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Preface

This Special Issue collects research articles focused on antimicrobial prescribing, population use,

resistance, and their impact on global health. Antimicrobial resistance (AMR) has emerged as one

of the most urgent public health threats worldwide, driven largely by the misuse and overuse of

antibiotics. The articles in this issue examine the factors contributing to the rise of AMR and explore

innovative approaches aimed at improving antibiotic use and reducing resistance.

The objective of this Special Issue is to provide valuable insights into the current state of

antimicrobial prescribing and the interventions being developed to address misuse. The selected

studies cover a wide range of topics, from clinical prescribing patterns to public health initiatives

and monitoring systems that track resistance trends. Through these diverse perspectives, this issue

highlights key challenges and potential solutions to mitigate AMR on a global scale.

AMR is a complex issue influenced by medical practices, societal factors, and policy regulations.

This issue reflects this complexity by incorporating research from different regions and healthcare

settings, offering a comprehensive overview of the problem. The articles address the variations in

antibiotic use across different populations and healthcare systems, emphasizing the need for tailored

strategies to combat resistance. By sharing these diverse experiences, this Special Issue seeks to

promote global collaboration and improve stewardship practices worldwide.

This publication is aimed at researchers, healthcare professionals, and policymakers who are

actively involved in the fight against AMR. The findings and recommendations presented here are

intended to guide future interventions, improve antibiotic use, and inform public health policies. The

studies included provide evidence-based insights that will help strengthen antimicrobial stewardship

programs and support more rational antibiotic prescribing.

We would like to express our heartfelt thanks to the Section Managing Editor of Antibiotics for

their invaluable support throughout the development of this Special Issue. I am also deeply grateful

to the authors for their hard work and dedication, as well as the reviewers whose insightful feedback

has ensured the high quality of the research included here. Lastly, we extend our appreciation to the

institutions and organizations that provided the necessary support for this project.

We hope that this Special Issue will contribute to the ongoing efforts to reduce antimicrobial

resistance and inspire further research in this critical area of public health.

Juan Manuel Vázquez-Lago, Ana Estany-Gestal, and Angel Salgado-Barreira

Editors
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Editorial

Antibiotic Use and Antimicrobial Resistance: A Global Public
Health Crisis
Ana Estany-Gestal 1 , Angel Salgado-Barreira 2 and Juan Manuel Vazquez-Lago 1,3,*

1 Health Research Institute of Santiago de Compostela (IDIS), 15706 Santiago de Compostela, Spain
2 Department of Preventive Medicine and Public Health Service, Faculty of Pharmacy, University of Santiago

de Compostela, Campus Vida s/n, 15705 Santiago de Compostela, Spain
3 Department of Preventive Medicine and Public Health Service, University Hospital of Santiago de

Compostela, Rua da Choupana s/n, 15705 Santiago de Compostela, Spain
* Correspondence: juan.manuel.vazquez.lago@sergas.es

The discovery of antibiotics revolutionized modern medicine, effectively treating bac-
terial infections that were once fatal. However, the widespread misuse and overuse of these
drugs have led to the emergence and spread of resistant microorganisms, compromising
the efficacy of current treatments [1]. The World Health Organization (WHO) has identified
antimicrobial resistance as one of the top ten global health threats [2].

The indiscriminate use of antibiotics in human medicine, veterinary practices, and
agriculture is a key driver of antimicrobial resistance (AMR) [3]. Antibiotics are dispensed
without a prescription in many countries, facilitating unnecessary use [4]. Additionally, in
the agricultural sector, the prophylactic and growth-promoting use of antibiotics in animals
is widespread, significantly contributing to the spread of resistance [5]. The impact of
inappropriate antibiotic use is further exacerbated by the lack of education and awareness
among healthcare professionals and the general public [6,7]. A recent study found that
many patients still mistakenly believe that antibiotics are effective against viral infections,
such as the common cold [8]. This misunderstanding drives unnecessary demand for these
drugs, pressuring healthcare providers to prescribe them even when they are not needed.

Consequently, AMR has a devastating global impact on developed and develop-
ing countries. It is estimated that antimicrobial-resistant infections cause approximately
1.27 million deaths annually [9]. Moreover, AMR prolongs the duration of illnesses, in-
creases mortality, and imposes a significant economic burden due to the additional costs
associated with prolonged treatment and hospitalization [10]. In developing countries, the
impact of AMR is particularly severe due to limited access to second-line drugs, accurate
diagnostics, and robust healthcare systems. Based on this premise, the Bellagio Group
for Accelerating AMR Action met in April 2024 to develop the ambitious but achievable
1-10-100 unifying goals to galvanize global policy change and investments for antimicrobial
resistance mitigation [11].

Addressing AMR requires a multifaceted approach that includes regulating antibiotic
use, investing in R&D for new drugs, and implementing global educational programs [12].
Policies promoting the rational use of antibiotics are essential to limit inappropriate pre-
scriptions and reduce unnecessary demand [13]. At the global level, initiatives such as the
WHO Global Action Plan on Antimicrobial Resistance aim to strengthen surveillance and
research, reduce infection incidence, and optimize antimicrobials in human, animal, and
environmental health [14]. However, effectively implementing these strategies requires
international collaboration and a firm commitment from all sectors involved.

This Special Issue presents a compendium of multidisciplinary research on the use
of antibiotics, the resistance they generate, and the impact this has on a global level. The
collected works serve as a comprehensive resource for scholars engaged in this field, and
the Guests Editors are grateful for the interest and contributions received.
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Knowledge, Perceptions, and Perspectives of Medical Students
Regarding the Use of Antibiotics and Antibiotic Resistance:
A Qualitative Research in Galicia, Spain
Juan M. Vázquez-Lago 1,2,* , Rodrigo A. Montes-Villalba 3, Olalla Vázquez-Cancela 1, María Otero-Santiago 1,
Ana López-Durán 4 and Adolfo Figueiras 2,5,6

1 Service of Preventive Medicine and Public Health, Clinic Hospital of Santiago de Compostela,
15706 Santiago de Compostela, Spain

2 Health Research Institute of Santiago de Compostela (IDIS), 15706 Santiago de Compostela, Spain
3 Service of Admission and Clinical Documentation, Clinic Hospital of Santiago de Compostela,

15706 Santiago de Compostela, Spain
4 Department of Clinical Psychology and Psychobiology, University of Santiago de Compostela,

15782 Santiago de Compostela, Spain
5 Department of Preventive Medicine and Public Health, University of Santiago de Compostela,

15782 Santiago de Compostela, Spain
6 Consortium for Biomedical Research in Epidemiology & Public Health (CIBER en Epidemiología y Salud

Pública—CIBERESP), 28029 Madrid, Spain
* Correspondence: juan.manuel.vazquez.lago@sergas.es; Tel.: +34-9-8195-0037

Abstract: Antibiotic resistance is a significant public health concern, with numerous studies linking
antibiotic consumption to the development of resistance. As medical students will play a pivotal role
in prescribing antibiotics, this research aimed to identify their perceptions of current use and factors
that could influence future inappropriate use of antibiotics. The study employed a qualitative research
approach using Focus Group discussions (FGs) consisting of students from the final theoretical course
of the Medicine degree. The FGs were conducted based on a pre-script developed from factors
contributing to antibiotic misuse identified in previous studies. All sessions were recorded and
transcribed for analysis by two independent researchers, with all participants signing informed
consent. Seven focus groups were conducted, with a total of 35 participants. The study identified
factors that could influence the future prescription of antibiotics, including the low applicability of
knowledge, insecurity, clinical inertia, difficulties in the doctor-patient relationship, unawareness of
available updates on the topic, and inability to assess their validity. The students did not perceive
antibiotic resistance as a current problem. However, the study found several modifiable factors in
medical students that could explain the misuse of antibiotics, and developing specific strategies could
help improve their use.

Keywords: antibiotic resistance; antibiotics; knowledge; perceptions; attitudes; medical students;
qualitative

1. Introduction

Antibiotic resistance is an increasingly significant public health issue worldwide [1,2],
with substantial implications for morbidity, mortality, and costs [3,4]. There is now lit-
tle doubt that the consumption of antibiotics is strongly linked to the development of
resistance [3,5].

Spain’s antibiotic consumption is higher than the European Community average,
despite no difference in infection prevalence [6,7]. This abuse and misuse of antibiotics
is a complex issue that pertains to different groups, including doctors, healthcare users,
pharmacists, veterinarians, and health authorities, and is related to knowledge, attitudes,
and practices [3,8–11]. Medical students are an ideal population to implement educational

Antibiotics 2023, 12, 558. https://doi.org/10.3390/antibiotics12030558 https://www.mdpi.com/journal/antibiotics3
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strategies during their university studies to improve antibiotic prescription and use in
the future. They are trained in the functionality of antibiotics, and their appropriate
prescription [12,13] and are aware of the issue of antibiotic resistance. However, they may
still lack confidence in selecting the right antibiotic for each case, providing instructions, and
communicating with patients [12–14]. A systematic review of medical students’ knowledge,
beliefs, and attitudes regarding antibiotics and resistance showed a need for more training
to raise awareness of this public health problem [15].

Accordingly, our research aimed to explore the factors that influence the students of
the last theoretical course of degree in Medicine on the future prescription of antibiotics
and resistances in order to identify knowledge gaps on which to design future strategies.

2. Results

A total of 35 final-year medical students participated in seven focus groups, with each
group consisting of 4 to 6 participants (see Table 1). 62.86% were women. None of the
students invited to participate declined to take part in the study.

Table 1. Focal Groups characteristics.

n M-F

FG1 5 2-3

FG2 5 0-5

FG3 5 2-3

FG4 4 2-2

FG5 6 4-2

FG6 5 2-3

FG7 5 1-4
FG. Focal Groups; M: Male; F: Female.

The initial group served as a pilot study, during which we introduced certain modifi-
cations to the script. Due to the qualitative methodology’s flexibility [16], we were able to
incorporate new topics that emerged in this group into the subsequent sessions.

Through analysis of the transcripts, we identified students’ perceptions of current
antibiotic use and the main factors that could lead medical professionals to abuse or misuse
antibiotics in the future. Drawing on participants’ insights from the focus group, we
compiled Table 2 to summarize the reasons behind this trend.

2.1. Knowledge about the Use of Antibiotics

All seven groups indicated that they were familiar with the general mechanism of
action of antibiotics, the concept of “antibiotic resistance,” and the biological mechanisms
of its development. However, a few students shared common misconceptions found among
the general population concerning the symptoms that indicate the necessity for antibiotic
treatment: “[...] sputum if it is dense, green, then, antibiotic” (F2, FG1); “green mucus in children,
earache, sore throat” (M2, FG3), such claims were not refuted, nor discussed by their peers,
who were sympathetic to them. They expressed their opinions about the mechanisms
regarding the development of antibiotic resistance: “if you always give fosfomycin, maybe that
patient tends to generate a resistance to fosfomycin; if he has been taking it all his life, you also have
to be careful with that.” (F2, FG1).

4
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Table 2. Factors identified with respect to knowledge and attitudes regarding antibiotic use among
medical students.

Knowledge They claim to know the concept of antibiotic resistance
and the mechanisms by which they are developed.

Perception

Use

They perceive abuse of antibiotics.
They perceive pressure for the prescription to which it is
yielded.
They perceive inertia on the part of professionals.

Responsibility

Multifactorial:

# Doctors.
# Patients: adherence, leftover kits.
# Food sector.

Magnitude
Aware of the seriousness of the advance of the resistance.
Unaware of the degree of presence of resistance in their
healthcare environment.

Training

Theoretical
They claim to have received good theoretical training.
They believe that their knowledge has no practical
applicability.

Skills and tools
They report poor practical training: they lack skills and
assertiveness.
Insecurity before the diagnosis.

Updating

They perceive little updating among doctors.
Through congresses, clinical sessions, and clinical
guidelines.
Lack of information search tools and critical reading.

Perspectives

Doctor-patient
relationship

They consider it essential.
They report lacking the necessary skills and time.

Training Industry Awareness of the existence of biases.
Perceived as necessary.

2.2. Perception of Current Antibiotic Use

All seven groups concurred on the prevalence of antibiotic misuse, which they at-
tributed to various factors, including both healthcare professionals and patients. The
students linked the inappropriate use of antibiotics with certain behaviors they observed
during medical consultations. For instance, they noted that inadequate patient histories
and physical examinations often resulted in uncertain diagnoses, making it challenging to
determine the appropriate treatment: “[...] in the end what decides what is done is the time of
anamnesis and exploration. It makes you more certain whether to give an antibiotic or not. If you
have little time, you give things without evidence or don’t look for it so much.” (M1, FG1).

They also pinpointed the insufficient explanations from doctors regarding the diag-
nosis, prognosis, treatment, and the significance of adhering to the prescribed dosage as
another issue of antibiotic use. This inadequacy obstructs the doctor-patient relationship
and results in noncompliance with the treatment plan “[...] there are patients who, when they
leave, have that desire of a better explanation of what they have and with a simple explanation they
would better understand what they have, or they would be calmer” (M2, FG6).

Two additional interconnected topics were identified: complacency in prescription
and patient demand for antibiotics. Four groups referred to the issue of complacency in
prescription “[ . . . ] it is very tempting to give the antibiotic, and also the patient leaves with a
smile. I know it shouldn’t be done, but I see people do it because of that: you watch your back and
leave the patient happy.” (M1, FG7). They said that doctors often succumb to this type of
pressure on numerous occasions. Furthermore, it was noted that there is anticipation or
expectation of patient demand “if you think it will be driving you nuts for half an hour and you
will end up giving it, then already ... you give it to him directly, don’t you?” (M2, FG1).

5



Antibiotics 2023, 12, 558

In four groups, doctors’ lack of confidence in establishing the diagnosis and selecting
treatment was identified as a contributing factor to prescription abuse. This lack of confi-
dence was linked to the perceived specificity of symptoms, inadequate patient histories
and physical examinations, and the absence of access to rapid tests, “and I wonder: Doctor’s
insecurity? The <I’m not sure, I’m not going to go out on a limb>, will that imply a lot? In theory,
everything seems very easy, but a guy who is complaining there and you don’t know what he has
. . . ”. Closely linked to the issue of insecurity, another concept emerged and was repeated
in five groups: “defensive medicine.” This term refers to the practice of taking precautions
to minimize the consequences for the doctor if their diagnostic hypothesis proves to be
incorrect. The challenges of dealing with dissatisfied patients and providing additional
assistance were also noted: “in addition, you do not want to find him again in consultation if
he returns and you did not give him an antibiotic ...” (M1, FG5). This is also related to the
reduction of risk for the patient. They reported that by prescribing antibiotics, they were
providing coverage against potential complications of the patient’s condition: “[...] many
times, a pathology that has a very viral characteristic or seems very viral, to take care of health, they
prescribe antibiotics. And that I think is one of the problems we have in the face of resistance: doctors
are afraid of failing, or that a banal pathology gets complicated” (F2, FG4), “on the one hand, it is
defensive of doctors, to save themselves in case this does not worsen, well.” (F2, FG2).

The students mentioned that medical professionals might lack knowledge or expe-
rience circumstances that create doubt, ultimately leading to a prescription of antibiotics.
This decision may be made in an effort to protect both themselves and the patient: “what I
saw in Primary Care was that many times they commented that there was a clear difference between
the guidelines and clinical practice, and that was also manifested . . . there are some dogmas, and
you block yourself to the theory.” (M2, FG4).

Three groups identified inertia as a factor contributing to antibiotic misuse. However,
it was noted that this was mentioned unconsciously in all three cases, as it was not subse-
quently linked to poor practices: “[...] you give the best known by custom. So, you give this one
out of habit because it goes well, it doesn’t have to be caused by the same bacteria, but you know it, it
goes well, so I continue to use it.” (F1, FG1).

Five groups commented on the perception that the Pediatrics department is a service in
which the use of antibiotics is commonly abused, primarily due to pressure or complacency
from parents: “Especially in Paediatrics, more than anything to calm parents, it’s like if you don’t
give them antibiotics, you’re not doing your job properly.” (F1, FG3).

2.3. Attribution of Responsibility for the Evolution of Antibiotic Resistance

Six groups assured that the current situation and the trajectory of antibiotic resistance
development has a shared responsibility and a multifactorial cause “is a bit everyone’s
responsibility: what he says, patients taking them wrong, and doctors prescribing inappropriately,
or because they ask for them... it’s something that affects everybody” (F2, FG6).

The other group mentioned that once the healthcare sector became aware of the
severity of the problem and began to regulate the use of antibiotics more strictly, the
primary responsibility shifted to the general population. The public was perceived to be
abusing antibiotics, not following treatment guidelines, and demanding them unnecessarily.

In three groups, the livestock sector was identified as a significant contributor to antibi-
otic resistance. Additionally, three students from different groups specifically highlighted
the livestock sector as the primary source of antibiotic resistance “partly the doctor, but also
treatments to animals and the meat industry, which gives medicine and antibiotics to grow better,
and I think it is also a fundamental part of the resistance.” (F2, FG2).

2.4. Perception of the Magnitude of the Problem of Antibiotic Resistance

Although most participants acknowledged the severity of antibiotic resistance, their
statements were not consistently aligned. Specifically, undergraduate Medicine students ac-
knowledged the seriousness of the problem, recognizing that the advancement of resistance
is outpacing the development of new antibiotics, which could result in a post-antibiotic
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era reminiscent of pre-antibiotic times: “yes, we will return almost to the pre-antibiotic era.”
(F1, FG4).

Regarding the prevalence of antibiotic resistance in our environment, participants
stated that it is a medium to long-term problem. While they were aware of outbreaks of
multidrug-resistant bacteria in the environment, they believed that these situations were
specific and self-limited, part of a gradual progression, and that, in general, they had not
observed them during their clinical practices. “I, for example, think it is something rather global
because I have never found a case in my training where I had to say <now this one does not work
anymore>.” (F1, FG4).

2.5. Training
2.5.1. Theoretical Training

The students acknowledged that their theoretical training was extensive and detailed.
“I think that they harped upon us a lot and informed us quite well.” (M2, FG3). However, they
also expressed that the knowledge they gained lacked practical application. “adapting an
antibiotic to a pathology is something I think that we were not taught at any time.” (F4, FG2). As a
result, we assessed their theoretical education as insufficient in terms of preparing them for
professional practice: “I believe that the training period is bad. I think that the training regarding
antibiotics the form is not good, ( . . . ); I do not see the practical purpose of that way, and it is a
problem during the whole degree, not only in the case of antibiotics.” (M1, FG1).

Several students have expressed their perception of a significant disparity between the
theoretical knowledge they have acquired and the practical skills exhibited by the doctors
they have worked with. Additionally, these students have shared their concerns (fear)
about feeling compelled to act in a manner that may contradict their own beliefs or values
to adhere to hierarchical structures: “we were in the health center in clinical sessions, and doctors
always made a distinction between what is practice and theory in the prescription of antibiotics. I
find it curious because they end up determining misuse because many of the theoretical criteria are
not met in practice” (M2, FG4).

2.5.2. Tools and Skills

The students unanimously reflected that they lacked the essential skills required to
translate their theoretical knowledge into practical applications and establish effective
doctor-patient relationships. They also noted that they lacked social and communicative
skills that are essential for dealing with the pressures that arise in clinical settings. The
students expressed their belief that their practical training had been inadequate in these
areas, leaving them ill-prepared for the challenges of real-world practice: “in the end, it’s
a job where you deal with public face to face, and these skills are facing the public. They don’t
put a lot of emphasis on this in training.” (M1, GF6), “during the degree we are not taught any
communicative skill. They teach you to study; you learn that, and... you would have to know and
understand it very well to be able to change it and explain it with your words well. And we don’t do
that during the degree.” (F2, FG6).

2.5.3. Update

According to the observations made during their practices, the most frequently utilized
sources of information by the students for updates were conferences, clinical sessions, and
clinical practice guidelines. These sources were considered to be both accessible and reliable,
and the students expressed a willingness to continue using them in the future.

However, the students also reported being uninformed about other available resources
and lacking the necessary training to effectively utilize them for ongoing learning and
professional development. They further noted that their reliance on note-taking as a
primary study method had led them to overlook alternative sources of information beyond
textbooks: “That is, it would be good to know those websites or databases that are more reliable,
other than searching on Medline or Wikipedia” (M1, FG6).
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2.6. About the Doctor-Patient Relationship

Without exception, the students acknowledged the critical importance of establishing
and maintaining a positive doctor-patient relationship as a means of managing stress and
effectively communicating to patients that antibiotic treatment may not be necessary for
their particular condition during consultations: “if you have confidence in your doctor, you
trust him blindly and if he says no, that means no” (M2, FG3).

2.7. Solutions

When asked about potential solutions to reduce antibiotic abuse, students identified
education of the population and packaging tailored to the treatment duration as the most
effective measures.

Table 3 demonstrates the saturation of information gathered on factors contributing to
inappropriate future prescriptions by medical students. This section may be subdivided
into headings to provide a clear and concise description of the experimental results, their
interpretation, and the conclusions that can be drawn from the experiment.

Table 3. Saturation of information on identified factors contributing to inadequate future prescribing.

Contributing Factors to Future Bad Prescribing FG1 FG2 FG3 FG4 FG5 FG6 FG7

Low practical applicability of knowledge X X - X X X X
Lack of social and communication skills X X X X X X X

Lack of knowledge of updating tools and
continuous training - X X X X X X

Need for the industry as a trainer - X X X X X X
Insecurity X X X X X X X

Clinical inertia as a valid tool X X - X - X X
Patient demands X X X X X X X

Lack of awareness of the current presence of
antibiotic resistance in the direct environment X - X X - X X

3. Discussion

This is the first qualitative study in Spain to examine the factors that influence medical
students in their attitudes toward antibiotic use and resistance. The findings indicate
that students recognize their role in combating antibiotic resistance but are hindered by
a lack of understanding of basic concepts, limited practical experience, insecurity, inertia,
and challenges in the doctor-patient relationship. Identifying these factors can inform the
development of targeted strategies to improve antibiotic use and enhance the impact of
interventions aimed at addressing these deficiencies.

Some beliefs have been identified in a similar study on the general population [10].
This study conducted on the general population has identified certain beliefs that are
incorrect because they are based on outdated knowledge and not supported by current
scientific evidence. For instance, some people believe that the color of mucus in upper
respiratory tract infections is correlated with its etiology. Given that medical students are a
group that falls midway between the general population and medical professionals, it is
logical that they may share some of these opinions. This finding is consistent with other
studies that evaluated the knowledge of medical students regarding the effectiveness of
antibiotics in treating colds, influenza, and coughs. Surprisingly, only 47–60% of students
knew that antibiotics were not the preferred treatment option [17–19].

Furthermore, despite claiming to know about the appropriate use of antibiotics and
antibiotic resistance, some students’ statements indicate clear ignorance of these topics.
For instance, confusion between the terms antibiotic resistance and tolerance, as well
as resistance, pan-resistance, and therapeutic failure, has been identified among certain
students. Confusion between some of these terms has been perceived equally among the
general population [10,11]. This lack of understanding is consistent with findings from
a systematic review by Nogueira–Uzal et al. [15], published in 2020, which reported a
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general lack of knowledge regarding the diagnosis and treatment of infectious diseases,
particularly upper respiratory tract infections, among medical students, regardless of their
level of study.

Students are aware of the abuse and misuse of antibiotics and how it leads to increased
antibiotic resistance, which they associate with both doctors and patients. Although
they agree that prescribers bear direct responsibility, they only partially attribute it to
clinicians and attribute bad practices to external causes, primarily the lack of time during
consultations. Previous studies have also identified a lack of time as a crucial factor in
antibiotic prescription [20]. This not only limits the doctor-patient relationship but also
hinders proper anamnesis and exploration and instruction of patients. In general, students
relate the shortage of personnel to these issues.

According to the students, insecurity among doctors is one of the main causes of
antibiotic prescription abuse. Although they have received extensive theoretical training
and possess the necessary knowledge to manage infectious diseases and antibiotics, they
express insecurity when faced with the actual clinical environment. Previous studies
on medical students have also identified similar insecurities regarding the selection and
dosage of antibiotic drugs, attributed to a low transferability of knowledge to practical
environments [12,13,21,22]. However, some studies suggest that overconfidence may also
contribute to poor prescribing practices [13,22].

The students also expressed their opinion that antibiotic abuse is more prevalent in
pediatric services due to the demands made by parents for prescriptions. However, a
similar study on parents of primary school children in the same community observed that
this group is more aware of the function of antibiotics and is more likely to conform to
the explanations provided by the clinician, especially if it comes from their usual Pediatri-
cian. Nonetheless, pediatricians acknowledge that parents often request antibiotics out of
fear [11].

The lack of communication and social skills necessary to establish a good doctor-
patient relationship and convince demanding patients of the unnecessary use of antibiotics
is another contributing factor to prescription abuse. The students claim that they have not
been trained in this area. Both the students and other studies have emphasized that the
doctor-patient relationship is crucial for proper antibiotic prescription by professionals and
their appropriate use by patients [9,20,23]. This lack of communication skills often leads
to giving in to patient pressure and promotes complacency in prescribing, which has also
been observed in pharmacists and primary care physicians [9,24,25].

Although the students are aware of the severity and consequences of the increase in
antibiotic resistance, they view it as a medium-to-long-term problem. They are uncertain
about the extent to which it currently affects their healthcare environment, a belief shared
by medical professionals across different fields [25–27]. Similar findings were reported in
a systematic review, which revealed that students acknowledge antibiotic resistance as a
global public health concern but do not express concern about its impact in their immediate
workplace or learning environment, such as their teaching hospital [15].

Strengths and Limitations

The students who participated in the focus groups were recruited from a single
university and may not necessarily represent all students from public universities in the
country. Therefore, caution should be taken when generalizing the results to other regions
or countries. Nevertheless, qualitative methods aim to capture a range of perspectives, and
generalizability is not typically an expected attribute of this type of research.

The methodology and design used in this study met all the points of the Consolidated
Criteria for Reporting Qualitative Research (COREQ) scale [28], indicating that it adhered
to the quality criteria required for qualitative studies (Table S1).

Qualitative methodology is of great interest as a tool for exploring and identifying atti-
tudes related to the use of antibiotics that cannot be identified “a priori” by epidemiological
studies with quantitative methodology included in the literature review since people’s
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behavior is strongly influenced by the cultural characteristics of the population where they
live and the interpersonal relationships that are generated. This methodology seeks to
understand reality and phenomena from the perspective of the individuals who experience
them [29–31].

Seven focus groups were conducted, which accounted for the number of enrolled
students. This allowed for the collection of information from a diverse range of perspectives
about students’ perceptions and perspectives on antibiotic use at the end of their university
academic stage. A total of 35 medical students participated. The sampling method used
was simple random sampling and convenience sampling. In qualitative research, is a
greater interest in analyzing and delving into the study cases without any loss of scientific
rigor. As explained by Hernández, Fernández, and Baptista: “In qualitative studies, the
sample size is not important from a probabilistic perspective because the researcher’s interest is not
to generalize the results of their study to a wider population. What is sought in qualitative research
is depth. We are concerned with cases (participants, people, organizations, events, animals, facts,
etc.) that help us understand the phenomenon under study and answer research questions. [32]”

In this context, the sample size is therefore determined by the ability of the different
focus groups to generate the necessary information (data) for the study. Information
collection through focus groups involves forming groups, each with between 4 and 10
participants until information saturation is reached. This means that all possible ideas that
we explore have already emerged from group discourses or discussions and that no new
ideas are emerging. Therefore, if we continue to form focus groups, they will no longer
provide new data for the study. In our case, this occurred with seven groups, totaling 35
medical students. Sample size in this type of study is not fixed “a priori” based on statistical
calculations but rather is determined “a posteriori” by reaching the sample size considered
correct when no new information is generated [33,34].

4. Materials and Methods
4.1. Research Design

A qualitative study was conducted using FG discussions to collect narrative data from
students in the final theoretical course of their Medicine degree. This approach allowed
for an exploration of the beliefs and perceptions of the student population regarding
the use and misuse of antibiotics. The objective was to obtain a comprehensive and
detailed description of the student’s beliefs and perspectives and to develop a theory-based
justification using systematically collected information. The use of FGs enabled an in-depth
exploration of the topic and provided valuable insights into the participants’ perspectives.

4.2. Target Population

FGs were conducted at the University of Santiago de Compostela (USC), which is the
only university in Galicia, a region in northwest Spain, that offers a degree in Medicine.
From 2010-2017, the university offered an average of 353.75 places per year, making it the
public faculty with the highest number of places offered for this degree in the country.

4.3. Selection, Sample and Procedure

The Medicine degree program is a six-year curriculum that includes internships in
health centers, clinical settings, and surgical services during the final year. For this study,
participants were recruited from the School of Medicine at USC and were in their fifth year
of study. This year of study is focused on theoretical training and is common to all partici-
pants, which created a relaxed atmosphere and facilitated the open expression of opinions
and beliefs. Additionally, participants’ similar age, levels of knowledge, and educational
experiences allowed for the discussion of diverse perspectives without communication
limitations [16].

To guide the focus group discussions, a script was developed by drawing on findings
from previous studies involving family doctors [9,35], community pharmacists from Galicia
and Portugal [9], the general population [10], and parents of primary school students [11].
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The script aimed to explore the reasons that may lead students to misuse antibiotics toward
the end of their medical training. Additionally, the script aimed to examine whether the
improper use of antibiotics observed among primary care doctors could be attributed
to inadequate training or the adoption of certain practices and misuse of resources once
in practice.

The focus groups were conducted in A Coruña between February and May 2018
using a random selection procedure. The students were personally contacted during their
face-to-face practicals on Preventive Medicine and Public Health subject and were invited
to participate in the study by the researchers, who were independent of the teaching
staff and faculty. The researchers explained the study’s objectives and the nature of their
participation. It is worth noting that the students did not have any previous relationship
with the researchers.

FGs sessions took place in a classroom located in the University Clinical Hospital of
Santiago, which allowed for the participation of students who attended their theoretical
classes in a building attached to the hospital. The room was occupied solely by the partici-
pants and the researchers, and contact information, such as email addresses, was collected
from each group member. The focus groups were conducted by 2 resident physicians
of Preventive Medicine and Public Health, 1 female (OVC) and 1 male (RAMV), both of
whom had prior experience leading focus groups. One researcher acted as the interviewer,
while the other served as a moderator to ensure that all group members participated in a
respectful and organized manner. This approach fostered an environment conducive to the
free expression of opinions and facilitated accurate transcription of the recordings.

The FG sessions were recorded using a digital recorder and a mobile phone to ensure
high-quality sound for transcription purposes. The average duration of the sessions was 39
min, and they continued until no new ideas were presented. No data management software
was utilized in the study.

One of the researchers transcribed the sessions, and another researcher checked for
accuracy. The FGs were identified as “StudentsGF 1-7”, and each participant was assigned
a code consisting of a letter “M” or “F” (to indicate male or female, respectively) and a
number based on their speaking order in the audio files.

After each session, the two researchers discussed their initial impressions and noted
down the group’s characteristics. Additional focus groups were formed until “saturation”
was achieved, meaning that no new information was provided by the participants. At this
point, adding more units would have been redundant and would not have improved the
quality of the study [36].

4.4. Ethical Considerations

The study underwent evaluation and received approval from the Santiago-Lugo
Research Ethics Committee, registered under code 2014/386. Prior to participation, partici-
pants were informed of the study’s objectives and the intention to record and transcribe
sessions. They provided their consent to participate by signing an informed consent form.
The study ensures the anonymity of all participants.

4.5. Analysis

The analysis of the transcripts was a repetitive process that involved two independent
researchers. They were responsible for carefully reading the transcripts to ensure an
appropriate structure of the data, which allowed for a deeper interpretation and reduced
the risk of researcher bias.

Thematic and discursive content analysis was employed to examine the data, enabling
the identification of different ideas and organization of the obtained data into relevant topics,
supported by literal extracts serving as units of analysis [37]. The extracted ideas were then
associated with the pre-established variables. In cases where there were disagreements
between the researchers regarding the interpretation, they were debated and resolved by
consensus. Given the limited number of focus groups, no software was used for data
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processing. The definition of the FGs was based on the participants’ use of different
concepts (Table 4).

Table 4. Concept coding.

Concept Definition According to Its Use

Update Methods they know or observe to keep knowledge up to date.

Complacency Unnecessary prescription for meeting the expectations perceived in
the patient.

Skills
Social and communicative skills available to establish a good
doctor-patient relationship.
Ability to set limits and not give in to patient demands.

Tools Ability to bring their theoretical knowledge to the practical field.
Means available to them to solve doubts individually.

Training Industry Assessment and perception of the pharmaceutical industry as a method
of updating and continuous training.

Inertia

Tendency to use the same treatments in similar situations without
inquiring into the indication because:
- had worked in the past in other cases.
- a colleague would advise or order it.
- is the usual treatment used in the service.

Magnitude - Severity and extent perceived on antibiotic resistance.

Defensive Medicine
Proceeding perceived as:
- less risky in possible repercussions for the professional.
- of lower risk for the patient by covering possible complications.

Perception What students claim to observe in clinical practice.

Pressure User demand to be prescribed an antibiotic.

Responsibility Attributed guilt to the development of antibiotic resistance.

5. Conclusions

This study highlights that Undergraduate medicine students lack adequate theoretical
training in the prescription and use of antibiotics. Furthermore, they do not find the little
training they receive clinically applicable. Additionally, they attribute their method of
prescribing antibiotics to inertia, copying other professionals.

This study is a first step, which will allow the design of a validated questionnaire
from which multifaceted interventions and strategies can be designed to improve the
prescription of future medical professionals.
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Abstract: Suboptimal antibiotics use and the development of antibiotic resistance is a universal
calamity. The theoretical model of therapeutic efficacy correlates quality use of antibiotics with
healthcare practitioners’ understanding of antibiotic use and resistance. Keeping this phenomenon in
mind, we aimed to evaluate hospital pharmacists’ understanding of antibiotic use and resistance at a
public healthcare institute in Quetta city, Pakistan. This was a qualitative study that employed a semi-
structured interview guide for data extraction. The phenomenology-based approach commissioned
in-depth, face-to-face interviews with hospital pharmacists stationed at the surgical unit of Sandeman
Provincial Hospital, Quetta. The interviews were audio taped followed by transcribed verbatim and
were then analyzed for thematic contents by the standard content analysis framework. Although
the saturation was reached after the 10th interview, we conducted two additional interviews for
definite validation. Content analysis revealed five major themes: (1) Defining antibiotics, quality use
of antibiotics and resistance, (2) antibiotic use: awareness and concern, (3) antimicrobial resistance:
awareness and concern, (4) responding to antibiotic use and resistance, and (5) barriers to quality
use of antibiotics and prevention of antibiotic resistance. The knowledge of quality use of antibiotics
and resistance was promising, and the respondents were eager to address the drastic situation. The
respondents were aware of the critical situation and provided valuable insights that can offer valued
input while promoting the quality use of antibiotics in a developing country. The current study
managed to identify an adequate understanding of antibiotic use and resistance among hospital
pharmacists. Additionally, prospective concerns and possible predictors of antibiotic resistance were
also highlighted. The current findings must be disseminated to the policymakers and prescribers to
take prompt restorative actions to address antibiotic use and the development of antibiotic resistance
in a developing country like Pakistan.

Keywords: antibiotic use; antibiotics resistance; hospital pharmacists; qualitative; Quetta city; Pakistan

1. Introduction

The golden era of antibiotics regrettably did not last long as mankind was faced
with the development of bacterial resistance against antibiotics [1]. Although Fleming,
in his Nobel lecture, warned mankind by stating “it is not difficult to make microbes
resistant to penicillin in the laboratory by exposing them to concentrations not sufficient
to kill them” [2], minimum efforts were reported in the mid of 19th century to overcome
antibiotic resistance [3]. Today, antibiotic resistance causes major risks to global safety
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and public health along with substantial societal impacts in the developing and devel-
oped world [4]. Kraker and associates in 2016 estimated that 10 million people will die
due to antibiotic resistance by 2050 if restorative measures are not taken immediately [5].
Within this context, antibiotic resistance is driven by the inappropriate use of antibiotics
in settings (hospitals and community) where antibiotics are not indicated, where guide-
lines for antibiotic use are not followed, or are considered clinically unnecessary for use
among humans and animals [6]. Socioeconomic factors, self-medication, personal referrals,
free availability of antibiotics, and unnecessary demands of the patients are also strong
predictors of developing antibiotic resistance [7]. In a nutshell, antibiotic resistance is a
multifactorial phenomenon that needs an imperative holistic approach and collaborative
efforts of healthcare professionals, civil society, and community members to overcome the
hazards presented to mankind and the generations to come.

Improving the quality use of antibiotics in hospitals and other healthcare settings
in addition to limiting use in agriculture is a crucial area to safeguard antibiotics for fu-
ture generations. In line with what is being discussed, the World Health Organization
highlights the significant role of healthcare professionals in limiting the frequency of antibi-
otic resistance [8]. Healthcare professionals can reduce antibiotic resistance rates through
evidence-based prescribing and adopting quality use of antibiotics. Moreover, being an
educator, healthcare professionals are involved in reporting antibiotic-resistant infections
to surveillance teams and educating patients and community members regarding antibiotic
resistance and the hazards of misuse of antibiotics [8]. Today, the involvement of healthcare
professionals in promoting the quality use of antibiotics is more inevitable than ever as the
COVID-19 pandemic brought an alarming increase in antibiotic resistance. The Centers for
Disease Control and Prevention reported a 15% increase in resistant infections from 2019 to
2020 among seven major pathogens because of a rush of antibiotic use while dealing with
COVID-19 [9]. Therefore, controlling antibiotic resistance and promoting the quality use of
antibiotics is a moral, ethical, and professional obligation of healthcare professionals.

Among healthcare professionals, hospital pharmacists occupy a conspicuous posi-
tion in reducing the rates of antibiotic resistance [10]. Our claims are supported by the
published literature where hospital pharmacists and their involvement during therapeutic
plan development had a substantial positive effect on the healthcare system and disease
management [11,12]. Shifting our concerns to the role of hospital pharmacists and antibiotic
resistance, Sakeena and colleagues in their narrative review reported that aptly trained
hospital pharmacists, when integrated into the health care system, can make a significant
impact in minimizing inappropriate antibiotic use and resistance [13]. Hospital pharma-
cists promote the safe and cost-effective use of antibiotics, and this is acknowledged by
the global healthcare systems [14–17]. However, such data are reported frequently from
the developed world, and this is a major limitation faced by healthcare and social scien-
tists around the globe. Developing countries have not yet implemented pharmacist-led
initiatives whereby hospital pharmacists can play a key role in minimizing unnecessary pre-
scribing of antibiotics and developing local prescribing guidelines according to diagnoses
and local antibiotic susceptibility patterns [13]. Therefore, we strongly advocate using the
expertise of hospital pharmacists as medicine counsellors to rationalize antibiotic use in the
developing world.

Parallel to the published literature, the role of the hospital pharmacist in disease
management and clinical decision-making is shadowed in a developing country like Pak-
istan. There is a paucity of data on hospital pharmacists’ integration into the healthcare
system. Moreover, the capability and proficiency of a hospital pharmacist are also ques-
tioned by other healthcare professionals. Based on this dearth of information, we aimed
to evaluate how hospital pharmacists view the quality use of antibiotics and antibiotic
resistance practicing at a local healthcare facility in Quetta city, Pakistan. Conducting this
study had twofold reasons: to generate data that can be used as a potential reference for
further studies, and to highlight what hospital pharmacists can offer while dealing with
antibiotic resistance.
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2. Results
2.1. Demographic Information

The demographics are given in Table 1. Fifteen participants were approached; however,
three refused participations because of their busy schedule. Therefore, interviews were
conducted with twelve participants. Although the saturation was reached at the 10th
interview, two additional interviews were carried out for absolute validation.

Table 1. Demographic characteristics of the pharmacists.

Demographics Frequency Percentage

Gender
Male 9 75%

Female 3 25%

Age
25–35 10 80%
36–50 2 20%

Qualification
Doctor of Pharmacy 7 58.3%

M.Phil 4 33.3%
Ph.D. 1 8.4%

Experience in years
1–10 years 5 41.6%
11–20 years 7 58.4%

Designation
Hospital pharmacist 11 91.6%

Chief pharmacist 1 8.4%

Most of the participants were male (75%), with age ranging from 25 to 35 years
(80%). Half of the pharmacists had a Doctor of Pharmacy degree and had 11–20 years
of experience.

The thematic content analysis revealed five themes and eight subthemes which are
shown in Figure 1.
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2.2. Theme 1: Defining Antibiotics, Quality Use of Antibiotics, and Resistance

As expected, all pharmacists had a clear understanding of antibiotics, the quality use
of antibiotics, and the development of antibiotic resistance. Additionally, the pharmacists
mentioned routinely updating their knowledge about antibiotic use and resistance through
updated information sources (journal articles, trusted websites, and books). This is encour-
aging because evidence-based information in pharmacy practice incorporates pharmacists’
clinical expertise with the most accessible evidence. The availability of evidence-based
information also helps in justifying the medication-related needs of the healthcare system,
prescribing practices, and patients’ predilections [18,19].

“Antibiotics; Fleming’ gift for mankind are static and cidal in nature. These are the
drugs of choice against primary and secondary bacterial infections.” (Pharmacist 1)

In parallel, pharmacists had decent knowledge about antibiotic resistance. It was
obvious that pharmacists understood the phenomenon that can eventually help in the
delivery of pharmaceutical care [20].

“The over-use and misuse of antibiotics, bacterial mutations, and substantial use
of antibiotics in agriculture and among animals (like poultry and livestock) result
in developing antibiotic resistance.” (Pharmacist 3)

2.3. Theme 2: Antibiotic Use: Awareness and Concern
2.3.1. Sub-Theme 2(a): Antibiotic Use in the Hospital: Awareness

Respondents of the current study acknowledged frequent use of antibiotics at the
setting site. Furthermore, as the influx of inpatients is high compared to outpatients, the
use of parenteral antibiotics was commonly reported. Among the commonly prescribed an-
tibiotics were Ceftriaxone (3rd generation cephalosporin), Ciprofloxacin (fluoroquinolones),
Vancomycin (glycopeptides), Meropenem (carbapenem), and Piperacillin-Tazobactam (β-
lactam/beta-lactamase inhibitors).

“The physicians prescribe oral antibiotics to the outpatients (based on the avail-
ability in the central pharmacy); however, Meropenem and Vancomycin are
frequently used (inpatient) when compared to other antibiotics. It is estimated that
every third or maybe fourth prescription contains these two drugs.” (Pharmacist 6)

2.3.2. Sub-Theme 2(b): Antibiotic Use in the Community: Awareness

The absence of an effective surveillance system and poorly regulated legislature
results in the free availability of antibiotics without prescription. Community pharmacies
(medical stores) lack authorized personnel (community pharmacists) and are operated
by laymen with no prior knowledge, qualification, or training in running a community
pharmacy. Most of the pharmacists had information about antimicrobial dispensing rules
according to Pakistan’s Drug Act 1976 and the Drug Regulatory Authority of Pakistan Act
2012. However, few know the drug laws (schedule G and D) that elaborate the use and
dispensing of antibiotics at the communal level.

“From brands to generics, everything is freely available at the pharmacies. Every-
body knows about it including policymakers and officials of the inspection teams.
Till today, no one took serious action against the free availability and public sale
of antibiotics.” (Pharmacist 7)

2.3.3. Sub-Theme 2(c): Antibiotic Use in the Hospital: Concerns

The limited availability of antibiotics in the hospital and a high influx of patients
requiring antibiotics was reported as a significant concern by all pharmacists. This is
reasonable as the healthcare facilities are limited (in terms of human resources, utilities,
and funding) and the prescribers have no or limited choice to prescribe antibiotics based
on the availability in the central pharmacy.
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“If I can recall, there are not more than 10 antibiotics available in the hospital.
Therefore, antibiotic selection is based on availability and not on therapeutic
needs. Rationally, yes this is malpractice, but what other choice do we have?”
(Pharmacist 10)

2.3.4. Sub-Theme 2(d): Antibiotic Use in the Community: Concerns

The free availability of antibiotics, antibiotic sharing, and nonprofessional referrals of
antibiotic use in the community was the primary concern of the pharmacists. These factors
were linked to economic and therapeutic loss to society. Moreover, this free availability
and frequent use of antibiotics were rated as important factors in developing antibiotic
resistance. In comparison, antibiotic use in the community was ranked as a substantial
problem when compared to antibiotic use in hospitals.

“Just name the antibiotic, the quantity and there you have it. There are zero
concepts of the recommended dosage, treatment duration, and actual need for
antibiotics. Community pharmacies are encouraging antibiotic resistance, and
this is increasing day by day.” (Pharmacist 8)

2.4. Theme 3: Antimicrobial Resistance: Awareness and Concern
2.4.1. Sub-Theme 3(a): Antibiotic Resistance: Awareness

The respondents agreed that antibiotic resistance is a significant issue and has in-
creased after the pandemic. They were also of the opinion that the irrational use of antibi-
otics at the communal level is promoting antibiotic resistance and needs imperative attention.

“Irrational prescribing, self-medication, using leftovers, all results in antibiotic
resistance. Other reasons are also reported in the literature, but we have to admit
that the issue is serious and needs prompt actions.” (Pharmacist 4)

2.4.2. Sub-Theme 3(b): Antibiotic Resistance: Concerns

“Last week a six-month child was subjected to cultural sensitivity. The kid was resis-
tant to eleven tested antibiotics.” (Pharmacist 5). The development of antibiotic resistance
was taken seriously by all respondents that are resulting in suffering, deaths, and eco-
nomic loss. Pharmacists also reported that antibiotic resistance at their practicing site is
also emerging as treatment failure is often reported with the use of first or second-line
antibiotics.

“I observed that compared to last year, antibiotics (specifically Ciprofloxacin and
Ceftriaxone) are least effective. The physicians are now routinely prescribing
Meropenem, Vancomycin, and Tazobactam. We must wake up because this is a
serious concern and as I see it, there is no solution in near future too.” (Pharmacist 1)

2.5. Theme 4: Responding to Antibiotic Use and Resistance

As evident from the above conversation, our respondents were versed in antibiotic
use and resistance. Consequently, we wanted to extract pharmacists’ viewpoints on how
they respond to antibiotic use and the development of antibiotic resistance in their practice
settings. Although all respondents agreed that they play a pivotal role in medicine manage-
ment, mixed views were observed when the response to antibiotic use was investigated.

“Although I follow need and evidence-based medication (specifically when it
comes to antibiotic), I must keep an eye on the generic availability in our stock.”
(Pharmacist 9)

Six pharmacists claimed that they often try to convince the patients about generic
substitution to save costs as well as about the importance of completing the complete
therapy. Most of the patients come from a meager income background; they have no idea
about the quality use of antibiotics.
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“I normally guide the patients about the importance of antibiotics, the hazards
of antibiotic resistance, and the financial and social repercussions. I hope that
a medically educated patient can help in halting the development of antibiotic
resistance.” (Pharmacist 11)

Three of the interviewees agreed that we could not control antibiotic resistance alone
without implementing guidelines, laws, and legislation for antibiotic use. The interviewed
hospital pharmacists also pointed out a few strategies to control the emergence of antibiotic
resistance by involving all key stakeholders of the healthcare system.

