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Anna Romaszko-Wojtowicz, Łukasz Jaśkiewicz, Paweł Jurczak and Anna Doboszyńska
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Editorial

Advances in Infectious Diseases and Clinical Microbiology
during the COVID-19 Pandemic

Yusra Habib Khan 1,*, Tauqeer Hussain Mallhi 1,*, Tahir Mehmood Khan 2 and Muhammad Salman 3

1 Department of Clinical Pharmacy, College of Pharmacy, Jouf University, Sakaka 72341, Saudi Arabia
2 Institute of Pharmaceutical Sciences, University of Veterinary & Animal Sciences, Lahore 54000, Pakistan
3 Institute of Pharmacy, Faculty of Pharmaceutical and Allied Health Sciences, Lahore College for Women

University, Lahore 54000, Pakistan
* Correspondence: yhkhan@ju.edu.sa (Y.H.K.); thhussain@ju.edu.sa (T.H.M.)

Infectious diseases pose substantial challenges to the healthcare system and are associ-
ated with significant morbidity and mortality. The COVID-19 pandemic has necessitated
considerable public health maneuvers across the globe [1]. Changes in the patterns of vari-
ous infectious diseases were observed during the pandemic. A growing body of evidence
indicates the decline in influenza virus circulation during the COVID-19 pandemic in vari-
ous regions around the world that is primarily related to several controlling measures and
non-pharmaceutical interventions employed to curb the growing encumbrance of SARS-
CoV-2 [2]. However, the COVID-19 pandemic has caused disruptions in reporting of other
infectious diseases, such as dengue, sexually transmitted diseases, and other coronavirus
infections [3]. Likewise, this pandemic has also disrupted various routine immunization
campaigns [4]. Other infections such as HIV/AIDS, tuberculosis, and hepatitis carry equiv-
alent health risks to the global population. The reduction in the reporting of these infections
due to an overwhelmed healthcare system during the COVID-19 pandemic remained a
significant concern for health authorities. Understanding the transmission patterns of other
infectious diseases during the COVID-19 pandemic is of utmost importance for designing
and implementing mitigating strategies for public health. However, there is a dearth of
investigations on this topic. Ascertaining the impact of the COVID-19 pandemic on the
incidence of other infectious diseases will improve the responsiveness of health authorities
during disease outbreaks in future. It is pertinent to mention that the COVID-19 pandemic
also resulted in improved healthcare metrics for other infectious diseases, i.e., improved
influenza vaccination rate during the pandemic. On the other hand, the implications, scope,
and relevance of clinical microbiology have gained invaluable appreciation during this
pandemic [5]. Clinical microbiologists played an aggressive role during the pandemic
through the provision of various expert services such as the identification of viral struc-
ture, differential diagnosis, and optimized sterilization and disinfection processes. The
COVID-19 pandemic has initiated new horizons for infectious disease research, control,
funding acquisitions, administrative assistance, and health promotion. This issue empha-
sizes various aspects of the advancements and progress in infectious diseases and clinical
microbiology during the ongoing COVID-19 pandemic. Potential topics include, but are
not limited to, the following:

• Impact of the COVID-19 pandemic on the reporting of infectious diseases;
• Emerging atypical complications during the disease course of COVID-19;
• Clinical and laboratory characteristics and outcomes among COVID-19 patients with

co-infections;
• The burden of common and major infectious diseases before, during, and after the

COVID-19 pandemic;
• Challenges in the clinical management of serious and neglected tropical infections;

Medicina 2022, 58, 1362. https://doi.org/10.3390/medicina58101362 https://www.mdpi.com/journal/medicina
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• Impact of the COVID-19 pandemic on the development and repurposing of drugs
against SARS-CoV-2;

• Changes in vaccination patterns for other infectious diseases during the COVID-19
pandemic;

• Correlation of COVID-19 vaccination campaigns with routine immunization programs;
• Challenges in the management of infectious diseases during the COVID-19 pandemic;
• Disruptions in preventive measures or services for vaccine-preventable diseases (VPDs)

during the COVID-19 pandemic;
• Evolution of Scope of Clinical Microbiology in response to the rapid spread of COVID-19;
• Implications of knowledge related to Clinical Microbiology in the identification and

screening of SARS-CoV-2;
• Variations in response of health authorities to the challenges during the pandemic, i.e.,

conspiracy beliefs or theories, control measures and mandates;
• Epidemiological variations in infectious diseases during the COVID-19 pandemic,

more specifically during the period of lockdowns;
• Implications of information technology for screening, identification, and control of

SARS-CoV-2.

This Special Issue welcomes submissions ranging from original, clinical, and trans-
lational articles to reviews in the field of Clinical Microbiology and Infectious Diseases
during the COVID-19 Pandemic.
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Analysis of Prior Aspirin Treatment on in-Hospital Outcome of
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Abstract: Background and Objectives: Aspirin (ASA) is a commonly used antithrombotic drug that
has been demonstrated to reduce venous thromboembolism. The aim was to analyze if geriatric
COVID-19 patients undergoing a 100 mg/day Aspirin (ASA) treatment prior to hospitalization differ
in hospital outcome compared to patients without previous ASA therapy. Materials and Methods:
An observational retrospective study was carried out using an anonymized database including
geriatric COVID-19 patients (March to April 2020) admitted to Madrid Hospitals Group. A group of
COVID-19 patients were treated with low ASA (100 mg/day) prior to COVID-19 infection. Results:
Geriatric ASA-treated patients were older (mean age over 70 years; n = 41), had higher frequency of
hypertension and hyperlipidemia, and upon admission had higher D-dimer levels than non-ASA-
treated patients (mean age over 73 years; n = 160). However, patients under ASA treatment did not
show more frequent pulmonary thromboembolism (PE) than non-ASA-treated patients. ASA-treated
geriatric COVID-19-infected patients in-hospital < 30 days all-cause mortality was more frequent
than in non-ASA-treated COVID-19 patients. In ASA-treated COVID-19-infected geriatric patients,
anticoagulant therapy with low molecular weight heparin (LMWH) significantly reduced need of ICU
care, but tended to increase in-hospital < 30 days all-cause mortality. Conclusions: Prior treatment with
a low dose of ASA in COVID-19-infected geriatric patients increased frequency of in-hospital < 30
days all-cause mortality, although it seemed to not increase PE frequency despite D-dimer levels upon
admission being higher than in non-ASA users. In ASA-treated geriatric COVID-19-infected patients,
addition of LMWH therapy reduced frequency of ICU care, but tended to increase in-hospital < 30
days all-cause mortality.

Keywords: aspirin; COVID-19; elderly population; low molecular weight heparin; pulmonary
thromboembolism; mortality; hospital stay

1. Introduction

Thrombotic complications and a hypercoagulable state are frequent in SAR-CoV-
2 (COVID-19), strongly contributing to mortality. Venous thrombotic embolisms (VTE)
have been observed in patients who were otherwise asymptomatic and in hospitalized
COVID-19-infected patients in whom up 20% to 30% of critically ill patients could develop
VTE [1]. Moreover, published retrospective series of cases of COVID-19 patients have shown
frequent elevation of D-dimer, which has been related to acute pulmonary thrombosis,
dramatically worsened the prognosis [2].

Several reports have shown that older people were at a higher risk of COVID-19
complications, with higher rates of hospitalization, intensive care unit admissions, and

Medicina 2022, 58, 1649. https://doi.org/10.3390/medicina58111649 https://www.mdpi.com/journal/medicina
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death [3,4]. Among other proposed hypotheses to explain the higher vulnerability of older
people to worse COVID-19 prognosis and higher frequency of hospitalization there have
been a weaker immune response, obesity, fragility, etc. [5]. At present, it is evident that
age of people infected by COVID-19 has decreased, probably because a greater number of
older people have already received their vaccination. However, at present, it is difficult to
predict the future ability of vaccines to prevent possible new mutations in the virus that
may confer them immunity escape and increased infectivity. Therefore, it is important to
not stop analyzing effects and impact of currently used antithrombotic drugs.

Aspirin (ASA) is without doubt the main antithrombotic drug in the world to pre-
vent thrombotic events including venous thrombosis. For example, the multinational and
prospective Pulmonary Embolism Prevention (PEP) study, where patients undergo surgery
for hip fracture or elective arthroplasty, found that 160 mg of ASA daily reduced the risk of
symptomatic VTE by ~36% when compared with placebo [6]. Other studies as Warfarin
and Aspirin (WARFASA) and the Aspirin to Prevent Recurrent Venous Thromboembolism
(ASPIRE) trials, in which patients underwent initial anticoagulation therapy before ran-
domly being assigned to low-dose ASA or placebo, also demonstrated significant reduction
in VTE recurrence with ASA [7,8].

ASA is often prescribed for secondary prevention in patients with cardiovascular
diseases and other comorbidities that, in older patients with COVID-19, might be associated
with higher mortality [9]. However, to our knowledge, there are very few studies analyzing
the effect of ASA on the outcome of COVID-19-infected patients, and even less in the
older population. Moreover, in most of the studies, ASA was added as in-hospital active
treatment against COVID-19. In this regard, for example, a work carried out in critically ill
COVID-19 patients analyzed the effects of in-hospital treatment of ASA combined with
low molecular weight heparin (LMWH) [10]. Paradoxically, this study concluded higher
incidence of VTE and worse in-hospital outcome after combined treatment of ASA with a
therapeutic dose of LMWH [10]. Another study also suggested that there was no significant
difference in terms of mortality under ASA treatment of COVID-19-infected patients [11].
The study did not clearly report whether the use of ASA was an active prescription or a
history of exposure [11]. Moreover, the possible influence of ASA in the older population
infected by COVID-19 was not previously analyzed.

Therefore, the main aim of the present study is to retrospectively analyze if geriatric
COVID-19 patients taking daily low ASA (100 mg/day) doses prior to hospitalization have
their <30 days in-hospital outcome affected compared to non-ASA-treated geriatric patients.

2. Materials and Methods

2.1. Included Patients

This retrospective study was carried out using an anonymized database provided
by Madrid Hospitals Group. Data are from COVID-19-infected patients admitted to
their hospital net who kindly made available their medical information to some Spanish
researchers within the program: COVID-19 data saves lives in Spain.

The study included 201 consecutive patients aged 60 admitted for hospitalization
between 7 March and 4 April, 2020 (initiation of the first COVID-19 wave in Spain) with
clinical and radiological data compatible with COVID-19 (On 25 March the Spanish Health
Secretary recommended not to confirm COVID-19 infection by reverse transcriptase poly-
merase chain reaction (RT-PCR) when clinical and radiological presentation was typical).
Therefore, only in patients included before these data or patients without the typical clinical
and radiological presentation COVID-19 infection was confirmed by RT-PCR.

Exclusion criteria were hospital stays >30 days and admission platelet count lower
than 25 × 109 platelets/L. These criteria were based on guidelines recommendation of
prophylactic dose of LMWH in COVID-19 patients and the follow-up of patients with short
hospitalization stay [12,13].

As clinical outcomes, parameters considered included <30 days in-hospital all-cause
mortality, requirement of admission to intensive care unit (ICU), diagnosis of pulmonary
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embolism (PE), length of hospital stay 30 days longer. PE was assessed by pulmonary
computed tomography (CPTA). Upon admission, C-reactive protein and D-dimer levels
were also considered.

COVID-19-infected patients admitted for hospitalization were considered and divided
into two groups: 1. COVID-19-infected patients who were taking cardiovascular doses of
ASA (100 mg/day) prior to COVID-19 infection and 2. COVID-19-infected patients without
prior ASA treatment. Only the patients who were taking ASA before hospital admission
continued receiving 100 mg/day ASA during hospitalization.

From admission and during hospitalization some patients received LMWH (bemiparin
sodium, Rovi Lab. Madrid. Spain. 2.500–10.000 UI). Patients who, upon admission,
had not been treated with LMWH did not receive anticoagulating therapy during their
hospitalization course.

The study was approved by the local Ethical Committee (Code: 21/084-E. Approval
date: 17 February 2021) and conducted in accordance with the Declaration of Helsinki.

2.2. Statistical Analysis

Categorical variables were expressed as frequency and percentage and compared
by Chi-square test. Continuous variables were expressed as mean ± standard error of
mean (S.E.M). Student t-test was used to compare quantitative variables. A p value < 0.05
was considered significant. The statistical analysis was performed with the SPSS software
version 25.0.

3. Results

3.1. Comparison among Patients under ASA Treatment before Hospital Admission

The mean age of the studied COVID-19 patients was over 73 years old (Table 1).
COVID-19 patients under ASA treatment before hospital admission were slightly but
statistically significantly older than the patients who were not undergoing ASA treatment
prior hospitalization (Table 1). Gender was not different among analyzed geriatric COVID-
19 patients that were or were not taking ASA (Table 1).

Upon admission, geriatric COVID-19 patients under ASA treatment more frequently
had hypertension or dyslipidemia compared to geriatric patients without previous ASA
therapy (Table 1). There was a similar frequency of diabetic mellitus patients between the
two analyzed groups.

In the in-hospital follow up, patients taking ASA prior to hospitalization had a higher
frequency of <30 days all-cause mortality than patients without ASA treatment (Table 1).
The other analyzed parameters such as need of ICU care, PE development, and length of
hospital stay were not different among the geriatric COVID-19-infected patients that were
or were not taking ASA before hospitalization (Table 1).

Upon admission, D-dimer levels, but not C-reactive protein, were significantly higher
in COVID-19 patients taking ASA than in those without ASA (Table 1). It was noteworthy
that in patients with prior ASA treatment, upon-admission D dimer levels were similar
among patients discharged alive and those who died in <30 days of follow up (D-dimer
upon admission μg/L: ASA-treated dead patients: 2.18 ± 0.63; ASA-treated discharged
patients: 1.97 ± 0.48, p = 0.494). Moreover, in the group of ASA-treated COVID-19 pa-
tients, in-hospital < 30 days all-cause mortality was more frequently observed in patients
showing higher C-reactive protein levels upon admission (C-reactive protein upon admis-
sion (mg/L): ASA-treated < 30 days dead patients: 139.02 ± 26.12; discharged patients:
83.73 ± 16.11, p = 0.033).

3.2. Effect of LMWH Therapy in Geriatric Patients Who Were Taking ASA before Hospitalization

A number of geriatric patients (n = 32) taking ASA before hospitalization were treated
with LMWH upon admission (Table 2). As Table 2 shows, these LMWH-treated geriatric
ASA patients were of similar age and gender compared to those ASA patients who were
not treated with LMWH (Table 2). It should be pointed out that the patients who, upon
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admission, were not treated with LMWH never received LMWH during hospitalization fol-
low up. Moreover, four patients taking ASA were from admission treated with therapeutic
doses of LMWH (5.000–10.000 IU) continuing this dosage during the follow-up. In addition,
28 of the 32 analyzed ASA-treated patients, upon admission received prophylactic dosage
of LMWH (2.500–3.500 IU) but during in-hospital follow up in 6 of them LMWH dosage
was increased reaching therapeutic LMWH dose.

Table 1. Effect of previous Aspirin treatment on in-hospital outcome of geriatric COVID-19-
infected patients.

Variables

Previous Aspirin Treatment

Not
n = 160

(%)

Yes
n = 41

(%)
p Value

Age (years) 73.54 ± 0.63 76.05 ± 1.11 0.041

Gender
Men 99 (61.9) 26 (63.4)

0.856
Women 61 (38.1) 15 (36.6)

Diseases

Hypertension
No 96 (60.0) 17 (41.5)

0.033
Yes 64 (40.0) 24 (58.5)

Hyperlipidaemia
No 105 (65.6) 17 (41.5)

<0.001
Yes 55 (34.4) 24 (58.5)

Diabetes mellitus
No 144 (90.0) 34 (82.9)

0.204
Yes 16 (10.0) 7 (17.1)

ICU
No 113 (70.6) 27 (65.9)

0.553
Yes 47 (29.4) 14 (34.1)

Length of Hospital Stays (days) 11.64 ± 0.53 11.05 ± 1.02 0.623

PE
No 119 (74.4) 32 (78.0)

0.627
Yes 41 (25.6) 9 (22.0)

Mortality
Survivals 113 (70.6) 27 (65.9)

0.014
Death 47 (29.4) 14 (34.1)

D-Dimer (μg/mL) 1.66 ± 0.24 2.02 ± 0.37 0.011

C-Reactive Protein (mg/L) 111.68 ± 8.48 106.46 ± 14.28 0.871
Age, length of hospital stays, D-dimer, and C-reactive protein values are expressed as mean ± SE.

In addition, with the aim of identifying the possible additional effect of anticoagulant
treatment, closely associated with antiplatelet treatment with ASA, on <30 days in-hospital
outcome, it was analyzed potential effect of LMWH treatment on hospital admission in
geriatric COVID-19-infected patients taken daily Aspirin (100 mg/day) (Table 2). Geriatric
COVID-19 patients taking ASA who received LMWH therapy less frequency required ICU
care than patients taking ASA who did not receive LMWH (Table 2). Length hospital stay
was similar between the geriatric COVID-19 patients taking ASA treated or no with LMWH.
Frequency of PE tended to be slightly higher in the patients taking ASA that were treated
with LMWH although it did not reach statistical significance (Table 2). Among geriatric
COVID-19 ASA patients, <30 days all-cause in-hospital mortality almost reached statistics
significant as comparing those who were treated or not with LMWH. In fact, ASA patients
who did not receive LMWH tended to show less frequency of <30 days all-cause mortality
that patients taking ASA who received LMWH therapy (Table 2).

Upon admission D-dimer and C-reactive protein levels were similar among patients
taking ASA who were treated or not with LMWH (Table 2).

Two geriatric COVID-19 patients taking ASA undergoing to LMWH treatment had
a hemorrhagic event (drop in hemoglobin levels > 5 g/dL but without clinical hemor-
rhage sign).
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Table 2. Effect of LMWH treatment on hospital admission in geriatric COVID-19-infected patients
taken daily Aspirin (100 mg/day).

Variables

LMWH Administration on Hospital Admission

Not
n = 9
(%)

Yes
n = 32

(%)
p Value

Age (years) 74.11 ± 2.413 76.59 ± 1.25 0.360

Gender
Men 3 (33.3) 12 (37.5)

0.819
Women 6 (66.7) 20 (62.5)

Diseases

Hypertension
No 6 (66.7) 11 (34.4)

0.082
Yes 3 (33.3) 21 (65.6)

Hyperlipidaemia
No 4 (44.4) 13 (40.6)

0.837
Yes 5 (55.6) 19 (59.4)

Diabetes mellitus
No 8 (88.9) 26 (81.3)

0.591
Yes 1 (11.1) 6 (18.8)

ICU
No 1 (11.1) 26 (81.3)

<0.001
Yes 8 (88.9) 6 (18.7)

Length Hospital Stays (days) 9.4 ± 1.4 11.50 ± 1.25 0.670

PE
No 9 (100) 23 (71.9)

0.072
Yes 0 (0) 9 (28.1)

Mortality
Survivals 8 (88.9) 17 (53.1)

0.052
Death 1 (11.1) 15 (46.9)

D-Dimer (μg/mL) 1.41 ± 0.25 1.94 ± 0.40 0.565

C Reactive protein (mg/L) 68.42 ± 15.73 114.93 ± 17.80 0.312
Age, Length hospital stays, D-dimer and C-reactive protein values are expressed as mean ± SEM. may
have a footer.

4. Discussion

This retrospective study suggested that geriatric patients who were taking a low daily
ASA dose (100 mg/day) prior to COVID-19 infection and during hospitalization showed
higher frequency of <30 days all-cause mortality than those geriatric COVID-19 patients
not taking ASA before or during the hospitalization course. As compared with COVID-19-
infected geriatric patients not previously treated with ASA, patients under ASA treatment
showed higher D-dimer levels upon admission. However, the incidence frequency of PE
was not different among them.

The World Health Organization reported that over 95 % of fatalities caused by
COVID-19 in Europe had been individuals aged over 60 [14]. In Spain, during the most
critical period of the first wave of COVID-19 disease, older age was the main risk factor for
severity of COVID-19 disease [15]. Although mean age of infected patients in the following
COVID-19 waves was significantly lower, probably because a larger proportion of older
people were vaccinated, it is not possible to discard that COVID-19 mutations may favor
the infection of these particular special vulnerable population. Therefore, while waiting for
new specific drugs against COVID-19 to be developed, it is important to continue to study
more “classic” commonly used drugs that may have a certain effect against the deleterious
effects of COVID-19 infection.

It is recognized that viral infections, as COVID-19 infections, are commonly accompa-
nied by platelet activation and aggregation [16]. In this regard, it was reported that ASA
had an impact on both DNA and RNA viruses, although, certainly, these studies were
carried out in vitro and using high ASA doses [17,18].
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The elderly population has a high frequency of use of ASA within their daily treat-
ments. However, to our knowledge, in the elderly population, possible associations be-
tween prior use of low-dose ASA and in-hospital progression of COVID-19 infection were
not analyzed. In fact, the reported studies about effects of ASA on COVID-19-infected pa-
tients were carried out in critically ill COVID-19 patients of a wide range of ages, suggesting
that patients under ASA treatment had higher VTE incidence and mortality [19]. However,
a meta-analysis of six eligible studies which included patients of all ages concluded that
use of low-dose ASA was independent of reduced mortality of COVID-19 patients [20].

In the present study, geriatric COVID-19 patients taking ASA (100 mg/day) prior to
hospital admission, with the daily ASA treatment continuing during hospitalization follow
up, had higher <30 days in-hospital all-causes mortality than those patients not taking ASA.
Contrarily, different studies reported that active prescription of low-dose aspirin during
or prior to hospitalization was associated with reduced risk of mortality among patients
with COVID-19 [20,21]. These apparently paradoxical results could be related to difference
in age of population and/or difference in the prevalence of cardiovascular comorbidities,
which have been widely associated with worse COVID-19 outcome [22,23]. Following the
same line of evidence, in COVID-19 patients with coronary artery disease no differences
in <30 days all-cause mortality was found among those taking low dose ASA and those
without ASA treatment [24].

COVID-19 disease has been associated with increased risk of VTE [25]. COVID-
19-infected geriatric patients under ASA treatment showed higher D-dimer levels upon
admission than those without ASA treatment. However, PE frequency was similar among
them. It could be related to evidence showing low dose ASA may reduce VTE [26].

