-
ness [28–30]. However, restricting antimicrobials may reduce resistance of some strains but
increase the resistance of other strains, also known as the “‘squeeze the balloon effect” [31].
Resistance rates are also affected by the duration of antimicrobial treatment [32]. These
should be considered when evaluating ASP outcomes. It is also important that hospitals
monitor resistant rates, especially those of MDR, to target efforts to curb it [33]. Interesting
perspectives are emerging, calling for a radical rethinking of what antimicrobial stew-
ardship programs should entail, such as Vickers et al. calling for innovative commercial
models to stimulate novel antimicrobial development, and integrating rapid diagnostics
and infection control practices within the program [34]. Furthermore, given the enormity
of the antimicrobial resistance threat, all possible strategies to identify novel or repurpose
old agents to confer antimicrobial properties should be considered, including exploring the
antimicrobial properties of essential oils [35].

The findings of our study can help Saudi hospitals develop and implement ASPs. We
identified a number of challenges and the strategies to overcome them. Our findings, how-
ever, need to be interpreted with caution. First, our case study involves a single hospital.
Although there are various lessons to be learnt on ASP implementation, there is no “one
size fits all” approach, and other hospitals need to adapt the recommendations of our study
before adopting this implementation model. Future research could use a comparative case
study approach to analyze the similarities, differences and patterns across different hospi-
tals. Second, we have not explored the effectiveness of ASP post implementation. Although
we demonstrate that the ASP led to reduced antimicrobial consumption and a reduction in
rates of resistance, an analysis of long-term effects is needed, through a longitudinal study,
to understand if ASP processes and outcomes can be sustained. Third, our key informants
included ASP team members and the hospital’s CEO. Exploring input from other ASP key
players, such as hospital information technologists and middle managers could provide
further insights on how interventions can be successfully implemented.

4. Methods

This study used a key stakeholder case study design [36], focusing on a tertiary care
center (medical city) that implemented an antimicrobial stewardship program in 2016. The
hospital has a 1500 bed capacity, consists of a coronary care unit (CCU), cardiac surgery
intensive care unit (CSICU) and provides cardiac, hematology, oncology, neuroscience,
medical and specialized surgery services. Qualitative methods were used, focusing on in-
depth semi-structured interviews and analysis of relevant documents. The core members
of the ASP team, including an ID consultant (Director of the ASP), a clinical pharmacist
(Manager of the ASP), a consultant clinical microbiologist, an infection control consultant,
and the CEO of the medical city were interviewed in July 2017, for 29–45 min. The
interviews were conducted face-to-face in the participants’ main language (Arabic or
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English), audio recorded and transcribed verbatim. Additional data were collected through
content analysis of 35 ASP hospital documents.

The interview schedule was developed following a review of the literature and dis-
cussions with three ASP pharmacists (two from Saudi Arabia and one from the UK) and
two ID consultants (from Saudi Arabia). Questions in the schedule were all open-ended to
obtain in-depth views and perspectives of the study participants. The interview schedule
has two main sections. The first is a section on background information (three questions),
such as the position of healthcare professionals, gender and years of experience. In the
second section, 12 open-ended questions were used to explore the components of the
ASP in the medical city, members of the ASP team and their responsibilities, the adoption
and implementation process of the ASP, and the factors influencing the adoption and
implementation process of the ASP in the medical city. Probing questions were also asked
based on the responses of the participants to obtain further details.

5. Conclusions

Successful ASP implementation in Saudi hospitals is administrator-driven and re-
quires a hospital leadership that empowers clinicians to take responsibility for implement-
ing the program. Outsourcing expertise and resources could help hospitals address some
of the implementation challenges. However, a compatible IT infrastructure that integrates
ASP interventions is key to improving implementation and monitoring outcomes.

Supplementary Materials: The following are available online at https://www.mdpi.com/2079-638
2/10/3/280/s1, Supplementary File S1: A copy of the hospital’s antimicrobial restriction form and
the associated workflow is included; Supplementary File S2: Hospital antibiogram data (2015–2019)
and DOT data (2018–2019) are included under Tables S1 and S2, respectively. Supplementary File S3:
Hospital ASP updates.
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Abstract: Antimicrobial resistance (AMR), particularly antibiotic resistance, is one of the most
challenging global health threats of our time. Tackling AMR requires a multidisciplinary approach.
Whether a clinical team member is a cleaner, nurse, doctor, pharmacist, or other type of health worker,
their contribution towards keeping patients safe from infection is crucial to saving lives. Existing
literature portrays that games can be a good way to engage communities in joint learning. This
manuscript describes an educational antimicrobial stewardship (AMS) game that was co-created
by a multidisciplinary team of health professionals spanning across high- and low- to middle-
income countries. The online AMS game was promoted and over 100 players across 23 countries
registered to participate on 2 occasions. The players were asked to share feedback on the game
through a short online form. Their experiences revealed that the game is relevant for creation of
awareness and understanding on antimicrobial stewardship in both high- and low-to-middle income
settings worldwide.

Keywords: antimicrobial resistance (AMR); antimicrobial stewardship (AMS); AMS Game; board
game; online game; Commonwealth Partnerships for Antimicrobial Stewardship; CwPAMS; gaming;
game-based learning; gamification

1. Introduction

Antimicrobial resistance (AMR), particularly antibiotic resistance, is one of the most
challenging global health threats of our time [1]. Even under the shadow of COVID-19,
AMR posed a substantial threat to patients who developed secondary bacterial infections [2].
AMR causes challenges to the treatment of infections and infectious diseases, including
HIV/AIDS, typhoid, cholera, tuberculosis, gonorrhoea, hospital-associated infections, and
malaria, which disproportionately affect low- and middle-income countries (LMICs) [1].
AMR is also particularly prevalent and problematic in LMICs where health systems and
medical resources, including access to water, sanitation, and hygiene (WASH), are limited,
as well as where socioeconomic drivers, such as extreme poverty, increase the risk of
communicable diseases exponentially [3]. The Fleming Fund was created in response to
this need, and has funded many programmes of work, including the Commonwealth
Partnerships for Antimicrobial Stewardship Programme (CwPAMS). CwPAMS addresses
AMR through antimicrobial stewardship interventions in eight African Fleming Fund
priority countries, using a health partnership approach.
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Tackling AMR requires a multidisciplinary approach. Whether a clinical or healthcare
team member is a nurse, doctor, pharmacist, cleaner, or other type of health worker, their
contribution towards keeping patients safe from infection and the spread of resistant
organisms is crucial to saving lives.

Existing literature portrays that games can be a good way to engage communities
in joint learning [4,5]. Evidence shows that games have been used to promote health
and wellbeing in regard to both infectious and non-infectious diseases [6]. As a health
education tool, games have proven to be an enjoyable method that enhances learning
through stimulating players’ interests and motivation [6,7]. While existing studies largely
point to games as an impactful educational tool for children and students, some studies
have demonstrated that games can be used as a capacity-building intervention for health
professionals [8]. Games can be used for improving health professionals’ knowledge and
skills, changing their attitudes and performance, and improving how they care for their
patients [8]. Despite the strong indication that games can improve knowledge, several
studies including those conducted among health professionals do not show sufficient
evidence that games can improve performance or change behaviour [7,9–11]. To this end,
there is a need for more research with a focus on outcomes that go beyond knowledge
assessment, to include outcomes such as skills, behaviour, and patient outcomes [10].

Few existing studies highlight that AMS games can be an innovative way of spreading
awareness on AMR. A study conducted in Saudi Arabia among students concluded that
gamification using an AMS board game can significantly improve AMR knowledge, with
better retention than a conventional lecture [12]. In another study conducted in the UK
among children aged 7–15 years, it was reported that antibiotic games improved knowledge
on the use of antibiotics for bacterial versus viral infections and ensured that the course of
antibiotics was completed [13]. The antimicrobial stewardship (AMS) game described in
this manuscript was developed to encourage players (healthcare teams including students,
doctors, laboratory staff, pharmacists, and nurses) to discuss AMS and learn what they
can do personally, and collectively, to improve stewardship in their organisation and their
community. The intention was to create a game for groups to play, and in order to make the
game more widely accessible, a physical printed tabletop board game was developed with
an online version for groups working remotely. Further, it is intended that the game would
encourage the player to understand the scale of the AMR problem and that everyone who
uses, dispenses or prescribes antimicrobials is part of the solution to reduce the impact
of AMR. Effective training and capacity building are vital to the success of stewardship
programmes, particularly when staff are new to the concept. The AMS game is intended to
make stewardship training engaging and inclusive, generating fun and enthusiasm with a
serious purpose and clear outcomes.

Focus Games Ltd. was the game development partner for this project. Focus Games
Ltd. has been a leading developer of ‘serious’ educational games/game-based learning and
simulations since 2004. They have developed over 100 different games for staff, patients,
and the public that address a wide range of clinical, health, and wellbeing issues.

Independent evaluations of these games demonstrate that they can improve knowl-
edge and encourage beneficial changes in thinking and behaviour [14].

Subject matter expertise, technical competency, and decision-making are diluted
when individuals cannot communicate effectively with the people around them. These
interpersonal skills can be learned and developed in the same way that subject matter
expertise is developed. However, because these interpersonal ‘soft’ skills are largely
intangible, we need to find appropriate ways of teaching.

Although there is not a definitive theoretical framework for the development of
serious games, key elements of good practice have previously been summarised [15]. In
development of the AMS game several elements of published good practice [15], were
considered for incorporation:

• Competition and goals, with players competing against other players both for the
physical and online games.
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• Clear rules that define how the game is played.
• Choice through the use of multiple-choice questions.
• Challenges—players are provided with problems to solve in this game. We use the

case studies as a way to provide additional challenges.
• Coaching, debriefing, and feedback: to reinforce learning.
• Performance assessment, so players know how they did.
• Mechanics: the elements of the game that control gameplay.

The development of the AMS game involved a wide range of stakeholders from across
the globe, who represented the target audience for which the game was being developed. To
test the usability of the developed AMS game, we used online platforms to invite interested
individuals including healthcare teams to play the AMS game and asked them to share
their experiences through an online feedback survey form.

2. Materials and Methods

The game was developed by the Commonwealth Partnerships for Antimicrobial
Stewardship Programme (CwPAMS), led by the Commonwealth Pharmacists Association
(CPA) and Tropical Health and Education Trust (THET) in partnership with Focus Games
Ltd. The CPA was the overall technical lead for developing the antimicrobial stewardship
concepts (questions and answers) used in the game. Focus Games Ltd. was responsible for
programming the AMS concepts into a playable game. THET’s coordination expertise was
leveraged in bringing together relevant partners to support the development of the game.

2.1. AMS Game Development

The AMS game used the Focus Games Ltd. development process/pathway (Figure 1).
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In order to optimise relationships and collaboration between stakeholders and pro-
gramme team, Focus Games Ltd. used a range of project management tools to ensure
that resources and priorities were managed efficiently and that they were overseen by a
programme manager.

272



Antibiotics 2022, 11, 611

At the beginning of the project, a project plan and milestones were agreed upon as
well as a specification document which included deliverables pertinent to the project. These
deliverables formed the sign-off and approval for the completion of the project.

Focus Games used agile project management processes and tools (Jira). All code
development was managed in Bitbucket (GIT repository), ensuring a strong development,
test, and live approach. All staff are suitably qualified in their respective disciplines.

The development process for the AMS game included four key phases previously
developed by Focus Games Ltd. (Figure 1).

Phase 1—Define Objectives: Requirements for the game outcomes were derived
from interviews with and feedback from individual stakeholders, ranging from national to
frontline health professionals including pharmacists, doctors, and nurses from eight African
countries and the UK. They acted as subject matter experts as well as representatives for
the target audience of the game through the development and user testing phases, which
included syntax and grammar that was considered acceptable across multiple countries.
This identified the learning objectives for the narrative structure of the factual content and
how the game design and mechanism will facilitate engagement and learning.

Phase 2—Develop Storyboards: Specific learning objectives and game dynamics were
identified based on best practice derived from experience of previous games developed
by Focus Games Ltd. This involved the creation of graphic design mock-ups of the game
and a written storyboard outline of the factual content. These were discussed and agreed
upon by the project team, which included subject matter experts as well as stakeholders
across nine countries (Ghana, Kenya, Malawi, Nigeria, Sierra Leone, Tanzania, Uganda,
United Kingdom, and Zambia) that were all part of the countries of focus for the CwPAMS
programme.

Phase 3—Prototype and Testing: A rapid prototyping approach was used, incorporat-
ing data from the pilot scenario and interviews with subject matter experts (SMEs). The
game mechanism and design were finalised. The written content was drafted and loaded
into the game mechanism. The game was subsequently tested in workshops with SMEs
whose feedback informed design iterations.

Phase 4—Refine, Rework, and Launch: production of the final design and implemen-
tation of the distribution and commercialisation strategy.

The model and process used are based on practical experience of developing 100
educational games that are being actively used by healthcare professionals around the
world. Focus Games have previously evaluated third-party frameworks and models and
have found many of them impractical for the purpose of developing game-based learning
for the healthcare setting.

2.2. Target Audience for the AMS Game

The AMS game is intended to support education on antimicrobial stewardship among
current and future healthcare team members, including doctors, nurses, pharmacy teams,
laboratory staff, and students.

2.3. Stakeholder Engagement

The game was co-created between partners in the UK and eight African countries that
were part of the CwPAMS programme to ensure that the game is relevant, effective, and
was designed to be used in either a high-income or low- to middle-income setting. The
four broad areas addressed in the game are introduction to antimicrobial resistance and
stewardship, appropriate use of antimicrobial agents, infection prevention and control, and
stewardship and surveillance.

Partners and their network of health professionals were asked to share insights on the
game. Twenty-seven stakeholders ranging from national to frontline health professionals,
including pharmacists, doctors, and nurses across nine countries (Ghana, Kenya, Malawi,
Nigeria, Sierra Leone, Tanzania, Uganda, United Kingdom, and Zambia), were consulted
on the type of the game—snakes and ladders, the question cards for the AMS game, and
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case studies to include in the AMS game. Stakeholders were asked to share broad comments
about content and accuracy of the answers to the questions in the game within their context
and also asked to suggest any additional questions. To guide the feedback process, a
structured feedback form (available as Supplementary File S1) was developed in Microsoft
Word and shared with the stakeholders via email. The feedback form covered the following
sections: demographics of the respondent (name, title, country, profession, job title, and
email address), relevancy of the questions to the country, responsiveness of the questions
to the key aspects of AMS, and also provided space for them to suggest other potential
topics for inclusion in the game.

Demonstration of the board and online games (Figure 2) are available via https://
commonwealthpharmacy.org/press-release-launch-of-the-antimicrobial-stewardship-ams-
game/ accessed on 27 April 2022.
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A guide was developed for the facilitators to provide direction on how to host the
game (available in Supplementary File S2). Sample questions and answers are available
in Supplementary File S3. A prize was planned for the participants of the game. The
participants who completed the evaluation form of the game were entered into a draw to
win access to the online AMS game for a period of one year

2.4. Recruitment of Participants and Playing the Game

The AMS game was first launched and played in August 2021, and then played
again during the World Antimicrobial Awareness Week in November 2021 as part of a
global tournament (Supplementary File S4). On both occasions, the game was promoted
globally through online channels including email, websites, and social media to encourage
people across the globe to register as players or facilitators. The facilitators had a technical
background in antimicrobial resistance and stewardship and the project team provided a
short briefing session on how to steer the session between the playing teams.

The game was hosted on Zoom, where participants received a Zoom link upon regis-
tration and used it to join the game session. Players were allocated to different breakout
rooms with facilitators. In each breakout room, players were divided into two teams. Teams
took turns to answer and discuss a series of questions and case studies about AMR and
AMS that were being shown after the facilitators rolled the dice. The game lasted for 45 min.
The facilitators were responsible for organizing players into teams, and moderating the
game by displaying questions, encouraging players to discuss the questions and agree on
the response, and displaying the correct answer after the players’ responses. The facilitator
guide is available as Supplementary File S2.
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2.5. Feedback from Players of the Game

We collected feedback from individuals who played the AMS game on 24 November
2021. The feedback was collected using an online questionnaire with quantitative and
open/free response text-based options hosted on Survey Monkey. This was a short ques-
tionnaire with 13 questions that: collected the players’ demographic information, examined
their experience in antimicrobial stewardship, assessed their knowledge gain and confi-
dence in antimicrobial stewardship after playing the game, and assessed their perceptions
on the game in terms of enjoyment and whether they would share lessons from the game
and also recommend it to others.

2.6. Data Management

Data were collected anonymously, although survey respondents could voluntarily
provide their name and email address should they wish to be contacted afterwards, e.g.,
for information about game prize winners and future relevant AMR events. All data were
anonymised prior to data analysis. The data were held securely by the project team and in
line with the General Data Protection Regulation 2016/679 [18].

2.7. Data Analysis

Descriptive statistics on the frequency distributions and percentages were used to
analyse the responses. Data were analysed using Stata 14.