“Alone, we cannot reduce antibiotic resistance. It is emerging at a high pace and
a collective approach is needed to overcome this problem. The policymakers
should target a mass population as well as an individualized strategy that must
focus on community members and healthcare professionals to safeguard the use
of antibiotics.” (Pharmacist 9)

2.6. Theme 5: Barriers to Quality Use of Antibiotics and Prevention of Antibiotic Resistance

It is now acknowledged that antibiotic resistance can be reduced by prescribing
antibiotics rationally based on established guidelines, antibiotic susceptibility testing, and
clinical response. In parallel, the surveillance of antibiotic availability in healthcare settings,
restrictive self-medication, and over-prescription is also needed. However, antibiotic
resistance can only be controlled and minimized by the determined efforts of all healthcare
professionals (physicians, pharmacists, nurses). Several barriers were identified by the
study respondents while addressing the quality use of antibiotics and the development of
antibiotic resistance and will be discussed consequently.

2.6.1. Subtheme 5(a): Patient-Related Barriers

Self-medication, using leftover antibiotics, referral of antibiotics (friends and families),
expecting an antibiotic during the consultation, and demanding an antibiotic by themselves
were identified as the key barriers to the quality use of antibiotics and antibiotic resistance.
Patient education and counseling were last reported at the healthcare institutes and that
was rated as a major factor in developing the false ideology about antibiotics as mentioned
above.

“Our patients demand antibiotics and will go to different stores to get one. The
physician is considered incompetent if an antibiotic is not prescribed. This mind-
set is shaping as a key barrier to quality use of antibiotics in our society.” (Phar-
macist 3)

Another barrier to rational use of antibiotics was related to the urgency of being cured.
We must agree that when faced with a disease, expecting a quick recovery is obvious.
However, this tendency does not allow misuse of antibiotics considering that it will pace
up the recovery time. Nevertheless, patients are in the habit of using antibiotics for a fast
pace of recovery, and this is shaping as a factor in developing antibiotic resistance.

“While being questioned (by physicians or nurses), using an antibiotic before
coming to the hospital is usually reported by the patients. The reason is always
the same (it cures everything). This is an issue that we are facing almost daily.
Don’t you think this is causing antibiotic resistance?” (Pharmacist 4)

2.6.2. Subtheme 5(a): Institutional-Related Barriers

Most of the respondents also emphasized certain institution-related deficiencies and
limitations as barriers to the quality use of antibiotics and antibiotic resistance. The most
reported barrier was the limited number of antibiotics available at the central pharmacy.
Medicines are supplied annually based on hospital demand and because purchasing
budgets are low, medicines are not adequately available. The availability is attained by
reducing the quantity and types of medicines (when one class of antibiotic is available, the
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other class is inevitably rejected). However, this limits the choice of the prescribers, and
they must prescribe what is available at the hospital.

“We work in a public hospital where 70–80% of medicine is provided by the
hospital to the inpatients. However, we have financial limitations, and availability
of antibiotics from all therapeutic classes is not possible.” (Pharmacist 12)

Another barrier to the quality use of antibiotics was related to the limited capacity
of cultural sensitivity. By practice, the developed guidelines advocate an initiation of
empirical therapy followed by a culture sensitivity test. However, this was last performed
at the study site, and without sensitivity reports being available, the practice promoted
antibiotic resistance.

“We have limited the capacity of performing a culture sensitivity test. Because
most of our patients belong to the below-average income group, ordering a
sensitivity test is unaffordable for the patients. In such scenarios, we have no
choice but to continue using the same antibiotics.” (Pharmacist 10)

3. Discussion

For decades, healthcare and social scientists have been trying to minimize the burden
of antibiotic resistance. Among those, numerous interventions and measures have been
taken that too have reported their effectivity and effectuality [21–24]. However, with the
development of new resistance mechanisms, antibiotic resistance is rising dangerously
around the globe [8]. Additionally, the emergence of COVID-19 reported increased use of
antibiotics that again resulted in augmenting antibiotic resistance [25,26]. Hence, the role
of healthcare professionals in promoting the quality use of antibiotics remains crucial as
they are the frontline specialists while tackling antibiotic resistance and its consequences.
Among healthcare professionals, because of their duty for rationalizing antibiotic use,
being medicine managers and patient educators, hospital pharmacists are critically placed
and can play a key role in promoting the safe use of antibiotics. Within this context,
we are aware that literature does mention hospital pharmacists’ viewpoint on antibiotic
use and resistance [27–30], but nothing is reported from the current study settings. We
are also aware that several studies on the knowledge and practices of pharmacists are
reported from Pakistan, but the target audience was different from what is reported in our
study. Where Saleem et al. focused community pharmacists [31], Mubarak et al. targeted
pharmacy students regarding their views of antibiotic use and resistance [32] and widely
held information focused on antibiotic stewardship. Therefore, one distinct advantage of
the current study is the pioneer study from Pakistan that evaluated the knowledge and
attitudes of hospital pharmacists about antibiotic use and resistance along with the views
and concerns on contributing factors.

Pharmacists’ positive perception towards the quality use of antibiotics and antibiotic
resistance was an encouraging finding of the current study. However, mixed observa-
tions were reported when the results of the current study were cross-compared with the
published literature. Al-Tanni et al. in their study concluded that although pharmacists’
knowledge of the quality use of antibiotics was satisfactory, the perception towards the
spread of resistance was unsatisfactory [33]. Similarly, Tang et al. in their multi-centered
study also identified significant knowledge gaps among pharmacists and the gap was
prominent among work settings [34]. The European Centre for Disease Prevention and
Control (ECDC) surveyed 1204 hospital pharmacists in 2019 and reported that although
the respondents had good knowledge of antibiotics, ensuring the knowledge about re-
sistance was highlighted as an area of improvement among the pharmacists [35]. Better
knowledge of the current study respondents is a positive indication when correlating it
with the goal of the Institute of Medicine (IMS) suggested in 2020. Accordingly, IMS pro-
posed that by 2020, 90% of clinical decisions must be supported with accurate, timely, and
up-to-date clinical information that should reflect the best available evidence to achieve the
best patient outcomes [36]. Hospital pharmacists of the current study contained updated
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information (revealed during informal discussion) and that is an indication of providing an
effective therapeutic plan when it comes to the quality use of antibiotics and containment
of antibiotic resistance.

The results of this qualitative study revealed that the use of broad-spectrum antibiotics
is widespread at the study site. Our respondents were aware and anxious about this
imprudent use of antibiotics, and this is similar to the findings of Tarrant et al. [37]. The
authors also reported frequent use of broad-spectrum antibiotics in three countries, which
is supported by studies of the same nature [33,38]. Among the drivers, the use of broad-
spectrum antibiotics was also mentioned by the current study respondents. A method of
overcoming these issues is establishing medical education programs and providing credits
to the prescribers that can act as a benchmark in annual assessment plans.

Another key finding of the current study was the limited availability of antibiotics in
the hospital and hence a reduced choice for the prescribers while dealing with infectious
diseases. In addition, poor culture sensitivity testing was highlighted. Unfortunately, the
evidence-based data are lacking from Baluchistan, and we do not have an actual picture of
such limitations. However, our personal observation goes parallel to what is reported by
the respondents as there is a lack or limited number of antibiotics at the hospital. Within
this context, the healthcare system of Pakistan is faced with severe financial limitations
and is unable to cater to the needs of the patients [39]. Healthcare financing in Pakistan is
mainly out-of-pocket, there are inequities at the healthcare levels, and at times care is not
attained because of non-affordability [39]. The pandemic crisis and the current financial
crunch are again posing a great threat to medicine availability at public healthcare facili-
ties [40]. Although the reasons are genuine, limited availability, continuous use of the same
antibiotics, and lack of sensitivity testing are posing an incessant threat to the development
of antibiotic resistance. Frankly speaking, we do not see a solution to this threat soon, but
it is true that there is going to be a continuous rise in antibiotic resistance. Healthcare
professionals, policymakers, and financial stakeholders must realize the severity of this
issue and propose concrete measures to ensure the appropriate availability of antibiotics at
public healthcare institutions. Our suggestions are in line with the recommendations of the
Pakistan Antimicrobial Resistance Surveillance System Surveillance Report of 2020 whereby
the limitations were acknowledged and immediate actions to overcome the limitations
were advocated.

Finally, patient-reported factors were rated as a predictor of antibiotic resistance by
the study respondents. Among these, self-medications, personal referrals, and demanding
an antibiotic were the major variables. These findings are not new, and the literature does
support the claims of our study respondents. Nepal and Bhatta in their systematic review
highlighted the high prevalence of self-medication of antibiotics in the WHO Southeast
Asian Region and this hence was the leading cause of antibiotic resistance [41]. Similarly,
Väänänen and Airaksinen also reported excessive and nonsensical self-medication of antibi-
otics in the European region [42]. Correspondingly, Nair and colleagues in their qualitative
study confirmed that patients tend to demand antibiotics as they seek a fast cure [43].
Such comparable findings indicate a lack of communal knowledge of antibiotic use and
resistance and the need for immediate attention from healthcare providers, especially
pharmacists. Patients are to be provided ample medical education regarding antibiotic use
and resistance and pharmacists must step up to engage their patients in education and
counselling. In addition, the policymakers must ensure strict compliance with antibiotic
sales at the community level and employ mass educational strategies to halt self-medication
and referral of suggesting antibiotics to a friend, family, and societal members.

4. Materials and Methods
4.1. Study Design and Settings

Because of the scarcity of information, a qualitative study design (in-depth, face-to-
face interviews) was the ultimate choice. Being amenable, qualitative methods can extract
attitudes, experiences, and intentions that are often missed in a quantitative phase [44,45].
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Because the research team was faced with limited published literature, using a qualitative
design was appropriate as it can generate a wide range of ideas and opinions and divulging
viewpoints [46,47]. As we were aiming for inductive approaches to generate ideologies and
concepts, a qualitative design was also adopted because it has more potential for research
than any other models [48]. Additionally, the COREQ checklist was used to describe the
qualitative methodology and that is presented as Appendix A.

The research was conducted at the Surgical Department of Sandeman Provincial
Hospital, Quetta (SPHQ). Centrally located, SPHQ is a tertiary care hospital and provides
generalized healthcare facilities. Additionally, being a public institute, SPHQ is a choice for
most of the population [49].

4.2. Study Participants, Criteria, and Sampling

Hospital pharmacists stationed and practicing at the surgical unit and consenting to
participate in the study were approached for data collection. Based on our objective, it was
apparent to adopt the purposive sampling method [50]. Pharmacists on rotations and not
willing to participate were excluded.

4.3. The Interview Guide (Validation, Reliability, and Pilot Study)

We constructed a semi-structured interview guide after an extensive literature re-
view [51–55], through expert panel discussion and experience sharing [56–58]. To extract
maximum information, we intentionally constructed the guide with widely framed, open-
ended questions. Additionally, pharmacists were allowed to provide their narratives and
to share information relevant to antibiotic use and resistance.

The guide was constructed in the English language and was subjected to face and
content validity through a panel of experts (senior pharmacists). Once the validity was
ensured, the guide was piloted with four pharmacists to ensure that the topics to be
discussed were at the level that respondents would comprehend with ease. The preliminary
data and conclusion confirmed that the discussion topics were enough and appropriately
phrased to answer research questions and minimize validity and reliability threats. As the
validity and reliability of the discussion guide were ensured, it was made available for the
main study. Data and participants of the pilot study were not included in the final analysis.

4.4. Interview Procedure, Data Collection, and Analysis

ZI (male, a certified medical practitioner, District Health Officer, certified in Qualitative
methods) and FS (male, academic pharmacist with a PhD having experience of qualitative
research with numerous published articles) conducted the interviews. FS was also involved
in carrying out field notes during the interviews.

Interviews were conducted at the pharmacist’s office in the surgical unit. All partici-
pants were briefed about the study objectives before the interviews. A debriefing session
was again conducted at the end of the discussion. The interviews started with an ice-
breaking session. Probing questions were asked in between conversations to clarify the
meanings of responses and to gain insight into the topic being discussed.

The phenomenology-based approach commissioned in-depth, face-to-face interviews.
All interviews were audio-taped followed by transcribed verbatim and were then analyzed
for thematic contents by the standard content analysis framework. Each interview lasted
for approximately half an hour. To draw in-depth views, the freedom to express additional
reviews and comments was given. Interviews were conducted until thematic saturation
was reached [59,60]. No repeat interviews were carried out.

The research team analyzed the recordings (verbatim) and later arranged an informal
gathering where pharmacist were presented with the finalized interview scripts [61]. They
were asked for confirmation of the precision and accuracy of words, ideas, and jargon
used during the script analysis. Once confirmed, the transcripts were subjected to thematic
content analysis whereby four data coders were involved in the process [62,63]. NVivo ®

was used for coding and analysis through iterations [64] and inconsistencies were resolved
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through mutual consensus. Interviews were coded line-by-line, and an initial list of
nodes was developed. Later, this augmented in developing the framework and transcripts
were coded accordingly. New emerging nodes were added to the existing list and were
categories as emerging themes. All emerging themes and subthemes were discussed among
the research team for accuracy and were presented for data inference and interpretation.

5. Conclusions

The current study managed to identify an adequate understanding of antibiotic use
and resistance among hospital pharmacists. Additionally, prospective concerns (limited
availability of antibiotics) and possible predictors of antibiotic resistance (lack of sensitivity
testing, self-medication, referrals, and demanding an antibiotic) were also highlighted
factors contributing factors were also identified. As corrective measures, respondents of
the current study focused on strict legislation to overcome the free availability and sales
of antibiotics at the community level, ensuring the implementation of guidelines for the
prescribers and copious availability of antibiotics and sensitivity testing facilities at the
healthcare institutes. Therefore, we urge that these findings must be disseminated to policy-
makers and prescribers to take restorative action as soon as possible. Antibiotic resistance
is a global threat, and we need a holistic approach to tackle this issue for generations while
combating infectious diseases with precision.

6. Limitations and Recommendations

Qualitative methods have their limitations. Although we ensured saturation, the
convenience sampling approach does not offer views of the participants that are not inter-
viewed. Likewise, generalizability is always an issue with qualitative methods. However,
with rich data extraction, we are confident that the study has provided baseline information
for prospective studies. Therefore, we are recommending an in-depth and detailed study
(quantitative) focusing on a large cohort of hospital pharmacists to ensure the validity of
the current findings.
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Appendix A

Table A1. The consolidated criteria for reporting qualitative studies (COREQ).

Topic Guide Questions/Description Remarks Page No.

Domain 1: Research team and reflexivity

(a) Personal Characteristics

Interviewer/facilitator Which author/s conducted the interview or
focus group?

Two authors ZI and FS conducted
the interviews.

9

Credentials What were the researcher’s credentials?
e.g., Ph.D., MD

ZI: MBBS; MPH
FS: Ph.D.

9

Occupation What was their occupation at the time of
the study?

ZI: Deputy District Health Officer,
Government of Baluchistan
FS: Academic/pharmacist

9

Gender Was the researcher male or female? ZI: Male
FS: Male

9

Experience and training What experience or training did the
researcher have?

ZI: Certification in qualitative
research methods (CQRM);
attended workshop on NViVO for
data analyses.
FS: an experienced researcher in
qualitative studies and has
published numerous qualitative
research articles.

9

(b) Relationship with participants

Relationship established Was a relationship established prior to study
commencement?

The relationship was developed
only for the current study.

N/A

Participant knowledge of
the interviewer

What did the participants know about the
researcher? e.g., personal goals, reasons for
doing the research

None of the participants knew
about the researchers.

N/A

Interviewer characteristics What characteristics were reported about the
inter viewer/facilitator? E.g., Bias,
assumptions, reasons, and interests in the
research topic

The characteristics were presented
as researchers and authors.

1

Domain 2: Study design

(a) Theoretical framework

Methodological orientation
and Theory

What methodological orientation was stated
to underpin the study? e.g., grounded theory,
discourse analysis, ethnography,
phenomenology, content analysis

Phenomenology and thematic
content analysis.

9

(b) Participant selection

Sampling How were participants selected?
e.g., purposive, convenience,
consecutive, snowball

The participants were
purposively selected.

9

Method of approach How were participants approached?
e.g., face-to-face, telephone, mail, email

The participants were approached
face-to-face.

9

Sample size How many participants were in the study? 12 participants were approached
for the interviews.

3

Non-participation How many people refused to participate or
dropped out? Reasons?

We approached 15 participants.
Three people refused as they were
busy with their routine work.

3
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Table A1. Cont.

Topic Guide Questions/Description Remarks Page No.

(c) Setting

Setting of data collection Where was the data collected? e.g., home,
clinic, workplace

Data were collected at the
pharmacists’ workplace.

9

Presence of non-participants Was anyone else present besides the
participants and researchers?

No-one else was present to ensure
confidentiality of the responses.

N/A

Description of sample What are the important characteristics of the
sample? e.g., demographic data, date.

The important characteristics are
presented in Table 1.

3

(d) Data collection

Interview guide Were questions, prompts, guides provided by
the authors? Was it pilot tested?

A semi-structured interview
guide was developed, and pilot
tested with 4 pharmacists. Data of
the pilot phase was not included
in the final analysis.

9

Repeat interviews Were repeat inter views carried out? If yes,
how many?

No repeat interviews
were carried.

9

Audio/visual recording Did the research use audio or visual
recording to collect the data?

All interviews were
audio recorded.

9

Field notes Were field notes made during and/or after
the interview or focus group?

FS prepared then field notes
during the interviews that
assisted the transcription.

9

Duration What was the duration of the inter views or
focus group?

The duration of the in-depth
interviews was approximately
30 min.

9

Data saturation Was data saturation discussed? Yes 3

Transcripts returned Were transcripts returned to participants for
comment and/or correction?

Yes, transcripts were return for
confirmation of the precision and
accuracy of words, ideas, and
jargon used during the
script analysis.

9

Domain 3: Analysis and findings

(a) Data analysis

Number of data coders How many data coders coded the data? Four data coders coded the data. 9

Description of the coding tree Did authors provide a description of the
coding tree?

Interviews were coded
line-by-line, and an initial list of
nodes was developed. Later, this
augmented in developing the
framework and transcripts were
coded accordingly. New
emerging nodes were added to
the existing list and were
categories as emerging themes.

9

Derivation of themes Were themes identified in advance or
derived from the data?

All themes were derived from
the data.

4–7

Software What software, if applicable, was used to
manage the data?

NVivo® was used to manage
the data.

9

Participant checking Did participants provide feedback on
the findings?

No N/A
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Table A1. Cont.

Topic Guide Questions/Description Remarks Page No.

(b) Reporting

Quotations presented Were participant quotations presented to
illustrate the themes/findings? Was each
quotation identified? e.g., participant
number

Yes, all quotations were cross
matched with the respondent’s
demographics.

4–7

Data and findings consistent Was there consistency between the data
presented and the findings?

Yes 4–7

Clarity of major themes Were major themes clearly presented in
the findings?

Yes 4–7

Clarity of minor themes Is there a description of diverse cases or
discussion of minor themes?

Sub themes were identified and
are presented and discussed in
the manuscript.

4–7
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Abstract: The inappropriate consumption, use, and dispensing of antibiotics are problems faced
globally, with a pattern of inappropriate consumption differing in higher-income countries due to
the ease of accessibility of antibiotics. The main drivers of consumption and inappropriate use are
the over-the-counter sales of antibiotics by pharmacies. Trinidad and Tobago (T&T), a twin island
state in the Caribbean, has two Acts of Parliament that regulate antibiotics: the Antibiotics Act
and the Food and Drug Act, yet the Over-the-Counter (OTC) sale of antibiotics still exists. This
study sought to determine the knowledge, attitudes, and practices regarding the OTC dispensing of
antibiotics in T&T. A cross-sectional study gathered data from pharmacists in both the private and
public sectors of Trinidad over 7 months. The results showed that antibiotic resistance and antibiotic
abuse were seen as significant problems. The level of experience, gender (female), and age (younger)
were significantly associated with having good overall knowledge of good dispensing habits and
antibiotic laws (p = 0.036, p = 0.047, and p = 0.001, respectively). Pharmacists generally agreed that
antibiotics under the Food and Drug Act may have contributed to OTC dispensing in the private
sector (p = 0.013) and that all antibiotics should be under the Antibiotic Act (p = 0.002). Additionally,
it was found that the dispensing of antibiotics OTC in the private sector (p = 0.006) occurred: without
doctors’ advice and without requesting prescriptions; because it was perceived as lawful (especially
by older pharmacists); and because of the perceived motivation of profit. Regulation enforcement
was perceived as deficient. OTC dispensing for reasons, such as misunderstanding of laws, occurs
in T&T.

Keywords: antibiotics; legislations; laws; dispensing; pharmacists

1. Introduction

The inappropriate use and dispensing of antibiotics are global problems, with antibi-
otics being one of the most commonly sold drugs worldwide [1,2]. Dache et al. found in
their 2021 study that “pharmacies (57%) and family members or neighbors were common
sources of antibiotics in low-income countries”. Browne et al. (2021), however, found that
higher levels of antibiotic consumption occurred in high-income countries, such as the
United States of America, and lower consumption levels in lower-income countries, such
as those in Sub-Saharan Africa, where they may be less accessible [3].

The inappropriate use of antibiotics has been seen as a complex problem involving
various actors from the human, environmental, food, and veterinary sectors and fueled by
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the ‘over-the-counter’ sale of medication, dispensing by inappropriate pharmacy staff, and
the use of leftover or borrowed antibiotics [2,4,5].

The most significant impact of dispensing, if not properly regulated, is the likelihood of
people developing antibiotic resistance. In many cases, conflicting interests, such as profits
for the prescriber and dispenser, are prioritized over preventing antimicrobial resistance
and drive inappropriate dispensing behaviors [4–10]. These patterns will ultimately result
in increased drug use and patient treatment costs in the future.

In Trinidad and Tobago, a high-income, developing country, the pharmacy is an
important point of contact for patients, especially within the community. Legislative
provisions in the country establish the powers and responsibilities of drug sales and
distribution. This legal framework includes the “Food and Drugs Act (Act 8 of 1960), the
Antibiotics Act (Act 18 of 1948), the Dangerous Drugs Act (Act 38 of 1991), the Narcotic
Control (General Provisions) Regulations, the Narcotic Control (Licensing) Regulations,
and the Pharmacy Board Act” (Act 7 of 1960) [6–14].

Antibiotics, however, are primarily regulated by the Drug Inspectorate Division (DID);
this division plays a major role in private and public pharmacy inspections across the
country. The Chemistry, Food, and Drug Division, another regulation agency with drug
inspectors who have some operating power concerning the regulation of antibiotics, can be
considered to operate within a “grey area” in the legislation. Both divisions operate under
the Ministry of Health of Trinidad and Tobago but are considered to have separate roles and
staff to conduct their monitoring and regulation activities. Even with the existence of two
independent regulating bodies, the Trinidad and Tobago Pharmaceutical Country Profile
states that antibiotics are often sold over the counter without the use of a prescription [6,7].

The WHO Policy Guidance on Integrated Antimicrobial Stewardship Activities
lists the five (5) pillars of good antimicrobial stewardship as Commitment, Prevention,
Detection, Optimization of Use, and Surveillance [8]. Pillars 2 and 3 (Prevention and
Detection) will be mentioned in this study for the specific purpose of reviewing Antimi-
crobial Stewardship (AMS). These pillars are key to strengthening the Global Action Plan
(GAP) to target the appropriate use of antimicrobials and thus strengthen antimicrobial
stewardship (AMS) [8–10].

It is against this background that this Knowledge, Attitudes, and Practices (KAP) study
aims to gather baseline data on the knowledge, attitudes, and practices of over-the-counter
dispensing of antibiotics by pharmacists under a dichotomy of legislation in Trinidad and
Tobago. It should be noted, however, that this study was conducted during the COVID-19
pandemic, with several restrictions preventing normal data collection. It also dealt with the
sensitive issue of possible infringement of the law.

2. Results

A total of 104 responses were received from the public and private sectors. The
response rate for the survey was (104/145) 71.7%, or approximately 72%. The majority
(49%) of the respondents were between 21 and 40 years old, were female, had greater
than 4 years of pharmacy dispensing experience, and worked in the private sector. Most
respondents had four or more years of experience. Respondents were from the public,
private, and both sectors.

2.1. Knowledge

Significant relationships were underlined. N/A means not applicable and is utilized
as the response was 100% for a particular field, making this significant. The response to
knowledge-related questions was yes or no and displayed as numbers and percentages,
n (%). The responses are displayed in Table 1.

All respondents indicated that antibiotic resistance is a serious public health problem
facing the world, regardless of age, gender, or the sector they were employed in.

31



Antibiotics 2023, 12, 1094

Table 1. Significance tests showing the relationship between Knowledge of Antibiotic Resistance and
the age, sex, experience, and sector of participants.

Knowledge Yes
n (%)

No
n (%) p-Values +

Age Sex Experience Sector

Antibiotic Resistance is associated with inappropriate
antibiotic use. 103 (99) 1 (1) 0.578 0.404 0.221 1.00

Repeated use of the same antibiotics results
in resistance. 97 (93.3) 7 (6.7) 0.027 * 0.349 0.057 0.158

Antibiotics can speed up recovery from the flu or
the common cold. 15 (14.4) 89 (85.65) 0.271 0.974 0.616 0.668

Antimicrobial Resistance results in Resistance to
Antibiotics only. 32 (30.8) 72 (69.2) 0.360 0.206 0.255 0.017 **

Antibiotic resistance is a serious public health problem
facing the world. *** 104 (100) 0 (0) n/a n/a n/a n/a

Antibiotics can speed up the recovery of people
suffering from COVID-19. 23 (22.1) 81 (77.9) 0.446 0.349 0.870 0.684

Superbugs, such as MRSA and carbapenem-resistant
Gram-negative bacilli, result in fewer antibiotic choices. 97 (93.3) 7 (6.7) 0.587 0.349 0.684 0.649

Superbugs, such as MRSA and carbapenem-resistant
Gram-negative bacilli, result in increased costs. 94 (90.4) 10 (9.6) 0.125 0.515 0.173 0.760

Resistant Gram-negative bacilli result in an increased
length of stay for patients on wards. 103 (99) 1 (1) 0.001 * 0.596 1.00 1.00

Vaccines can prevent unnecessary antibiotic use and,
thus, antibiotic resistance. 70 (67.3) 34 (32.7) 0.130 0.112 0.440 0.001 **

+ p < 0.05 is considered significant. The Chi2 test was used to test the significance of relationships. Fisher’s
Exact t-test was used where cells have small values (less than or equal to 5). * Younger pharmacists were more
knowledgeable than older pharmacists with regards to repeated use of antibiotics and increased length of stay on
the wards. ** Pharmacists in both the private and public sectors significantly believed that antimicrobial resistance
is not only to antibiotics, but more private sector pharmacists knew that vaccines could prevent unnecessary
antibiotic use. *** All pharmacists agreed that antibiotic resistance is a serious worldwide problem.

2.1.1. Age

A Chi2 test of independence was performed to examine the relationship between age
and repeated use of the same antibiotic in terms of resistance (p = 0.027). Additionally,
Fisher’s Exact t-test showed that younger pharmacists displayed a significant difference
in their knowledge of the fact that superbugs, such as MRSA and carbapenem-resistant
Gram-negative bacilli, result in an increased length of stay for patients on wards (p = 0.001).

2.1.2. Sector

When pharmacists’ responses to the statement “antimicrobial resistance results in
resistance to antibiotics only” were compared with their sector of employment, a significant
association was found for both the private and public sectors (p = 0.017). This was also
true for the statement “vaccines can prevent unnecessary antibiotic use and thus antibiotic
resistance” and their sector of work, where more private sector pharmacists responded
affirmatively (p = 0.001). This is displayed in Table 1.

With regards to knowledge of the Antibiotic Act and Pharmacy Board Act, yes/no
responses were gathered from the responding pharmacists and displayed as both numbers
and percentages, n (%). No significant relationship was found between age, sex, experience,
or sector and any question asked in this section. The Chi2 value for the fields “The Pharmacy
Board Act regulates the dispensing of antibiotics by pharmacists” and “Have you heard of the
Antibiotic Inspectorate/Drug Inspectorate?” was used. Fisher’s Exact t-test was used for the
field “Have you heard of the Antibiotic Act?” The p values were insignificant, but over 80% of
pharmacists in this study responded affirmatively to these fields, as displayed in Table 2.
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Table 2. Knowledge of the Antibiotic Act and Pharmacy Board Act.

Knowledge about the Antibiotic and
Pharmacy Board Acts

Yes
n (%)

No
n (%) p-Values +

Age Sex Experience Sector

The Pharmacy Board Act regulates the
dispensing of antibiotics by pharmacists. 88 (84.6) 16 (15.4) 0.644 0.798 0.817 0.321

Have you heard of the Antibiotic Act? 101 (97.1) 3 (2.9) 0.146 1.00 0.827 1.00

Have you heard of the Antibiotic
Inspectorate/Drug Inspectorate? 97 (93.3) 7 (6.7) 0.360 0.510 0.726 0.262

+ p < 0.05 is considered significant. The Chi2 test was used to test the significance of relationships. Fisher’s exact
t-test was used where cells had small values (less than or equal to 5).

With regards to knowledge of the Food and Drugs Act and Antibiotic Act (This is
displayed in Table 3), questions were again answered yes or no, and the numbers and
percentages displayed n (%).

Table 3. Knowledge of the Food and Drugs Act and Antibiotic Act.

Knowledge About Food and Drug Act Yes
n (%)

No
n (%) p-Values +

Age Sex Experience Sector

Are All antibiotics registered under the Antibiotic Act? 31 (29.8) 73 (70.2) 0.461 0.507 0.374 0.398

Are any Antibiotics registered under the Food and Drug Act? 84 (80.8) 20 (19.2) 0.489 0.047 * 0.128 0.084

Are Antibiotics resisted under the Food and Drug Act under the
purview of the Antibiotic Inspectorate/Drug Inspectorate? 59 (56.7) 45 (43.3) 0.051 0.254 0.036 ** 0.509

Can you name an antibiotic registered under the Food and Drug Act? 73 (70.2) 31 (29.8) 0.292 0.128 0.222 0.141
+ p < 0.05 is considered significant. This is denoted in red and underlined. The Chi2 test was used to test the
significance of relationships. Fisher’s exact t-test was used where cells had small values (less than or equal to
5). * Female pharmacists significantly knew that antibiotics are also registered under the Food and Drugs Act.
** More experienced pharmacists significantly knew that antibiotics are resisted under the Food and Drug Act
under the purview of the Antibiotic Inspectorate/Drug Inspectorate.

2.1.3. Age and Experience

Are Antibiotics registered under the Food and Drug Act under the purview of the
Antibiotic Inspectorate/Drug Inspectorate? Notably, for this field with regards to age, there
was no significant association for age (p = 0.05). With regards to the relationship between
the responses to the question “Are antibiotics registered under the Food and Drug Act
under the purview of the Antibiotic /Drug Inspectorate?” and years of experience, there
was a significant relationship (p = 0.036). This is seen in Table 3.

2.1.4. Sex

When “Are any antibiotics registered under the Food and Drug Act?” was compared
to the sex of the respondents, a significant relationship was noted (p = 0.047). Overall, 80.8%
of pharmacists responded with the correct answer to this question (see Table 3).

The Chi2 value and the p values were insignificant for most other values regarding
knowledge of the various Acts of Parliament. The antibiotics named were ciprofloxacin,
co-trimoxazole, o-amoxiclav, cefuroxime, azithromycin, and amoxicillin (Table 3). They
were named incorrectly in most instances.

2.2. Attitudes
2.2.1. General

Pharmacists in this study unanimously agreed that there is currently abuse of antibi-
otics (104 (100%)). See Table 4.
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Table 4. Attitudes to Antibiotic Dispensing.

Attitudes Agree
n (%)

Disagree
n (%)

Do Not
Know p-Values +

Age Sex Experience Sector

Antibiotics should be given to patients when
they ask for them without a prescription. 3 (2.9) 101 (97.1) 0 (0) 0.216 0.356 1.00 0.320

When I have a cold or flu, antibiotics help me
get better. 12 (11.5) 92 (88.5) 0 (0) 0.783 0.248 0.355 0.702

Antibiotics should be stopped as soon as
a person feels better, not after the

recommended course.
2 (1.9) 102 (98.1) 0 (0) 0.392 0.353 1.00 0.277

Skipping antibiotic doses does not contribute
to resistance. 9 (8.7) 95 (91.3) 0 (0) 0.882 0.795 0.581 0.575

Antibiotic resistance is a problem in Trinidad
and Tobago. 83 (79.8) 1(1) 20 (19.2) 0.086 0.881 0.318 0.021 *

There is currently an abuse of
antibiotics. ** 104 (100) 0 (0) 0 (0) n/a n/a n/a n/a

The COVID-19 pandemic has worsened the
problem of antibiotic abuse. 87 (83.7) 17 (16.3) 0 (0) 0.570 0.249 0.468 0.776

The public and I should vaccinate to avoid
unnecessary antibiotic use. 71 (68.3) 33 (31.7) 0 (0) 0.518 0.63 0.692 0.102

+ p < 0.05 is considered significant. This is denoted in red and underlined. n/a means not applicable, as the
response was 100%, and thus all pharmacists answered affirmatively. The Chi2 test was used to test the significance
of relationships. Fisher’s exact t-test was used where cells had small values (less than or equal to 5). * Pharmacists,
mainly in the private sector, believed that antibiotic resistance was a problem. ** Pharmacists, mainly in the
private sector, agreed that there is abuse of antibiotics.

2.2.2. Experience and Sector

When the statement “Antibiotic resistance is a problem in Trinidad and Tobago” was
compared with the sector of employment (p = 0.021). This was mainly in the private sector.

In reference to specific attitudes toward dual registration under the Food and Drug
and Antibiotic Acts. The responses are displayed in Table 5.

Table 5. Percentages and Chi Square tests showing the relationships between Attitudes towards Dual
Registration and age, sex, experience, and sector.

Attitudes to Dual Registration Agree
n (%)

Disagree
n (%) p-Values +

Age Sex Experience Sector

Registration of Antibiotics under the Food and Drug
Act and the Antibiotic Act is good. 76 (73.1) 28 (26.9) 0.681 0.755 0.804 0.416

Registration of Antibiotics Under the Food and Drug
Act, pharmacists are allowed to give patients

Antibiotics over the counter in a Public setting.
10 (9.6) 94 (90.4) 0.910 0.167 0.140 0.300

Registration of Antibiotics Under the Food and Drug
Act, pharmacists are allowed to give patients

Antibiotics over the counter in a private setting.
40 (38.5) 64 (61.5) 0.290 0.636 0.285 0.013 *

All antibiotics should be under the Antibiotic Act only. 67 (64.4) 37 (35.6) 0.090 0.981 0.241 0.002 *
+ p < 0.05 is considered significant. This is denoted in red and underlined. The Chi2 test was used to test the
significance of relationships. Fisher’s exact t-test was used where cells had small values (less than or equal to 5).
* Pharmacists (38.5%), mainly in the private sector, significantly believed that having antibiotics under the Food
and Drug Act allowed pharmacists to give patients antibiotics over the counter in the private setting and that all
antibiotics should be under one Act.
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2.2.3. Sector

With regards to the field-tested finding that “registration of antibiotics under the
Food and Drug Act allows pharmacists to give patients antibiotics over the counter in the
private setting”, there was a significant relationship between the private and public sectors
(p = 0.013). This indicated that some pharmacists believed that registration of antibiotics
under the Food and Drug Act allowed over-the-counter (OTC) dispensing. There was
also a significant relationship seen between the responses to the statement “All antibiotics
should be under the Antibiotic Act only” and the private sector (p = 0.002). A significant
relationship existed between the attitude that registration under the Food and Drug Act
did not allow over-the-counter dispensing and the attitude that all antibiotics should be
registered under the Antibiotic Act only.

2.3. Practices

All responses in the area of practice showed no significant relationships concerning
age. The results of these practices are displayed in Table 6.

Table 6. Practices of Pharmacists towards Antibiotic Dispensing and Chi Square tests comparing the
relationships with age, sex, experience, and sector of work.

Practices Never
n (%)

Sometimes
n (%)

Always
n (%) p-Values +

Age Sex Experience Sector

Dispensing of antibiotics to patients over the
counter in the private sector. 71 (68.3) 32 (30.8) 1 (1) 0.532 0.313 0.410 0.013

*

A presenting patient is always asked to get
a doctor’s advice before taking antibiotics. 1 (1) 26 (25) 77 (74) 0.344 0.454 0.693 0.007

*

A presenting patient is always asked to get
a doctor’s prescription before dispensing antibiotics. 1 (1) 28 (26.9) 75 (72.1) 0.105 0.543 0.858 0.008

*

Antibiotics are not dispensed over the counter
without getting a doctor’s advice. 13 (12.7) 31 (30.4) 58 (56.9) 0.504 0.305 0.055 0.029

*

Dispensing quinolones or sulfur drugs over the
counter in the public sector. 94 (90.4) 9 (8.7) 1 (1) 0.620 0.690 0.674 1.00

Dispensing quinolones or sulfur drugs over the
counter in the private sector. * 40 (38.5) 55 (52.9) 6 (5.8) 0.065 0.590 0.988 0.016

*

Dispensing quinolones or sulfur drugs over the
counter as it is lawful. 45 (43.3) 52 (50) 7 (6.7) 0.475 0.783 0.981 0.008

*

Dispensing quinolones or sulfur drugs over the
counter as it is profitable. 73 (70.2) 28 (26.9) 3 (2.9) 0.062 0.623 0.340 0.039

*
+ p < 0.05 is considered significant. This is denoted in red and underlined. The Chi2 test was used to test the
significance of relationships. Fisher’s exact t-test was used where cells had small values (less than or equal to 5).
* The private sector pharmacists were significantly associated with responses to over-the-counter dispensing and
other possibly errant practices, such as dispensing without a prescription or doctors’ advice.

Sector

The responses to the statement “Dispensing of antibiotics to patients over the counter
in the private sector” showed a significant association with their sector of employment
(p = 0.013). This association was important because it showed that pharmacists in this
study significantly agreed that antibiotics were being dispensed OTC in the private sector.
Most of the responding pharmacists were from the private sector. Their responses to the
statements “A presenting patient is always asked to get a doctor’s advice before taking
antibiotics”, “A presenting patient is always asked to get a doctor’s prescription before
dispensing antibiotics”, and “Antibiotics are not dispensed over the counter without getting
a doctor’s advice” also showed a significant association with their sector of employment,
with p-values (p =0.007), (p = 0.008), and (p = 0.029) obtained, respectively.
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The pharmacists’ responses to the statements “Dispensing quinolones or sulfur drugs
over the counter in the public sector” and “Dispensing quinolones or sulfur drugs over
the counter as it is lawful” also showed significant relationships when compared to their
sector of employment, with p-values (p = 0.016) and (p = 0.008) being obtained, respectively.
Finally, when observing the responses to the statement “Dispensing of quinolones or sulfur
drugs over the counter as it is profitable”, there was a significant association seen with the
pharmacists’ sector of employment (p = 0.039). The results for the field practices showed
a very significant relationship between the responses given and their sector of employment,
particularly given that many of the responses supporting OTC dispensing were from those
in the private sector.

2.4. Open-Ended Answers

Six main themes emerged from the questions that sought to group the answers to the
second open-ended question in an ordered manner: 1. Dispensing with Prescription Only;
2. Allowance in Legislation for Legal OTC Dispensing; 3. Lack of Regulatory Enforcement;
4. Dispensing of Antibiotics OTC in Special Circumstances; 5. Doctors as Dispensers;
6. Suitcase Trade.

Some of these important themes will be discussed below, which are displayed in
Figure 1. Notably, the theme “Lack of regulatory enforcement” was the most common,
followed by “Dispensing with prescription only under one Act”.
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Figure 1. Graph of Themes for Open-Ended Questions. “Suitcase trade” refers to the illegal trade of
pharmaceuticals.

Quinolones include ciprofloxacin, levofloxacin, and moxifloxacin. Aminoglycosides
include gentamycin, while macrolides include clarithromycin and azithromycin.

Figure 2 shows the various antibiotic names, including quinolones, cefuroxime, and
co-amoxiclav. One response stated: “There are no antibiotics under the Food and Drug Act”.
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Figure 2. Responses to the Naming of Antibiotics under the Food and Drug Act.

3. Discussion

When the various demographic factors were analyzed with the knowledge, attitudes,
and practices of pharmacists in the study, it was found that:

3.1. Knowledge

The results revealed good knowledge of general issues surrounding antimicrobial
resistance (AMR) and antibiotic resistance (AR) among pharmacists. Ventola (2015) previ-
ously noted that antibiotic resistance and the misuse of antibiotics are serious problems
facing the world [5]. The author further notes that there are increased burdens on individ-
uals due to lost salaries and the increased cost of health services [5]. This good general
knowledge is thus a good start for antibiotic stewardship efforts.

Knowledge was statistically tested against age, and 99% of respondents were signif-
icantly knowledgeable that the duration of hospitalization is affected if a resistant bug
must be treated, with the majority being in the younger age group. Notably, at least one
study from Trinidad and Tobago supports this knowledge that resistant bacteria lead to
an increased duration of hospitalization [15]. The younger respondents were also signifi-
cantly more knowledgeable about the fact that repeated use of the same antibiotics results
in resistance.

Gajdács et al. (2020), similar to our study, indicated that older pharmacists were “less
confident” in their knowledge of inappropriate antibiotic use [16]. Kosiyaporn et al. (2020)
indicated that “awareness of antibiotic use” and the resulting impact of AMR have been
useful in “designing interventions” to combat AMR and inappropriate antimicrobial use
(AMU) [17]. Thus, the fact that the pharmacists were knowledgeable about inappropriate
use is a good starting point for designing communication and health promotion strategies.

Voidăzan et al. (2019) showed that pharmacists were a major source of information
on antibiotic resistance [18]. This information can be used strategically in Trinidad and
Tobago to inform patients and combat inappropriate use [18]. Thus, the fact that younger
pharmacists and, more importantly, pharmacists across all sectors are knowledgeable about
these important issues is encouraging for future planning and intervention.
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Knowledge about the Antibiotic and Food and Drug Acts

With regards to specific knowledge about the Antibiotic Act and the Food and Drug
Act of Parliament, the responses showed variations in knowledge with experience and
sex. Pharmacists with more experience had significantly more knowledge about antibi-
otics under the Food and Drug Act and Antibiotic Acts. With regards to knowledge of
antibiotics registered under the Food and Drug Act, 84 (80.8%) respondents were aware
that antibiotics are registered under this Act. Additionally, with regards to antibiotics
registered under the Food and Drug Act and knowledge of the purview of the Antibiotic
Inspectorate/Drug Inspectorate, 59 (56.7%) were knowledgeable. Thus, the majority of
respondents were knowledgeable of the Food and Drug Act and the Antibiotic Act. Alter-
natively, 88 (84.6%) of respondents were knowledgeable about the Pharmacy Board Act
and its role in antibiotic regulation.

Females were significantly more likely to be aware that some antibiotics are also
registered under the Food and Drug Act, not just the Antibiotic Act. There is no specific
comparison between sex and legislation in Trinidad and Tobago. Pham-Duc and Sripara-
mananthan (2021) and Zahreddine et al. (2018), however, have shown an association
between greater knowledge and female sex [19,20].

Notably, the legal definition of antibiotics in the Food and Drug Act compared to the
Antibiotics Act leads to the legal interpretation that there are no antibiotics registered in the
Food and Drug Act [21]. This is supported by the open-ended statement from pharmacists
that “there are no antibiotics under the Food and Drug Act”.

In completing the first open-ended question, some pharmacists incorrectly named
antibiotics registered under the Food and Drug Act. Interestingly, some pharmacists
named antibiotics under the Antibiotic Act as being under the Food and Drug Act, such
as co-amoxiclav and cefuroxime. This highlights an important area for the education
of pharmacists.

3.2. Attitudes

Pharmacists with more experience and working in all sectors significantly displayed
the attitude that antibiotic resistance is a problem in Trinidad and Tobago, with 79.8% of
respondents agreeing. The pharmacists were also knowledgeable about the fact that this is
a worldwide problem, including the abuse of antibiotics. Thus, knowledge and attitudes
about antibiotic resistance are well established in this study.

The majority of pharmacists significantly disagreed that the registration of antibiotics
under the Food and Drug Act allowed over-the-counter dispensing in the private sector
(61.5%). However, 38.5% of pharmacists working in all sectors still agreed that registration
of antibiotics under the Food and Drug Act does not lead to over-the-counter dispensing in
the private sector. This question may have been sensitive, with possible legal repercussions
perceived, and thus there may have been bias.

The majority of pharmacists in both the private and public sectors significantly agreed
(64.4%) that all antibiotics should be under the Antibiotic Act only. This highlights the
possibility of the dichotomous laws contributing to the perceived inappropriate dispensing
and may make antibiotic regulation more complex and costly by having two separate
divisions responsible for different antibiotics [6]. This is a complex and ‘wicked’ issue of
dichotomy and legal regulations.

Mahmoud et al. (2018) have highlighted the regulatory issues that exist in Saudi
Arabia even after the introduction of new legislation [22]. Mate et al. (2019) have
highlighted the issue of poor enforcement and weak inspection of pharmacies in Mozam-
bique, and Adhikari et al. (2021) have highlighted regulatory issues and over-the-counter
dispensing in Nepal [23,24]. Similar regulatory issues exist internationally; however,
none of these countries highlights a dichotomy of laws as in Trinidad and Tobago. The
study from Saudi Arabia also highlights that changing a law may not be a short- or
medium-term solution [22].
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Open-Ended Response supporting Attitudes

Alkadhimi et al. (2021), in their study in Iraq, found that pharmacists believed that
they “could dispense antibiotics OTC for diarrhea and tonsillitis; they believed that they
could be given the leeway to dispense for emergencies also” [25]. This is similar to the
findings in the open-ended questions where pharmacists believe that, as professionals,
they should be given a certain amount of autonomy to dispense antibiotics OTC under
special circumstances and is congruent with the theme “pharmacists should be allowed to
dispense antibiotics OTC in special circumstances”.

Notably, the issue of enforcement of current legislation was highlighted in the state-
ment that “the relevant Acts need to be revaluated and enforced because presently there is
no enforcement of any rules and regulations”.

An issue in Trinidad and Tobago may be a lack of funding to adequately enforce
prescriptions for appropriate antibiotic dispensing. The inspection role may also be inade-
quately staffed or funded [6,26].

3.3. Practices
3.3.1. Age

Within the private sector, the practice of dispensing quinolones or sulfur drugs over
the counter was performed because it was considered profitable by most respondents. Addi-
tionally, younger respondents were less likely to dispense antibiotics for profit. Notably, the
majority of respondents were younger than 40, indicating that there may have been a bias
towards younger respondents. They were also more likely to be in a public practice where
OTC dispensing is prohibited or were less likely to be owners of the pharmacy. In studies
in Lebanon and Saudi Arabia, they stated, as mentioned previously, that pharmacists with
greater years of experience were inclined to dispense over the counter, and additionally,
those pharmacists between 30 and 35 years of age were less likely to dispense over the
counter [20,27].