Guidelines recommend a prophylactic dose of LMWH as treatment for all COVID-
19 patients requiring hospitalization, in the absence of any contraindications such as
active bleeding and platelet count lower than 25 × 109 platelets/L [12]. Interestingly, a
recent report has identified heparan sulfate, a glycosaminoglycan molecule like heparin,
as coreceptor for COVID-19, further supporting that exogenous heparin may provide
therapeutic benefits for patients with COVID-19 infection [27]. Moreover, as mentioned
above, the WARFASA and ASPIRE trials demonstrated that, in patients under anticoagulant
therapy, low-dose ASA led to a significant reduction in VTE [7,8]. Therefore, we analyzed if
early addition of LMWH to ASA-treated geriatric COVID-19-infected patients may improve
their hospital outcome.

In geriatric patients taking ASA, anticoagulant treatment was significantly associated
only with reduced frequency of ICU care as compared with ASA-treated patients who did
not receive LMWH. In LMWH-treated patients taking ASA, >30 days all-cause mortal-
ity tended to be higher than in those ASA patients who did not receive LMWH therapy,
although it did not reach statistical significance probably due to the limited sample size.
In this regard, there are many discrepancies in the results of COVID-19 patients treated
with anticoagulation with respect to promotion of changes in mortality risk. Previous
studies which included all ages of COVID-19-infected patients have reported reduction
of in-hospital mortality as a result of anticoagulant therapy, particularly in patients with
severe disease [28]. However, other reports have found no differences in mortality between
heparin users and nonusers, and there was an observed mortality reduction in critically ill
patients [29], although, even in these critical COVID-19 populations treated with prophy-
latic or therapeutic dose LMWH, controversial results were reported [30,31]. In addition, it
was analyzed if the effect of LMWH treatment on the mortality may be based on the con-
dition of patients (ICU care or not ICU care). Results revealed that mortality significantly
decreased in patients who took LMWH without ICU care (76% vs. 24%); however, this
reduction was not observed in those patients under LMWH who needed ICU care (48% vs.
52%). This interesting finding was supported by previous studies [32,33].

In this regard, authors suggest that D-dimer levels should guide more aggressive
thromboprophylaxis regimens using higher doses of heparin, although studies have also
reported that the mortality rate of patients from both prophylactic and therapeutic LMWH-
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treated groups was similar when patients were classified according to D-dimer results [31].
In our study, D-dimer levels upon admission were similar among geriatric patients taking
ASA prior to COVID-19 infection who were treated or not with LMW during hospitalization.

Study Limitations and Comments

The present study has some limitations and the results should be interpreted with
caution. As mentioned, data was obtained from an anonymized database made freely
available to some researchers by the Madrid Hospital Group and, therefore, recruitment
of new data to increase sample size was not possible. Therefore, sample size is a limiting
factor for the result interpretation. In addition, confounding factors may exist that were
not included in the database. In this regard, patients subjected to aspirin treatment usually
have, as a main indication, the involvement of peripheral, coronary, neurologic, or renal
arteriosclerosis. Therefore, it would be plausible to find higher mortality in those patients
who were not taking aspirin prior to hospital admission. In addition, several factors
influencing death in patients with COVID-19 were not considered. However, it would be
plausible to consider the admissions to ICU as approximation of severity of COVID-19 and,
therefore, of factors influencing death in patients with COVID-19. Relative to the patients
taking ASA, a study limitation is that we did not know how long they were under the
antithrombotic treatment prior to hospitalization for COVID-19 and their compliance to
the therapeutic regimen. However, all these patients were taking daily ASA before being
infected with COVID-19. Moreover, we could not assess if the platelets of all the included
ASA-treated patients responded to ASA. In this regard, it is demonstrated that patients
with ASA-resistant platelets have higher incidence of thrombotic events than patients with
ASA-sensitive platelets [34]. Being aware of these limitations, there is no doubt about the
need to carry out specific studies in one of the populations most vulnerable to COVID-19,
the elderly population.

5. Conclusions

To conclude, geriatric COVID-19 patients who underwent prior antiplatelet treatment
with ASA had a higher frequency of in-hospital < 30 days all-cause mortality than non-
ASA-treated patients. It could be probably related to higher frequency of comorbidities
associated with worse prognosis of COVID-19. Moreover, despite ASA-treated patients
having higher D-dimer levels upon admission, they showed similar frequency of PE
compared to COVID-19-infected geriatric patients who were not taking ASA, despite the
fact that the latter had lower D-dimer levels upon hospital admission. Administration of
LMWH to geriatric COVID-19-infected patients taking ASA before hospitalization reduced
the frequency of ICU care, but tended to increase < 30 days all-cause mortality with respect
to patients taking ASA and who, during hospitalization, never received LMWH therapy.
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Abstract: Background: Individuals with underlying chronic illnesses have demonstrated considerable
hesitancy towards COVID-19 vaccines. These concerns are primarily attributed to their concerns over
the safety profile. Real-world data on the safety profile among COVID-19 vaccinees with comorbid
conditions are scarce. This study aimed to ascertain the side-effects profile after two doses of COVID-
19 vaccines among chronic-disease patients. Methodology: A cross-sectional questionnaire-based study
was conducted among faculty members with comorbid conditions at a public educational institute in
Saudi Arabia. A 20-item questionnaire recorded the demographics and side effects after the two doses
of COVID-19 vaccines. The frequency of side effects was recorded following each dose of vaccine, and
the association of the side-effects score with the demographics was ascertained through appropriate
statistics. Results: A total of 204 patients with at least one comorbid condition were included in this
study. A total of 24 side effects were reported after the first dose and 22 after second dose of the
COVID-19 vaccine. The incidence of at least one side effect was 88.7% and 95.1% after the first and
second doses of the vaccine, respectively. The frequent side effects after the first dose were pain at
the injection site (63.2%), fatigue (58.8%), fever (47.5%), muscle and joint pain (38.7%), and headache
(36.3%). However, pain at the injection site (71.1%), muscle and joint pain (62.7%), headache (49.5%),
fever (45.6%), and stress (33.3%) were frequent after the second dose. The average side-effects score
was 4.41 ± 4.18 (median: 3, IQR: 1, 6) and 4.79 ± 3.54 (median 4, IQR: 2, 6) after the first and second
dose, respectively. Female gender, diabetes mellitus, hypertension, hyperlipidemia, comorbidity
> 2, family history of COVID-19, and the AstraZeneca vaccine were significantly associated with
higher side-effect scores. Only 35.8% of study participants were satisfied with the safety of COVID-19
vaccines. Conclusions: Our analysis showed a high proportion of transient and short-lived side
effects of Pfizer and AstraZeneca vaccines among individuals with chronic illnesses. However, the
side-effects profile was comparable with the safety reports of phase 3 clinical trials of these vaccines.
The frequency of side effects was found to be associated with certain demographics, necessitating
the need for further investigations to establish a causal relationship. The current study’s findings
will help instill confidence in the COVID-19 vaccines among people living with chronic conditions,
overcome vaccine hesitancy, and increase vaccine coverage in this population.

Keywords: COVID-19; side effects; safety; vaccine hesitancy; comorbidities; hypertension; diabetes
mellitus; hyperlipidemia; pharmacovigilance

Medicina 2022, 58, 1799. https://doi.org/10.3390/medicina58121799 https://www.mdpi.com/journal/medicina
13



Medicina 2022, 58, 1799

1. Introduction

The first case of coronavirus disease (COVID-19) was identified in December 2019 in
Wuhan, China. The mortality rate of COVID-19 is lower than that of other coronaviruses
such as severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome
(MERS). However, its causative pathogen, “severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2)” is considered more contagious than other coronaviruses causing SARS
and MERS [1]. Initially, patients with COVID-19 presented with typical manifestations such
as fever, fatigue, and respiratory symptoms. However, the rapid distribution of COVID-19
across the globe resulted in several atypical intricacies in various organ systems during
the disease course of COVID-19 [2]. Immediate prevention and control measures were
taken to curtail the epidemic across the globe. The phenomena of social distancing [3], drug
repurposing for the management of patients [4], and the development of vaccines proved
to be effective maneuvers to combat the growing encumbrance of COVID-19.

The COVID-19 vaccination is one of the effective preventive measures to curb the
encumbrance of the ongoing pandemic [5]. Various health authorities around the globe
have endorsed herd immunity as a potential tool against the COVID-19 outbreak. Vacci-
nation against COVID-19 is an essential driver of herd immunity. Despite aggressive and
continuous maneuvers to increase vaccine coverage, vaccine hesitancy is still a prominent
phenomenon that may impact the process of mass immunization against COVID-19. How-
ever, the fear of side effects of the COVID-19 vaccines is considered a dominant factor in
vaccine hesitancy [6,7]. The safety of COVID-19 vaccines is of great public health concern
and is crucial to neutralize vaccine hesitancy. There has been widespread speculations of
serious post-vaccination adverse events. In addition, the safety of these vaccines became a
priority concern immediately after a few reports of blood clotting [8], Bell‘s palsy [9], and
myocarditis [10] following the administration of specific vaccines.

Healthcare researchers around the globe responded swiftly to the safety profile of
the COVID-19 vaccines and conducted various post-marketing real-world surveillance
studies of side effects among vaccinees [11–14]. However, there is a dearth of investigations
into post-vaccination side-effects of COVID-19 vaccines among recipients with underlying
comorbid conditions. In addition, there are also increased safety concerns regarding the
vaccination of people living with underlying chronic conditions [15]. The use of more
than one medication and the co-occurrence of multiple health conditions among chronic-
disease patients may increase the frequency and severity of the post-vaccination side
effects [15,16]. It is pertinent to mention that most of the clinical trials on vaccines have
included only stable chronic-disease patients. Moreover, this population accounted for
only 15% to 42% of total participants in these trials [17]. Most chronic-disease patients
remain reluctant to adopt any therapeutic intervention except the medications they are
already receiving. Yi et al. reported that most of the patients with rheumatic diseases
were reluctant to receive COVID-19 vaccines due to the fear of side effects and disease
flare [18]. These findings are alarming, as patients with rheumatic diseases are at high risk
of COVID-19 infection attributed to their compromised immune systems [19]. However,
recent investigations have demonstrated satisfactory immunogenicity and an acceptable
safety profile of the COVID-19 vaccines among patients with autoimmune inflammatory
rheumatic diseases (AIIRDs) [20,21]. The findings of Li et al. also encourage COVID-19
vaccination among rheumatic-disease patients. The authors have reported a satisfactory
safety profile of COVID-19 vaccines among individuals with various rheumatic diseases,
and indicated that immunosuppressive therapy was not associated with the frequency of
side effects [21]. Educating these patients regarding the benefits and safety of COVID-19
vaccines will ensure optimal coverage. Similar results have also been observed in a study
conducted on the Saudi population, where adults with chronic conditions demonstrated
a low willingness to receive the COVID-19 vaccination [22]. It is expected that people
with chronic health conditions will hesitate to receive COVID-19 vaccines, most probably
due to fear of side effects. In this context, there is an impetus to inform this population
regarding safety profile of the COVID-19 vaccines. Cautious pharmacovigilance is indeed
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warranted for people with one or more chronic illnesses. This study aimed to ascertain the
prevalence of side effects after the first and second doses of COVID-19 vaccines among
chronic-disease patients. Moreover, this study determined the relationship between the
frequency of side effects and the demographics. The findings may serve to inform the
general community regarding the safety of COVID-19 vaccines among individuals with
underlying medical conditions.

2. Materials and Methods

2.1. Ethics Statement

The study protocol was approved by the Local Committee of Bioethics (LCBE) at
Jouf University, KSA (Reference: 05-05-43). Informed consent was obtained from all the
participants and data were anonymized before analysis.

2.2. Study Design, Population, and Location

This study is a sub-cohort analysis of an ongoing project on the pharmacovigilance of
the COVID-19 vaccines. This project aimed to collect data on the side effects of COVID-19
vaccines from university students, faculty members, and the general population. Since
the side-effects profile of COVID-19 vaccines among chronic-disease patients is lacking
in the literature, a sub-group analysis on vaccinees with chronic disease was performed.
Considering the dire need for a rapid report on the safety profile of the COVID-19 vaccines
among chronic-disease patients, data on faculty members of Jouf University, Saudi Arabia
were readily available for analysis. The participants who had received at least two doses of
the COVID-19 vaccines, had at least one chronic condition, and consented to participate
were included in this study, or otherwise excluded.

2.3. Validation and Reliability of Study Instrument

A 20-item questionnaire comprising three sections was constructed by a team of
physicians and hospital/community pharmacists. Following the face and content validity,
the study instrument was administered to a small sample of 30 participants. The internal
consistency of the study tool was estimated through Cronbach‘s alpha at 0.821, indicating
the suitability and reliability of the study instrument.

2.4. Components of Study Instrument

The study instrument was specifically designed to evaluate the safety profile of COVID-
19 vaccines. The questionnaire was initially designed in English. The English version was
translated into Arabic with the help of native Arabic speakers using forward–backward
translation. The study questionnaire consisted of four sections. Section 1 collected infor-
mation on demographics including age, gender, marital status, nationality, and education.
Section 2 inquired about the chronic conditions present among the study participants.
Section 3 evaluated the safety profile of vaccines such as the type of side effect after each
dose of vaccine, the onset and duration of side effects, and their management. Section 4
had two questions inquiring about the satisfaction and recommendation of the COVID-19
vaccines among study participants. The list of side effects included all common events
reported in clinical trials of vaccines as well as in the previous literature. Moreover, par-
ticipants were also encouraged to document any other side effect that was not present
in the list. All the participants were asked to respond against each side effect on a scale
of “Yes” and “No”. The option “Yes” was scored “1”, otherwise “zero”. A cumulative
side-effect score of each participant was estimated by adding the total number of side
effects. The mean side-effects scores were also estimated after the first and second doses
of COVID-19 vaccines. The total number of side effects after the first and second dose
was estimated. This resulted in a cumulative side-effect score (CSES) (the presence of
each side effect was scored 1). The average side-effect score (ASES) was also estimated
after each dose (ASES = (CSES-Dose 1 + CSES-Dose 2)/2). The reported side effects were
further stratified into four categories i.e., common (side effects indicated by >50% of the

15



Medicina 2022, 58, 1799

study population), moderately common (30–50%), uncommon (10% to <30%), and rare
(<10%). The respondents were also asked to rate the severity of side effects from mild to
moderate or severe.

2.5. Data Collection

Using a convenient sampling technique, the questionnaire was distributed among the
staff of the Jouf University via official emails with regular reminders at predefined intervals.
A brief overview of the study was given to the participants. Subsequently, the participants
were asked about their volunteer participation in this study and an online consent was
obtained with the statement “I agree to participate in this study”. If the participants did not
agree, the form was submitted without recording their responses. All questionnaires were
checked for completeness and transferred to a Microsoft spreadsheet for cleaning purposes.
Initially, all the data were collected but only responses meeting the inclusion criteria were
included in the analysis.

2.6. Statistical Analysis

All the data were subjected to analysis by Statistical Package for Social Sciences
(IBM-SPSS version 25). The data were descriptively presented as the frequency with
proportion and mean with standard deviation. The categorical data were compared with
the Chi-square test i.e., the comparison of side effects across demographics and types of the
COVID-19 vaccine. The independent Student’s t-test and one-way ANOVA compared the
mean score between two or more than two groups, respectively. Pearson correlation was
used to estimate the relationship between the number of side effects and comorbidities. The
coefficient of determination was also estimated through linear regression. A significance
level of p < 0.05 value was adjusted in all analyses.

3. Results

3.1. Demographics

A total of 204 patients with at least one comorbid condition were included in the
analysis. The age of the participants ranged from 30 to 49 years. The most common
comorbid condition was diabetes mellitus (41.2%) followed by hypertension (31.9%) and
hyperlipidemia (30.4%). Almost a quarter of the participants (23.5%) had a history of
COVID-19 infection. Most of the participants (62.3%) had received two doses of Pfizer
vaccine (BioNTech, BNT162b2), and only 17.2% had received two doses of Astra-Zeneca
(Oxford, AZD1222). A homologous vaccine regime was used in 79.9% of participants, while
20.1% of participants received a heterologous regime. The post-vaccination COVID-19
infection rate was only 2% in this study (Table 1).

Table 1. Demographics of study participants.

Variables Frequency Percentage

Age

18–29 Years 24 11.8

30–49 Years 105 51.5

≥50 Years 75 36.8

Gender

Male 91 44.6

Female 113 55.4

Marital status

Single 41 20.1

Married 158 77.5

Divorced 2 1.0

Widowed 3 1.5
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Table 1. Cont.

Variables Frequency Percentage

Comorbidities

Diabetes mellitus 84 41.2

Hypertension 65 31.9

Hyperlipidemia 62 30.4

Asthma 56 27.5

Anemia 3 1.5

Hypothyroidism 12 5.9

Hyperthyroidism 6 2.9

Gout 2 1.0

Seasonal allergy 11 5.4

Peptic ulcer 5 2.5

Congestive heart failure 8 3.9

Eczema 2 1.0

Comorbidities > 2

Yes 38 18.6

No 166 81.4

Allergic to any vaccine

Yes 9 4.4

No 195 95.6

COVID-19 infection before vaccination

Yes 48 23.5

No 156 76.5

COVID-19 infection in family before vaccination

Yes 138 67.6

No 66 32.4

COVID-19 infection in acquaintance before vaccination

Yes 161 78.9

No 43 21.1

COVID-19 vaccination regime

Astra-Zeneca (two doses) 36 17.6

Pfizer (two doses) 127 62.3

Pfizer and Astra-Zeneca 41 20.1

Type of vaccine during 1st dose

Pfizer 168 82.4

Astra-Zeneca 36 17.6

Type of vaccine during 2nd dose

Pfizer 127 62.3

Astra-Zeneca 77 37.7

Combination of vaccine

Homologous regime 163 79.9

Heterologous regime 41 20.1

COVID-19 infection after vaccination

Yes 4 2.0

No 200 98.0
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3.2. Incidence of Side Effects after COVID-19 Vaccines

The incidence of at least one side effect was 88.7% and 95.1% after the first and second
doses of the vaccine, respectively. Pain at the injection site and fatigue were common side
effects after the first dose, while pain at the injection site and muscle or joint pain were
common side effects after the second dose. The frequent side effects after the first dose
were pain at the injection site (63.2%), fatigue (58.8%), fever (47.5%), muscle and joint pain
(38.7%), and headache (36.3%). However, pain at the injection site (71.1%), muscle and joint
pain (62.7%), headache (49.5%), fever (45.6%), and stress (33.3%) were frequent after the
second dose. Most of these side effects occurred within the 6 h following the first dose
(45.1%) and second dose (28.4%). Most of the side effects (61.3%) lasted for 48 h among the
study participants (Table 2).

Table 2. Frequency of side effects after two doses of COVID-19 vaccines.

First Dose Second Dose

Frequency Percentage Frequency Percentage

Pain at injection site 129 63.2 145 71.1

Swelling at injection site 51 25.0 30 14.7

Redness at injection site 35 17.2 20 9.8

Headache 74 36.3 101 49.5

Muscle and joint pain 79 38.7 128 62.7

Fatigue 120 58.8 64 31.4

Fever 97 47.5 93 45.6

Stress 78 38.2 68 33.3

Malaise (feeling sick) 42 20.6 12 5.9

Chills 41 20.1 47 23.0

Nausea/vomiting 21 10.3 30 14.7

Diarrhea 22 10.8 31 15.2

Cough 18 8.8 42 20.6

Sore throat 15 7.4 21 10.3

Flu-like symptoms 15 7.4 21 10.3

Loss of smell 11 5.4 25 12.3

Loss of taste 10 4.9 33 16.2

Shortness of breath 17 8.3 50 24.5

Menstrual problems 2 1.0 3 1.5

Chest pain 1 0.5 - -

Palpitations 1 0.5 - -

Hair loss 3 1.5 3 1.5

Insomnia 10 4.9 8 3.9

Lymph-node swelling 2 1.0 2 1.0

Onset of side effects

Immediately 26 12.7 9 4.4

Within 6 h 92 45.1 58 28.4

Within 6–12 h 15 7.4 37 18.1

Within 12–24 h 21 10.3 25 12.3

After 24 h 19 9.3 21 10.3

Immediately 26 12.7 9 4.4
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3.3. Side-Effect Score and its Association with Demographics

A total of 24 side effects were reported after the 1st dose, and 22 after the 2nd dose of
the COVID-19 vaccines. The average -effects score was 4.41 ± 4.18 (median: 3, IQR: 1, 6)
and 4.79 ± 3.54 (median 4, IQR: 2, 6) after the first and second dose, respectively. However,
the cumulative side-effect score after both doses was 4.60 ± 2.93 (median: 4.2, IQR: 2.5,
6.5). The number of comorbidities was found to be positively correlated with side-effects
score after the first dose (r = 0.345, R2 = 0.125, p < 0.001), second dose (r = 0.230, R2 = 0.053,
p < 0.001), and both doses (r = 0.390, R2 = 0.152, p < 0.001). Female gender, diabetes mellitus,
hypertension, hyperlipidemia, comorbidity count more than 2, family history of COVID-19
infection, and the Astra-Zeneca vaccine were significantly associated with higher side-
effect scores following the first dose. On the other hand, participants aged 30–49 years,
>2 comorbidities, family history of COVID-19 infection, and those who received Pfizer
had significantly higher side-effect scores after the second dose (Table 3). It is pertinent to
mention that homologous and heterologous vaccine regimes were not associated with the
SES (score: 4.83 versus 4.61, p = 0.717) (Table 3). Tables 4 and 5 show that the occurrence of
certain side effects (common and moderately common) was statistically associated with
various demographic features.

Table 3. Relationship of demographics with side-effects score.

Variables First Dose Second Dose

Mean SD p Value Mean SD p Values

Age 0.070 0.004

18–29 Years 3.75 4.235 24 3.63 2.856

30–49 Years 5.07 4.091 105 5.56 3.648

≥50 Years 3.71 4.194 75 4.08 3.356

Gender <0.001 0.729

Male 3.24 3.331 4.89 4.416

Female 5.35 4.555 4.71 2.641

Marital status 0.939

Single 4.32 4.077 4.51 3.399

Married 4.47 4.238 4.92 3.601

Divorced 4.00 5.657 3.50 3.536

Widowed 3.00 3.464 2.67 1.528

Comorbidities

Diabetes mellitus <0.001 0.249

No 3.16 3.483 4.55 3.793

Yes 6.20 4.453 5.13 3.123

Hypertension 0.036 0.084

No 139 3.99 4.50 3.431

Yes 65 5.31 5.42 3.699

Hyperlipidemia 0.003 0.064

No 3.75 3.416 4.49 3.459

Yes 5.94 5.272 5.48 3.638

Asthma 0.813 0.730

No 4.36 3.393 4.74 3.329

Yes 4.55 5.806 4.93 4.062

Anemia 0.916 0.698

No 4.41 4.192 4.80 3.555

Yes 4.67 4.041 4.00 2.000
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Table 3. Cont.