3. Results
3.1. Developing the Game: Feedback on Relevance
3.1.1. Demographics of Respondents

Twenty-six stakeholders ranging from national to frontline health professionals, in-
cluding pharmacists [18], doctors [4], nurses [3], and an epidemiologist [1], across nine
countries (Kenya 3, Malawi 3, Nigeria 3, Sierra Leone 3, Tanzania 2, United Kingdom 4,
Uganda 3, and Zambia 6), provided responses on the relevance of the game (Table 1).

Table 1. Respondents’ feedback on relevance of questions.

Number of Respondents Percentage (%)

Questions broadly relevant to
your country n = 25

Yes 25 100

No 0 0

Some questions not at all relevant or
inaccurate for your country n = 25

Yes 10 40

No 15 60

Questions and case studies address key
aspects of AMS n = 24

Yes 24 100

No 0 0

3.1.2. Feedback on Relevance of Questions of the Game

When asked whether the questions were broadly relevant to their countries, all 25 re-
spondents who answered this question said “yes”. However, 40% of the 25 respondents
mentioned that some questions were not at all relevant or were inaccurate to their countries
(Table 1). To this end, respondents shared some of the following suggestions, including
questions that could be added to the game:
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“What is antibiotic resistance? The response needs to be modified to include inappropriate
antibiotic use as a driver of antibiotic resistance not optimal use of the same. The response
should also include that antibiotics are not effective against parasites.”

“Perhaps consider adding some more questions on the role of IPC and the MTC in AMS.”

“I would suggest to add the following topics on hospital-associated infections. Diagnostics
on how to identify the presence of a microbe in a patient specimen.”

On the other hand, the questions and case studies were found to address the key
aspects of AMS, as indicated by all 24 respondents that answered the question.

3.2. Players’ Feedback on the AMS Game
3.2.1. Demographics of Respondents

In total, 328 individuals from 23 countries registered to join the online game sessions
at the launch of the game in August 2021, and during World Antimicrobial Awareness
Week in November 2021. More than 120 attended the two live sessions and 74 participants
responded to the AMS game evaluation form. The respondents represented 13 countries
across 4 regions: Africa [7], Europe [2], South-East Asia [2], and the Western Pacific re-
gion [1] (Table 2). More than half (62.2%) of the respondents were pharmacists. The majority
of respondents had experience in AMS, with 20.3% recorded as AMS specialists. However,
10.8% of the respondents were new to AMS.

Table 2. Demographics of respondents (players’ feedback).

Country Number of Respondents (n = 74) Percentage (%)

European Region 39 52.8

United Kingdom 38 51.4

Hungary 1 1.4

South-East Asia Region 2 2.7

India 1 1.4

Sri Lanka 1 1.4

African region 32 43.2

Uganda 15 20.3

Kenya 7 9.5

Ghana 2 2.7

Nigeria 3 4.1

Sierra Leone 3 4.1

Eswatini 1 1.4

Malawi 1 1.4

Western Pacific Region 1 1.4

Fiji 1 1.4

Number of respondents (n = 74) Percentage (%)

Role/Profession

Pharmacist 46 62.2

Student 7 9.5

Doctor 6 8.1

Other (Academic, Environmental
Health) 5 6.8

Support staff 4 5.4

Other clinical staff 3 4.05

Laboratory staff 2 2.7

Nurse 1 1.4
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Table 2. Cont.

Country Number of Respondents (n = 74) Percentage (%)

Level of Experience in AMS

Some knowledge of AMS 30 40.5

Experienced in AMS 21 28.4

Specialist in AMS 15 20.3

New to AMS 8 10.8

3.2.2. Player Enjoyment of the AMS Game

When asked whether they enjoyed playing the AMS game, almost all (91.9%) of the
respondents agreed that they enjoyed it (Table 3). The reasons for enjoyment were mainly
attributed to: the simplicity of the design of the game, making it easy to play, and the game
was viewed as a novel, unique, interactive, and fun approach for empowering participants
to tackle AMR. Comments included:

“The game was highly entertaining and enriching. You get to learn more of the AMS or
rather, fine-tune your knowledge via the game. Will really love to partake again. Kindly
keep me posted. Thanks.”

“The game was very interesting, straight forward and all-round included the One Health
aspect which I am really interested in that I think is the way to go if mitigation of
antimicrobial resistance is to be achieved.”

“The game is a good way of bringing the awareness to health workers. It should be rolled
out across and include students in medicine, nursing, pharmacy, and laboratory.”

“What I loved most was that the answers provided by the game were simple, under-
standable and straightforward to the point and also there was more valuable information
attached to the answer thus giving more understanding and meaning.”

Table 3. Enjoyment playing the AMS game.

Enjoyed Playing the AMS Game Number of Respondents (n = 74) Percentage (%)

Strongly disagree 2 2.7

Disagree 0 0

Neither disagree nor agree 4 5.4

Agree 26 35.1

Strongly agree 42 56.8

On the other hand, time was a common reason stated as a limitation to enjoyment
of the game. The reason for this was attributed towards the short time allocated for the
demonstration and not the game itself, whereby players would usually enjoy the game
at their own pace. In this perspective, respondents felt that if given more time, the game
would be a valuable tool for learning.

“The demonstration was a bit rushed so difficult to get a real feel for the game. I can see it
could be a useful tool to facilitate discussion around AMS with more junior/inexperienced
staff. The game needs to be seen in this light because I feel if the focus becomes on playing
the game, answering questions as quickly as possible, etc., then it’s true value will be
lost.”

“A good fun, learned few things for a very short time.”

“Cross talking among participants making it difficult to respond . . . time constraints . . .
facilitators should not talk much.”
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3.2.3. Knowledge Gain after Playing the Game

The majority (75.7%) of respondents agreed that they got to know more about AMS
after playing the game (Table 4). In this regard, respondents from the African Region
agreed more than respondents from the European Region by a difference of 12.1% (Table 5).
Qualitatively, respondents mentioned to mainly have gained knowledge on the relevance
of One Health in AMS and others perceived the game as an opportunity to refresh the
principles and strengthen their knowledge on AMS.

Table 4. Knowledge and confidence gain after playing the game.

Number of Respondents Percentage (%)

Know more about AMS after playing the game n = 74

Strongly disagree 6 8.1

Disagree 3 4.1

Neither disagree nor agree 9 12.2

Agree 35 47.3

Strongly agree 21 28.4

More confident about AMS n = 73

Strongly disagree 4 5.5

Disagree 3 4.1

Neither disagree nor agree 8 11

Agree 41 56.2

Strongly agree 17 23.3

Table 5. Knowledge gain according to geographic region.

Knowledge Gain Region
African Europe South-East Asia Western Pacific

Strongly disagree 3 (9.3%) 3 (7.7%) 0 (0%) 0 (0%)
Disagree 1 (3.1%) 2 (5.1%) 0 (0%) 0 (0%)
Neither disagree nor
agree 2 (6.3%) 7 (17.9%) 0 (0%) 0 (0%)

Agree 14 (43.8%) 19 (48.7%) 1 (50%) 1 (100%)
Strongly agree 12 (37.5%) 8 (20.5%) 1 (50%) 0 (0%)
Total 32 (100%) 39 (100%) 2 (100%) 1 (100%)

“I understood that not only human health must be emphasised so as to end antimicrobial
resistance but also animal and environmental health. Interacting with more informed
players was more informing.”

“The game was a quick mind check for the principles on AMR.”

Further, when asked to highlight the most important things they learned from the
game, respondents commonly stated aspects related to improved understanding of One
Health and handwashing as key aspects in AMS. Additionally, respondents acknowledged
the gain of understanding of key AMS terminologies, such as “biosecurity” and “watchful
waiting”. Overall, there were expressions of increase in knowledge on the causes and
preventive measures of AMR. It was also realised that there is a need to create more
awareness on AMR and AMS and it was commonly stated that games can be a fun and
interactive approach for empowering health professionals and other team members to
improve AMS.
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“Actually, it’s funny to say but today I learnt that there is a difference between antibiotics
and antimicrobials. At first, I thought there was no difference. And I have also learnt
about antimicrobial and antibiotic resistance.”

“I learned that simple practices such as handwashing play a big role in fighting AMR.”

“Learning is fun when made simple in such innovative ways. I also think it can stick to
the brain and allows easy replication in actual practice settings.”

Relatedly, more than three quarters (79.5%) of respondents expressed having more
confidence about AMS after playing the game. Respondents associated gaining confidence
with acquiring knowledge from the game, thus making them better positioned to create
awareness on AMS, as explained by the participants’ comments below:

“I can now educate my colleagues, the nation and the entire world about the goodness of
antimicrobial stewardship.”

“I think the game is great, since am just an undergraduate student but I have been able
to reason out different things with people already in the profession. This has boosted my
confidence.”

3.2.4. Sharing Lessons Gained from Playing the Game

The majority (93.3%) (Table 6) of participants responded in agreement about sharing
lessons from the game with colleagues. Some voiced reasons as to why they would
share lessons and others mentioned platforms they would use for sharing, such as those
highlighted below:

Table 6. Sharing lessons gained after playing the game.

Number of Respondents Percentage (%)

Sharing lessons with colleagues n = 74

Strongly disagree 2 2.7

Disagree 0 0

Neither disagree nor agree 3 4.1

Agree 38 51.4

Strongly agree 31 41.9

Sharing lessons with patients n = 73

Strongly disagree 3 4.1

Disagree 0 0

Neither disagree nor agree 17 23.3

Agree 34 46.6

Strongly agree 19 26

Recommending game to colleagues

No 2 2.7

Yes 71 97.3

“I have to share what I have learnt with others so as to facilitate continuation of learning
and flow of information.”

“I will share during our grants meetings and AMS meeting.”

“I will promote for use in WAAW (World Antimicrobial Awareness Week).”

“It was such an engaging experience and will be helpful for bonding in our hospital teams.”

Concerning sharing lessons from the game with patients, more than half (72.6%)
(Table 6) of the respondents expressed willingness to do so for some of the following reasons:
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“Completing one’s dosage as prescribed by a trained health personnel helps minimise
antimicrobial resistance.”

“The patients can use the game to learn more about AMS.”

Further, almost all (97.3%) of the respondents mentioned that they would recommend
the game to their colleagues (Table 6).

4. Discussion

This paper has documented the process of developing the AMS game, and reflections
by players. Overall, the healthcare teams who played the game found it enjoyable and
reported that it can impart knowledge and confidence in AMS and facilitate shared learning
with colleagues and patients.

4.1. AMS Game Development

The AMS game was developed to attract a multidisciplinary team of players to discuss
AMS and learn what they can do personally, and collectively, to improve stewardship in
their organisation and community. A multi-country and multidisciplinary approach was
used in the development of the game. This supported incorporation of the contextual educa-
tional needs of both high- and low- to middle-income countries as shared by diverse health
professionals, including pharmacists, nurses, and doctors from Africa and Europe. With
this, we addressed the gap reported in a scoping review on serious health education games
targeting healthcare providers, patients, and public health users, where it was reported
that LMICs have rarely been considered in the development of games [18]. Consequently,
the AMS game described in this manuscript attracted diverse participants, players, and
facilitators across 23 countries. Further, it is recommended that for effectiveness, games
should be designed according to the requirements of specific groups of people [19]. The
AMS game was designed for teams of healthcare staff at all levels. To cater for the needs of
diverse staff members, the game was designed with different levels of complexity so the
organiser can select questions to match the learning requirements of each group.

4.2. Players’ Feedback on the Game

The results showed that the game was enjoyable, as indicated by almost all (91.9%)
participants who shared feedback. As in other studies, the enjoyment of the game was
attributed to its simplicity in design, making it easy to understand and play [13,19]. The
AMS game was also found to be interactive and thus a component that participants enjoyed.
The component of playing the game in teams encouraged discussion and learning among
players, which also made it more engaging. A systematic review that explored user
engagement features in digital games documented more engaging features that can be
considered in digital games: the game should have an attractive storyline, be adaptable
to gender and age, high-end realistic graphics, well-defined instructions, in combination
with clear feedback and a balance of educational and fun content [20]. Whilst the AMS
game described in this manuscript covered all these features in its design and appearance,
the gender and age components were not considered and neither did the evaluation of the
game cater for these variables. It would be important to explore such in future.

It was evidenced that the game can translate knowledge and create awareness on AMS
among the players. Higher knowledge gain was recorded among participants from the
African countries compared to those from the European countries by a difference of 12.1%.
This could imply that the game is more beneficial to the African countries where there are
lower levels of awareness on AMR and AMS, as indicated in several studies [12–23]. It
was clear from the study findings that the role of One Health in AMS was one of the most
common key lessons gained by players, and this is likely because many of the respondents
focused on human health in healthcare settings and likely had less exposure to One Health
principles. To this end, the AMS game was relevant in accelerating knowledge on the One
Health approach, which is recommended by the WHO as a strategy for health workers to
responsibly use antimicrobials [24].
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The feedback on the game did not only further expose the inadequacy in knowledge
on key terminologies in AMS among health professionals, but instantly created awareness
and knowledge on terms such as ‘antimicrobial stewardship’, ‘biosecurity’, and ‘watchful
waiting’. Therefore, the AMS game could be a solution to challenges discovered in studies
such as that of Higuita-Gutiérrez et al. [25], where 81.8% of 532 medical students had
never heard of the term ‘antimicrobial stewardship’. Generally, this AMS game may
have the potential to increase awareness among health students and professionals across
the globe. It can be considered as part of a wider AMR education programme within
universities and health institutions. The online version provides an opportunity for use
across multiple institutions.

Following the AMS game tournaments, a substantial portion (75.9%) of players who
provided feedback indicated that they gained confidence in AMS and thus would partici-
pate in creation of awareness on AMS thereafter. This was further demonstrated when over
90% of the study respondents indicated that they would share lessons from the game with
colleagues and patients.

4.3. Strengths and Limitations

Our AMS game was developed with consideration of perspectives from a multidis-
ciplinary team of professionals across the UK and African countries. Hence, this game
does not only promote One Health in antimicrobial stewardship but is also among the
few games that cater for the antimicrobial stewardship awareness needs of both high-
and low- to middle-income countries. Whilst the study results indicated that our AMS
game is very likely to improve awareness and understanding of AMS, as a limitation, it
should be noted that this was a small study designed to collect initial feedback on the new
board and online AMS game. Further, only subjective measurements were used to collect
feedback on the educational potential of this AMS game, and the small number of players
(respondents) makes statistical analysis infeasible. As such, the results of the current study
need to be strengthened by studies employing stronger methodologies. We recommend
that future studies consider a randomized controlled trial utilizing objective measurement
to evaluate the AMS game among a higher number of respondents sampled from a group
of individuals who played the game. It would be important that future studies consider: a
greater representation of other types of health professionals as the current study had much
higher representation ofpharmacists, evaluate the impact of the players’ discussions in the
breakout rooms (which was not evaluated in this study), and study the effectiveness of the
AMS game in comparison to other AMS education interventions.

Despite these limitations, this study generated more evidence and demonstrated that
a board and online AMS game is likely to improve knowledge of antimicrobial stewardship.
The AMS board game continues to be promoted, made accessible, and used as an education
tool among health professionals [26].

5. Conclusions

We provide a documentation of the process of developing a board and online game
on antimicrobial resistance and stewardship; and its potential to educate diverse health
care teams in high or low-to-middle- income countries. The game was co-created with a
diverse group of stakeholders including national and frontline health professionals from
high- and low-income countries. The feedback from the initial players (health professionals)
of the game highlighted that the game is enjoyable. Also, that it provides an innovative
and engaging opportunity for the players to discuss topics in AMR and AMS; whilst
improving and strengthening their knowledge of key topics. Further studies will be useful
in evaluating the impact of the AMS game as an educational tool for antimicrobial resistance
and stewardship.
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Abstract: Surveillance of antimicrobial use (AMU) and antimicrobial resistance (AMR) is a core
component of the 2017 Pan-Canadian Framework for Action. There are existing AMU and AMR
surveillance systems in Canada, but some stakeholders are interested in developing their own AMU
monitoring/surveillance systems. It was recognized that the establishment of core (minimum) AMU
data elements, as is necessary for policy or intervention development, would inform the development
of practical and sustainable AMU surveillance capacity across food animal sectors in Canada. The
Canadian Animal Health Surveillance System (CAHSS) AMU Network was established as a multi-
sectoral working group to explore the possibility of harmonizing data inputs and outputs. There was
a consensus that a minimum AMU dataset for AMU surveillance (MDS-AMU-surv) should be devel-
oped to guide interested parties in initiating AMU data collection. This multisectoral collaboration is
an example of how consultative consensus building across relevant sectors can contribute to the de-
velopment of harmonized approaches to AMU data collection and reporting and ultimately improve
AMU stewardship. The MDS-AMU-surv could be used as a starting point for the progressive devel-
opment or strengthening of AMU surveillance programs, and the collaborative work could serve as a
model for addressing AMR and other shared threats at the human–animal–environment interface.