Torres et al. (2020) highlighted the “driver of profits” and its influence on owners
of pharmacies in Mozambique. This may be similar in the private sector in Trinidad and
Tobago [28].

3.3.2. Sector

Pharmacists dispense antibiotics over the counter in the private sector for profit and
because of the perception that it is lawful, but not in the public sector. Notably, in the RHAs,
the dispensing of antibiotics OTC is not allowed by policy. This allows accountability for
the antibiotics in the public sector, inclusive of the five (5) Regional Health Authorities.
Pharmacists at times failed to follow a doctor’s advice, and some dispensed without
a prescription. Pharmacists also dispensed quinolones and sulfur-based antibiotics over
the counter, which are registered under the Food and Drug Act. This corroborates the
established narrative in this study, that over-the-counter dispensing does occur, and the
finding that private sector pharmacists believe that dual registration under the two Acts
may be contributing to the misuse of antibiotics. However, all pharmacists displayed the
attitude that all antibiotics should be covered by one Act of parliament.

Ventola (2015) further stated that the regulation of antibiotics is an issue in many coun-
tries, with over-the-counter (OTC) antibiotics being easily available. The OTC dispensing
of antibiotics has been discussed in the introduction for Hungary, Tanzania, and Nepal [5].
Additionally, “antibiotics are thus accessible, plentiful, and cheap, which promotes overuse”
in some countries, with antibiotics also being available online [5].

Alkadhimi et al. (2021) stated that pharmacists in Iraq had good knowledge of an-
timicrobial resistance but were still inclined to practice OTC dispensing, similar to this
study [25]. In this study, it was uncovered that OTC dispensing does occur, and phar-
macists had good knowledge and attitudes; however, their practices appear unchanged
despite good knowledge. Thus, efforts must be made to change these practices, norms,
and beliefs.
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According to the Antimicrobial Resistance Collaborators (2022), 50,000 to 100,000
deaths in 2019 were attributed to bacteria resistant to antibiotics, such as quinolones [29].
Ayukekbong et al. (2017) emphasized that regulatory issues are a contributor to an-
timicrobial resistance [30]. In this study, these also appear to be similar practices. In-
terestingly, this study revealed that there is a similar problem with quinolones and
sulfur-based antibiotics.

Malik and Bhattacharyya (2019) stated previously that with their model, “lack of
awareness can also accelerate the emergence of resistant strains and impart a significant
economic cost on the population” [31]. This is driven by the irrational use of antibiotics
in the community, as stated before [31]. Conversely, the evidence of a concerning lack
of knowledge is highlighted in the statement that “dual registration allows for lawful
dispensing of some antibiotics without a prescription, but it should still be controlled
and not dispensed freely because of the monetary benefit”. This belongs to the theme
of “belief that laws allow legal OTC dispensing” and again highlights the belief that it
is legal to dispense certain antibiotics OTC. Thus, from the study, it can be deduced that
the knowledge gap may be due to a misunderstanding of the regulatory issues in the
Acts [13,14].

The practice in Trinidad and Tobago of dispensing quinolones and sulfur-based antibi-
otics because pharmacists perceive it to be lawful is indicative of the need for education. It
is also congruent with findings from Jordan, Tanzania, Mozambique, Saudi Arabia, Iraq,
Uganda, and Nepal that while regulations exist to control the dispensing of antibiotics,
inappropriate dispensing patterns persist, such as in Trinidad and Tobago [22–25,32–34].
Similarly, Gebretekle and Serbessa’s (2016) paper found that fluoroquinolones and sulfur-
based antibiotics, such as ciprofloxacin and co-trimoxazole, were the most frequently
prescribed and possibly dispensed antibiotics [35]. Saleem et al. (2021) found high usage
of co-amoxiclav and ciprofloxacin in the community. This is interesting, as pharmacists
named co-amoxiclav as an incorrect drug under the Food and Drug Act.

Gebretekle and Serbessa (2016) agreed that the practice of OTC dispensing is fueled
by the need for profits, similar to the finding in our study [35]. Notably, there should be
consideration for penalties or health promotion advice against errant behavior so as not
to reinforce that behavior. Interestingly, similar to this study, Ayukekbong et al. (2017)
indicated that regulatory factors drive antimicrobial resistance. They also indicated that
community pharmacies offered unauthorized clinical consultations that suggested a diagno-
sis and may have contributed to unregulated dispensing [30]. The study also uncovered that
pharmacists sometimes dispense without a prescription or doctors’ advice and sometimes
do not ask the patient to get a doctor’s advice, uncovering similar issues.

3.3.3. Open-Ended Response Supporting Practices

The concept of illegal trade and antibiotic misuse was highlighted in the statement
that the “availability of antibiotics via suitcase traders is a problem” under the theme
of ‘Suitcase Trade’. The issue of the suitcase trade of pharmaceuticals in Trinidad and
Tobago has been highlighted previously [36]. This practice would be a breach of existing
regulations. It is not directly related to OTC dispensing but may contribute by providing
substandard medication.

It has been recommended that suppliers from different countries be approved, not
just locally based suppliers. Foreign-based suppliers should be considered for registration.
Additionally, companies should not have to use only intermediate distributors, as is the
current practice. This helps expand access to cheaper drugs [37].

Kakkar (2020) highlights that factors hampering adequate or effective regulation
include a lack of political will and relaxed regulatory mechanisms [26]. Thus, the errant
practices could be fueled by regulatory deficiencies [26]. Kurdi et al. (2020) have shown
that even with new antibiotic regulations for controlling the dispensing of antibiotics
in Saudi Arabia, the practice of OTC dispensing persists [34]. The authors further state
that “educational programs and campaigns” are recommended. Jacobs et al. (2019) also
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recommended a multi-faceted approach to tackle the inappropriate dispensing of antibiotics
in a review of OTC sales of antibiotics. Thus, changing the dichotomy of laws may not be
the only answer [38].

The practice of pharmacy assistants and other categories of staff other than phar-
macists dispensing prescription drugs to patients also breaches national laws [32]. This
is highlighted under the theme “suitcase trade” in the statement, “A lot of pharmacies
dispense antibiotics without a pharmacist in the pharmacy and also operate without a phar-
macist present in the pharmacy.” This supports the point that OTC dispensing practices
may be facilitated by giving staff other than pharmacists the authority to dispense [32].

3.4. Limitations

There may have been some degree of apprehension in the responses to the question-
naires that were administered with assistants compared to those that were self-administered.
This also led to removing the requirement for emails. This removal meant that the “only
one response per participant” feature in Google Forms was removed. This may have led to
duplicate responses and bias. The non-structured method of collecting data, including the
convenience method of collecting data, means that the findings cannot be generalizable to
the population. It was uncovered, however, that a problem with OTC dispensing does exist
in Trinidad and Tobago. Some of the causes have been identified in this study.

3.5. Conclusions

Pharmacists appear to have significant and encouraging knowledge and attitudes
regarding antimicrobial resistance and the effects of inappropriate dispensing of antibiotics.
Over-the-counter dispensing still occurs in the private sector in Trinidad and Tobago.
Additionally, practices were not congruent with positive knowledge and attitudes.

This is the first study examining the knowledge, attitudes, and practices of pharmacists,
especially concerning over-the-counter dispensing with the two Acts of Parliament. This
study is also unique in that it examines dispensing in a country with two laws governing
antibiotic dispensing, inspections, and thus regulation. It uncovered that there was a
deficiency in understanding the role of the various regulatory issues under each Act and
that this dichotomy of laws may be contributing to inappropriate practices.

4. Materials and Methods

A quantitative, cross-sectional study was conducted. The study targeted pharmacies
across the public and private sectors in Trinidad. Two populations were targeted in the
study: public-sector pharmacists and pharmacists in the private sector.

In Trinidad and Tobago, public sector health services are split into five self-managed
regions known as Regional Health Authorities (RHA). They are governed by the Regional
Health Authorities Act, Chapter 29:05, Act 5 of 1994. (Ministry of The Attorney General
and Legal Affairs, 2016).

The study was conducted from April to October 2021, over a seven-month period.

4.1. Study Sample

A stratified sampling of pharmacists from the Sangre Grande Hospital (SGH), St
Andrews/St David (STAD), Nariva/Mayaro (NAMA), and private sector pharmacies was
performed to obtain a sample of pharmacists from the public and private sectors.

The study initially targeted 145 pharmacists (across public and private-sector pharma-
cies); however, 104 were recruited from both the private and public sectors (~72% response
rate). The public sector consisted of approximately 250 pharmacists out of a total of 641
pharmacists nationally (6). One RHA (the Eastern RHA) with 45 pharmacists was pur-
posely selected to represent the public sector responses for this study. All the public-sector
pharmacists at the Eastern RHA participated in the study. They represented pharmacists
for: Biche Outreach Centre, Black Rock Outreach Centre, Brothers Road Outreach Cen-
tre, Coryal Outreach Centre, Cumuto Outreach Centre, Grande Riviere Outreach Centre,
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Guayaguayare Outreach Centre, Manzanilla Outreach Centre, Matelot Outreach Centre,
Matura Outreach Centre, Mayaro District Health Facility, Rio Claro Health Centre, San
Souci Outreach Centre, Sangre Grande Enhanced Health Centre, Toco Health Centre, 24-h
Accident and Emergency, the Valencia Outreach Centre, and the Sangre Grande Hospital.
All public sector pharmacies and thus pharmacists follow the same regulations for public
sector workers, which is why we chose a sample from one RHA rather than all. The
COVID-19 pandemic also hindered movement and was a major consideration for the study
design. There are approximately 375 registered private pharmacies in the country. Initially,
the study sought to recruit 100 pharmacists from the private sector. It was noted that
pharmacists in the private sector may work in public institutions and vice versa. A 95%
confidence level was used, and a margin of error of 8.4% was assumed for this calculation.
The response distribution was assumed to be 50%. This was performed because responses
were obtained during a period of COVID-19 restrictions and due to the legal sensitivity of
the topic.

4.2. Recruitment and Inclusion Criteria

Public Sector—All pharmacists with at least one year of dispensing experience in the
in-patient and out-patient departments of the Sangre Grande Hospital, St. Andrews/St.
David County Health Administration, and Nariva/Mayaro County Health Administration
were eligible for inclusion in the survey and were given an equal chance of participation.
Participation was voluntary, and all eligible public sector pharmacists in the inpatient
and outpatient departments were offered a questionnaire from April 2021 to October
2021. Participants had the option of choosing the public sector or both the private and
public sectors (they used the option “both” to do this). They chose both if they were
captured in a public setting but worked privately also, and additionally if they were
captured in a private setting but worked publicly also. No duplication was allowed when
visiting pharmacies.

The survey was administered via email to the senior pharmacists at each facility. These
senior pharmacists then distributed the survey via email to their junior colleagues. The
respondents accessed the consent form and survey via a link using Google Forms (settings
were adjusted to “responses required”).

Private Sector: The private pharmacies were engaged via referral from colleagues
and encompassed pharmacies throughout the country. Pharmacists were recruited by
snowballing in the private sector. Three pre-trained assistants helped with administering
the questionnaire via telephone, gathering data, and recruiting participants by snowballing
(for the private sector pharmacists). Participation in the study was also voluntary.

4.3. Data Collection

The questionnaire was administered via Google Forms, and data was collected us-
ing a structured questionnaire with two open-ended questions. Data were collected for
7 months (up until the point of saturation and no more referrals from colleagues) from
pharmacists in the private and public sectors.

Participants were emailed the Google Form (settings were adjusted to “responses
required”). In some cases, WhatsApp private messenger was used, and a link to the Google
form was sent to the respondents. Initially, participants were sent Google Forms with
a feature for the collection of email addresses. This was removed a month into the study to
improve the confidentiality of the respondents and increase confidence in the anonymity of
the study.

4.4. Exclusion Criteria

Persons employed at pharmacies who were not pharmacists and pharmacists with
less than one year of dispensing experience were excluded from the study.
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4.5. Data Analysis

The collected data was inputted and analyzed using IBM SPPSv22 and Microsoft
Excel software. Descriptive statistics were used in analyzing the data collected. The
Chi-squared (X2) test was used to measure the observed and expected variables of the
categorical demographic variables versus the questioner’s items. The study looked at
whether relationships existed between age, sex, years of experience, or sector and the
participant’s knowledge, attitudes, and perceptions based on the questions asked in the
questionnaire. This assumes that there are dependent and independent variables, and they
are categorical. The significance level was set at p < 0.05 for all tests. Fisher’s exact t-test
was also used for fields with numbers less than or equal to 5. We avoided adjusting further
for alpha to avoid Type 2 errors (39). Ranganathan (2016) further confirms that studies
should not rely overly on alpha adjustments, as this may also lead to erroneous results. This
was also given that we accepted an increased margin of error due to the sensitive nature of
the study and the COVID-19 environment. Instead, we focused on the primary outcome of
the presence or absence of over-the-counter dispensing (39). Two open-ended questions
were used. These were: “Can you name an antibiotic under the Food and Drug Act?” and
“Is there anything else you would like to say about dual registration of antibiotics and
dispensing? Open-ended responses to the second question were analyzed and grouped
into emerging themes.

4.6. Privacy and Confidentiality of Participant Information and Research Data

All participant identifiers were removed. No participant’s personal information was
required for this study, nor was patient information needed. To ensure privacy, no names
were collected. Only electronic forms with no identifiers were used. Informed consent was
obtained. The consent forms contained no addresses, email addresses, or phone numbers
that could be used to trace the responses back to specific participants. Any personal data
obtained from the use of WhatsApp and Google Forms was stored on a password-protected
computer, with any hardcopy information kept in a locked cupboard. Most of the data for
this study was stored electronically on a password-protected computer.
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Abstract: Poor or suboptimal knowledge of appropriate antibiotic use is a cause for global concern
and little is known about Central Asian countries. Therefore, this survey is aimed at evaluating
awareness about antibiotic use and resistance among the adult population of Kazakhstan. A cross-
sectional study of a random sample was conducted between October 2021 and February 2022 among
727 individuals without medical education and followed the methodology described in the WHO
report “Antibiotic Resistance: Multi-country public awareness survey”. Half of the respondents
(50.4%) received antibiotic therapy within the last 12 months, 40.1% had no prescription for this and
40.4% received no advice from a medical professional. Nearly two-thirds of respondents (65.3%)
never heard about antibiotic resistance and 57.2% believed that it is worth requesting the same
antibiotic if it helped to treat a similar condition previously. In general, knowledge about antibiotic
use proved to be low in 82.1% of respondents and 91.9% agreed with the statement that a common
cold requires antibiotics. There is a need for awareness-raising campaigns to improve the knowledge
about antibiotic use and resistance in the population of Kazakhstan.

Keywords: antibiotics; antibiotic resistance; awareness

1. Introduction

Since the discovery of the first antibiotic (penicillin) by Alexander Fleming in 1928,
antibiotics have revolutionized modern medicine by making previously incurable infec-
tions and conditions, including pneumonia and other life-threatening bacterial infections,
treatable. Today, many routine medical procedures, such as cesarean section, appendix
removal, and chemotherapy, rely on effective antibiotics to prevent common infections
from becoming fatal. However, decades of misuse of antibiotics and abuse by doctors
and patients (to treat mild ailments) and farmers (to promote growth in agriculture and
aquaculture) have led to the emergence of antimicrobial/antibiotic resistance (AMR or
ABR), which seriously threatens the health of humans, animals, and the environment [1]. In
recent years, numerous awareness-raising activities have been undertaken to educate both
the public and medical professionals on the issue of unjustified antibiotic consumption,
which remains a major public health concern.

Despite a slight reduction in the consumption of antibiotics for systemic use, the
irrational use of these drugs remains prevalent in Kazakhstan. This is due to the over-the-
counter availability of 27.5% of antibiotics and excessive prescription by medical profes-
sionals, where 29.9% of all medications prescribed are antibiotics [2]. The World Health
Organization (WHO) recommends a decrease in global antibiotic prescriptions by 20% to
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combat the development of antibiotic resistance [1]. Additionally, the actual consumption
of antibiotics in Kazakhstan is thought to be higher, given the widespread empirical use
during the COVID-19 pandemic [3].

The excessive prescription of antibiotics can have significant financial implications for
individuals and healthcare systems. When antibiotics are over-prescribed, not only can they
become less effective due to the development of antibiotic resistance, but they can also cause
side effects that lead to further medical expenses. As antibiotic resistance grows, the cost of
treating infections increases, as more expensive and effective drugs are required. This can
put a strain on health insurance providers and government healthcare programs, which
may struggle to cover the cost of these treatments. The bulk of healthcare provided to the
population of Kazakhstan is reimbursed from the state-owned social health insurance fund.
Out-of-pocket payments contribute to over-the-counter sales and unnecessary prescriptions
may affect the financial stability of the poorest population stratum [1].

Being concerned about the growing trend of antibiotic consumption, the WHO de-
veloped a global action plan to combat antibiotic resistance which urges all countries to
increase public knowledge about antibiotics and antibiotic resistance through effective infor-
mation and communication campaigns [4]. Thus, in order to develop effective intervention
strategies, it is important to understand the level of awareness, attitudes, and perceptions
of the population about antibiotics and antibiotic resistance [5]. We therefore conducted
a cross-sectional study to evaluate awareness about antibiotic use and resistance among
the adult population of Kazakhstan. In our study, we examined the following hypotheses:
(i) there may be age and gender-based differences in awareness about antibiotic use; (ii)
rural and urban residents may have different attitudes towards antibiotic use; and (iii)
education and income levels may influence the pattern of antibiotic use.

2. Results

Table 1 presents an overview of the population under study, detailing their key char-
acteristics. Out of the total sample, 542 individuals (74.6%) identified as female, while
185 (25.4%) identified as male. The majority of participants were under 25 years of age
(60.2%) and resided in urban areas (53.6%). Over half of respondents held undergraduate
or postgraduate degrees (55.5%). The most common household type was comprised of
multiple adults aged > 16 years and at least one child under 16 (40.4% of all households).
The median household income was 150,000 Tenge, which is equivalent to 350 US dollars [6].

Table 2 illustrates the level of awareness regarding antibiotic use and resistance by
gender. Notably, there was a significant difference in the duration since respondents last
received antibiotics between male and female participants. Specifically, 33.1% of females
reported receiving antibiotics within the last month, compared to 28.8% of males who
reported receiving antibiotics within the last 6 months. Moreover, 55.0% of males believed
that they should stop taking antibiotics once they have taken all the prescribed medicine,
in contrast to 70.5% of females. Regarding prescription patterns, the majority of females
(64.1%) reported having a prescription for the antibiotics they last took, while the majority
of males (52.1%) did not.

Furthermore, a greater proportion of females (83.2%) disagreed with the notion that
it is advisable to use the same antibiotics as a friend or family member who previously
treated similar symptoms or disease, compared to males (65.7%). It is noteworthy that
while the vast majority of both males and females obtain antibiotics from a medical store or
pharmacy, none of the females and 1.8% of males stored antibiotics from a previous time.
Lastly, there was a significant difference between genders in seeking advice from healthcare
professionals regarding antibiotic use. Specifically, 63.7% of females sought advice from
healthcare professionals, while only 46.8% of males did so.

Between-group comparisons of individuals aged 24 years and younger and their
older counterparts (Table 3) are of interest. Individuals aged 24 years and younger were
more likely to disagree with the statement that it is good to use the same antibiotic if
a friend or family member used it to treat the same symptoms or disease before than
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individuals 25 years and older (81.9% vs. 73.9%). In our study, younger participants
reported hearing about antibiotic resistance significantly more often (68.7%) than older
participants did (60.2%). However, individuals aged 25 years and older were more likely
to seek advice from a doctor, nurse, or pharmacist on how to take antibiotics than their
younger counterparts (65.7% vs. 55.6%). In addition, a significant difference was observed
in the time of the last antibiotic intake, with most younger individuals (28.3%) receiving
antibiotics in the last month. In contrast, the majority of older individuals (32.2%) received
antibiotics in the past 6 months.

Table 1. General characteristics of the study participants.

General Characteristics (n = 727) n %

Sex
Males 185 25.4

Females 542 74.6

Age

18–24 438 60.2

25–34 114 15.7

35–44 72 9.9

45–54 36 5.0

55–64 48 6.6

65+ 19 2.6

Location

Urban 390 53.6

Suburban 200 27.5

Rural 137 18.8

Education

No schooling completed 31 4.3

Only school completed 151 20.8

Some college credit, no degree 41 5.6

Technical/Vocational training 101 13.9

Bachelor’s degree 343 47.2

Master’s degree 53 7.3

Doctorate (Ph.D.) degree 7 1.0

Household composition

Single adult only 144 19.8

Single adult and at least 1 child
under 16 15 2.1

Married adults only 22 3.0

Married and at least 1 child under 16 132 18.2

Multiple adults aged 16+ only 120 16.5

Multiple adults aged 16+ only and at
least 1 child under 16 294 40.4

Household income, median, 25–75 percentiles 150,000 (100,000–300,000)

According to Table 4, individuals with tertiary education had a prescription for the
antibiotics they consumed significantly more often than those with pre-tertiary education
(64.6% vs. 53.8%). Most individuals with pre-tertiary education had consumed antibiotics
in the past month (30.3%), while the majority of those with tertiary education had taken
antibiotics in the past six months (28.9%), which was significant (p = 0.039). Individuals
with higher education heard about antibiotic resistance insignificantly more often than
those with lower education (37.5% vs. 31.2%).
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Table 2. Awareness about antibiotic use and resistance by sex.

Questions
Male Female

p-Value
n % n %

When do you think you should stop taking the
antibiotics? (n = 620)

When you feel better 67 45.0 139 29.5

<0.001When you’ve taken all of the
antibiotics as directed 82 55.0 332 70.5

Do you think it is good to use the same antibiotic if a
friend or family member used to treat same symptoms
or disease before? (n = 548)

True 47 34.3 69 16.8
<0.001

False 90 65.7 342 83.2

Do you think it is good to ask/request the same
antibiotic if it helped to treat the same
symptoms/disease previously? (n = 516)

True 75 57.7 220 57.0
0.889

False 55 42.3 166 43.0

Have you heard term “Antibiotic resistance”? (n = 727)
Yes 67 36.2 185 34.1

0.607
No 118 63.8 357 65.9

When did you last take antibiotics? (571)

In the last month 49 33.1 109 25.8

0.014

In the last 6 months 25 16.9 122 28.8

In the last year 12 8.1 50 11.8

More than a year ago 28 18.9 58 13.7

Never 34 23.0 84 19.9

Did you have a prescription for this antibiotic? (n = 636)
Did you get advice from a doctor, nurse or pharmacist
on how to take them? (n = 628)

Yes 78 47.9 303 64.1
<0.001

No 85 52.1 170 35.9

Yes 72 46.8 302 63.7
<0.001

No 82 53.2 172 36.3

Where did you get the antibiotics? (n = 650)

Medical store or pharmacy 156 95.7 479 98.4

0.009

The internet 3 1.8 2 0.4

Friend or family member 1 0.6 6 1.2

I had them saved up from a
previous time 3 1.8 0 0.0

Table 5 presents the between-group comparisons based on the place of residence. The
only significant difference was observed in the time of the last intake of antibiotics. Specifi-
cally, the majority of rural respondents (36.9%) took antibiotics in the past month, while
only a quarter (25.6%) of urban and suburban residents did so. Nearly equal proportions
of rural and urban/suburban residents consumed antibiotics within the past 6 months
(25.2% vs. 25.9%).

The between-group comparisons based on income level are presented in Table 6.
Respondents with income below the median (≤150,000 Tenge) believed significantly less
often than their wealthier counterparts that it is advisable to request the same antibiotic
if it had previously helped to treat the same symptoms or disease (53.1% vs. 62.6%).
Furthermore, they had a lower level of awareness about antibiotic resistance, with only
30.4% of them having ever heard the term “antibiotic resistance”, compared to 40.3% of
individuals with income above the study median. Additionally, there were significant
differences in the time since the last intake of antibiotics, as the majority of individuals
with lower income had consumed antibiotics in the past month, while the majority of
individuals with higher income had consumed antibiotics in the past six months.

In general, the level of knowledge regarding antibiotic use was found to be inadequate.
A total of 12 questions were asked, and respondents’ knowledge was considered low if
they answered six or fewer questions correctly, and good if they answered seven or more
correctly. The vast majority of study participants (82.1%) had low knowledge about health
problems that can be treated with antibiotics, with only 17.9% answering seven or more
questions correctly.
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Figure 1 presents the responses to questions about conditions that can be treated with
antibiotics. More than half of the respondents (57.4%) believed that headaches can be treated
with antibiotics, and 48.1% believed that antibiotics can relieve body aches. Notably, 67.9% of
respondents were not aware that measles is a condition that can be managed with antibiotics.
Additionally, 69.9% replied that they would use antibiotics in case of fever, and a high percentage
of 91.9% agreed with the statement that antibiotics are required for the common flu.

Table 3. Awareness about antibiotic use and resistance by age.

Questions
18–24 Years of Age 25 Years and Older

p-Value
n % n %

When do you think you should stop taking the
antibiotics? (n = 620)

When you feel better 123 34.0 83 32.2

0.638When you’ve taken
all of the antibiotics

as directed
239 66.0 175 67.8

Do you think it is good to use the same antibiotic if a
friend or family member used to treat same symptoms
or disease before? (n = 548)

True 61 18.1 55 26.1
0.026

False 276 81.9 156 73.9

Do you think it is good to ask/request the same
antibiotic if it helped to treat the same
symptoms/disease previously? (n = 516)

True 165 53.9 130 61.9
0.072

False 141 46.1 80 38.1

Have you heard term “Antibiotic resistance”? (n = 727)
Yes 137 31.3 115 39.8

0.018
No 301 68.7 174 60.2

When did you last take antibiotics? (571)

In the last month 92 28.3 66 26.8

<0.001

In the last 6 months 68 20.9 79 32.2

In the last year 29 8.9 33 13.4

More than a year ago 41 12.6 45 18.3

Never 95 29.3 23 9.3

Did you have a prescription for this antibiotic? (n = 636)
Did you get advice from a doctor, nurse or pharmacist
on how to take them? (n = 628)

Yes 222 58.4 159 62.1
0.352

No 158 41.6 97 37.9

Yes 213 55.6 161 65.7
0.012

No 170 44.4 84 34.3

Where did you get the antibiotics? (n = 650)

Medical store or
pharmacy 378 97.7 257 97.8

0.272

The internet 2 0.5 3 1.1

Friend or family
member 4 1.0 3 1.1

I had them saved up
from a previous time 3 0.8 0 0.0

Table 4. Awareness about antibiotic use and resistance by education level.

Questions
Pre-Tertiary Education Tertiary Education

p-Value
n % n %

When do you think you should stop taking the
antibiotics? (n = 620)

When you feel better 99 35.6 107 31.3

0.256When you’ve taken
all of the antibiotics

as directed
179 64.4 235 68.7

Do you think it is good to use the same antibiotic if a
friend or family member used to treat same symptoms
or disease before? (n = 548)

True 57 24.8 59 18.6
0.078

False 173 75.2 259 81.4

Do you think it is good to ask/request the same
antibiotic if it helped to treat the same
symptoms/disease previously? (n = 516)

True 123 54.4 172 59.3
0.266

False 103 45.6 118 40.7

Have you heard term “Antibiotic resistance”?
(n = 727)

Yes 101 31.2 151 37.5
0.076

No 223 68.8 252 62.5
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Table 4. Cont.

Questions
Pre-Tertiary Education Tertiary Education

p-Value
n % n %

When did you last take antibiotics? (571)

In the last month 81 30.3 77 25.3

0.039

In the last 6 months 59 22.1 88 28.9

In the last year 22 8.2 40 13.2

More than a year ago 48 18.0 38 12.5

Never 57 21.3 61 20.1

Did you have a prescription for this antibiotic? (n = 636)
Did you get advice from a doctor, nurse or pharmacist
on how to take them? (n = 628)

Yes 149 53.8 232 64.6
0.006

No 128 46.2 127 32.4

Yes 156 58.6 218 60.2
0.691

No 110 41.4 144 39.8

Where did you get the antibiotics? (n = 650)

Medical store or
pharmacy 274 96.5 361 98.6

0.172

The internet 3 1.1 2 0.5

Friend or family
member 4 1.4 3 0.8

I had them saved up
from a previous time 3 1.1 0 0.0

Table 5. Awareness about antibiotic use and resistance by the place of residence.

Questions
Urban and Suburban

Residents Rural Residents
p-Value

n % n %

When do you think you should stop taking the
antibiotics? (n = 620)

When you feel better 164 32.4 42 36.8

0.364When you’ve taken all of
the antibiotics as directed 342 67.6 72 63.2

Do you think it is good to use the same antibiotic if a
friend or family member used to treat same symptoms
or disease before? (n = 548)

True 99 22.4 17 16.0
0.150

False 343 77.6 89 84.0

Do you think it is good to ask/request the same
antibiotic if it helped to treat the same
symptoms/disease previously? (n = 516)

True 239 57.0 56 57.7
0.901

False 180 43.0 41 42.3

Have you heard term “Antibiotic resistance”? (n = 727)
Yes 208 35.3 44 32.1

0.487
No 382 64.7 93 67.9

When did you last take antibiotics? (571)

In the last month 120 25.6 38 36.9

0.010

In the last 6 months 121 25.9 26 25.2

In the last year 58 12.4 4 3.9

More than a year ago 66 14.1 20 19.4

Never 103 22.0 15 14.6

Did you have a prescription for this antibiotic? (n = 636)
Did you get advice from a doctor, nurse or pharmacist
on how to take them? (n = 628)

Yes 309 58.7 72 65.5
0.192No 217 41.3 38 34.5

Yes 309 59.8 65 58.6
0.814

No 208 40.2 46 41.4

Where did you get the antibiotics? (n = 650)

Medical store or
pharmacy 527 98.0 108 96.4

0.273
The internet 4 0.7 1 0.9

Friend or family member 4 0.7 3 2.7

I had them saved up from
a previous time 3 0.6 0 0.0

51



Antibiotics 2023, 12, 560

Table 6. Awareness about antibiotic use and resistance by the level of income.

Questions
Lower Income Higher Income

p-Value
n % n %

When do you think you should stop taking the
antibiotics? (n = 620)

When you feel better 117 34.7 89 31.4
0.389When you’ve taken all of

the antibiotics as directed 220 65.3 194 68.6

Do you think it is good to use the same antibiotic if a
friend or family member used to treat same symptoms
or disease before? (n = 548)

True 61 20.8 55 21.6
0.830

False 232 79.2 200 78.4

Do you think it is good to ask/request the same
antibiotic if it helped to treat the same
symptoms/disease previously? (n = 516)

True 156 53.1 139 62.6
0.030

False 138 46.9 83 37.4

Have you heard term “Antibiotic resistance”? (n = 727)
Yes 126 30.4 126 40.3

0.006
No 288 69.6 187 59.7

When did you last take antibiotics? (571)

In the last month 90 28.8 68 26.4

0.004

In the last 6 months 63 20.1 84 32.6

In the last year 34 10.9 28 10.9

More than a year ago 59 18.8 27 10.5

Never 67 21.4 51 19.8

Did you have a prescription for this antibiotic? (n = 636)
Did you get advice from a doctor, nurse or pharmacist
on how to take them? (n = 628)

Yes 203 59.0 178 61.0
0.618No 141 41.0 114 39.0

Yes 200 58.8 174 60.4
0.685

No 140 41.2 114 39.6

Where did you get the antibiotics? (n = 650)

Medical store or
pharmacy 341 97.4 294 98.0

0.092
The internet 3 0.9 2 0.7

Friend or family member 6 1.7 1 0.3

I had them saved up from
a previous time 0 0.0 3 1.0
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3. Discussion

This survey aimed to evaluate the level of awareness regarding antibiotic use and
resistance among the adult population of Kazakhstan. Half of the respondents (50.4%)
received antibiotic therapy within the last 12 months, of which 40.1% had no prescription
and 40.4% did not receive advice from a medical professional on how to take them. Nearly
two-thirds of respondents (65.3%) had never heard of antibiotic resistance, and 57.2%
believed that it is acceptable to request the same antibiotic if it had helped to treat the
same symptoms previously. In general, knowledge about antibiotic use for specific health
conditions was found to be low in 82.1% of the study participants.

Our study findings are consistent with reports from other Eastern European countries.
A study by Zajmi et al. in Kosovo showed that more than half of the respondents (58.7%)
used antibiotics in the past year, and a quarter (25.0%) took them without a physician’s
prescription. Notably, 42.5% of respondents believed that viral infections could be effec-
tively treated with antibiotics [7]. In Georgia, over half (55%) of adults received antibiotics
without consulting a medical professional, and 62% bought antibiotics without a prescrip-
tion [8]. A study in Lithuania revealed that 61.1% of respondents had poor knowledge
of antibiotics, and 26.0% believed that antibiotics are effective against viral infections [9].
In Serbia, 58.4% of respondents considered antibiotics to be effective against the common
cold [10]. In Romania, more than half (61.45%) of the general public received antibiotics at
least once in the past year, and only 57.43% reported consulting a physician before taking
them [11]. However, a study from Poland reported lower rates of antibiotic consumption
in the previous year (38.0%). Unlike the findings of other Eastern European studies, the
majority of antibiotics (90%) were prescribed by a doctor [12].

To mitigate the problem of antibiotic resistance, the sale of antibiotics without a pre-
scription should be prohibited, and self-medication should be discouraged. Nevertheless,
it is a common practice in many developing countries to sell antibiotics upon a patient’s
request. A qualitative study from India confirmed that pharmacists readily admitted to
selling antibiotics over the counter and were generally unaware of the issue of antibiotic re-
sistance [13]. In Damascus, Syria, 87% of pharmacy workers easily agreed to sell antibiotics
without a prescription, and 97% sold antibiotics if a patient insisted [14]. Another study
from the Middle East reported high rates of over-the-counter sales of antibiotics (63.6%)
in Saudi Arabia [15]. Both online and community pharmacies sell antibiotics without a
valid prescription, as a study from China showed. However, community pharmacies were
more likely to sell antibiotics over the counter and provide no necessary information to
patients [16].

Poor or suboptimal knowledge of appropriate antibiotic use is another cause for global
concern, as it significantly contributes to antibiotic resistance. This includes awareness of
the spectrum of diseases that can be treated with antibiotics, the duration of therapy, and
understanding when it is appropriate to stop taking them. Akhund et al. conducted an
online survey in Pakistan and found that out of 1132 participants, 837 (73.9%) believed
that it is possible to stop the course of antibiotics whenever they feel better, and 505
(44.6%) were convinced that frequent and unnecessary use of antibiotics reduces their
effectiveness. Notably, 157 (13.9%) of the participants did not adhere to the duration of
treatment recommended by a doctor. As many as 467 (41.3%) of the respondents reused
antibiotics left over from a previous prescription when experiencing similar symptoms [17].
In our study, 33.2% of respondents stopped their intake of antibiotics when they felt better.
Inadequate knowledge concerning the time to stop antibiotic therapy was also reported by
other researchers [14–16].

Self-medication with antibiotics is becoming widespread, and many people are con-
vinced that they can use the same antibiotic for a condition with similar symptoms. In
this study, more than half of the participants (57.2%) thought it is acceptable to buy the
same antibiotic or request it from a doctor if it helped them to get better when the same
symptoms were present before. In a study from Romania, 10.34% of respondents took
antibiotics following recommendations of a family member or friend, and 22.9% used the
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same antibiotic prescribed by a doctor at the last visit [11]. In general, the population of
Eastern Europe has higher rates of self-medication with antibiotics as compared to the
population of Western Europe. This could be attributed to cultural differences and law
enforcement efforts to prohibit the over-the-counter sale of prescription drugs [18].

A striking finding of this study is that a high proportion of the population (91.9%) is
ready to take antibiotics for a common cold. This is probably best explained by the incorrect
identification of bacteria as the most common cause of upper respiratory tract infections.
The same misconception is shared by the populations of other countries, although to a lesser
extent. In Germany, 10.5% of patients asked for antibiotics to treat common colds [19], and
14% of patients in Denmark requested a prescription of antibiotics for upper respiratory
tract infections [20]. This proportion is declining in Romania, where as many as 51% of
respondents considered antibiotics effective against flu in 2009 [21], compared to 39% in
2016 [22]. Indeed, our findings are comparable to data from Myanmar, where 72.6% of
respondents believed that antibiotics can eliminate viruses and 73.5% considered antibiotics
effective against the flu. Interestingly, these beliefs were more prevalent among younger
individuals and those residing in urban areas [23].

Another commonly shared misbelief is that antibiotics can be used to treat non-bloody
diarrhea. According to a systematic review by Carter et al., low- and middle-income
countries tend to over-rely on antibiotics in the treatment of childhood diarrhea as they are
prescribed in 10–77% of cases [24]. Another meta-analysis by Edessa et al. showed that the
rate of non-prescribed antibiotics in pediatric practice at the community level in low- and
middle-income countries constitute 45% [25].

There is a need for awareness-raising campaigns to improve knowledge about an-
tibiotic use and resistance in the population of Kazakhstan. This could be done via social
media, and the importance of seeking professional advice before initiating antibacterial
therapy has to be emphasized. The country’s medical community, in particular the primary
healthcare sector, should adopt the best health education strategies, and policymakers have
to reinforce their efforts to control the over-the-counter sale of prescription medications.
Currently, there is a lack of recognition of antibiotic misuse in Kazakhstan, and therefore
it is important to sensitize all stakeholders. The country’s stakeholders can benefit from
the strategies proposed by World Antimicrobial Awareness Week, which was designed
to enable communication with a focus on effective approaches to prevent and mitigate
antimicrobial resistance [26].

The current study has several limitations primarily stemming from its cross-sectional
design. One of the main limitations is the inability to establish causal relationships be-
tween knowledge and practice of antibiotic use and individual participant characteristics.
Originally, our intention was to sample healthy individuals visiting outpatient facilities for
routine check-ups or accompanying their diseased relatives. However, we quickly realized
that few adults attend healthcare facilities for preventive purposes. As a result, the majority
of participants in our study were accompanying persons, leading to observed shifts in
gender and age. Therefore, this sample is not representative of the entire population of
Kazakhstan and should be considered as a pilot study. Despite these limitations, our study
has many strengths. It is based on a reasonably large sample of the adult population
enrolled from a typical region of the country. Furthermore, it is the first study to investigate
awareness about antibiotic use and resistance among the population of Kazakhstan and
can serve as a benchmark for future research.

4. Materials and Methods
4.1. Study Design and Procedures

A cross-sectional study was conducted between October 2021 and February 2022, using
a random sample of adult residents without medical education in the East Kazakhstan
region. This region was selected as a representative area of the country, based on socio-
economic indicators, and had an estimated population of 1,349,400 in 2022 [27]. The
sample size was calculated using the Sample XS calculator from Brixton Health [28], for a
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population size of 13 million (the adult population of Kazakhstan), 80% power, an estimated
prevalence of 20%, and a design effect of 1.0. The resulting sample size was 683 individuals,
but we enrolled 750 participants to allow for potential dropouts. Ultimately, 727 individuals
agreed to participate, resulting in a response rate of 96.9%.

We recruited healthy individuals attending regional outpatient facilities for routine
check-ups or as accompanying persons, using a systematic random sampling method. Out
of 35 outpatient polyclinic organizations located on the territory of the East Kazakhstan
region, 15 were sampled to represent two cities—Ust-Kamenogorsk and Semey (5 facilities
from each city) and rural territories. We sampled 5 rural outpatient facilities located in
the region’s north-west (Beskaragay district), north-east (Altai district), center (Zharma
district), south-west (Ayagoz district), and south-east (Tarbagatay district). A maximum
of 15–20 individuals were recruited from each clinic per day. The full WHO questionnaire
was administered through face-to-face interviews. Age below 18 years, presence of medical
education, and unwillingness to participate in the study served as the exclusion criteria.

4.2. The Tool and Data Collection Techniques

This survey followed the methodology described in the WHO report “Antibiotic Re-
sistance: Multi-country public awareness survey” [29]. The questionnaire consisted of four
sections. The first section included questions related to the social and demographic char-
acteristics of respondents, while the second and third sections focused on the knowledge
and use of antibiotics. Knowledge about antibiotic resistance was assessed in the fourth
section. The questionnaire was administered in the Kazakh and Russian languages and
it took approximately 10–15 min to complete it. The study aim was clearly explained to
the participants before the data collection and informed consent was obtained. To keep
confidentiality, identity information was not collected. All data were encrypted and stored
electronically in a secure location and a password was solely available to the principal
investigator (N.I.) to ensure the privacy of study participants.

4.3. Statistical Analysis

The study data were analyzed using the Statistical Package for Social Sciences (SPSS)
version 20. As a first step of statistical analysis, the type of data distribution was evaluated
for continuous variables by the Kolmogorov-Smirnov test. As the distribution of data
proved to be different from normal, the continuous variables were presented as the median
with interquartile ranges and non-parametric tests were used to compare differences
between the groups. Categorical variables were presented as the frequency with percentage
and Pearson’s chi-square test was utilized for between-group comparisons. A p-value of
0.05 and below was considered statistically significant.

To facilitate educational level comparisons, we classified educational attainments
into two categories: pre-tertiary (including no schooling, completed school, some college
credit, and non-degree technical/vocational training) and tertiary (comprising bachelor’s,
master’s, and doctoral (Ph.D.) degrees). To elucidate the differences between groups based
on place of residence, we compared individuals living in urban and suburban areas with
individuals living in rural areas. To compare responses from different income groups, we
divided all respondents into two groups based on their monthly income levels: a lower
income group (monthly income ≤150,000 Tenge) and a higher income group (monthly
income exceeding 150,000 Tenge). At the time of the survey in 2021, 150,000 Tenge was
approximately equivalent to 350 US dollars [30].

4.4. Ethical Considerations

This study has been approved by the Ethics Committee of Semey Medical University
with registration code 2, dated 28 October 2020.
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5. Conclusions

This study sheds light on the level of awareness and behavior regarding antibiotic use
and resistance in Kazakhstan, with a focus on gender, age, education, place of residence, and
income level. The findings reveal significant differences in the duration since respondents
last received antibiotics, prescription patterns, beliefs about antibiotic use, and seeking
advice from healthcare professionals between males and females. Moreover, age, education,
and income level were associated with differences in antibiotic use and awareness. Our
study highlights the importance of increasing awareness and promoting the appropriate
use of antibiotics among different population groups in Kazakhstan. Further research and
interventions are needed to address the identified differences and improve antibiotic use
practices in the country.

Author Contributions: Conceptualization, N.I. and Z.K. (Zaituna Khismetova); Data curation, N.G.;
Formal analysis, N.G.; Funding acquisition, Z.K. (Zaituna Khismetova); Investigation, Y.S.; Methodol-
ogy, N.G.; Project administration, Z.K. (Zhanat Kozhekenova); Resources, Z.K. (Zaituna Khamidul-
lina) and U.S.; Software, N.G. and Y.S.; Supervision, D.S.; Validation, D.S., Z.K. (Zhanat Kozhekenova)
and U.S.; Visualization, N.G.; Writing—original draft, N.I.; Writing—review & editing, Y.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Semey Medical University (protocol code 2,
dated 28 October 2020).

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

Data Availability Statement: The data presented in this study are available on a reasonable request
from the corresponding author.

Acknowledgments: The authors would like to thank all individuals who participated in this survey.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. The World Health Organization. Antibiotic Resistance. Available online: https://www.who.int/news-room/fact-sheets/detail/

antibiotic-resistance (accessed on 8 January 2023).
2. Zhussupova, G.; Zhaldybayeva, S.; Utepova, D. Improving the use of medicines in healthcare organizations to solve the problem

of irrational use of medicines in the Republic of Kazakhstan. J. Health Dev. 2020, 36, 84–100. [CrossRef]
3. Semenova, Y.; Pivina, L.; Khismetova, Z.; Auyezova, A.; Nurbakyt, A.; Kauysheva, A.; Ospanova, D.; Kuziyeva, G.; Kushkarova,

A.; Ivankov, A.; et al. Anticipating the Need for Healthcare Resources Following the Escalation of the COVID-19 Outbreak in the
Republic of Kazakhstan. J. Prev. Med. Public Health 2020, 53, 387–396. [CrossRef] [PubMed]

4. The World Health Organization. Global Action Plan on Antimicrobial Resistance. Available online: https://www.who.int/
publications/i/item/9789241509763 (accessed on 8 January 2023).

5. King, R.; Hicks, J.; Rassi, C.; Shafique, M.; Barua, D.; Bhowmik, P.; Das, M.; Elsey, H.; Questa, K.; Fieroze, F.; et al. A process for
developing a sustainable and scalable approach to community engagement: Community dialogue approach for addressing the
drivers of antibiotic resistance in Bangladesh. BMC Public Health 2020, 20, 950. [CrossRef] [PubMed]

6. The Average Weighted Exchange Rate of the Dollar at the Cash Is 431.67 Tenge Capital. Available online: https://kapital.kz/
finance/101590/srednevzveshennyy-kurs-dollara-na-kase-431-67-tenge.html (accessed on 8 January 2023).

7. Zajmi, D.; Berisha, M.; Begolli, I.; Hoxha, R.; Mehmeti, R.; Mulliqi-Osmani, G.; Kurti, A.; Loku, A.; Raka, L. Public knowledge,
attitudes and practices regarding antibiotic use in Kosovo. Pharm. Pract. 2017, 15, 827. [CrossRef] [PubMed]

8. Kandelaki, K.; Lundborg, C.S.; Marrone, G. Antibiotic use and resistance: A cross-sectional study exploring knowledge and
attitudes among school and institution personnel in Tbilisi, Republic of Georgia. BMC Res. Notes 2015, 8, 495. [CrossRef]
[PubMed]
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Abstract: Antimicrobial-resistant bacterial infections are a known threat to the public health of low-
income countries and are undercharacterized in Papua New Guinea. A scoping literature review
of scientific peer-reviewed publications on antimicrobial resistance in Papua New Guinea was con-
ducted, and their results were summarized. Many of the available data on resistant bacteria in Papua
New Guinea have come from Port Moresby and Goroka and have been focused on Staphylococcus
aureus, as well as important pediatric pathogens such as Streptococcus pneumoniae and Haemophilus
influenzae. Progressive resistance to the commonly used antibiotics penicillin and chloramphenicol
among most clinically important bacterial pathogens has prompted healthcare workers to adopt
expensive broad-spectrum antibiotics. There is already evidence of resistance to newly adopted an-
tibiotics among several Gram-negative organisms. Drivers of antimicrobial resistance in Papua New
Guinea include a high burden of infectious diseases, inappropriate antibiotic prescription practices,
poor regulation of antibiotics, incomplete adherence, substandard drug quality, and overcrowding
of healthcare facilities. There is a lack of information on antimicrobial resistance among priority
pathogens and from several important regions of Papua New Guinea.