Variables First Dose Second Dose

Hypothyroidism 0.726 0.704

No 4.44 4.160 4.77 3.575

Yes 4.00 4.671 5.17 2.949

Hyperthyroidism <0.001 <0.001

No 4.52 4.200 4.63 3.469

Yes 1.00 0.000 10.00 0.000

Gout 0.658 0.187

No 4.41 4.199 4.82 3.538

Yes 5.00 1.414 1.50 0.707

Seasonal allergy 0.319 0.955

No 4.34 4.169 4.79 3.619

Yes 5.64 4.388 4.82 1.537

Peptic ulcer 0.441 0.995

No 4.43 4.216 4.79 3.537

Yes 3.80 2.588 4.80 3.899

Congestive heart failure 0.080 0.178

No 4.52 4.207 4.81 3.605

Yes 1.88 2.475 4.38 0.518

Eczema 0.517 0.263

No 4.43 4.194 4.82 3.541

Yes 2.50 2.121 2.00 1.414

Comorbidities > 2 0.007 <0.001

Yes 6.63 5.630 6.66 3.052

No 3.90 3.605 4.36 3.508

Allergic to any vaccine 0.279 0.766

Yes 5.89 5.302 4.44 2.242

No 4.34 4.126 4.81 3.587

COVID-19 infection before vaccination 0.141 0.117

Yes 3.75 3.219 4.54 3.246

No 4.62 4.423 5.60 4.286

COVID-19 infection in family before
vaccination

0.012 0.009

Yes 138 3.80 138 5.21

No 66 5.68 66 3.91

COVID-19 infection in acquaintance before
vaccination

0.046 0.003

Yes 161 3.96 161 4.76

No 43 6.09 43 4.91

COVID-19 vaccination regime 0.005 0.593

Astra-Zeneca (two doses) 6.44 3.308 5.33 3.033

Pfizer (two doses) 3.96 4.571 4.69 3.802

Pfizer and Astra-Zeneca 4.02 2.962 4.61 3.089

Type of vaccine during 1st dose 0.001 -

Pfizer 3.98 4.227 - -

Astra-Zeneca 6.44 3.308 - -
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Table 3. Cont.

Variables First Dose Second Dose

Type of vaccine during 2nd dose 0.047

Pfizer - - 3.96 4.571

Astra-Zeneca - - 5.16 3.337

Combination of vaccine 0.717

Homologous regime - - 4.83 3.647

Heterologous regime - - 4.61 3.089

The bold values represent statistical significance.

Table 4. Distribution of common and moderately common side effects across demographic features
after 1st dose of COVID-19 vaccine.

Variable
Sub-
variable

Headache
Injection-Site

Pain
Fatigue

Bone-Joint
Pain

Stress Fever

No Yes No Yes No Yes No Yes No Yes No Yes

% % % % % % % % % % % %

Gender

Male 52.0 31.0 5.0 40.0 57.0 35.0 50.0 35.0 4.0 42.0 52.0 36.0

Female 47.0 68.0 4.0 59.0 42.0 64.0 49.0 64.0 5.0 57.0 47.0 63.0

p-value 0.003 * 0.1 0.003 * 0.036 * 0.6 0.020 *

Age

18–29
Years 13.0 9.0 13.0 10.0 15.0 9.0 1.0 11.0 11.0 12.0 1.0 8.0

30–49
years 5.0 54.0 54.0 49.0 35.0 62.0 4.0 5.0 41.0 67.0 43.0 59.0

>50
Years 36.0 36.0 3.0 39.0 48.0 28.0 4.0 31.0 47.0 19.0 41.0 3.0

p-value 0.7 0.5 0.001 * 0.4 <0.001 * 0.1

Marital status

Single 22.0 16.0 2.0 17.0 20.0 2.0 19.0 21.0 20.0 19.0 19.0 20.0

Married 73.0 83.0 74.0 79.0 76.0 78.0 78.0 75.0 7.0 78.0 77.0 77.0

Divorced 1.0 1.0 0.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0

Widowed 2.0 2.0 2.0 0.0 1.0 1.0 1.0 1.0 1.0

p-value 0.2 0.4 0.8 1.0 1.0 1.0

Allergic to vaccine

No 95.0 95.0 9.0 95.0 96.0 9.0 95.0 96.0 9.0 94.0 97.0 93.0

Yes 4.0 4.0 4.0 3.0 4.0 3.0 5.0 2.0 6.0

p-value 0.9 0.8 0.6 0.7 0.7 0.2

COVID-19-infected

No 70.0 86.0 81.0 73.0 78.0 7.0 77.0 74.0 75.0 78.0 7.0 82.0

Yes 29.0 13.0 18.0 26.0 21.0 2.0 22.0 25.0 24.0 21.0 2.0 17.0

p-value 0.011 * 0.2 0.6 0.6 0.6 0.1

Family member
infected with
COVID-19

No 25.0 44.0 29.0 34.0 3.0 33.0 25.0 4.0 30.0 35.0 29.0 35.0

Yes 74.0 55.0 70.0 65.0 6.0 66.0 74.0 5.0 69.0 64.0 70.0 64.0

p-value 0.005 * 0.5 0.7 0.010 * 0.4 0.4

Friends infected
with COVID-19

No 21.0 20.0 2.0 17.0 20.0 21.0 20.0 21.0 2.0 17.0 1.0 27.0

Yes 78.0 79.0 7.0 82.0 79.0 78.0 79.0 78.0 7.0 82.0 8.0 72.0

p-value 0.8 0.1 0.8 0.9 0.4 0.024 *

COVID-19 infection
after vaccinations

No 97.0 98.0 98.0 97.0 98.0 97.0 10.0 94.0 99.0 96.0 98.0 97.0

Yes 2.0 1.0 1.0 2.0 1.0 2.0 5.0 0.0 3.0 1.0 2.0

p-value 0.6 0.6 0.5 0.011 * 0.1 0.9
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Table 4. Cont.

Variable
Sub-
variable

Headache
Injection-Site

Pain
Fatigue

Bone-Joint
Pain

Stress Fever

No Yes No Yes No Yes No Yes No Yes No Yes

% % % % % % % % % % % %

Vaccine type

AZ two
doses 11.0 28.0 1.0 18.0 9.0 23.0 9.0 30.0 18.0 16.0 37.0

Pfizer
two
doses

67.0 52.0 6.0 61.0 71.0 55.0 70.0 49.0 66.0 55.0 78.0 44.0

Pfizer
and AZ 20.0 18.0 2.0 20.0 1.0 20.0 2.0 20.0 15.0 28.0 21.0 18.0

p-value 0.009 * 0.9 0.025 * <0.001 * 0.1 <0.001 *

* Statistical significance.

Table 5. Distribution of common and moderately common side effects across demographic features
after 2nd dose of COVID-19 vaccine.

Variable
Sub-
Variable

Headache
Injection-Site

Pain
Fatigue

Bone-Joint
Pain

Stress Fever

No Yes No Yes No Yes No Yes No Yes No Yes

Gender

Male 50.5 38.6 69.5 34.5 46.1 43.8 48.6 35.9 41.9 50 45.9 43

Female 49.5 61.4 30.5 65.5 53.9 56.3 51.4 64.1 58.1 50 54.1 57

p-value 0.088 <0.001 * 0.092 0.749 0.273 0.674

Age

18-29
Years 14.6 8.9 0 16.6 15.8 9.4 15.7 3.1 12.5 10.3 17.1 5.4

30–49
Years 51.5 51.5 30.5 60 43.4 56.3 51.4 51.6 49.3 55.9 45.9 58.1

>50
Years 34 39.6 69.5 23.4 40.8 34.4 32.9 45.3 38.2 33.8 36.9 36.6

p-value 0.402 <0.001 * 0.021 * 0.155 0.666 0.025 *

Marital status

Single 24.3 15.8 0 28.3 23.7 18 22.1 15.6 20.6 19.1 24.3 15.1

Married 73.8 81.2 98.3 69 72.4 80.5 74.3 84.4 76.5 79.4 72.1 83.9

Divorced 1 1 0 1.4 1.3 0.8 1.4 0 1.5 0 0.9 1.1

Widowed 1 2 1.7 1.4 2.6 0.8 2.1 0 1.5 1.5 2.7 0

p-value 0.472 <0.001 * 0.285 0.488 0.777 0.133

Allergic to vaccine

No 93.2 98 98.3 94.5 97.4 94.5 95 96.9 94.9 97.1 96.4 94.6

Yes 6.8 2 1.7 5.5 2.6 5.5 5 3.1 5.1 2.9 3.6 5.4

p-value 0.094 0.228 0.545 0.34 0.47 0.539

COVID-19-infected

No 74.8 78.2 74.6 77.2 72.4 78.9 81.4 65.6 100 29.4 73 80.6

Yes 25.2 21.8 25.4 22.8 27.6 21.1 18.6 34.4 0 70.6 27 19.4

p-value 0.56 0.684 0.014 * 0.287 <0.001 * 0.198

Family member
infected with
COVID-19

No 34 30.7 39 29.7 48.7 22.7 33.6 29.7 46.3 4.4 25.2 40.9

Yes 66 69.3 61 70.3 51.3 77.3 66.4 70.3 53.7 95.6 74.8 59.1

p-value 0.616 0.197 0.582 <0.001 * <0.001 * 0.017 *

Friends infected
with COVID-19

No 22.3 19.8 22 20.7 25 18.8 16.4 31.3 27.2 8.8 16.2 26.9

Yes 77.7 80.2 78 79.3 75 81.3 83.6 68.8 72.8 91.2 83.8 73.1

p-value 0.658 0.831 0.016 * 0.29 0.002 * 0.063

COVID-19 infection
after vaccinations

No 98.1 98 100 97.2 98.7 97.7 97.9 98.4 99.3 95.6 99.1 96.8

Yes 1.9 2 0 2.8 1.3 2.3 2.1 1.6 0.7 4.4 0.9 3.2

p-value 0.984 0.198 0.781 0.609 0.074 0.233
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Table 5. Cont.

Variable
Sub-
Variable

Headache
Injection-Site

Pain
Fatigue

Bone-Joint
Pain

Stress Fever

No Yes No Yes No Yes No Yes No Yes No Yes

Vaccine type

AZ two
doses 17.5 17.8 15.3 18.6 15.8 18.8 17.9 17.2 22.8 7.4 0 38.7

Pfizer
two
doses

55.3 69.3 55.9 64.8 73.7 55.5 60 67.2 58.1 70.6 75.7 46.2

Pfizer
and AZ 27.2 12.9 28.8 16.6 10.5 25.8 22.1 15.6 19.1 22.1 24.3 15.1

p-value 0.033 * 0.139 0.521 0.016 * 0.024 * <0.001 *

* Statistical significance.

3.4. Self-Reported Side Effects Severity and Medication Recommendations

Around 7% of participants reported that the side effects were severe after both doses,
while 4.4% and 6.9% indicated the severe nature of side effects after the first and second
doses, respectively. Paracetamol was recommended to 44.1% of study participants. How-
ever, vitamin C along with paracetamol was recommended in 5.4% of vaccine recipients.
Medical consultation was sought by 5.4% of vaccinees due to severe side effects, and such
consultation was more frequent after the first dose (3.4%). Only 2% of participants reported
healthcare consultation after both doses.

3.5. Perception of Respondents towards Safety of Vaccination

Only 35.8% of vaccinated individuals considered the COVID-19 vaccines safe, while
9.3% suggested that they are not safe and 54.9% were not sure about their safety. However,
three-fourths (75.5%) of the study population indicated that they recommend vaccines to
their family members and friends.

4. Discussion

To the best of our knowledge, this is the first study to assess the side-effects profile
following two doses of COVID-19 vaccines among individuals with comorbid illnesses
in the Northern Region of Saudi Arabia. Given the rapid development of COVID-19
vaccines, the safety and efficacy of these vaccines remain an area of concern [23]. Such
concerns are even more profound for patients with comorbid conditions due to the high
prevalence of polypharmacy and vaccine hesitancy in this population [15–17,22]. Our
analysis showed that the safety profile of COVID-19 vaccines among chronic-disease
patients is comparable to healthy individuals, and these findings are aligned with the
existing claims [24,25]. However, the incidence of at least one side effect was higher in
individuals with comorbidities when compared to those without any underlying medical
conditions. This result is aligned with the findings of Alemayehu et al. where authors
reported that the magnitude of COVID-19 vaccine adverse effects was comparatively higher
among participants with comorbid conditions [26]. Considering the higher risks of disease
progression or death during COVID-19, the benefits of the COVID-19 vaccination outweigh
the risks among patients with underline medical conditions.

Various clinical trials on vaccine development have included 20% to 30% of individu-
als with underlying medical conditions. The trials on Pfizer [27] and Moderna [28] vaccines
showed that the protective effects were similar across the study participants with and with-
out comorbidities [25]. However, the trials on Astra-Zeneca [29,30] and Janssen [31] showed
better protective effects among participants without any comorbid condition than those
with comorbidities, but the difference was statistically insignificant. It is important to note
that mortality was not associated with any vaccine among participants with and without
comorbid conditions. Based on these results, The Advisory Committee on Immunization
Practices (ACIP) in the USA, The Joint Committee on Vaccination and immunization (JCVI)

23



Medicina 2022, 58, 1799

in the UK, and the WHO Strategic Advisory Group of Experts on Immunization (SAGE)
recommend the vaccination for individuals with high-risk comorbidities [25].

Most of the participants in our study experienced at least one side effect following
both doses of COVID-19 vaccines. These findings are in concordance with the results of a
large surveillance report from the United Arab Emirates (UAE), where participants with co-
morbidities experienced more side effects than those without any comorbid condition [32].
Other studies among Arab population have also demonstrated significant association of
chronic diseases with the development [33], as well as frequency and severity, of postvacci-
nation side effects [34]. However, another study of Turkish healthcare workers revealed no
association of chronic illness with the emergence and intensity of side effects following the
Sinovac vaccine [35]. This inconsistency in results might be attributed to the differences in
the study population and type of vaccines. Moreover, the existing evidence suggests a lower
frequency of side effects after Sinovac than the Pfizer and Astra-Zeneca vaccines. Elnaem
et al. reported that the frequency of side effects among recipients of the Sinovac vaccine
was significantly lower than Pfizer-BioNTech and Oxford-Astra-Zeneca recipients [36]. This
might be a contributing factor to a high prevalence of side effects, as all the participants in
our study received either Pfizer or Astra-Zeneca vaccines. These findings suggest the rela-
tionship between the type of vaccine and the frequency of side effects. He et al. reviewed
the comparative efficacy and safety of various COVID-19 vaccines and reported a high
prevalence of local and systemic side effects after mRNA (Pfizer) and adenovirus-based
(Astra-Zeneca) vaccines [37], and these results are aligned with our findings. Interestingly,
the frequency of side effects was slightly higher after the second dose and these findings are
in agreement with other investigations [38–40]. However, these findings are contradicted
by the results of some other studies [41,42] where the proportion of side effects was more
profound after the first dose. It is pertinent to mention that these contradictions might be
attributed to the variation in the study population, the types of vaccines, and the status
of chronic illnesses among participants. Taken together, our analysis confirms the high
proportion of side effects among Pfizer and Astra-Zeneca recipients with chronic diseases,
particularly in those with diabetes mellitus, hypertension, and hyperlipidemia. Moreover,
the frequency of side effects was more among patients with >2 comorbid conditions. These
results necessitate the need for more investigations on the correlation of type and number
of comorbidities with the safety profile of the COVID-19 vaccines.

The distribution of side effects was similar to that reported in other studies [24,43],
where the most commonly reported complaints were pain at the injection site, headache,
muscle/joint pain, and fever. Most of these symptoms were reported within 6 h following
the jab. The recipients of Astra-Zeneca experienced more side effects as compared to Pfizer
vaccinees. Likewise, the participants who received two doses of Pfizer had an average
of four side effects while recipients of two doses of Astra-Zeneca had an average of six
side effects). These findings corroborate the results of other studies [24,43,44] comparing
the frequencies of side effects across the types of vaccines. However, it is important to
note that a conclusion on the association of the frequency of side effects with the type
of vaccine should not be established, as this such association is markedly affected by the
recipient‘s demographics. A recent meta-analysis has indicated a higher incidence of side
effects following the administration of the Sputnik vaccine [45]. Since these side effects are
self-reported by the vaccinees, several covariates must also be considered while interpreting
the results. Considering the relationship of demographics with side-effects score, only
gender and age were associated with the incidence of side effects after the first and second
dose, respectively. Our analysis showed a higher frequency of side effects among females
after the first dose as compared to males. These results are in contrast with the findings
of Al Bahrani et al. [46] but in agreement with other investigations [24,47]. The higher
frequency of side effects among females is well explained by biological mechanisms such
as stronger antibody, innate, and adaptive immune responses among females [48]. It is
pertinent to mention that the side-effects score was higher among males after the second
dose, but the difference was not significant. Similar to other studies [24], our analysis
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showed that the side effects were more common among the adult population. These results
indicate that the pattern of side effects reported among individuals with chronic conditions
was similar to that reported among the healthy population.

In this study, 7% of the study population reported that the side effects were severe
after both doses, while 6.9% reported more severe side effects after the second dose. Similar
results have been reported by Kang et al. [40], where authors indicated the higher severity
of adverse events after the second vaccination dose. However, only 5% of the study partici-
pants sought medical consultation due to severe side effects. The severity of side effects
was self-reported in our study and might be associated with perceived severity among
study participants. Nevertheless, most of the study participants used only paracetamol,
indicating the mild nature of side effects. These findings necessitate the need for further in-
vestigations on the severity of side effects based on clinicians‘ observations among patients
with chronic illnesses.

It is worth mentioning that only one-third of the study population reported that the
COVID-19 vaccines are safe. Although the recommendation of the vaccines to family
and friends was high in our study, the widespread concerns over the safety of COVID-
19 vaccines among this population were considerable. The data from various countries
have indicated that concerns about side effects are the main reason for hesitancy toward
COVID-19 vaccines [49,50]. Established evidence has suggested widespread speculation
on the safety profile of COVID-19 vaccines among individuals living with comorbidities
and endorsed the prioritized measures to tackle vaccine hesitancy and to improve vaccine
uptake in this population [15,51,52]. The side effects reported in our study were self-
limiting and were primarily linked with the provocation of the immune system by the
vaccines. The public sharing of these findings may enhance the confidence of individuals
with comorbidities in the safety profile of the COVID-19 vaccines. This may result in the
acceleration of the vaccine-coverage process. The side effects after the second dose of
COVID-19 vaccines can interfere with booster dose uptake [53]. In this context, educating
the population on the safety profile will be of paramount importance. Given the progression
of the disease, odds of mortality, and complications linked with COVID-19 infection among
chronic-disease patients, the vaccination of this population against COVID-19 holds an
instrumental position in mass-vaccination campaigns. In this context, the confidence of
this population in the vaccines is a major factor leveraging the vaccination success.

Study Limitations and Strengths

The findings of the current study should be interpreted in light of a few shortcomings.
Demerits of convenient sampling, and information bias such as reporting bias and recall
bias cannot be disregarded in this study. Since the side effects were self-reported, there is a
possibility of incorrect blame, as the study population was also using several medications,
and some complaints may have been associated with the use of drugs. The patients with
diabetes mellitus, hypertension, hyperlipidemia, and asthma represented most of the study
population; therefore, the implications of the findings for patients with other comorbid
conditions are limited. The long-term impact of these side effects was not determined in
this study, necessitating the need for further investigations in this particular population.
Moreover, this study does not provide information on the status of comorbidities, as
unstable patients may exaggerate the symptoms after vaccination. Since the safety profile
of booster doses of COVID-19 vaccines has been investigated [54], our study does not
provide any pharmacovigilance data following the booster dose among chronic-disease
patients. Considering the limited number of participants in our analysis, replication and
verification of our findings by a larger cohort are warranted. Despite these limitations, our
findings are strengthened by a detailed analysis of the side-effect profile of the two doses of
COVID-19 vaccines among people having diverse chronic conditions. Since various strong
evidence suggests the increased risk of COVID-19, breakthrough infection, and waning
vaccine effectiveness among people living with various health conditions [55], optimal
vaccination coverage is direly needed in this population. In this context, the findings of
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the current study will help instill confidence in the COVID-19 vaccines and subsequently
increase vaccine coverage in this population. Nevertheless, this study confirms the safety
of the COVID-19 vaccines, and its findings can be utilized in creating awareness among
this vulnerable population with vaccine hesitancy and ambivalence.