Keywords: antimicrobials; multisectoral; stewardship; surveillance; collaboration; antimicrobial use;
antimicrobial resistance; food animals

1. Introduction

Surveillance is a vital component of the Global Action Plan for antimicrobial resistance
(AMR) published by the World Health Organization (WHO) [1], the Food and Agriculture
Organization of the United Nations’ (FAO) action plan for AMR 2021-2025 [2] and its
predecessor [3], and the World Organisation for Animal Health’s (OIE) strategy for AMR
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and the prudent use of antimicrobials [4]. The FAO-OIE-WHO tripartite collaboration is
one example of how resources and expertise can be optimized to implement actions toward
mitigating AMR. Surveillance of antimicrobial use (AMU) and AMR is a component of the
Canadian plan for “Tackling Antimicrobial Resistance and Antimicrobial Use: A Pan-Canadian
Framework for Action” [5]. Surveillance data on AMU and AMR are essential for informed
decision making to direct other components of the action plan being developed based on
this framework, including infection prevention and control, stewardship, and research
and innovation. In Canada, AMU/AMR data directly target AMU interventions and have
utility in monitoring the impact of regulatory or voluntary changes in AMU practices.

Currently, there are two official data sources that provide information on the types and
quantities of antimicrobials intended for use in animals in Canada. The first is the Veterinary
Antimicrobial Sales Reporting (VASR) system, in which manufacturers, importers, and
compounders are required to submit their annual sales data for medically important
antimicrobials to the Veterinary Drugs Directorate at Health Canada [6]. Reporting the sale
of medically important antimicrobials [7] is in compliance with the Regulations Amending
the Food and Drug Regulations (Veterinary Drugs–Antimicrobial Resistance) [8]. The data
providers are also required to include estimates of sales by animal species. The VASR data
collection came into effect in 2018, and the data are incorporated in the Canadian Integrated
Program for Antimicrobial Resistance Surveillance (CIPARS), otherwise known as the
CIPARS VASR component (i.e., pertains to the CIPARS’s surveillance component, which
conducts the data analysis output, reporting, and communication of the antimicrobial
sales data collected). Previously, between 2006 and 2018, the annual national antimicrobial
sales data were provided to the CIPARS of the Public Health Agency of Canada by the
Canadian Animal Health Institute (CAHI) [9–11], which did not include estimates of
sales by animal species but was rather stratified by companion and production animals
(production animals included horses) [11]. The second source of data is the CIPARS
Farm AMU/AMR Surveillance program, a voluntary initiative that collects data from a
network of sentinel veterinarians and producers in specific livestock sectors (pigs, broiler
chickens, turkeys, feedlot beef and currently piloting data collection in dairy cattle and layer
chickens) across the country [10]. The two AMU data components of CIPARS described
above (1. CIPARS VASR sales data, and 2. CIPARS Farm AMU data) are complementary
sources of information that contribute to the general landscape of AMU in animals in
Canada. These AMU data are useful to understand the AMR trends and patterns across the
food supply chain. In addition to the farm program, beginning in 2017, Fisheries and Ocean
Canada (DFO) provided open data on the quantities of antimicrobials used in marine and
freshwater finfish aquaculture [10]. These data are part of the reporting requirements by
aquaculture industry operators under the Aquaculture Activities Regulations authorized
under the Fisheries Act [12].

In 2016, the Canadian Animal Health Surveillance System (CAHSS), now an initiative
of Animal Health Canada, formerly the National Farmed Animal Health and Welfare
Council (https://animalhealthcanada.ca/, accessed on 1 February 2022), brought together
individuals representing various government agencies and private industry organizations
to discuss AMU and AMR across animal production sectors in Canada. In this inaugural
meeting of the CAHSS AMU/AMR Working Group, it was recognized that protecting
the effectiveness of antimicrobials while caring for the health and welfare of Canadian
animal populations was a key component of national antimicrobial stewardship. There
was also a recognition that policy makers, at various levels, lacked a clear understanding
around the data necessary to evaluate AMU and to advance stewardship interventions. To
address AMU information gaps and assist interested parties in developing their own AMU
surveillance programs, the group determined that the elucidation of a “minimum data set
for AMU surveillance” (MDS-AMU-surv) was a necessary first step. This core list of AMU
variables would contribute to the harmonization of data collection at relevant points in the
antimicrobial distribution pathway.
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At the time of the initial meeting in 2016, there was no existing formal One Health
governance mechanism for addressing AMR in Canada. However, the CAHSS AMU/AMR
Working Group, combined with joint leadership from the Public Health Agency of Canada
(CIPARS) and the Canadian Food Inspection Agency, facilitated the discussions to address
activities related to the Pan-Canadian Framework for Action on AMR/AMU. Multisectoral
collaboration, described as “more than one sector working together (on a joint program
or response to an event)” was identified as the key to addressing zoonoses and other
shared threats such as AMR in the human–animal–environment interface [13]. This paper
aims to describe the AMU distribution pathway for antimicrobials intended for use in
animals in Canada, identify points in the distribution chain where data could be collected to
describe the multisectoral collaboration that facilitated the development of the MDS-AMU-
surv, and to provide examples of the utility of the MDS-AMU-surv for AMU monitoring
and research.

2. Results

The organizations represented by the CAHSS AMU/AMR are listed in the
Supplementary Materials.

2.1. Contextual Review of Existing AMU Surveillance Infrastructures and the Antimicrobial
Supply Distribution Pathway in Canada

The key players in the Canadian antimicrobial supply distribution pathway are de-
picted in Figure 1. The distribution is organized into three levels, which also represent
existing and potential AMU data collection points:

(1) Manufacturers, importers, and distributors of veterinary drugs (finished products),
importers, manufacturers, and compounders of active pharmaceutical ingredients
(APIs) (i.e., those who obtain antimicrobials from pharmacies/dispensers of veterinary
drugs and human drugs for animal use (blue line in Figure 1). Reporting to VASR is
required by regulation;

(2) Prescription and dispensing facilities, including veterinary clinics, feed mills, agri-
food companies who employ veterinarians (i.e., corporate veterinarians who prescribe
antimicrobials for use in relevant production phases as part of the coordinated supply
chain within their network including hatcheries, breeders, commercial growing farms-
various commodities, and feedmills), and pharmacies/dispensers of veterinary drugs
and human drugs for animal use). Data from this level are not yet available or targeted
for a future data collection point;

(3) End users of antimicrobials including pet owners and producers of terrestrial and
aquatic food animals. Information on specific terrestrial food animal species is cap-
tured through the CIPARS Farm AMU/AMR Surveillance program (voluntary) and
aquatic animals via the DFO (by regulation).

The report from the Council of Chief Veterinary Officers in Canada on non-human
AMU surveillance [14] was a useful resource for the working group. It provides an un-
derstanding of the national infrastructure for AMU data collection and the need for AMU
surveillance in Canada. Recently, the document was modified to reflect regulatory changes
implemented in December of 2018 in how antimicrobial drug products are distributed/sold.
In Figure 1, data availabilities are depicted by the colour of the boxes: blue (available), light
blue (partial or captured by another player in the distribution chain), or white (no data;
future data collection points). Since 2018, regulations have required that manufacturers,
importers, and compounders submit annual data on the volume of medically important
antimicrobials sold for veterinary use, by animal species, to the VASR system [8]. Manufac-
turers and importers of veterinary drugs that also sell or move nonmedically important
antimicrobials such as ionophores to other actors are not required to report the total volume
of nonmedically important drugs at this time. Importers and manufacturers of APIs are
required to have a drug establishment license and follow good manufacturing practices [15].
As stated earlier, prior to 2018, antimicrobial sales data were obtained from CAHI, which
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is a trade association that represents the majority of manufacturers and distributors of
animal health products [16]. The CAHI data collection and analysis were performed by a
third party (Impact Vet) [17]. Collated CAHI sales data were then voluntarily shared with
CIPARS and included in CIPARS annual reports [10].
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Figure 1. The antimicrobial supply distribution pathway in Canada indicating the existing and
future antimicrobial use data collection points. VASR—Veterinary Antimicrobial Sales Reporting
system. CIPARS—Canadian Integrated Program for Antimicrobial Resistance Surveillance. 1 Human
drugs intended for use animals (largely companion animals). 2 Veterinarians in agrifood companies
(corporate veterinarians) prescribe antimicrobials for use in relevant production phases as part of the
coordinated supply chain within their network (e.g., hatcheries, breeders, grower farms, and feedmill).
3 Pharmacies of veterinary drugs and human drugs intended for use in animals (i.e., pharmacies of
veterinary drugs and human drugs have similar requirements from a regulatory standpoint but differ
in where they are dispensing antimicrobials). 4 Companion animals include horses.

With the VASR system, data providers electronically enter information into a secure
web-based site under the Canadian Network for Public Health Intelligence at the Pub-
lic Health Agency of Canada [18]. Information is collected on product characteristics
(e.g., Health Canada-assigned drug identification number (DIN), product name, package
size, number of packages, ATCvet code, antimicrobial active ingredient, class, and for-
mulation), data provider (manufacturer, importer, and compounder), province, intended
animal species of use (high and low estimates of packages sold for 11 different animal
species groups), quantities sold, and quantities exported. At the time of writing, there was
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no system for reporting veterinary prescription and dispensation of antimicrobial prod-
ucts in Canada, but a pilot project in select animal sector/volunteer veterinary practices
is underway.

In terms of end user data in terrestrial animals, CIPARS collects farm-level AMU from
a network of sentinel veterinarians and producers using species-specific questionnaires or
electronic data capture (feedlot beef). The CIPARS program is active in grower–finisher
pigs, broiler chickens, turkeys, and feedlot beef with pilot farm-level surveillance in dairy
cattle and chicken egg layers, and abattoir-level AMU surveillance (flock sheets) in spent
broiler breeder chickens. Farm-level AMU data, animal health, and basic demographics
information from the questionnaires are entered into the CIPARS AMU database and
exported in Microsoft Excel (Professional Plus 2016) format for further analysis.

A valid veterinarian–client–patient relationship (VCPR) must exist before the finished
products containing prescription drugs (including medically important antimicrobials)
reach the end user. With the new regulations, veterinary prescriptions and oversight are
required for dispensing of medically important antimicrobial products including through
feed mills, agrifood companies, and pharmacists. Agrifood companies are similar in struc-
ture to vertically integrated systems and have internal veterinary services (i.e., known
as corporate veterinarians) who provide oversight of antimicrobial product distribution
through company (or partner) feed mills and farms (i.e., as part of the coordinated supply
chain, for example in the poultry sector, the hatcheries). The VCPR in the agrifood system
is represented in the figure, indicating that a single farmer/producer may interact with
different actors in the AMU distribution chain (e.g., corporate veterinary services or in-
dependent/private veterinary practice) regarding AMU decisions pertaining to the flock
or herd.

2.2. Stakeholders’ Need for AMU Data

In the initial meeting of the working group, participants were asked for their organiza-
tion’s specific primary objective for AMU surveillance and the utility of the associated data.
There were eight food animal sectors and an allied industry (feed mill) that participated in
the survey. Responses are shown in Box 1.

Box 1. Participants’ responses when asked about their objectives for antimicrobial use surveillance.
AMU—antimicrobial use; AMR—antimicrobial resistance.

Primary objectives for antimicrobial use surveillance and the utility of the data collected:

• “To garner public trust, to demonstrate social responsibility”;
• “To understand AMU (in my sector)”;
• “To provide AMU benchmarks (reference or targets) and trends that will inform decision making/policy

and demonstrate the impacts of interventions”;
• “To provide oversight of AMU”;
• “To reduce reliance on antimicrobials to preserve antimicrobial efficacy”;
• “To improve/inform/demonstrate antimicrobial stewardship and prudent use”;
• “To provide international comparisons”;
• “To guide research priorities”;
• “To educate the public, veterinarians and producers about AMU/AMR”.

The ability to demonstrate social responsibility was cited by the majority of partici-
pants as an overarching objective for the collection of AMU data. However, the ultimate
outcome of AMU surveillance indicated was to preserve access to efficacious antimicro-
bials by strengthening stewardship. Some commodity groups indicated specific AMU
surveillance objectives, for example, the need for AMU surveillance data to demonstrate
the need for additional licensed antimicrobial options for sheep. Long-term outcomes
identified included the ability to address certain AMU practices through the optimization
and rationalization of use and to decrease the health burden associated with AMR. Other
desired outcomes were related to the sustainability of their commodities, such as economic
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benefits, impact on production performance parameters, and return on investment. Based
on the desired AMU objectives and outcomes, subsequent working group discussions for
the inclusion of variables in the MDS-AMU-surv were guided by the AMU/AMR working
group vision formed during the first meeting (i.e., in Ottawa, Ontario on 16–19 October
2016). The working group determined that “AMU surveillance is necessary to inform decision
making to objectively address AMU stewardship and to maintain public trust in the sustainable
production of safe and affordable food from humanely raised animals”. The working group con-
sidered that understanding the need for AMU surveillance could direct the next steps
including the development of the MDS-AMU-surv.

2.3. Outputs Desired and Important Considerations When Reporting AMU Data

Several participants emphasized the need for detailed information to better understand
AMU in animals. In addition to the ability to quantify AMU, the importance of context was
noted (e.g., where—national/regional, who—the population at risk and size, when—time
exposed, and why—reason for AMU). Some cautioned that to be successful the surveillance
system must not increase the reporting burden on the producer. The group reviewed how
existing surveillance platforms such as data from importers/manufacturers/compounders
and end-users, as well as future data collection from prescription and dispensation levels,
generate the outputs desired by the different sectors (Figure 2).

2.4. The MDS-AMU-Surv Development, Framework for Data Collection, and Data Sources
2.4.1. Core MDS-AMU-Surv Data Elements

A guiding principle for the development of the AMU surveillance capacity considered
that there was a “need for minimum data to tell a coherent story, cognizant of cost and effort”.
Exploring existing infrastructure to collect AMU data could optimize resources, again
avoiding additional reporting requirements by producers. The working group recognized
that national-level organizations (marketing boards or industry sectoral groups) could
support existing farm-level data collection (e.g., CIPARS Farm AMU/AMR Surveillance or
provincial AMU surveillance initiatives) vs. initiating competing, and possibly redundant,
surveillance programs. There was no appetite for regulated use reporting similar to the
Yellow Card or Differentiated Yellow Card System in place in other countries such as
Denmark [19]. It is important to note that in the aquaculture sector (not yet providing
data at the time of MDS-AMU-surv development in 2016–2017), the Aquaculture Report-
ing Regulations (Fisheries Act, Section 35–36) already required owners and operators of
aquaculture establishments to report their annual antimicrobial deposit data [12,20]. There
was interest in AMU data capture at the veterinary prescription/dispensing level of the
distribution system (white boxes in Figure 1). The core elements of the MDS-AMU-surv
are described in Table 1.

2.4.2. Data Source

Several sector representatives indicated that various platforms (i.e., “what records can
you provide?”) could be optimized for data collection that would fulfil the MDS-AMU-surv.
Table 1 includes examples of data from existing records that could be used to collect the core
MDS-AMU-surv elements and reporting and communications considerations (i.e., different
ways to fulfil data requirements for the derivation of AMU metrics and indicators).

2.4.3. AMU Surveillance Framework

As previously described, some sectors were interested in conducting AMU surveillance
independent of CIPARS Farm AMU or CIPARS VASR components. Data collected by the
industry could thus complement national/published information for the comprehensive
assessment of the impact of AMU stewardship actions. These data could also be linked to
economic or production variables or indicators not collected through either CIPARS or the
VASR system:
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• Frequency: An annual frequency of data collection was perceived as being sufficient
for tracking AMU over time by the participants in most cases.

• Number of farms: depending on the surveillance objectives and capacity/resources,
the sampling frame could be a census of farms across Canada, regional census (e.g., all
farms in a given area), random sample (i.e., targets a certain percentage of farms across
the area of interest), stratified sample, convenience/voluntary sample, those with
electronic records, and those over a certain farm size.

• Who collects the data: existing platforms (government such as CIPARS or other
organizations), provincial government, veterinary associations, producer associations,
and processor associations were identified as options. These parties have direct access
to some data or have a role in the AMU distribution chain (Figure 1).

• Incentives: existing data collection is either voluntary (e.g., CIPARS Farm) or regu-
latory (e.g., VASR, DFO) in nature. In private sector/industry initiatives, these are
industry requirements as part of their on-farm food safety program, but there are no
other incentives provided to the producer.
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Figure 2. Antimicrobial use outputs from existing or future data collection points in the antimicrobial
supply distribution pathway (figure modified from Reference [14]). 1 Nonhuman antimicrobial
use in the table pertains only to animals. 2 Veterinary medical use such as disease treatment,
control/metaphylaxis, prevention/prophylaxis, and additionally growth promotion. 3 Clinical
impression by the veterinarian with input from producers and postmortem findings with or without
laboratory diagnoses. 4 Ability to provide data (green circles) may be different for data collected in
certain situations (i.e., confidential business information). AMU—antimicrobial use.
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Table 1. Core elements of minimum dataset for antimicrobial use surveillance and considerations
for inclusion.