Keywords: antimicrobial resistance; Papua New Guinea; antibiotics; Oceania; Melanesia

1. Introduction

Papua New Guinea (PNG) is a Melanesian country in Oceania with a population
of over 7 million that is composed of the eastern half of the island of New Guinea as
well as hundreds of smaller islands scattered throughout the Solomon and Bismarck
Seas [1]. The country is predominantly mountainous, with a tropical rainforest climate and
densely populated central highlands. As a consequence of its dramatic geography, human
communities in PNG have historically remained relatively isolated from one another,
making it among the most culturally and biologically diverse regions on Earth (Figure 1).

As of 2020, the population of PNG is primarily rural, with only around 13% of Papuans
living in urban settings and the remainder residing in villages—often in extremely remote
locations. PNG is classified as a lower–middle-income country by the World Bank [2]. Its
human development index is 155th in the world, and the life expectancy at birth is 67.8
years [3]. Infections are widespread in PNG—endemic and emerging infectious diseases
are implicated in half of childhood deaths and over 40% of all mortality in the country [4,5].

The modern antibiotic era began in 1928 with the discovery of penicillin by Alexander
Fleming [6]. Since then, antibiotics have transformed the medical field and saved countless
lives; however, by the 1950s, penicillin resistance had already become a serious global
problem [7]. Thus began the ongoing contradanse of new antibiotic development in the face
of intensifying resistance.

The recognition and characterization of antimicrobial resistance (AMR) in high-income
countries is well established, and data have emerged showing that the problem is more
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prevalent and, indeed, of higher magnitude in low-income countries, heralding a true
global public health emergency [8,9]. Given the pervasiveness of infectious diseases and an-
tibiotic use in PNG—coupled with the relative paucity of health infrastructure and resource
capacity—it is worth examining the history and current state of AMR in the country.
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To achieve these ends, this comprehensive scoping review will summarize knowledge
and epidemiological trends with respect to AMR in PNG (as well as the former Australian-
administered territory of Papua and New Guinea, prior to 1975) that have been disclosed
in peer-reviewed surveys, case series, case reports, theses, or conference communications.
Prevalence and sample size data pertaining to resistance among bacterial species or genera
against individual antibiotics or antibiotic classes are reported, when available. There will
then be a discussion of factors that contribute to AMR in PNG. This review will not address
resistance in Mycobacterium tuberculosis, Plasmodium spp., or HIV, as these topics have been
reviewed elsewhere [8–10].

2. Methods

A literature review of scientific peer-reviewed publications was conducted following
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews (PRISMA-ScR) on the electronic databases PubMed and Web of Science.
The search included combinations of the following keywords present in the title and/or
abstract: “Papua”, “New Guinea”, “AMR”, and “antimicrobial resistance”. The format of
publications could be prospective or retrospective studies, case reports, or case series, and
they were evaluated to ensure that the contents represented commentary on antimicrobial
susceptibility in what today constitutes the nation of Papua New Guinea. Antimicrobial
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susceptibility data were then extracted, and the AMR rates were calculated manually when
not included in the publications (Figure 2).
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2.1. Antimicrobial Resistance among Gram-Positive Organisms
2.1.1. Staphylococcus aureus

S. aureus is an important cause of a multitude of both community-acquired and nosoco-
mial infections worldwide [12]. Between 1971 and 1981—a period during which penicillin was
the first-line therapy for staphylococcal pyomyositis, acute osteomyelitis, pneumonia, and bac-
teremia in PNG—over 90% of S. aureus isolated from pus specimens at Port Moresby General
Hospital was already penicillin-resistant (Supplementary Materials Table S1; Figure 3) [13].
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During the last 3 years of this period, penicillin resistance had risen to 98%; how-
ever, no methicillin or gentamicin resistance was detected. A penicillin-resistant S. aureus
that was sensitive to cloxacillin and gentamicin was cultured in 1978 from the pus and
sputum of a 33-year-old man in Rabaul, East New Britain with gluteal pyomyositis and
hematogenously seeded pneumonia [25].

In 1979, the first incidence of chloramphenicol-resistant S. aureus in PNG was identified
in Port Moresby, and from 1979 to 1981 chloramphenicol resistance was detected in 26% of
isolates [13].

The first methicillin-resistant S. aureus (MRSA) reported in PNG was isolated from
the infected skin lesion of a child in Goroka at some point between 1982 and 1983, and
it was thought to be community-acquired [15]. During the same period, MRSA was
detected in a total of 0.75% (3/399) of S. aureus cultured from skin swabs from unrelated
children in Goroka with infected skin lesions. These 3 MRSA isolates were also resistant
to chloramphenicol, tetracycline, and erythromycin, while 98.2% (392/399) of all S. aureus
isolates produced β-lactamase and were resistant to penicillin.

Also in Goroka, a survey of 73 S. aureus isolates from blood, CSF, urine, skin lesions,
stool, joint aspirates, and lung tissue from patients of all ages between 1982 and 1986 found
97% (71/73) penicillin resistance, 7% (5/73) chloramphenicol resistance, 3% (2/66) tetra-
cycline resistance, 1% (1/73) cotrimoxazole resistance, 1% (1/73) erythromycin resistance,
and no resistance to gentamicin [16]. A survey of the bacteriology of children’s untreated
skin sores in Goroka, Eastern Highlands in 1984 found that 92% (23/25) of S. aureus isolates
were penicillin-resistant [26]. MRSA was cultured from one blood sample and one sputum
sample, representing 3% (2/73) of all S. aureus isolates and the first report of MRSA in a hos-
pitalized patient in PNG. MRSA was again isolated from the lung tissue of a 9-month-old
with community-acquired pneumonia in Goroka in 1989 [27].

By the year 2000 there has been 3 deaths among children in Goroka from community-
acquired MRSA infections that were also resistant to chloramphenicol, as well as reports
of methicillin resistance in 11.8% (2/17) of S. aureus isolated from cases of fatal pediatric
infection [14,28]. Oxacillin resistance was detected in 75% (3/4) of S. aureus isolated from the
blood of surgical patients in Madang, Morobe Province from 2008 to 2009 [29]. All 3 isolates
were susceptible to chloramphenicol and considered to have been community-acquired.

In 2010, a cross-sectional survey of S. aureus nasal colonization in Madang found
oxacillin resistance in 9.1% (4/44) of isolates [17]. All of the isolates were penicillin-
resistant (n = 44), 2.3% (1/44) were erythromycin-resistant, 2.3% (1/44) were trimethoprim–
sulfamethoxazole-resistant, 4.6% (2/44) were tetracycline-resistant, and none were resistant
to either rifampicin or clindamycin (n = 44).

In a 2013 report from Kundiawa, Simbu Province, more than 90% of Staphylococcus iso-
lates from patients with osteomyelitis were resistant to flucloxacillin and chloramphenicol
but retained universal susceptibility to ciprofloxacin [30].

By 2014, national data reported that 43.9% (72/164) of S. aureus cultured from blood,
urine, and wounds was MRSA [18]. A prospective analysis of S. aureus isolates from the
blood, joints, bone, or surrounding soft tissues of children from the community present-
ing with osteomyelitis in Kundiawa from 2012 to 2017 found that 85.1% (40/47) were
methicillin-resistant, 89.4% (42/47) were oxacillin-resistant, 91.5% (43/47) were penicillin-
resistant, 93.6% (44/47) were ampicillin-resistant, and 80.9% (38/47) were ceftriaxone-
resistant [19]. There was also 8.5% (4/47) gentamicin resistance, 6.4% (3/47) erythromycin
resistance, 6.4% (3/47) tetracycline resistance, 6.4% (3/47) clindamycin resistance, and 4.3%
(2/47) cotrimoxazole resistance.

2.1.2. Streptococcus pneumoniae

S. pneumoniae is a highly invasive encapsulated bacterial pathogen and the most com-
mon cause of pneumonia, meningitis, bloodstream infections, and middle-ear infections
in children [31]. The first known penicillin-resistant S. pneumoniae was detected in 1967
in the sputum of a patient with hypogammaglobulinemia and bronchiectasis in Sydney,
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Australia [20]. In April of 1969, the first penicillin-resistant S. pneumoniae in PNG was
isolated from a throat swab collected from a healthy 3-year-old boy in Anguganak, West
Sepik who had been given penicillin the previous year for pneumonia [32]. As part of a
regional survey of Anguganak conducted during the same year, penicillin-resistant S. pneu-
moniae isolates from 15 more individuals that also demonstrated decreased susceptibility
to cephaloridine, cephalothin, and methicillin while maintaining susceptibility to ampi-
cillin were identified [33]. Ultimately, surveys conducted from 1968 to 1970 in West Sepik
found that 12% (n = 530) of S. pneumoniae isolates were resistant to penicillin, with MICs
(minimum inhibitory concentrations) that could be overcome in cases of pneumococcal
pneumonia but posed a serious problem when attempting to achieve the therapeutic levels
required to treat pneumococcal meningitis [34].

From 1971 to 1974, 14% (42/292) of S. pneumoniae isolates evaluated in PNG were
penicillin-insensitive [32]. By 1978, 33% (19/57) of S. pneumoniae isolates from 23 children
and 34 adults in Port Moresby with bacteremic pneumonia, meningitis, or bacteremia were
resistant to penicillin [21]. No resistance to chloramphenicol, erythromycin, or tetracycline
was detected at that time. By 1981, a prospective collection of lung aspirates and blood
from children admitted to Goroka Hospital with pneumonia between 1978 and 1981 found
63% (15/24) of S. pneumoniae isolates to be penicillin-resistant [21]. In a subsequent survey
taking place between 1980 and 1984 of CSF from children under 10 years old with purulent
meningitis in Goroka Hospital, penicillin resistance in S. pneumoniae was 22% (15/67), and
there was no resistance to chloramphenicol [35]. S. pneumoniae isolated from infected skin
lesions of children in Goroka between 1982 and 1983 found 60% (3/5) penicillin resistance
and preserved universal susceptibility to chloramphenicol [15].

In a large cohort of samples collected between 1980 and 1985 from the blood, CSF,
joint aspirates, stool, lung tissue, urine, and skin lesions of patients of all ages in Goroka
(with a small number of samples from Port Moresby), intermediate resistance to penicillin
was detected in 56% (1701/3018) of S. pneumoniae isolates [16]. The prevalence of penicillin
resistance was found to have increased throughout the duration of the survey, from 38%
in 1980 to 71% in 1985. Among carriage and invasive isolates of S. pneumoniae, penicillin
resistance was detected in 60% and 27% of isolates, respectively. Of 1047 isolates analyzed,
all remained susceptible to chloramphenicol. From 1983 to 1984, 46% (13/28) of S. pneumo-
niae isolates from the blood of children with lower respiratory infections in Goroka were
relatively penicillin-resistant, with MICs greater than 0.05 µg/mL, but remained sensitive
to chloramphenicol [36].

Isolates of S. pneumoniae cultured from blood and lung aspirates collected from children
with acute respiratory infections in Eastern Highlands between 1978 and 1987 demonstrated
52% (38/73) penicillin resistance [37]. Among carriage isolates from children between 1980
and 1982, there was 63% (602/956) resistance to penicillin, which had risen to nearly 75% by
1987 [38,39]. Analysis of a further 655 invasive isolates from lung aspirates or blood in the
same region between 1985 and 1987 found no resistance to chloramphenicol, erythromycin,
tetracycline, or cotrimoxazole [37].

In a survey carried out between 1980 and 1987 to compare the epidemiology and
resistance patterns of carriage and invasive S. pneumoniae in Eastern Highlands, insensitivity
to penicillin was detected in 67% (605/898) of isolates [40]. There was no significant change
in the prevalence of penicillin insensitivity between the periods from 1980 to 1984 and from
1985 to 1987. Between 1989 and 1992, a prospective analysis of blood and CSF from children
in Goroka with suspected bacterial meningitis found 22% (10/46) oxacillin resistance and
74% (45/61) cotrimoxazole resistance, as well as insensitivity to penicillin and trimethoprim
in 23% (7/31) and 65% (20/32) of isolates, respectively [41]. In the same cohort, there was
no resistance in S. pneumoniae to either chloramphenicol or erythromycin. Between 1998
and 2000, there was a single report in Eastern Highlands of a pediatric death from infection
by penicillin-resistant S. pneumoniae that remained susceptible to chloramphenicol [14].
Between 1996 and 2000, the median MIC of chloramphenicol for S. pneumoniae was 3 µg/mL,
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and by 2000 chloramphenicol resistance was finally identified in 2 isolates of S. pneumoniae
from children with bacterial meningitis in Goroka [22,23].

Between 1996 and 2005, prospective antimicrobial sensitivity testing of S. pneumoniae
cultured from the CSF of children with meningitis in Goroka identified penicillin resistance
in 21.5% (38/177) of isolates as well as 2.3% (4/176) chloramphenicol resistance, 4.2% (4/96)
tetracycline resistance, and 4% (7/176) cotrimoxazole resistance [42]. Over the course of the
survey, penicillin resistance decreased from 25% (29/116) to 14.8% (9/61), chloramphenicol
resistance increased from 0.9% (1/115) to 4.9% (3/61), tetracycline resistance increased
from 2.9% (2/69) to 7.4% (2/27), and cotrimoxazole resistance increased from 7.8% (9/116)
to 10% (6/60).

In 2005, based on elucidated resistance patterns in S. pneumoniae and H. influenzae,
the antibiotic of choice for the empiric management of bacterial meningitis in PNG was
officially changed from chloramphenicol to ceftriaxone [24]. Although frank resistance
to ceftriaxone had never been identified in PNG, 0.8% (1/124) of S. pneumoniae isolates
from the CSF of children in Goroka between 1996 and 2005 were already intermediately
resistant [42].

From 2006 to 2009, when the breakpoint for chloramphenicol resistance in S. pneu-
moniae was 16 µg/mL, among isolates from the blood and CSF of children with bacterial
meningitis in Madang the median MIC of chloramphenicol was 3 µg/mL, and 42.8% (6/14)
had an MIC of ≥4 µg/mL [23]. The likelihood of achieving a therapeutic AUC0–24/MIC
with chloramphenicol against S. pneumoniae with an MIC of 4 was estimated to be 51–70%.
This same survey detected 13.3% (2/15) penicillin resistance, 17.7% (3/17) trimethoprim–
sulfamethoxazole resistance, 41% (7/17) trimethoprim–sulfamethoxazole insensitivity, 6.3%
(1/16) tetracycline resistance, 25% (4/16) tetracycline insensitivity, and no resistance to
ceftriaxone (n = 15).

In 2009, a retrospective analysis of invasive S. pneumoniae from patients with bacterial
meningitis in Port Moresby identified chloramphenicol resistance in 8% (3/38) of isolates
as well as 93.9% (31/33) gentamicin resistance, 16.7% (1/6) cotrimoxazole resistance, 7%
(3/40) penicillin resistance, 4% (3/28) tetracycline resistance, and no resistance to ampi-
cillin (n = 13), amoxicillin (n = 3), ceftriaxone (n = 6), erythromycin (n = 40), or cefaclor
(n = 28) [43].

2.1.3. Streptococcus pyogenes (Group A Streptococcus)

S. pyogenes is a common colonizer of the pharynx and skin and can cause pharyngitis,
skin infections, and toxic shock syndrome [44]. A 1983 survey of skin swabs from children
in Goroka with infected skin lesions found that all 337 isolates of S. pyogenes were penicillin-
sensitive [15]. A prospective analysis of several body tissues in Goroka between 1984 and
1986 found no evidence of resistance to penicillin, chloramphenicol, or tetracycline [16].

2.1.4. Streptococcus agalactiae (Group B Streptococcus)

Traditionally considered to be a neonatal pathogen, S. agalactiae is also associated with
invasive disease in other high-risk groups [45]. Skin swabs collected as part of a prospective
survey of children in Goroka with infected skin lesions from 1982 to 1983 found that 100%
(n = 2) of S. agalactiae isolates were susceptible to penicillin [15]. Between 1998 and 2000,
there was a report of a single pediatric death from pneumonia caused by multidrug-resistant
S. agalactiae [14].

2.1.5. Other β-Hemolytic Streptococcus spp.

Other β-hemolytic streptococci are colonizers of animals and humans and are as-
sociated with invasive infection in rare instances [46]. Analysis of isolates from blood,
CSF, urine, skin lesions, stool, and lung tissue from Eastern Highlands between 1984 and
1986 found that 5% (1/22) of β-hemolytic streptococci were chloramphenicol-resistant,
15% (3/20) were tetracycline-resistant, and none (n = 22) were resistant to penicillin [16].
Specifically, there was one Group C Streptococcus isolated from a leprous foot ulcer that was
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the first instance of chloramphenicol resistance in this group in PNG, as well as 3 isolates
that were tetracycline-resistant.

2.1.6. Corynebacterium spp.

The corynebacteria are generally innocuous constituents of the human microflora
that are occasionally implicated in skin and soft tissue, respiratory, genitourinary tract,
or implanted device infections [47]. Most notable among them is C. diphtheriae, which
causes diphtheria. In a survey of infected skin lesions collected between 1984 and 1986 in
Eastern Highlands, no evidence of resistance to penicillin, chloramphenicol, erythromycin,
or tetracycline was detected among 8 isolates of C. diphtheriae and C. haemolyticum (now
Arcanobacterium haemolyticum) [16].

2.2. Antimicrobial Resistance among Gram-Negative Organisms
2.2.1. Haemophilus influenzae

Prior to the introduction of a vaccine, H. influenzae type b was a common cause of
invasive bacterial infection and bacterial meningitis in children [48]. Penicillin resistance in
H. influenzae in PNG was first detected in 1981 in isolates from one CSF sample and one
nasopharyngeal aspirate from 2 infants in Goroka as part of larger prospective analyses of
children with meningitis or pneumonia [49,50]. Both isolates produced β-lactamase and
were susceptible to chloramphenicol. During the same survey, the overall rate of penicillin-
resistant H. influenzae was found to be only 0.7% (2/293). A survey of CSF from children
with purulent meningitis in Goroka conducted between 1980 and 1984 found that only 1.8%
(1/56) of H. influenzae isolates (83% of which were type b) were insensitive to penicillin
and all isolates were susceptible to both chloramphenicol and ampicillin (Supplementary
Materials Table S2) [35].

Among H. influenzae isolates from a number of bodily fluids and tissue types be-
tween 1981 and 1986 in Eastern Highlands, only 0.3% (4/1516) were resistant to penicillin
and ampicillin [16]. The same survey found 100% susceptibility to chloramphenicol in
839 isolates analyzed from 1983 to 1986.

Between 1983 and 1984, all isolates of H. influenzae from the blood of 30 children
with lower respiratory infections in the same region were susceptible to ampicillin and
chloramphenicol [36]. From 1989 to 1992, 13% (3/24) of H. influenzae type b isolates from
the blood or CSF of children in Goroka with suspected bacterial meningitis were ampicillin-
resistant, although none of the isolates produced β-lactamase (n = 32) [41]. In the same
cohort, 28% (7/25) of isolates were cotrimoxazole-resistant, 44% (4/9) were trimethoprim-
resistant, and there was still no resistance to either chloramphenicol or tetracycline.

Despite reliable efficacy throughout most of the twentieth century, in 1998 chloram-
phenicol resistance was detected in 25% of invasive H. influenzae type b isolates from
children with bacterial meningitis in Lae, Goroka, and Port Moresby [51]. By 2000, chlo-
ramphenicol resistance in the same cohort was 21% [39]. Later that same year, resistance
to chloramphenicol was similarly detected in 22.7% of H. influenzae isolates in Goroka,
including 36.4% (4/11) of cases of fatal pediatric meningitis in the region [4,20].

During a survey conducted from 1996 to 2005, H. influenzae isolates from the CSF
of children in Goroka with meningitis were 31.5% (51/162) chloramphenicol-resistant,
28.4% (46/162) ampicillin-resistant, and 34% (55/162) cotrimoxazole resistant, with 28%
(38/165) of isolates demonstrating resistance to all three antibiotics [42]. Over the survey
period, chloramphenicol resistance increased significantly from 26% (27/104) to 41.4%
(24/58), ampicillin resistance increased significantly from 26% (27/104) to 46.6% (27/58),
and cotrimoxazole resistance increased from 33.7% (35/104) to 48.3% (28/58). From this
same cohort, 5% (4/80) of isolates were found to be non-susceptible to ceftriaxone. The
observation of increasing chloramphenicol resistance in H. influenzae prompted the adoption
of ceftriaxone for the empiric management of meningitis in PNG in 2005, with subsequent
improvements in mortality [22,52].
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From 2006 to 2009, 100% (n = 14) of H. influenzae isolates from the blood or CSF of chil-
dren with bacterial meningitis in Madang were resistant to chloramphenicol [23]. Addition-
ally, 93.3% (14/15) were penicillin-resistant, 100% (n = 15) were resistant to trimethoprim–
sulfamethoxazole, 93.3% (14/15) were tetracycline-resistant, and there was no resistance to
ceftriaxone (n = 10).

2.2.2. Escherichia coli

E. coli is an environmental bacterium that commensally composes part of the normal
mammalian gut microflora but can become pathogenic, most frequently implicated in
genitourinary infections and gastroenteritis as well as pneumonia and meningitis [53].
Some strains are toxigenic, such as the enterohemorrhagic E. coli responsible for causing
hemolytic uremic syndrome. Penicillin- and methicillin-resistant E. coli that was susceptible
to chloramphenicol and gentamicin was isolated from the sputum of a man with S. aureus
pneumonia in East New Britain in 1978 [25]. During a prospective survey of blood, urine,
stool, CSF, lung tissue, and joint aspirates in Eastern Highlands from 1984 to 1986, ampicillin
resistance was present in 46% (17/37) of isolates while 32% (12/27) were resistant to
chloramphenicol, 11% (3/27) were resistant to tetracycline, 8% (3/37) were resistant to
cotrimoxazole, 8% (1/13) were resistant to kanamycin, and 3% (1/37) were resistant to
gentamicin [16]. E. coli isolates from children in Goroka with sepsis in 1997 and 1998 were
88% (7/8) chloramphenicol-resistant and 38% (3/8) gentamicin-resistant [54].

National data in 2012 reported that E. coli cultured from a variety of tissues demon-
strated 24.1% (42/174) resistance to third-generation cephalosporins and 13.3% (70/526)
resistance to fluoroquinolones [18].

2.2.3. Klebsiella spp.

The Klebsiella are opportunistic pathogens implicated most frequently in nosocomial
infections of the genitourinary tract, bloodstream, and respiratory system [55]. In 1978, a
penicillin- and methicillin-resistant Klebsiella that remained susceptible to chloramphenicol
and gentamicin was isolated from the sputum of a man with S. aureus pneumonia in
Rabaul [25]. Among Klebsiella and Enterobacter isolates from blood, stool, urine, and lung
tissue in Goroka between 1984 and 1986, 95% (21/22) were resistant to ampicillin while
45% (10/22) were resistant to chloramphenicol, 36% (4/11) were resistant to tetracycline,
32% (7/22) were resistant to cotrimoxazole, 6% (1/17) were kanamycin-resistant, and 5%
(1/22) were gentamicin-resistant [16].

In 1992, there were 3 isolates of multidrug-resistant Klebsiella identified at Port Moresby
General Hospital, including a single hospital-acquired K. oxytoca cultured from the blood
of a 23-year-old man with pneumococcal pneumonia that was tetracycline-susceptible but
resistant to penicillin, carbenicillin, ampicillin, chloramphenicol, gentamicin, cotrimoxazole,
and streptomycin [56]. At that time, there was 54% (15/28) resistance to chloramphenicol,
61% (17/28) resistance to cotrimoxazole, and 29% (8/28) resistance to tetracycline in K.
pneumoniae and K. oxytoca isolated from blood collected at the same hospital.

Klebsiella collected in 1997 and 1998 from various sites of infection among children
with sepsis in Goroka showed 100% (n = 14) resistance to chloramphenicol and 76% (11/14)
resistance to gentamicin [54].

From October 2007 to October 2008, there was an outbreak of nosocomial sepsis due
to multidrug-resistant K. pneumoniae in the special care nursery at Port Moresby General
Hospital. During the first 3 months of the outbreak, 20% (4/20) of K. pneumoniae isolates
cultured from blood were found to be resistant to cephalosporins [57]. Over the ensuing
10 months, cephalosporin resistance increased to 73% (27/37), with 19% (6/31) of isolates
demonstrating resistance to all available antibiotics.

From 2008 to 2009 in Madang, K. pneumoniae that was isolated from bacteremic surgical
patients was 100% (n = 2) resistant to ampicillin, chloramphenicol, cotrimoxazole, and
tetracycline, 50% (1/2) resistant to gentamicin, and completely susceptible to ciprofloxacin
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(n = 2) [29]. By 2012, 63.5% (160/252) of Klebsiella isolates from blood, urine, stool, wounds,
and pus from around PNG were resistant to third-generation cephalosporins [18].

2.2.4. Enterobacter spp.

Enterobacter spp. are responsible for nosocomial infections of the genitourinary tract,
bloodstream, and respiratory system and are naturally resistant to penicillins, first- and
second-generation cephalosporins, and amoxicillin–clavulanic acid [58]. Resistance in
Enterobacter and Klebsiella spp. to ampicillin, chloramphenicol, tetracycline, cotrimoxazole,
and aminoglycosides was detected in Eastern Highlands from 1984 to 1986, as above. From
1997 to 1998, again in Eastern Highlands, chloramphenicol resistance was detected in
100% (7/7) and gentamicin resistance in 57% (4/7) of isolates from children with severe
sepsis [54].

2.2.5. Proteus spp.

Proteus spp. are urease-producing bacilli that are uncommonly implicated in catheter-
associated urinary-tract and wound infections that can invade to cause nosocomial bac-
teremia [59]. Resistance to ampicillin was present in 45% (5/11) of Proteus spp. and
Providencia spp. isolated from urine, blood, stool, CSF, and skin lesions in Goroka between
1984 and 1986 [16]. This same survey detected resistance to chloramphenicol in 82% (9/11),
resistance to tetracycline in 100% (n = 10), resistance to cotrimoxazole in 55% (6/11), resis-
tance to gentamicin in 18% (2/11), and resistance to kanamycin in 33% (3/9) of isolates.
Chloramphenicol resistance was present in 100% (n = 3) and gentamicin resistance in 33%
(1/3) of P. mirabilis isolated from children in Goroka with sepsis between 1997 and 1998 [54].

2.2.6. Providencia spp.

Providencia spp. are environmental organisms that are an uncommon cause of catheter-
associated urinary-tract infections and a rare cause of nosocomial bacteremia [60]. Between
1984 and 1986, a prospective analysis of isolates from urine, blood, stool, and skin lesions
in Goroka found resistance to ampicillin, chloramphenicol, tetracycline, cotrimoxazole,
and aminoglycosides in Providencia spp. and Proteus spp., as above. A single isolate of
Providencia from a child in Goroka with sepsis between 1997 and 1998 was susceptible to
both gentamicin and chloramphenicol [54].

2.2.7. Morganella morganii

M. morganii is commensal in the gastrointestinal flora of many animals and is rarely
implicated in nosocomial urinary-tract and wound infections [61]. There was no evidence
of gentamicin resistance (n = 2) or chloramphenicol resistance (n = 2) in isolates of M.
morganii cultured from children with sepsis in 1997 and 1998 in Goroka [54].

2.2.8. Pseudomonas spp.

The Pseudomonas spp., particularly P. aeruginosa, are environmental organisms with
high levels of AMR that can cause severe opportunistic infections of many different organ
systems, especially in immunocompromised hosts [62]. In a prospective analysis of blood,
skin lesions, urine, CSF, joint fluid, and lung tissue from Goroka between 1984 and 1986,
isolates of Pseudomonas spp. demonstrated 83% (10/12) resistance to chloramphenicol, 55%
(6/11) resistance to ampicillin, 50% (4/8) resistance to tetracycline, 67% (8/12) resistance
to cotrimoxazole, 30% (3/10) resistance to kanamycin, and no resistance (n = 12) to gen-
tamicin [16]. Isolates of P. aeruginosa were 100% resistant to ampicillin, chloramphenicol,
tetracycline, and cotrimoxazole. Isolates of P. aeruginosa from several sites of infection
among children with severe sepsis in Goroka between 1997 and 1998 were 100% (n = 11)
resistant to chloramphenicol and 82% (9/11) resistant to gentamicin [54].

A single P. aeruginosa cultured from the blood of a bacteremic surgical patient in
Madang between 2008 and 2009 was resistant to ampicillin, tetracycline, cotrimoxazole,
and chloramphenicol but remained susceptible to ciprofloxacin and gentamicin [29].
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2.2.9. Acinetobacter spp.

Acinetobacter spp. are multidrug-resistant environmental organisms and an important
emerging cause of nosocomial urinary-tract, respiratory, bloodstream, and wound infec-
tions in critically ill patients [63]. In a case series of 5 community-acquired pneumonia cases
in Port Moresby from 1986 to 1987, A. calcoaceticus was isolated from four percutaneous
pulmonary aspirates and one blood culture [64]. Penicillin insensitivity was suggested,
as the 2 patients who received only penicillin died and the 3 who received additional
gentamicin survived their illnesses.

A single isolate of Acinetobacter from a child in Goroka with sepsis between 1997 and
1998 was resistant to chloramphenicol but susceptible to gentamicin [54].

2.2.10. Burkholderia spp.

B. cepacia is an emerging cause of multidrug-resistant pneumonia in cystic fibrosis patients,
while B. pseudomallei causes a severe multiorgan infection known as melioidosis [65,66].
B. cepacia cultured from children with sepsis in Goroka from 1997 to 1998 was 100% resistant
to gentamicin and 67% (2/3) resistant to chloramphenicol [54]. A retrospective analysis
of clinical and environmental isolates of B. pseudomallei from Balimo, Western Province
between 1995 and 2005 identified 48.7% (19/39) chloramphenicol resistance and universal
susceptibility to tetracycline, amoxicillin–clavulanate, and meropenem (n = 39) [67].

2.2.11. Aeromonas spp.

The Aeromonas spp. are environmental organisms of fresh or brackish water that are
rarely implicated in intraabdominal, respiratory, gastrointestinal, genitourinary, blood-
stream, and traumatic skin and soft-tissue infections—especially those associated with
animal bites [68]. Among isolates of A. hydrophila cultured from stool and skin lesions
in Eastern Highlands between 1984 and 1986, ampicillin resistance was 75% (6/8), chlo-
ramphenicol resistance was 13% (1/8), and there was no resistance to gentamicin (n = 8),
cotrimoxazole (n = 8), or tetracycline (n = 5) [16]. A lone isolate of Aeromonas from a child
with sepsis in Goroka between 1997 and 1998 was sensitive to gentamicin but resistant to
chloramphenicol [54].

2.2.12. Citrobacter freundii

C. freundii is an environmental and human intestinal commensal organism that is an un-
common cause of gastroenteritis as well as nosocomial urinary-tract infections, pneumonia,
and bacteremia [69]. A prospective observational study over 16 months from 1997 to 1998
among children with sepsis in Goroka found that C. freundii isolates from multiple tissue
types were 100% (3/3) gentamicin-resistant and 67% (2/3) chloramphenicol-resistant [54].

2.2.13. Alcaligenes spp.

Bacteria in the genus Alcaligenes are multidrug-resistant environmental organisms that
are rarely implicated in a multitude of opportunistic infections [70]. A single isolate of
Alcaligenes from a child with sepsis in Goroka between 1997 and 1998 was susceptible to
gentamicin and resistant to chloramphenicol [54]. A second Alcaligenes cultured from the
blood of a bacteremic surgical patient in Madang between 2008 and 2009 was resistant to
ampicillin and tetracycline, intermediately resistant to gentamicin and ciprofloxacin, and
susceptible to chloramphenicol and cotrimoxazole [29].

2.2.14. Shigella spp.

There are four major species of Shigella, which are highly virulent pathogens that
carry a significant burden of gastrointestinal illness worldwide, especially in resource-
limited settings [71]. Toxin-producing subtypes of S. dysenteriae can cause hemolytic
uremic syndrome. A prospective analysis of 851 stool samples from patients with acute
gastroenteritis in Port Moresby between 1962 and 1963 identified 75% (120/160) as S. flexneri
and 15.6% (25/160) as S. sonnei [72]. Of the Shigella spp. isolates that were tested, 12.9%
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(9/70) were resistant to streptomycin and 8.6% (6/70) were resistant to oxytetracycline.
Resistance to sulfonamides was found in 38.9% (14/36) of isolates, all of which were
S. flexneri.

An analysis of stool samples in Eastern Highlands from 1984 to 1986 detected ampi-
cillin resistance in 86% (81/94) of Shigella isolates, while tetracycline and cotrimoxazole
resistance was found in 91% (49/54) and 1% (1/94) of isolates, respectively [16]. Among the
94 isolates tested, there was no resistance to either kanamycin or gentamicin. Resistance to
chloramphenicol was detected in 83% (78/94) of Shigella spp. isolates, all of which were S.
flexneri serotypes 1 or 3. Among these S. flexneri isolates, 35% were resistant to 2 antibiotics,
48% were resistant to 3 antibiotics, and 1% were resistant to 4 antibiotics.

Between 2000 and 2009, the antibiotic susceptibilities of Shigella isolated from the stool
of patients with severe diarrhea in Port Moresby—composed of 90.4% S. flexneri, 3.7% S.
boydii, 2.9% S. dysenteriae, and 1.5% S. sonnei—were analyzed [73]. Among all combined
Shigella spp. tested, 96% (94/98) were resistant to amoxicillin, 86% (65/76) were resistant
to cotrimoxazole, 60% (68/114) were resistant to chloramphenicol, 27% (31/114) were
intermediately resistant to chloramphenicol, and 15% (2/13) were resistant to nalidixic acid.
No isolates were resistant to ciprofloxacin or cephalexin, but one isolate was intermediately
resistant to ciprofloxacin and another was intermediately resistant to cephalexin.

Among 30 S. flexneri, 2 S. dysenteriae, and 15 non-typed Shigella spp. isolates from
Eastern Highlands between 2010 and 2011, 91.5% (43/47) were ampicillin-resistant, 76.6%
(36/47) were tetracycline-resistant, 70.2% (33/47) were resistant to trimethoprim–
sulfamethoxazole, and 55.3% (26/47) were chloramphenicol-resistant [74]. There was
no resistance to ceftriaxone or ciprofloxacin (n = 47). Resistance to 4 antibiotics was de-
tected in 55.3% (26/47) of isolates, while resistance to 3 antibiotics was detected in 21.3%
(10/47) of isolates. As of 2014, there was no resistance to fluoroquinolones (n = 53) among
Shigella isolates from several sites in PNG [18].

A retrospective analysis in 2018 of archived stool from throughout Oceania—which in-
cluded 60 samples from PNG—found that among isolates of S. flexneri, 77% (41/53) were
ampicillin-resistant, 74% (39/53) were tetracycline-resistant, 60% (32/53) were chloramphenicol-
resistant, and 49% (26/53) were trimethoprim–sulfamethoxazole-resistant [75]. Among isolates
of S. sonnei, there was 56% (9/16) resistance to ampicillin, 19% (3/16) resistance to tetracycline,
75% (12/16) resistance to trimethoprim–sulfamethoxazole, and 6% (1/16) resistance to nalidixic
acid. S. dysenteriae isolates were 33% (1/3) ampicillin-resistant, 33% (1/3) tetracycline-resistant,
and 33% (1/3) trimethoprim–sulfamethoxazole-resistant. There was a significant increase in
resistance to several antibiotics among Shigella spp. isolates when comparing isolates collected
before and after 2010. Specifically, ampicillin resistance increased from 14% to 58%, chloram-
phenicol resistance increased from 10% to 35%, tetracycline resistance increased from 14% to
46%, and trimethoprim–sulfamethoxazole resistance increased from 8% to 48%. There was no
resistance to ceftriaxone or ciprofloxacin identified.

2.2.15. Salmonella spp.

Salmonella spp. are associated with acute gastroenteritis, usually caused by the con-
sumption of contaminated water and food, or through contact with colonized animals [76].
Invasive disease—known as typhoid fever—is caused by S. enterica subsp. enterica serovar
Typhi and can be life-threatening. From 1984 to 1986, a prospective analysis of blood and
stool from Eastern Highlands demonstrated that 58% (22/38) of Salmonella spp. isolates
were chloramphenicol-resistant, 53% (20/38) were ampicillin-resistant, 37% (14/38) were
kanamycin-resistant, 6% (2/33) were tetracycline-resistant, 3% (1/38) were cotrimoxazole-
resistant, and all (n = 38) were susceptible to gentamicin [16]. There was no resistance in
S. typhi. Of the isolates tested, 11% were resistant to 2 antibiotics, 40% were resistant to
3 antibiotics, and 8% were resistant to 4 antibiotics. By the year 2000, S. typhi was broadly
considered to be chloramphenicol-resistant in PNG [28].

A small number of S. typhi isolates from children and adults in Eastern Highlands in
2010 and 2011 found that 80% (4/5) were ampicillin-resistant, 60% (3/5) were tetracycline-
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resistant, 60% (3/5) were trimethoprim–sulfamethoxazole-resistant, and 40% (2/5) were
chloramphenicol-resistant [74]. There was no resistance to ceftriaxone or ciprofloxacin
(n = 5). In 2014, 33.3% (5/15) of non-typhoidal Salmonella isolates from around the country
were resistant to fluoroquinolones [18].

2.2.16. Campylobacter spp.

Campylobacter is an important cause of foodborne diarrheal illness in the highlands
of PNG [77]. Among 22 C. jejuni and 33 C. coli isolates from stool in Eastern Highlands
between 1984 and 1986, there was 24% (13/55) resistance to ampicillin, 100% (n = 55) resis-
tance to cotrimoxazole, and no resistance to gentamicin, chloramphenicol, or tetracycline
(n = 55) [16].

2.2.17. Vibrio cholerae

Toxigenic V. cholerae is an outbreak-prone environmental organism of brackish water
whose transmission via the fecal–oral route in areas of poor sanitation and poverty can elicit
a disease characterized by devastating watery diarrhea and rapid dehydration, known as
cholera [78]. An outbreak of V. cholerae serogroup O1, biotype El Tor, serotype Ogawa began
in Morobe Province in 2009 and then spread to nearly half of the provinces of PNG by
2011. Among stool samples and rectal swabs collected during the outbreak between 2009
and 2011, 75.8% (229/302) of V. cholerae isolates were resistant to amoxicillin, and 17.2%
(52/302) were intermediately resistant [79]. Chloramphenicol resistance was detected in
3.1% (8/255) of isolates, and 1.6% (4/244) were intermediately resistant. There was no
resistance to norfloxacin (n = 296), but 0.7% (2/296) of isolates were intermediately resistant.
Ciprofloxacin resistance was present in 1% (3/305) of isolates, and 3.2% (9/282) of isolates
were resistant to cotrimoxazole. Similarly, 0.7% (2/305) of isolates were intermediately
resistant to ciprofloxacin, and 1.4% (4/282) were intermediately resistant to cotrimoxazole.
There was 0.3% (1/300) resistance to nalidixic acid.

In 2009, the first year of the cholera outbreak, 27.8% (10/36) of isolates demonstrated
at least intermediate resistance to tetracycline [79]. By 2010, this figure had risen to 50.5%
(107/212), and it had decreased to 11.8% (6/51) by 2011. The overall rate of resistance to
tetracycline during the outbreak was 9.7% (29/299). Erythromycin resistance was detected
in 38.2% (97/254) of isolates, with the percentage of V. cholerae isolates that were at least
intermediately resistant to erythromycin increasing from 92.1% (187/203) in 2010 to 96.1%
(49/51) by 2011.

2.2.18. Neisseria meningitidis

N. meningitidis—or meningococcus—is a strictly human pathogen that causes signifi-
cant morbidity and mortality among non-immunized children and young adults through
epidemic or sporadic meningitis with bacteremia [80]. A prospective survey from 1980 to
1984 in Goroka isolated N. meningitidis from 5.2% (8/155) of CSF samples from children
with purulent meningitis [81]. A survey from 1984 to 1986, also in Goroka, found no evi-
dence of resistance to penicillin or chloramphenicol in 5 isolates of N. meningitidis from CSF
or blood [16]. In 2009, a small retrospective analysis of N. meningitidis isolates from patients
with bacterial meningitis in Port Moresby identified 33% (1/3) resistance to ceftazidime,
33% (1/3) resistance to tetracycline, and no resistance to penicillin or ceftriaxone [43].

2.2.19. Neisseria gonorrhoeae

N. gonorrhoeae, or gonococcus, is a common cause of sexually transmitted urethritis
and cervicitis that can progress into pelvic inflammatory disease or disseminate to other
organ systems [82]. Certain strains of N. gonorrhoeae have rapidly developed resistance to all
antibiotic classes except for extended-spectrum cephalosporins, with some regions already
grappling with ceftriaxone-resistant strains [83]. Penicillinase-producing N. gonorrhoeae
represented 44% of all gonococcal isolates from sexually transmitted infection clinics in
5 towns across PNG in 1989 and 1990 [81]. Beginning in 1992, low but consistent levels of
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spectinomycin resistance began to be detected in the country [84]. In 1993, national data
described penicillin resistance in 12.5% (5/40), tetracycline resistance in 7.5% (3/40), and
spectinomycin resistance in 3.3% (1/30) of isolates with no evidence of fluoroquinolone
resistance (n = 40) [85]. By 1994, penicillin resistance was 8.7% (19/218), tetracycline
resistance was 4.1% (9/218), spectinomycin resistance was 1.8% (1/57), and resistance
to fluoroquinolones was detected in 5% (11/218) of isolates. As of 1994, no resistance to
third-generation cephalosporins had been detected in PNG [84].

By 2005, ceftriaxone resistance was detected at an extremely low level in Port Moresby,
with only 0.7% of several hundred isolates demonstrating reduced susceptibility [86].
That same year, 1.2% ciprofloxacin resistance, 61.1% penicillin resistance, 49% tetracycline
resistance, 0.7% spectinomycin resistance, and 5% nalidixic acid resistance were recognized.
In 2006, ciprofloxacin resistance was 1.5%, penicillin resistance was 64.7%, tetracycline
resistance was 17.7%, nalidixic acid resistance was 2.9%, and there was no evidence of
resistance to either ceftriaxone or spectinomycin in Port Moresby.

A further 52 isolates collected from STI clinics in Port Moresby, Lae, Mount Hagen, and
Goroka in 2004 and 2005 were all susceptible to amoxicillin–clavulanate, spectinomycin,
erythromycin, azithromycin, and ceftriaxone [87]. However, 19% (10/52) of isolates were
resistant to tetracycline, and 2% (1/52)—isolated in Lae—were resistant to ciprofloxacin.
Penicillin resistance due to penicillinase was detected in 40% (21/52) of isolates.

2.3. Drivers of Antimicrobial Resistance in Papua New Guinea

There has historically been a high burden of infectious diseases in PNG that warrant
antibiotic treatment, as well as a pervasive presence of risk factors for infection including
malnutrition, home birth, and prolonged hospitalization [28]. However, antibiotic misuse
is a known cause of the development of AMR. Initially, penicillin was widely employed
in PNG after World War II, with the establishment of the aid post system of primary
healthcare [37]. It was used liberally, perhaps indiscriminately, at the village level for
respiratory infections and for the eradication of yaws, even in remote areas [33]. In fact,
data suggest that in the 10 years following 1961 the amount of penicillin used by the PNG
Department of Health was equivalent to 10,670,000 5-day courses of the antibiotic [88].

Given the lack of robust microbiological laboratory capacity at many centers in PNG,
practitioners sometimes resort to the empiric administration of broad or redundant antibi-
otics, as is the case with the management of genital discharge in PNG [89,90]. In healthcare
facilities without the capacity to perform bacterial cultures or antimicrobial sensitivity
testing, the only clue to AMR may be an increase in clinical failure in appropriately treated
infections [22]. In the absence of routinely generated clinical microbiological data, deliber-
ate research efforts have often been necessary in order to uncover the true state of resistance
patterns in PNG [91].

Unofficial use of antibiotics has emerged as an important driver of AMR in PNG. Non-
prescription dispensing of amoxicillin, chloramphenicol, and trimethoprim–sulfamethoxazole
is common in the PNG highlands, where infection due to multidrug-resistant Gram-negative
organisms has become a common cause of death [54]. In Popondetta, nearly all children
with the common cold receive empiric antibiotics, with 30% of healthcare workers believing
that antibiotics were indicated in this setting [92]. A significant number of patients in PNG
have already received antibiotics by the time they present to a healthcare facility, indicating
a need to regulate commercial pharmacies and provide education to health workers about
appropriate antibiotic use [28,91].

Poor adherence to oral antibiotics can foster AMR [93]. The development of ampicillin
resistance among Gram-negative organisms may be related to difficulties in adhering
to newer dosing schedules that are more complicated compared to older approaches to
the outpatient management of pneumonia [28]. Resistance to gentamicin amongst Gram-
negative organisms has remained relatively low, probably due to the difficulty in the
non-prescription dispensing and administration of intravenous medication. Throughout
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the twentieth century, third-generation cephalosporin use in PNG was extremely limited,
minimizing opportunities for the development of resistance [94].

Even in the context of responsible antibiotic prescription practices and patient adher-
ence, the circulation of poor-quality drugs in under-resourced regions has the potential
to generate AMR [95]. Substandard or falsified drugs with inappropriate reductions in
active pharmaceutical ingredients have been detected throughout the PNG supply chain
and have been associated with inadequate manufacturing, quality control, and regulatory
practices [96,97].

There is growing awareness amidst intensifying globalization that the emergence of
resistant organisms in one part of the world can lead to an international problem [98]. Even
if PNG manages to address the issues described above, growing interconnectedness with
Asia and Australia—particularly through PNG’s productive extractive industries—raises
the possibility that AMR could enter from abroad [99].

Other factors contributing to the spread of resistant organisms in PNG include over-
crowding with low nurse-to-patient ratios and the absence of effective hygiene practices,
both within hospitals and in the community [57].

3. Discussion and Conclusions

This is the first comprehensive review to specifically address the problem of AMR in
PNG. Much of the effort on AMR in PNG has focused on S. pneumoniae and H. influenzae, as
these agents were responsible for a high degree of mortality in childhood meningitis and
pneumonia in the pre-vaccine age [35].

Historically, penicillin was the drug of choice for the treatment of infections caused
by S. pneumoniae in PNG [100]. Resistance developed early and quickly, but susceptibility
to chloramphenicol persisted throughout the twentieth century, prompting its adoption
as the empiric treatment for childhood pneumonia and meningitis. Nonetheless, evolving
resistance patterns among S. pneumoniae and H. influenzae dictated a broadening of the
empiric treatment of bacterial meningitis in PNG to ceftriaxone in 2005. In 2014, the
13-valent pneumococcal conjugate vaccine (PCV13) was introduced into PNG’s national
immunization program; however, coverage of the complete three-dose schedule in 2015
was estimated to be between 4% and 6.5% [42].