5. Conclusions

This study indicated a high proportion of transient and short-lived side effects of
Pfizer and Astra-Zeneca vaccines among individuals with chronic illnesses. Pain at the
injection site was a common side effect after the first and second doses. Fatigue and muscle
or joint pain were the second-most-common side effects after the first and second dose,
respectively. Most of these side effects occurred after 6 h of vaccine administration and
lasted for 48 h. The number of comorbid conditions was found to be positively correlated
with the side-effect score after the first and second doses. Only a few participants reported
that the side effects were severe in nature. Although three-fourths of the study population
indicated the recommendation of vaccines to their family members, only one-quarter of
vaccinees endorsed COVID-19 vaccines as safe. The side-effects profile reported in this
study was comparable with the safety reports of phase 3 clinical trials of these vaccines. It
is important to note that the side effects reported in this study require further validation,
verification, and replication through active pharmacovigilance or qualitative studies. A
larger study with random sampling would likely detect the relationship of side effects
between demographics, type and severity of comorbid illness, and the type of vaccine. The
results of this study may help in solving the ongoing challenge of vaccine hesitancy in this
vulnerable population that is nurtured by widespread concerns over safety profile.
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Abstract: Background and Objectives: Due to their weakened immune response, hemodialysis (HD)
patients with latent tuberculosis infection (LTBI) are at higher risk for active tuberculosis (TB) disease
and are more subject to patient-to-patient transmission within dialysis units. Consequently, current
guidelines advocate screening these patients for LTBI. To our knowledge, the epidemiology of LTBI
in HD patients has never been examined before in Lebanon. In this context, this study aimed to
determine LTBI prevalence among patients undergoing regular HD in Northern Lebanon and to
identify potential factors associated with this infection. Notably, the study was conducted during
the COVID-19 pandemic, which is likely to have catastrophic effects on TB and increase the risk of
mortality and hospitalization in HD patients. Materials and Methods: A multicenter cross-sectional
study was carried out in three hospital dialysis units in Tripoli, North Lebanon. Blood samples
and sociodemographic and clinical data were collected from 93 HD patients. To screen for LTBI, all
patient samples underwent the fourth-generation QuantiFERON-TB Gold Plus assay (QFT-Plus).
Multivariable logistic regression analysis was used to identify the predictors of LTBI status in HD
patients. Results: Overall, 51 men and 42 women were enrolled. The mean age of the study population
was 58.3 ± 12.4 years. Nine HD patients had indeterminate QFT-Plus results and were therefore
excluded from subsequent statistical analysis. Among the remaining 84 participants with valid
results, QFT-Plus was positive in 16 patients, showing a positivity prevalence of 19% (95% interval
for p: 11.3%, 29.1%). Multivariable logistic regression analysis showed that LTBI was significantly
associated with age [OR = 1.06; 95% CI = 1.01 to 1.13; p = 0.03] and a low-income level [OR = 9.29;
95% CI = 1.62 to 178; p = 0.04]. Conclusion: LTBI was found to be prevalent in one in five HD patients
examined in our study. Therefore, effective TB control measures need to be implemented in this
vulnerable population, with special attention to elderly patients with low socioeconomic status.

Keywords: latent tuberculosis infection; hemodialysis; QuantiFERON-TB Gold Plus assay; Lebanon

1. Introduction

Tuberculosis (TB), caused by the Mycobacterium tuberculosis complex (MTBC), is the
world’s most common cause of death from a single infectious agent next to coronavirus
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disease 2019 (COVID-19) and one of the leading causes of death from antimicrobial resis-
tance [1,2]. According to the World Health Organization (WHO), a quarter of the world’s
population has TB infection, a minority of whom will rapidly develop active TB. However,
the majority (>90%) of infected individuals develop effective acquired immunity to MTBC,
which persists within the human host as latent TB infection (LTBI) [2]. Individuals with
LTBI present a persistent immune response to stimulation by mycobacterial antigens with-
out evidence of clinically manifested TB disease. However, they can potentially develop
active TB, usually when their immune system becomes weakened. In 2021, there were an
estimated 1.6 million deaths from TB worldwide [2]. Notably, COVID-19 is likely to have
catastrophic effects on TB. Due to the COVID-19 pandemic, it was predicted that TB deaths
in high-TB settings would rise by up to 20% over 5 years [3]. Similarly, TB disease can
worsen COVID-19. Indeed, TB was found to be an independent risk factor for increased
mortality due to COVID-19 [4,5]. Similarly, the risk of death and percentage recovery in
COVID-19 patients with TB were, respectively, 2.17 times higher and 25% lower than in
those without TB [6].

Chronic kidney disease (CKD) is a relatively neglected global public health threat, with
high morbidity and mortality rates [7]. Indeed, CKD accounts for more than one million
deaths yearly, which makes it the 12th leading cause of death worldwide [8]. Advanced
renal impairment leads to end-stage renal disease (ESRD), necessitating renal replacement
therapy, such as HD [9]. CKD impairs both innate and adaptive host immunity. The
coexistence of chronic immune activation and chronic immune suppression is a common
implication of uremia, resulting in a weak vaccination response and an increased inci-
dence of cancers and microbial infections [10,11]. The TB reactivation risk is increased by
10–25 times among dialysis patients compared to the general population [12]. The mortality
rate of TB in dialysis patients appears to be higher as well [13]. This may be commonly asso-
ciated with late diagnosis and treatment, which, in turn, is due to the nonspecific symptoms
of TB in dialysis patients, whereas the involvement is often extrapulmonary [13,14].

In this context, screening and treatment for LTBI in this population are recommended
by the World Health Organization (WHO) to prevent the reactivation of LTBI and the
secondary transmission of the infection within dialysis units [15]. While there are numerous
available diagnostic assays to detect active TB, the diagnosis of LTBI remains challenging,
relying on the detection of an immune response against MTBC antigens. A gold standard
for the diagnosis of LTBI is lacking, but screening tests (tuberculin skin test (TST) and
interferon-gamma release assays (IGRAs)) are used for this purpose [16]. IGRAs are ex
vivo blood tests that measure the T-cell release of IFN-γ following stimulation by antigens
specific to the MTBC (with the exception of BCG substrains), i.e., culture filtrate protein 10
(CFP-10) and early secreted antigenic target of 6 kDa protein (ESAT-6).

Lebanon remains a low-TB-burden country, with an estimated incidence of 13 per
100,000 population and a total of 474 notified cases in 2021 [17]. Recently, the estimated
prevalence of CKD in Lebanon was 12.5%, which is surprisingly higher than the globally
estimated prevalence of 9.1% in 2017. It is worth noting that the burden of dialysis in
Lebanon is also among the highest worldwide, with 777 patients per million compared to
410 dialysis patients per million people worldwide [8].

Many studies have confirmed an increased risk (6.9- to 52.5-fold) of TB in dialysis
patients compared to the general population [18]. Although several reports investigated
the epidemiology of LTBI in HD patients in the Middle East and North Africa (MENA)
region [19–21], there is a lack of data regarding LTBI prevalence and infection-associated
factors among this vulnerable population in Lebanon. In this context, this study, conducted
during the COVID-19 pandemic, aimed to determine LTBI prevalence among HD patients
in Northern Lebanon and to identify potential factors associated with this infection.
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2. Materials and Methods

2.1. Study Design and Population

This investigation was a multicenter cross-sectional analytic study conducted at two
time points in Tripoli, North Lebanon. Between August and October 2020, forty-nine (49)
patients attending the dialysis unit at a public hospital (Orange-Nassau Governmental
Hospital) were enrolled in the survey. In February 2022, forty-four (44) patients attending
the dialysis unit at two private hospitals (Nini Hospital and Dar Al-Chifae Hospital) were
added to the survey. Overall, we included 93 patients from the three above-mentioned care
centers. The study population corresponds to all eligible HD patients attending the dialysis
units within the study period. We excluded patients who (i) were younger than 18 years;
(ii) had a history of active TB or had TB symptoms at the time of enrollment; or (iii) were
non-Lebanese.

2.2. Data and Sample Collection and Laboratory Examination

Data on sociodemographic factors (e.g., age, sex, educational level, and income level),
medical records (e.g., BCG vaccine, previous contact with active TB patients, and TST),
clinical characteristics of dialysis conditions (e.g., cause of ESRD, HD duration, frequency
of HD session per week, and HCV and HBV infections), behavior (e.g., smoking and
alcoholism), and the presence of other additional co-morbidities were recorded in the study
population. A total of 5 mL of blood was drawn from each participant into two lithium
heparin tubes for further laboratory examination.

LTBI was investigated using the QuantiFERON-TB Gold Plus (QFT-Plus) (Qiagen,
Germantown, MD) assay, performed according to the manufacturer’s instructions. This
assay uses four specialized blood collection tubes: a Nil tube (a negative control to adjust for
background IFN-γ), a Mitogen tube (a positive control to confirm baseline immune status),
and two antigen tubes, TB1 and TB2, which contain specific M. tuberculosis peptides
designed to stimulate both CD4 and CD8 T-cells. TB1 contains peptides from ESAT-6
and CFP-10 mycobacterial antigens to target the cell-mediated responses of CD4 T-cells,
while TB2 contains the same CD4 antigenic peptides of TB1 in addition to newly designed
peptides that stimulate CD8 T-cells. One milliliter of blood was transferred to each QFT-P
tube (Nil, TB1, TB2, and Mitogen). The tubes were labeled, shaken, and incubated at
37 ◦C ± 1 ◦C for 16–24 h. They were then centrifuged for 15 min at 2000 to 3000 RCF,
and the plasma from each tube was then collected and stored at −20 ◦C until use. The
measurement of IFN-γ via ELISA was subsequently performed, and IFN-γ concentrations
were obtained using QFT-Plus Analysis Software, version 2.71.

2.3. Statistical Analysis

Statistical analysis was performed using R software (R Core team, version 4.1.0; R
Studio, version 1.4.1106) using several packages (e.g., summarytools, DescTools, pret-
tyR, dplyr, and tidyr), and the obtained findings were illustrated using the ggplot2 R
package. The categorical data were described as frequencies and associated proportions.
The difference between the proportions of LTBI among different categories was initially
compared using Fisher’s exact test for categorical covariates and a t-test for continuous
covariates. Subsequently, multivariable logistic regression analysis was performed with
LTBI as the outcome and age, income level, smoking behavior, and HD due to diabetes
mellitus as predictors. We also used a backward stepwise model to identify and confirm
the associations of covariates with LTBI. The statistical tests were two-sided, with the type
I error set at α = 0.05. The code necessary to replicate the analysis is publicly available
(http://doi.org/10.6084/m9.figshare.22043252; accessed on 25 March 2023).

3. Results

A total of 93 HD patients, 51 men and 42 women, attending the dialysis units of
three hospitals in North Lebanon were enrolled in the study and screened for LTBI. The
mean age of the study population was 58.3 ± 12.4 years (age range 26–84 years). Most
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enrolled patients were from Tripoli (62.4%), came from low-income families (71%), and were
overweight (Average Body Mass Index (BMI) = 25.7). Out of all patients, 7.5% had previous
contact with a confirmed TB patient, and 39.8% had a history of BCG vaccination. The mean
duration of HD was 6.8 ± 4.9 years. Other sociodemographic and clinical characteristics of
the study population are summarized in Table 1.

Table 1. Sociodemographic and clinical characteristics of the study population and the prevalence of
latent tuberculosis infection.

Total = 93 Patients

n %

QuantiFERON-TB

Positive 16 17.2

Negative 68 73.1

Indeterminate 9 9.7

Hospital

Orange-Nassau Governmental Hospital (Public) 49 52.7

Nini Hospital (Private) 31 33.3

Dar Al-Chifae Hospital (Private) 13 14.0

Sex

Female 42 45.2

Male 51 54.8

Age (mean [SD; min–max]) 58.3 [12.4; 26–84 years]

Body Mass Index (BMI) (mean [SD; min–max]) 25.7 [4.0; 16.6–38.8]

District

Tripoli 58 62.4

Miniyeh-Danniyeh 13 14.0

Akkar 12 12.9

Zgharta 6 6.5

Koura 4 4.3

Education

Illiterate 26 28.0

Literate 67 72.0

Income level

Low 66 71.0

Middle to high 27 29.0

BCG vaccination

Yes 37 39.8

No 50 53.8

Unknown 6 6.5
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Table 1. Cont.

Total = 93 Patients

n %

Smoking

Yes 40 43.0

No 53 57.0

Drinking alcohol

Yes 5 5.4

No 88 94.6

Contact with a tuberculosis patient

Yes 7 7.5

No 86 92.5

Chronic glomerulonephritis *

Yes 11 11.8

No 82 88.2

Polycystic kidney disease *

Yes 5 5.4

No 88 94.6

High blood pressure *

Yes 29 31.2

No 64 68.8

Diabetes mellitus *

Yes 12 12.9

No 81 87.1

Nephroangiosclerosis *

Yes 10 10.8

No 83 89.2

Diabetic nephropathy *

Yes 14 15.1

No 79 84.9

Kidney transplantation

Yes 6 6.5

No 87 93.5

Hepatitis B infection

Yes 2 2.2

No 91 97.8

Hepatitis C infection

Yes 1 1.1

No 92 98.9
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Table 1. Cont.

Total = 93 Patients

n %

Starting hemodialysis in years ago (mean [SD; min–max]) 6.8 [4.9; 1–22 years]

Duration of hemodialysis sessions

<4 h 39 41.9

≥4 h 54 58.1

Frequency of weekly hemodialysis sessions

Up to 2 per week 21 22.6

3 per week 72 77.4
* Suggested cause of hemodialysis. Data are presented as mean [standard deviation (SD); min–max] for the
continuous variables and as frequency and percentage for categorical variables.

The QFT-Plus results showed that out of 93 HD patients, nine had indeterminate
QFT-Plus results and were therefore excluded from subsequent statistical analysis. Among
the remaining 84 participants with valid QFT-Plus results, 16 tested positive, reflecting a
prevalence of 19% (95% interval for p: 11.3%, 29.1%). Among patients who had positive
QFT-Plus results, the majority were men (62.5%), smokers (56.25%), and BCG-unvaccinated
(68.8%) and had low-income status (93.8%). Regarding HD etiologies, high blood pressure
and diabetes mellitus were more common among patients with positive QFT-Plus compared
to peers with negative results. Multivariable logistic regression analysis showed that LTBI
was significantly associated with age [OR = 1.06; 95% CI = 1.01 to 1.13; p = 0.03] and a
low-income level [OR = 9.29; 95% CI = 1.62 to 178; p = 0.04] (Table 2).

Table 2. Determinants of latent tuberculosis among patients on hemodialysis using univariate
analysis and multivariable logistic regression models.

Univariate Analysis Multivariable Logistic Regression Models

Model 1 i Model 2 ii

Categorical variables % p adj.
OR 95%CI p adj.

OR 95%CI p

Sex

Female 1 16.7

Male 20.8 0.78

District

Tripoli 1 22.6

Outside Tripoli 12.9 0.39

Education

Illiterate 1 25.0

Literate 16.7 0.38

Income level

Middle to high 1 4.2

Low 25.0 0.03 8.75 1.49–
169 0.05 9.29 1.62–

178 0.04

BCG vaccination

Yes 1 14.7

No 23.9 0.40
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Table 2. Cont.

Univariate Analysis Multivariable Logistic Regression Models

Model 1 i Model 2 ii

Smoking

Yes 1 25.7

No 14.3 0.26 0.43 0.12–
1.44 0.17 0.41 0.12–

1.35 0.15

Contact with a tuberculosis patient

Yes 1 28.6

No 18.1 0.61

High blood pressure *

Yes 1 25.9

No 15.8 0.37

Diabetes mellitus *

Yes 1 36.4

No 16.4 0.21 0.75 0.17–
3.79 0.71

Kidney transplantation

Yes 0.0

No 20.3 0.58

Duration of hemodialysis sessions

<4 h 20.0

≥4 h 18.4 1.00

Frequency of weekly hemodialysis sessions

Up to 2 per week 16.7

3 per week 19.7 1.00

Continuous variables Infection No in-
fection p adj.

OR 95%CI p adj.
OR 95%CI p

Age 64.7 57.6 0.05 1.06 1.01–
1.13 0.04 1.06 1.01–

1.13 0.03

Body Mass Index (BMI) 25.5 25.8 0.73

Starting hemodialysis in years ago 5.93 6.97 0.39

Determinants of latent tuberculosis were predicted using univariate (t-test and Fisher’s exact test for continuous
and categorical variables, respectively) and multivariable analysis (logistic regression models). i The variables
tested by univariate analysis that had a p value < 0.30 were included in Model 1 (multivariable logistic regression
analysis). ii In Model 2, a backward logistic regression model was created including only complete cases.
1 Reference group. * Suggested cause of hemodialysis.

4. Discussion

People with ESRD have an increased risk of active TB [22]. This dual public health
threat commonly affects low- and middle-income countries the most, as the CKD burden is
increasing more rapidly in these countries and their resident households are at a greater risk
of contracting TB [23,24]. Due to the lack of effective surveillance systems, the official data
on ESRD and TB might underestimate the actual rates of these diseases and consequently
prevent the implementation of appropriate preventive measures.

Since late 2019, Lebanon has been facing calamitous economic and political crises,
which were further exacerbated by the COVID-19 pandemic and the blast of the Beirut
port [25]. Many sectors were severely affected, including the healthcare sector, endangering
the ability of healthcare centers to provide life-saving care services. Indeed, unprecedented
inflation and its consequent health and socioeconomic results have negatively impacted
both HD and TB services. Prices of healthcare consultations and life-saving medicines for
serious illnesses have increased dramatically, which precipitously threatens the control and
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treatment of infectious and non-communicable diseases in the Lebanese community [26].
Moreover, laboratory diagnostic supplies and essential drugs have been widely reported as
inaccessible to a large part of the Lebanese population [27,28]. In addition to the prevailing
extreme poverty and malnutrition (two of the major social determinants of TB) in the
Lebanese community, the Beirut port explosion in August 2020 heavily damaged the
national TB program (NTP) premises in the Karantina region of the capital Beirut, where
the central unit and main TB center are located [17]. The COVID-19 pandemic has also
played a key role in increasing TB cases in Lebanon, where TB control services were
significantly altered by the pandemic [17]. Furthermore, there was a threat of dialysis
service suspension due to severe shortages in supplies. This fact impacts not only HD
patients but also individuals who will not be diagnosed and cases who will not be operated
on [29].

To the best of our knowledge, we determined the prevalence of LTBI for the first time
in the MENA region with the latest generation of IGRAs—the QFT test (i.e., QFT-Plus).
Unlike the previous QFT generations (i.e., QuantiFERON-TB Gold In-Tube (QFT-GIT)
and QuantiFERON-TB Gold (QFT-G)), the QFT-Plus assay stimulates both CD4 and CD8
T-cells, which makes it very useful in conditions of immune depression due to CD4 T-cell
impairments [30]. Indeed, QFT-Plus is the most relevant available tool for appropriately
identifying LTBI in individuals with specific immune disorders, including CKD [31].

Our findings show a relatively low prevalence of LTBI (19%) among HD patients. In
comparison with other MENA countries (Table 3), Lebanon has the lowest LTBI prevalence
among HD patients according to IGRA tests. Higher percentages of LTBI have been
reported in Iran [32], Egypt [33], and Saudi Arabia [34], in which 23.4%, 35.1%, and 45.3%
of HD patients were shown to have LTBI, respectively. Notably, the highest percentages of
LTBI among HD patients were observed in Turkey, ranging from 39.6% to 61% [19,35–40].
The low LTBI prevalence found in the present study may be explained by the geographical
difference in TB incidence and the fact that Lebanon is a low-TB-burden country [41].

Table 3. Prevalence of latent tuberculosis infection among hemodialysis patients in the Middle East
and North Africa (MENA) region.

Country Publication Year
Number of

Patients

Prevalence (%)

Ref.Tuberculin Skin
Test

IGRA *, a, b, c

Egypt

2014 40 15 20 c [42]

2016 60 45 31.7 b [43]

2017 74 13.5 35.1 c [33]

Iran

2008 100 16 ND ! [44]

2012 255 20.8 ND [45]

2014 47 43.5 23.4 b [32]

2022 119 81.5 ND [21]

Iraq 2016 71 28.6 ND [46]

Saudi Arabia

2013 133 19 39 a [47]

2013 200 13 32.5 c [48]

2015 181 17.4 45.3 c [34]

Tunisia 2002 60 10 ND [49]
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Table 3. Cont.

Country Publication Year
Number of

Patients

Prevalence (%)

Ref.Tuberculin Skin
Test

IGRA *, a, b, c

Turkey

2009 50 56 ND [50]

2009 56 ND 58.9 c [35]

2010 733 38.6 ND [51]

2010 100 34 43 b [36]

2011 96 43.8 39.6 c [37]

2011 89 31.5 45 b [38]

2012 411 39 61 a [39]

2012 92 30.4 ND [52]

2015 50 36.4 54 c [40]

2016 95 32 41 c [19]

* Interferon-gamma release assay (IGRA) tests performed using T-SPOT.TB a; QuantiFERON-TB Gold (QFT-G) b;
or QuantiFERON-TB Gold In-Tube (QFT-GIT) c method. ! ND, not determined.

The study population and the sensitivity and specificity of the adopted diagnostic tests
may also affect the prevalence of infection. In immunocompromised patients, such as those
undergoing HD treatment, the TST performs poorly due to an increased possibility of false-
negative results [53]. In addition, Hussein et al. [33] demonstrated that the prevalence of
LTBI changed significantly according to the adopted diagnostic method, with 13.5% using
the TST and 35.1% using QFT-GIT. The results of most studies in Saudi Arabia [34,47,48],
Egypt [33,42], and Turkey [19,36,38–40] corroborated that using IGRA tools allows the better
detection of LTBI among HD patients. On the other hand, only three studies conducted in
Egypt, Iran, and Turkey [32,37,43] showed discordant data, with a higher LTBI prevalence
using the TST compared to IGRA tests. To maintain the sensitivity of the QFT-Plus assay in
our study population, we collected the samples immediately before the start of the dialysis
process. An obvious reduction in IFN-γ production levels in response to TB antigens was
detected after the start of the HD process in CKD patients with ESRD [35]; thus, the prior
collection of samples was determined to be better to detect LTBI among patients with ESRD.

Patients receiving dialysis are at high risk of developing TB and should be prioritized
for LTBI management due to the fact that they present an increased prevalence of MTBC
infection and an increased risk of TB reactivation. In this context, current guidelines recom-
mend screening and treating dialysis patients for LTBI [15,54]. In the present study, LTBI
was significantly associated with age and a low-income level. A significant association
between older age and LTBI was also revealed by Ogawa et al. [55], Shu et al. [56], and Lee
et al. [57] in Japan and Taiwan. Low socioeconomic status affects the aspects of both the
“exposure-infection-disease-adverse outcome” spectrum and the health of populations in
general [58]. On the other hand, other risk factors have been associated with LTBI in other
studies. Two studies carried out in Taiwan and Indonesia (Bandiara et al.) showed a signifi-
cant association between smoking behavior and LTBI [12,56]. Hayuk and colleagues [59]
revealed that alcohol consumption was significantly associated with LTBI among HD pa-
tients. Moreover, Turkish investigations reported that QFT positivity was more frequent
in males compared to females [38] and in patients with previous contact with active TB
cases [36].