Core Data Elements Examples of Data That
Would Fulfil the Element Considerations for Surveillance Communication and Reporting

Antimicrobial active
ingredient

On-farm treatment records
(e.g., flock sheets),
Farm purchases,
Feed sales,
Veterinarian’s medical
records/prescriptions,
Veterinarian’s dispensing
record,
Veterinary purchases,
Manufacturer sales

Available in a number of formats, including the product or trade
name, or the antimicrobial active ingredient itself. These data can
then be easily converted to amount of active ingredient using a
glossary of products that provides the concentration of active
ingredient (and Anatomical Taxonomic Index codes for veterinary
antimicrobials (ATCvet code)). This glossary should be linked to
current references (i.e., to be used as a common reference across
surveillance programs):
Compendium of Medicating Ingredients Brochures [21] and the
Drug Products Database [22];
Pharmaceutical products (with DIN) and compounded products
(without DIN) as reported in the VASR system;
Compendium of Veterinary Products [23].
Weight of antimicrobials (i.e., numerator data in some indicator
calculations): pertains to the total quantity of AMU across all routes
of administration. This is important for analysis of trends and the
basis for further quantification of AMU (dose-based indicators).

Biomass unit

On-farm records (e.g., flock
sheets),
Processor records,
Census data (to geographic
region),
Expert consensus (e.g.,
proportion of total animals in
each production level,
multiplier values for biomass
calculation (kg) 1)

Required for both numerator (animals treated) and denominator
(total animals) estimates.
Total population (including mortalities and number of animals
introduced to the flock or herd) and weights are important to
collect but can come from several different sources, including:

• Live pre-slaughter weights;
• Slaughter weights;
• Actual average treatment weights.

In certain sectors, the inclusion of multiple weight and age groups
and relevant production class was viewed as useful additional
information 2, examples:

• Nursery pigs, grow–finisher pigs;
• Veal calves, feedlot beef;
• Broilers, broiler breeders, layers, layer breeders

Animal biomass (i.e., denominator data in some indicator
estimations composed of the exposed and unexposed groups):
pertains to the total number of animals presumably exposed to
antimicrobials multiplied by an appropriate multiplier value (kg
weight). These data enable comparison of AMU over time and
between species.

Reasons for use

Expert consensus (by
proportion of total AMU) 3,
On-farm records,
Veterinary medical records

The ability to capture the main indications for medical AMU, such
as for disease prevention/prophylaxis, disease
control/metaphylaxis and disease treatment, or growth promotion,
was viewed as necessary. More specific reason for using data (e.g.,
respiratory vs. gastrointestinal vs. other disease treatment) was also
desirable but not considered a core necessity.
This is additional information for contextualizing AMU and AMR
data and the impact of regulatory changes in AMU.

Geographical location

On-farm records,
Veterinary records,
Processor records,
Hatchery delivery receipts

Collecting the province or the region where the animals are raised
or antimicrobials sold (for the VASR system) is important to enable
geographical comparisons of use.
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Table 1. Cont.

Core Data Elements Examples of Data That
Would Fulfil the Element Considerations for Surveillance Communication and Reporting

Time component

Multiple years,
Yearly,
Monthly,
Weekly,
Daily,
Real-time,
Production cycle/s (specify)

Required to compare trends over time and gauge changes in AMU
following interventions.
There are various time elements that need to be captured for more
advanced quantification and analysis [24–27]:

• When (age of the animals) animals were likely exposed;
• Duration of treatment for each antimicrobial administered (i.e.,

if available, for one full water treatment course, medicated
ration, or total days exposed to all antimicrobials);

• Total days at risk (i.e., which is equivalent to the duration of
the growing cycle, needed in some AMU indicators such as
TI1000 or TI100

4);
• Data coverage (e.g., one growing cycle or annually).

1 Estimates from producers (and producer/farmer associations or marketing boards), researchers, and veterinari-
ans. 2 Studies for identifying the production phase with highest use of antimicrobials, which may be linked to
diseases prevalent during that stage. 3 Expert opinion from species-specific veterinarians (derived from their
veterinary prescription and animal health records). 4 TI1000 or TI100—Treatment Incidence 1000 or 100 (CIPARS
used the term) is number of defined daily doses in animals using Canadian standards per 1000 or 100 animal days
at risk.

2.5. Application of MDS-AMU-Surv in Analysis and Reporting of Data

As shown in Figure 3, the MSD-AMU-surv core data elements enable the derivation
of metrics for the reporting of some commonly used AMU indicators, including those
that are count-based, weight-based, and dose-based, which have already been used in
existing AMU surveillance systems in Canada [9] and elsewhere [24–29]. Figure 4 shows
an example where complementary AMU surveillance components such as the CIPARS
VASR and CIPARS Farm AMU Surveillance and other systems utilize the MDS-AMU-surv
data elements for informing national AMU stewardship and a more complete picture of
the status of AMU in the animal sector in Canada. In any surveillance program, data could
be described using a nationally defined categorization system such as Health Canada’s
Veterinary Drugs Directorate categorization of antimicrobials based on their importance to
human medicine [30]. Surveillance data should enable the reporting of AMU aggregated at
a national or regional/provincial level. Where possible, reporting by stages of production
facilitates the identification of stages deemed to be high users of antimicrobials, and thus
opportunities for intervention. The ability to report by primary or main indications for
use and disease groups or specific diseases provides value to the collected data. It was
recognized that capturing this information for quantitative AMU may be challenging
because there are multiple uses for each antimicrobial. In this case, expert opinion may
be obtained from participating veterinarians on the most likely reason for AMU. There
were suggestions that animal health data such as mortality and occurrences of diseases
should be collected to provide context to temporal trends; for example, spikes in total AMU
or certain antimicrobials observed during a particular surveillance year may be due to a
disease outbreak or emergence.
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crobial use surveillance (MDS-AMU-surv), core data elements, outputs, and application. AMU—
antimicrobial use. 1 CIPARS program collects information from sentinel farms (pigs, broiler chickens,
turkeys, feedlot beef, dairy, and layers). 2 Animal biomass information required for AMU indicator
estimations. 3 AMUmetrics and indicators collected are based on the organization/sector’s AMU
surveillance or study objectives and the stage of the development of the AMU surveillance program
(i.e., during the early implementation stages, core elements may be incomplete). In aquaculture (data
accessed by CIPARS under open data policy), Aquaculture Activities Regulations (under the Fisheries
Act) require all operators/farms to report deposited antimicrobials (i.e., the quantity of antimicrobials
prescribed and dispensed for use in aquaculture).
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Regulations of the Fisheries Act. 2 Aquaculture data are not yet reported by biomass unit (i.e., using

293



Antibiotics 2022, 11, 226

the AMU indicators routinely used by CIPARS for AMU reporting in terrestrial animals), but explo-
ration of methodological options for data analysis and future reporting are underway [31]. 3 At the
time of writing, the industry (i.e., poultry sector) utilizes count-based indicators to communicate
results within their producer networks; as mentioned above, methodology for quantitative AMU
indicator analysis and reporting are underway. AMU—antimicrobial use. ELDU—extra-label (off-
label) drug use. nDDDvetCA—number of defined daily doses in animals using Canadian standards.
PCU—population correction unit. VASR—Veterinary Antimicrobial Sales Reporting system; the
data collection platform for national sales data. Levels 1 and 2 pertain to the stage of data collection
indicated in Figure 1.

3. Discussion

The development of the MDS-AMU-surv in the Canadian food animal sector demon-
strates that different sectors can work together under a voluntary platform. Multisectoral
collaboration such as this is useful in addressing components of the Pan-Canadian Frame-
work for action on AMU/AMR in the absence of a formal multisectoral One Health
governance mechanism [32]. The authors acknowledge that the working group discus-
sions on MDS-AMU-surv predate the regulatory shifts in AMU; this paper is reflective of
the changes including the mandatory reporting requirements to the manufacturers, im-
porters, and compounders, refinements in CIPARS surveillance methodology, and reporting
(i.e., metrics and indicators), additional AMU data now provided by the aquaculture indus-
try, and emerging initiatives. AMU monitoring and surveillance programs, whether these
are government or industrial sector initiatives [24], are essential components of integrated
AMU/AMR surveillance systems [33] and can contribute to national AMU/AMR data
reporting and communication [24,34]. For example, food animal sectors in the United
Kingdom provide data to the UK Veterinary Antimicrobial Resistance and Sales Surveil-
lance Report [35], the Netherlands Veterinary Medicines Institute [36] program provides
data to Monitoring of Antimicrobial Resistance and Antibiotic Usage in Animals in the
Netherlands (MARAN) [37], and VetStat is the source of AMU data for the DANMAP of the
Danish Programme for the surveillance of antimicrobial consumption and resistance [38].
Competent authorities provide oversight and coordination of AMU/AMR surveillance
activities and are also responsible for reporting and communicating the data [24,34]. In var-
ious European countries, the livestock industry and other private sector organizations have
developed their own AMU monitoring programs, which align with national AMU stew-
ardship goals [24,34]. In addition to monitoring, these programs have set AMU reduction
targets and provided benchmarking to promote behaviour change in AMU practices [19,36].
While there is no global consensus on which AMU indicator to use for reporting and
for fulfilling various AMU surveillance objectives, existing measurements developed at
the national level are used. For example, in Thailand, a set antimicrobial consumption
reduction target in animals was based on mg/PCUThailand [39], and in the Netherlands, a
reduction in AMU is measured using species-specific DDDA/animal-year [36].

Membership in CAHSS is voluntary and provides a forum for stakeholder engage-
ment to address specific topic areas in animal health. The AMU/AMR working group
membership includes the government, industry, academia, and other interested parties.
Representation from various food animal sector is vital in addressing the shared AMR
threat in the human–animal–environment interface [13]. In this circumstance, the federal
government’s participation (Public Health Agency of Canada, Canadian Food Inspection
Agency, Agriculture and Agrifood Canada, and Health Canada) provided the expertise
regarding AMU surveillance program development, and in return, the government bene-
fited from the information generated to inform policy and action. Industry representation
provided practical considerations necessary for a sustainable AMU surveillance framework
design. Those from academic institutions could use surveillance initiatives as platforms for
research, while veterinary clinics or organizations could apply AMU monitoring principles
in their own practice. The MDS-AMU-surv development was specific to AMU surveillance,
but it could be used as a model for addressing other components of the global and national
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AMR action plans directed at the animal sector or larger stakeholder groups for addressing
shared threats in the human–animal–environment interface. Examples of themes that could
be discussed by the CAHSS AMU/AMR working group are infection prevention and con-
trol (biosecurity, animal health, and transition from AMU-dependent production systems to
reduced AMU production systems) and AMU/AMR communication and advocacy. At the
time of writing, the CAHSS AMU/AMR working group is exploring the utility of the MDS-
AMU-surv for the development of AMU metrics and indicators. Collecting the relevant
input parameters through MDS-AMU-surv is essential for describing the AMU information
collected and possibly for the alignment of analysis, reporting, and communication with
existing AMU surveillance systems.

Detailed data are required for characterizing AMU. The data collected through CIPARS-
VASR provide information on total quantity sold for use in all animal species (with total
quantities for eleven different animal species groups and aquatic animals) and the diversity
and proportion of antimicrobial classes used. This system enables the detection of overall
trends in sales and could be used to assess the impacts of regulatory or other changes
on AMU at the national or provincial levels. The CIPARS Farm AMU data provide more
detailed and specific information regarding AMU in the major food animal species and
contextualize sales data such as species-specific AMU and classes used by sector and
by disease type. The DFO data provide information on the annual deposit of drugs
and pesticides; under the current regulations, each operator is required to report on a
yearly basis the amount of drugs deposited, the dates, and the reason for use [12,20].
Farm-level surveillance thus captures other aspects of AMU that are potentially important
to the understanding of AMR (e.g., average dose, length of exposure, and production
stage). In this regard, the vast majority of countries in Europe also have active AMU
monitoring independent of an existing national AMU surveillance program to fulfil other
AMU objectives such as benchmarking or targeting AMU quantity reductions within the
animal sector (or specific commodity) [24,25].

Recently, in an effort to enhance stewardship of AMU in Canada, additional new
AMU monitoring programs have been developed that are independent from the long-
standing CIPARS Farm surveillance and the newer CIPARS VASR component. Through a
multisectoral collaboration, the province of Québec is developing an AMU surveillance
program with the aim of collecting data across the major food animal species raised in the
province [40]. The Canadian Veterinary Medical Association is also supporting a veterinary
practice AMU data collection system as part of the Stewardship of Antimicrobials by the
Veterinarians Initiative (SAVI) [41]. Veterinary prescribing and dispensing data are currently
unavailable, which are identified as Level 2 in the Canadian AMU distribution chain
(Figure 1). The SAVI pilot project aims to address this AMU data gap. It was recognized
that VCPR are complex in some sectors (interactions between multiple actors/players) and
that the data may lack the granularity required for understanding the major factors affecting
AMU. Methods for data collection at this level should consider potential double reporting
(i.e., multiple veterinarians providing oversight to the same establishment or company)
when the aim is to quantify AMU, and to contextualize it to the appropriate biomass.
Additionally, in recent years, various poultry sectors in Canada have also developed their
own AMU data collection as part of their on-farm food safety program and to monitor the
progress of their AMU stewardship actions [42,43]. At the industry level, existing platforms
in Canada, such as the flock sheets reporting or farm flock health records as part of the
poultry on-farm food safety program, are now utilized to collect AMU data. Although the
data collected may not be as comprehensive as the CIPARS Farm AMU Surveillance, this
generates information (e.g., frequency of use) complementary to the CIPARS Farm AMU
Surveillance program. At the time of writing, the methodology for the quantification of the
AMU collected is under development. Thus, industry-led programs could progressively
be built upon to generate quantitative data (i.e., possibly larger coverage such as census
vs. sample of farms) enabling much better comparability with existing national or global
surveillance programs.
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The MDS-AMU-surv proposed in this paper is expected to be sufficient to generate
basic AMU metrics and indicators in any livestock sector. CIPARS has advanced its farm-
level analysis by developing the defined daily dose in animals using Canadian standards
(DDDvetCA) [10,44]. Dose-based indicators were applied to the CIPARS Farm AMU
Surveillance data for characterizing AMU trends between species and investigated for
their utility for studying AMU–AMR linkages [45]. Additionally, the dose-based indicators
were used for monitoring the impact of the changes in voluntary and regulatory AMU
practices (i.e., from disease prevention to disease treatment or disease control, progressive
elimination of certain classes of antimicrobials) [45,46]. Other sectors intending to develop
their capacity for AMU surveillance could progressively improve their data collection
and analytic capacity to enable the reporting of indicators relevant to their sector. While
there may be different AMU metrics and indicators preferred to inform AMU stewardship
in the different sectors, the collection of the MDS-AMU-surv will meet the needs of the
government and industry (inform policy, risk assessment, and monitoring of the impact of
AMR interventions on the animal–environment–human interface). The MDS-AMU-surv
could be progressively improved over time to align with global reporting requirements
and the future harmonization of integrated surveillance methods.

4. Materials and Methods
4.1. The CAHSS Working Group

A multistakeholder workshop was held in Ottawa between October 16 and 19, 2016
to gain a better understanding of producer and animal industry needs for AMU surveil-
lance and to define areas where producers and producer associations would find value in
collaborating on AMU surveillance. Participants consisted of primarily industry associa-
tions, veterinary groups, and government agencies engaged in AMU surveillance in food
animals. Following this initial meeting, core CAHSS members (i.e., from the Public Health
Agency of Canada, Canadian Food Inspection Agency, Agriculture and Agrifood Canada,
and Health) brought together representatives from the government (expertise in public
health, veterinary medicine, surveillance, epidemiology, and inspection systems), academia,
various livestock animal sectors/marketing boards, and allied industry representatives
(e.g., feed mills and pharmaceutical industries) and veterinary associations that had inter-
est in AMU/AMR surveillance, research, and policy development. These representatives
ultimately formed the CAHSS AMU/AMR working group. The working group convened
in meetings between January 2017 and December 2018 to discuss the development of the
minimum AMU dataset. An average of 25 (ranging from 21 to 35) representatives from
24 organizations participated in the quarterly meetings.

4.2. Review of Existing AMU Surveillance Infrastructures and the Antimicrobial Supply
Distribution Pathway

In 2017, the government of Canada published the Pan-Canadian Framework for
Action on AMU/AMR [5], which aligns with the Global Action Plan on AMR [1]. The
MDS-AMU-surv dataset development contributes to the enhancement of the surveillance
and stewardship components of the Pan-Canadian Framework. In this regard, several
parties, including private sectors, were interested in documenting AMU practices in their
sector. The CAHSS AMU/AMR working group recognized the need for a cohesive method
for AMU data collection. A report titled “Non-human antimicrobial use surveillance in Canada:
Surveillance Objectives and Options” was prepared by a Committee under the Council of Chief
Veterinary Officers in Canada, which focused on AMU in food-producing animals [14].
Part of this report reviewed earlier versions of Canadian (i.e., CIPARS) and international
(e.g., Denmark [38], the Netherlands [37], Sweden [47], and UK VARSS [35]) AMU/AMR
surveillance programs and assessed various options in a Canadian context, including
potential challenges for data collection (e.g., regulatory vs. voluntary mechanisms for AMU
reporting or data collection; availability of resources and industry uptake/interests).
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4.3. Survey of CAHSS AMU/AMR WG to Understand the AMU Data Needs

A survey was sent to the working group to better understand the objectives of par-
ticipating organizations regarding AMU surveillance, desired outputs, and the feasibility
of collecting specific data elements. The survey comprised 11 sections (Supplementary
Materials I). Responses were collated in Microsoft Excel (Professional Plus 2016), and scores
were summarized based on:

• Data inclusion scores: 0—not required, 1—nice to have, and 2—must be included.
• Data collection feasibility scores: 0—not feasible, 1—could start collecting with sig-

nificant effort, 2—could start collecting with minimal effort, and 3—currently being
collected by your organization.