Chloramphenicol resistance among H. influenzae was absent for most of the twenti-
eth century in PNG but became established quickly after it was initially detected in the
late 1990s, generating concerns that expensive broad-spectrum antibiotics would soon
be needed in order to empirically treat children with meningitis [22]. Fortunately, H. in-
fluenzae type b vaccination was included in PNG’s expanded program of immunization
in 2008 [52]. By 2016, between 43% and 47.7% of children surveyed in Eastern Highlands
had received three doses of the DTPw-HepB-Hib vaccine [91]. The integration of available
vaccines—especially against S. pneumoniae and H. influenzae type b—into routine childhood
immunization schedules has since led to reductions in childhood mortality [42].

Over time, the country has seen a marked increase in resistance to penicillin, methi-
cillin, and oxacillin among S. aureus. There is already considerable circulation of MRSA in
the community in PNG [19].

Shigella and Salmonella spp. appear to remain susceptible to ceftriaxone, but fluoro-
quinolone resistance has developed in Salmonella [16,18]. Ampicillin, chloramphenicol,
and tetracycline are not good options for the treatment of infections associated with these
organisms in PNG.

There is widespread, high-level resistance among N. gonorrhoeae to penicillin, azithromycin,
and ciprofloxacin in the Western Pacific, as well as increased MICs of ceftriaxone and other
extended-spectrum cephalosporins [84,101]. There is sporadic low-level resistance to fluoro-
quinolones and ceftriaxone among N. gonorrhoeae in PNG.

Resistant Gram-negative organisms—especially extended-spectrum β-lactamase (ESBL)-
producing Enterobacterales—have been identified as a serious threat to human health in the
twenty-first century [102]. There is a high degree of known resistance among Gram-negative
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organisms to a number of common antibiotics in PNG, including significant resistance to
third-generation cephalosporins among the Enterobacterales [14,28]. It is possible that there
is also substantial undetected AMR among Gram-negative organisms to newly available
antibiotics such as ciprofloxacin, second- and third-generation cephalosporins, and other
broad-spectrum parenteral antibiotics that have entered into empiric use in PNG.

Broad-spectrum antibiotic resistance among Gram-negative organisms is concerning
due to the high mortality rate associated with the progression of Gram-negative infections
into sepsis [14]. Investigations of the prevalence of ESBL-producing organisms in PNG
have been extremely limited, and the sample sizes in surveys of Gram-negative resistance
have been small [29]. There is even more of a dearth of data from PNG on microbial
susceptibility to carbapenems—which, along with other parenteral antibiotics such as
vancomycin, daptomycin, lincomycin, linezolid, and ceftaroline, are not readily available
in much of PNG [17,18]. It is likely that access to broader-spectrum antibiotics as a solution
to growing AMR would only precipitate resistance to them [57].

There are no published data from PNG on AMR among Enterococcus spp., a genus of
coliform bacteria associated with nosocomial infections and prone to plasmid-mediated
resistance to vancomycin and beta-lactams [102].

The overwhelming majority of AMR data from PNG come from Port Moresby and
Goroka, since these are the only centers where sufficient resources have traditionally existed
to perform the required microbiological techniques [28]. As a result, little is known about
patterns of resistance in other parts of the country. Ongoing sentinel surveillance for
multidrug-resistant organisms should be continued in several carefully selected sites—
including the Sepik, Daru, and outer insular regions, which have been largely excluded
from AMR studies—that represent the extreme regional diversity within PNG [28,29].

Compared to the rest of the world, Oceania has reported more deaths associated with
AMR than all regions except for southern Latin America, South Asia, and sub-Saharan
Africa [103]. Among Pacific island countries, PNG boasts some of the best-characterized
AMR and may harbor some of the highest rates of resistance [104].

As with any region, the increasing availability of newer and more powerful antibiotics
in PNG will inevitably engender the development of broad and potentially novel AMR.
With increasing connectivity to the world, it is easier than ever for resistant organisms or
traits to spread to and from PNG [105,106]. Given these certitudes, further research should
emphasize pathogens that have been identified as priorities by the WHO and for which
there are currently scarce data from PNG, especially ESBL-producing and carbapenem-
resistant Gram-negative organisms, cephalosporin- and fluoroquinolone-resistant Neisseria
gonorrhoeae, and vancomycin-resistant Enterococcus [107].
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Gram-negative organisms in Papua New Guinea.
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Abstract: Background: Self-medication with antibiotics (SMA) is one of the common factors which
precipitate antimicrobial resistance, yet if effective implementations are amended it can be effortlessly
controlled. The present study aimed to estimate the prevalence and predictors of SMA in Sudan.
Methods: The study adopted a cross-sectional study design conducted in all Sudan states between
June and December 2021. Multi-stage stratified cluster sampling was used. A semi-structured
questionnaire was used for data collection. Descriptive statistics were used to present the data. Binary
logistic regression was computed to investigate the possible factors which associated with SMA.
Results: Out of 1492 participants surveyed, 71.3% utilize antibiotics as self-medication. The derived
reasons for SMA were convenience (63.3%) and cost-saving (34.8%). Tonsillitis was the most common
ailment behind SMA (55.5%). Log-binominal regression revealed that non-insured and low level of
education participants were more likely to predict SMA. Regarding the practice, 40% changed the
dose and/or antibiotics mainly owing to improvement (53.7%) or worsening of the condition (37.9%).
The most commonly used antibiotic was amoxicillin/clavulanic acid (32.5%). Conclusions: Two out
of three individuals in Sudan practice SMA mainly to manage upper respiratory tract ailments. Thus,
the necessity of implementing an antimicrobial stewardship program throughout the country, as
well as implementing effective legislation to prohibit dispensing antibiotics without prescription is
urgently required.

Keywords: antibiotic self-medication; Sudan; antimicrobial resistance

1. Introduction

The behaviors of patients toward different medical conditions vary considerably, from
immediately seeking medical advice, relying on self-medication (SM), or neglecting the
condition [1]. The World Health Organization (WHO) described self-medication (SM) as
the use of medicinal products or herbs to manage self-diagnosed disorders or symptoms;
moreover, SM also comprises repeated or continued use of a prescribed drug for chronic, re-
current diseases or symptoms. This generally occurs through obtaining medicines without
a prescription, sharing medicines, or using leftover medicines stored at home [2].
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Even though SM might have some positive outcomes when used properly such as
reducing the cost of the treatment [3], numerous pitfalls are associated with the inappro-
priate use of SM including: delay in the treatment, drug–drug interactions, masking of
symptoms, adverse drug reactions (ADR), and most importantly antimicrobial resistance
(AMR) [3,4]. AMR was affirmed by the WHO as one of the major problems facing human-
ity [5]. Overuse and misuse of antibiotics through inadequate dosing, incomplete dose,
extensive veterinary use, public beliefs that antibiotics can cure any conditions, overpre-
scribing, non-prescription, and self-medication with antibiotics (SMA) are common factors
that are associated with the development of AMR [6,7]. SMA in low to middle-income
countries (LMICs) is thought to be more prevalent, mainly owing to the combined effect of
external factors such as dispensing antibiotics without prescription and internal factors like
economic status [6,8].

Worldwide, effective implementation of rational antibiotic prescription is lacking
despite the availability of issued legislation. This is quite understandable when you come to
know that two-thirds of antibiotics are available without prescription in the pharmaceutical
sector as stated by WHO [9]. Additionally, a recent study estimated that half of the
antibiotics were purchased without prescription globally, the same study outlined that
non-prescription use of antibiotics reached 82% in some middle-eastern countries [10]. In
LMICs, the SM and inappropriate antibiotic practice was declared to be more intensive,
according to a meta-analysis published in 2021, in which SMA was outlined to be ranging
between 50–93.8% [8]. Another meta-analysis review reported 55.7% as an overall median
prevalence of SM with antibiotics in Africa [11]. The same study pointed to the highest
prevalence of SMA identified in the west and north African sub-regions [11].

Antibiotics in Sudan are listed under prescription only medicine, albeit the presence
of clear regulations, which prohibit dispensing of antibiotics as over the counter drug,
antibiotics in Sudan like its counterpart from developing countries can be accessed easily.
Most of the antibiotics were purchased from pharmacies in several regions in Sudan [12–14].
This is compatible with the preceding report which revealed that more than 80% of the
pharmacists in Sudan frequently dispense antibiotics without prescription [15].

A study conducted in Khartoum state showed that more than 80% of the communities
were self-medicated, among them approximately one-third (28.7%) were antibiotic utiliz-
ers [13]. The prevalence of SMA in Khartoum state has been described by Abdelmoneim
Awad et al. to be 73.9% in 2005 [16]. Another recent study reported a prevalence of 60.3%
among Sudanese undergraduate medical students [17]. Most of the studies which were
carried out in Sudan pointed toward the association of SMA with age, gender, income,
and level of education [13,16–18]. It is worth mentioning that penicillin antibiotics were
declared to be the most commonly prescribed antibiotics in most of the studies [17,19].

Given the above backdrop, the present study aimed at providing an updated and
comprehensive nationwide estimation of the prevalence of SMA in general Sudanese
communities and its association with socio-demographic factors, also the study investigated
predictors of SMA including the most common reasons and ailments behind SMA and the
most frequently self-medicated antibiotics.

2. Results
2.1. Demographic Characteristics of the Included Participants

Out of 1492 participants surveyed in this study from all Sudan states (The distribu-
tion of the participants according to their states is provided in Supplementary Materials
Table S1), 53.4% (796) were female. The majority of the participants were aged from 18
to 24 (36.3%) and 25 to 39 (38.7%). More than half (54.3%) of the participants had a low
monthly income, however, more than two-thirds (69.3) were medically insured. Regarding
the level of education, more than half (55.9%) of the participants completed their university
studentship. The demographic characteristics of the included participants are presented in
Table 1.
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Table 1. Demographic characteristics of the included participants and their association with the use
of antibiotic as self-medications.

Demographic
Characteristics Frequency (%) I Use Antibiotic as

Self-Medication (%) χ2 p-Value

Gender
Male 695 (46.6) 523 (72) 0.71

Female 796 (53.4) 590 (71)
Age (years)

18–24 542 (36.3) 374 (69) 0.438
25–39 577 (38.7) 422 (73)
40–59 303 (20.3) 221 (73)

More than 60 70 (4.7) 45 (64)
Monthly income ($)

Less than 50 810 (54.3) 575 (71) 0.089
50–99 297 (19.9) 220 (74)

100–149 149 (10) 104 (70)
More than 150 236 (15.8) 182 (77)

Insurance status
Insured 1034 (69.3) 745 (72) >0.00

Non-insured 458 (30.7) 285 (62.3)
Level of education

Primary school 146 (9.8) 114 (78) >0.00
Secondary school 352 (23.6) 243 (69)

Graduate 834 (55.9) 617 (74)
Post-graduate 160 (10.7) 91 (57)

Total 1492 (100) 1059 (71.3)
Legends: (1 United State Dollars = 250 Sudanese Pounds, all conversion were made based on the central bank
of Sudan).

2.2. Prevalence, Sources, and Reasons behind SMA

More than two-thirds (71.3%) of the participants used antibiotics as SM. The Chi-
square test revealed that, the participants level of education was significantly associated
with antibiotic SM. The vast majority of the participants obtained antibiotics from the
pharmacy (92.1%). Additionally, graduate (93.9%) and post-graduate (94.4%) participants
obtained antibiotics from pharmacies in higher proportions than primary (89.2%) and
secondary school (86.5%) participants, Table 2.

Table 2. Relation between demographical characteristic of the included participants and common
sources and reasons behind SMA.

Source of Antibiotics Reason behind SMA

Demographic
Characteristics

Pharmacy
(%)

Left-Over
(%)

Cost Saving
(%)

Convenience
(%)

Lack of Trust
in Prescribing

Doctor (%)

Gender
Male 472 (94.8) 97 (19.5) 230 (46.2) 294 (59.0) 110 (22.1)

Female 505 (90.2) 150 (26.8) 204 (36.4) 379 (67.7) 93 (16.6)
Age (years)

18–24 338 (90.1) 89 (23.7) 131 (34.9) 252 (67.2) 70 (18.7)
25–39 389 (93.1) 100 (23.9) 191 (45.7) 257 (61.5) 84 (20.1)
40–59 209 (94.6) 46 (20.8) 89 (40.3) 141 (63.8) 36 (16.3)

More than 60 41 (93.2) 12 (27.3) 23 (52.3) 23 (52.3) 13 (29.5)
Monthly

income ($)
Less than 50 516 (91.8) 129 (23.0) 245 (43.6) 356 (63.3) 92 (16.4)

50–99 202 (93.5) 63 (29.2) 88 (40.7) 131 (60.6) 48 (22.2)
100–149 95 (92.2) 23 (22.3) 33 (32.0) 71 (68.9) 24 (23.3)
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Table 2. Cont.

Source of Antibiotics Reason behind SMA

Demographic
Characteristics

Pharmacy
(%)

Left-Over
(%)

Cost Saving
(%)

Convenience
(%)

Lack of Trust
in Prescribing

Doctor (%)

More than 150 164 (92.1) 32 (18.0) 68 (38.2) 115 (64.6) 39 (21.9)
Insurance

status
Insured 703 (92.3) 184 (24.1) 307 (40.3) 494 (64.8) 201 (26.4)

Non-insured 274 (92.3) 63 (21.2) 127 (42.8) 179 (60.3) 73 (24.6)
Level of

education
Primary school 102 (90.3) 33 (29.2) 64 (56.6) 61 (54.0) 22 (19.5)

Secondary
school 205 (85.1) 64 (26.6) 116 (48.1) 147 (61.0) 41 (17.0)

Graduate 582 (94.8) 125 (20.4) 217 (35.3) 412 (67.1) 116 (18.9)
Post-graduate 88 (97.8) 25 (27.8) 37 (41.1) 53 (58.9) 24 (26.7)

Total 274 (92.3) 247 (23.3) 434 (41.0) 673 (63.6) 22 (19.5)

2.3. Common Ailments for Taking Antibiotic as SM

Tonsillitis was the most common aliment that drove participants to self-treatment. It
was rated by more than half of the participants (55.5%). This was followed by cough (45%),
while a small proportion of the participants used antibiotics for vomiting (10%) (Table 3).

Table 3. Relation between common ailments of SMA and demographic characteristic of the
included participants.

Tonsillitis Cough Runny
Nose

Nasal
Congestion Fever Pain Diarrhea Wound

Infection Vomiting

Gender
Male 274 (55) 222 (44.6) 207 (41.6) 166 (33.3) 147 (29.5) 127 (25.5) 109 (21.9) 85 (17.1) 48 (9.6)

Female 314 (56.1) 255 (45.5) 193 (34.5) 188 (33.6) 191 (34.1) 181 (32.3) 123 (22) 73 (13) 60 (10.7)
Age (years)

18–24 180 (48) 161 (42.9) 126 (33.6) 126 (33.6) 127 (33.9) 110 (29.3) 67 (17.9) 41 (10.9) 35 (9.3)
25–39 263 (62.9) 189 (45.2) 157 (37.6) 133 (31.8) 122 (29.2) 109 (26.1) 85 (20.3) 73 (17.5) 37 (8.9)
40–59 123 (55.7) 104 (47.1) 94 (42.5) 77 (34.8) 67 (30.3) 67 (30.3) 58 (26.2) 35 (15.8) 24 (10.9)

More than 60 22 (50) 23 (52.3) 23 (52.3) 18 (40.9) 22 (50) 22 (50) 22 (50) 9 (20.5) 12 (27.3)
Monthly

income ($)
Less than 50 291 (51.8) 245 (43.6) 195 (34.7) 179 (31.9) 199 (35.4) 182 (32.4) 116 (20.6) 71 (12.6) 55 (9.8)

50–99 132 (61.1) 93 (43.1) 81 (37.5) 81 (37.5) 62 (28.7) 64 (29.6) 68 (31.5) 43 (19.9) 28 (13)
100–149 60 (55.3) 59 (57.3) 49 (47.6) 34 (33) 34 (33) 29 (28.2) 22 (21.4) 18 (17.5) 9 (8.7)

More than
150 105 (59) 80 (44.9) 75 (42.1) 60 (33.7) 43 (24.2) 33 (18.5) 26 (14.6) 26 (14.6) 16 (9)

Insurance
status

Insured 426 (55.9) 351 (46.1) 291 (38.2) 274 (36.0) 242 (31.7) 220 (28.9) 166 (21.8) 109 (14.3) 426 (55.9)
Non-insured 162 (54.7) 125 (42.2) 109 (36.7) 80 (26.9) 97 (32.5) 87 (29.4) 66 (22.1) 49 (16.6) 162 (54.7)

Level of
education
Primary
school 46 (40.7) 53 (46.9) 54 (47.8) 40 (35.4) 49 (43.4) 23 (20.4) 40 (35.4) 16 (14.2) 16 (14.2)

Secondary
school 132 (54.8) 102 (42.3) 95 (39.4) 88 (36.5) 80 (33.2) 66 (27.4) 50 (20.7) 34 (14.1) 35 (14.5)

Graduate 350 (57) 282 (45.9) 219 (35.7) 194 (31.6) 201 (32.7) 189 (30.8) 134 (21.8) 88 (14.3) 53 (8.6)
Post-

graduate 60 (66.7) 40 (44.4) 32 (35.6) 32 (35.6) 8 (8.9) 30 (33.3) 9 (10) 20 (22.2) 4 (4.4)

Total 588 (55.5) 477 (45) 400 (37.8) 354 (33.4) 338 (31.9) 308 (29.1) 232 (21.9) 158 (14.9) 108 (10.2)
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2.4. Factors Associated with the Use of Antibiotics as SM

At the bivariate level, medically insured (COR: 0.656; 95% CI (0.506–0.817) were
more likely to use antibiotics as SM. Individuals having secondary (COR: 0.61; 95% CI
(0.39–0.97), and post-graduate (COR: 0.38; 95% CI (0.23–0.63) levels of education were less
likely to use antibiotics as SM, other factors were not statistically significant. Regarding
the multivariate model, the model sensitivity was 70.2%, further, the model adequately fits
the data since there were no differences between the observed and the predicted (Hosmer
and Lemeshow test = 0.761). Medically non-insured (AOR: 0.645; 95% CI (0.487–0.855) and
post-graduates (AOR: 0.27; 95% CI (0.15–0.5) were the only predictors for SMA. Complete
logistic regression for the use of antibiotic as SM are presented in Table 4.

Table 4. Bivariate and multiple logistic regression of the demographic factors of SMA.

Demographic
Characteristics

Crude Odds Ratio
(95% CI) p-Value Adjusted Odds

Ratio (95% CI) p-Value

Gender
Male 1 (baseline) 1 (baseline)

Female 0.956 (0.761–1.20) 0.700 0.997 (0.758–1.321) 0.984
Age (years)

18–24 1 (base line) 1 (baseline)
25–39 1.178 (0.908–1.529) 0.217 1.067 (0.767–1.485) 0.669
40–59 1.184 (0.865–1.621) 0.293 1.04 (0.689–1.571) 0.852

More than 60 0.784 (0.465–1.323) 0.362 0.687 (0.353–1.337) 0.269
Monthly income ($)

Less than 50 1 (baseline) 1 (baseline)
50–99 1.195 (0.868–1.643) 0.274 1.3 (0.892–1.894) 0.172

100–149 0.959 (0.641–1.436) 0.840 0.952 (0/59–1.537) 0.841
More than 150 1.333 (0.932–1.907) 0.166 1.976 (1.244–3.14) 0.004 *

Insurance status
Insured 1 (baseline) 1 (baseline)

Non-insured 0.656 (0.506-0.817) 0.000 * 0.645 (0.487-0.855) 0.002 *
Level of education

Primary school 1 (baseline) 1 (baseline)
Secondary school 0.618 (0.393–0.972) 0.037 * 0.658 (0.39–1.111) 0.117

Graduate 0.786 (0.516–1.199) 0.264 0.721 (0.44–1.181) 0.193
Post-graduate 0.382 (0.23–0.633) 0.000 * 0.278 (0.152-0.508) 0.000 *

Legends: CI = confidence interval, * = significant p-Value.

2.5. Knowledge and Adherence to Antibiotic Dosage

More than half of the participants knew the dosage of antibiotics through pharmacist
consultation (56.4%) and they fully understood the instructions (59.6%). About 40% of
the participants sometimes changed the dosage and/or the antibiotics deliberately during
treatment, while 10% always changed the dosage. The main reasons for changing the dosage
were improvement (53.7%) or worsening of the condition (37.9%). Approximately two-
thirds (67.1%) of the participants changed the former antibiotics if they weren’t effective,
on the other hand, more than half of the participants (55.1%) stopped taking the antibiotics
when symptoms disappeared, and about 10% consulted the doctor or the pharmacist before
stopping the antibiotics (Table 5).

Table 5. Knowledge, practice, and adherence to dosage of antibiotics and/or instructions.

Source and/or Adherence Practice Practice Frequency (%)

Did you ever check the instructions that
come with the package insert of

antibiotics for self-treatment
Always 514 (48.5)

Sometimes 323 (30.5)
Never 222 (21)
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Table 5. Cont.

Source and/or Adherence Practice Practice Frequency (%)

How much did you understand the
instructions that come with the package
insert of antibiotics for self-treatment

Fully understood 631 (59.6)

Partly understood 381 (36)
Did not understand at all 47 (4.4)

How did you know the dosage of
antibiotics a By checking the package insert 371 (35)

By consulting a doctor 304 (28.7)
By consulting a pharmacist 597 (56.4)

By consulting family
members/friends 131 (12.4)

From the Internet 93 (8.8)
From my previous experience 210 (19.8)

By guessing the dosage by myself 54 (5.1)
Did you ever change the dosage of
antibiotics deliberately during the

course of self-treatment
Always 114 (10)

Sometimes 445 (42)
Never 500 (47.2)

Why did you change the dosage of
antibiotics during the course of

self-treatment a
Improving conditions 300 (53.7)

Worsening conditions 212 (37.9)
To reduce adverse reactions 101 (18.1)

Drug insufficient for complete
treatment 100 (17.8)

Did you ever switch antibiotics during
the course of self-treatment Always 87 (8.2)

Sometimes 430 (40.6)
Never 542 (51.2)

Why did you switch antibiotics during
the course of self-treatment a

The former antibiotics weren’t
effective 393 (67.1)

The latter one was cheaper 85 (16.5)
To reduce adverse reactions 121 (23.4)

Based on my experience 64 (12.3)
Have you ever found out that you had

taken the same antibiotics with
different names at the same time

Yes 632 (59.7)

No 427 (40.3)
When did you normally stop taking

antibiotics
After a few days regardless of the

outcome 212 (20)

After symptoms disappeared 501 (55.1)
A few days after the recovery 291 (29.1)

At the completion of the course 401 (37.9)
Legends: a = more than one options is allowed.

2.6. Commonly Used Antibiotics and Common Adverse Reactions

The most commonly used antibiotics were amoxicillin/clavulanic acid combinations
(32.5%), followed by amoxicillin (26.5%), metronidazole (25.3%), and azithromycin (25.3%).
About one-fifth (21.8%) of the participants experienced ADR when they took antibiotics.
The primary action taken by more than half (57%) of those who experienced ADR was to
stop the antibiotics (Table 6). About half of the participants thought that SMA (51.9%) was
not an acceptable practice, and more than one-third (37.4%) thought that they cannot treat
the infectious disease on their own. Most of the participants (61%) selected antibiotics based
on its indications, and about half of the participants used antibiotics when recommended by
community pharmacists (47.9%) and according to their own experience (46.8%). The type of
antibiotics was the main factor considered by the majority of the participants (45.4%), while
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the brand of the antibiotics was only considered by less than one-fifth of the participants
(16.3%) (Table 6).

Table 6. Commonly used antibiotics and common adverse reactions.

Commonly Used Antibiotics and
Adverse Reactions Practice Frequency (%)

Commonly used antibiotics Amoxicillin and clavulanic acid 344 (32.5)
Amoxicillin 281 (26.5)

Metronidazole 268 (25.3)
Azithromycin 268 (25.3)

Don’t remember 236 (22.3%)
Your selection of antibiotics was

based on Indications 646 (61)

Recommendation by community
pharmacists 507 (47.9)

My own experience 496 (46.8)
Opinion of family members 231 (21.8)

Opinion of friends 230 (21.7)
What did you consider when

selecting antibiotics Previous doctor’s prescription 205 (19.4)

Type of antibiotics 481 (45.4)
Price of antibiotics 229 (21.6)
Brand of antibiotics 173 (16.3)

Have you ever had adverse drug
reaction when taking antibiotics Yes 231 (21.8)

No 828 (78.2)
What did you do for adverse

drug reaction Stop taking the antibiotics 131 (57.7)

Switch the antibiotics 48 (20.8)
Consulted a pharmacist 64 (27.6)

Consulted a doctor 55 (24)
Consulted family members/friends 26 (11.3)

No action 35 (13.2)
What do you think about

self-medication with antibiotics for
self-health care

Good practice 132 (12.5)

Acceptable practice 377 (35.6)
Not acceptable practice 550 (51.9)

Do you think you can treat common
infectious diseases with antibiotics

successfully by yourself
Yes 164 (15.5)

No 396 (37.4)
Not sure 499 (47)

3. Discussion

SMA is one of the common factors which precipitate AMR, yet if effective implemen-
tations are adopted it can be easily controlled. Tracking SM behaviors of public individuals
are of paramount importance since it facilitates the development of preventable measures
towards this condition. Moreover, it also uncovers the weakest domains in the health
system. It was on these grounds that the current nationwide survey was conducted to
determine the prevalence of SMA in different Sudanese states, as well as to provide an
insight into the reasons, and factors associated with SMA.

The current cross-sectional survey indicated that the prevalence of SMA among the
Sudanese community was 71.3%. The reported figure lies in the middle of local and regional
figures in previous studies. For instance; locally, one of the earliest and most comprehensive
surveys conducted by Abdelmoneim Awad et al. in 2005 reported a prevalence of 73.1% [16],
while a recent study which included Sudanese university medical students reported that
antibiotics were self-medicated by 60% of the students [17]. Regionally, a meta-analysis
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review pooled the prevalence of SMA in Africa using 40 studies from 19 countries and the
computed prevalence ranged from 50–93.8% [11]. On the other hand, another systematic
review outlined the proportion of SMA in middle-eastern countries to be in the range
of 12.1–93.1% [10]. Our finding points towards a higher prevalence of SMA in Sudan,
unfortunately, it also emphasizes the fact that the practice of SMA in Sudan has remained
consistent throughout the last 20 years.

Different reasons behind SMA were mentioned previously, such as cost saving, previ-
ous experience, and convenience which were reported repeatedly. However, less frequently,
the emergence of illness, and the long delays in clinic have been reported [1,20–22]. Like-
wise, participants in the present study cited convenience (63.3%) and cost-saving (41%)
as common reasons for SMA (Table 2). The finding is consistent with the results reported
previously in Sudan, Malaysia, India, and Ethiopia [14,23–25].

The present study illustrated the common ailments for SMA. Generally, SMA to
manage upper respiratory tract infections (URT) such as tonsillitis (55.5%), cough (45%),
runny nose (37.8%), and nasal decongestion (33.4%) were higher than other ailments
which comprise fever (31.9%), pain (29.1%), diarrhea (21.9%), and wound infection (14.9%)
(Table 3). This finding is in line with previous studies conducted in Sudan, Tanzania, and
India [12,21,23]. Bearing in mind that most of the URT infections are of viral origin, and
antibacterial agents must be preserved only for bacterial infections which indeed requires a
series of investigations and diagnoses provided by health care specialists, and considering
that this pattern remains consistent in Sudan through the last 20 years with a gradual
increment, health authorities in Sudan should effectively implement an antimicrobial
stewardship program to optimize the utilization of antimicrobial agents.

Health services in Sudan are provided by different bodies including: government,
private sectors, army, police, universities, and civil society [26]. The national health in-
surance fund (NHIF) is an extension of social health insurance which was introduced in
1994, the finance of NHIF is based on cost sharing (national social system based on the
cooperation between the government and community) [27]. The coverage in all states is
around 50% (except Khartoum = 70%), and the out of pocket share in Sudan is reported to
be 70% [27,28]. Nearly one third (30.7%) of the participants from the present study were not
medically insured (Table 1). Further, insurance status was significantly associated with SMA
(p-value < 0.00), binary logistic regression indicated that medically non-insured participants
were less likely to use antibiotics as SM in comparison to insured participants (COR: 0.656;
95% CI (0.506–0.718), (AOR: 0.645; 95% CI (0.487–0.855) (Table 4). Similar findings have
been reported previously in Pakistan [12]. Additionally, 41% declared cost saving as one of
the main reasons behind SMA. On the other hand, participants with secondary school and
post-graduates were less likely to take SMA compared to primary school levels of education
(Table 4). This pattern is not limited to this study, and it has been observed in previous
studies in Lebanon, Uganda, and Malaysia [18,29,30]. However, it contradicted studies
carried out in Sudan, Eritrea, and Bangladesh [16,20,31]. Such a finding is best explained by
the fact that educated individuals understand the difficulties in discriminating infectious
diseases and knew the consequences of SMA, therefore, they prefer to visit doctors instead
of self-medicating.

Previous studies outlined that the main focus of community pharmacists in Sudan is to
efficiently prescribe medications [32,33]. A considerable proportion of the participants from
the present study sought antibiotics mainly from the community pharmacies (90%), and
the remaining participants obtain antibiotics from leftover medication (Table 5). Previous
researchers in Sudan reported a similar pattern [14,17]. This finding indicated that the gap
between the actual role of the community pharmacist which is extended to include patient
counseling and education is a promising area for mitigating SMA.

Additionally, more than half of the participants in this study (51.9%) thought that
SMA is not an acceptable practice (Tables 5 and 6). Paradoxically, the practice of the
participants diverges from rationality, when you come to know that 41% of the participants
change the dosage of the antibiotics deliberately (Table 5). Moreover, the fact that a high
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percentage of the enrolled participants switch antibiotics harmonizes with the finding
that only 37% stop taking antibiotics after dosage completions. The abovementioned
malpractice is consistent with previous studies conducted in India (24%), Malaysia (41%),
and Egypt (71%) that participants change the dosage of antibiotics during usage [23,24,34].
In Afghanistan, 33% of the participants stop taking antibiotics [35], while in Malaysia 35.3%
of university students switch the dosage of antibiotics [24]. Given the above backdrop, it is
not surprising that at the national level multi drug resistant and extensively drug-resistant
isolates detected from clinical specimens are increasingly reported [7,36,37].

Participants in the current study cited amoxicillin/clavulanic acid as the most com-
mon antibiotic used as SM (32.5%), followed by amoxicillin (26.5%), azithromycin, and
metronidazole (25.3%) (Table 6). Similar results were observed previously in Sudan [14,16],
where azithromycin (29.9%) and amoxicillin/clavulanic (26.8%) were found to be the most
common antibiotics self-medicated by university students [17]. Multiple studies in Africa
and the Middle-East concluded the extensive use of beta-lactam antibiotics especially
amoxicillin and amoxicillin/clavulanic as SM [10,11]. It is however, worth mentioning
that earlier studies in Sudan reported amoxicillin as the most common antibiotic used
in comparison to the present study and a recent study in 2022 [12,16]. This shift can be
explained by the fact that patients always seek the most effective antibiotics, or it might be
due to extensive promotion applied by different companies to promote their antibiotics
(amoxicillin/clavulanic).

Besides accelerating antimicrobial resistance, SMA can also be associated with ADR.
One-fifth (21.8%) of study participants reported that they experienced ADR (Table 6). This
is slightly lower than a previous study in Malaysia (28.3%) [5]. Alarmingly, a considerable
amount of the participants either switched the antibiotics or continued the antibiotic with
the rate of 20.8% and 11.3%, respectively. ADRs associated with antibiotics ranged from
mild side effects such as GIT symptoms to life-threatening conditions such as anaphylactic
shock which is associated with a large number of antibiotics impacting patients’ health as
well as cost [25,38].

The finding from the present study can be partially generalized to the overall Sudanese
community owing to the large and diverse sample size. However, one of the limitations
of this study was the recall bias since not all participants were able to exactly remember
for instance the types of antibiotics. Further, the study was subjected to selection bias,
since it was conducted during the daytime in public areas, it is for this reason most of
the participants were aged below 39 years old. Additionally, the questionnaire used in
the present study adopted close-ended limited options which made it difficult for some
respondents to express their opinions.

4. Materials and Methods
4.1. Study Design and Setting

The study adopted a cross-sectional descriptive study design, conducted in all Sudan
states (all 18 states) through the period between 1 June and 15 December 2021.

4.2. Study Population

All Sudanese adult aged above 18 years old and willing to participate in the study
were considered eligible.

4.3. Sample Size and Sampling Technique

According to the last census, the total population of Sudan is around 46,000,000. Using
the formula below:

n = Z2 p (1 − p)/w2

where n: sample size, Z: the critical vale (using confidence interval of 99% (Z = 2.326)),
p: proportion of the target population estimated to have a particular characteristic (since
there were no previous nationwide study the frequency of occurrence was assumed to be,
p = 50%), (1 − p): (frequency of not occurrence of an event), w: desired margin of error
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tolerated (degree of precision, w = 4%). Thus, the calculated sample size was 1041 partici-
pants. We collected data from 1492 accounting for missing data. A multistage stratified
sampling technique was applied to the participants. Sudan was divided into 18 states. Each
state was considered a stratum, and then within each stratum, participants were selected
randomly using a convenience sampling technique. Samples were collected from public
places such as markets, parks, and bus stations.

4.4. Operational Definitions and Study Variables

SMA (dependent variables) was defined as the selection and use of antibiotics by
participants, within the last 12 months, to manage at least one self-recognized illness or
symptom without professional prescription and supervision regarding indication, dosage,
and duration of treatment. Independent variables (predictors of SMA) were carefully
selected based on previous studies, including: participants’ gender, age, monthly income,
insurance status, and educational status (all were categorical variables).

4.5. Data Collection

The current study used semi-structured questionnaires for data collection (participants
who found difficulties in writing were interviewed by the trained data collectors based
on the questionnaire). A comprehensive search of the literature for potential studies
reporting SMA was carried out through different databases to get guidance in designing
the questionnaire [20,23,24,36]. The questionnaire consisted of 25 items (provided in
Supplementary Materials Table S2), which can be broadly divided into two main sections;
the first section gives information regarding the demographical characteristics of the study
participants, which includes gender, age, economic status, insurance status, and levels of
education, while the second section starts with a main question which seeks information
about any previous use of antibiotics without prescription in the last 12 months through a
closed-end format (yes/no). Participants whose answer is ‘yes’ in the previous question
were further asked to explain the main reasons and major ailment that led participants to
self-medicate (multiple choice questions). It also emphasizes the practice of the participants
through enquiring about the sources, selection, and adherence to antibiotic regimens (closed
and close multiple choice questions). Furthermore, commonly used antibiotics and adverse
drug reaction histories were also reported (closed and close multiple choice questions). For
the purpose of validation, two experts in pharmacy practice were asked to highlight the
main weakness of the developed questionnaire, and their comments were considered in the
final version. Additionally, a pilot study was distributed to 20 individuals to confirm the
clarity of the questions, the questionnaire was further validated through Cronbach alpha
(α = 0.78). Responses from the pilot study were excluded from the study. To ensure the
quality of the data; data was collected only through trained fifth-year pharmacy students
who were taught courses in research methodology and given a comprehensive presentation
on the research topics. Furthermore, data collectors were asked to check the completeness
of each questionnaire.

4.6. Data Analysis

Data were entered into a Microsoft Excel spreadsheet, coded, and exported to the
statistical software package SPSS (version 25.0). Both descriptive and inferential statistics
were used to analyze the data. The main parts of the questionnaire were expressed in terms
of frequency and percentage. A Chi-square test was employed to study the relationship
between socio-demographic factors and other variables. A binary logistic regression model
was used to assess the association between prevalence SM and explanatory variables.
Regardless of their p-value in the unadjusted analysis, all variables were included in the
final multiple regression model, and the model appropriateness was tested using Hosmer
and Lemeshow test. Both crude odds ratio (COR) and adjusted odds ratios (AOR) were
reported with a 95% confidence interval (95% CI). Finally, a p-value less than 0.05 was
considered significant.
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4.7. Ethical Consideration

Ethical approval was obtained from the ethical committee at the University of Khar-
toum, Faculty of Pharmacy (FPEC-26-2021). Before conducting the study, all participants
signed written informed consent after a clear explanation of the research objectives, and
each participant had the right to withdraw at any time from the study. To ensure confi-
dentiality, all questionnaires were coded and personal identifiers remained anonymous
throughout the study.

5. Conclusions

Two out of three individuals in Sudan SMA mainly to manage URT ailments, this
mal-practice was explained by most of the participants by it is convenience and cost-saving.
Amoxicillin/clavulanic were the most commonly used antibiotics. SMA was associated
with participant’s level of education and insurance status. The findings from the present
study indicate the necessity of activating antimicrobial stewardship programs throughout
the country, as well as implementing effective legislation to prohibit dispensing antibiotics
without prescription.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/antibiotics12030612/s1, Table S1: Stratification of the sam-
ple based on states; Table S2: questionnaire for data collection.
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Abstract: Primary care antimicrobial stewardship program (ASP) interventions can reduce the over-
prescription of unnecessary antibiotics, but the impact on the reduction in bacterial resistance is less
known, and there is a lack of available data. We implemented a prolonged educational counseling
ASP in a large regional outpatient setting to assess its feasibility and effectiveness. Over a 5-year post-
implementation period, which was compared to a pre-intervention period, a significant reduction
in antibiotic prescriptions occurred, particularly those associated with greater harmful effects and
resistance selection. There was also a decrease in methicillin-resistant Staphylococcus aureus (MRSA)
strains and in their co-resistance to other antibiotics, particularly those with an ecological impact.

Keywords: antimicrobial stewardship; use antimicrobials; multidrug-resistant microorganisms;
community-onset; epidemiology; MRSA

1. Introduction

Staphylococcus aureus is a microorganism recognized for being both a commensal
and an opportunistic pathogen in humans and animals [1]. The methicillin-resistant
Staphylococcus aureus (MRSA) strain has become a relevant lineage, with a continuously
increasing prevalence in hospitals, communities, and livestock environments that poses a
threat to public health. Moreover, the high pathogenicity of MRSA, which is attributable to
various virulence factors, such as SCCmec acquired through genetic transfer from the mecA
gene, as well as antibiotic resistance, compromises host immunity, making it responsible
for causing severe infections in both humans and animals [2].

Traditionally, MRSA has been considered one of the primary multidrug-resistant
pathogens causing healthcare-associated infections (HA-MRSA), and it has reached en-
demic proportions in many countries. It has become a leading cause and potentially fatal
agent of invasive infections, skin and soft tissue infections, and pneumonia [3]. In the
United States, the estimated annual cost of these infections is around USD 2.7 million,
with a significant loss of lives that amounts to 20,000 deaths per year [4,5]. Alarmingly, its
aggressive nature has extended to the community setting in the last two decades, where
it is known as community-acquired MRSA (CA-MRSA), with greater pathogenicity and
transmissibility affecting both young and healthy individuals [6]. In this context, the level
of colonization in the general population can increase in environments with a high presence
of livestock animals, as observed in Catalonia, Spain, where 75.6% of pig industry workers
are colonized by MRSA, particularly with the ST398 strain [7].

Strategies to prevent acquisition rely not only on controlling the spread of clones and
horizontal gene transfer, but also on reducing antibiotic pressure in the environment. There
is a clear association between the volume of antibiotic prescriptions and the presence of
multidrug-resistant microorganisms (MDR) [8,9]. This prevalence may be even higher
when broad-spectrum antibiotics are used. Recent epidemiological studies conducted in
our country showed a consistently high prevalence of MRSA in the community, exceeding
10% over the last decade [10]. Unfortunately, despite this, it is not only the antibiotic
prescription rates in Spanish primary care that are high; the level of use of broad-spectrum
antimicrobials remains two to three times higher than that observed in most European
countries [11].

Several meta-analyses have demonstrated a direct relationship between exposure to
certain antimicrobial classes and microbiological resistance [12]. Cephalosporins and beta-
lactams combined with beta-lactamase inhibitors are potential selectors of resistant strains,
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but fluoroquinolones (FQ) are the most concerning and dangerous antibiotics [13,14].
Recent guidelines from the Infectious Diseases Society of America (IDSA) recommend
reserving their use to protect the ecosystem from MDR and harm [15].

Antimicrobial Stewardship Programs (ASPs) play a crucial role in reducing emer-
gencies and the transmission of resistant pathogens through the advice they provide in
prescription practices. The implementation of ASP actions and the data of long-term out-
comes in the community are limited [16–18]. Previous work by our group from 2017 to
2021 showed a pronounced decrease in the incidence densities (ID) of multidrug-resistant
enterobacteriaceae, such as Escherichia coli ESBL-producing strains, after a period of ASP
intervention [19]. During this intervention, there was a marked reduction in antimicrobial
consumption. The program followed a non-mandatory educational advisory model, focus-
ing on the overall reduction in third-generation cephalosporins, amoxicillin-clavulanic acid
(co-amoxclav), azithromycin, and clindamycin use, with a specific emphasis on FQ. This
prompted us to investigate whether a similar trend existed for MRSA and Clostridioides
difficile, which also indicated prescription quality.

In this study, we evaluate our hypothesis regarding the change in community-associated
MRSA incidence by following the prescriptive modification of these antimicrobials through
an ASP in primary care over a 5-year period.

2. Materials and Methods
2.1. Design, Setting, and Study Periods

This quasi-experimental before-and-after comparison study was conducted in the
Lleida region, which is part of the public healthcare network of Catalonia (CatSalut), Spain,
during the period from January 2014 to December 2021, with an interventionist approach
starting in January 2017 (5 years). The general practitioners and pediatricians in the region
served a reference population of 340,000 inhabitants across 23 primary care centers in direct
coordination with a regional microbiology laboratory and a level III referral hospital.

In 2016, the Infection and Antibiotic Policy Territorial Commission, consisting of
professionals from various specialties, groups, and administrations, launched a specific
ASP for the community [20], as part of a larger regional translational program (P-ILEHRDA)
that already encompassed other settings such as acute hospitals, long-term care facilities,
and geriatric residences. The program design was based on the consensus document on
ASPs published by the Spanish Society of Infectious Diseases and Clinical Microbiology
(SEIMC), adapted to the territorial characteristics [21]. Administrative recognition from the
management was obtained for its implementation.

The ASP implementation relied on interdisciplinary and multidisciplinary actions
from professionals, including operational teams in each primary care center composed of
at least a general practitioner, a nurse, and a pediatrician. Additionally, a coordinating
technical team included general practitioners, hospital infectious disease specialists, pedia-
tricians, microbiologists, primary care pharmacists, community pharmacists, geriatricians,
emergency physicians, podiatrists, and dentists. The clinical references were selected based
on their interest, knowledge, experience, analytical skills, relationship with the teams, and
proficiency in providing training.

The program encompassed the following educational and training actions: (1) Periodic
development and updating of regional diagnostic and antibiotic treatment protocols for the
most prevalent infections (urinary tract, respiratory, skin and soft tissue, and odontogenic
infections), based on scientific evidence; (2) the creation of a free-download APP (ProAPP
Lleida) for access to this documentation, which was also available on the institution’s
intranet; (3) regular general and specific structured training, both in-person and online, for
professionals through the courses, sessions, workshops, or seminars; (4) daily review by
operational teams of all the positive microbiological results from the centers and weekly
review of prescriptions for the study’s specific antibiotics, except on weekends and holidays;
(5) daily non-mandatory virtual written educational advice on computerized SAP “Systems,
Applications, Products in Data Processing” or E-cap “Primary Care Clinical Station” and

92



Antibiotics 2024, 13, 92

direct personalized advice, in-person or by telephone, to prescribing medical professionals.
The advice emphasized the appropriateness of empirical treatments, treatments tailored to
microbiological results, dose adjustments, therapeutic de-escalation, shortened duration
of treatment, presence of toxicity, or interactions; (6) preparation of monitoring reports on
consumption, incidence density of multidrug-resistant microorganisms, and local microbio-
logical sensitivity for annual comparative evaluation between the centers and feedback to
the teams. The actions were not contingent on extra remuneration for professionals. The
work and action diagram has been described in previous publications [19].

No restrictive prescription measures were implemented in any of the study periods.
The typology of recommendations was prospectively collected to assess the incidence over
time. The advisories were only discontinued in 2020 due to the onset of the SARS-CoV-
2 pandemic.

2.2. Sources of Information

The information on community prescription and microbiological resistance was ob-
tained from the regional dispensing data and the databases of an integrated departmental
management program, respectively. For the temporal analysis, the updated semiannual
number of inhabitants with a health card was collected.

2.3. Measurement of Consumption and Microbiological Impact Outcomes

The primary outcome of the study was the change in the overall consumption of
antimicrobials in the community, specifically non-recommended antimicrobials (NRA),
due to a higher risk of resistance or a high spectrum index (HSI). These included FQ,
cephalosporins, co-amoxiclav, clindamycin, and azithromycin, which were analyzed every
semester during the intervention period from 2017 to 2021 and compared to a previous
reference period.

The secondary outcome focused on the trend in the evolution of S. aureus, both
methicillin-sensitive (MSSA) and methicillin-resistant (MRSA), and their resistance to
levofloxacin, clindamycin, and erythromycin.

A third input considered in the study was the presence of cases of pathological diarrhea
caused by C. difficile in the community, whether requiring hospital admission or not; this
was attributed to the outcomes of the ASP.

2.4. Evaluation Methods

The calculation of antimicrobial pharmaceutical consumption utilized the method-
ology of the Anatomical Therapeutic Chemical Classification System and Defined Daily
Doses (ATC/DDDs) established by the World Health Organization (WHO), which was
revised in 2023 (http://www.whocc.no/atc_ddd_index/) (accessed on 26 September 2023).
The consumption was expressed as the number per 1000 inhabitants per day over the study
population with a health card (DID). Defined Daily Doses (DDDs) represent the average
maintenance doses per day for the antibiotic used in its first indication.

The evolutionary impact on resistances was assessed by calculating the ID per 1000 in-
habitants per day for the mentioned microorganisms, semiannually; this assessment was
similar to that for the antimicrobial consumption. Only one culture per person and semester
was considered for the calculation. It was assumed that there would be a 6-month delay
between the intervention, implementation, and any associated changes in resistance, as
suggested in some articles [22]. Therefore, the temporal analysis of resistances extended for
an additional 6 months beyond the study period. The resistance percentage was identified
as resistant samples among the total antibiograms performed. The standard international
criteria proposed by Magiorakos et al. [23] were used for defining bacterial multidrug
resistance. The identification of new cases, based on a single clinical sample, was provided
by the Regional Microbiology Section, which determined antibiotic resistance by following
the recommendations of the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) [24].
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While C. difficile is not considered an MDR, it is included in national and European
surveillance due to its clinical–epidemiological significance. The definitions recently issued
by the European Society of Clinical Microbiology and Infectious Diseases [25] were used
for the calculations and case identification.