Our data revealed that 9.7% of HD patients had indeterminate results, which is in agree-
ment with the wide percentage range (2% to 40%) reported in previous studies [36,47,60].
For example, 30% of HD patients had indeterminate QFT-GIT results in Egypt [60]. In
contrast, another study using the same diagnostic method showed that only 5.9% of HD
patients had indeterminate results [55]. Although an indeterminate QFT-Plus result does
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not indicate a failed test, it does not provide useful information regarding the likelihood of
LTBI. An indeterminate result may be related to immunosuppression associated with older
age and underlying diseases or due to some technical errors [61]. The rate of indeterminate
results in immunocompromised patients is higher than that observed in immunocompetent
individuals [62]. In addition, the indeterminate results determined by QFT-GIT were higher
compared with QFT-Plus [62]. Since our samples were transported within the specified
time interval and the proper procedure was followed during the specimens’ storage and
processing, the possibility of a wrong technical practice is potentially excluded. Taken
together, the percentage of indeterminate results in our investigation is probably associated
with the immunosuppressed state of HD patients.

It is worth bearing in mind that our samples were collected in the period between
2020 and 2022, during which the world was facing the COVID-19 pandemic. Hemodialysis
centers were considered high-risk places for COVID-19 transmission, and HD patients rep-
resented a group at risk of infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) due to impaired immunity. Moreover, due to the lockdown and containment
measures taken to combat the pandemic, several patients could not access medical care
and consequently missed their HD sessions [63–65]. Altogether, these factors reduced the
life-saving HD frequency and the weekly duration of HD sessions [63,66] and hindered
patients’ access to HD units. We may therefore have missed possible cases of HD patients
with different clinical conditions whose enrollment may have affected our findings on LTBI
prevalence and its associated risk factors in this vulnerable population.

This study had limitations. Due to the cross-sectional design of this study, we were
unable to assess the relationship between CKD/ESRD, HD-associated conditions, and LTBI.
In parallel, due to logistic reasons, the follow-up of subjects with indeterminate QFT-Plus
results has not been performed (i.e., either repeating the IGRA test with a newly obtained
blood specimen or administering a TST). Moreover, the low number of enrolled patients at
two time points limits the statistical power for tests and consequently the conclusions that
can be drawn. Finally, as previously mentioned, our data were collected during the COVID-
19 pandemic, which potentially had an impact on our study findings. The epidemiological
significance of our findings remains to be confirmed in future studies.

5. Conclusions

To our knowledge, this study represents the first report assessing the prevalence
of LTBI in HD patients in Lebanon. Our work showed that 19% of the examined HD
patients were positive for LTBI, and infection is significantly associated with age and low-
income status. The possibility of TB reactivation with extrapulmonary involvement or
spreading must be taken into consideration in order to reduce the morbidity and mortality
of TB in these patients. Therefore, there is a paramount need to implement effective TB
control strategies among this vulnerable population, with special attention to high-risk
patients such as HD and peritoneal dialysis patients. For a better understanding of the
local epidemiology of LTBI in Lebanon, further large-scale, nationwide studies are required
to explore TB determinants in the community and suggest interventions tackling this issue
of global concern.
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tuberculin skin test in peritoneal dialysis and hemodialysis patients. Ren. Fail. 2012, 34, 304–307. [CrossRef]

53. Redelman-Sidi, G.; Sepkowitz, K.A. IFN-γ IFN-gamma release assays in the diagnosis of latent tuberculosis infection among
immunocompromised adults. Am. J. Respir. Crit. Care Med. 2013, 188, 422–431. [CrossRef]

54. Lebanese Ministry of Public Health. National Guidelines for Tuberculosis Prevention, Care and Elimination in Lebanon-2017.
Available online: https://www.moph.gov.lb/en/Pages/2/11570/national-guidelines-for-tuberculosis-prevention-care-and-
elimination-in-lebanon-2017 (accessed on 23 February 2023).

55. Ogawa, Y.; Harada, M.; Hashimoto, K.; Kamijo, Y. Prevalence of latent tuberculosis infection and its risk factors in Japanese
hemodialysis patients. Clin. Exp. Nephrol. 2021, 25, 1255–1265. [CrossRef]

56. Shu, C.-C.; Wu, V.-C.; Yang, F.-J.; Pan, S.-C.; Lai, T.-S.; Wang, J.-Y.; Lee, L.-N.; Wang, J.-T. Predictors and prevalence of latent
tuberculosis infection in patients receiving long-term hemodialysis and peritoneal dialysis. PLoS ONE 2012, 7, e42592. [CrossRef]

57. Lee, S.S.-J.; Chou, K.-J.; Dou, H.-Y.; Huang, T.-S.; Ni, Y.-Y.; Fang, H.-C.; Tsai, H.-C.; Sy, C.-L.; Chen, J.-K.; Wu, K.-S.; et al. High
prevalence of latent tuberculosis infection in dialysis patients using the interferon-gamma release assay and tuberculin skin test.
Clin. J. Am. Soc. Nephrol. 2010, 5, 1451–1457. [CrossRef] [PubMed]

58. Satyanarayana, S.; Thekkur, P.; Kumar, A.M.V.; Lin, Y.; Dlodlo, R.A.; Khogali, M.; Zachariah, R.; Harries, A.D. An Opportunity to
END TB: Using the Sustainable Development Goals for Action on Socio-Economic Determinants of TB in High Burden Countries
in WHO South-East Asia and the Western Pacific Regions. Trop. Med. Infect. Dis. 2020, 5, 101. [CrossRef] [PubMed]

59. Hayuk, P.; Boongird, S.; Pornsuriyasak, P.; Bruminhent, J. Interferon-gamma release assays for diagnosis of latent TB infection in
chronic kidney diseases and dialysis patients. Front. Cell. Infect. Microbiol. 2022, 12, 1046373. [CrossRef] [PubMed]

60. Mohamed, K.H.; Hashem, M.M.; Sharaf, S.M. Role of the QuantiFERON-TB gold in tube in ruling out tuberculosis in end stage
renal disease patients receiving hemodialysis. Egypt. J. Chest Dis. Tuberc. 2012, 61, 135–138. [CrossRef]

61. Pandey, S.; Rattan, A.; Singh, M. Evaluating the Indeterminate Results of the QuantiFERON-TB Gold in-Tube Test. Curr. Res.
Tuberc. 2011, 3, 16–19. [CrossRef]

62. Xu, Y.; Yang, Q.; Zhou, J.; Zhou, F.; Hezhang, Y.; Gao, Y.; Shao, L.; Shi, J.; Ruan, Q.; Zhang, W. Comparison of QuantiFERON-TB
Gold In-Tube and QuantiFERON-TB Gold-Plus in the Diagnosis of Mycobacterium tuberculosis Infections in Immunocompromised
Patients: A Real-World Study. Microbiol. Spectr. 2022, 10, e0187021. [CrossRef]

63. Prasad, N.; Bhatt, M.; Agarwal, S.K.; Kohli, H.; Gopalakrishnan, N.; Fernando, E.; Sahay, M.; Rajapurkar, M.; Chowdhary, A.R.;
Rathi, M.; et al. The adverse effect of COVID pandemic on the care of patients with kidney diseases in India. Kidney Int. Rep.
2020, 5, 1545–1550. [CrossRef]

64. El Karoui, K.; De Vriese, A.S. COVID-19 in dialysis: Clinical impact, immune response, prevention, and treatment. Kidney Int.
2022, 101, 883–894. [CrossRef]

65. Tannor, E.K.; Bieber, B.; Aylward, R.; Luyckx, V.; Shah, D.S.; Liew, A.; Evans, R.; Phiri, C.; Guedes, M.; Pisoni, R.; et al. The
COVID-19 pandemic identifies significant global inequities in hemodialysis care in low and lower-middle income countries-An
ISN/DOPPS survey. Kidney Int. Rep. 2022, 7, 971–982. [CrossRef]

66. Lodge, M.D.S.; Abeygunaratne, T.; Alderson, H.; Ali, I.; Brown, N.; Chrysochou, C.; Donne, R.; Erekosima, I.; Evans, P.; Flanagan,
E.; et al. Safely reducing haemodialysis frequency during the COVID-19 pandemic. BMC Nephrol. 2020, 21, 532. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

43





Citation: Bibi, A.; Abbas, S.;

Mushtaq, S.; Mansoor, A.; Green, I.R.;

Mallhi, T.H.; Khan, Y.H.; Khan, A.

Knowledge, Attitudes and

Perceptions towards COVID-19

Vaccinations: A Cross-Sectional

Survey in Pakistan. Medicina 2023, 59,

272. https://doi.org/10.3390/

medicina59020272

Academic Editor: Gennaro De

Pascale

Received: 29 October 2022

Revised: 14 December 2022

Accepted: 15 December 2022

Published: 31 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

medicina

Article

Knowledge, Attitudes and Perceptions towards COVID-19
Vaccinations: A Cross-Sectional Survey in Pakistan

Asima Bibi 1, Sameen Abbas 1, Saima Mushtaq 2, Atika Mansoor 3, Ivan R. Green 4, Tauqeer Hussain Mallhi 5,

Yusra Habib Khan 5 and Amjad Khan 1,*

1 Department of Pharmacy, Quaid-i-Azam University, Islamabad 45320, Pakistan
2 Department of Healthcare Biotechnology, Atta-ur-Rahman School of Applied Biosciences,

National University of Sciences and Technology, Islamabad 44000, Pakistan
3 Institute of Biomedical and Genetic Engineering (IBGE), KRL Hospital, Islamabad 44000, Pakistan
4 Department of Chemistry and Polymer Science, University of Stellenbosch, Matieland,

Stellenbosch 7600, South Africa
5 Department of Clinical Pharmacy, College of Pharmacy, Jouf University, Sakaka 72388, Saudi Arabia
* Correspondence: amjadkhan@qau.edu.pk

Abstract: Background and Objectives: Several vaccines have been approved for the prevention of the
coronavirus disease, discovered on 31 December in Wuhan, China. Pakistan procured vaccines
from various countries. However, the lack of knowledge and reluctance of the general population to
embrace the use of the vaccines are considered to be the major determinant of the slow vaccination rate.
Hence, it is necessary to evaluate the willingness of the general population about their perception of
the COVID-19 vaccination. Materials and Methods: A cross sectional survey based on a self-structured
questionnaire comprising 18 questions was conducted (from 21 April–21 June) on 400 Pakistani
participants to evaluate their knowledge, attitude, and perception towards the COVID-19 vaccination.
Chi-square independent t-test and one-way Anova including a multiple step wise linear regression
were used to draw conclusions about the results. p < 0.05 was considered significant. Results: A
total of 400 participants responded in the knowledge, attitude, and perception (KAP) survey of
which 46.5% were female and 53.5% were male. The mean age of participants was 36.08 years. This
survey showed a poor knowledge (50.5%), a fair attitude (75.1%) and a poor perception (58.1%)
towards the COVID-19 vaccination. Higher mean knowledge and attitude scores were reported in
the age group 21–40, females, and unmarried urban citizens. Regression analysis showed that age,
education, residence, and employment status influenced the knowledge and perception score to a
considerable extent. Conclusions: The findings reflect an inadequate knowledge and perception on
the one hand, but a better attitude towards the COVID-19 vaccination. This knowledge attitude and
perception (KAP) survey will help in better understanding the opinion of the general population
towards vaccination, and will be useful for policy makers and health care authorities aiming to
increase the vaccination rate.

Keywords: COVID-19; vaccine; knowledge; attitude; perception; survey; questionnaire

1. Background

After the Severe Acute Respiratory Syndrome (SARS) and Middle East Respiratory
Syndrome (MERS) outbreak, a new virus was discovered on 31 December in Wuhan, China,
named 2019 n-CoV by the World Health Organization (WHO), and later named SARS-
CoV-2 by the International Committee on the taxonomy of viruses [1]. The WHO declared
COVID-19 to be the sixth Public Health Emergency of International Concern (PHEIC),
and later declared it to be a global pandemic on 11 March 2020 (WHO, 2005). The first
COVID-19 case was reported in Pakistan on 26 February 2020 [2]. Since then, the number
of cases increased rapidly.
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Persons infected with COVID-19 develop the common conditions of fever, cough,
shortness of breath, sore throat, nasal congestion, weakness, fatigue, and dyspnea [3–5].
Various risk factors are involved with the complexity of COVID-19. These risk factors are:
old age, respiration distress, and various chronic co-morbid conditions [6,7] Other risk
factors includes respiratory distress, sepsis, metabolic acidosis, arrhythmia heart failure,
kidney failure, and hypoxic encephalopathy [8].

Treatment strategies were initially mainly focused on corticosteroids, blood thinners,
and neutralizing antibodies, due to the lack of a specific cure, such as vaccination [9]. After
an extensive development phase, vaccination became one of the best treatment strategies
recommended by the WHO to generate herd immunity in the general population [10,11].
Despite supply challenges, the Pakistan government acquired 40 million COVID-19 vaccines
from China, the WHO, USA, UK and Germany, in order to be able to vaccinate an estimated
70 million people [12–16]. Statistics shared by the Government of Pakistan showed that
only 18.2% of the Pakistan population is fully vaccinated [17]. Pakistan has a history of a
relatively low vaccination rate for a variety of vaccine preventable diseases, such as HBV and
polio [18]. Unless this COVID-19 low vaccination rate is not seriously addressed, it will take
an unnecessarily longer time for the general population to return a semblance of normalcy
from this pandemic [19].

It is well known that, generally, any new medical intervention has its own acceptabil-
ity rate among the general population, and thus the acceptance of the COVID-19 vaccine,
along with its distribution and proper utilization to every member of society, is also very
important. [20]. Previous reported data showed that those reluctant to take the COVID-19
vaccination due to safety concerns totaled, in the USA, 33% of general participants and 50%
of health care workers [21]; in Turkey, 45.3% of general participants and 42.2% of health care
workers; and in Oman, 23% of general respondents and 40% of healthcare workers [22–26]. In
the USA, its acceptance was 50%, in France its acceptance was only 62% [20,27]. While in Italy,
acceptance of the COVID-19 vaccination was 59% [28,29]. Similarly, one of China’s surveys
about COVID-19 vaccination declared that only one half, that is 54% pf the population, was
willing to have vaccination [30]. Several important factors, such as health knowledge, serve as
being important for the participants in increasing their acceptance, as more knowledge by the
general population towards breakouts such as the COVID-19 pandemic, its vaccination and
potential benefits, coupled with its precautionary measures, contributes in a better implemen-
tation of health system facilities [30,31]. Similarly, attitude and perception are the two primary
cognitive factors that play a vital role in the vaccination coverage rate of COVID-19.

Knowledge, attitude, and perception (KAP) surveys mostly help to identify knowl-
edge gaps and behavior patterns of the general population on the basis of their socio-
demographics, in order to implement effective public health interventions [32]. This study
aimed to determine the knowledge, acceptance, and perception of the COVID-19 vaccine
among the Pakistani population.

2. Methodology

2.1. Study Design

Cross sectional studies were performed to assess knowledge, attitude, and perception
of the Pakistani population towards the COVID-19 vaccination.

2.2. Study Setting

The study was conducted on the general population of all the provinces (Punjab,
Sindh, Khyber Pakhtunkhwa, Balochistan) of Pakistan.

2.3. Study Duration

The study was carried out from April–June 2021 through an online questionnaire,
which was distributed on different social media platforms (e.g., Facebook and WhatsApp).
During this time duration of April to June (3rd and 4th wave of COVID-19), a community-
based national survey was not possible. So, relying on online social media links, the
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questionnaire was posted/reposted to local people living in different areas of Pakistan. In
this online survey, answers to all questions was mandatory for final submission.

2.4. Inclusion and Exclusion Criteria

Participants were 18 years or older and Pakistani residents, having an easy access to
the Internet and were voluntary participants. People below the targeted age of 18 years
were excluded from this study.

2.5. Sample Size and Sampling Technique

Initially, the convenient sampling technique was used for sample size estimation. In
this survey, thousands of participants could be included, however, due to the limited time
period, sample size was calculated from the estimated current population of Pakistan by
using the Rao-soft calculator to have an idea of the least number of participants that must
be included in this survey. The current population of Pakistan is 213,222,917 as per 2017
Census of Pakistan. With a 95% confidence interval, 50% population representation and 5%
margin of error, a 385 sample size was calculated by using the Rao-soft calculator. However,
data from 400 participants was collected. It was a limited sample size because of the limited
time duration of survey during the 3rd and 4th wave.

2.6. Study Tool

A self-structured 18-item questionnaire, along with the appropriate demographics,
was prepared and divided into three sections. In addition to demographics, six questions
explored knowledge about COVID-19 while eight questions focused on attitude and four
questions focused on perception of participants towards the COVID-19 vaccination.

2.7. Questionnaires Development and Validation

A self-structured questionnaire was designed based on a previous literature review.
After an extensive literature review, the questionnaire was designed in English [33]. The
English version of the questionnaire was translated into Urdu by using a back-to-back
translation procedure [34]. This questionnaire was tested for its reliability and internal
consistency. The internal consistency of the knowledge, attitude, and perception (KAP)
survey questionnaire calculated by Cronbach’s alpha was 0.720 for knowledge, 0.642 for
attitude, and 0.629 for perception, and found to be in an acceptable range. An initial pilot
study was performed among 20 participants to evaluate its acceptability and consistency,
but these results were not included in the final study.

2.8. Scoring Criteria and Statistical Analysis

The scoring criteria was based on the original bloom’s cut-off point used in previ-
ous studies conducted on dengue fever anticipation in male people of the Maldives and
Bangkok in 2007, as well as a KAP study performed on COVID-19 among Chronic Dis-
ease Patients in Northwest Ethiopia in 2020 [35,36]. Criteria of bloom’s cut-off point were
80–100% (good), 60.0–79.0% (fair), and ≤59.0% (poor). In statistical analysis categorical
variables were represented in form percentages and frequencies and Chi Square Indepen-
dent was used to analyze significant association between demographics and knowledge,
attitude, and perception. Independent t-test (for two groups) and one-way ANOVA (for
more than two groups) were used to measure association within groups. Similarly, multiple
linear regression model was used to analyze the impact of an independent variable over
a dependent variable. The statistical software package for social sciences (IBM SPSS for
Windows, Version 21.0. SPSS Inc., Chicago, IL, USA) was used to evaluate the data. p-value
less than 0.05 are considered significant.

2.9. Ethical Approval

This survey was conducted after ethical approval from the institutional research and
ethics forum of Rawalpindi Medical University (Vide letter number: 64/IREF/RMU/2021,
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Dated 23 April 2021). Respondents were clearly informed about the purpose of the study
and privacy of their data was also assured.

3. Results

3.1. Demographics of Knowledge, Attitude and Perception Study

Age, gender, marital status, employment, education status, and residence of partici-
pants are articulated in Table 1. All these were categorical variables to facilitate statistical
analysis in the form of frequencies and percentages to be performed. In all, 400 participants
completed the survey. Both males 53.5% (n = 214) and females 46.5% (n = 186) participated
in the study. The mean age of participants was 36.08 years. (S.D 15.54). The majority of
the respondents were from age group 21–40 years. Most of the participants were urban
281 (70.2%) and married citizens 220 (55.0%). In the educational category, 43.22% (n = 172)
of the participants had a higher education or below, while those with a graduate level of
education were 30.3% (n = 121). Participants having a postgraduate level of education
were 26.7% (n = 107). Participants having government jobs account for 20.3% (n = 81),
non-government employees were 18.9% (n = 75), unemployed 16.9% (n = 67), retired 9.1%
(n = 36), self-employed 8.0% (n = 32) and students 27.3% (n = 109). This classification
illustrates a greater number of government employee participation in the study.

Table 1. Demographic characteristics of study participants.

Demographics Frequency (n) Percentages (%)

Age

<20 39 9.7

21–40 218 54.5

41–60 109 27.2

>61 34 8.5

Gender
Female 186 46.5

Male 214 53.5

Marital status
Unmarried 180 45

Married 220 55.0

Education level

High school or below 172 43.2

Graduate 121 30.3

Postgraduate 107 26.7

Employment status

Gov. employee 81 20.3

Non Gov. employee 75 18.9

Self employed 32 8.0

Student 109 27.3

Retired 36 9.0

Unemployed 67 16.9

Residence
Urban 281 70.2

Rural 119 29.8
Note: number of participants (n); percentages (%) n = 400.

3.2. Frequency of Response to Knowledge

Knowledge was evaluated by six questions about several aspects of the COVID-19
vaccination, with a corresponding scale ranging from 0–6. Responses were scored as 0 for
no/don’t know and 1 for yes. Total score was calculated by the sum of six knowledge
scores and ranged from 0–6. This led to the finding that 318 (79.5%) know about the COVID-
19 vaccination, 250 (62.5%) know about the effectiveness of the vaccination, 177 (44.3%)
responded that it is unsafe to use an overdose of vaccination, 302 (75.5%) responded that

48



Medicina 2023, 59, 272

vaccination cannot cause allergic reactions, while 305 (76.2%) don’t know that the vaccine
is recommended for pregnant women and 272 (68.0%) of the participants reported that
vaccination is available in two doses with an additional booster dose becoming available at
a later stage. Figure 1 also shows the response to knowledge.

 

Figure 1. Response to knowledge of the vaccination.

3.3. Frequency of Response to Attitude

Attitude was evaluated by eight questions. Each question was scored as disagree,
undecided and agree and scaled as 0, 1 and 2 respectively. Scoring scale ranged from
0–16. In these eight questions of attitude assessment, 400 participants responded, out of
which: 207 (51.8%) agreed that the vaccine is safe; 310 (77.5%) agreed that the vaccine is
essential; 257 (64.3%) agreed that they will take the vaccination when it becomes available
in Pakistan; 301 (75.3%) responded that they will encourage their friends, family, and
relatives to get vaccinated; 215 (53.8%) agreed to the response that COVID-19 eradication
without vaccination is impossible; 325 (81.3%) agreed that the vaccine should be circulated
on a priority basis; 206 (51.5%) believed that by taking precautionary measures instead
of vaccination COVID-19 could be eradicated; and 317 (79.3%) agreed that vaccination is
their social responsibility to control the spread of COVID-19. Similarly, Figure 2 also shows
response to attitude.
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(a) Frequency of response to attitude of 5 questions 

 
(b) Frequency of response to attitude of 3 questions 

Figure 2. Response to attitude of the vaccination.

3.4. Frequency of Response to Perception

Perception was assessed by four questions, which were scored as yes, no, do not
know, and scaled as 0, for no/do not know and 1 was for a yes response. Scoring scale
ranged from 0–4. Responses of participants showed that: 57.0% (n = 228) indicated that
after taking the vaccination they should follow guidelines to combat new variants; 56.0%
(n = 224) believe that COVID-19 can be eradicated by taking preventive measures instead
of vaccination; 79.5% (n = 318) indicated that they prefer to have the vaccination even if
their health is compromised by any other ailment; and 60.0% (n = 240) responded that they
could not afford vaccination at their own cost if it was not given free of charge by the state.
Figure 3 shows response to perception of the participants towards vaccination.
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Figure 3. Response to perception of the vaccination.