An informal thematic analysis was conducted based on the participating organization’s
response to the survey when asked about the specific AMU surveillance objectives and the
intended utility of the data collected.

4.4. Development of the MDS-AMU-Surv

The intent of the MDS-AMU-surv development was not to create an exhaustive list
of variables to be used as a standard by each of the sectors with an interest in collecting
AMU data. Instead, the primary consideration was to identify core data elements that
could be collected in a number of different ways according to their capacity and capabilities
within each commodity/sector and would provide information necessary for development
of policies or intervention. Ultimately, the metrics and indicators generated would po-
tentially align with existing national (e.g., CIPARS) and international AMU surveillance
programs, for example, the OIE and the European Surveillance for Veterinary Antimicrobial
Consumption [28,29], with which industries’ or any interested parties’ AMU data could
be compared.

The list of variables suggested were intended for generating quantitative AMU mea-
surements but could also generate qualitative (count-based) AMU measurements. Obtain-
ing the contextualizing animal demographic data enables the estimation of the most com-
monly used AMU metrics (e.g., mg/kg animal biomass or mg/population correction unit
(PCU)) that could potentially evolve into more advanced measurements (e.g., dose-based
indicators) or other relevant indicators for describing AMU.

In aquatic animals, the reporting platform was examined. The owners/licensed
operator under the AAR of the Fisheries Act reports antimicrobials deposited to the DFO
annually (i.e., prescribed and dispensed for use in aquaculture animals). The reporting
platform (Microsoft Excel, Professional Plus 2016) comprises variables largely similar to
the MDS-AMU-surv, but animal biomass data have not yet been collected. A link to the
current template can be found in Appendix A. At the time of writing, this template is being
updated to reflect the changes in the Aquaculture Activities Regulation.

5. Conclusions

The development of the MDS-AMU-surv in the Canadian food animal sector demon-
strates that different sectors can work together under a voluntary platform and a col-
laborative, consensus-building process could be used in future activities related to the
Pan-Canadian Framework for Action on AMR.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antibiotics11020226/s1, Table S1: Affiliations of the working
group involved in the development of the minimum dataset for antimicrobial use surveillance
(MDS-AMU-surv) between 2016 and 2017, Table S2: Questionnaire, Inclusion and Feasibility Score.
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Appendix A

Table A1. Template (current at the time of writing of this manuscript) for reporting of pest control
products by aquaculture owners and operators to Fisheries and Oceans Canada. The template to be
used can also be accessed here: https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%
2Fwww.dfo-mpo.gc.ca%2Faquaculture%2Fmanagement-gestion%2Fdoc%2Fpesticide-deposit-eng.
xlsx&wdOrigin=BROWSELINK.

Acronyms or Descriptions:

AMU antimicrobial use

AMR antimicrobial resistance

API active pharmaceutical ingredient

CAHI Canadian Animal Health Institute

CAHSS Canadian Animal Health Surveillance System

CIPARS

Canadian Integrated Program for Antimicrobial Resistance Surveillance:
CIPARS VASR component/data from Level 1 in the AMU distribution chain—pertains to the
CIPARS surveillance component, which conducts the data analysis and reporting for the
antimicrobial sales data collected.
CIPARS Farm component/data from Level 3 in the AMU distribution chain (end user)—also
known as CIPARS Farm AMU/AMR surveillance program or CIPARS Farm program and
pertains to the farm component of CIPARS, which coordinates the voluntary data and sample
collection from a network of sentinel veterinary practices and their producers across Canada.

DDDvetCA and nDDDvetCA
defined daily doses in animals using Canadian standards and number of defined daily doses in
animals using Canadian standards (milligrams of antimicrobials adjusted by the species-specific
DDDvetCA standard for each antimicrobial active ingredient).

MDS-AMU-surv minimum dataset for antimicrobial use surveillance.

PCU population correction unit

SAVI Stewardship of Antimicrobials by Veterinarians Initiative

TI100 or TI1000
Treatment Incidence 100 or 1000; CIPARS reports the TI1000 antimicrobial use indicator as
nDDDvetCA/1000 animal days at risk.
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Table A1. Cont.

Acronyms or Descriptions:

VASR Veterinary Antimicrobial Sales Reporting; the data collection platform for the reporting of sales
data (Level 1 of the AMU distribution chain).

VCPR veterinarian–client–patient relationship
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Abstract: The quantification of antimicrobial usage (AMU) in food-producing animals can help
identify AMU risk factors, thereby enhancing appropriate stewardship policies and strategies for
a more rational use. AMU in a sample of 34 farms in the Province of Trento (north-eastern Italy)
from 2018 to 2020 was expressed as defined daily doses for animals per population correction unit
according to European Surveillance of Veterinary Antimicrobial Consumption guidelines (DDDvet)
and according to Italian guidelines (DDDAit). A retrospective analysis was carried out to test
the effects of several husbandry practices on AMU. Overall, the average AMU ranged between
6.5 DDDAit in 2018 and 5.2 DDDAit in 2020 (corresponding to 9 and 7 DDDvet, respectively),
showing a significant trend of decrement (−21.3%). Usage of the highest priority critically important
antimicrobials (HPCIA) was reduced by 83% from 2018 to 2020. Quarantine management, available
space, water supply, animals’ cleanliness and somatic cell count had no significant association with
AMU. Rather, farms with straw-bedded cubicles had lower AMU levels than those with mattresses
and concrete floors (p < 0.05). In conclusion, this study evidenced a decrement in AMU, particularly
regarding HPCIA, but only a few risk factors due to farm management.

Keywords: AMU; antibiotics; dairy cattle; DDD; biosecurity; animal welfare

1. Introduction

The usage of antimicrobials (AMU) to treat large animal populations in intensive
livestock production is necessary to avoid animals suffering from bacterial infections
and, therefore, to guarantee animal health and welfare [1], but it comes with side effects.
In fact, antimicrobial use in both humans and animals leads to antimicrobial resistance
(AMR) [2–5].

AMR is a global threat for both human and animal health, as it might compromise the
effectiveness of infections’ treatment [4,6,7]. In particular, misuse, underdosing and overuse
of antimicrobials are the strongest drivers for AMR [8,9]. Hence, action plans on AMR were
developed both at a national and international level [9–11]. At the national level, the Italian
Ministry of Health promoted a plan against AMR [12], calling for antimicrobial stewardship,
with the ultimate goal of providing a coordinated and sustainable strategy to address AMR
nationwide. For this purpose, possible benchmarks for farm categorization according to
sanitary risk, animal welfare and antimicrobial consumption have been identified [13].
This approach is also endorsed by the EU Farm to Fork strategy [14], which supports
a better welfare to improve animal health and food quality and also reduce the need
for antimicrobials [15,16]. Within this framework, biosecurity includes all procedures to
prevent pathogens from entering a farm and spreading within a farm [17,18]. An improved
biosecurity level was proven to positively impact animal health and welfare [17] and to
reduce AMU in pigs [19–21] and beef cattle [22]. For dairy cattle, various studies in the
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literature investigated AMU in cows and calves [23–26]. However, only limited information
is available on possible associations between AMU, biosecurity and animal welfare. There
are only a few studies available on AMU in the Italian dairy sector, and they do not cover the
large variety of livestock systems [27,28]. Therefore, the present study aimed at quantifying
AMU in a geographically defined dairy cattle population in Northern Italy (Trentino Alto
Adige region) for three years (2018–2020), applying two different dose-based methods.
AMU associations with several management factors of biosecurity and animal welfare were
also investigated.

2. Results

The average amount of AMU in the inspected 34 dairy farms in 2018, 2019, 2020
was, respectively, 6.48, 6.58 and 5.18 DDDAit/PCU, with a significant decrease (p < 0.001)
in 2020 compared to both 2018 (−20.1%) and 2019 (−21.3%). Regarding AMU using
DDDvet/PCU, the observed average values were 9.03, 8.60, 6.94 for 2018, 2019 and 2020,
respectively. Penicillins and first and second generation cephalosporins were the most
frequently administered antimicrobial classes, accounting for 34.85% and 13.05% of the
overall AMU (Table 1). Antimicrobials classified as highest priority critically important
(HPCIA), ranged between 23.52% (in 2018) and 5.32% (in 2020) DDDAit of the total AMU
(Table 1). The use of HPCIA was reduced by 83% from 2018 to 2020 (Table 1). HPCIA were
more frequently administered via injectable products (Table 2).

Intramammary treatment was the most frequent administration route, representing
53.11% of the total AMU, followed by injectable (45.62%), intrauterine (1.18%) and oral
administration routes (0.09%). A significantly lower mean value of DDDAit was observed
for all years in lactation compared to dry-off (Table 2), representing, respectively, 37.71%
and 62.28% of the intramammary products used.

Table 1. Percentages of defined daily doses for animals per population correction unit (DDDAit/PCU
and DDDvet/PCU) administered in 2018–2020 in 34 Alpine dairy cattle farms: Antimicrobials have
been grouped and classified according to WHO categorization: HPCIA: highest priority critically im-
portant antimicrobials; CIA: critically important antimicrobials; HIA: highly important antimicrobials;
IA: important antimicrobials.

DDDAit % DDDvet %

2018 2019 2020 2018 2019 2020

HPCIA 23.52 11.03 5.32 27.50 13.26 6.05
Cephalosporins 3rd gen. 10.40 7.05 3.49 14.42 9.14 4.52
Cephalosporins 4th gen. 3.76 0.61 0.00 5.18 0.21 0.00

Fluoroquinolones 6.74 2.09 1.00 5.98 2.19 0.97
Macrolides 2.62 1.29 0.83 1.92 1.72 0.56
Polymyxins 0.00 0.00 0.00 0.01 0.00 0.00

CIA 45.41 47.12 47.55 42.15 46.27 49.91
Aminoglycosides 7.18 7.40 7.32 4.95 5.55 6.06

Ansamycin 5.34 3.55 4.50 6.72 5.38 5.47
Penicillins 32.90 36.16 35.72 30.49 35.35 38.38

HIA 25.01 35.72 36.69 26.55 36.64 37.50
Amphenicols 0.22 0.14 0.12 0.43 0.26 0.22

Cephalosporins 1st and 2nd gen. 11.26 15.81 11.91 14.39 17.65 14.81
Lincosamides 6.09 6.18 10.18 4.13 4.19 7.03

Sulphonamides 3.82 9.74 9.92 3.62 9.94 10.18
Tetracyclines 3.62 3.84 4.56 3.97 4.60 5.26

IA 6.17 6.14 10.44 3.79 3.82 6.54
Aminocyclitols 6.17 6.14 10.44 3.79 3.82 6.54
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Table 2. Average Defined daily doses for animals per population correction unit (DDDAit/PCU) ad-
ministered in 2018–2020 in 34 Alpine dairy cattle farms: Intramammary administered antimicrobials
are divided into “dry-off” and “lactation” products, while injectable, intrauterine and oral products
are grouped in “not intramammary product” (not IMM). The percentage of highest priority critically
important antimicrobials (HPCIA) is also reported.

2018 2019 2020
Year (Y) Phase (P) Y × F

Phase n. Mean ± sd % HPCIA Mean ± sd %HPCIA Mean ± sd % HPCIA

dry-off 34 2.21 ± 1.21 20.59% 2.45 ± 1.73 5.88% 1.51 ± 1.08 2.94%
<0.001 <0.001 0.14lactation 34 1.42 ± 1.11 35.29% 1.21 ± 0.96 14.71% 1.05 ± 0.80 5.88%

not IMM 34 3.10 ± 1.68 94.12% 2.91 ± 1.81 76.47% 2.74 ± 1.96 52.94%

The analysis of management factors on AMU is shown in Table 3. Five farms per-
formed blanket DCT (dry cow therapy) (3.36 ± 0.22 DDDAit), while 29 farms performed
selective DCT using on average 1.44 ± 0.65 DDDAit during the dry-off period. Moreover, in
the majority of the farms (i.e., 28 out of 34), microbiological tests for mastitis were routinely
performed in symptomatic animals. The presence of a quarantine box, space availability,
water quality, animals’ cleanliness, presence of ventilation alarm and level of somatic cell
count (SCC) did not exhibit any significant association with AMU. Instead, a lower DDDAit
was found (p = 0.050) in straw/sawdust bedded cubicles compared to other materials
(i.e., mattresses and concrete floor). Overall, the average biosecurity score recorded in
farms was 65% (range 37–85%), while the animal welfare average score was 77% (range
63–88%); nonetheless, no significant correlation was found with AMU distribution. On
the contrary, the quantity of daily milk produced (mean value 29.7 ± 5.44) was positively
correlated with the DDDAit (Spearman’s rho = 0.37, p = 0.027).

Table 3. Associations between defined daily doses per animal (DDDAit/PCU) and different manage-
ment variables in 34 Alpine dairy cattle farms in 2020. Significance for p < 0.05.

n Mean ± sd p Value

Quarantine box
absent 13 5.87 ± 3.25 ns
present 21 4.95 ± 2.19
Mortality
<5% 27 5.42 ± 2.76 na
≥5% 7 4.85 ± 2.18
Sickbay
present 31 5.14 ± 2.70 na
absent 3 6.98 ± 0.85
Space available (heifers)
≥3.5 m2/animal 20 5.35 ± 2.21 ns
<3.5 m2/animal 14 5.23 ± 3.24
Water supply
≥1 drinker/10 animals 19 5.08 ± 2.06 ns
<1 drinker/10 animals 15 5.57 ± 3.28
Cleanliness
<20% of dirty animals 25 5.65 ± 2.72 ns
≥20% of dirty animals 9 4.32 ± 2.23
Ventilation alarm
Absent 19 5.43 ± 2.98 ns
present 15 5.13 ± 2.21
Access to pasture
No 7 4.62 ± 2.17 na
Yes 26 5.61 ± 2.72
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Table 3. Cont.

n Mean ± sd p Value

DCT
Blanket 5 7.85 ± 4.20 na
Selective 29 4.86 ± 2.07
Somatic cell count
>150,000 cells/mL 21 5.66 ± 2.84 ns
≤150,000 cells/mL 13 4.72 ± 2.26
Cubicles material
Other 10 6.92 ± 3.17 0.05
Straw/sawdust 23 4.74 ± 2.07
Microbiological tests for
mastitis
Absent 3 4.04 ± 2.15
Not on a routine basis 3 6.03 ± 0.61 na
For all problematic cows 28 5.36 ± 2.81

sd: standard deviation; na: not applicable; ns: not significant; DCT: dry cow therapy.

3. Discussion

This study evaluated AMU retrospectively in a sample of holdings, mostly family-run,
that we can assume are representative of Alpine dairy farming systems, characterized by
small–medium size, usually with access to pasture and without a milking robot. As reported
in the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) in the last
decade, Italy was ranked high in Europe in terms of AMU [29]. Compared to other EU
studies, this occurrence seems to be confirmed by the present data. For example, an English
study [23] reported an average DDDvet of 4.60. However, comparison should be made with
caution because these authors did not consider DCT. In terms of DDDAit, the dose-based
values in the present study were lower than for DDDvet. DDDAit was defined for each
active substance following the summary of Italian products’ characteristics: this guaranteed
a higher level of precision than DDDvet. Average DDDAit ranged yearly between 6.58 in
2019 and 5.18 in 2020, with a significant variability between farms (2.19–10.34). Considering
a three-year timeframe can overcome outlier peak values due to exceptional circumstances
and evidenced a significant decreasing trend. A previous Italian study [30] assessed AMU
in dairy cattle farms using DDDAit in 2019 in north-western Italy (Lombardy region). These
authors observed a similar AMU compared to the present study (4.8 DDDAit per cow/year).
However, a different methodology calculation in intramammary products was applied. The
number of doses was divided by the Population Correction Unit (PCU) (likewise injectable
products) and not by the number of cows, as proposed by the Italian Ministry of Health
for this route of administration [31]. The chosen approach can generate an apparently
lower consumption estimation compared to the present study. In line with the massive
decrease in sales of veterinary antibiotics in European Countries, highlighted in the 10th
ESVAC report, the results of the present study show a reduction of 21.3% from 2019 to 2020.
This decreasing trend had already been observed from 2007 to 2012 in the Netherlands,
where dairy farms registered a −22% reduction of AMU [32]. Conversely, Mazza et al.
did not observe a significant decrement in Lombardy. Furthermore, a more prudent AMU
was observed during the study period in Alpine farms, with a dramatic reduction in
HPCIA (−83%). They were eliminated in intramammary treatments in nearly all the farms.
These data are encouraging, considering that in 2015 in Austria, a mean 1.14 DDDvet of
HPCIA was used for lactating cows’ treatments with intramammary products [33]. In
US dairy farms in 2016–2017, 75% of intramammary antimicrobials contained HPCIAs
such as ceftiofur and 7% contained cephapirin. These two active principles accounted
for almost 82% of the total AMU [34]. The difference between farming system types can
also play a major role. Indeed, it has been recently shown [35] that mountain farms with
smaller herd sizes, which provide cows with access to pasture and limit concentrates in the
diet, use less HPCIA than specialized dairy farms from lowlands. Moreover, it has been
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widely reported that higher productivity (notably higher milk yield) can be associated with
a higher incidence of metabolic disorders, such as mastitis, lameness and other production
diseases [36], requiring prompt veterinary intervention. Our results support this evidence,
as we traced a positive correlation between milk production and AMU. In line with what
is reported in the literature for dairy cattle [27,30,32,34], we found that intramammary
medication is the most frequent administration route (53.11%). Previous studies observed
a frequency reaching 63% [32] and 78% [34]. In particular, antimicrobial treatments were
reported to be more frequent during the dry-off period than during lactation. Dry-off
treatments are mainly administered to prevent mastitis in the following lactation [37] but
in the present study blanket DCT was performed only in 5 out of 34 farms in 2020. Indeed,
most farms (28/34) performed microbiological tests for mastitis in symptomatic animals.