2.5. Statistical Analysis

The continuous quantitative variables were expressed as mean ± standard deviation
(SD), while the categorical quantitative variables were presented as frequencies and per-
centages (%). The graphical representations of the antibiotic consumption and resistance
evolution were created using line histograms, highlighting the cut-off point between the
pre- and post-intervention periods. The main measure of association used was the relative
risk (RR) or relative change between incidence densities. For the resistance measured in the
rates, the odds ratio (OR) was employed. To assess the impact in absolute terms (in ID),
attributable risk (absolute effect) was used, and in relative terms, the preventable fraction
(relative effect) in the intervention was used and was expressed as a percentage. The
analysis of the attributable effects of intervention was calculated by comparing the pre- and
post-intervention periods at three cut-off points: the beginning, the middle, and the end
of the intervention period. The temporal trend in each period, pre- and post-intervention,
was analyzed using the chi-square test. Changes in quantitative variables such as ID were
analyzed using the Student–Fisher t-test and one-way ANOVA. All the estimates were
accompanied by the corresponding 95% confidence interval (CI). The accepted confidence
level was p < 0.05, and the statistical package used was EPIDAT (version 3.1) from the Pan
American Health Organization.

3. Results

During the study period (2014 to 2021), a total of 11,814,508 DDDs of oral antimicro-
bials were dispensed; they were prescribed by 349 primary care consultants (312 general
practitioners and 37 pediatricians) in the Lleida health region. The average semiannual post-
intervention population consisted of 342,086 inhabitants, compared to 335,046 inhabitants
in the pre-intervention period (2014 to 2016).

Between 2017 and 2021, a total of 6856 interventions were conducted, including 1636
(23.9%) educational advisories related to positive microbiological samples for S. aureus;
these were primarily cutaneous. There was an average annual trend of 36.6% growth
in interventions, interrupted only in 2020 due to the SARS-CoV-2 pandemic. Antibiotic
modification or suspension in advisory sessions was present in 1059 cases (64.7%).

3.1. Impact on Antibiotic Consumption

Throughout the entire study period, penicillin was the most prescribed antibiotic,
accounting for 66.0% of the prescriptions. The studied NRA (co-amoxiclav, cephalosporins,
FQ, azithromycin, and clindamycin) constituted 46.6% of the total antibiotics used. The
temporal evolution in DID of the global prescription of any antimicrobial, including the
NRA, in any period, is shown in Figure 1. The community’s overall use of antibacterials
in DID decreased by 33.7% between 2017 and 2021, with the average DID between the
periods experiencing a drop of −0.095 (0.325), with a standard deviation (SD) (p < 0.0001).
Similarly, the NRA group also exhibited a significant decrease of 37.6%, declining from
1.476 (0.131) in 2014–2016 to 1.047 (0.287) in 2017–2021 (mean difference −0.432, [95% CI
−0.163 to −0.701], p = 0.004). The semester changes in the consumption of beta-lactamase
inhibitors, FQ, and cephalosporins per DID, in the pre- and post-intervention periods in
the health region, are described in Figure 2.

Table 1 shows the significant reductions in the specific antibiotics used for Gram-
positive infections at three points (initial, middle, and final periods) and their final impact:
FQ, cephalosporins, co-amoxiclav, azithromycin, and clindamycin. Before the intervention,
a significant decreasing trend in the dispensing of FQ and co-amoxiclav was observed.
However, this decrease persisted in the post-intervention period, but a statistically signifi-
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cant early and drastic reduction occurred from the third semester of ASP implementation.
The average drops in DID per semester for these ANR were −0.064 (0.173) and, specifically,
−0.023 (0.137) for co-amoxiclav, −0.023 (0.030) for FQ, and −0.004 (0.014) for cephalosporins
(p < 0.001). A similar inflection point occurred in the sixth semester for azithromycin −0.017
(0.041) and clindamycin −0.001 (0.004) (p < 0.001), and this decline, along with other ANR,
persisted until the end of the period.

Table 1. Changes in antimicrobial prescription (ATC codes J01 and specific antimicrobials) before
and after ASP intervention at 3 points (initial, middle, and final periods) and overall impact.

Prescribed
Antibiotic

DID Pre-
Intervention

Period

Relative
Change First

Semester 2017
(95% CI)

Relative
Change First

Semester 2019
(95% CI)

Relative
Change
Second

Semester 2021
(95% CI)

Absolute Effect
Post-Intervention

Period
Relative Effect

(%)

Total
antibiotics

(J01)
2.496 0.892

(0.890 to 0.894)
0.790

(0.787 to 0.781)
0.670

(0.668 to 0.672)
−0.688

(−0.691 to −0.685)
27.57

(27.65 to 27.49)

Total
antibiotics not

recom-
mended
(ANR)

1.476 0.989
(0.987 to 0.992)

0.796
(0.793 to 0.797)

0.581
(0.579 to 0.583)

−0.079
(−0.079 to −0.079)

37.57
(37.48 to 37.66)

Co-amoxclav
(J01CR02) 0.704 0.940

(0.938 to 0.943)
0.821

(0.819 to 0.824)
0.659

(0.657 to 0.662)
−0.250

(−0.251 to −0.249)
35.59

(35.50 to 35.68)

Quinolones
(J01M) 0.311 0.903

(0.897 to 0.908)
0.588

(0.584 to 0.593)
0.328

(0.325 to 0.331)
−0.294

(−0.295 to −0.294)
94.74

(94.72 to 94.75)

Ciprofloxacin
(J01MA02) 0.114 0.779

(0.770 to 0.788)
0.556

(0.549 to 0.564)
0.439

(0.433 to 0.446)
−0.052

(−0.052 to −0.051)
45.39

(45.07 to 45.70)

Levofloxacin
(J01MA12) 0.132 1.055

(1.046 to 1.065)
0.730

(0.722 to 0.738)
0.338

(0.332 to 0.344)
−0.065

(−0.065 to 0.064)
49.18

(48.93 to 49.44)

Cephalosporins
(J01D) 0.111 1.115

(1.104 to 1.126)
0.785

(0.776 to 0.794)
0.807

(0.798 to 0.816)
−0.025

(−0.026 to −0.025)
22.99

(22.61 to 23.38)

Cefuroxime
(J01DC02) 0.061 0.739

(0.726 to 0.751)
0.614

(0.603 to 0.625)
0.433

(0.424 to 0.442)
−0.025

(−0.025 to −0.025)
40.96

(40.50 to 41.41)

Third-
generation

cephalosporins
(J01DD)

0.046 1.223
(1.204 to 1.242)

0.967
(0.971 to 1.004)

1.275
(1.256 to 1.294)

0.001
(0.001 to 0.001)

2.32
(1.57 to 3.07)

Azithromycin
(J01FA10) 0.152 1.204

(1.194 to 1.213)
1.119

(1.110 to 1.128)
0.533

(0.527 to 0.539)
−0.042

(−0.043 to −0.041)
27.67

(27.36 to 27.98)

Clindamycin
(J01FF01) 0.021 0.771

(0.750 to 0.793)
0.720

(0.699 to 0.741)
0.846

(0.824 to 0.869)
−0.004

(−0.005 to −0.004)
21.57

(20.61 to 22.51)

Total recom-
mended

antibiotics
(RA)

0.969 1.032
(1.028 to 1.035)

1.146
(1.143 to 1.150)

0.748
(0.746 to 0.751)

−0.052
(−0.052 to −0.051)

21.29
(21.17 to 22.42)

Amoxicillin
(J01CA04) 0.925 1.028

(1.027 to 1.029)
1.081

(1.081 to 1.082)
0.711

(0.709 to 0.712)
−0.218

(−0.218 to −0.217)
23.53

(23.48 to 23.59)

Cloxacillin
(J01CF02) 0.018 1.018

(0.991 to 1.046)
1.032

(1.005 to 1.060)
0.722

(0.700 to 0.745)
−0.004

(−0.005 to −0.004)
25.17

(24.18 to 26.15)

Cefadroxil
(J01DB05) 0.001 1.652

(1.418 to 1.924)
2.702

(2.380 to 3.066)
8.835

(8.066 to 9.678)
0.002

(0.002 to 0.002)
84.02

(82.80 to 85.14)

Cotrimoxazole
(J01EE01) 0.027 1.158

(1.134 to 1.182)
1.416

(1.390 to 1.443)
1.956

(1.924 to 1.988)
0.014

(0.013 to 0.014)
33.89

(33.26 to 34.52)

ATC; Anatomical Therapeutic Chemical. DID; defined daily doses per 1000 inhabitants per day. NRA; non-
recommended antibiotics (co-amoxiclav, quinolones, cephalosporins, azithromycin, and clindamycin). RA; recom-
mended antibiotics (amoxicillin, cloxacillin, cefadroxil, and cotrimoxazole).
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Absolute Ef-
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Relative Effect 
(%) 

Total antibiotics 
(J01) 

2.496 0.892 
(0.890 to 0.894) 

0.790 
(0.787 to 0.781) 

0.670  
(0.668 to 0.672) 

−0.688  
(−0.691 to 
−0.685) 

27.57  
(27.65 to 27.49) 
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1.476 0.989 
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Figure 2. Antimicrobial prescription of other antimicrobials. Semestral evolution of defined
daily doses per 1000 inhabitants/day (DID). (a) Quinolones, (b) cephalosporins, (c) co-amoxclav,
(d) azithromycin, (e) clindamycin, (f) recommended antimicrobials—amoxicillin, cloxacillin, ce-
fadroxil, cotrimoxazole. 1S; first semester, 2S; second semester.

Regarding the expected trends after those observed in the previous period, the inter-
vention was also associated with significant changes in the post-intervention prescription,
with additional significant decreases of −0.2 (95% CI −0.4 to −0.1), −0.4 (−0.5 to −0.3),
−0.4 (−0.5 to −0.3), −0.3 (−0.4 to −0.1) (p < 0.001), and −0.1 (−0.2 to −0.05) (p = 0.02) in
DID per semester for FQ, cephalosporins, co-amoxiclav, azithromycin, and clindamycin,
respectively. In contrast, the recommended antibiotics (RA) (amoxicillin, cloxacillin, and
cefadroxil) did not show a proportionally relevant inverse increase.

3.2. Impact on Antimicrobial Resistance

The antibiotic sensitivity was tested in 3586 clinical samples of S. aureus collected over
8.5 years, of which 948 (26.4%) were MRSA.

There were no statistically significant variations in the methicillin resistance rates
between the two periods (26.4%) (948/3586). The overall resistance rates for clindamycin,
levofloxacin, and erythromycin were 22.5% (807/3586), 33.1% (1187/3586), and 31.5%
(1130/3586), respectively. The proportion of S. aureus resistant to levofloxacin significantly
decreased between the two study periods by 15.1% (371/999 to 816/2587) (OR 0.68, [95%
CI 0.58 to 0.79]) (p < 0.001). Conversely, the resistance increased in clindamycin and
erythromycin, though only significantly in the first one, with a percentage of 53.4% (123/999
to 684/2587) (OR 2.29, [95% CI 1.86 to 2.31], p < 0.001). Table 2 presents the semestral
comparison of microbiological resistance rates according to the S. aureus typology. It shows
statistically significant drops in levofloxacin resistance rates, in both MSSA and MRSA,
in the last two sections of the intervention period (p = 0.035). Resistance to the studied
antibiotics increased significantly in the pre-intervention period in both bacteria (p < 0.001).
After ASP initiation and throughout the post-intervention period, the resistance rates
maintained a linear trend towards a general decrease in MRSA (p < 0.005), particularly to
FQ (OR 0.74, [95% CI 0.64 to 0.86], p < 0.001).

97



A
nt

ib
io

tic
s

20
24

,1
3,

92

Ta
bl

e
2.

R
at

es
of

m
ic

ro
bi

ol
og

ic
al

re
si

st
an

ce
of

S.
au

re
us

.

A
nt

im
ic

ro
bi

al
R

es
is

ta
nc

e

C
om

pa
ri

so
ns

by
Se

m
es

te
rs

(S
)

Se
co

nd
S

20
16

vs
.S

ec
on

d
S

20
17

Se
co

nd
S

20
16

vs
.S

ec
on

d
S

20
19

Se
co

nd
S

20
16

vs
.F

ir
st

S
20

22
%

(n
/N

)
Pr

e-
In

te
rv

en
ti

on
R

es
is

ta
nc

e

%
(n

/N
)

Po
st

-
In

te
rv

en
ti

on
R

es
is

ta
nc

e
O

R
C

I
95

%
p

%
(n

/N
)

Pr
e-

In
te

rv
en

ti
on

R
es

is
ta

nc
e

%
(n

/N
)

Po
st

-
In

te
rv

en
ti

on
R

es
is

ta
nc

e
O

R
C

I
95

%
p

Pr
ev

en
ti

on
R

at
e

(%
)

%
(n

/N
)

Pr
e-

In
te

rv
en

ti
on

R
es

is
ta

nc
e

%
(n

/N
)

Po
st

-
In

te
rv

en
ti

on
R

es
is

ta
nc

e
O

R
C

I
95

%
p

Pr
ev

en
ti

on
R

at
e

(%
)

M
SS

A

C
lin

da
m

yc
in

6.
54

(4
8/

73
4)

16
.0

8
(2

3/
14

3)
2.

73
(1

.6
0–

4.
67

)
<0

.0
01

6.
53

(4
8/

73
4)

17
.8

9
(3

4/
19

0)
3.

11
(1

.9
4–

4.
99

)
<0

.0
01

N
A

6.
53

(4
8/

73
4)

19
.1

0
(3

4/
17

8)
3.

37
(2

.0
9–

5.
42

)
<0

.0
01

N
A

Le
vo

flo
xa

ci
n

17
.7

1
(1

30
/7

34
)

13
.2

2
(1

9/
14

3)
0.

71
(0

.4
2–

1.
19

)
N

S
17

.7
1

(1
30

/7
34

)
6.

84
(1

3/
19

0)
0.

34
(0

.1
8–

0.
61

)
<0

.0
01

61
.4

(3
3.

2–
77

.6
)

17
.7

1
(1

30
/7

34
)

10
.1

1
(1

8/
17

8)
0.

52
(0

.3
0–

0.
88

)
0.

01
4

42
.9

(9
.1

0–
64

.1
)

Er
yt

hr
om

yc
in

19
.2

0
(1

41
/7

34
)

22
.0

7
(3

3/
14

3)
1.

26
(0

.8
2–

1.
93

)
N

S
19

.2
0

(1
41

/7
34

)
21

.5
7

(4
1/

19
0)

1.
15

(0
.7

8–
1.

71
)

N
S

N
A

19
.2

0
(1

41
/7

34
)

22
.4

7
(4

0/
17

8)
1.

21
(0

.8
1–

1.
81

)
N

S
N

A

M
R

SA

C
lin

da
m

yc
in

28
.3

0
(7

5/
26

5)
38

.3
5

(2
8/

73
)

1.
57

(0
.9

1–
2.

71
)

N
S

28
.3

0
(7

5/
26

5)
45

.3
1

(2
9/

64
)

2.
09

(1
.1

9–
3.

67
)

0.
00

9
N

A
28

.3
0

(7
5/

26
5)

51
.1

1
(2

3/
45

)
2.

64
(1

.3
9–

5.
03

)
0.

00
2

N
A

Le
vo

flo
xa

ci
n

90
.9

4
(2

41
/2

65
)

93
.1

5
(6

8/
73

)
1.

35
(0

.4
9–

3.
68

)
N

S
90

.9
4

(2
41

/2
65

)
79

.6
3

(5
0/

64
)

0.
39

(0
.1

8–
0.

81
)

0.
01

0
12

.3
7

(0
.2

7–
23

.0
1)

90
.9

4
(2

41
/2

65
)

81
.2

5
(3

9/
45

)
0.

43
(0

.1
8–

0.
99

)
0.

04
4

10
.6

(−
2.

83
–2

2.
4)

Er
yt

hr
om

yc
in

42
.6

4
(1

13
/2

65
)

56
.6

2
(4

7/
73

)
1.

75
(1

.0
6–

2.
88

)
0.

02
6

42
.6

4
(1

13
/2

65
)

46
.8

7
(3

0/
64

)
1.

18
(0

.6
8–

2.
05

)
N

S
N

A
42

.6
4

(1
13

/2
65

)
51

.1
1

(2
3/

45
)

1.
40

(0
.7

4–
2.

64
)

N
S

N
A

(n
/N

);
n;

to
ta

lp
os

iti
ve

an
tib

io
gr

am
s,

N
;t

ot
al

an
tib

io
gr

am
s,

M
SS

A
;m

et
hi

ci
lli

n-
se

ns
iti

ve
st

ap
hy

lo
co

cc
us

au
re

us
.M

R
SA

;m
et

hi
ci

lli
n-

re
si

st
an

ts
ta

ph
yl

oc
oc

cu
s

au
re

us
.N

S;
no

ts
ig

ni
fic

an
t.

N
A

;
no

ta
pp

lic
ab

le
;O

R
:q

dd
s

ra
ti

o.

98



Antibiotics 2024, 13, 92

Table 3 shows the resistance changes in the IDs at three points (initial, middle, and final
periods), during the intervention and in terms of the overall impact. Comparatively, there
were no decreases between periods in the IDs per 1000 inhabitants and per day of S. aureus.
However, within the intervention period, both the IDs for MRSA and those according to the
studied co-resistance typology to clindamycin, levofloxacin, and erythromycin significantly
decreased during the intervention period (p < 0.001) (Figure 3). These IDs decreased by
−0.109 cases (95% CI, −0.232 to −0.064) for methicillin; −0.091 cases (−0.105 to −0.063)
for clindamycin; −0.128 (−0.230 to −0.097) for levofloxacin; and −0.112 (−0.116 to −0.084)
for erythromycin, with a relative reduction of 62.1%, 58.0%, 55.4%, and 62.9% (p < 0.001) at
the end of 5 years.

Table 3. Changes on incidence density before and after ASP intervention at 3 points (initial, middle,
and final periods) and overall impact.

Antimicrobial
Resistance

ID Pre-
Intervention
Period (95%

CI)

Relative
Change
Second

Semester 2017
(95% CI)

Relative
Change
Second

Semester 2019
(95% CI)

Relative
Change First

Semester 2022
(95% CI)

Absolute
Effect Post-

Intervention
Period

Relative
Preventable
Effect (%)

MSSA

Clindamycin 0.024
(0.024 to 0.024)

2.860
(1.740 to 4.703)

4.170
(2.687 to 6.471)

4.071
(2.623 to 6.371)

0.065
(0.054 to 0.076)

73.11
(63.67 to 80.10)

Levofloxacin 0.065
(0.064 to 0.065)

0.872
(0.539 to 1.412)

0.588
(0.332 to 1.041)

0.795
(0.486 to 1.302)

−0.008
(−0.021 to

0.005)

12.33
(−8.65 to 29.25)

Erithromycin 0.071
(0.070 to 0.071)

1.397
(0.956 to 2.040)

1.712
(1.209 to 2.424)

1.630
(1.147 to 2.316)

0.041
(0.026 to 0.056)

39.92
(23.81 to 47.77)

MRSA

Clindamycin 0.037
(0.037 to 0.038)

2.229
(1.444 to 3.440)

2.276
(1.483 to 3.494)

1.762
(1.104 to 2.812)

0.040
(0.028 to 0.052)

51.93
(38.18 to 62.62)

Levofloxacin 0.120
(0.119 to 0.120)

1.684
(1.287 to 2.204)

1.246
(0.921 to 1.685)

0.858
(0.604 to 1.218)

0.022
(0.003 to 0.041)

15.48
(1.80 to 27.26)

Erithromycin 0.056
(0.056 to 0.057)

2.483
(1.767 to 3.489)

1.563
(1.045 to 2.337)

1.169
(0.747 to 1.831)

0.045
(0.031 to 0.060)

44.73
(31.96 to 55.10)

ID; incidence density per 1000 inhabitants per day. MSSA; methicillin-sensitive Staphylococcus aureus. MRSA;
methicillin-resistant Staphylococcus aureus.

The observed change in the inflection and decline occurred, with a significant linear
trend, for both MRSA and its resistance phenotypes to the three studied antimicrobials,
in the second semester of the intervention period (p < 0.001). From that moment, a mod-
ification of the slope of −0.011 cases (SD, 0.043) (p < 0.001) per 1000 inhabitants and
day, per semester, was noted for MRSA, −0.004 cases (0.036) for clindamycin (p = 0.005),
−0.015 cases (0.040) for levofloxacin (p = 0.002), and −0.010 cases (0.022) for erythromycin
(p < 0.001).

Finally, there were 56 cases of community-acquired C. difficile infection. There were
no instances of recurrence. The ID of the initial community-onset infection increased by
41.2% (0.004 to 0.009) during the intervention period (OR 1.24, [95% CI 0.71 to 2.18]), but
this increase was not statistically significant (Figure 4).
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4. Discussion

Our observational and quasi-experimental study suggests a long-term positive effect
on community antimicrobial prescription following the implementation of an educational
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ASP designed for primary care. It also indicates a linear trend and an association between
antibiotic use and appropriateness and the incidence density of MRSA in the community.

In recent years, the attention to antimicrobial administration has been increasing [26].
In 2023, after several years of recommendations, the European Union (EU) urged all mem-
ber states to implement real action plans against antimicrobial resistance and to promote
the prudent use of antibiotics [27]. However, despite a significant reduction in the average
consumption of community systemic treatments in the European Economic Area (EEA)
during the period of 2012–2021 (19.3 DID vs. 15.0 DID), the weighted average proportion of
the EU/EEA population in relation to the consumption of penicillins, cephalosporins, FQ,
and broad-spectrum macrolides (except erythromycin) compared to the narrow-spectrum
ones has shown a statistically significant increasing trend of 3.7 (range of countries: 0.1–
20.7) in half of the countries, including Spain [28]. These data highlight the value of our
intervention, which led to a behavioral change in prescription practices, with a significant
reduction in the use of levofloxacin, clindamycin, azithromycin, and cephalosporins, re-
sulting in an increase in the use of RA, specifically first-generation cephalosporins and
cotrimoxazole. However, this observed increase was not inversely proportional to these
antibiotics recommended by our P-ILEHRDA program, especially in the management
of skin and soft tissue infections where Gram-positive microorganisms are present. We
believe that improvements in microbiological sample collection techniques, with a focus
on percutaneous aspiration rather than swabs, along with the avoidance of indiscriminate
culturing of chronic ulcers, which are mostly colonized and are either diagnostic confusion
elements or not amenable to antimicrobial treatment, may explain this finding [29–31].

Multimodal models with multifaceted interventions, like those in our study, are more
effective than single interventions in changing antimicrobial prescription behavior [32,33].
The studies by Arnold et al. [34] demonstrated that continuous training and feedback of
results to professionals improve clinical practice in a sustained and continuous manner,
supporting our case when a lower level of counseling during the COVID-19 period did not
interfere with the results. Furthermore, while most studies have focused exclusively on
respiratory tract infections [35,36], our ASP was designed to address all prevalent types of
infections, with a comprehensive approach that was in line with expert recommendations,
societies, and previous studies [21,34,37]. Restrictive interventions were not included
because, although they can have rapid effects on targeted antibiotic use, such measures are
negatively viewed by professionals and do not help to adjust prescription behaviors [38,39].

Our study linked antibiotic dispensing data with around 4000 positive results for S. au-
reus in various samples, mainly skin-related and routinely collected; these results provided
our study with sufficient power to detect the direct relationship between consumption
and resistance.

The direct association between MRSA and the use of the studied ANR has been
evidenced in various analyses, depending on the volume of the exposed population and
the age group [40–42]. The relationship has also been established at both the host and the
molecular and microbiological levels. A meta-analysis of associations between individual
exposures to antibiotics and the risk of MRSA acquisition showed FQ, glycopeptides,
cephalosporins, macrolides, and β-lactams to be the most notable [9]. In vitro studies
have shown how exposure to most of these antibiotics causes a particular co-resistance in
MRSA, as opposed to MSSA, especially to ciprofloxacin, erythromycin, and clindamycin;
this is perhaps due to resistance transfer and competition between pathogens [42]. Several
authors [13,43,44] have demonstrated how the selectivity and the reduction in the antibiotic
pressure threshold on the population can determine the molecular epidemiology of MRSA
and cause different phenotypes and shifts toward more susceptible sub-lineages within
all clonal complexes. In this regard, our work, although we did not perform a molecular
study, not only indicated a reduction in MRSA IDs but also a significant linear downward
trend in the total of its co-resistances during the ASP period.

Eliminating the pressure from selected antibiotics such as FQ may not only favor
a reduction in MRSA presence but also prompt a rapid decline in resistance. Previ-
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ous reviews [12,22,45–47] have evaluated the temporal relationship between antibiotic
consumption and resistance development in outpatient and primary care settings. Bell
et al. [12] included 243 studies (case-control, cross-sectional, ecological, and experimental
studies) on all antibiotics and bacteria. The time between consumption and resistance
was 6 months or less in 53% and more than 6 months in 23%, and it was unclear in the
remaining included studies [12]. The use of FQ has been associated with MRSA inci-
dence shortly after exposure (between 1 and 5 months) [48–50] and with FQ resistance
between 0 and 4 months [42,51]. Similarly, the use of lincosamides was associated with
the incidence of MRSA and clindamycin resistance in the second month, and in the case
of penicillin + β-lactamase inhibitors, this same relationship occurred with a delay of 1 to
5 months [40,42,48,52]. However, a reversal in the trend is feasible with the same temporal
intensity if suspension occurs. Studies conducted in the United Kingdom [53,54] assessed
the prevalence of ciprofloxacin resistance before, during, and after a national restriction
on the use of FQ [22]. These works reported a reduction in resistance levels in less than
3 months. Our trend analysis showed changes in resistance with significant inflection
points in MRSA ID, highlighting a steep decline in the early semesters after the start of
our ASP, followed by a sustained, significant, and intense decline until the end of the
study period. This ecological effect probably occurred because the outcomes were higher
at the beginning of the program, when it was easier to improve, and then were maintained
over time.

Implementing outpatient interventions to reduce inappropriate antibiotic use can
substantially decrease the rates of community-acquired C. difficile infection [55,56]. Various
studies [57] and a recent meta-analysis [58] that used data from eight studies in various
regions of the world have shown that exposure to various categories of antibiotics, in-
cluding clindamycin, FQ, cephalosporins, penicillins, macrolides, and cotrimoxazole, was
associated with an increased risk of C. difficile in adults. Our study, despite a significant
reduction in most of these antibiotics, did not observe a decrease in C. difficile infection.
This aspect could be explained by two reasons: the first is the availability of improved
protocols and the diagnostic suspicion regarding C. difficile as a cause of diarrhea. Alcalá
et al. [59] demonstrated in our country that it was only suspected in 47.6% of the cases.
The second was the implementation in our health area of new diagnostic techniques with
higher sensitivity (PCR techniques in the diagnostic algorithm) at the end of 2016.

Finally, the results of our study have other strengths. First, measuring dispensed antibi-
otics rather than prescribed ones is considered to be a much stronger measure of exposure
and consumption since it faithfully reflects the patients who, by picking up the medication
at a pharmacy, have used it. Second, having a unique central microbiology laboratory
avoids changes in study techniques and biased variability in the number of samples studied.
On the other hand, our work has some limitations: first, the molecular recognition of S.
aureus ribotypes and resistance genotypes, which could help to better identify interventions
aimed at avoiding antibiotics that are considered to be a high risk, were not performed.
Second, the synergistic role of standard universal strategies in preventing infection, such
as decolonization or hand hygiene, has not been analyzed, with the understanding that
the latter has increased during the SARS-CoV-2 pandemic. Third, only community data
on overall and selected antibiotic consumption were collected, while antibiotics were also
prescribed in hospitals, which, in our case, already had an ASP established with a similar
action methodology, which could have magnified the results on the reduction in resistance.

5. Conclusions

The results of this study demonstrate that after five years, the implementation strate-
gies of an educational community ASP, aimed at reducing antibiotic pressure, were asso-
ciated with significant benefits in terms of both antimicrobial consumption and the local
ecological impact of MRSA.
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Abstract: Using antibiotics without medical guidance (non-prescription antibiotic use) may contribute
to antimicrobial resistance. Hispanic individuals are a growing demographic group in the United
States (US) with a high prevalence of non-prescription antibiotic use. We investigated the effects of
acculturation and subjective norms on Hispanic individuals’ intentions to use antibiotics without
a prescription from the following sources: (1) markets in the United States (not legal), (2) other
countries (abroad), (3) leftovers from previous prescriptions, and (4) friends/relatives. We surveyed
self-identified Hispanic outpatients in eight clinics from January 2020 to June 2021 using the previously
validated Short Acculturation Scale for Hispanics (SASH). Of the 263 patients surveyed, 47% reported
previous non-prescription use, and 54% expressed intention to use non-prescription antibiotics
if feeling sick. Individuals with lower acculturation (Spanish-speaking preferences) expressed
greater intentions to use antibiotics from abroad and from any source. Individuals with more
friends/relatives who obtain antibiotics abroad were over 2.5 times more likely to intend to use
non-prescription antibiotics from friends/relatives (p = 0.034). Other predictors of intention to use
non-prescription antibiotics included high costs of doctor visits and perceived language barriers in
the clinic. Antibiotic stewardship interventions in Hispanic communities in the United States should
consider the sociocultural and healthcare barriers influencing non-prescription use and promote
language-concordant healthcare.

Keywords: acculturation; subjective norms; socio-cultural factors; antibiotic resistance; non-prescription
antibiotic use; antibiotic stewardship

1. Introduction

Using antibiotics without a prescription (non-prescription antibiotic use) is a com-
mon practice worldwide and is a safety threat to individuals and the public health [1–3].
Non-prescription antibiotic use can potentially increase the risks of adverse drug reac-
tions or interactions, superinfection, gut dysbiosis, and the development of antimicrobial
resistance [4–6].

Recent studies have documented the determinants of non-prescription antibiotic
use across low-, middle-, and high-income countries and found that patient-level (so-
ciocultural and sociodemographic) factors and healthcare system barriers contribute to
non-prescription antibiotic use [7–9]. In the United States (US), Hispanic communities have
one of the highest reported prevalence rates of non-prescription antibiotic use, with the
prevalence ranging from 19 to 66% [9]. Prior studies have identified that these Hispanic
communities use non-prescribed antibiotics from a variety of sources, including leftover
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prescriptions (e.g., from self, friends, or family); purchasing illegally under-the-counter
through informal sources in the US (e.g., flea markets and ethnic or herbalist shops); or
outside the US without a prescription (e.g., across the border in another country, including
Mexico) [3,9–12].

Sociocultural factors include an individual’s level of acculturation and their subjec-
tive norms. Acculturation and subjective norms can impact health behaviors in Hispanic
communities [10–12]. Acculturation is “the process by which individuals adopt the atti-
tudes, values, customs, beliefs, and behaviors of another culture” [13,14]. For example,
less-acculturated individuals may continue certain health practices (e.g., non-prescription
antibiotic use) that they had in their home countries. Subjective norms are often classified as
the “expectations set by groups of important people (such as family, relatives, and friends)
in terms of whether an individual should or should not engage in a behavior” [15]. For
instance, individuals may engage in non-prescription antibiotic use because their friends
and family also routinely engage in that behavior.

A recent study of a Hispanic community along the Texas border found that a higher
generation score, a proxy measure of acculturation, was associated with lower cross-border
purchases of antibiotics [11]. Another qualitative study of Hispanic primary care patients in
Houston found that patients’ subjective norms (e.g., friends and family frequently purchase
non-prescription antibiotics) and social networks (e.g., friends, family, or other “trusted”
persons) influenced their decisions to use non-prescription antibiotics [12]. However,
these studies included medically underserved, impoverished Hispanic individuals and
did not study the independent effects of sociocultural and healthcare system factors on
non-prescription antibiotic use in sociodemographically diverse Hispanic communities.

2. Materials and Methods

We investigated the effects of Hispanic patients’ sociocultural factors (acculturation
and subjective norms) and the barriers to healthcare on the intention to use non-prescription
antibiotics from four sources: (1) markets in the United States (under the counter, not legal),
(2) other countries, (3) leftovers from previous prescriptions, and (4) friends/relatives.

2.1. Design and Recruitment

We conducted a large, cross-sectional survey to assess non-prescription antibiotic use
in sociodemographically diverse outpatients. Data collection occurred between January
2020 and June 2021 in eight outpatient clinic waiting rooms (six public primary care and
two private emergency departments) in Harris County, Texas [3]. Clinic staff gave flyers
to patients who checked in for primary care visits. The flyer summarized the study, and
interested patients volunteered to participate. Surveys were conducted anonymously in
person when permitted during the pandemic or remotely via teleconferencing in patients’
preferred language (English or Spanish). Each respondent was given a list of brand name
and generic antibiotics that were accompanied by images of the most commonly used
antibiotics in the US and Latin American countries.

Individuals who self-identified as Hispanic or Latino in the larger survey were in-
cluded for analysis in this study [3]. This study was approved by the Institutional Review
Board for Baylor College of Medicine and Affiliated Hospitals (protocol H-45709). Addi-
tional details on recruitment, survey design information, sample size calculations, response
rate, and additional information were published elsewhere [3].

2.2. Survey Instrument

The survey instrument is available in Appendix A. Non-prescription antibiotic use
was defined as the consumption of antibiotics not prescribed to that individual for his or her
current health condition [3]. Intended use was defined as a professed intention for future
non-prescription antibiotic use [9,16]. Individuals classified as non-prescription antibiotic
users reported having “ever taken” oral antibiotics without a prescription. Individuals
classified as intended users endorsed using antibiotics from one of four sources presented
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via the question “If you were feeling sick, would you take antibiotics in the following
situations without contacting a doctor/nurse/dentist/clinic?” The sources presented to
the patients were: (1) you can buy antibiotics without a prescription in the United States,
(2) you can buy antibiotics without a prescription in another country, (3) friends or relatives
give you antibiotics, and (4) you have leftover antibiotics from a previous prescription.

Survey questions were mapped to factors in the Kilbourne Framework for Advancing
Health Disparities Research, including the patient, healthcare system, and clinical encounter
factors [17]. Subjective norms and acculturation are patient factors that may contribute
to non-prescription antibiotic use in Hispanic populations. Healthcare system barriers
included lacking transportation to the doctor visits, long clinic waits, not having a regular
doctor, and the high cost of doctor visits. Clinical encounter factors included language
barriers at the clinic and during doctor visits.

2.3. Patient Factors
2.3.1. Sociodemographic Factors

Sociodemographic characteristics included age, gender, race/ethnicity, education,
yearly household income, health insurance status, country of birth, and health literacy
(Table 1). Individuals’ insurance status was categorized into three groups: (1) private
insurance or Medicare, (2) Medicaid (i.e., public health insurance for low-income children,
families, seniors, and people with disabilities) or county financial assistance program
(CFAP) (provides healthcare coverage/access to publicly funded clinics at very low or no
cost to patients), or (3) self-pay (no insurance or CFAP). For health literacy, we used the
Brief Health Literacy Screen measure validated in primary care settings [18,19]. Inadequate
health literacy was defined as an answer to any of three screening questions that endorsed
having problems associated with health literacy some or all of the time.

Table 1. Patient sociodemographic characteristics.

Characteristic Total (N = 263)

Median age (y) (range) 51 (20–80)
No. (%) of female respondents 194 (73.8)
No. (%) of respondents with education level

Less than high school 84 (31.9)
High school or GED 104 (39.5)
Some college and above 75 (28.5)

No. (%) of respondents with insurance status
Private or Medicare 74 (28.1)
Medicaid or county financial assistance program * 173 (60.8)
Self-pay 16 (6.1)

No. (%) of patients attending Healthcare system
Private 41 (15.6)
Public 222 (84.4)

No. (%) of patients attending clinic type
Continuity clinic 102 (38.8)
Emergency Department 41 (15.6)
Walk in Clinic 120 (45.6)

No. of respondents with income/total no. of respondents (%)
<$20,000 127 (48.3)
≥$20,000 but <$40,000 58 (22.1)
≥$40,000 but <$60,000 11 (4.2)
≥$60,000 but <$100,000 8 (3.0)
≥$100,000 6 (2.3)
Don’t know/prefer not to say 53 (20.2)
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Table 1. Cont.

Characteristic Total (N = 263)

No. (%) of questionnaires completed in Spanish 155 (58.9)
No. (%) of respondents born in the United States/Other

United States 81 (30.8)
Other † 182 (69.2)
Median years lived in the United States for the respondents

born in other countries (y) (range) (n = 182) 23 (0–58)

No. (%) of respondents reporting non-prescription antibiotic use
Reported prior non-prescription use 123 (46.8)

No. (%) Health Literacy §

Adequate Health Literacy 198 (75.3)
Inadequate Health Literacy 65 (24.7)

* County financial assistance program includes those who have benefits from the county allowing access to public
clinic providers at either very low cost or no cost. † Includes 1 Columbia, 1 Costa Rica, 6 Cuba, 1 Dominican
Republic, 14 El Salvador, 6 Guatemala, 15 Honduras, 131 Mexico, 2 Nicaragua, 1 Panama, 1 Peru, and 3 Venezuela
(countries are listed in alphabetical order). § Calculated using the three questions from the Brief Health literacy
Screen measure [18,19].

2.3.2. Acculturation

Acculturation was assessed using the Short Acculturation Scale for Hispanics (SASH)
developed and validated by Marin et al. and included the Language Use, Television and
Media, and Social and Ethnic Relations subscale scores [20]. The SASH questionnaire
contains 12 questions of equal weight: 5 assessing language preferences, 3 assessing media
preferences, and 4 assessing social and ethnic preferences (Appendix A. Survey Instrument).

Each question was scored on Likert-type scales, ranging from 1 (Only Spanish/all
Hispanic individuals) to 5 (Only English/all non-Hispanic individuals). Subscores with
lower values (closer to 1) reflect preferences for Spanish-speaking interactions or Hispanic
social interactions or entertainment. Higher scores (closer to 5) reflect a preference for
English-speaking interactions or entertainment. The total points per subscale were averaged
over the number of questions answered to generate the numerical score for that subscale.
Cronbach’s alpha was computed to determine the internal consistency of the set of questions
representing each construct; one question was excluded from the ethnic and social relations
subscale (Appendix B. SASH Reliability Statistics). The overall acculturation score was
calculated using the sum of the language, television and media use, and ethnic and social
relations subscores (Table 2).

Table 2. Acculturation by subscale means, interquartile range, and internal consistency †.

Acculturation Subscales

Intended Use from Any Source
Cronbach’s AlphaYes (n = 95)

Median (IQR *)
No (n = 167)

Median (IQR *)

Language Use Subscale Score 2.0 (1.2–3.4) 2.0 (1.4–3.2) 0.939
Media Subscale Score 3.0 (1.7–4.0) 3.0 (1.0–4.0) 0.969
Ethnic Social Relations Subscale Score 2.3 (2.0–2.7) 2.3 (2.0–3.0) 0.817
Total Acculturation (Overall, Aggregate Score) 2.5 (1.6–3.4) 2.4 (1.7–3.3) 0.939

* Interquartile Range. † The Short Acculturation Scale for Hispanics is comprised of three subscales (Language Use,
Media, and Ethnic Social Relations). Scores range from 1 (all Latinos/Hispanics) to 5 (all non-Latinos/Hispanics).
Higher score indicates higher levels of acculturation [20].

2.3.3. Subjective Norms

Subjective norms were identified by the following proxy questions: (1) “How many
of your friends or relatives use antibiotics without contacting a doctor?” and (2) “How
many of your friends or relatives get antibiotics from another country?” Each question was
scored using Likert-type scales ranging from 1 (none/don’t remember/don’t know) to 4
(all/most/about half) (Table 3).
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Table 3. Subjective norms (N = 263).

Total No. (%)

How many of your friends or relatives use antibiotics without contacting a doctor?
None/Don’t Remember/Don’t Know 105 (39.9)
Some 98 (37.3)
About Half 15 (5.7)
Most 33 (12.5)
All 12 (4.6)

How many of your friends or relatives get antibiotics from another country?
None/Don’t Remember/Don’t Know 123 (46.8)
Some 97 (36.9)
About Half 15 (5.7)
Most 28 (10.6)

2.4. Healthcare System and Clinical Encounter Factors

Healthcare barriers were assessed using five questions relevant to our safety net patient
population, including transportation, language barriers, long clinic waits, not having a
regular doctor, and the high cost of doctor visits. Each question was scored dichotomously
as “not a problem” or “a problem” (i.e., included answering that the barrier was a minor or
major problem) (Appendix C).

2.5. Statistical Analysis

Descriptive statistics were performed on all study variables using SPSS version 28
(Chicago, IL, USA) [21]. Cronbach’s alpha was computed to analyze the internal consistency
of the set of questions representing the acculturation scale. We used univariate logistic
regression to assess the patient and healthcare system factors associated with patients’
intention to use non-prescription antibiotics from each source. Predictor variables that
showed a univariate relationship (p < 0.2) with each source of intended non-prescription
antibiotic use were considered for the multivariate analyses (Appendix D. Univariate
Regression Results).

Multivariate logistic regression assessed the effects of patients’ acculturation and
subjective norms on their intention to use antibiotics without a prescription from one of the
following sources: (1) stores or markets in the US, (2) another country, (3) friends/relatives,
(4) a leftover prescription, and (5) any of these four sources (Tables 4–8).

3. Results
3.1. Patient Factors
3.1.1. Sociodemographic Characteristics

Table 1 shows the sociodemographic characteristics of the 263 patients surveyed. Most
respondents were female (74%) and educated at the high school level (40%) or some college
and above (29%). Approximately 61% of the patients had healthcare coverage through
Medicaid or county financial assistance, followed by private insurance or Medicare (28%)
and self-pay (6%). Most patients who reported their income had household incomes below
40,000 USD/year (70%). Approximately 59% of all patients preferred being surveyed in
Spanish. More patients were born outside the US (69%) in Mexico (n = 131), followed
by Honduras (n = 15) and El Salvador (n = 14). Foreign-born patients lived in the US
for a median of 23.5 years. Nearly half (47%) of the participants reported prior non-
prescription antibiotic use, and over 75% of patients were classified as having “adequate”
health literacy levels (Table 1). Overall, 54% professed an intention to use/obtain non-
prescription antibiotics if feeling sick from at least one source (Figure 1).
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Figure 1. Prevalence of the intention to use non-prescription antibiotics in Hispanic patients surveyed
(N = 263).

3.1.2. Acculturation

Table 2 includes the mean acculturation subscale and Cronbach’s alpha scores for
language use, TV and media, ethnic and social relations, and the total acculturation (overall,
aggregate score). The median total acculturation score for respondents who professed
intention for future non-prescription antibiotic use was 2.5/5.0 (IQR 1.6–3.4), and the
Cronbach’s alpha for the total acculturation was 0.939 (Table 2).

3.1.3. Subjective Norms

Table 3 lists the proportion of patients (N = 263) that reported friends/relatives that
used non-prescribed antibiotics or purchased antibiotics from other countries (outside the
US). Over 60% of patients reported that some to all of their friends or relatives had used
antibiotics without contacting a doctor. About 53% reported that some to most of their
friends or relatives have used or purchased non-prescribed antibiotics from another country
(Table 3).

3.2. Healthcare System Factors

Appendix C displays the patient-reported barriers to healthcare in the last 12 months.
Of the barriers to access, patients frequently expressed that long waiting times (26%),
transportation (16%), and the high cost of doctor visits (16%) were problematic, followed
by language barriers (8%) and not having a regular doctor (5%) (Appendix C).

3.3. Multivariate Results

Tables 4–8 display the multivariate logistic regression results of patient intentions to
use non-prescription antibiotics from each of the four sources and overall.
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Table 4. Multivariate results of the intended use of antibiotics from stores or markets in the US.

Intended Use of Antibiotics from Stores or Markets in the United States

Predictors § OR (95% CI) p-Value

Prior Non-prescription Use
No Prior Use 1 (reference) 1 (reference)
Prior Use 6.26 (3.13–12.51) <0.001

Barriers To Healthcare Access
For your medical appointments in the last 12 months,
how much of a problem are:
High cost of doctor visits

Not a problem 1 (reference) 1 (reference)
A problem 3.1 (1.43–6.69) 0.004

§ The following predictors were not significant in the multivariate model: Acculturation (Language Use Subscale,
Media Subscale, and Ethnic Social Relations Subscale); Subjective Norms (How many of your friends or relatives
get antibiotics without contacting a doctor? How many of your friends or relatives get antibiotics from another
country?); Sociodemographics (Age, Healthcare System, Insurance, Language, Education, and Country of Birth);
and Barriers to Healthcare Access (For your medical appointments in the last 12 months, how much of a problem
is not having a regular doctor?).

Table 5. Multivariate results of the intended use of antibiotics bought without a prescription from
another country.

Intended Use of Antibiotics Bought without a Prescription from Another Country

Predictors § OR (95% CI) p-Value

Acculturation ¶

Ethnic Social Relations Subscale 0.54 (0.33–0.86) 0.009
Prior Non-prescription Use

No Prior Use 1 (reference) 1 (reference)
Prior Use 10.49 (5.13–21.46) <0.001

¶ The Short Acculturation Scale for Hispanics is comprised of three subscales (Language Use, Media, and Ethnic
Social Relations). Scores range from 1 (all Latinos/Hispanics) to 5 (all non-Latinos/Hispanics). Higher score
indicates higher levels of acculturation [20]. § The following predictors were not significant in the multivariate
model: Acculturation (Language Use Subscale and Media Subscale); Subjective Norms (How many of your friends
or relatives get antibiotics without contacting a doctor? How many of your friends or relatives get antibiotics from
another country?); Sociodemographics (Age, Years lived in the US, and Education); and Barriers to Healthcare
Access (For your medical appointments in the last 12 months, how much of a problem are high cost of doctor
visits, a language barrier, and not having a regular doctor?).

Table 6. Multivariate results of the intended use of antibiotics from friends and relatives.

Intended Use of Antibiotics from Friends and Relatives

Predictors § OR (95% CI) p-Value

Social Norms 0.054
How many of your friends or relatives get antibiotics from another country?

None 1 (reference) 1 (reference)
Some 2.52 (0.92–6.93) 0.072
All/Most/About Half 2.51 (1.07–5.85) 0.034
Don’t Know/Don’t remember 0.95 (0.34–2.64) 0.918

Sociodemographics
Education 0.017

Less than High School 1 (reference) 1 (reference)
High school or GED 0.53 (0.24–1.19) 0.126
Some College or Above 0.32 (0.14–0.7) 0.004

Prior Non-prescription Use
No Prior Use 1 (reference) 1 (reference)
Prior Use 10.59 (5.0–22.43) <0.001

Barriers To Healthcare Access
For your medical appointments in the last 12 months, how much of a problem are:
High cost of doctor visits

Not a problem 1 (reference) 1 (reference)
A problem 3.16 (1.38–7.21) 0.006

§ The following predictors were not significant in the multivariate model: Acculturation (Language Use Subscale,
Media Subscale, and Ethnic Social Relations Subscale); Subjective Norms (How many of your friends or relatives
get antibiotics without contacting a doctor?); Sociodemographics (Age, Sex, Insurance, and Country of Birth); and
Barriers to Healthcare Access (For your medical appointments in the last 12 months, how much of a problem are
transportation, a language barrier, and not having a regular doctor?).
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Table 7. Multivariate results of the intended use of antibiotics from leftover antibiotic courses.