3.5. Categorization of Participant’s Score and Their Association with Demographics

Characterization of the participants’ response based on blooms’ cut-off points. Cri-
teria of bloom’s cut-off point were 80–100% (good), 60.0–79.0% (fair), and ≤59.0% (poor).
Similarly for knowledge, this score was determined from scale 0–6, for attitude score, 0–16
and for perception score, 0–4. Responses regarding knowledge, age group of participants
and the maximum number of ‘fair knowledge’ was observed in people of the age group
of 21–40 years. In the gender category, both male and female participants had an equal
level of ‘fair knowledge’. In the marital status group, married people had a high rate of fair
knowledge. Students and government employees also had a high rate of fair knowledge.
Chi-square analysis was used to find any significant association between demographics
and knowledge related questions about COVID-19 vaccination. A significant relationship
was found between education, employment, and the residence group.

In responses regarding attitude, participants in the age group of 21–40 years showed
a good attitude response. In the gender category, female participants had a high level
of ‘good attitude score’. In the marital status group, unmarried people had a high rate
of good attitude. Students and urban citizens also had a high rate of good attitude. A
significant relationship was found between age, education, marital status, employment,
and the residence group.

In responses about perception, participants in the age group of 21–40 years showed
a fair attitude response. In the gender category, male participants had a high level of
‘fair perception’. In the marital status group, married people had a high rate of fair
perception. Students and urban citizens also had a high rate of fair perception. No
significant association of perception score was noticed with any demographics’ variable.
Table 2 summarizes the p value obtained.
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3.6. Analysis of Mean Knowledge, Attitude and Perception

To estimate association within groups with mean knowledge, an independent t-test
(for two groups) including one for more than two groups and a one-way ANOVA test was
performed. The mean count of knowledge was considerably higher among participants
aged 21–40 years. Females, unmarried, graduates or below, students, and urban citizens
had a higher mean knowledge score. It was found that the mean knowledge score is
significantly associated with age, gender, marital status, residence, and employment status.

The mean score of attitude was appreciably higher among participants in the age
group of 21–40 years. In terms of gender, females had a high mean attitude score. The
educational level of participants also plays a role since a higher mean score of attitude
was found in postgraduates and similarly in unmarried and non-government participants.
Urban residents also showed a higher mean score. Mean attitude is significantly related
with age, gender, education level, marital status, residence, and employment status.

The mean score of perception was considerably higher among participants aged 21–
40 years. In terms of gender, females have a high mean perception score. Educational
level is a factor contributing to a higher mean score of perception in graduates, while
unmarried and student participants also showed a higher mean perception score, as did
urban residents. In this survey, the mean attitude is significantly linked with age, gender,
education level, marital status, residence, and employment status. Table 3 below shows
association within groups with mean knowledge, mean attitude and mean perception score.

Table 3. Association within groups with mean knowledge, mean attitude and mean perception score.

Mean Knowledge Mean Attitude Mean Perception

Variables Mean (S.D) p Value Mean (S.D) p Value Mean (S.D) p Value

Age 0.5602 (0.165)
0.5964 (0.19568)
0.3759 (0.26572)
0.1944 (0.19615)

0.009

1.5556 (0.28730)
1.5736 (0.37016)
1.4029 (0.34624)
1.3375 (0.39000)

0.001

0.6111 (0.24960)
0.6752 (0.21860)
0.4762 (0.29114)
0.3750 (0.29906)

0.001
<20
21–40
41–60
>61

Gender 0.5658 (0.20926)
0.4525 (0.26746) 0.001

1.5390 (0.36552)
1.4705 (0.37266) 0.066

0.6452 (0.23052)
0.5226 (0.30705) 0.017Female

Male

Marital Status 0.6134 (0.19448)
0.4188 (0.25468) 0.012

1.5475(0.37851)
1.4662(0.36106) 0.029

0.6508 (0.23912)
0.5239 (0.29792) 0.002Unmarried

Married

Education Level 0.3777 (0.25744)
0.6074 (0.19467)
0.5997 (0.19107)

0.001

1.4523 (0.33256)
1.5289 (0.38587)
1.5560 (0.40541)

0.051

0.4753 (0.29452)
0.6426(0.26581)
0.6810 (0.20655)

0.001High school or below
Graduate
Postgraduate

Employment Status 0.5251 (0.20190)
0.5431 (0.23216)
0.2889 (0.25496)
0.6184(0.19018)
0.2269 (0.23622)
0.5075 (0.24521)

0.001

1.5231 (0.29981)
1.5724 (0.33364)
1.2750 (0.40921)
1.5339 (0.39624)
1.3819 (0.31756)
1.5037 (0.41342)

0.002

0.5494 (0.30726)
0.5967 (0.25959)
0.5250 (0.33701)
0.6752 (0.21504)
0.3750 (0.29580)
0.5821 (0.26610)

0.001

Gov. employee
Non Gov. employee
Self employed
Student
Retired
Unemployed

Residence 0.5446 (0.21737)
0.4074 (0.29152) 0.019

1.5302 (0.35036)
1.4306 (0.41015) 0.015

0.6246 (0.26132)
0.4722 (0.29503) 0.026Urban

Rural

Note: S.D is standard deviation. Statistics: one way ANOVA and independent t test; p value < 0.05 compared
within groups. Bold p values showed significant association.
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3.7. Factors Affecting Knowledge, Attitude and Perception Response on the Use of Vaccine

A multiple linear regression model was used to analyze the impact of an independent
variable over a dependent variable, as illustrated in Table 4. Age, education, residence,
and employment status influenced the knowledge score to a considerable extent. Gender
and marital status had no significant impact on the knowledge score. Correlation analyses
shows that the relationship between the dependent and independent variable is a reliable
factor for further analysis. Perception score was significantly influenced by age, education,
and residence.

Table 4. Analysis of factors affecting knowledge, attitude, and perception score.

Independent
Variable

Knowledge Attitude Perception

R Square 0.316 R Square 0.063 R Square 0.224

Adjusted
R Square

0.293
Adjusted
R Square

0.031 Adjusted R Square 0.198

Durbin
Watson

1.657
Durbin
Watson

1.938 Durbin Watson 1.718

B SE p-Value B SE p-Value B SE p-Value

(Constant) 0.622 0.057 0.000 1.641 0.090 0.000 0.678 0.066 0.000

Age −0.070 0.028 0.013 −0.073 0.045 0.106 −0.069 0.033 0.036

Gender 0.007 0.040 0.869 0.024 0.063 0.704 −0.033 0.046 0.471

Marital status 0.076 0.047 0.110 −0.053 0.076 0.483 0.054 0.055 0.329

Education level 0.077 0.025 0.002 0.013 0.040 0.751 0.076 0.029 0.009

Employment
status −0.028 0.010 0.006 −0.015 0.016 0.349 −0.021 0.012 0.067

Residence −0.075 0.034 0.030 −0.034 0.055 0.533 −0.140 0.040 0.001

Note: B = unstandardized regression coefficient; SE = Standard error; p value < 0.05 considered significant. Bold
p values showed significant association. Statistics: Multiple linear regression model; p value < 0.05 compared
within groups.

4. Discussion

In order to overcome the aftermath of the COVID-19 pandemic, the implementation of
COVID-19 vaccination is the best if not the ideal solution. After an extensive development
phase and positive responses of clinical trials, various countries approved specific vaccines
for further implementation. Although various campaigns have been implemented to
increase knowledge about vaccination and previous studies also suggests that COVID-
19 vaccines are safe and effective in general, based on the billions of doses administered
worldwide and the rare incidence of adverse events only in at-risk group [37]. However, due
to the newness of this disease, it poses a serious question for policy-makers regarding the
knowledge, attitude, and perceptions of the general population about receiving the COVID-
19 vaccination. The present survey has been conducted to assess knowledge, attitude,
and perceptions of participants including large demographics factors that influence the
knowledge and attitude of the general population [38].

This knowledge-based survey suggest that the people of Pakistan that participated in
this study had an average knowledge (50.4%) about the vaccine, its side effects, allergic
reactions, and its effect on autoimmune diseases. Knowledge was considerably linked with
education, employment status, and residence. This finding is in contrast with the knowl-
edge, attitude, and perception survey conducted in Bangladesh, where knowledge was
significantly associated with education, family type, and monthly income of a family [38].

The findings of our survey suggest that the mean knowledge score was found to be
higher for female participants, in respondents of the age group 21–40, among graduates,
and in unmarried participants. These findings concur with two previous surveys conducted
in China and the USA. Data from this survey also indicate that gender and education level
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could have a constructive impact on the knowledge field of participants [39,40]. In our
survey, 76.2% of participants had a lack of knowledge regarding the safety of the COVID-19
vaccination in pregnant women. These findings stress the need to convey effective and
updated information for the general population through various social media platforms.

Regarding the attitude domain of this study, a mean attitude score is more associated
with females than males. This finding is in line with the results of the studies conducted
in Indonesia and Bangladesh [41,42]. We believe this result can be of significant value
by appealing to women with a domestic level of education and an encouragement for
COVID-19 vaccination could strongly suggest the way to a drastic enhancement in the
vaccination program. The findings of a high level of a positive attitude of participants
towards the preventive measure of vaccination is also reported globally [42].

Our findings show that 64.3% of the participants were willing to take the COVID-19
vaccination without any hesitation, and 75.3% advised their family, friends, and relatives
to also take the COVID-19 vaccination. Findings from our study illustrate the wide scale
of variation among countries. A study conducted in France during the pandemic shows
that 77% of their participants would agree to take the vaccination [43]. While comparing
attitude globally in terms of willingness to take the vaccine, studies show that a high
percentage of positive attitude responses come from Panama (87.44%), a lower reaction was
from Russia (51.34%), Australia had the highest response (92.88%), while the very lowest
response was observed in Egypt (43.55%) for taking the COVID-19 vaccination [44].

An average number of participants (51.8%) in our study agreed that the vaccine is
safe. This limited knowledge regarding safety of vaccination may be due to rumors and
misinformation related to safety issues of the vaccine. Since the pandemic is generally
accepted to have started in December 2019, there was only limited knowledge about the
disease, along with rumors and misinformation that affected its perception globally [45].

In the perception domain, 57% of participants believe that COVID-19 vaccination had
side effects. This apprehension may be due to misinformation regarding fatal and adverse
events associated with the COVID-19 vaccine [46,47].

Overall, in our study, female participants had a better ranking of knowledge, at-
titude, and perception, as compared to males, which is in agreement with findings of
prior studies [48]. Possible reasons identified for this were education and socio-economic
factors [49,50].

Equal participation by both genders is important for any social survey. This is because
both males and females are equally important for forming an opinion about any critical
social issues, such as the COVID-19 vaccination. However, in our study, female participa-
tion was found to be less than males, which agrees with a previous knowledge, attitude,
and perception survey [51]. These findings suggest that more focused research needs to be
conducted to determine the possible barriers that women might be facing in participating
in such responses.

In this survey, graduates and postgraduates illustrated high scores towards knowledge,
attitude, and perception. This finding suggests that education plays an important role to
overcome such pandemics since educated citizens had a greater tendency to analyze the
critical situations and consequently behave positively.

Various research studies have been conducted to initiate effective strategies in order
to improve the vaccination rate. These studies show that information alone has a limited
impact on enhancing the vaccination rate. Acceptance and a willingness of vaccination
is still an unparalleled challenge. Data of this survey could strengthen the efforts of
health authorities to achieve their targets of high vaccination coverage through effective
communication and updated information.

Limitations

This survey was conducted over a short time period with incompetence to reach
people residing in far-off, remote locations with no access to the Internet, and therefore the
findings obtained in this survey might not express the perspective of the whole general
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population, and the sample was not generalized to a meaningful population. The general
population who do not have Internet access and were not proficient in working with online
platforms were difficult to connect with. The study used a virtual self-reporting system
that may be exposed to social acceptability and memory biases. There would be a response
biasness, too, about being judged on knowledge or on financial situations, that also resulted
in low responses being one of the drawbacks of online survey.

5. Conclusions

Until the development of vaccines, the COVID-19 pandemic was a major global threat.
Our survey reflects a poor knowledge (50.6%), fair attitude (75.1%), and poor perception
(58.1%) towards vaccination. These findings suggest that more educational campaigns and
the advertisement of the correct information status could contribute fairly to eradicating the
pandemic. Guiding principle makers can take preliminary steps to ensure the distribution
of positive information about the attitudes and perceptions towards COVID-19 vaccinations
in order to decrease the vaccine timidity and to increase the vaccination rate. However,
research should be performed on participants not included in this study, such as immigrants
and the elderly, who do not have access to social media and technology.
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Abstract: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes respiratory
disorders, with disease severity ranging from asymptomatic to critical manifestations. The current ret-
rospective study compared the efficacies of different antiviral regimens used in patients suffering from
severe COVID-19 disease from 19 January 2020 to December 2021 in a single center in Saudi Arabia.
In total, 188 patients were enrolled in the current study, including 158 patients treated with different
antiviral regimens, and 30 who did not receive any antiviral treatment. Different antiviral regimens,
including favipiravir, remdesivir, oseltamivir, favipiravir/remdesivir, and favipiravir/oseltamivir
were adopted. The effects of using different antivirals and antibiotics on the survival rate were
evaluated, as well as the presence of comorbidities. Among all severely affected patients, 39/188
(20.7%) survived. Both age and comorbidities, including diabetes and hypertension, were signifi-
cantly correlated with high case fatality following SARS-CoV-2 infection. Remdesivir alone and the
combination of favipiravir and remdesivir increased the survival rate. Surprisingly, both imipenem
and linezolid helped in the deterioration of disease outcome in the patients. A negative correlation
was detected between increased mortality and the use of favipiravir and the use of either imipenem
or linezolid. Among the compared antiviral regimens used in the treatment of severe COVID-19,
remdesivir was found to be an effective antiviral that reduces COVID-19 case fatality. Antibiotic
treatment using imipenem and/or linezolid should be carefully re-evaluated.

Keywords: antiviral; clinical outcome; coronavirus; disease severity; COVID-19; SARS-CoV-2;
Saudi Arabia

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which is a virus related to the subgenus Sarbecovirus and
genus Betacoronavirus within the family Coronaviridae [1]. Globally, COVID-19 has been
confirmed in more than 661 million cases, with 6,700,519 fatal cases reported to WHO as of
13 January 2023 [2]. The virus is highly transmissible among humans through both direct
and indirect contacts [3].

SARS-CoV-2 has an incubation period of 5–7 days; however, it can take up to 14 days
to develop symptoms after being exposed to the virus [4]. COVID-19 can be asymptomatic
or symptomatic. In symptomatic cases, the disease severity can be mild, moderate, se-
vere, or critical [5]. Patients who suffer from the severe form of the disease develop a
hyperinflammatory state that could lead to a critical condition. The asymptotic cases are
characterized by respiratory failure, acute respiratory distress syndrome, septic shock,
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thromboembolism, and/or multi-organ failure [6]. Acute kidney and cardiac injuries are
among the most common impacts [7,8].

Older age, smoking, and underlying diseases such as diabetes, hypertension, cardiac
diseases, chronic lung diseases, and cancer have all been identified as risk factors for the
development of severe diseases and fatal consequences [9].

Antiviral therapy is used effectively in the treatment of several viral infections. An-
tiviral drugs help in easing symptoms and shortening the duration of the illness. On
22 October 2020, the FDA approved Veklury (remdesivir) for use in adults and pediatric
patients (above 12 years of age). Remdesivir (GS-5734) inhibits the viral RNA-dependent
RNA polymerase (RdRp) with in vitro inhibitory activity. It was found to be active against
both the severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1) and the Middle
East respiratory syndrome (MERS-CoV). Owing to its capability to inhibit SARS-CoV-2
in vitro, it was discovered early as a promising therapeutic candidate for COVID-19 [10].

Lopinavir/ritonavir and favipiravir are antivirals that have been used in the treatment
of COVID-19 and are currently being employed in different clinical trials, as previously
reviewed [11]. Favipiravir triphosphate is a purine nucleoside analog that inhibits RdRp in
a competitive manner. It is effective against influenza viruses, RNA viruses associated with
viral hemorrhagic fever, and SARS-CoV-2 [12]. Oseltamivir is a neuraminidase inhibitor
that has been successfully used as an antiviral treatment against influenza A and B viruses.
Although it is used as a therapeutic option in some studies, its efficiency in COVID-19
treatment remains controversial [13,14].

Repurposed drugs, including chloroquine (CQ), hydroxychloroquine (HCQ), and
ivermectin, have also been used in COVID-19 treatment [11]. CQ and HCQ aminoquinolines
have been used for treating malaria and chronic inflammatory disorders, such as systemic
lupus erythematosus and rheumatoid arthritis. Their efficacy in treating patients with
COVID-19 infection is attributable to their antiviral and anti-inflammatory activities [15,16].
Ivermectin is an anthelminthic drug that can bind to the SARS-CoV-2 S protein, human
ACE-2, and TMPRSS2 receptors and inhibit virus entry to host cells [17].

Other supportive drugs that are essential in reducing inflammatory responses, in-
cluding corticosteroids and anti-IL-6 Mab, have also been used in COVID-19 treatment.
Corticosteroids work through their anti-inflammatory and immunosuppressive properties
to reduce damage in different tissues. Glucocorticoids inhibit nuclear transcription factor-
κB signaling and inflammatory factor transcription and translation. Thus, they are used as
anti-inflammatory drugs in different medical conditions, such as bacterial or viral pneumo-
nia. Corticosteroids have also been used in the past during SARS-CoV-1 and MERS-CoV
outbreaks. Accordingly, the use of corticosteroids in the recent COVID-19 pandemic is
based on the genetic similarities of SARS-CoV-2 with SARS-CoV-1 and MERS-CoV [18].

Antibiotics have been widely used as part of a treatment protocol for COVID-19 in
many countries. In addition to the struggles related to antibiotic resistance, most of the
guidelines recommend treatment with antibiotics. The WHO recommended that antibiotic
therapy or prophylaxis should not be used in patients with mild/moderate COVID-19
unless it is justifiable. Azithromycin is recommended for treating respiratory, urogenital,
dermal, and other bacterial infections and exerts immunomodulatory effects in chronic
inflammatory disorders [19]. The use of these antibiotics has been associated with clinical
improvement and even reversal of cytokine storms in some infections caused by RNA
viruses [20].

Limited information is available regarding the efficacy of different antivirals used in
reducing both disease severity and mortality rate. Accordingly, we aimed to investigate
the various treatment regimens used to treat COVID-19 patients and how they influence
clinical outcomes.
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2. Materials and Methods

2.1. Ethical Approval

This research proposal was approved by No. 353 on 9 May 2021, from IRB of the
Research and Studies Section of the Directorate of Health Affairs in Taif, Saudi Arabia.

2.2. Patients

The current retrospective study was conducted at the King Faisal Medical Complex in
Taif city, Saudi Arabia. The exclusion criterion included patients who tested negative for
COVID-19 or COVID-19-positive patients with mild (no shortness of breath or normal chest
X-ray) to moderate illness (lower respiratory distress or imaging with oxygen saturation
≥94% on room air). The following were the inclusion criterion: laboratory-confirmed
COVID-19 patients who suffered from a severe form of the disease and were admitted
to the intensive care unit (ICU). Patients with an oxygen saturation <94% in room air,
a respiratory rate >30 breaths/min, or lung infiltration of >50% were considered severe
COVID-19 patients and were enrolled in the study [21]. In total, 188 patients, including
69 females and 119 males with an age range of 21 to 93 years, were enrolled in the study.
Laboratory diagnosis was conducted using real-time reverse transcription polymerase
chain reaction or cobas® SARS-CoV-2, which targets the conserved regions within the ORF
1a/b and E genes (Roche, Basel, Switzerland). The test was conducted in the regional
reference laboratories belonging to the Saudi Ministry of Health.

2.3. Clinical Data

Data were collected retrospectively from 19 January 2020 to 31 December 2021. De-
mographic data, including age and sex; clinical data such as clinical signs, comorbidities
(diabetes, hypertension, cardiac diseases, and cancer), and clinical findings (respiratory rate,
chest X-ray findings, and high-resolution computed tomography); and treatment regimens
(antiviral, antibiotic, corticosteroids, and anti-IL-6) were collected from the patients’ files.

2.4. Treatment Regimens

The ICU patients who tested positive for COVID-19 were grouped into the following
clusters: (i) patients who received supportive treatment only (no antiviral, but antibiotic,
anti-pyretic, anti-histaminic, and/or cortisone therapy); (ii) patients who received remde-
sivir (a single IV injection of 200 mg on the first day and then 100 mg once daily for 5 days)
beginning from 20 November 2020; (iii) patients who received favipiravir (oral adminis-
tration of 1800 mg twice daily on the 1st day followed by a twice daily dose of 800 mg for
7 days); (iv) patients who received oseltamivir (oral administration of 75 mg twice daily for
5 days); (v) patients who received both remdesivir and favipiravir with the same dose and
treatment duration as for groups ii and iii; and (vi) patients who received both favipiravir
and oseltamivir with the same dose and treatment duration as for groups iii and iv.

2.5. Statistical Analysis

The results were expressed in numbers and percentages and analyzed by Crosstabs
analysis with chi-square and Spearman’s analyses using SPSS version 16. A multivariate
analysis of variance was used to screen the benefits of administering individual drugs to
reduce the mortality rate among the patients.

3. Results

3.1. Demographic and Clinical Data

The case fatality was high (149/188, 79.3%), including 91/119 (76.5%) of male patients
and 58/69 (84.1%) of female patients (Table 1). All patients suffered from different degrees
of lung lesions, including uni- or bilateral infiltration, glass ground consolidation, pleural
effusion, and/or bilateral fibrosis.
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Table 1. Significance of age, sex, comorbidities, antiviral use, and supportive treatment on the
survival rate of critical COVID-19 patients.