However, no correlation between AMU and SCC was found in the present study.
A previous study demonstrated that it is possible to reduce antibiotics in dry-off without
increasing somatic cells count (SCC) in the following lactation by implementing manage-
ment measures to maintain good udder health [38]. For example, some risk factors for
E. coli mastitis at the herd level include the bedding material and the design of cubicles [39].
The number of cubicles was classified as acceptable in all inspected farms, according to
Italian welfare guidelines [13] (ranged between 90–110% of the number of cows) thus this
parameter was not an object of analysis. We grouped bedding materials that needed to
be frequently replaced, such as straw, sawdust or both, and we compared them to other
materials (including mattresses and concrete floor). Therefore, farms that used replaceable
materials had lower AMU, which can be attributed to a higher hygiene level guaranteed by
a regular replacement of new material. Moreover, in the past, straw also showed a lower
incidence of leg injuries in the tarsal joints [40–42], in addition to promoting better animal
welfare resulting from higher comfort [42,43] and the presence of manipulable material. On
the other hand, other studies observed that sawdust increases the dirtiness of the hindquar-
ters and udder [44] and, compared to straw, it increases the risk of hock skin alterations [45].
Considering these studies, straw can be assumed to be better than sawdust. However, this
study does not consider that frequently dry cows are housed separately from lactating
cows, and data do not distinguish eventual differences as bedding material between the
two phases. Therefore, more detailed studies will be required, including the distinction
between dry and lactation period and between straw, sawdust or the use of both of them.
No significant correlation between AMU and biosecurity as well as animal welfare scores
was observed in the present study. Additionally, no correlation between AMU, biosecurity
and animal welfare was found in dairy cattle farms from Lombardy [27], which had similar
scores (biosecurity range 21.41–71.56%, animal welfare range 45.32–81.69%). In the beef
cattle sector, an improved level of welfare permitted lower usage of antimicrobials, but not
a reduction in HPCIA [22]. On the contrary, in 61 Belgian pig farms, AMU was reduced
by 52.0%, without impairing the herd production performances, by adopting a series of
herd-level interventions concerning biosecurity, vaccination scheme, health care, welfare
and zootechnical measures [46]. Similarly, a reduction of 47% of AMU was achieved in pig
farms from Belgium, France, Germany and Sweden from birth to slaughter, and farms with
bigger compliance achieved a more considerable reduction [19]. However, pig farming is
characterized by a general higher AMU than dairy cows (e.g., 16 DDDvet/PCU in 2017 for
Tarakdjian et al., 2020 [47]), and this evidence can explain why good management practices
are more likely to produce a significant effect in the former than in the latter livestock sector.

4. Materials and Methods
4.1. Data Collection

Thirty-four free-stall farms of mixed-breed dairy cows (i.e., Holstein Friesian, Brown
Swiss, Simmental cows) in the Province of Trento (north-eastern Italy) were randomly
selected for this study. Farms were located in the area between Garda Lake (south), Stelvio
Natural Park (west), Pale di San Martino Natural Park (east) and Bolzano (north), and
the altitude ranged from 400 m to 1700 m. Median farm size was 89.5 animals and the
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mean was 140, representing a small–medium farm in the Italian dairy sector. In 26 of these
farms, animals had access to pasture. Farms were visited in 2021; data were collected retro-
spectively from the farm registry from 2018 to 2020. The biosecurity score was calculated
using the Classyfarm protocol, available in Ginestreti et al. [27], and considers 15 items to
compute a final score. The final score ranges from 0% to 100%, where 100% is the highest
level of biosecurity. Animal welfare was evaluated using Classyfarm protocol, as previously
described in Ginestreti et al. [27] and Mazza et al. [30]. The score includes 70 items, 18
of which are animal-based measures (details available in Bertocchi et al. [48]). The final
score ranges from 0 to 100%, where 100% corresponds to the maximum level of animal
welfare. The most relevant biosecurity and welfare items were also analyzed separately
as qualitative variables. These items were the following: average mortality rate (higher or
lower than 5%), presence of ventilation alarm and replacement equipment, presence of sick
animals’ boxes, space available, presence of quarantine boxes, animal cleanliness (less or
more than 20% of dirty animals), water (at least one drinker/10 animals), access to pasture,
bedding material (straw and/or sawdust/others) and presence of laboratory analyses for
mastitis (absent, not on a routine basis, for all problematic cows). Moreover, during the
inspection, it was possible to obtain data on average yearly and daily milk production and
somatic cell count (SCC) (> or ≤150,000 cells/mL). Based on veterinarians’ declarations, it
was also possible to distinguish farms applying blanket DCT vs. selective DCT. For each
farm, the average number of animals present in the farm for one year was calculated by
performing three four-monthly extractions per year from the National data Registry.

4.2. Data Analysis

Overall, AMU per year was quantified using the Defined Daily Dose/Population
Cor-rection Unit (DDDAit/PCU) method, proposed by the Italian Ministry of Health [31].
The total amount of mg of an active substance administered for each commercial product
was divided by the dosage reported in the summary of products characteristics (SPC),
which was reported in the official pharmaceutical handbook [49]. To allow a broader
comparison with studies performed in other European countries, AMU was also quantified
using DDDvet/PCU [50]. The European Medicines Agency (EMA) provides a standardized
daily dosage for each active substance, calculated as the average concentration of various
marketed products sold in the European Union (EU) [50]. All intramammary, injectable,
intrauterine and oral products were analyzed. Spray AM for external use and ruminal
preparations (monensin) were excluded. Oral and injectable antibiotic formulations were
calculated per kilogram of animal, while intrauterine and lactating cow intramammary
doses (IMM) were calculated per cow. If a range of doses was given, the mean dose was
used as the DDDAit [31]. For combination products (e.g., penicillin-streptomycin), the
DDDvet was estimated for the main substance, following the guidelines for the DDDvet
assignment [50].

Conversely, DDDAit was estimated for both separately, according to the Italian Min-
istry of Health guidelines [31]. The “PCU” (Population Correction Unit), representing the
entire animal biomass “at-risk” present annually in the farm, was calculated by dividing
the animals into production categories and multiplying the results by the standard weight
attributed to each category. According to the National Reference Centre for Animal Welfare
(CreNBA) [31] guidelines, calf, heifer and cow weights were attributed as 100 kg, 300 kg
and 600 kg, respectively. Conversely, according to EMA guidelines for DDDvet, the weights
attributed were 140 kg, 200 kg, 425 kg for the same previous livestock categories [50].
Antibiotics were grouped according to EMA and WHO classifications, based on their
importance to human health [51,52].

4.3. Statistical Analysis

The effects of the phase (dry-off/lactation), year and their interaction on DDDAit dis-
tribution were assessed using a linear mixed model; the farm was considered in the model
as random effect while the type of phase and year within each farm was included in the
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repeated effects part of the model, using a compound symmetry covariance structure. The
Akaike Information Criterion (AIC) and the residual diagnostics were used to evaluate the
model’s goodness of fit. Given the model results, the evaluation of the factors collected for
each farm in comparison with the DDDAit values was performed considering the year 2020.
The Wilcoxon rank-sum test was applied in the case of categorical variables, after having
checked the equality of variances using Leven’s robust test statistic; regarding continuous
variables (i.e., daily milk production, biosecurity and animal welfare scores), the Spearman
correlation coefficient was adopted. The HPCIA usage evaluation was performed after
dichotomizing the variable (i.e., used at least once or not); given the observed frequencies,
only the comparison between 2019 and 2020 for the injectable products was statistically
analyzed, using the McNemar test. Given the massive reduction in 2020 of the HPCIAs
(only 18 farms used HPCIAs at least once) and the consequent sample size reduction after
stratifying by the management variables, HPCIA were not included in the risk factors
analysis since the robustness of the statistical analysis would not have been satisfactory.
Data analysis was conducted using software SAS v.9.4 (SAS Institute Inc., Cary, NC, USA).

5. Conclusions

This study evidenced a significant decrement in AMU in 34 Alpine dairy farms in
2018–2020, with particular reference to HPCIA. Penicillins and first and second generation
cephalosporins were the most frequently administered antimicrobial classes and the most
widely used administration route was the intramammary one, specifically during the
dry-off period. Replaceable cubicle materials were associated with lower AMU, while
quarantine management, available space, water supply, animals’ cleanliness and somatic
cell count had no significant association with AMU. Furthermore, no association between
overall AW and biosecurity score was found. If confirmed by further studies, these results
may suggest benchmarks for Alpine dairy farms to promote the reduction of AMU in
dairy industry.
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Abstract: Antimicrobial resistance (AMR) is a major global threat to human and animal health. The
use of antimicrobials in the livestock sector is considered to contribute to AMR. Therefore, a reduction
in and prudent use of antimicrobials in livestock production systems have been advocated. This
cross-sectional survey aimed to investigate the extent of imprudent antimicrobial use (AMU) and to
determine whether the AMU practice was affected by either the farming system or species of farmed
livestock in the largest island (Viti Levu) of Fiji. A total of 276 livestock enterprises were surveyed
and antimicrobials were used on 309 occasions over 90 days. Overall, in 298 of 309 (96%) incidents,
antimicrobials were used imprudently, comprising antibiotics, 160 of 170 (94%) and anthelmintics,
138 of 139 (99%). Prudent use of antibiotics was associated with commercial farming systems (X2 = 13,
p = 0.001), but no association was observed with anthelmintic use (p > 0.05). Imprudent antibiotic use
was associated with dairy (OR = 7.6, CI = 1.41, 41.57, p = 0.018) followed by layer and beef (p > 0.05)
compared to broiler enterprises. Imprudent AMU was more common in the backyard and semi-
commercial enterprises compared to commercial broiler enterprises. Policies promoting the prudent
use of antimicrobials in Fiji should focus on smaller livestock production systems and enterprises.

Keywords: antibiotics; anthelmintics; prudent use; imprudent use; livestock production systems; Fiji

1. Introduction

Antimicrobial resistance (AMR) is a significant global threat to human and animal
health [1]. Antimicrobial use (AMU) in the livestock sector has been considered to con-
tribute to the AMR issue [1,2]. Therefore, a reduction and a prudent use of antimicrobials in
livestock production systems have been advocated [1–3]. Food of animal origin is produced
using traditional systems in non-commercial farming settings for food and socio-economic
security worldwide [4–6]. However, in recent times, increasing demand for foods of animal
origin (meat, milk, and eggs) has contributed to the intensification and commercialisation of
livestock production systems locally and globally [7–9]. Larger flocks/herds of animals are
produced in smaller confinements (sheds, cages, and paddocks) and in a shorter duration
than traditional, extensive and free-range systems [6,8,10]. Backyard farming systems
continue to produce livestock for domestic consumption, while semi-commercial farmers
who are market-orientated produce livestock for domestic consumption and sale [11,12].

Higher flock/herd density with compromised farm biosecurity infrastructure results
in higher chances of transmission of diseases amongst flocks/herds; therefore, striking a
balance between increasing production and managing farm biosecurity risks has been a
challenge faced by livestock farmers [13,14]. As part of a farm-level biosecurity risk man-
agement strategy, antimicrobials including antibiotics and anthelmintics (as well as other
agents such as vaccines, medicated feed, nutraceuticals, and other herbal preparations)
have been used to reduce the risk of microbial infection in the agri-food value chain [15–23].
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Antimicrobials have traditionally been used to treat diseases in livestock; however, antimi-
crobials have also been used prophylactically in flocks/herds of animals and for growth
promotion [16,24,25]. The prophylactic use may be predominant in commercial systems
due to higher stock density; however, it is presumed that AMU for growth promotion may
be more common in systems that have fewer veterinary interventions [22,26,27]. Unnec-
essary and imprudent use of antimicrobials in livestock production systems is of grave
concern due to the risk of emergence and transmission of antimicrobial resistance (AMR)
genes via the agri-food value chains to humans [28,29].

The World Organisation for Animal Health (OIE) discourages unnecessary and long-
term use of antimicrobials in farmed livestock and advocate the administration of antimi-
crobials under the supervision of a qualified veterinarian [30,31]. In addition, the use of
World Health Organisation (WHO) classified critically important antimicrobials in livestock
production systems is prohibited and considered imprudent [32,33]. The imprudent use of
antimicrobials has been reported in developing countries, predominantly in the backyard
and semi-commercial farming systems, due to lack of access to veterinarians leading to
self-prescribing [5,14,16,24]. However, such AMU practices in Fiji are currently unknown.
In the United Kingdom (UK), the Veterinary Medicines Directorate (VMD) produced a code
of practice on the responsible use of animal medicines in farm animals for livestock keepers,
including guidelines for the access, usage and recording of AMU [34]. At a sectoral level,
the Responsible Use of Medicines in Agriculture (RUMA) set guidelines for beef, dairy,
broiler, layer and other enterprises [35]. Policies on responsible antibiotic use for farm
livestock under cascade were also established in the UK, where veterinarians are permitted
to prescribe medicines unauthorised for use in livestock [36], but this has not been the
case in Fiji. In Fiji, the shortage of veterinary professionals, lack of legislation restricting
AMU in livestock and standard therapeutic guidelines have been reported [37]. In addition,
Fijian veterinary legislation is outdated since the current one dates to 1956 [38], while
the antibiotics and anthelmintics for use in livestock remain unclassified in the current
Medicinal Products Act [39]. On the other hand, the existence of a veterinary authority
(a standard-setting authority similar to the VMD and BVA) remains unclear, while the
legislation targeting antimicrobial residue levels in animal products only outlines standards
on milk and milk products, excluding all other animal products [38–40]. Moreover, AMR
in the Fijian health sector has also been reported [37].

In the UK, the BVA, in collaboration with VMD, set good practice guidelines for the
use of veterinary medicines to assist veterinarians, pharmacists and suitability qualified
personnel [41,42]. The VMD guidelines also include off label and cascade use of antibiotics
which is only permitted for use under the supervision of veterinarians [36,42]. Hence,
deviation from the set regulatory framework and classification on prescribing and dispens-
ing of the antimicrobials is considered imprudent in the UK [43,44]. Antimicrobial legal
categories and classification in other South Pacific countries such as Australia and New
Zealand are similar to the UK [43–45]. However, the Fijian jurisdiction does not define
such specific legal categories and authorisation of veterinary medicines [39]. Our recent
study demonstrated moderately high use of antimicrobials which varied by systems and
enterprises; however, the quantity of antimicrobials used does not demonstrate whether
the antimicrobials were used prudently [46]; therefore, this study aimed to investigate the
extent of imprudent AMU in Fiji, and to determine whether this was affected by either
farming system or species of farmed livestock.

2. Results
2.1. Characteristics of Antimicrobials Used

The characteristics of AMU in farm enterprises are presented in Table S1. Veterinary
antimicrobials were used in 306 of the 309 (99%) incidents, but on three incidents (1%),
human antimicrobials were used, which are prohibited for use in food producing livestock.
A little over half of the antimicrobials used were antibiotics (n = 170, 55%). Most of the
antimicrobials were administered as an oral solution (n = 227, 73%), while a smaller propor-
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tion were administered orally as powders (n = 62, 20%). All powdered formulations for oral
use were reconstituted and administered in drinking water. Most antimicrobials contained
a single active pharmaceutical ingredient (n = 251, 81%). The majority of administrations
were in flocks of poultry or herds of cattle (n = 253, 82%) rather than to an individual bird
or cow, and 87% (268 of 309) of all administrations were self-prescribed (prescription and
administration of antimicrobials to livestock on the farms) by the farmer or farm manager.
Antimicrobials were mainly purchased from agricultural or veterinary clinics (n = 263, 85%)
operated by livestock officers (presumably with tropical agriculture qualifications), referred
to as para-veterinarians in the Fijian context.