Intended Use of Antibiotics from Leftover Courses

Predictors § OR (95% CI) p-Value

Prior Non-prescription Use
No Prior Use 1 (reference) 1 (reference)
Prior Use 7.51 (4.15–13.26) <0.001

Barriers To Healthcare Access
For your medical appointments in the last
12 months, how much of a problem are:
A language barrier

Not a problem 1 (reference) 1 (reference)
A problem 3.08 (1.03–9.26) 0.006

§ The following predictors were not significant in the multivariate model: Acculturation (Language Use Subscale,
Media Subscale, and Ethnic Social Relations Subscale); Subjective Norms (How many of your friends or relatives
get antibiotics without contacting a doctor? How many of your friends or relatives get antibiotics from another
country?); Sociodemographics (Healthcare System, Insurance, and Country of Birth); and Barriers to Healthcare
Access (For your medical appointments in the last 12 months, how much of a problem are long waiting times or
the high cost of doctor visits?).

Table 8. Multivariate results of the intended use of antibiotics from any source (US, abroad, friends
and relatives, and leftover courses).

Intended Use of Antibiotics from Any Source (US, Abroad, Friends and Relatives, and Leftover Courses)

Predictors § OR (95% CI) p-Value

Acculturation ¶

Language Use Subscale 0.61 (0.39–0.96) 0.031
Sociodemographics

Country of Birth
Born in US 1 (reference) 1 (reference)
Born in other countries ‖ 8.47 (2.56–28.02) <0.001

Prior Non-prescription Use
No Prior Use 1 (reference) 1 (reference)
Prior Use 12.32 (6.58–23.09) <0.001

¶ The Short Acculturation Scale for Hispanics is comprised of three subscales (Language Use, Media, and Ethnic
Social Relations). Scores range from 1 (all Latinos/Hispanics) to 5 (all non-Latinos/Hispanics). Higher score
indicates higher levels of acculturation [20]. ‖ Includes 1 Columbia, 1 Costa Rica, 6 Cuba, 1 Dominican Republic,
14 El Salvador, 6 Guatemala, 15 Honduras, 131 Mexico, 2 Nicaragua, 1 Panama, 1 Peru, and 3 Venezuela (countries
are listed in alphabetical order). § The following predictors were not significant and therefore not included in
this model: Acculturation (Media Subscale and Ethnic Social Relations Subscale); Social Norms (How many of
your friends or relatives get antibiotics from another country?); Sociodemographics (Education); and Barriers to
Healthcare Access (For your medical appointments in the last 12 months, how much of a problem are the high
cost of doctor visits and a language barrier).

3.3.1. Intended Use of Antibiotics from Stores or Markets in the United States

The high costs of doctor visits (OR 3.1, 95% CI [1.43–6.69], p = 0.004) and prior non-
prescription antibiotic use (OR 6.3, 95% CI [3.13–12.51], p < 0.001) were significant predictors
of the intended use of non-prescribed antibiotics purchased in the US. Neither the accul-
turation subscales nor subjective norms were significant predictors of the intended use of
non-prescription antibiotics from stores or markets in the US (Table 4).

3.3.2. Intended Use of Antibiotics Bought without a Prescription from Another Country

Individuals with lower Ethnic and Social Relations subscale scores indicating higher
preferences to socialize and associate with other Hispanic individuals had higher odds of
the intention to use non-prescribed antibiotics from another country compared to those with
higher Ethnic and Social Relations subscale scores (OR 0.54 95% CI [0.33–0.86], p = 0.009). In
addition, patients with prior non-prescription antibiotic use had 10.5 times higher intended
use from other countries (95% CI [5.13–21.46], p < 0.001) (Table 5).
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3.3.3. Intended Use of Antibiotics from Friends and Relatives

More educated patients with a high school, college, or above education were 68% less
likely to use antibiotics from a friend or relative (OR 0.32, 95% CI [0.14–0.70], p = 0.004).
The high cost of doctor visits during medical appointments was a significant predictor
of intention (OR 3.16, 95% CI [1.38–7.21], p = 0.006). Patients who reported at least some
of their friends or relatives getting non-prescribed antibiotics from other countries had
2.5 times higher odds of intention to use non-prescription antibiotics from friends and
relatives (95% CI [1.07–5.85], p = 0.034). Additionally, patients with prior non-prescription
antibiotic use had over 10.6 times higher odds of intended use from friends and relatives
(95% CI [5.0–22.4], p < 0.001) (Table 6).

3.3.4. Intended Use of Antibiotics from Leftover Courses

Patients reporting language barriers as a problem during their medical appointment
had over three times higher odds of the intention to use antibiotics from leftover prescrip-
tion sources than patients who did not (95% CI [1.03–9.26], p = 0.006). Prior non-prescription
antibiotic use was a strong predictor of the intention from leftover courses (OR 7.5 95% CI
[4.15–13.26], p < 0.001). Neither acculturation subscales nor social norms were significant
predictors of the intended use from leftover antibiotic courses (Table 7).

3.3.5. Intended Use of Antibiotics from Any Source (US, Abroad, Friends and Relatives,
and Leftover Courses)

Patients born outside the US had 8.5 times higher intention to use non-prescription
antibiotics (95% CI [2.56–28.02], p < 0.001). Individuals with a higher preference to socialize
in Spanish (lower Language Use subscale scores) expressed a higher intention to use non-
prescribed antibiotics from any source (overall) in the future compared to those that had a
lower preference to socialize in Spanish (higher Language Use subscale scores) (OR 0.61
95% CI [0.39–0.96], p = 0.031). Across all sources, prior non-prescription antibiotic use was a
very strong predictor of the intention to use non-prescription antibiotics, with patients who
reported previous non-prescription antibiotic use having over 12.3 times more intention
to use non-prescription antibiotics in the future than patients who did not report prior
non-prescription antibiotic use (95% CI [6.6–23.1], p < 0.001) (Table 8).

4. Discussion

This study investigated the effects of acculturation and subjective norms on Hispanic
individuals’ intentions to use antibiotics without a prescription from the following sources:
(1) markets in the United States (illegal), (2) other countries, (3) leftovers from previous pre-
scriptions, and (4) friends/relatives. Our results underscore the alarmingly high proportion
of Hispanic patients that have reported non-prescription antibiotic use in the past (47%) or
intended to use them in the future (54%). We found that lower acculturation (i.e., language
use and ethnic and social relations) and subjective norms favoring non-prescription antibi-
otic use were associated with higher patient intentions to use non-prescription antibiotics
in the future. Simultaneously, healthcare system obstacles (i.e., high doctor visit costs and
language barriers at the clinics) were associated with higher intended non-prescription
antibiotic use.

Individuals of Hispanic heritage are one of the fastest-growing and largest foreign-
born ethnic groups and are estimated to represent 25% of the entire US population by
2050 [22]. Across all sources, Hispanic patients born outside the US had nearly 8.5 times
more intention to use non-prescribed antibiotics in our study. Similarly, studies in the
US, Australia, and the United Kingdom have shown that immigrants may continue to
practice self-medication behaviors that were common in their home countries, including
using antibiotics without a prescription, for familiarity, convenience, sociocultural, and
financial reasons [23–25]. Thus, it is imperative to understand the sociocultural factors that
contribute to non-prescription antibiotic use to prevent this potentially unsafe practice. In
addition, our results showed that patients’ prior non-prescription antibiotic use in the past
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year was a strong predictor of the intention to use non-prescription antibiotics in the future
across all sources (OR 6.26 to 12.32, p < 0.001). These collective results pose an opportunity
to develop antibiotic stewardship messaging based on the emerging recognition of the
role of acculturation and social norms on non-prescription antibiotic use [26]. Healthcare
professionals and health educators can promote safe antibiotic use as a social norm during
patient–clinician counseling while also providing information on the individual-level harms
and risks associated with antibiotic use, including Clostridium difficile infection, adverse
effects, or drug interactions [26].

This research complements a growing body of literature on the association(s) between
acculturation, subjective norms, and health behavior in Hispanic populations. Most prior
research on these associations has focused on other health outcomes, including postpartum
depression, nutrition, exercise, obesity, and cardiovascular disease (CVD), rather than
inappropriate antibiotic use [11,13,27,28]. In this study, acculturation and subjective norms
played an important role in Hispanic patients’ decisions to use non-prescription antibiotics.
Specifically, we found correlations between lower acculturation (language use and ethnic
and social relations subscale scores) and higher patient intentions to use non-prescribed
antibiotics in the future, which is a novel finding. Similar to our results, a study in
Texas found that less acculturated (by generational scores) Hispanic individuals were
more likely to purchase antibiotics across the US–Mexico border, presumably without a
prescription [11]. The lack of studies exploring the effects of acculturation on antibiotic use
warrants further investigation into other ethnic groups across the US and other countries.

Our findings also highlight some specific healthcare barriers, including the high costs
of doctor visits, long clinic waits (e.g., to schedule appointments or during doctor visits),
and a lack of health insurance or health coverage, which impact Hispanic patients’ de-
cisions to use non-prescription antibiotics [3,12]. Patients who experience the burden of
high costs during a doctor’s visit also had three times higher intended non-prescription
antibiotic use from the US and friends and relatives in comparison to patients that did
not report high costs during a doctor’s visit as a problem. Another study also found that
individuals without health insurance were over three times more likely to purchase antibi-
otics outside the US, presumably without a prescription [11]. In our previous qualitative
study, high copayments (for a doctor’s visit and subsequent prescription medications),
regardless of patients having healthcare coverage, drove some patients to seek informal
medical advice and source non-prescription medications using their social networks [12].
Future research should leverage and promote appropriate antibiotic use as a social norm
for Hispanic patients with and without healthcare coverage [13,29]. Specifically, engaging
Hispanic communities with individuals whom they trust, such as community pharma-
cists and community healthcare workers (i.e., “promotoras”), in community stewardship
interventions can help patients navigate the complex healthcare system [12,29]. A com-
prehensive approach that improves access to primary care may reduce non-prescription
antibiotic use [12,29]. Moreover, antimicrobial stewardship programs administered by
multidisciplinary teams [30] in hospital settings have led to beneficial clinical and economic
impacts [31,32]. Therefore, implementing stewardship programs in outpatient settings
could lead to similar outcomes, such as reducing inappropriate antibiotic use and limiting
antimicrobial resistance.

Our study also identified the language barriers that Hispanic individuals may face
during a doctor’s visit. Patients reporting language barriers as a problem during their
healthcare visit reported three times more intended non-prescription antibiotic use from
leftover sources. Hispanic patients’ negative healthcare experiences can have detrimental
consequences. For instance, a recent Pew research study showed that approximately 50%
of Hispanic Americans had negative healthcare experiences and difficulties getting needed
healthcare, and 30% of Hispanic adults reported having to “speak up” (voice their concerns)
to their doctors to get appropriate care [33]. For patients experiencing language barriers or
limited English proficiency, this could be particularly discouraging, promoting alternative
medical-seeking behaviors [12]. Similarly, compared to bilingual or English-only speaking
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Hispanic individuals surveyed, about 81% of the Spanish-speaking adults preferred seeing
Spanish-speaking healthcare providers [33]. Addressing language barriers with language-
concordant healthcare initiatives is important to mitigate communication pitfalls in medical
care and has been shown to improve health outcomes [34].

Our study has certain limitations. First, our study does not compare Hispanic eth-
nic subgroups, and these communities encompass diverse cultures, backgrounds, and
experiences. However, according to the US census and the Texas Demographics Center,
Mexicans are the largest ethnic subgroup, representing 62% of all Hispanic people living in
the US and 83% of all Hispanic people in Texas; thus, the Hispanic patients in this survey
may represent the largest US Hispanic demographic subgroup [35,36]. Second, we did not
account for immigration history or generational status (e.g., we did not ask patients about
their parents’ or grandparents’ ancestry or when people first came to the US). To adjust for
this, we calculated the median years lived in the US, but this factor was not a significant
predictor of patient intentions to use non-prescription antibiotics. Third, the SASH scale
may not account for all aspects of acculturation. Additionally, the SASH scale does not have
any measures regarding the cultural context surrounding where study participants received
their care (e.g., clinics and pharmacies). Nevertheless, the SASH scale has been found to
have both high internal consistency and validity in measuring the language, media, and
ethnic and social relations aspects of acculturation in many studies across a wide array of
Hispanic subgroups [13,20,28]. Lastly, a social desirability response bias may have occurred
despite our best efforts to phrase questions neutrally. Thus, the true prevalence rate of
non-prescription antibiotic use may be underestimated, because patients may have had
concerns about the legality or otherwise disclosing these behaviors or participating in the
survey.

In summary, our results indicate that lower acculturation and subjective norms favor-
ing non-prescription antibiotic use were associated with higher Hispanic patient intentions
to use non-prescription antibiotics in the future. In addition, healthcare system obstacles,
such as the high costs of doctor visits and language barriers, were associated with a higher
intended non-prescription antibiotic use among Hispanic patients.

In conclusion, this study adds value to the scientific literature on the association(s)
between acculturation, subjective norms, and health behavior in Hispanic populations.
Reducing non-prescription antibiotic use in Hispanic communities in the US will require a
multifaceted approach considering the sociocultural and healthcare barriers that influence
non-prescription antibiotic use. Future stewardship interventions can leverage social and
cultural factors to promote appropriate antibiotic use normative behaviors in Hispanic
communities to reduce adverse health effects and antimicrobial resistance.
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Appendix A. Survey Questions

Sociodemographic Questions:

1. How old are you? ____
2. Sex

� Male
� Female
� Other: __________

3. Do you consider yourself to be Hispanic/Latino?

� Yes
� No

4. Which category best describes your race?

� Black or African American
� White
� Declined
� Other, please specify: __________________________

5. What is the highest level of education you have completed?

� Never attended school
� Grades 1 through 5 (Elementary)
� Grades 6 through 8 (Middle School)
� Grades 9 through 11 (Some High School)
� Grades 12 or GED (High School graduate)
� College 1 year to 3 years (Some college or technical school)
� College 4 years or more (College graduate)

6. What was the total annual income in your household in the past year?

� Less than $20,000
� $20,000 or more but less than $40,000
� $40,000 or more but less than $60,000
� $60,000 or more but less than $100,000
� More than $100,000
� Don’t know/prefer not to say

7. Which of the following health insurance plans do you have? (Mark all that apply)

� Medicaid
� Medicare
� Harris Health System/Gold card* *County Financial Assistance program
� None
� Other: ________________________

8. Where were you born?

� United States
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� Other, please specify: _________________________

9. How many years have you lived in the United States? ________

Previous use of antibiotics without a prescription:

1. When was your most recent experience with taking an antibiotic without contacting a
doctor/dentist/nurse? (Please include occasions where you took leftover antibiotics)

� Never
� Less than 6 months ago
� Between 6 and 12 months ago
� More than 12 months but less than 2 years ago
� At least 2 years ago
� I don’t remember

Intention to use antibiotics without a prescription:

1. If you were feeling sick, would you take antibiotics in the following situations without
contacting a doctor/nurse/dentist/clinic?

Yes No Don’t Know

You can buy antibiotics without a prescription in the United States.

You can buy antibiotics without a prescription in another country. If yes, please specify:

Friends/relatives give you antibiotics.

You have leftover antibiotics from a previous prescription.

Social Norms Questions:

1. How many of your friends or relatives use antibiotics without contacting a doctor? For
example: Do they use leftover antibiotics from a previous prescription, use antibiotics
they bought at a flea market, or use antibiotics they bought on the Internet?

� All
� Most
� About half
� Some
� None
� Don’t remember/Don’t know

2. How many of your friends or relatives get antibiotics from another country? Please
specify the country/countries:

� Most
� About half
� Some
� None
� Don’t remember/ Don’t know

Brief Health Literacy Screen measure:

1. How often do you have problems learning about your medical condition because of
difficulty understanding written information?

� Never
� Occasionally
� Sometimes
� Often
� Always

2. How confident are you filling out medical forms by yourself?

� Extremely
� Quite a bit
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� Somewhat
� A little bit
� Not at all

3. How often do you have someone help you read clinic or hospital materials?

� Never
� Occasionally
� Sometimes
� Often
� Always

Barriers to care questions specific to the patient population of the safety-net health-
care system:

1. For your medical appointments in the last 12 months, how much of a problem is each
of the following for you?

Not a
problem

Minor
problem

Major
problem

Not
applicable

1(a) Transportation

1(b) Long waiting times in the clinic

1(c) High cost of doctor visit

1(d) Language barrier

1(e) Not having a regular doctor

Acculturation Questions
The following questions have been approved by previous research studies. This set

of questions is used to measure the level at which an individual has adopted the traits
and characteristics shared by a society. The Short Acculturation Scale for Hispanics is
comprised of three subscales (Language Use, Media, and Ethnic Social Relations). Scores
range from 1 (all Latinos/Hispanics)–5 (all non-Latinos/Hispanics).

Only
Spanish

Spanish
better than

English

Both
equally

English
better than

Spanish

Only
English

1. In general, what language(s) do you read and speak?

2. What was the language you used as a child?

3. What language(s) do you usually speak at home?

4. In what language do you usually think?

5. What language do you usually speak with your friends?

6. In what language(s) are the TV programs you usually watch?

7. What language(s) are the radio programs you usually listen to?

8. In general, in what language(s) are the movies, TV and radio
programs you prefer to watch and listen to?

9. Your close friends are:

10. You prefer going to social gatherings/parties at which
people are:

11. The persons you visit or who visit you are:

12. If you could choose your children’s friends, you would want
them to be:
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Appendix B. Short Acculturation Scale for Hispanics Reliability Statistics

Acculturation Scores Median (IQR‡)
Corrected

Cronbach’s Alpha †
If item Deleted

Cronbach’s Alpha †

Short Acculturation Scale for Hispanics *
(n = 259)
Language Use Subscale Score 2.00 (1.20–3.20) 0.939 0.939
Individual Language Subscale Questions

In general, what language(s) do you
read and speak?

2.00 (2.00–3.00) 0.900 0.916

What was the language you used as
a child?

1.00 (1.00–2.00) 0.750 0.939

What language(s) do you usually speak
at home?

2.00 (1.00–4.00) 0.813 0.929

In what language do you usually think? 2.00 (1.00–4.00) 0.879 0.917
What language do you usually speak

with your friends?
2.00 (1.00–4.00) 0.862 0.920

Media Subscale Score 3.00 (1.33–4.00) 0.969 0.969
Individual Media Subscale Questions

In what language(s) are the TV
programs you usually watch?

3.00 (1.00–4.00) 0.953 0.940

What language(s) are the radio
programs you usually listen to?

3.00 (1.00–4.00) 0.910 0.971

In general, in what language(s) are the
movies, TV and radio programs you prefer to
watch and listen to?

3.00 (1.00–4.00) 0.938 0.951

Ethnic Social Relations Subscale Score † 2.33 (2.00–3.00) 0.754 0.754
Individual Ethnic Social Relation Questions

Your close friends are: 2.00 (2.00–3.00) 0.709 0.598
You prefer going to social

gatherings/parties at which people are:
3.00 (2.00–3.00) 0.593 0.673

The persons you visit or who visit
you are:

2.00 (2.00–3.00) 0.709 0.598

If you could choose your children’s
friends, you would want them to be: †

(n = 254)
3.00 (3.00–3.00) 0.263 0.817

Acculturation Subscale
Aggregate Score † 2.44 (1.67–3.29) 0.939

* The Short Acculturation Scale for Hispanics is comprised of three subscales (Language Use, Media, and Ethnic

Social Relations). Scores range from 1 (Only Spanish) to 5 (Only English) for the Language and Media Subscales

and 1 (all Latinos/Hispanics) to 5 (all non-Latinos/Hispanics) for the Ethnic Social Relations subscale. A higher

score indicates higher levels of acculturation [20]. ‡ Interquartile Range. † Questions relating to each subscale

score were included following the Marin et al. method that uses the principal components analysis (PCA) [20].

The PCA revealed the questions that accurately described each subscore (e.g., language, television and media, and

social acculturation subscores). All questions with interitem correlation (IC) scores above 0.5 (except question 12,

IC = 0.3) were included in the development of the subscores with the highest reliability (Cronbach’s alpha > 0.8).
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Abstract: Antibiotic prescription and use practices in the antenatal care setting varies across countries
and populations and has the potential to significantly contribute to the global spread of antibiotic
resistance. This study aims to explore how healthcare practitioners make decisions about antibiotic
prescriptions for pregnant women and what factors play a role in this process. A cross-sectional
exploratory survey consisting of 23 questions, including 4 free-text and 19 multiple-choice questions,
was distributed online. Quantitative data were collected through multiple-choice questions and
was used to identify the most common infections diagnosed and the type of antibiotics prescribed.
Qualitative data were gathered through free-text answers to identify gaps, challenges, and sugges-
tions, and the data were analyzed using thematic analysis. A total of 137 complete surveys mostly
from gynecologists/obstetricians from 22 different countries were included in the analysis. Overall,
national and international clinical guidelines and hospital guidelines/protocols were the most fre-
quently used sources of information. This study highlights the crucial role of laboratory results and
guidelines at different levels and emphasizes region-specific challenges and recommendations. These
findings underscore the pressing need for tailored interventions to support antibiotic prescribers in
their decision-making practice and to address emerging resistance.

Keywords: antibiotic resistance; antenatal care; antibiotic prescription practices

1. Introduction

Antibiotic use in pregnancy has been globally on the rise in the last decade [1], including
during pregnancy [2]. According to previous studies, antibiotics account for approximately
80% of drug prescriptions during pregnancy, with an estimated 20–40% of expectant mothers
receiving them across different countries in recent years [3]. Antibiotics are powerful drugs
used to treat infections; as such, they have contributed to the saving of countless of lives,
including those of pregnant women. Indeed, the unique immunologic and physiologic
characteristics of pregnancy are associated with high rates of serious and sometimes fatal
outcomes from a variety of infectious diseases [3–5]. Untreated infections during pregnancy
and delivery are key contributors to maternal and neonatal morbidity and mortality and
can largely be prevented by improving the quality of antenatal care (ANC), which aims
to be effective, safe, and efficient through judicious use of medications [6,7]. Some of the
most common maternal infections are urinary tract infections (UTIs), respiratory tract
infections (RTIs), sexually transmitted infections (STIs), bacterial vaginosis (BV), and group
B streptococcus infections (GBS) [8,9].
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Maternal mortality rates remain high worldwide, with around 300,000 women dying
in 2017 according to the World Health Organization (WHO) [10], and global estimates
suggest that in 2014, infections were the third leading cause of maternal mortality, or 10.7%
of all maternal deaths [11]. In 2019, the WHO reported that around 70 pregnant women per
1000 live births had an infection that required hospitalization. The same report identified
that in high-income countries, 11 women per 1000 live births with an infection had adverse
maternal outcomes; meanwhile, in low- and middle-income countries, up to 15 women per
1000 births were impacted [10].

Antibiotic treatment is widely accepted as the best way to treat the majority of bacte-
rial infections. Because many antibiotic regimens have similar efficacy, the choice for the
type of antibiotic is based on pharmacokinetics, safety, and cost [12]. When considering
antibiotic use during pregnancy, antibiotic safety for the mother and fetus is critical be-
cause some drugs can be teratogenic or harmful to the developing fetus [13]. Several factors
can influence the risk of teratogenicity, including gestational period, dose and duration of
therapy, genetic predisposition, environmental factors, and the degree of drug transfer across
the placenta [14,15]. Antibiotic prescriptions should therefore be carefully assessed on an
individual basis, comparing the advantages and the risks to both the fetus and mother.
In certain instances, antibiotic use has been linked to an increased prevalence of neonatal
necrotizing enterocolitis, while in others it has been linked to a lower rate of lung problems
and serious cerebral abnormalities when compared to non-antibiotic-treated mothers [16].

While antibiotics are essential drugs for the treatment of infectious diseases, data on
antibiotic efficacy and safety during pregnancy are extremely limited, including the gestational
age they are consumed. In part, this is due to legal and ethical concerns restricting research on
pregnant women [17,18]. Typically, clinical and epidemiological studies on drug safety are
conducted on non-pregnant women, with results extrapolated to pregnant women [19]. Only
10% of pharmaceuticals sold since 1980 are thought to have collected appropriate data on risks
when used in pregnancy, while over 98% of medications lack adequate pharmacokinetic or
safety data on dosing in pregnant women [20].

In the context of global maternal and childcare, the selection of optimal antibiotics,
their dosages, the duration of therapy, and the balance between costs and benefits are crucial
factors to acknowledge. Guidelines play an important role in ensuring that antibiotics are
administered correctly. Schuts et al. [21] described the relationship between prescribing
antibiotics according to guidelines and a significantly lower risk of mortality in hospitals
overall. In addition, compliance with clinical practice and guidelines is an indicator of
high-quality treatment in hospitalized patients [22,23]. Although global attention to ANC
therapeutic needs is gradually increasing, there are still gaps, primarily in knowledge, that
undermine the development or attainment of guidelines to direct physicians’ practices.

Adequate antibiotic prescription is crucial to ensure that the right patient receives the
right antibiotics at the right time in order to optimize clinical outcomes, while also helping to
limit further increases in antibiotic resistance. In fact, as antibiotics reduce the risk of serious
morbidity and mortality in a population, they also facilitate the evolution and spread of
antibiotic-resistant bacteria, and antibiotic over-prescription hastens this process. Pregnant
women and newborns require special consideration. As such, understanding how these
issues overlap is urgent, and investigating the role that ANC providers play is empirical.
How and when providers prescribe drugs, including antibiotics, is a multifactorial and
complex process. Previous research has identified a variety of factors influencing antibiotic
prescriptions in hospitals and primary care, including physician-specific and patient-related
factors, including the availability of diagnostic tools, local antibiotic resistance data, patient
satisfaction, and cultural and organizational factors.

This study investigated how ANC providers in various countries make decisions
about antibiotic prescriptions for pregnant women. Improved understandings of antibiotic
prescription practices can help healthcare providers better tailor their practices to the
specific needs of patients, resulting in improved maternal and neonatal health outcomes.
By suggesting evidence-based recommendations for ANC providers, this study can help
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explore current practices and needs for improvements at the policy and institutional
levels to support antibiotic prescribers in their decision-making processes and improve the
consistency of care. This, in turn, can lead to more reliable outcomes and a more evidence-
based approach to healthcare management and policy development. By having a better
understanding of the factors that influence antibiotic prescription decisions, healthcare
managers can develop targeted interventions that improve the quality of care and patient
outcomes.

2. Results
2.1. Respondents’ Characteristics

In total, 161 survey responses were received. However, 24 survey responses were ex-
cluded from further analysis as they had missing answers on more than 90 per cent of the
questions. In total, 137 healthcare professionals participated in this study, representing 22 dif-
ferent countries from four WHO regions: the European Region (8); the Eastern Mediterranean
Region (2); the African Region (7); and the Region of the Americas (5), of which there were
several from Central and South America and one respondent from Canada. See Appendix C
for a map of the geographical distribution of the survey. Most of the respondents were
gynecologists/obstetricians (84.7%). Other professions included gynecologists in training
(5.1%), general practitioners (3.6%), public health professionals, and one antimicrobial
resistance (AMR) fellow (1.5%) (Table 1).

Table 1. Summary of the main characteristics of healthcare providers who participated in the survey
(n = 137).

Characteristic Total (N = 137),
n (%)

Gender
Male 44 (32.1)

Female 93 (67.9)
Non-binary 0 (0)

Prefer not to say 0 (0)
Age

20–29 12 (8.8)
30–39 39 (28.5)
40–49 22 (16.1)
50+ 60 (43.8)

Other 4 (2.9)
Profession

Gynecologist/obstetrician 116 (84.7)
General practitioner 5 (3.6)

Midwife 2 (1.5)
Nurse 1 (0.7)
Other 13 (9.5)

Country of practice (WHO region)
Region of the Americas 16 (11.7)

European Region 101 (73.8)
African Region 8 (5.8)

Eastern Mediterranean Region 12 (8.8)

2.2. Practices of Antibiotic Prescription

The main themes and factors that influenced antibiotic prescribing practice in the
study population are summarized in Figure 1.
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2.2.1. Diagnostics

Bacterial infections were the most diagnosed infections (81%) across all WHO regions.
Fungal infections were only reported (10.9%) in the European and Eastern Mediterranean
regions.

Participants from the European and Eastern Mediterranean Regions reported diag-
nosing infections more than once per month, those from the African Region at least once a
week, and from the Americas both routinely and regularly. Most of the respondents (60.6%)
diagnosed infections in pregnant women more than once a month. A little over a third of
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all respondents (35.8%) diagnosed infections more than once a week. In the African Region,
half of the respondents indicated that they diagnosed an infection more than once a week.

In this study, laboratory diagnostics and clinical presentation were the most frequently
considered factors for diagnosing suspected infections in pregnant women across all four
WHO regions. Regarding laboratory access, the majority of respondents (71.5%) reported
having easy and prompt access to laboratory diagnostics. However, regional discrepancies
were observed, with 50% (4 out of 8) of the respondents from the African Region indicating
partial access and 37.5% (3 out of 8) reporting easy access.

Within the African Region, specific challenges were identified in Zimbabwe, where
adequate laboratory support was lacking, as well as in Nigeria, where delays in receiving lab-
oratory investigation results were reported. In Uganda, respondents reported non-adherence
to ministry guidelines on antibiotic use for pregnant mothers, lengthy laboratory investi-
gation times, and a reliance on clinical presentations to make diagnostic judgments. It is
unclear whether similar challenges exist in other countries, and further investigation is
warranted to contextualize these findings.

In the Americas, 56.3% (9 out of 16) of respondents reported easy access to laboratory
diagnostics, while the remaining 6 respondents reported partial access. There was no discernible
difference between North and South America in this regard. On the other hand, all four
respondents who reported difficult access to laboratory diagnostics originated from the
European Region, and all were gynecologists/obstetricians from Italy. These findings may
have important implications for the development of region-specific interventions to improve
laboratory access and facilitate appropriate antibiotic prescribing practices. National clinical
guidelines were also frequently taken into consideration (52.6%), as well as previous medical
history (38.0%). One respondent from the American Region mentioned lifestyle and diet as
additional elements taken into consideration during diagnosis.

2.2.2. Treatment

Across the four WHO regions, the most common infections that required antibiotic
treatment were UTIs (67.9%). Other infections requiring antibiotic treatments included BV
(5.8%), candidiasis (4.4%), asymptomatic bacteriuria (2.2%), and vaginitis (2.2%). In another
5.8% of cases, the free-text response of Escherichia coli infections was provided. It is impor-
tant to note is that Escherichia coli infections are often associated with UTIs and therefore
likely contribute to the response chosen most often.

The majority of respondents across all four WHO regions indicated prescribing broad-
spectrum antibiotics more often (56.9%) than narrow spectrum (31.4%). Data showed that out
of the 34 respondents who indicated partial or difficult access to laboratory diagnostics, 24
(70.6%) indicated prescribing broad-spectrum antibiotics most often, versus 6 respondents
who indicated prescribing narrow-spectrum antibiotics more often.

Just over a quarter of the total respondents (28.5%) never referred pregnant women
with a suspected infection to a colleague, while over half rarely did. Out of 14 respondents
who regularly/routinely referred patients to another specialist, 9 (64.3%) were gynecolo-
gists/obstetricians, but only 5 out of 21 (23.8%) of respondents with a different occupation
referred patients regularly/routinely. These 5 included a nurse (1), lab technician/AMR
fellow (1), midwife (1), gynecologist in training (1), and general practitioner (1)

In case of referral, this was most often carried out by an infectious disease specialist
(46%). Other patients were referred to gynecologists (12.4%), female urologists (5.1%), and
pathologists (0.7%).

2.2.3. Indicators Considered when Prescribing Antibiotics

Different factors were considered by practitioners when prescribing antibiotics to
pregnant women, including laboratory results (73.7%), overall clinical picture (46.7%),
trimester of pregnancy (43.1%), national clinical guidelines (40.1%), and international
clinical recommendations (35.8%). There were, however, some differences across the
four WHO regions. National clinical guidelines were indicated as more important by the
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European Region (44.6%) and the Americas (43.8%) compared to the African (25.0%) and
the Eastern Mediterranean (8.3%) Regions. Additionally, international clinical guidelines
were not mentioned by respondents from the African Region.

2.2.4. Consultations

Respondents were asked more specifically about the frequency of consultations with
colleagues. About two thirds of all respondents (61.3%) consulted with colleagues before
prescribing antibiotics to a pregnant woman, whereas about one quarter (29.9%) indicated
that they never did. This trend was visible across almost all age groups, 20–29 years of age
(66.7% vs. 8.3%), 30–39 years of age (76.9% vs. 15.4%), and 40–49 years of age (59.1% vs.
27.3%). Only in the age group of 50+ was the proportion of respondents consulting with
colleagues similar to those who did not (48.3% vs. 45.0%).

When consulting with colleagues, respondents mentioned doing so most often with a
gynecologist (33.6%) or a microbiologist (32.1%). Other colleagues mentioned were infectious
disease specialists and midwives. Most of the respondents who consulted with colleagues
did so rarely (38.7%). In the American, European, and African Regions, around twenty per
cent of the respondents consulted with colleagues more than once a month, whereas only
one of the respondents from the Eastern Mediterranean Region consulted more than two
to three times a year with colleagues. Overall, only a small number of respondents (4.4%)
consulted weekly with colleagues.

2.2.5. Reasons for Switching between Hospital and National Guidelines

Among the respondents, 22 reported instances of non-adherence to hospital and
national guidelines. Reasons for not following guidelines varied across regions. In Eu-
rope, reasons included concerns about allergies, antibiotic resistance, and unclear policies.
In Switzerland, antibiotics were used cautiously, and alternative strategies were discussed
with patients whenever possible. In Italy, antibiotic resistance was a primary concern,
while allergies were cited as a reason for non-adherence in Belgium and Lithuania. In the
Netherlands, second or third choice antibiotics were used in cases of allergy or resistance
based on guidelines or consultation with a microbiologist. However, the guidelines them-
selves were sometimes unclear or subject to discussion, particularly in cases of preventive
antibiotics, such as with preterm rupture of membranes. For instance, a respondent from
the Netherlands explained the challenges related to guidelines use in pregnancy in an
open question:

“Particularly with preventive antibiotics, there is sometimes discussion in guide-
lines. For example, in case of preterm ruptured membranes. Previously, the
advice was to treat, then not for a while, and now there is a review in which the
option is considered again. This is based on the same trials. So, it is not always
clear what the best policy is.” (The Netherlands; translated from Dutch.)

Respondents from the Americas mentioned natural remedies and non-response to antibi-
otics from guidelines as reasons for deviation. Based on the experience from the respondent
from Canada, clients were supported to make informed choices and if they chose to try nat-
ural remedies or aromatherapy first, antibiotics were used only if the first treatment was not
successful. In Uruguay, deviation from guidelines occurred sometimes due to non-response
to the proposed treatment. In the Eastern Mediterranean Region, some respondents reported
deviation due to personal experiences and lack of response to antibiotics. In Iraq and Lebanon,
treatment decisions were made based on culture results. In the African Region, respondents
mentioned resistance and drug availability as reasons for deviation. In Zimbabwe, overuse
of Ceftriaxone led to resistance. An example of a respondent from Nigeria has provided
insight into the difficulties surrounding medication and drug availability by responding to
an open-ended question.
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“Working in rural areas within LMICs (low and middle-income countries) often
requires prescriptions based on available medications amongst other considera-
tions.” (Nigeria.)

It is important to note that the reasons for deviation may differ based on the healthcare
setting and not just because of overuse or misuse of antibiotics. Therefore, guidelines should
be contextualized according to the specific setting to ensure appropriate and effective use
of antibiotics.

2.3. Challenges of Diagnostics/Antibiotic Treatment

Twenty-eight respondents (22.4%) reported encountering challenges related to the
diagnosis and/or prescription of antibiotics for pregnant women in their daily practice,
with variations across different WHO regions. Many respondents from the African Region
(71.4%) reported facing such challenges, whereas in the European Region and Eastern
Mediterranean Region, a relatively smaller proportion of respondents (11.5% and 20.0%,
respectively) reported facing similar challenges. In the Region of the Americas, nearly half
of the respondents (42.9%) reported encountering such challenges. In Europe, challenges
related to the diagnosis of infections and/or antibiotic prescription for pregnant women in-
cluded inadequacy of antibiograms, allergies, and resistance. Specifically, respondents from
Switzerland identified challenges related to atypical pneumonia, preterm labor, preterm
rupture of membranes, appendicitis, and asymptomatic UTIs. In Italy, inadequate use
antibiograms were reported.

“Antibiograms often investigate antibiotics that cannot be prescribed during
pregnancy” (Italy; translated from Italian.)

In the Netherlands, challenges included unknown allergies to antibiotics and the need
to switch medications due to lack of clinical improvement, as well as a lack of studies on
proper dosage for pregnant women and the degree of transmission to the child.

“- Not unequivocal best policy—There is a lack of studies on proper dosing
for pregnant women and on the extent of transmission to the child. During de-
livery, leucocytes and CRP are routinely elevated, which makes differentiation
between infection and inflammation due to delivery not always possible.” (The
Netherlands; translated from Dutch)

In the Eastern Mediterranean Region, poor compliance and disagreement pose chal-
lenges. In Iraq, poor compliance and limited investigations available, or the unavailability
of certain medications, were identified as issues. In Lebanon, resistance patterns present in
patients and conflicting laboratory test results that do not fit with symptoms pose challenges
that require collaboration and resolution.

In the African Region, challenges included lack of lab support, delays in lab results,
resistance, and recurrent UTI. Respondents from Uganda reported not adhering to ministry
guidelines on antibiotic use for pregnant women due to long delays in lab investigations.
Zimbabwe faces a lack of adequate laboratory support, while respondents from Nigeria
experience delays in laboratory investigations. In Ethiopia, selecting antibiotics that are
not associated with congenital malformations in case of resistance development poses a
challenge in the first trimester of pregnancy. In Liberia, pregnant women presenting with
recurrent UTI were identified as a challenge that requires urine culture and sensitivity tests.
It is important to note that these findings are based on the experiences reported by our
respondents in Ethiopia and Liberia and may not be representative of the entire countries.

In the Americas, challenges included resistance, sensitivity, lack of consideration for
diet, and lifestyle factors. Specifically, respondents from the Dominican Republic reported
challenges when faced with sensitivity to antibiotics not recommended for the appropriate
trimester of pregnancy in urine or vaginal culture reports. In Uruguay, challenges include
uncertainty around whether patients are immunized or experiencing toxoplasmosis rein-
fection, as well as multi-resistant germs that require treatment with antibiotics not ideal in
pregnancy.
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“When I have a report of a urine or vaginal culture that gives me sensitivity
to antibiotics not recommended for the corresponding trimester of pregnancy.”
(Dominican Republic; translated from Spanish.)

“There are multi-resistant germs that make it necessary to treat with antibiotics
that are not ideal in pregnancy.” (Uruguay; translated from Spanish.)

2.4. Sources of Information

The results indicate that national clinical guidelines (67.1%), international clinical
guidelines (63.5%), and hospital guidelines/protocols (56.2%) were the most frequently
used sources of information among healthcare professionals. Professional education courses
were also identified as a commonly used source of information (42.3%). However, there
were differences in the sources of information used between the four WHO regions. In
Europe, national clinical guidelines (71.3%), international clinical recommendations (61.4%),
and hospital guidelines (60.4%) were the top three sources of information. In the Eastern
Mediterranean Region, international clinical recommendations (58.3%), professional confer-
ences (41.7%), and hospital guidelines (41.7%) were the most used sources. In Africa, where
there is limited resource availability, healthcare professionals heavily rely on professional
education courses (87.5%), followed by international clinical recommendations (75.0%)
and national clinical guidelines (62.5%). In the Americas, both national clinical guidelines
and international clinical recommendations were equally used (75.0%), while hospital
guidelines were used by 50.0% of healthcare professionals.

2.5. Recommendations

The respondents’ recommendations indicate an urgent need for support in the form of
guidelines, access to resources, and training manuals to aid in decision making regarding
the diagnosis and treatment of infections in pregnant women. The reduction in antibiotic
use was suggested in Canada and Belgium, while considerations for resistance when
prescribing were recommended in Uruguay and Italy. Italy also called for more specific
guidelines for resistant bacteria. More uniform and better guidelines for prescription during
pregnancy, increased education for healthcare professionals and patients, and improved
lab accessibility were also recommended.

“Taking into account antibiotic resistance. Taking into account the unavailability
in Italy of amoxicillin for prevention of Streptococcus agalactia infection in labor.”
(Italy; translated from Italian.)

“Publish updated national/regional pocket guidelines based on local epidemi-
ology. Establish a national registry on (severe) pregnancy infections treated in
inpatient settings.” (Italy; translated from Italian.)

Several specific recommendations were provided by different countries, such as non-
antibiotic therapy in pregnant women in Switzerland, utilizing culture and sensitivity
testing by clinicians in Uganda and Belgium, limiting the use of antibiotics and prioritizing
the results of the antibiogram in the Netherlands, and refraining from prescribing first-line
antibiotics, which are the standard antibiotics that are typically prescribed as a first course
of treatment for a particular infection, without a proper diagnosis, in Mozambique.

“Hospital develop antibiograms for mothers and should be adhered to. Culture
and sensitivity testing should be fully utilized by the clinicians.” (Uganda.)

Respondents from Uruguay suggested better treatment of UTIs during pregnancy,
along with following national and international clinical guidelines and avoiding prophy-
lactic antibiotic use.

Respondents from Italy recommended teratology courses, establishing a national reg-
istry of hospitalized infections in pregnancy. Considering the risk of AMR and the limited
availability of antibiotics, it may not be advisable to rely solely on antibiotic treatment to
prevent GBS infection. More specificity of therapy and options in case of resistance, as
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well as easily accessible guidelines, were also recommended in Italy. In Lebanon, teaching
patients and teamwork were suggested, while upgrading laboratory services, especially
culture and sensitivity, was recommended in Liberia.

Respondents from the Dominican Republic emphasized the importance of following
guidelines, using logical judgment, and continually updating medical practices. Finally,
respondents from Canada recommended considering treatment with natural remedies
before antibiotics, if appropriate and suitable for the patient.

3. Discussion

The primary objective of this study was to present a comprehensive overview of di-
verse antibiotic prescription practices for pregnant women among healthcare professionals
from different regions of the globe.

In the context of diagnosing and treating infections in pregnant women, most health-
care professionals reported engaging in such practices as part of their routine clinical
activities. Despite considerable similarity in responses across respondents from various
WHO regions, there were notable differences observed, specifically with respect to the
accessibility of laboratory diagnostic testing. Respondents from the Regions of the Amer-
icas, Europe, and Eastern Mediterranean commonly reported easy and rapid access to
laboratory diagnostic testing, whereas others reported limited access. However, caution is
needed when generalizing the findings, as the percentage of those reporting limited access
was low in all regions. The challenges faced by respondents from the African Region in
accessing laboratory diagnostic testing were also reflected in issues related to prescribing
antibiotics. These disparities in laboratory diagnostic accessibility align with the concept of
the global diagnostic gap, which describes the unequal distribution of diagnostic resources
worldwide [24]. Individuals residing in larger urban areas or with higher socioeconomic
status generally enjoy better access to laboratory diagnostic testing, whereas those from
rural areas or with lower socioeconomic status are disproportionately affected [25]. Insuffi-
cient access to high-quality laboratory diagnostic testing can have significant implications
for pregnant women’s care, potentially leading to inaccurate diagnoses and inappropriate
treatment regimens [26]. Such circumstances may also contribute to the emergence of
antimicrobial resistance.

Notably, UTIs were the most treated infections across all four WHO regions, which is
consistent with previous research that identifies UTIs as the most prevalent infections among
pregnant women [27]. The majority of respondents reported prescribing broad-spectrum
antibiotics most frequently, which aligns with empirical treatment practices observed in the
general population. However, research has also shown that once laboratory diagnostic re-
sults are obtained, clinicians often shift to prescribing narrow-spectrum antibiotics [28]. This
pattern was not reported in the present study. Additionally, some respondents discussed
the applicability of guidelines and the potential adverse clinical outcomes of prescribing
certain antibiotics during pregnancy, particularly in specific trimesters.

A few respondents In our study also mentioned the inadequacy of antibiograms for
infections during pregnancy. According to them, antibiograms often fail to evaluate an-
tibiotics that are safe to use during pregnancy, while some of the evaluated antibiotics are
contraindicated during pregnancy due to their teratogenic effects [29]. Moreover, resistance
to commonly used antibiotics among prevalent bacterial strains is widespread, limiting
the choice of antibiotics during pregnancy. Although β-lactam antibiotics are generally
considered safe during pregnancy, resistance rates to these antibiotics are rapidly increas-
ing [30]. Furthermore, little is known about the effects of many antibiotics on maternal
and fetal health. A study reported that the vast majority of antibiotics approved by the
Food and Drug Administration (FDA) had an ‘undetermined’ potential to cause fetal ab-
normalities [31]. This lack of evidence-based information on the safety and efficacy of
most drugs during pregnancy has resulted in insufficient support for decision-making
processes concerning antibiotic prescriptions for pregnant women, as described by other
studies [32,33]
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In terms of sources of information, variations were observed among the four WHO
regions in our study. National clinical guidelines, international clinical guidelines, and
hospital guidelines/protocols were the most frequently consulted sources of information
overall. However, in the African Region, professional education courses were the most
used source, while professional conferences and education courses were among the top three
sources in the Eastern Mediterranean Region. The lower utilization of national and institu-
tional clinical guidelines in the African Region may be attributed to the limited availability of
standardized treatment guidelines in many African Union member states [34]. Similarly, the
lack of clear guidelines regarding dosage and duration of antibiotic treatment in Lebanon
has been identified as a potential reason for the low reliance on national and institutional
guidelines in the Eastern Mediterranean Region. These findings suggest that healthcare
professionals follow established guidelines and training procedures that prioritize diag-
nostic accuracy in identifying infections [35]. However, it is important to note that the
specific guidelines or training protocols followed by healthcare professionals may vary
depending on their location, setting, or specialty. Therefore, it may be beneficial to further
explore the underlying factors that contribute to these diagnostic practices and to consider
potential improvements or modifications to existing guidelines or training programs to
ensure optimal diagnosis and treatment of infections in pregnant women.

The survey also revealed that approximately one third of the respondents consulted
colleagues before prescribing antibiotics to pregnant women, with gynecologists and mi-
crobiologists being the most frequently consulted. Previous research identified four key
characteristics of consultation with colleagues, including the influence of colleagues, social
team dynamics, hierarchy, and reputational risk [36]. However, our study did not explore
the specific motivations for consulting with colleagues among the respondents. The process
of referral and consultation can vary significantly across different countries and healthcare
systems. Referral and consultation mechanisms may differ based on factors such as the
organization of healthcare systems, the availability of specialists, and the criteria for refer-
ral [37]. For instance, in some countries, patients may require a referral from a primary
care physician before seeing a specialist, while in others, patients may be able to directly
access specialists without a referral. Additionally, the process of consultation may involve
various methods of communication, such as telephone, electronic messaging, or face-to-face
meetings. These differences in referral and consultation processes may have implications
for the quality and timeliness of care that patients receive, and healthcare professionals
may need to adapt their practices based on the specific systems in which they work. One
possible explanation for the trend in higher proportions of respondents consulting with col-
leagues among younger age groups compared to older age groups could be the difference
in experience and confidence levels in their respective fields. Younger individuals who are
newer to their professions may be more likely to seek guidance from colleagues to gain
knowledge and build their confidence, while older individuals with more experience may
have already developed a more independent decision-making process. However, further
research would be needed to confirm this hypothesis.