Variable
Non-Fatal Cases

(39)
Fatal Cases (149) Total (188) Significance *

Sex Male 28 (23.5%) 91 (76.5%) 119 (63.3%) p < 0.149
Female 11 (15.9%) 58 (84.1%) 69 (36.7%) R = −0.09

Age (years) 21–30 4 (100%) 0 (0%) 4 (2.1%)
31–40 7 (53.8%) 6 (46.2%) 13 (6.9%)

p < 0.001 **
R = −0.455

41–50 12 (46.2%) 14 (53.8%) 26 (13.8%)
51–60 9 (26.5%) 25 (73.5%) 34 (18.1%)
61–70 5 (10.9%) 41 (89.1%) 46 (24.5%)
71–80 0 (0%) 37 (100%) 37 (19.7%)
81–93 2 (7.1%) 26 (92.9%) 28 (14.9%)

Diabetes YES 16 (13.7%) 101 (86.3%) 117 (62.2%) R = −0.202
NO 23 (32.4%) 48 (67.6%) 71 (37.8%) p < 0.005 **

Hypertension YES 12 (12.8%) 82 (87.2%) 94 (50.0%) R = −0.203
NO 27 (28.7%) 67 (71.3%) 94 (50.0%) p < 0.005 **

Cardiac diseases YES 8 (16.7%) 40 (83.3%) 48 (25.5%) R = −0.059
NO 31 (22.1%) 109 (77.9%) 140 (74.5%) p < 0.258

Cancer YES 0 (0%) 6 (100%) 6 (3.2%) R = −0.093
NO 39 (21.4) 143 (78.6%) 182 (96.8%) p < 0.243

YES 3 (22.1%) 123 (77.8%) 158 (84%) p < 0.202
R = 0.08Using antivirals NO 4 (13.3%) 26 (86.7%) 30 (16%)

Treatment with a
single antiviral

Remdesivir 17 (85%) 3 (15%) 20 (12.7%) p < 0.001 **
R = 0.547

Favipiravir 9 (9.3%) 88 (90.7%) 97 (61.4%) p < 0.001 **
R = −0.292

Oseltamivir 1 (11.1%) 8 (88.9%) 9 (5.7%) p < 0.409
R = −0.053

Treatment with
two antivirals

Remdesivir and
favipiravir 8 (29.6%) 19 (70.4%) 27 (17.1%) p > 0.262

R = 0.055Favipiravir and
oseltamivir 0 (0.0%) 5 (100%) 5 (3.2%)

Dexamethasone YES 32 (19.9%) 129 (80.1%) 161 (85.6%) R = −0.108
NO 7 (25.9%) 20 (74.1%) 27 (15.4%) p < 0.110

Anti-IL-6 YES 1 (12.5%) 7 (87.5%) 8 (4.3%) R = −053
NO 38 (21.1%) 142 (78.9%) 180 (95.7%) p < 0.409

Statistical analysis was conducted using chi-square and Spearman’s correlations. * Statistical analysis was conducted
using chi-square and Spearman correlations. ** Variables showed a highly significant p value using chi-square.

The overall results revealed no correlation between sex and mortality rate (R = −0.09)
(Table 1). The patient age ranged from 21 to 93 years, and there was a significant variation
among age groups in relation to the overall mortality rate. In addition, a highly significant
correlation was detected between age and mortality rate (R = −0.455). Both diabetes and
hypertension constituted risk factors in the fatal cases (p < 0.005) (Table 1).

3.2. Effect of Different Variables on the Clinical Outcomes of Using Antiviral Regimens in
Critically Ill COVID-19 Patients

The use of remdesivir significantly reduced the mortality rate in the treated patients
(p < 0.001), and there was a high correlation between using remdesivir and increased recov-
ery rate (R = 0.547). In contrast, the use of neither favipiravir nor oseltamivir improved the
survival rate. Surprisingly, there was a negative correlation between the use of favipiravir
and the mortality rate (R = −0.292) (Table 1). A combination of two antiviral regimens
was adopted in some patients. All five patients who were treated with both oseltamivir
and favipiravir showed fatal consequences. Twenty-seven patients were treated with both
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remdesivir and favipiravir. Although not statistically significant, the latter regimen resulted
in an improved survival rate (29.6%) (Table 1).

We screened the effect of different variables using crosstabs with different patient
groups that were given different antiviral regimens. Remdesivir use was correlated with
an enhanced survival rate in both sexes (p < 0.001, R = 0.598) (Table 2). Similarly, the
combination of remdesivir and favipiravir enhanced the recovery rate in males (p < 0.048,
R = −0.318) (Table 2). Antiviral use, in general, significantly reduced the fatal conse-
quences in different age groups (p = 0.027); however, no significant correlation was detected
(R = −0.132) (Table 2). Age was significantly correlated with the overall fatal cases (Table 1).
However, there was no statistical variation among the age groups treated with different an-
tiviral regimens and the recovery rate (Table 2). Diabetes (p = 0.019, R = 0.185), hypertension
(p < 0.001, R = 0.329), and cardiac diseases (p = 0.033, R = 0.166) were significant risk factors
associated with high mortality rates, especially in patients treated with favipiravir (Table 2).
The fatal consequences of antiviral use are not aggravated by diabetes. However, it was
found to be a risk factor for the increased mortality rate in the favipiravir-treated group
(chi-square p < 0.001, R = 0.381) and not in other treated groups. Interestingly, the fatal
consequences in the remdesivir-treated group were reduced in the diabetic group (p < 0.001,
R = 0.581). Similarly, hypertension and cardiac diseases were risk factors that increased the
fatality rate in the favipiravir-treated group [(p < 0.011, R = 0.329) and (p = 0.033, R = 0.166)
for hypertension and cardiac diseases, respectively]. Accordingly, diabetes, hypertension,
and cardiac diseases were risk factors and correlated with the increased mortality rate in
the favipiravir-treated group.

3.3. Impact of Using Supportive Therapy

Most patients [161 (85.6%)] were treated with dexamethasone, and only 27 (15.4%)
patients did not receive dexamethasone; no significant differences were found between the
two groups (Table 1). Anti-IL-6 was adopted in only 8 patients, 7 (87.5%) of whom died
(Table 1).

3.4. Using Antibiotic Regimens

Antibiotics were prescribed in most patients in the current study (185/188). Different
antibiotic combinations were used in the COVID-19 patients with secondary bacterial
infections. Moxifloxacin was used in most patients (90/188, 47.8%), followed by imipenem
(71/188, 37.7%), linezolid (65/188, 34.5%), vancomycin (56/188, 29.7%), and levofloxacin
(37/188, 19.6%). Azithromycin was used only in 17 (9%) of the treated patients. Meropenem
treatment with favipiravir (p < 0.016, R = −0.196), as well as the treatment combining
remdesivir and favipiravir (p < 0.001, R = 0.423), showed a significant increase in fatal cases.
An increased mortality rate was also detected in the group treated with linezolid combined
with favipiravir (p < 0.015, R = 0.200) and in the group treated with imipenem combined
with favipiravir (p = 0.001, R = 0.518). A significant increase in mortality rate was also
detected in patients treated with a combination of remdesivir, favipiravir, and moxifloxacin
(Table 3).
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3.5. Multivariate Analysis of Variance for Determining Significant Variants

A multivariate analysis of variance revealed that age (p > 0.001), diabetes (p < 0.005),
hypertension (p < 0.005), remdesivir (p < 0.001), favipiravir (p < 0.001), imipenem (p < 0.001),
and linezolid (p < 0.004) significantly affected the mortality rate of patients with severe
forms of COVID-19 (Table 4). The younger the age, the lower the morality rate, and
the older the age, the higher the mortality rate. COVID-19 patients suffering from the
comorbidities of diabetes and hypertension were at a higher risk of increased mortality
rate. Remdesivir use was associated with a significant reduction in the mortality rate,
while favipiravir use was associated with increased mortality among patients with severe
COVID-19. Increased mortalities were detected when treating severe COVID-19 patients
with imipenem, meropenem, linezolid, and moxifloxacin (Table 3). However, according to
the multivariate analysis results, only imipenem (p < 0.001) and linezolid (p < 0.004) were
associated with an increased mortality rate (Table 4).

Table 4. Multivariate test of different variables and their effects on the survival rate in patients with
severe forms of COVID-19.

Variables
Type III
Sum of
Squares

df
Mean

Square
F Sig.

Age 107.580 1 107.580 53.409 0.001
Sex 0.355 1 0.355 1.525 0.218

Diabetes 1.810 1 1.810 7.989 0.005
Hypertension 1.922 1 1.922 7.931 0.005

Cardiac diseases 0.124 1 0.124 0.647 0.422
Cancer 0.050 1 0.050 1.619 0.205

Antiviral 0.048 1 0.048 0.358 0.550
Remdesivir 5.343 1 5.343 79.318 0.001
Favipiravir 4.002 1 4.002 17.332 0.001

Tamiflu 0.024 1 0.024 0.529 0.468
Favipiravir and Tamiflu 0.557 1 0.557 1.340 0.249

Remdesivir and favipiravir 4.655 1 4.655 1.510 0.221

Antibiotics 0.013 1 0.013 0.793 0.374
Azithromycin 0.007 1 0.007 0.087 0.768

Ceftriaxone 0.197 1 0.197 1.268 0.262
Vancomycin 0.005 1 0.005 0.022 0.881
Levofloxacin 0.175 1 0.175 1.101 0.296

Tienam 0.050 1 0.050 1.619 0.205
Amikacin 0.004 1 0.004 0.091 0.763
Imipenem 3.062 1 3.062 13.850 0.001

Ciprofloxacin 0.093 1 0.093 1.443 0.231
Cefipime 0.089 1 0.089 2.189 0.141

Meropenem 0.070 1 0.070 0.447 0.505
Tazocin 0.001 1 0.001 0.045 0.833

Moxifloxacin 0.004 1 0.004 0.014 0.906
Linezolid 1.812 1 1.812 8.278 0.004

Clindamycin 0.022 1 0.022 1.064 0.304

Dexamethasone 0.288 1 0.288 2.211 0.139
Anti-IL6 0.024 1 0.024 0.529 0.468

4. Discussion

To date, four antiviral drugs have been FDA-approved for use in COVID-19 cases:
veklury (remdesivir), approved on 22 October 2020; olumiant (baricitinib), approved
on 10 May 2022; paxlovid (nirmatrelvir and ritonavir), approved on 22 December 2021;
and lagevrio (molnupiravir), approved on 23 December 2021 [22]. Both veklury and
olumiant are used in the treatment of severe COVID-19 cases. The former is used for
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intravenous administration in adults and children with an age of 12 years or higher, and
it mainly prevents virus replication by inhibiting SARS-CoV-2 RdRp. Olumiant is an oral
pill, which is a repurposed drug that possesses an anti-rheumatoid arthritis effect that
reduces inflammation, together with having antiviral activity by preventing virus entry
into target cells. In contrast, both paxlovid and lagevrio are used in mild-to-moderate
COVID-19 cases. Paxlovid, an oral pill, contains two types of medications: nirmatrelvir
(block virus replication) and ritonavir (protease inhibitor). Molnupiravir also inhibits
RdRp by acting as a ribonucleoside analog for viral RNA polymerase [22]. Meanwhile,
many drugs and potential drugs are available for SARS-CoV-2 treatment. Favipiravir
(T-705) is a viral RNA polymerase inhibitor that was approved for marketing in Zhejiang
Province, China, on 16 February 2020. Other drugs that were tested for their reactivities
to SARS-CoV-2 either in vitro or in vivo included CQ and HCQ, ribavirin, penciclovir,
nitazoxanide, and nafamostat [11,23]. Ivermectin, a repurposed drug found to possess
antiviral activity against dengue fever [24], was also assumed to possess antiviral potential
against SARS-CoV-2 [17,25].

In the current study, we compared different antivirals used in treating patients with
severe COVID-19 in a retrospective manner. There was no correlation between the overall
case fatality and the sex of the patients. High mortality rates in both sexes were detected in
most age groups (41–93 years old), with a highly significant correlation between age and
mortality rate. This finding agrees with previous studies in which COVID-19 mortality was
found to be strongly dependent on age [26–28].

Remdesivir was the first FDA-approved drug for treating COVID-19 patients. In the
current study, remdesivir successfully reduced the mortality rate in COVID-19 patients
when used alone or in combination with favipiravir. Similarly, a study found at least a 7%
reduction in the mortality rate of patients treated with both remdesivir and dexamethasone.
The study tested 1694 individuals as a part of a national cohort [29]. In another study,
remdesivir treatment resulted in a recovery rate of 74.4% in treated patients versus 59.0%
in the non-treated group [30]. In contrast, a study supported by the WHO reported the lack
of benefits of remdesivir compared to a placebo in the mortality rate [31].

Favipiravir is an oral drug that was approved by the Chinese FDA for use in clinical
trials of COVID-19 patients in early 2020. It showed promising results, especially in patients
with mild-to-moderate disease severity [32,33]. Its use reduced the hospitalization time,
as well as the probability of deterioration in patients’ diseased conditions by reducing the
use of mechanical ventilation [32]. However, our study revealed that favipiravir could not
reduce the mortality rate in COVID-19 patients with severe disease conditions. Our results
agree with previous studies that confirmed the lack of a significant impact of favipiravir
in patients in terms of improving their clinical condition and reducing the requirement of
oxygen supplementation [34]. Our results also agree with a previous study that confirmed
the lack of a satisfactory effect of favipiravir use on the mortality rate [32]. In the current
study, oseltamivir, an antiviral against influenza A and B viruses, was not found to be
effective in reducing the mortality rate in COVID-19 patients. Our finding agrees with
many studies that confirmed the lack of beneficial effects of using oseltamivir in COVID-19
treatment [14,35–37].

Different antibiotic combinations were used in the COVID-19 patients in the current
study. The use of azithromycin was not correlated with a reduced mortality rate in COVID-
19 patients. Surprisingly, significantly high mortality rates were found when using either
imipenem or linezolid. However, in such patients, no significant correlation was detected
in their use along with the administration of antiviral drugs. Indeed, antibiotics can save
the lives of critical COVID-19 patients; however, we found that fatal consequences in
COVID-19 patients were not alleviated using antibiotics unless there was evidence of a
secondary bacterial infection [38]. Accordingly, special care should be taken when using
antibiotics to avoid the risk of developing resistant bacterial strains.

Furthermore, corticosteroids were used in the current study in most patients and were
found to have a beneficial effect in reducing mortality. The WHO and the CDC recommend
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against the routine use of corticosteroids in patients with COVID-19-related pneumonia
unless they are used for treating comorbidities such as asthma [39–41].

5. Conclusions

The current study confirms the benefit of using remdesivir in increasing the survival
rate in severe cases of COVID-19. The finding that the use of certain antibiotics is associated
with increased mortality needs further investigation. Although this study confirms the
benefit of using remdesivir against COVID-19, it may vary with the cohort, age group,
comorbidities, severity score, and initiation of antivirals post-infection.

6. Limitations

The patient groups in the current study were heterogeneous in regard to age, which
ranged from 21 to 93 years, and sex (119 males and 69 females). The frequency of favipi-
ravir use was higher in comparison to other antiviral drug regimens. There were some
confounding results, especially with regard to missing laboratory or clinical information of
some patients.
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Abstract: Background and Objectives: The Mediterranean diet’s bioactive components are suggested
to strengthen the immune system and to exert anti-inflammatory actions. This study investigated
the association between adherence to the Mediterranean diet with serum inflammatory factors, total
antioxidant capacity, appetite, and symptoms of COVID-19 patients. Materials and Methods: This cross-
sectional study was conducted among 600 Iranian COVID-19 patients selected by a simple random
method. The ten-item Mediterranean diet adherence questionnaire was used to assess diet adherence.
At the beginning of the study, 5 cc of blood was taken from all patients for measurement of serum
interleukin 1β) IL-1β), tumor necrosis factor (TNF-α), malondialdehyde (MDA), high sensitivity C-
reactive protein (hs-CRP) and total antioxidant capacity (TAC). A human ELISA kit with serial number
950.090.096 produced by the Diaclone Company was used to test this cytokine using the sandwich
ELISA method. Results: One hundred and five patients presented a high adherence and 495 patients
presented a low adherence to the Mediterranean diet. The incidence of fever, cough, diarrhea, taste
changes, and pneumonia severity index were significantly lower in patients who adhered to the
Mediterranean diet more than other patients. Serum levels of tumor necrosis factor (5.7 ± 2.1 vs.
6.9 ± 2.8 p = 0.02), interleukin 1 beta (3.2 ± 0.02 vs. 4.9 ± 0.01 p = 0.02), high-sensitivity C-reactive
protein (17.08 ± 4.2 vs. 19.8 ± 2.5 p = 0.03), and malondialdehyde (5.7 ± 0.2 vs. 6.2 ± 0.3 p = 0.02)
were significantly lower in patients who adhered more to the Mediterranean diet than other patients.
Conclusion: The Mediterranean diet can improve the symptoms and elevated serum inflammatory
factors in COVID-19 patients, so clinical trial studies are suggested to confirm this effect.

Keywords: mediterranean diet; inflammatory factors; stress oxidative; appetite; COVID-19

1. Introduction

COVID-19 was identified as a pandemic by the World Health Organization on
11 March 2020 [1]. Optimizing] respiratory functioning is the major strategy, particularly
in cases where the lower respiratory tract is involved [2,3]. The development of COVID-19
may be greatly influenced by inflammatory responses, according to the last studies’ re-
sults [4,5]. Rapid SARS-CoV-2 viral multiplication, cellular damage, and inflammatory
responses can attract macrophages and monocytes and cause the production of cytokines
and chemokines [6–8]. Cytokine storms and aggravations are induced following the at-
traction of immune cells and activation of immunological responses by these cytokines
and chemokines. Several inflammatory indicators can be used to track and identify ill-
ness severity and mortality with some degree of accuracy. The high risks of developing
severe COVID-19 are strongly associated with inflammatory markers such as procalcitonin
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(PCT), serum ferritin, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and
interleukin-6 (IL-6) [9,10]. Furthermore, it has been demonstrated that elevated serum
amyloid A (SAA) levels play a role in the pathogenesis of COVID-19 and may be used
as a biomarker to track the course of the illness. However, these findings are still debat-
able because other studies have not shown a change in the levels of IL-6, SAA, ESR, or
CRP [11–14].

The Mediterranean diet (MD) is distinguished by a high intake of fruits, nuts, vegeta-
bles, legumes, and cereals (which in the past were largely unrefined), a high intake of olive
oil but a low intake of saturated lipids, a moderately high intake of fish (depending on the
proximity of the sea), a low-to-moderate intake of dairy products (and then mostly in the
form of cheese or yogurt), a low intake of meat and poultry [15,16]. It is because of the
preventive impact that the MD exhibits against a variety of chronic illnesses, including a
beneficial effect on overall mortality, cardiovascular disease, and certain cancers, that high
adherence to it has been associated with a higher health status [17,18]. The MD has also
been suggested as one of the factors influencing these populations’ lifespans. The metabolic
syndrome (MetS), certain of its components, and type 2 diabetes have been demonstrated
to be negatively correlated with following a healthy eating pattern such as MD [19–21].
Due to the nutritious nature of this food pattern, it can also be effective in strengthening the
immune system and preventing and controlling infectious diseases. An increasing body
of research indicates that the MD’s anti-inflammatory qualities may contribute, at least in
part, to its protective benefits [22–24].

Considering the importance of dietary pattern’s role in the prevention and control of
COVID-19 complications, this study investigated the relationship between adherence to
the Mediterranean diet and dietary inflammatory factors, appetite, and oxidative stress in
COVID-19 patients.

2. Materials and Methods

2.1. Study Participants

This cross-sectional study was conducted among 600 COVID-19 patients aged ≥30 years
old in Iranian hospitals. Sampling was carried out by a simple random method and
using patient file numbers. Six hundred adult patients that met the inclusion criteria out
of a total of 670 COVID-19 patients were enrolled in the research (Figure 1). The study
included patients who were referred to the COVID-19 outpatient clinics of the Iranian
hospital between January 2022 and March, having both calculated tomography (CT) scans
of the thorax displaying moderate or severe involvement of the lower respiratory tract (as
per radiologist diagnosis), and positive real-time reverse transcriptase–polymerase chain
reaction (RT-PCR) tests in oro-nasopharyngeal swab samples. Patients with COVID-19 who
had particular diseases, such as chronic liver or kidney diseases, or who were hesitant to
participate in the study were excluded. Control patients with chronic diseases other than
the skin-ones were also excluded from the study.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Ethics Committee of the Ardabil University of Medicine Sciences on
17 January 2022 (IR.ARUMS.REC.1400.293). Informed consent was obtained from all
subjects involved in the study. Written informed consent has been obtained from the
patients to publish this paper.

2.2. Biochemical Measurements

At the beginning of the study, 5 cc of blood was taken from all patients for measurement
of serum interleukin 1β) IL-1β), tumor necrosis factor (TNF-α), malondialdehyde (MDA),
high sensitivity C-reactive protein (hs-CRP) and total antioxidant capacity (TAC). A human
ELISA kit with serial number 950.090.096 produced by the Diaclone Company, Besançon,
Frane, was used to test this cytokine using the sandwich ELISA method.
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Diagnosis of 780 COVID 19 patients 
based on chest CT scan and 

diagnosis of moderate severity

Selection of 600 patients based on 
incuding/excluding criteria

Completing questionnaires and 
taking blood from patients

Measuring serum inflammatory 
factors and oxidative stress, and 

dividing patients based on 
adherence to the Mediterranean diet

Data analysis and results reporting

Figure 1. Study flow diagram.

RANDOX’s RANSOM kit was utilized by the suggested procedure to assess the total
antioxidant capacity employing spectrophotometry on an Abbot auto-analyzer at 600 nm. A
particular substrate is incubated with peroxidase and hydrogen peroxide to form a radical
substrate cation, which results in a persistent green-blue color that can be detected at a
wavelength of 600 nm. This is the foundation for the measurement. The TAC is expressed
in mmol/L. Immunoturbidimetric employed the Pars test diagnostic kit to measure the
hs-CRP protein. Following the kit’s instruction manual, 200 L of reagent 2 comprising
mouse monoclonal and goat polyclonal antibodies against human CRP antibody was added
after placing 20 L of serum and 200 L of reagent 1 at 37 ◦C for 5 min. With the Abbot
auto-analyzer set to 500 nm in mg/L, absorption was recorded at 30 and 90 s. Using kits
from Bender Medical Systems, interleukins 1 were quantified by ELISA (Vienna, Austria).