The most commonly used antimicrobial was anthelmintic of the imidazothiazole
derivative class (n = 72, 31%) followed by the antibiotic β-lactams (n = 81, 26%) and
tetracyclines (n = 58, 19%) while other antibiotic classes were less frequently used (<10%). A
larger proportion of antimicrobials were administered to dairy calves (n = 82, 27%) followed
by lactating cows (n = 53, 17%), bull calves (n = 42, 14%) laying hens (n = 30, 10%) and
broiler breeding birds (n = 25, 8%).

2.2. Imprudent Antimicrobial Use Categorisation

The categorisation of AMU practice in livestock enterprises is presented in Table 1.
According to the first criterion in the decision-making tree (step 1), all anthelmintics (100%)
and almost all antibiotics (98%) passed the step because veterinary antimicrobials were used
in 306 of 309 (99%) occasions. The 3 of 309 (1%) uses were imprudent because they were
non-veterinary antibiotics. Veterinary anthelmintics were used on 139 of 306 incidents and
antibiotics on 167 of 306 incidents (step 2). However, since antibiotics are classified as POM-
V and anthelmintics as POM-VPS, antimicrobials were mostly used in an imprudent way,
as assessed in step 3 (288 of 306, or 94% of occasions). On this criterion, antibiotics were not
prescribed by an authorised prescriber on 156 of 167 (93%) incidents and anthelmintics on
132 of 139 (95%) incidents. In step 4, 18 of 306 (6%) incidents prescribed by the authorised
prescriber in step 3 were administered to the target species specified on the label and as per
their market authorisation (step 4).

Table 1. Categorisation of 309 incidents where antimicrobials were used in livestock enterprises
located in Viti Levu, Fiji.

Steps AMU Practice

Antimicrobial Type

Anthelmintic Antibiotic Total

n (%) n (%) n (%)

1 * (antimicrobial type)
Prudent 139 (100) 167 (98) 306 (99)

Imprudent 0 (0) 3 (2) 3 (1)
Total 139 (100) 170 (100) 309 (100)

3 (prescriber)
Prudent 7 (5) 11 (7) 18 (6)

Imprudent 132 (95) 156 (93) 288 (94)
Total 139 (100) 167 (100) 306 (100)

4 (target species)
Prudent 7 (100) 11 (100) 18 (100)

Imprudent 0 (0) 0 (0) 0 (0)
Total 7 (100) 11 (100) 18 (100)

5 (purpose of
administration)

Prudent 5 (71) 7 (64) 12 (67)
Imprudent 2 (29) 4 (36) 6 (33)

Total 7 (100) 11 (100) 18 (100)

313



Antibiotics 2022, 11, 294

Table 1. Cont.

Steps AMU Practice

Antimicrobial Type

Anthelmintic Antibiotic Total

n (%) n (%) n (%)

6+ (cascade)
Prudent n/a n/a 11 (100) 11 (100)

Imprudent n/a n/a 0 (0) 0 (0)
Total n/a n/a 11 (100) 11 (100)

7 (AMU records)
Prudent 1 (20) 10 (91) 11 (69)

Imprudent 4 (80) 1 (9) 5 (31)
Total 5 (100) 11 (100) 16 (100)

Last step **
Prudent 1 (1) 10 (6) 11 (4)

Imprudent 138 a (99) 160 b (94) 298 c (96)
Total 139 (100) 170 (100) 309 (100)

Note: - denotes zero n (counts) and % (proportion), * denotes steps as per framework (Table 5) where steps 2a and
2b were verification steps, + denotes step 6, which is only applicable to antibiotics, AMU denotes antimicrobial
use, ** last step denotes totals of all steps including human antimicrobials used, a denotes anthelmintics imprudent
sum = step 1 + step 3 + step 4+ step 5 + step 7, b denotes antibiotics imprudent sum = step 1 + step 3 + step 6 +
step 7 (steps 4 and 5 are not applicable as antibiotics are prescribed in cascade), c denotes antimicrobial imprudent
total sum = step 1 + step 3 + step 4 + step 5 + step 6 + step 7, less 4 from step 5 (antibiotics used in cascade).

Based on our evaluation, we found that in 6 of 18 incidents, antimicrobials which
we classified as imprudent use were prescribed by an authorised prescriber in step 3 and
approved target species in step 4, but we were unaware of the pre-existing condition being
treated and therefore classified the use as imprudent in step 5. Since antibiotics should
only be used in cascade as per our set framework (Table 5), 11 of 167 (7%) incidents (step 3)
antibiotics used were categorised as cascade use in step 6.

On 18 occasions, antimicrobials were administered to authorised target species (step 4);
however, only in 5 of 7 incidents were anthelmintics used prudently, and in 7 out of
11 incidents, antibiotics were used prudently. Since antibiotics are prescribed in cascade
and all 11 of the 167 incidents were prescribed by the authorised prescriber in step 3, we
considered all 11 for cascade use. Maintaining AMU records is essential for antimicro-
bial stewardship (AMS) programmes. Only 1 out of 5 incidents of anthelmintics were
recorded (thus used prudently) whilst 10 out of 11 incidents of antibiotic use were recorded
(i.e., prudent) (step 7).

Overall, in 298 of 309 (96%) incidents, antimicrobials were used imprudently. Antibi-
otics on 160 of 170 (94%) incidents and anthelmintics on 138 of 139 (99%) incidents were
used imprudently. The practice of AMU (imprudent, prudent) was associated with the
antimicrobial type (anthelmintic, antibiotic), p = 0.026, with antibiotic use being marginally
more prudent compared to anthelmintics (Table 2).

Table 2. The antimicrobial use practice of 309 occasions when antimicrobials were used on 276 enter-
prises located in Central and Western divisions of Viti Levu, Fiji.

Antimicrobial Use Practice

Antimicrobial Type Imprudent Prudent

n % Observed n % Observed

Anthelmintic 138 99 1 1
Antibiotic 160 94 10 6

n denotes frequency, % denotes percentage observed, Fisher’s Exact Test, p = 0.026.
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2.3. Description of the Types of Antimicrobials Used

OIE classified veterinary critically important antimicrobials (antibiotics only) were
used on 55% of 309 incidents, while WHO categorised high priority critically important
antimicrobials (macrolides, beta-lactams and third and fourth generation cephalosporins)
were used on 3% of occasions (refer Table S1). Antimicrobial agents used as antiparasitic
agents (45%) and antimicrobial agents for systemic use (38%) dominated the groups of
antimicrobials used. According to the VMP classification, 57% of antimicrobials used
were POM-V, and 42% were POM-VPS. Almost half of the administrations (48%) were
classified as therapeutic use, while the remaining half was for prophylactic purposes (37%)
and growth promotion (15%). Although the prescriber was one of the main prerequisites
for categorisation of imprudent use, overall, in 36 incidents (12%), AMU was off label
or antimicrobials were used in unauthorised target species, and there were only three
incidents (1%) when prohibited antimicrobials were used (Table 3).

Table 3. Classification of antimicrobial formulations used in 309 incidents on 276 livestock enterprises
located in Viti Levu, Fiji.

Factor Sub-Categories n (%)

OIE classification
Veterinary critically important 170 (55)

Unclassified antimicrobials 139 (45)

WHO classification
Highly important 162 (52)

Unclassified antimicrobials 139 (45)
High priority critically important 8 (3)

ATC ESVAC
classification

Antiparasitic use 139 (45)
Systemic use 117 (38)
Intestinal use 26 (8)

Intramammary use 24 (8)
Systemic use (humans) 3 (1)

VMD legal
distribution category

POM-V 279 (57)
POM-VPS 131 (42)

Human antimicrobial 3 (1)

Purpose of
administration

Therapeutic 148 (48)
Prophylactic 115 (37)

Growth promotion 46 (15)
Metaphylactic - -

Use on target species *
Authorised 270 (87)

Unauthorised 36 (12)
Prohibited + 3 (1)

Note: * denotes classification based on National Office of Animal Health (NOAH), - denotes zero n (count) and
% (proportion). OIE, World Organization of Animal Health, WHO, World Health Organization, ATC ESVAC,
Anatomical therapeutic classification European Surveillance Veterinary Antimicrobial Consumption project,
VMD, Veterinary Medicines Directorate, + prohibited use denotes antimicrobials authorised for human use and
prohibited for use in livestock raised for food.

In most incidents, farmers self-prescribed anthelmintics (95%) and antibiotics (80%).
Para-veterinarians prescribed antibiotics on only 14% of occasions, and veterinarians
on only 6% of occasions. There was an association between the type of antimicrobial
used and the prescriber, with veterinarians prescribing marginally more antibiotics than
anthelmintics (p < 0.001) (Figure 1A).
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Figure 1. Association of 309 incidents where antimicrobials were used (anthelmintics n = 139,
antibiotics n = 170) with (A). prescribing pattern (Fisher’s exact test, p < 0.001), and (B). purpose of
administration (X2 = 48, p < 0.001) in 276 enterprises located in Central and Western division of Viti
Levu, Fiji.

Most antibiotics were used therapeutically (65% of occasions), over a fifth (22%) were
used prophylactically and 14% as growth promoters. The principal use of anthelmintics
was for prophylactic purposes (56%), but on 17% of incidents, anthelmintics were used
for growth promotion. There was a significant association between antimicrobial type
and purpose of administration type, with greater usage of anthelmintics for prophylaxis
(X2 = 48, p < 0.001, Figure 1B).

Anthelmintics were used in just over 60% of incidents for parasitic infections, while
antibiotics were used in a little over 30% of incidents for growth promotion. Anthelmintic
and antibiotics were also used for symptomatic treatment (12% and 26%, respectively). The
AMU practice was associated with indications of use, with anthelmintics being mainly
used for parasitic infections (X2 = 162, p < 0.001, Figure 2).
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Figure 2. Association between 309 incidents where antimicrobials were used (anthelmintics n = 139,
antibiotics n = 170) and indication of use on 276 enterprises located in the Central and Western
division of Viti Levu, Fiji. (Chi-square statistics X2 = 162, p < 0.001).

2.4. Prescription of Antimicrobials in Enterprises and Farming Systems

Antimicrobials were not prescribed by veterinarians (Refer Table S1, 298 of 309 in-
cidents) except in broiler enterprises (100%, 11 of 11 incidents). Para-veterinarians were
most likely to be used in dairy enterprises (67%, 20 of 30 incidents) and did not prescribe
antimicrobials in poultry enterprises (p = 0.017, Figure 3A). Farmers self-prescribed antimi-
crobials in all enterprises, although this was less common in broiler and layer enterprises
(10% and 13%, respectively). Farmers self-prescribed antimicrobials most commonly in
dairy enterprises (49%, 132 of 268 incidents).
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Figure 3. Association between 298 of 309 incidents where antimicrobials were prescribed (para-
veterinarians n = 30, self-prescribed n = 268) and (A). different enterprises (Fisherman’s exact test,
p = 0.017) and (B). different farming systems (Fisherman’s exact test, p = 0.111) located in the Cen-
tral and Western divisions of Viti Levu, Fiji. Veterinarians only prescribed in commercial broiler
enterprises (n = 11 incidents) and were excluded from the analysis.

Veterinarians only prescribed antimicrobials (refer to Table S1, 298 of 309 incidents) in
commercial farming systems (100%, 11 of 11 incidents) while para-veterinarians mostly
prescribed in semi-commercial farming systems (60%, 18 of 30 incidents). Self-prescribing
was also common in semi-commercial systems (64%) and commercial farming systems
(40%). Veterinarians and para-veterinarians did not prescribe any antimicrobials for use
in backyard farming systems. However, there was no statistically significant association
between prescriber and farming system (p = 0.111, Figure 3B).

2.5. Associations and Logistic Regression Modelling of Farming System and Enterprise Type with
AMU Practice

Amongst the different farming systems, antibiotics were used imprudently in more
incidents in the semi-commercial farming system (98%). The situation was only marginally
better in the backyard (92%) and commercial (76%) farming systems. There was an asso-
ciation between farming systems and AMU practice where prudent use mainly was in
commercial farming systems (X2 = 13, p = 0.001).

The antibiotics were administered imprudently on more incidents in dairy (96%)
followed by layer (95%) and beef (94%); however, the situation was better in broiler enter-
prises (75%). There was an association between AMU practice and enterprise type (X2 = 10,
p = 0.022), where broiler enterprises were more likely to use antimicrobials prudently.

All anthelmintics administered in the backyard and semi-commercial farming systems
were used imprudently. Anthelmintic use was imprudent in beef, dairy and layer enter-
prises and only slightly better in broiler enterprises. There was no association between
anthelmintic use practice and farming systems and enterprise types (p > 0.05).

Imprudent use was also more likely to be practiced in dairy enterprises (OR = 7.6,
CI = 1.41, 41.57, p = 0.018, Table 4) followed by layer enterprises and beef enterprises
compared to broiler enterprises; however, our finding was statistically insignificant for
layer and beef enterprises (p > 0.05).
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Table 4. Summary of association and logistic regression modelling of farming systems and enterprise
types with antimicrobial use practice on livestock farms located in Central and Western divisions of
Viti Levu, Fiji.

Antimicrobial
Type + Factor Sub-

Categories n (%)
AMU Practice

Chi-
Square
Tests

Logistic Regression

%
Imprudent

%
Prudent χ2 p-Value p-Value OR 95% CI

Antibiotic

Farming
system Backyard 12 (11) 92 8

13 0.001
- - -

Semi
commercial 65 (59) 98 2 - - -
Commercial 34 (31) 76 24 - - -

Enterprise
type Beef 18 (16) 94 6

10 0.022

0.125 5.67 0.62,
52.09

Dairy 48 (43) 96 4 0.018 7.60 1.41,
41.57

Broiler 24 (22) 75 25 1
Layer 21 (19) 95 5 0.093 6.66 0.73,

60.81
Anthelmintic Farming

system Backyard 8 (9) 100 0
- 0.248

- - -
Semi

commercial 61 (65) 100 0 - - -
Commercial 25 (27) 96 4 - - -

Enterprise
type Beef 33 (35) 100 0

- 0.837

- - -
Dairy 51 (54) 98 2 - - -
Broiler 1 (1) 100 0 - - -
Layer 9 (10) 100 0 - - -

Note: reference category is commercial for farming systems, broiler for enterprise type, n denotes the frequency,
% denotes percentage, AMU, antimicrobial use, OR denotes odds ratio, CI denotes confidence interval. - de-
notes logistic regression modelling was not executed as there was no association (Fisher’s exact test, p > 0.05)
in the anthelmintic model and unbalanced antibiotic model for the farming system, + denotes two models
(antibiotic, anthelmintic).

3. Discussion

The present study, to our knowledge, is the first study categorising AMU in livestock
production systems in Fiji. The study revealed that in 96% of incidents (298 of 309),
antimicrobials were used imprudently on 276 enterprises. The evaluation revealed that
94% (160 of 170 incidents) of antibiotic (POM-V) use and 99% (138 of 139 incidents) of
anthelmintic (POM-VPS) use were categorised as imprudent. Although antimicrobials
were purchased from veterinary clinics, presumably operated by para-veterinarians, the
prescription and administration of antimicrobials to livestock on the farms were done by
the farmers (95% self-prescribed). The results also suggest that most POM-V and POM-VPS
were sold to farmers without prescription, concurring with the findings of studies in other
developing countries [24,47].

The results also suggest that 12% of antimicrobials were administered to unauthorised
target species, thus deviating from the market authorisation and the label. Given that 87% of
antimicrobials were used in authorised target species, we presume that these antimicrobials
were used correctly; used as per indications given in the market authorisation and the
labels of the antimicrobials (see Table 3). The indications for which the antimicrobials
were used were at the discretion of the farmers. Nonetheless, the actual administration on
the farm depends on the farmers’ decision-making process where the farmers’ intention,
attitude and available resources play a fundamental role in deciding the AMU [48], which
differs from the UK, where the antibiotics are only prescribed by the veterinarians while
anthelmintics by a pharmacist or suitably qualified person or a veterinarian [49].

On the other hand, the unauthorised prescription and administration of antimicrobials
are of grave concern. There is a high chance of incorrect dosing, non-compliance to the
correct duration of use, and off-label use resulting in imprudent use similarly reported in
studies in other countries [47]. Europe and the UK banned the use of antibiotics for growth
promotion [50,51]; however, antibiotics continue to be used for growth promotion in the
Asian Pacific region [16,52]. The current study’s findings confirmed that antimicrobials
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were used for growth promotion and were also administered prophylactically in livestock
farms in Fiji. We presume there may be chances of justified and right intentions for
using the antimicrobials in livestock to mitigate farm biosecurity risks [26]. However,
using antimicrobials without consulting veterinary professionals poses a greater chance
of antimicrobials being used imprudently [48]. We also believe that some imprudent use
may be due to a lack of knowledge and understanding of antimicrobials, as participants
reported using anthelmintics and antibiotics to treat similar diseases. In was beyond the
scope of this study to explain the motivations behind the AMU practice.

Although antimicrobials were used imprudently in the vast majority of incidents
(96%), most of them were used on authorised species (Table 1, Step 4). This finding further
infers that although there was easy access to antimicrobials, only 12% of antimicrobials
were administered to unauthorised species at the farm level (Table 3). However, we
could not elucidate if antimicrobials were under or overdosed; therefore, randomised
longitudinal quantitative studies that collect the body weights of animals and the ailments
treated at the point of treatment with the antimicrobials would be more appropriate.
Subsequently, the individual dose and course doses according to the indication for use
could be more accurately estimated so that the under or overuse of antimicrobials in the
different enterprises could be evaluated.