The prescription practices of antibiotics can vary greatly between countries due to
differences in regulatory frameworks, healthcare systems, and cultural norms. For instance,
some countries have more stringent regulations regarding antibiotic use, which may result
in lower rates of prescription and a greater emphasis on non-antibiotic treatments. Several
countries have implemented strategies to promote appropriate antibiotic use, resulting
in lower rates of antibiotic use and a greater emphasis on non-antibiotic treatments. For
example, in the Netherlands, there is a strong emphasis on responsible antibiotic use,
which has led to lower rates of antibiotic use in the general population [38,39]. In Canada,
initiatives focused on education and awareness have been implemented to promote ap-
propriate antibiotic use, resulting in more conservative prescribing practices compared to
the United States [40]. Contrary to the conventional assumption that behavioral factors,
such as education, are the main drivers of antibiotic practices, recent research suggests that
these practices should be examined from the perspective of infrastructural constraints. In
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other words, systemic factors, including the availability of healthcare facilities, drug supply
chains, and laboratory diagnostic capacity, are important determinants of antibiotic use, in
addition to individual-level factors [41,42]. While some countries may have more relaxed
regulations that encourage the use of antibiotics, leading to higher rates of prescription,
there are also systemic factors that contribute to inappropriate antibiotic use. For instance,
in Nigeria, there may be infrastructural challenges, such as limited access to healthcare
facilities and qualified medical personnel, which further exacerbates the overuse and mis-
use of antibiotics [43]. Similarly, in Uganda, infrastructure challenges, such as inadequate
drug supply chains, limited laboratory diagnostic capacity, and insufficient staffing also
contribute to inappropriate antibiotic use [44]. In Italy, systemic factors such as inadequate
prescribing guidelines and a lack of antimicrobial stewardship programs may also play a
significant role in driving inappropriate antibiotic use [45,46].

The differences in prescription practices may have significant implications for the
emergence and spread of antibiotic resistance, as well as for patient outcomes. Currently
available guidelines and support were evaluated by the majority of the respondents in our
study, who appeared either completely or somewhat satisfied. However, some respondents
expressed some dissatisfaction, and provided recommendations for improving the diagnos-
tics and treatment of pregnant women with bacterial infections. The findings are consistent
with previous research, which has shown an improvement in AMR awareness among
healthcare professionals over time [36,47]. Despite this, our respondents highlighted a need
for better guidance and support for the treatment of resistant bacteria in pregnant women.
To address this need, it is recommended that local guidelines are developed specifically for
the most frequently occurring (resistant) bacterial strains.

Moreover, the respondents in this study exhibited an awareness of the importance
of careful use of antibiotics, particularly in cases of prophylaxis, as a means of curbing
the emergence of antibiotic resistance. Research conducted previously has indicated that
antibiotics are often administered routinely to women in labor in low- and middle-income
countries, regardless of the complexity of delivery [48]. This practice of prophylactic antibiotic
use could have a detrimental effect on the emergence of antibiotic resistance. Therefore, raising
awareness about safe and effective antibiotic use could help prevent antibiotic resistance.
Additionally, a few respondents identified the need for high-quality and easily accessible
laboratory tests to ensure appropriate antibiotic prescribing. As Kollef [28] suggested,
initial broad-spectrum antibiotic treatment should be narrowed or adjusted based on the
results of culture and sensitivity tests to minimize the risk of death due to ineffective
initial treatment, as well as the risk of antibiotic resistance resulting from prolonged use of
broad-spectrum antibiotics.

An online survey was utilized to collect data for this study due to its global scope.
However, this method may have introduced sampling bias. The decision to participate in
the survey could have been affected by access to the internet and technological proficiency,
potentially dissuading certain medical professionals from contributing to the study, partic-
ularly those in areas with limited internet connectivity. This could have led to distorted
survey results, particularly in relation to information sources used for diagnostics and
antibiotic treatment. One potential limitation is the relatively low number of responses
received despite our international recruitment efforts. We recognize that a larger sample
size would have provided a more representative and diverse range of perspectives on the
determinants of antimicrobial use and resistance; the limited number of responses should
be considered when interpreting the findings of our study. Another limitation of our study
is that we did not collect specific information on the names or families of the antimicrobials
used in our sample. As a result, we were unable to classify the antimicrobials according to
the WHO AWaRe classification (WHO access, watch, reserve, classification of antibiotics
for evaluation and monitoring of use), which could provide valuable information on their
appropriateness and potential impact on antimicrobial resistance.

Furthermore, this study is limited by significant variations in the number of respon-
dents across the different WHO regions. Many of the respondents were from the European
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Region, with many of those respondents originating from Italy. Some of the researchers’
Italian background may have resulted in more responses from Italy to the post they shared
on social media, and snowball sampling may have compounded this effect. As a result,
the study’s findings may not be representative of the global population. Finally, while
acknowledging the diversity of gender identities among patients, the present study em-
ploys the term ‘pregnant women’ to refer to this population. This choice is justified on
several grounds. The term ‘pregnant women’ is widely used in ANC facilities worldwide.
Therefore, it was deemed appropriate to adopt this terminology consistently in the survey
and subsequent paper. Notably, this terminology does not preclude individuals identifying
as a different gender to be included.

4. Materials and Methods

A cross-sectional online survey was carried out among healthcare providers working
in ANC from different countries around the globe between 1 June 2022 and 1 January 2023.

4.1. Online Survey

The online survey consisted of 23 questions, including 4 free-text answers and 19
multiple-choice questions. It focused on three aspects: practices of antibiotic prescription,
sources of information, and recommendations for future practices. The survey was first
developed in English, after which it was shared with a multidisciplinary group of healthcare
professionals for feedback and to ensure the quality of the questions. The finalized survey
was translated with the support of native speakers into six more languages: Dutch, German,
French, Spanish, Portuguese, and Italian. A further quality check was performed to ensure
the content was consistent across translations and to ensure the absence of grammatical or
spelling errors. The survey was generated online using Qualtrics XM (Qualtrics, Provo, UT,
USA, 2022). See Appendix A for the survey.

4.2. Study Population

The study population consisted of healthcare practitioners working in ANC with no geo-
graphical limitation. To reach a broad number of participants, a combination of purposive sam-
pling and snowball sampling was used. Participants were recruited on a voluntary basis and
were invited to participate via email, by contacting professional organizations/networks,
or by sharing the information on social media platforms (LinkedIn, Twitter, and Facebook).
Email addresses of practitioners or networks were gathered from the main researchers’
personal networks, as well as the International Federation of Gynaecology and Obstetrics
(FIGO) website, which was utilized to compile an email list of member countries. The
Gynécologie Suisse SSGO (Swiss association of gynecology) shared the project information
on their monthly newsletter. The email and an information leaflet (in each of the seven
languages) included a link to the online survey, a brief explanation of the project, its major
goals, and the researchers’ names and contact information. Participants were also invited
to share the email and information flyer with their professional networks to recruit more
participants.

4.3. Data Analysis

Quantitative and qualitative data on prescription practices and decision-making tools
were obtained using closed and open-ended questions. Data were utilized to identify the
key ideas that influence antibiotic prescribing behavior. Quantitative data were gathered
and analyzed using descriptive statistics (frequencies and percentages) in IBM SPSS Statis-
tics 27 (Armonk, NY, USA: IBM Corp). Because of the heterogeneous number of responses
across countries, data were reported per WHO region.

To generate common themes from qualitative data, descriptive thematic analysis
of free-text responses was used. DeepL Translator (DeepL Translate, n.d.) was used to
translate free-text responses to English, and the translations were reviewed by native
speakers. Initially, a deductive approach was utilized to develop general themes based on
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survey question topics. Following that, an inductive approach was used to discover additional
(sub)themes based on responses. A coding technique was established after reading the answers
several times. An overview of the main themes and factors was developed (Figure 1).

In the context of antibiotic prescribing practices, the term “rarely” was used to indicate
a frequency of 2 to 3 diagnoses per year, while “regularly” denoted a frequency of more
than 1 diagnosis per month, and “routinely” signified a frequency of more than once a
week. These terms were used to describe the frequency with which healthcare providers
diagnose infections and subsequently prescribe antibiotics.

4.4. Ethical Considerations

The study received ethical approval from Maastricht University Medical Ethics Review
Committee (FHML- REC/2022/001). Informed consent was obtained from each respondent
prior to participation in the survey (Appendix B). The participants had to agree online
before going forward with the survey, and they were informed that they could stop at any
time by closing the browser. Participants were also informed about the purpose of the
study, that participation was voluntary, and that all data collected would be confidential.

5. Conclusions

This study sheds light on the decision-making process underlying antibiotic prescrip-
tion among healthcare practitioners in ANC globally. Data suggest that consultation of
laboratory test results and adherence to guidelines were among the most important factors
in this process. The study also identified differences in practices and challenges across four
WHO regions, indicating the need for region-specific guidance. Furthermore, this study
highlights the need for continued efforts to prevent the emergence of AMR within ANC
through the implementation of effective and safe antibiotic use practices. This exploratory
work provides important insights that can be used to inform the development of targeted
interventions and policies to improve the care of pregnant women worldwide. This study
can stimulate further research on this topic, including studies on the effectiveness of current
guidelines and the development of better guidelines for antibiotic prescription to pregnant
women. Research should also investigate the significance of patient expectations in the
decision-making process of healthcare practitioners regarding antibiotic prescriptions as
this can have implications for the emergence and spread of AMR. Lastly, this study can be
beneficial to researchers working on global health issues as it highlights the importance
of identifying challenges and regional differences in the implementation of guidelines for
antibiotic prescription in ANC.
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Appendix A. Survey

I. Demographics
1. Age (years):
20–29
30–39
40–49
50+
Other
2. Gender
Female
Male
Non-binary
Do not want to say.
3. Occupation
General practitioner
Gynecologist/Obstetrician
Nurse
Midwife
Other (please indicate) ___________
4. Country of practice
Please indicate ______________
II. Practices of Antibiotic Prescription
5. In your practice, do you have to diagnose infections in pregnant women?
1. Yes
2. No, we transfer to (please indicate) (if this answer is chosen, you can skip to question 15)
3. Other (please indicate) ___
6. How often do you diagnose infections in pregnant women?
1. Rarely (2–3 times a year)
2. Regularly (>1x a month)
3. Routinely (>1x a week)
7. In your practice, do you have to treat infections in pregnant women?
1. Yes
2. No
3. Other (please indicate) _______
8. What are the most common infections (Urinary Tract Infection (UTI), Reproductive
Tract Infections (RTI), vaginal) that you managed in pregnant women?

1. Bacterial infections (e.g., bacterial vaginosis, chlamydia trachomatis, urinary tract infec-
tions, etc.)
2. Viral infections (e.g., Herpes Simplex, genital warts, etc.)
3. Parasitic infections (e.g., malaria, helminth infections, etc.)
4. Fungal infections (e.g., vulvovaginal candidiasis)
5. Difficult to say
6. Other (please indicate) _______
9. Which of the following elements do you usually consider when diagnosing a
suspected infection in pregnant women? (Multiple answers possible)
1. Overall clinical picture
2. Previous medical history
3. National clinical guidelines
4. International clinical recommendations
5. Previous work experience with similar cases
6. Laboratory diagnostics
7. Other (please indicate) _______
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10. Do you have easy access to laboratory diagnostics?
1. Yes, I have easy access to quick laboratory diagnostics
2. Partial access, not always quick
3. No, difficult to get access to laboratory diagnostics and it takes a long time
4. No, lack of finances
5. Other (please indicate) ______________
11. Which of the following indicators do you usually consider when prescribing
antibiotics to a pregnant woman? (Maximum 3 main indicators)

1. Overall clinical picture
2. The trimester of pregnancy
3. Previous history of infectious diseases
4. Laboratory results
5. National clinical guidelines
6. International clinical recommendations
7. Previous work experiences with similar cases
8. Other (please indicate) ______
12. What is the most common disease that you cure via antibiotics in your practice?

_____________________________________________________
13. What type of antibiotics do you prescribe most often to pregnant women?
1. Broad spectrum
2. Narrow spectrum
3. Difficult to say
14. Did you ever switched from the treatment advice given through the hospital/national
guideline? Why?

1. No
2. Yes, please explain
15. Have you experienced any specific challenges related to diagnostic of infections and/
or antibiotic prescription for pregnant women?
1. Yes, please explain
_____________________________________________________________________________
_______________________________________________________________________
2. No
16. To which specialist do you usually refer pregnant women with suspected infections?
1. Gynaecologist
2. Female urologist
3. Infectious diseases specialist
3. Other (please indicate) _____
17. How often do you refer pregnant women with suspected infections to a specialist?
1. Rarely (2–3 times a year)
2. Regularly (>1x a month)
3. Routinely (>1x a week)
III. Sources of Information
18. What sources of information do you usually use to inform yourself on diagnostic and
treatment options for infectious diseases in pregnant women? (Multiple answers possible)
1. National clinical guidelines
2. International clinical recommendations
3. Pharmaceutical representatives
4. National medical journals
5. International medical journals
6. Professional conferences
7. Conversations with colleagues
8. Professional education courses
9. Hospital guidelines/protocols
10. Other (please indicate) ____________________
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19. Do you (sometimes) consult with colleagues before prescribing antibiotics to a
pregnant woman?

1. Yes
2. No (if this answer is chosen, you can skip to question 20)
20. If you answered yes to question number 17, how often do you consult your collogues
before prescribing antibiotics?
1. Rarely
2. Regularly
3. Routinely
21. What colleagues you may consult with about antibiotic prescription for pregnant
women? (Multiple answers possible)
1. Microbiologists
2. Pharmacist
3. Urologist
4. Gynecologist
5. None
6. Other (please indicate) _________
IV. Recommendations
22. Are you satisfied with the current support and guidelines that you use in your
practice for diagnostic and treatment of infections in pregnant women?
1. Completely satisfied
2. Somewhat satisfied
3. Somewhat unsatisfied
4. Completely unsatisfied
5. Neutral
23. Are there any recommendations/suggestions that you would like to propose to
improve practices of diagnostics and treatment in pregnant women?
1. Yes, please elaborate _________________________________________________________
_____________________________________________________________________________
2. No
Thank you for sharing your experience!

Appendix B. Informed Consent/Information Form

Thank you for showing your interest in the project MIcrobes in MOthers (MIMO)-
Global aiming to understand practices of antibiotic prescription in antenatal care in different
countries. The knowledge acquired through this project will be used to formulate recom-
mendations for the improvement of clinical guidelines on antibiotic prescriptions. Before
agreeing to take part, please read the information below.

The survey will take at most 15/20 min. Your participation is optional, and you can
decide the pace and time to fill in the survey. At any time in the process, you can stop the
survey, simply by closing the browser. You can also skip any question you do not wish to
answer.

All data collected in this project will be handled in confidence by the project team, fol-
lowing the EU General Data Protection Regulation (GDPR) and no identifiable information
is collected.

This project is coordinated by Elena Ambrosino (e.ambrosino@maastrichtuniversity.nl)
and Alena Kamenshchikova (a.kamenshchikova@maastrichtuniversity.nl) from Maastricht
University, the Netherlands. You can reach out to them if you have any questions.

By pressing ‘Start the survey’ you are giving your consent for processing your answers
within the scope of MIMO project
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Abstract: Women with polycystic ovary syndrome (PCOS) have a higher susceptibility to infections
compared to those without PCOS. Studies evaluating antibiotic use based on PCOS status are scarce.
Therefore, we aimed to (i) assess the associations between self-reported PCOS and antibiotic use, and
(ii) whether PCOS treatment and the age at PCOS diagnosis modified the associations above. This
cross-sectional analysis used the United Arab Emirates Healthy Future Study (UAEHFS) conducted
from February 2016 to March 2023 involving 2063 Emirati women aged 18–62 years. We performed
ordinal logistic regressions under unadjusted and demographic-health-characteristic-adjusted models
to obtain the odds ratios (ORs) and 95% confidence intervals (CIs) to analyze PCOS and antibiotic use.
Subgroup analyses were performed by treatment status and age at diagnosis. We found that women
with PCOS were 55% more likely to frequently take a course of antibiotics in the past year (aOR 1.55;
95% CI 1.26–1.90). Similar likelihoods were also found among those being treated for PCOS and
those without treatment but with a PCOS diagnosis at ≤25 years. Our study suggests that PCOS was
associated with an increased use of antibiotics among Emirati women. Understanding the frequent
antibiotic use susceptibility among those with PCOS may improve antibiotic use surveillance and
promote antibiotic stewardship in these at-risk individuals.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 4–20%
of women of reproductive age worldwide, depending on the diagnostic criteria used [1,2].
The etiology of PCOS is not exactly known; however, adiposity, ovarian follicle devel-
opment, insulin sensitivity, and chronic systemic inflammation have been proposed as a
few possible mechanisms [3]. The common features of PCOS include irregular menstrual
cycles, elevated testosterone levels leading to a hormonal imbalance or hyperandrogenism,
and metabolic disorders [4–6]. PCOS is a multifactorial disorder with known risk factors
including genetic predisposition, dietary factors or nutritional status, and obesity [6–9].
PCOS has been recognized as a chronic metabolic disorder, not just an endocrine disorder,
due to the metabolic disturbances that accompany PCOS [10]. The consequences of this
metabolic disturbance are that women with PCOS are often burdened with multiple chronic
morbidities and multiple medications to treat their conditions [11,12]. The treatment of
PCOS usually involves multimodal or combination approaches due to the complex etiol-
ogy of PCOS, depending on the prevailing PCOS symptoms [9]. Several factors in PCOS
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treatment need to be considered in treating PCOS effectively, including the gut microbiota
composition, as gut dysbiosis is known to be one of the risk factors for PCOS [9,13,14].

Antibiotic use is a major public health concern as the inappropriate use of antibiotics
leads to antibiotic resistance, which significantly threatens human health [15]. In 2019, the
World Health Organization considered antibiotic resistance as one of the top ten threats to
global health [16]. Several factors have been known to be associated with the increase in
antibiotic resistance, including excessive antibiotic prescriptions by medical professionals
as well as self-prescription or self-medication [17–19]. Frequent antibiotic use has been
associated with increased disease risks, such as colorectal cancer risk and second breast
cancer events [20,21]. Antibiotics are essential in treating life-threatening conditions caused
by bacteria. With the appropriate and effective use of antibiotics, the successful treatment
of bacterial infections can be achieved and will improve human health [22]. Therefore,
the close surveillance or monitoring of at-risk individuals for increased antibiotic use may
improve the effectiveness of antibiotics in the population.

PCOS is a pro-inflammatory state and the endocrine–immune features of this disorder
may explain the link between PCOS and infections, hence the antibiotic use [23]. Previous
studies reported that women with PCOS had a higher susceptibility to various infections
than those without PCOS [11,24,25]. Furthermore, women with PCOS may exhibit obe-
sity [4], and the frequent co-occurrence of obesity with PCOS has been observed [26].
This may lead to increased antibiotic consumption among women diagnosed with PCOS,
particularly obese women with PCOS. Studies have shown that a compromised immune
response and leptin deficiency in obese individuals were found to be associated with an
increased susceptibility to infections [27,28].

To date, there are limited population studies aimed at revealing the link between PCOS
status and antibiotic use. To our knowledge, there is no study evaluating the association
between PCOS and antibiotic use considering PCOS treatment and PCOS phenotypes, such
as PCOS in adolescents and adults. In addition, the roles of comorbidity and obesity in the
associations between PCOS and antibiotic use have not been widely discussed. Therefore,
we aimed to investigate the associations between PCOS status and antibiotic use with
further stratifications by PCOS treatment status and the age at PCOS diagnosis. Further,
we performed sensitivity analyses to better reveal the roles of comorbidity and obesity in
the associations between PCOS-related status and antibiotic use.

2. Material and Methods

We investigated the associations of PCOS-related status—namely women with PCOS
versus those without PCOS, women being treated with PCOS versus those without treat-
ment, and women diagnosed with PCOS earlier in life (at the age of 25 years or younger)
versus those diagnosed with PCOS later in life (after the age of 25)—with antibiotic use in
the past year.

2.1. Study Design, Participants, and Setting

This was a cross-sectional analysis of the United Arab Emirates Healthy Future Study
(UAEHFS) conducted from February 2016 to March 2023. From a complete cohort of
14,376 individuals based on numeration IDs in the UAEHFS, we included 2063 Emirati
women aged 18–62 years who provided complete information on PCOS status and antibiotic
use in the past year; a complete case method (Figure 1). We excluded women with uncertain
responses on PCOS status and antibiotic use in the past year (do not know, prefer not to
answer, and missing). The study design and methodology of the UAEHFS are described
elsewhere [29]. In brief, the UAEHFS is a population-based multirecruitment center study
that recruited Emirati adults aged 18 years or above across the UAE. Participants were
asked to fill out the online questionnaire and had some physical measurements assessed
in the participating centers. Women who participated in this study were asked whether
they were pregnant at the survey time, and only non-pregnant women were recruited into
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the cohort. Due to the COVID-19 pandemic, the recruitment shifted to being online-based
starting in April 2020.
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Figure 1. Flowchart of the final analytical sample included in the study.

2.2. Measurements
2.2.1. Antibiotic Use as an Outcome Variable

We analyzed self-reported antibiotic use in the past year based on the questionnaire
response to “How often have you taken a course of antibiotics in the last year?” (never,
once, twice, or three times or more) [30]. We treated antibiotic use as an ordinal outcome
due to the ordered categories of the questionnaire responses.

2.2.2. PCOS-Related Status as Exposure Variables

We analyzed self-reported diagnosis of PCOS based on the questionnaire response
to: “Has a doctor ever told you that you have polycystic ovarian syndrome or disease?”
(yes or no). The self-reported age at PCOS diagnosis was extracted from the questionnaire
response to “How old were you when the doctor first told you that you had polycystic
ovarian syndrome or disease?”. We then used the age of 25 years as a cut-off for PCOS
diagnosis categorization, similar to previous epidemiological studies [12,31,32]. Lastly,
PCOS treatment status was extracted from the questionnaire item “Are you being treated
for polycystic ovarian syndrome or disease?” (yes or no).

2.2.3. Demographic Characteristics and Health Profiles as Third Variables

The questionnaire responses determined age (years in continuous form). Urbanicity
was determined based on the questionnaire response to “Where do you and your family
live now?” (urban or rural/non-urban areas). Education levels were constructed based
on the questionnaire response to “What is the highest level of education that you have
completed?”. We then categorized education levels into two categories: ≤12 years and
>12 years of schooling [33]. Body mass index (BMI) was calculated using the Tanita MC
780 by nurses at the recruitment centers, and we categorized the BMI levels into normal or
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low BMI (<25 kg/m2), overweight (25 to <30 kg/m2), and obese (≥30 kg/m2) [34]. Overall
health was determined based on the questionnaire response to “In general how would
you rate your overall health now?” (poor, fair, good, or excellent). We then categorized
overall health status into poor/fair or good/excellent categories based on the responses [35].
The smoking variable was determined based on the questionnaire response to “Have you
ever smoked cigarettes, even one time?” (yes or no). Next, regular medication use was
determined based on the questionnaire responses to the item “Do you regularly take any of
the following high blood sugar medication/high cholesterol medication/high blood pres-
sure medication/aspirin/paracetamol/regular prescription medication/vitamins/other
supplementations?”. We then categorized regular medication use into yes (if at least one
previously stated medication was being reported) or no (if no medication was being re-
ported). Lastly, the comorbidity in this study was determined based on the questionnaire
response to “Has a doctor ever told you that you had [disease name]?” (yes or no). We
included three pro-inflammatory chronic conditions, namely diabetes, high cholesterol, and
high blood pressure. Those with comorbidity were defined as individuals who reported at
least one of the above-mentioned chronic conditions at the survey time.

2.3. Statistical Analysis

Demographic characteristics and health profiles of study participants based on their
PCOS status were evaluated using medians with interquartile ranges (median, IQR) for
continuous variables and frequencies with percentages (n, %) for categorical variables.
Distributions of antibiotic use in the past year based on PCOS status, as well as by PCOS
treatment status and the age at PCOS diagnosis, were evaluated using frequencies with
percentages (n, %). We further tested the distribution of our data for the parallel lines
assumption for an ordered logistic regression. Since the assumption was met for our
data, we then performed ordinal logistic regressions to estimate the odds ratios (ORs)
and 95% confidence interval (CI), respectively, for the associations between PCOS status
and antibiotic use in the past year among the total participants (main analysis), as well
as by PCOS treatment and the age at PCOS diagnosis (stratification analysis). Women
without PCOS history were used as a reference group in any analyses. We examined the
ORs under two models: unadjusted and adjusted models. The complete case method
was used to handle missing values in the regression analyses. We adjusted for current
demographic characteristics and health profiles based on the literature and those found in
the dataset, namely age [36], urbanicity [37,38], education level [39,40], BMI [12,41], overall
health [36], smoking [35,42], and regular medication use [36], as these variables are known
to be associated with PCOS and antibiotic use based on the literature. All analyses were
performed using STATA 17.0 (StataCorp, College Station, TX, USA). p-values of <0.05 were
considered statistically significant.

2.4. Ethical Approval

The study and its procedures have been reviewed and approved by the Institutional
Review Board at New York University Abu Dhabi, Dubai Health Authority, Ministry
of Health and Prevention in the UAE, and Abu Dhabi Health Research and Technology
Committee, with the reference number of DOH/HQD/2020/516. Written consent was
obtained from participants at the participating recruitment centers or by filling out an
online consent form before data collection started.

3. Results

The demographic characteristics and health profiles of the study participants based
on PCOS status are shown in Table 1. Compared to women without PCOS, those with
PCOS were older (28.5 ± 8.1 vs. 22.0 ± 8.1 years) and a greater proportion resided in urban
areas (90.1% vs. 85.9%), had higher education levels or >12 years of schooling (65.7% vs.
53.9%), had a higher BMI (26.6 ± 6.6 vs. 23.9 ± 6.6 kg/m2), were in poor or fair health
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(27.9% vs. 25.0%), reported having ever smoked (13.3% vs. 8.7%), and reported regular
medication use (68.2% vs. 58.7%).

Table 1. Demographic characteristics and health profiles of study participants based on PCOS status.

Demographic Characteristics and Health Profiles Without PCOS
(n = 1701, 82.5%)

With PCOS
(n = 362, 17.6%)

Demographic characteristics

Age, median (IQR range), year 22.0 (20–31) 28.5 (23–36)

Urbanicity

Rural or non-urban areas 240 (14.1) 36 (9.9)

Urban areas 1461 (85.9) 326 (90.1)

Education

12 years of schooling or below 785 (46.2) 121 (33.4)

Above 12 years of schooling 916 (53.9) 241 (66.6)

Health profiles

BMI, median (IQR range), kg/m2 23.9 (20.4–28.9) 26.6 (23.0–30.9)

BMI categories, without missing category, reported

Normal BMI or below (<25 kg/m2) 835 (49.1) 125 (34.5)

Overweight (25 kg/m2 to <30 kg/m2) 335 (19.7) 85 (23.5)

Obese (30 kg/m2 or above) 313 (18.4) 99 (27.4)

Overall health status

Poor or fair 426 (25.0) 101 (27.9)

Excellent or good 1275 (75.0) 261 (72.1)

Smoking, without missing category reported

Never 1410 (82.9) 280 (77.4)

Ever 148 (8.7) 48 (13.3)

Regular medication use *

No 702 (41.3) 115 (31.8)

Yes 999 (58.7) 247 (68.2)
* Consumed at least one of the following medications: high blood sugar medication, high cholesterol medica-
tion, high blood pressure medication, aspirin, paracetamol, regular prescription medication, vitamins, or other
supplementations.

In addition, the proportion of antibiotics used in the past year among study partici-
pants based on PCOS status, PCOS treatment status, and the age at PCOS diagnosis are
shown in Figure 2. A third of participants reported never having a course of antibiotics in
the past year. Meanwhile, 17% reported having two or more antibiotic courses in the past
year (frequent users). In PCOS status stratification, more women with PCOS were reported
as frequent antibiotic users compared to women without PCOS (23.2% vs. 16.3%). Women
being treated for PCOS as well as those with PCOS diagnosed at ≥25 years were more
likely to report being frequent antibiotic users compared to their respective counterparts
(25.8% versus 21.9% in the PCOS treatment group and 26.9% versus 20.9% in the age at
PCOS diagnosis group).
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The associations between PCOS status and antibiotic use in the past year among par-
ticipants (main analysis), as well as PCOS treatment status and the age at PCOS diagnosis
(stratified analyses), are presented in Table 2. Women with PCOS were 55% more likely to
frequently take a course of antibiotics in the past year compared to women without PCOS.
Similar likelihoods were also observed in all stratified analyses, except in the ≥25 years at
PCOS diagnosis group. The strongest association between PCOS and antibiotic use was
observed among women being treated for PCOS, compared to those without PCOS, history
after adjusting for confounding factors (aOR = 1.70; 95% CI: 1.22–2.38).

Table 2. Crude and adjusted ordinal logistic regression analysis of the associations between antibiotic
use in the past year and PCOS status among total participants (main analysis), as well as PCOS
treatment status and the age at PCOS diagnosis (stratified analysis). Reference group in all analyses:
women without PCOS history.

Antibiotic Use in the Past Year

Crude Model
p-Value

Adjusted Model *
p-Value

OR (95% CI) OR (95% CI)

Main analysis

Without PCOS (n = 1701) (Reference) (Reference)

With PCOS (n = 362) 1.65 [1.34–2.02] <0.001 1.55 [1.26–1.90] <0.001

PCOS-treatment-stratified models

No

Without PCOS (n = 1701) (Reference) (Reference)

Without PCOS treatment (n = 242) 1.57 [1.23–1.99] <0.001 1.46 [1.14–1.87] 0.003
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Table 2. Cont.

Antibiotic Use in the Past Year

Crude Model
p-Value

Adjusted Model *
p-Value

OR (95% CI) OR (95% CI)

Yes

Without PCOS (n = 1701) (Reference) (Reference)

Being treated for PCOS (n = 120) 1.81 [1.30–2.52] <0.001 1.70 [1.22–2.38] 0.002

Age-of-PCOS-diagnosis-stratified models

<25 years of age

Without PCOS (n = 1701) (Reference) (Reference)

PCOS diagnosed at <25 years (n = 211) 1.65 [1.28–2.13] <0.001 1.60 [1.24–2.07] <0.001

>25 years of age

Without PCOS (n = 1701) (Reference) (Reference)

PCOS diagnosed at ≥25 years (n = 108) 1.66 [1.17–2.37] 0.005 1.44 [0.99–2.10] 0.055

* Adjusted for age (continuous), urbanicity (rural/urban), education level (≤12 years/>12 years), BMI category
(normal or below; overweight/obese), overall health status (excellent, good/fair, or poor), smoking (no/yes), and
regular medication use (no/yes). Statistical significance at the 0.05 level is marked in bold.

Similar regression analysis strategies restricted only among those reported comorbidi-
ties are highlighted in Table 3. In all adjusted models, the previously observed significant
association between PCOS and antibiotic use in the past year persisted, even after consider-
ing the comorbid conditions. In this comorbidity-stratified analysis and referring to the
main regression analysis, the greatest increase in the magnitude of the associations between
PCOS and antibiotic use was observed among women with PCOS diagnosed at ≤25 years
of age compared to those without PCOS history (aOR = 2.09; 95% CI: 1.30–3.36).

Table 3. Crude and adjusted ordinal logistic regression analysis of the associations between antibiotic
use in the past year and PCOS status, restricted only among participants with a history of diabetes,
high cholesterol, and high blood pressure). Reference group: women with at least one of comorbidity
of diabetes, high cholesterol, or high blood pressure and with no PCOS history, n = 470.

Antibiotic Use in the Past Year

Crude Model
p-Value

Adjusted Model *
p-Value

OR (95% CI) OR (95% CI)

Main analysis

Without PCOS (n = 338) (Reference) (Reference)

With PCOS (n = 132) 1.78 [1.24–2.55] 0.002 1.69 [1.17–2.46] 0.006

PCOS-treatment-stratified models

No

Without PCOS (n = 338) (Reference) (Reference)

Without PCOS treatment (n = 88) 1.68 [1.10–2.57] 0.017 1.59 [1.03–2.46] 0.038

Yes

Without PCOS (n = 338) (Reference) (Reference)

Being treated for PCOS (n = 44) 1.95 [1.12–3.39] 0.018 1.87 [1.06–3.30] 0.031
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Table 3. Cont.

Antibiotic Use in the Past Year

Crude Model
p-Value

Adjusted Model *
p-Value

OR (95% CI) OR (95% CI)

Age-at-PCOS-diagnosis-stratified models

<25 years of age

Without PCOS (n = 338) (Reference) (Reference)

PCOS diagnosed at <25 years (n = 68) 2.08 [1.32–3.28] 0.002 2.09 [1.30–3.36] 0.002

>25 years of age

Without PCOS (n = 338) (Reference) (Reference)

PCOS diagnosed at ≥25 year (n = 47) 1.51 [0.86–2.64] 0.154 1.31 [0.73–2.36] 0.363

* Adjusted for age (continuous), urbanicity (rural/urban), education levels (≤12 years/>12 years), BMI category
(normal or below/overweight/obese), overall health status (excellent or good/fair or poor), smoking (no/yes),
regular medication use (no/yes). Statistically significance at the 0.05 is marked in bold.

Lastly, a restricted analysis to assess the possibility of whether obesity mediates the
associations between PCOS-related status and antibiotic use are presented in Table 4. This
table shows the ORs for the associations between PCOS status and antibiotic use in the past
year, restricted only among obese participants, in the main analysis and stratified analyses
by PCOS treatment status and the age at PCOS diagnosis. All statistically significant
associations found in the previous analyses disappeared if the analysis was restricted to only
obese women with PCOS versus obese participants without PCOS. In this obesity-stratified
analysis and referring to the main regression analysis, interestingly, the greatest decrease in
the magnitude of the associations between PCOS and antibiotic use was observed among
women being treated for PCOS, compared to those without PCOS history (aOR = 1.19;
95% CI: 0.57–2.46).

Table 4. Crude and adjusted ordinal logistic regression analysis of the associations between antibiotic
use in the past year and PCOS status, restricted only among obese participants, in the main analysis
and stratified by PCOS treatment status and age at PCOS diagnosis (reference group: obese women
without PCOS history); n = 412.

Antibiotic Use in the Past Year

Crude Model
p-Value

Adjusted Model *
p-Value

OR (95% CI) OR (95% CI)

Main analysis

Without PCOS (n = 313) (Reference) (Reference)

With PCOS (n = 99) 1.50 [0.99–2.27] 0.054 1.42 [0.93–2.17] 0.109

PCOS-treatment-stratified models

No

Without PCOS (n = 313) (Reference) (Reference)

Without PCOS treatment (n = 71) 1.61 [1.01–2.58] 0.050 1.50 [0.92–2.44] 0.103

Yes

Without PCOS (n = 313) (Reference) (Reference)

Being treated for PCOS (n = 28) 1.28 [0.63–2.63] 0.494 1.19 [0.57–2.46] 0.641
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Table 4. Cont.

Antibiotic Use in the Past Year

Crude Model
p-Value

Adjusted Model *
p-Value

OR (95% CI) OR (95% CI)

Age-at-PCOS-diagnosis-stratified models

<25 years of age

Without PCOS (n = 313) (Reference) (Reference)

PCOS diagnosed at <25 years (n =48) 1.28 [0.74–2.21] 0.375 1.24 [0.71–2.17] 0.446

>25 years of age

Without PCOS (n = 313) (Reference) (Reference)

PCOS diagnosed at ≥25 years (n = 39) 1.76 [0.94–3.29] 0.076 1.70 [0.87–3.32] 0.119

* Adjusted for age (continuous), urbanicity (rural/urban), education level (≤12 years/>12 years), BMI level
(continuous), overall health status (excellent or good/fair or poor), smoking (no/yes), and regular medication use
(no/yes). Statistical significance at the 0.05 level is marked in bold.

4. Discussion

The crude prevalence of self-reported PCOS in this cross-sectional study was 17.6%
(Table 1). The prevalence in this study is similar to a UAE study involving Emiratis and
non-Emirati nationals aged ≥18 years, which reported 18.6% physician-diagnosed PCOS
prevalence [43]. In contrast, other UAE studies among university students aged 15–25
years and adults aged ≥25 years reported 13.0% to 27.6% PCOS prevalence [12,44,45].
The differences in diagnostic criteria, sample characteristics or age inclusion criteria, and
sampling designs may contribute to the wide range of PCOS prevalence observed in
the UAE. Middle Easterners are known to have a higher PCOS prevalence compared to
other ethnicities [46], ranging from 6.1% to 16.0% depending on the diagnostic criteria of
PCOS [47]. A previous study found certain factors promoting PCOS pathogenesis pertinent
to the UAE population, including vitamin D deficiency and obesity [4,46]. Our study also
showed that women with PCOS had a higher percentage of being obese, compared to
those without PCOS (Table 1). Obesity is known to be a risk factor and a manifestation of
PCOS [46]. A current study found that 39.6% of Emirati women are classified as obese [48].
This phenomenon contributes to an increasing rate of PCOS in this country since obesity
increases PCOS susceptibility [46].

We found that women with PCOS were 55% more likely to frequently take a course
of antibiotics in the past year compared to those without PCOS. In addition, we observed
more women with PCOS reported as “frequent users” of antibiotics (those who had taken
antibiotics at least three times in the past year), compared to those without PCOS (Figure 2).
A previous study reported that women with PCOS had a higher susceptibility to infections
than those without PCOS [11,24,25]. PCOS is a pro-inflammatory endocrine disorder and
the altered immune features in those affected by PCOS may explain their susceptibility to
infections [23], hence more frequent users of antibiotics among women with PCOS than
in the control group. On the one hand, we noted that women with PCOS had a higher
percentage of reported regular medication use (Table 1), compared to those without PCOS.
Our results are in agreement with previous studies that also found similar findings and
highlighted that women with PCOS are burdened with medication use and comorbidity [11].
This study reported that women with PCOS are known to take more dermatological and
hormonal medications compared to those without PCOS [11]. On the other hand, we
also found that more women with PCOS reported being in poorer health, compared to
those without PCOS. A previous cohort study in the UK revealed that any comorbidity
increased antibiotic prescriptions by 62% among women in primary care settings [49].
Hence, there is a possibility that the increased antibiotic use among those with PCOS in
our study was related to their comorbidities. However, we addressed this possibility by
performing a sensitivity analysis evaluating only those who reported diabetes, cholesterol,
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or high blood pressure (Table 3), and we found similar results to that of the main regression
analysis (Table 2). With higher magnitudes of associations observed in all strata, this may
suggest the possibility of comorbidities modifying the associations between PCOS-related
status and antibiotic use. Addressing inappropriate antibiotic use in individuals with
PCOS could contribute to broader efforts to combat antibiotic resistance. Future antibiotic
resistome studies to identify existing mechanisms of the resistance [50], especially linking
them to certain conditions such as PCOS, are needed to address existing antibiotic threats
more effectively.

In the PCOS treatment stratification, we found that women being treated for PCOS
and those without treatment had a significantly increased likelihood of more frequently
taking a course of antibiotics in the past year compared to women without PCOS. We found
that those without PCOS treatment had a 46% increased likelihood of more frequently
taking a course of antibiotics in the past years compared to those without PCOS. In our
study, two-thirds of those with PCOS reported not being treated for PCOS. We have a
similar finding to a Korean study that revealed two-thirds of women with PCOS were
untreated, including without regular exercise as the basic form of PCOS management [51].
However, a higher magnitude of association was observed in the treated PCOS group
with a 70% increased likelihood of more frequently taking a course of antibiotics in the
past year (Table 2). To provide further evidence to confirm this observation, we also
found a higher proportion of frequent antibiotic users among women being treated for
PCOS, compared to those without treatment (Figure 2). This finding raised an important
question of whether antibiotic prescription is an integral part of PCOS treatment. PCOS
treatment is rarely mono-therapeutic, depending on PCOS signs and symptoms; therefore,
PCOS treatment must be personalized to meet each patient’s needs [9]. Existing treatment
modalities for PCOS include surgery, contraceptives, as well as pharmacological and
non-pharmacological interventions through improved nutritional or diet and physical
activity (lifestyle changes to lose weight) [9,32,45]. The possible links between PCOS and
antibiotic use can be explained as follows. The intestinal flora in individuals with PCOS
differ from those without PCOS, with a higher abundance of certain gut microbiota that
promote PCOS [13,14]. A previous study on human subjects and animal models revealed
that removing these microbiota through antibiotics improved PCOS symptoms due to
decreased serum testosterone levels [14]. Women with PCOS are known to have elevated
testosterone levels [5]; therefore, decreasing testosterone levels has been shown to have
positive effects on women with PCOS [4]. Future studies investigating the pattern of
antibiotic prescriptions specifically used for PCOS management are recommended to better
reveal the efficacy of antibiotics in treating PCOS symptoms.

We stratified the analysis by the age at PCOS diagnosis to better understand two
distinct PCOS phenotypes (diagnosed earlier versus later in life) and their associations with
antibiotic use. We found that those diagnosed with PCOS before 25 years of age were 60%
more likely to frequently take a course of antibiotics in the past year compared to those
without PCOS (Table 2). Meanwhile, a marginal association was observed between those
diagnosed with PCOS at ≥25 years of age, compared to their healthier counterparts. We
had 11% missing values for the age at PCOS and lower counts of those with older adults
PCOS, and this may contribute to the observed marginal association of PCOS diagnosed
at ≥25 years of age with antibiotic use. Nevertheless, the magnitude and direction of the
association in this category were consistent with the findings in the younger PCOS category
(diagnosed with PCOS at <25 years of age). Those with PCOS diagnosed at ≥25 years
of age had a higher proportion of reporting being frequent antibiotic users, compared
to those diagnosed before 25 years (Figure 2). Our findings highlighted two distinct
PCOS phenotypes, as previous studies have suggested [52–54]. The expression of PCOS
diagnosed in earlier adulthood differs in clinical and endocrinological features from that
of PCOS diagnosed in later adulthood [52]. These differences in clinical and biochemical
presentations of PCOS with age lead to the age-related diagnostic criteria of PCOS [54].
Previous studies have documented higher androgen levels in younger PCOS compared
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to older PCOS [55,56], implying elevated testosterone levels in the younger PCOS group.
This may, to some extent, explain our findings, as we observed the strongest magnitude of
the association between PCOS and antibiotic use among those with PCOS diagnosed in
earlier life. Further, in the UAE context, it has been reported that the most prevalent PCOS
symptom among women aged 18–25 years is acne [45]. Oral antibiotics have been used to
treat acne vulgaris, a type of acne affecting adolescents and young adults [57], and may
partially explain our finding of a stronger and more significant association between those
with PCOS diagnosed before the age of 25 years and antibiotic use. In this study, we did
not have any information on certain types of antibiotics and whether their prescription
was indicated to treat PCOS symptoms among women affected by this hormonal disorder.
Therefore, the findings in this study should be interpreted carefully. Better studies to
confirm our findings, with complete information on the types of antibiotics and the purpose
of antibiotic prescriptions among those affected with PCOS are highly recommended.

Lastly, we performed the same regression analysis among only obese participants
to address the possibility of obesity mediating the associations between PCOS-related
status and antibiotic use in the past year. We found that all significances in the previously
observed associations in the PCOS status, PCOS treatment, and the age at PCOS diagnosis
groups disappeared if the analyses were restricted only to those with obesity (Table 4).
These findings suggested the possibility of obesity mediates the associations between
PCOS-related status and antibiotic use. With the greatest decrease in the magnitude of
association was found in the PCOS treatment group, suggesting the stronger role of obesity
in mediating the association between PCOS treatment and antibiotic use. Obesity is linked
to PCOS in many ways, including low-grade inflammation that leads to insulin resistance
and metabolic disorders [58]. The exact link between the pro-inflammatory state of obesity
and infections leading to antibiotic use is still unclear. However, a compromised immune
response and leptin deficiency in obese individuals were suggested as possible mechanisms
of the link between frequent antibiotic use among those living with obesity [27,28]. In
addition, the pharmacodynamic parameters, such as volume of distribution and clearance
in many commonly used antimicrobials, and the rate of metabolism in individuals with
obesity differ from those in the normal weight category [59]. Therefore, it is possible that
being obese may lead to inadequate antibiotic dosing [27]. With the frequent co-occurence
of obesity with PCOS [26], the appropriateness of antibiotic dosing among those with PCOS
merits special attention and further investigation.

Strengths and Limitations

To our knowledge, this is the first population-based study to investigate the associa-
tions between PCOS status and antibiotic use with further stratification by PCOS treatment
and the age at PCOS diagnosis among the Emirati population. We were able to examine
the associations between PCOS-related status and antibiotic use in the past year with clear
temporality. We only included PCOS diagnosis at least one year before the survey time to
the recall of antibiotic use in the past year, to avoid the overlapping timeline. However, our
large sample size made it possible to perform multiple stratification analyses. We were
also able to control for important confounding factors based on the literature. Our study
has several limitations. Our findings are specific to Emirati females aged 18–62 years and
may not be generalizable to other populations. We conducted a cross-sectional sectional
study; therefore, we could establish associations but not causation. Next, the diagnosis of
PCOS in our study was based on self-reports, raising the concern of accuracy and diagnosis
bias. However, a meta-analysis study found that self-reported PCOS was consistent with
diagnosis using the Rotterdam or other criteria [60]. To better address the recall error and
cohort effect, we adjusted for age in the adjusted model. In addition, this study might
also be prone to possible selection bias due to the convenience sampling design that we
used. However, we increased the representativeness of our sample through recruitment in
multiple centers across the UAE. Next, there was also a possibility that those with severe
PCOS or comorbidity and acute infections might not be able to participate in this study
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due to their limiting conditions. Further, we do not have any information on the types
of antibiotics, the duration of use, or the quantity or total dosage for each course. Lastly,
residual confounding factors are possible due to the observational nature of our study,
including PCOS severity as it has been found to be associated with PCOS-related microbial
pathways [61].

5. Conclusions

Our study suggests that PCOS was associated with increased use of antibiotics among
Emirati women, especially among women treated for PCOS or without treatment and those
diagnosed before the age of 25 years. Understanding the frequent antibiotic use susceptibil-
ity among those with PCOS may improve antibiotic use surveillance and promote antibiotic
stewardship in these at-risk individuals. Future studies to evaluate the appropriateness of
antibiotic prescriptions among those with PCOS merits further investigations, particularly
within the context of the global problem of inappropriate antibiotic use (misuse or overuse)
that may lead to antibiotic resistance. Lastly, further longitudinal or experimental studies
would be needed to establish a causal relationship to better address the link between PCOS
and antibiotic use.
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