In the current study, antimicrobials were usually administered to the flock or herd
rather than individual animals, which suggested that antimicrobials might have been
used on clinically healthy animals. Prophylactic use of antibiotics in animals has been
discouraged by OIE [53], but to maintain biosecurity, prophylactic use may be justifiable for
economic and welfare reasons. Nevertheless, the prophylactic use of anthelmintics has been
found to be beneficial in reducing the number of macroparasite infections reported in other
studies [54]. Some studies have reported that one of the motivations for implementing
biosecurity was increasing profit through higher farm production [15,55]. Therefore, we
suggest further studies to explore and understand the motivations for implementing
biosecurity measures such as prophylactic use of antimicrobials in flocks and herds of cattle
and poultry. We further suggest exploring the farm biosecurity risk mitigation strategies
employed on farms, reducing the incidence and transmission of diseases, thus reducing
the need for antimicrobials. This will enable the development and recommendation of
more uniform sectoral and enterprise-level risk management strategies. Exposing clinically
healthy herds and flocks of animals to antimicrobials may further contribute to the risk of
AMR, as demonstrated in other studies [29]. Therefore, in the Fijian jurisdiction, we suggest
that care must be taken when administering antimicrobials at the herd and flock level. In
addition, all administrations should be executed in consultation and under the supervision
of suitably qualified veterinarians following the guidance of the WHO, OIE and FAO [2,3].
We also found that veterinary critically important antibiotics [33] and antibiotics critically
important for human medicine [32], such as tetracyclines and β-lactam penicillin, were
commonly used and were similarly reported in other developing countries [22,51,52].

Our results also revealed that antibiotics were used under the cascade, and the record-
keeping of AMU was inconsistent. We could not establish a general understanding of the
importance of maintaining AMU records amongst the livestock farmers and veterinarians.
Evaluating and demonstrating an understanding of the decision-making process for cascade
use of antibiotics could not be established; however, the cascade use of antibiotics by
farmers, without consultation and supervision of veterinarians, is alarming. Contrarily, in
the UK, antibiotics can only be used and prescribed by veterinarians under the cascade,
adhering to stringent regulatory requirements [36,49]. Therefore, the development and
implementation of regulatory frameworks on the cascade use of antibiotics similar to
the UK [41,56] would assist the Fijian livestock production sector. In addition, we were
also unable to assess the role of the para-veterinarians in veterinary service delivery and
AMU decision-making process; therefore, it is crucial to clearly define the roles of para-
veterinarians in the legislative frameworks in Fiji so that all POM-VPS (anthelmintics) are
appropriately prescribed by para-veterinarians and other professionals as practiced in the
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UK and other countries [30,36,41]. Given that we were unable to precisely evaluate the
roles of the para-veterinarians and veterinarians at large in veterinary service delivery
and livestock production, we suggest further studies exploring and understanding the
knowledge, attitude and behaviour of the veterinarian and para-veterinarian towards
antimicrobial prescribing, AMU and veterinary practice so that policy recommendations
could be made to improve veterinary services and strengthen AMS programmes.

Based on the indications of use, antibiotics were used most frequently for growth pro-
motion followed by treatment for bacterial infections and symptomatic treatment; however,
antibiotics being used for the treatment of other illness (non-bacterial and parasitic) is of
grave concern since such use is contraindicated in the market authorisation and label of the
antibiotics. The use of antibiotics for bacterial infections may be justified due to its compli-
ance to market authorisation and label; however, all other uses (parasitic infections, growth
promotion, symptomatic treatment and non-bacterial and parasitic illness) described in
Figure 2 are considered as imprudent use and contribute to the growing risks of AMR as
reported in another study [29].

Our findings revealed that antibiotics were used therapeutically (65%) and anthelmintics
prophylactically (56%) (Figure 1B), but the indications of use (Figure 2) showed that a higher
proportion of anthelmintics were used (correctly) for parasitic infections compared to antibi-
otics which were used for growth promotion. Our study also revealed that antimicrobials
were used mainly in the early phase of livestock production (Table S1), probably to pre-
vent animal mortality which is more prevalent when the animal is younger [5,18] and to
ensure the sustainability of production, which would serve as an income source to the
household [6]. Our results show that the percentage of imprudent AMU was higher in
semi-commercial and backyard systems. The high use of antimicrobials may contribute to
the development of AMR [29] and higher chances of antimicrobial residues being found in
food of animal origins as reported in other studies [25,57], therefore contributing risks to all
in the agri-food value chain. Given that most enterprises raised livestock in the backyard
and semi-commercial farming systems (Table 4), there is considerable reliance for Fijians
on the semi-commercial and backyard farming systems despite the commercial farming
system being the primary source of food in the agri-food chain, similarly demonstrated in
other studies [6]. Therefore, further studies investigating antimicrobial residue levels in
beef, milk, poultry meat and eggs are required, so that antimicrobial residue limits could
be established and unnecessary exposure of antimicrobials to Fijians via the agri-food
value chain could be minimised. Furthermore, understanding of the drivers for AMU
practice in all farming systems over a prolonged duration is required so that necessary
policies targeting behavioural interventions could be recommended for incorporation in
AMS programmes.

There was a more prudent use of antimicrobials in commercial farming systems,
and we presume that the imprudent use of antimicrobials in the backyard and semi-
commercial farming system may be due to lack of accessibility to veterinary services,
compromised farm biosecurity infrastructure and lack of knowledge and understanding
on antimicrobials and AMR, which have also been reported in other studies [8,10,12,14,48].
Our evaluation of prescribing patterns in farming systems and enterprises revealed that
veterinarians only prescribed antimicrobials in commercial farming systems and broiler
only enterprises. We believe this is due to the easy access of in-house veterinarians in
commercial enterprises. In addition, commercial broiler farmers are financially capable
of accessing veterinary services considering the financial investments and mitigating
financial losses that can result from compromised farm biosecurity [15,58]. Therefore,
improving the veterinary services by recruiting more qualified veterinarians and creating
training opportunities locally may improve veterinary services to all farmers resulting in
POM-V (antibiotics) only being prescribed by veterinarians. This will also enable easy
access of veterinarians by semi-commercial and backyard farming systems as well as other
specialists and mixed enterprises. We presume improving veterinary services and engaging
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farmers and veterinarians in AMS programmes may improve and promote prudent use
of antimicrobials.

Since the actual disease or ailments for which antimicrobials were administered was
unknown, there may be chances of incorrect interpretation and classification of antimicro-
bials. However, this present study provides the framework for categorising antimicrobials
and can be used in developing countries where information on AMU and AMR is scarce.
We were unable to execute the logistic modelling for antibiotic use in different farming
systems and anthelmintic use in different farming systems and enterprises due to lack of
statistical association and unbalanced model due to unequal representation in all categories;
therefore, we suggest equal representation to be considered in the inclusion criteria for
future studies so that logistic modelling could be executed.

The high prevalence of imprudent use categorisation may also be due to the framework
used, which was based on international standards. In the absence of the Fijian national
medicine’s directorate and legal classification of veterinary antimicrobials, using the UK,
EU and OIE regulatory framework on veterinary antimicrobials use as a reference point was
the best available choice. Since the UK and EU’s food production systems and standards
are a robust encompassing regulatory framework targeting every stage of the agri-food
value chain, these standards enabled us to best evaluate AMU practice. Additionally, it was
not possible to compare imprudent AMU practice in Fiji with other countries due to limited
information regarding the categorisation of AMU practice. Nevertheless, despite vast
differences in livestock production between developed and developing countries, AMR is
a global threat to all countries. Therefore, the applicability of the international standards is
well justified as it helped us establish the current situation on the AMU practice in Fiji.

4. Materials and Methods
4.1. Study Design and Data Collection

A cross-sectional survey was conducted between May and August 2019 on 236 live-
stock farms comprising 276 enterprises in Fiji’s largest island’s Western and Central divi-
sions (Viti Levu). Livestock farmers and managers were recruited using a purposive and
snowball sampling method. This study’s design and data collection method was part of
the principal survey published earlier [46]. The AMU dataset from the principal survey
was used in this present study for the categorisation of AMU practice.

4.2. Data Management and Analysis

In the absence of a Fijian classification system for veterinary antimicrobials, a
seven-step framework was developed using the VMD, BVA, ESVAC and OIE guide-
lines [36,41,56,59,60] to categorise the AMU (antibiotics and anthelmintics) into either
prudent or imprudent use (Table 5). We used a similar approach used in the human health
sector where imprudent use of antibiotics was defined as either using antibiotics without
prescription, incomplete course and non-compliance to instructions of use [51].

All antimicrobials were classified according to their legal distribution category and
market authorisation before being categorised into prudent and imprudent use. While an-
tibiotics were classified as Prescription Only Medicine–Veterinarian (POM–V), anthelmintics
were considered Prescription Only Medicine–Veterinarian, Pharmacist, Suitably Qualified
Person (POM–VPS). In the current study, Suitably Qualified Persons were livestock officers
(agriculture veterinary clinics staff and field officers and other non-government livestock
officers) since they undertake para-veterinarian duties. The titles (livestock officer and
para veterinarian) are used interchangeably in Fiji as there is no prescribed definition and
competencies outlined in the current legislative framework.
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Table 5. Framework for categorisation of antimicrobial use practice in livestock farms.

Step Categories Description Procedure

1 Antimicrobial type Verify if veterinary antimicrobial or human
antimicrobial was used.

If veterinary antimicrobial was used, proceed
to step 2A; if human antimicrobial was used,

use was categorised as imprudent.

2

Antimicrobial class Classify into class: antibiotics or
anthelmintics.

Identify the class of the antimicrobial and
then proceed to step 2B.

Legal distribution
categories of veterinary

antimicrobials

Classify into either:

• Authorised Veterinary
Medicine–General Sales List
(AVM–GSL),

• Non-Food Animal Veterinarian,
Pharmacist, a Suitably qualified
person (NFA-VPS),

• Prescription Only
Medicine–Veterinarian, Pharmacist,
Suitably Qualified Person
(POM–VPS),

• Prescription Only
Medicine–Veterinarian (POM–V).

Identify and classify the veterinary
antimicrobial if antibiotics were used and

then proceed to step 3.
(NOTE: all antibiotics used orally,

parenterally and in-feed were classified as
POM-V, anthelmintics as POM-VPS, and

suitably qualified person (SQP) was a person
trained and registered to sell veterinary

medicine from agriculture store)

3 Prescriber

Verify the prescriber;

• POM–V can only be prescribed by a
Veterinarian,

• POM–VPS (Veterinarian, Pharmacist,
Suitably qualified person),

• NFA–VPS (Veterinarian, Pharmacist,
Suitably qualified person),

• AVM–GSL (General, Self-prescribed,
Other farmers).

If prescribed by the authorised prescriber,
then proceed to step 4; if not, the use was

categorised as imprudent.
(NOTE: for steps 4 to 7, if prescribed not in

accordance to step 3, then the use was
categorised as imprudent at all steps)

4 Target species

Verify the species administered with
approved target species according to
market authorisation (MA) and label
(authorised, unauthorised).

If deviated from the MA, label and
prescribed by the veterinarian, or prescribed
as per the MA, label and by the authorised
prescriber, then proceed to step 5; if not, the

use was categorised as imprudent.

5 Purpose of
administration

Verify the purpose and establish the
administration type:

• Therapeutic,
• Prophylactic,
• Metaphylactic,
• Growth promotion.

If prescribed for growth promotion, then the
use was categorised as imprudent. If

deviated from the MA, label and prescribed
by the veterinarian, or prescribed as per the
MA, label and by the authorised prescriber,
then proceed to step 6; if not, the use was

categorised as imprudent.

6 Cascade use Verify the use of veterinary antimicrobial
and prescriber.

If deviated from the MA, label and
prescribed by the veterinarian in steps 4 and

5, then the use was categorised as cascade
and then proceed to step 7; if not, the use was

categorised as imprudent.

7 Farm AMU records Verify if records were maintained.

If used under the cascade and maintained
the antimicrobial use records, then the use
was categorised as prudent; if not, the use

was categorised as imprudent.
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The seven-step framework included classifying veterinary antimicrobial use into 1.
Antimicrobial type, 2. Antimicrobial class and legal distribution category of antimicro-
bial, 3. Prescriber of antimicrobials, 4. Target species (authorised as per label or market
authorisation), 5. Purpose of administration (metaphylactic, prophylactic, therapeutic,
and growth promotion), 6. Antibiotics used under the cascade and 7. Maintenance of
farm AMU records (Table 5). All antimicrobials administered on different incidents were
individually evaluated and categorised into prudent/imprudent use. Since only antibiotics
can be prescribed in cascade, Step 6 was only applicable to antibiotics [36,49].

All AMU was categorised into prudent and imprudent use based on the intended
therapeutic indications (purpose of use) of use reported by the farmer and farm manager
(refer to Box 1).

Box 1. Therapeutic Indication Classification.

• All antimicrobials used for deworming were classified as used to treat/prevent parasitic
infections.

• All antimicrobials used for mastitis and other infections were classified as used to treat/prevent
bacterial infections.

• All antimicrobials used for other illnesses were classified as used to treat/prevent non-bacterial
and parasite infections.

• All antimicrobials used for increasing outputs were classified as used for growth promotion.
• All antimicrobials used for gastrointestinal (diarrhoea), respiratory (flu), and viral illness were

classified as symptomatic treatment.

All (n = 309 incidents) intended therapeutic indications of use were individually
evaluated and categorised using the framework (Table 5) by the first author, a doctoral
candidate and pharmacist with experience in agro security, food security and one health
(XK), and verified by co-authors, an animal scientist with a doctoral degree and extensive
experience in animal sciences (poultry)(CR), academic veterinarian and animal scientist
with a doctoral degree with extensive experience in animal sciences (cattle) (PR) and
one female academic pharmacist with a doctoral degree in medicine use and safety and
extensive experience in qualitative research (RL).

Descriptive statistics were used to summarise the categorical variables; the pharmaceu-
tical, pharmacological, clinical, legal category, therapeutic indications of use, prescribing
pattern, source, and purpose of administration (herd/flock vs individual, prophylactic vs
therapeutic, growth promotion). Subsequently, AMU practice (prudent/imprudent use)
by the farming system and enterprise types were also summarised. The percentage of
imprudent antibiotic and anthelmintic uses per enterprise (antibiotic used, n = 111 and
anthelmintics used, n = 94) was calculated using the equation below.

Percentage of imprudent use =
Number of times AM used imprudently

Total number of times AM used per enterprise
× 100 (1)

where AM is antimicrobial, and the number of times is incidents on which antimicrobials
were used.

The percentage of imprudent use was binary coded into prudent (0% = prudent,
coded 0) and imprudent (>0–100% = imprudent, coded 1) for antibiotics and anthelmintics.

4.3. Statistical Analysis

Data were analysed using IBM SPSS Software V27. The Pearson’s chi-square or Fisher’s
exact test as appropriate was used to investigate the association between the dependent
binary-coded variable (prudent = 0 and imprudent = 1) with the antimicrobial types used
(antibiotic, anthelmintic), farming system and enterprise type.

To evaluate prescribing patterns, access and use of antimicrobials, the chi-square test
or Fisher’s exact test as appropriate was also used to investigate the association between
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antimicrobial types (antibiotic and anthelmintic) and the prescriber of antimicrobials,
purpose of administration, and the indication of use (parasitic infections, bacterial infections,
other illness, growth promotion, symptomatic treatment). Subsequently, the Fisher’s exact
test was also used to investigate the association between prescribers of antimicrobials
with farming systems and the enterprise type. The veterinarian prescriber category was
excluded from the analysis since they only prescribed in commercial broiler enterprises.

The enterprise type (independent variable) was fitted in the binary logistic regression
model with the antibiotic use practice (outcome variable). The Hosmer and Lemeshow
test was used to evaluate the model fit. From descriptive analysis, the enterprise with
the highest percentage of prudent AMU was set as the reference category; thus, broiler
enterprises were selected as the reference category in the modelling. The logistic modelling
was not executed for antibiotic use practice in different farming systems due to unequal
representation of sample, while the anthelmintic use practice modelling was also not
performed due to lack of statistical association. For all analyses, p< 0.05 was considered
statistically significant.

5. Conclusions

This present study suggests that anthelmintics and antibiotics were used impru-
dently in all enterprises. Imprudent AMU was more common in the backyard and semi-
commercial enterprises compared to commercial enterprises. Policies promoting the pru-
dent use of antimicrobials in Fiji should focus on smaller livestock production systems and
mixed enterprises. Transformation and improvement of policies on AMU, improving vet-
erinary services and regulating the access, prescribing, and dispensation of antimicrobials
is warranted to promote prudent use of antimicrobials at the country level. Concurrently,
follow-up studies to understand AMU drivers in Fijian food production systems is essential
as information obtained will enable the development of targeted behavioural interventions
to promote prudent AMU in livestock production systems.
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