2.3. Appetite Assessment

A subjective assessment and an objective indicator for measuring appetite were taken
into consideration in this study. To measure a subject’s sensations of hunger, desire to
eat, and the likelihood of intake and fullness, a visual analog scale (VAS) was utilized (for
subjective parameters). Food greasiness was added to the VAS to gauge the degree of food
greasiness. To measure the experience before or after eating, a scale of 0 to 10 was used;
the greater the number, the stronger the sensation. The subjects were in charge of their
own experience.
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2.4. Mediterranean Dietary Pattern Assessment

To calculate adherence to the MD, the ten-item, ten-point MEDAS (Mediterranean Diet
Adherence Screener) [25], which has been scientifically verified, was used. With the use of
the MEDAS questionnaire, the level of adherence to the MD was scored. Participants in the
research were split into two groups based on their MEDAS scores: those who adhered to
the MD less frequently (0–9) and those who adhered more frequently (10+). The frequency
and proportion of replies that were positive to consuming each food were summed.

2.5. Statistical Analysis

Statistical analyses were performed with STATA Version 14.0 for windows. All contin-
uous variables were reported as the mean ± standard deviation. Inflammatory markers
were compared between groups of adherence to the MD. Differences between group means
were tested using an independent T-test. The Association between inflammatory markers
and adherence to the MD was also assessed using multivariate regression. In all analyses, a
p-value, of less than 0.05 was considered statically significant. Due to the difference in the
study groups sample sizes, to validate the results of the T-test, the means difference of the
variables and the confidence interval of all the variables were checked.

3. Results

Table 1 shows the general characteristics of the participants. None of the enrolled pa-
tients was vaccinated before infection. The mean ± SD of study patients was 52.9 ± 6.8 years
old. Fifty percent of patients were male and 49% were female.

Table 1. Demographic characteristics of the study patients.

Variables Mean ± SD Men N = 305 Women N = 295 p *

Age (y) 52.9 ± 6.8 51.8 ± 3.4 51.6 ± 6.4 0.08

Body mass index
(Kg/m2) 29.5 ± 2.3 30.2 ± 2.8 28.4 ± 3.9 0.02

Smoking (%) 15 (35.83%) 215 (72.88%) 0 0.01 &

*: Based on independent T-test &: Based on chi-square test.

In Table 2, the results of positive answers to the MEDAS questionnaire are shown.
In terms of positive response to the regular consumption of olive oil (97 vs. 67 p = 0.04),
fruits (105 vs. 89 p = 0.04), vegetables (103 vs. 94 p = 0.02), legumes (104 vs. 79 p = 0.01),
and fish/sea foods (101 vs. 61 p = 0.02), there was a significant difference between peo-
ple who adhere more to the Mediterranean diet and people with less adherence to the
Mediterranean diet.

The status of symptoms and complications of COVID-19 based on the level of adher-
ence to the Mediterranean diet is shown in Table 3.

The incidence of fever [50 (47.6%) vs. 482 (92.5) p = 0.02], cough [38 (36.1%) vs.
380 (76.7), p = 0.01], dyspnea [62 (59.04) vs. 392 (79.1) p = 0.02], diarrhea [44 (41.9) vs.
280 (56.5) p = 0.02], taste changes [23 (21.9) vs. 365 (73.7), p = 0.05], blood pressure and
pneumonia severity index [70.4 ± 6.3 vs. 73.4 ± 2.4, p = 0.04] were significantly lower in
patients who adhered to the Mediterranean diet more than in patients with less adherence.

The results related to the comparison of appetite in the study patients are shown in
Table 4. The amount of desire to eat was higher in patients with more adherence to the
Mediterranean diet than in patients with low adherence (60% vs. 23% p = 0.02). About 31%
of patients with greater adherence to the Mediterranean diet rarely felt full after eating,
while only about 8% of patients with low adherence to the Mediterranean diet tended to
eat more food after the main meal.
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Table 2. Positive answers to the MEDAS questionnaire.

Low Adherence to MD
(N = 495)

High Adherence to MD
(N = 105)

p

Olive oil, the main dressing 68 (13.73%) 98 (93.33%) 0.01

Olive oil, 4 ts/day 67 (13.53%) 97 (92.38%) 0.04

Vegetables, 2 s/day 94 (18.98%) 103 (98.09%) 0.02 *

Fruits, 3 s/day 89 (17.97%) 105 (88.57%) 0.04 *

Red meat, <1 s/day 95 (19.19%) 93 (88.57%) 0.07

Butter, <1 s/day 82 (16.56%) 81 (77.14%) 0.07

Sweet beverage, <1 s/day 89 (17.97%) 104 (99.04%) 0.05 *

Legumes, 3 s/week 79 (15.59%) 104 (99.04%) 0.01 *

Fish and seafood, 3 s/week 61 (12.32%) 101 (96.19%) 0.02

Sweets, <3 s/week 101 (20.40%) 102 (97.14%) 0.06

Nuts, 3/week 88 (17.77%) 104 (99.04%) 0.01 *

White meat over red 102 (20.60%) 104 (99.04%) 0.06
Notes: Positive answers to the MEDAS questionnaire. Data are expressed as numbers and percentages in
parenthesis [n (%)] for categorical variables. Vegetables daily serving: 1 medium portion = 200 g; fruit daily serving:
1 serving = 100–150 g portion; red meat/hamburgers/other meat daily serving: 1 medium portion = 100–150 g;
butter, margarine, or cream daily serving: 1 medium portion = 12 g; sweet or sugar-sweetened carbonated
beverages daily serving: 1 medium portion = 200 mL; legumes weekly serving: 1 portion = 150 g; fish daily
serving: 1 medium portion = 100–150 g; seafood daily serving: 1 medium portion = 200 g; nuts weekly serving:
1 portion of dairy product = 30 g. MEDAS: Mediterranean diet adherence screener; MD: Mediterranean diet;
s: serving; ts: tablespoon; *: p < 0.05.

Table 3. Symptoms of COVID-19 in study participants according to adherence to the MD.

Symptoms
High Adherence

N = 105 (%)
Low Adherence

N = 495 (%)
p *

Fever 50 (47.6%) 482 (92.5%) 0.02

Cough 38 (36.1%) 380 (76.7%) 0.01

Dyspnea 62 (59.04%) 392 (79.1%) 0.02

Fatigue 98 (93.3%) 421 (85.05%) 0.03

Taste/smell abnormalities 23 (21.9%) 365 (73.7%) 0.05

Diarrhea 44 (41.9%) 280 (56.5%) 0.02

Systolic BP (mmHg) Mean ± SD 102.2 ± 12.1 120.3 ± 10.5 0.04 #

Diastolic BP (mmHg) Mean ± SD 77.3 ± 12.1 81.2 ± 9.8 0.01 #

Heart rate (/min) Mean ± SD 88.6 ± 4.2 87.9 ± 2.3 0.09 #

Respiratory rate (/min) Mean ± SD 18.6 ± 2.9 18.5 ± 2.9 0.8 #

Pneumonia Severity Index Mean ± SD 70.4 ± 6.3 73.4 ± 2.4 0.04 #
*: Based on chi-square test #: based on independent T-test.

The status of serum inflammatory markers in COVID-19 patients according to adher-
ence to the MD has been shown in Table 5. Serum levels of TNF-α (5.7 ± 2.1 vs. 6.9 ± 2.8
p = 0.02), interleukin 1 beta (3.2 ± 0.02 vs. 4.9 ± 0.01 p = 0.02), hs-CRP (17.08 ± 4.2 vs.
19.8 ± 2.5 p = 0.03), and MDA (5.7 ± 0.2 vs. 6.2 ± 0.3 p = 0.02) were significantly lower
in patients who adhered more to the Mediterranean diet than other patients. The level of
serum total antioxidant capacity in patients with greater adherence to the Mediterranean
diet (0.8 ± 0.02) was significantly higher than in other patients (0.6 ± 0.04) (p = 0.04).
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Table 4. Comparison of appetite according to adherence to the MD.

Variables
High Adherence

N = 105 N (%)
Low Adherence
N = 495 N (%)

p *

Desire to eat 63 (60%) 114 (23%) 0.02

Satiety time after eating
After eating a few tablespoons to a third

of a plate 35 (33%) 248 (50.10%)

After eating half of all the food served 30 (25.57%) 206 (41.61%)
Rarely satiated 40 (30.09%) 41 (8.28%) 0.01

Time of feeling hungry

0.03
Never 18 (3.63%) 283 (51.17%)

Low and sometimes 49 (65.71%) 104 (21.01%)
The whole day 38 (36.19%) 108 (21.81%)

Patients’ opinions about the taste of food

0.01
Bad and very bad 14 (13.33%) 264 (53.33%)

Moderate 28 (26.66%) 181 (36.59%)
Good and very good 42 (63%) 50 (10.10%)

*: Based on the chi-square test.

Table 5. Status of serum inflammatory markers in COVID-19 patients according to adherence to
the MD.

Adherence to
MD (%)

TNF-α pg/mL Hs-CRP Mg/L MDA μM/L TAC Mm/L
Interleukin

1 Beta (pg/mL)

High adherence
N = 105 (%) 5.7 ± 2.1 17.08 ± 4.2 5.7 ± 0.2 0.8 ± 0.02 3.2 ± 0.02

Low adherence
N = 495 (%) 6.9 ± 2.8 19.8 ± 2.5 6.2 ± 0.3 0.6 ± 0.04 4.9 ± 0.01

p * 0.02 0.03 0.02 0.04 0.02
*: Based on independent T-test.

Table 6 shows the association of adherence to the MD with inflammatory markers in
COVID-19 patients. There was a significant negative association between adherence to
the Mediterranean diet and serum inflammatory factors in COVID-19 patients. The serum
TNF-α in patients with more adherence to the MD was 1.32 units less than in other patients
(coeff. = −1.32, p = 0.02). The serum level of hs-CRP in patients who adhered more to the
Mediterranean diet was 1.89 units less than in other patients (coeff. = −1.89, p = 0.01). More
adherence to the Mediterranean diet leads to a decrease of 1.34 units in the serum level of
MDA (coeff. = −1.34, p = 0.04) and 1.08 units (coeff. = −1.08, p = 0.04) in the serum level of
interleukin-1 beta in COVID-19 patients. The total antioxidant capacity in patients with
greater adherence to the Mediterranean diet was 2.04 units higher than in other patients
(coeff. = 2.04, p = 0.03).

Table 6. The association of adherence to the MD with inflammatory markers in COVID-19 patients.

Dependent Variables Coeff. 95% CI p *

TNF-α −1.32 −1.28, −1.38 0.02

Hs-CRP −1.89 −1.76, −1.92 0.01

MDA −1.34 −1.22, −1.48 0.04

TAC 2.04 1.98, 2.14 0.03

Interleukin 1 beta −1.08 −1.02, −1.15 0.04
*: Based on multivariate regression, adjusted to age and gender.
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Considering the intake of some specific food classes, the adherence of men to the
Mediterranean diet is significantly lower than the one of interviewed women (p ≤ 0.05)
(Figure 2). At the same time, the serum levels of the measured inflammatory parameters
was significantly higher in men than in women (p ≤ 0.05), in particular in subjects non-
adherent to the Mediterranean diet (Figure 3).

Figure 2. Self-reported dietary food class intake (Mediterranean diet questionnaire) in men and
women involved in the study.

Figure 3. Serum level of inflammatory factors and total antioxidant capacity in study men
and women.

4. Discussion

For the first time, this study has shown that adherence to the Mediterranean diet has a
significant negative relationship with the symptoms of COVID-19 and serum inflammatory
markers among COVID-19 patients. Given the scientific plausibility supporting the positive
benefits of an appropriate food intake on the immune system, it is hypothesized that a high-
quality dietary pattern may offer protection against COVID-19. However, there is still little
information about the association between long-term, sustained good food habits, such
as the Mediterranean diet, and the risk of SARS-CoV-2 infection. Barrea et al. [26] pointed
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out the importance of the Mediterranean diet in improving the health of patients with
COVID-19. He pointed out that the presence of olives, olive oil, fruits, and vegetables in
this food pattern is one of the important things that affect the recovery process of COVID-19
patients. In another study, Greene et al. [27] examined the association between adherence
to a Mediterranean diet and COVID-19 cases and deaths using an ecological study design.
They observed that Mediterranean diet adherence was negatively associated with both
COVID-19 cases and related deaths across 17 regions in Spain and that the relationship
remained when adjusted for factors of well-being. They also observed a negative association
between Mediterranean diet adherence and COVID-19-related deaths across 23 countries
when adjusted for factors of well-being and physical inactivity. The anti-inflammatory
properties of the Mediterranean diet are likely due to the polyphenol content of this diet.
The study mentioned that there are confounding factors unrelated to dietary factors driving
COVID-19 cases and related deaths. Perez-Araluce et al. [28] indicated that people with
intermediate adherence to the Mediterranean diet had less risk of developing COVID-19.
Another review study conducted by Anna Lucia Fedullo [29] showed that following the
Mediterranean diet before and throughout pregnancy may have a protective impact by
lowering gestational diabetes mellitus and gestational weight gain and enhancing the
immune system’s response to viral infections such as as COVID-19. Inverse relationships
have been shown between respiratory disorders, inflammation, and thrombosis with the
Mediterranean diet, which includes olive oil, fish, honey, fruits, vegetables, and herbs. It is
probable that a phytochemical mixture, such as those found in the Mediterranean diet, has
stronger effects than a single molecule. It was indicated that chronic disease patients who
follow a Mediterranean diet, as a whole, experience less PAF-induced platelet aggregation.
The Mediterranean diet has been mentioned as a possible COVID-19 preventive diet, and
it is stated that following this dietary pattern reduces mortality and duration of stay in
hospital in patients ≥60 years old [30–33].

The increased serum levels of inflammatory factors are one of the important reasons
for the COVID-19 incidence. Del Valle et al. [34] found that high serum interleukin-6,
interleukin-8, and TNF-α levels at the time of hospitalization were strong and independent
predictors of patient survival. While some inflammatory markers measures in this current
study are acute phase reactants, some, such as total antioxidant capacity, may represent a
chronic baseline state than acute change with a new illness. Yaghoubi et al. [35] reported
that total antioxidant capacity levels were considerably lower in COVID-19 patients com-
pared with healthy individuals (p < 0.05) and also between patients with mild and severe
diseases (p < 0.05). Their findings suggest that COVID-19 patients may be susceptible to
depleted total antioxidant capacity.

The results of the present study confirmed the negative association between adher-
ence to the Mediterranean diet and serum levels of hs-CRP, TNF-α, and interleukin-1β.
Similar to our result, Sureda et al. reported that the high plasmatic inflammatory mark-
ers are closely correlated with low adherence to the Mediterranean dietary pattern [36].
Christina Chrysohoou [37] investigated how the Mediterranean diet affected blood lev-
els of C-reactive protein, white blood cell counts, interleukin-6, tumor necrosis factor-α,
amyloid A, fibrinogen, and homocysteine. His study results indicated that the levels of
coagulation and inflammatory indicators were found to be lower in people who followed
a conventional Mediterranean diet. The focus of a typical Mediterranean diet is on fresh,
in-season vegetables, fresh salads, tomatoes, eggplant, cucumber, cabbage, rocket, radishes,
garlic, onion, spinach, and lettuce are some examples of these. The most significant sources
of phenolic compounds (mostly flavonoids) in the Mediterranean diet are vegetables. Veg-
etables also include dietary fiber, potassium, vitamin A, vitamin C, vitamin K, copper,
magnesium, vitamin E, vitamin B6, folate, iron, thiamine, niacin, and choline, etc. [38,39].
Fruits and vegetables, legumes, olives, olive oil, and nuts are all parts of the Mediterranean
diet that help blood inflammation reduction [40,41]. A dietary pattern with more fruits
and vegetables has an association with low serum inflammatory factor levels. Corinna
Koebnick et al. [42] evaluated the relationships of diet, obesity, and adipokine in Mexican
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Americans, and indicated that in comparison to those who consumed more fruits and veg-
etables and less sugar-sweetened beverages, those who had a diet high in sugar-sweetened
beverages had greater levels of adiposity, CRP, leptin, and MCP-1 but lower levels of
SFRP-5. Dietary patterns with more sugar-sweetened beverages but with fewer fruits and
vegetable consumption cause high Adipokine profiles that lead to pro-inflammatory status.
Other components of the Mediterranean diet are olive oil and olives. Consumption of
these foods is associated with a decrease in inflammatory indicators [43,44]. In general,
the results of all studies indicate the anti-inflammatory effect of the Mediterranean diet, so
following this dietary pattern is recommended for the prevention and control of infectious
diseases, especially COVID-19 [45].

Among other results of this study, there was a significant difference in the symptoms
of COVID-19, including fever, cough, diarrhea, pneumonia severity index, and appetite
among patients with different adherence to the Mediterranean diet. The incidence of
COVID-19 symptoms in patients who adhered more to the Mediterranean diet was lower
than in other patients. Consistent with our results, Perez-Araluce et al. [28] assessed the
Mediterranean diet association with the risk of COVID-19 in the “Seguimiento Universi-
dad de Navarra” cohort participants. This study results indicated that participants with
intermediate adherence to the Mediterranean diet (3 < MDS ≤ 6) had significantly lower
odds of COVID-19 incidence (multivariable-adjusted OR = 0.50, 95% CI: 0.34–0.73), and
those with the highest adherence (MDS > 6) had the lowest risk (multivariable-adjusted
OR = 0.36, 95% CI: 0.16–0.84, p for trend < 0.001) as compared with subjects with MDS ≤ 3.
Angelis et al. [46]. mentioned that adherence to the Mediterranean diet has a main im-
pact on cardiovascular diseases and other cardio-metabolic disorders, like diabetes that
predisposes to COVID-19 infection and related outcomes.

This diet is distinguished by a combination of highly complex carbohydrates in fiber
(found in cereals, legumes, vegetables, and fruits), polyunsaturated fatty acids with an-
tiatherogenic and anti-inflammatory properties (found in olive oil and nuts), and bioac-
tive substances with antioxidative properties such as flavonoids, phytosterols, terpenes,
and polyphenols [37]. A well-balanced intake of micronutrients, such as vitamins and
minerals, which are rich in this diet, helps to prevent malnutrition and immune defi-
ciencies [32]. Several chemicals must be consumed together for proper immune system
function. Nutrient-rich meals, such as MD, can reduce the elevated serum inflammation
factors caused by nutrient-poor and high-calorie diets. Additionally, adhering to MD is
associated with the restoration of the microbiota aerobiosis as Bacteroidetes and certain
favorable Clostridium groups [47]. Considering that the composition of the intestinal
flora indicates health, following a healthy food pattern such as the Mediterranean diet can
strengthen the body’s immunity by maintaining the proper composition of the intestinal
flora. [48] In fact, several nutritional intervention trials based on MD have collected the
most important health benefits that this diet creates, including decreases in serum lipid
levels; protection against oxidative stress; decreases in inflammation; platelet aggregation;
modulation of hormones and growth factors implicated in cancer pathogenesis; and modu-
lation of microbial metabolism, promoting the proper functioning of the host metabolism
as well [49]. More research is being carried out now to prevent diseases, including cancer,
CVD, metabolic disease, and even viral disorders. Here, we will give an overview of how
MD’s most important elements affect the immune system’s regulation and the gut flora.
MD is primarily characterized by its abundance of fruits, as well as by the availability of
aromatic plants and spices to season food (dried herbs like oregano, rosemary, and thyme,
for example), as well as seeds (cumin, sesame, etc.), olives, and nuts, all of which are high
in a variety of polyphenols. Three important phenolic chemicals that are part of the MD are
important to mention: hydroxytyrosol (HT), which is found in EVOO, resveratrol (RSV),
which is found in red grapes, and quercetin (QUE), which is found in tea [23]. Higher
HT concentrations decrease the levels of oxidized LDL and triglycerides and have a small
effect on the expression of genes associated with oxidative-stress [50]. In high-fat diet
(HFD)-induced obese mouse models, HT is still being investigated as a nutraceutical. It
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is being used to observe how this particular EVOO component reverses inflammatory
parameters (elevated TNF-, IL-1, and IL-6) and inhibits the activation of TLR-4 and NK-kB
pathways, which are related to intestinal permeability in obesity. The phenolic components
in EVOO, such as HT, also boost the development of Bifidobacteria, which contribute to
the anti-inflammatory effects in the gut. In general, it can be concluded that adherence
to the Mediterranean diet and consumption of anti-inflammatory foods strengthen the
body’s immunity and can be effective and important in the prevention, control, and treat-
ment of symptoms and complications of chronic and even infectious diseases, especially
COVID-19 [51].

The use of dietary questionnaire data and the cross-sectional design of this study were
this study’s limitations, even though it was the first study that examined the association
between adherence to the Mediterranean diet and inflammatory factors, appetite, and
symptoms of COVID-19. An adequately powered, long-term, randomized clinical trial
should be carried out to confirm our preliminary observation. Moreover, some inflamma-
tory markers measured in this study are acute phase reactants, so in a next study, other
markers like total antioxidant capacity (TAC) may better represent chronic baseline state
than acute change with a new illness.

5. Conclusions

There is an inverse relationship between adherence to the Mediterranean diet and the
symptoms and complications of COVID-19, and patients who followed the Mediterranean
diet more in the past had less fever, cough, diarrhea, and lung infection. There was a nega-
tive relationship between adherence to the Mediterranean diet and serum inflammatory
factors in COVID-19 patients. Long-term clinical studies among patients suffering from
various infectious diseases, especially pneumonia and COVID-19, are needed to prove
this relationship.
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Abstract: Background and Objectives: SARS-CoV-2 is the first global threat and life-changing event of
the twenty-first century. Although efficient treatments and vaccines have been developed, due to the
virus’s ability to mutate in key regions of the genome, whole viral genome sequencing is needed for
efficient monitoring, evaluation of the spread, and even the adjustment of the molecular diagnostic
assays. Materials and Methods: In this study, Nanopore and Ion Torrent sequencing technologies
were used to detect the main SARS-CoV-2 circulating strains in Timis County, Romania, between
February 2021 and May 2022. Results: We identified 22 virus lineages belonging to seven clades:
20A, 20I (Alpha, V1), 21B (Kappa), 21I (Delta), 21J (Delta), 21K (Omicron), and 21L (Omicron).
Conclusions: Results obtained with both methods are comparable, and we confirm the utility of
Nanopore sequencing in large-scale epidemiological surveillance due to the lower cost and reduced
time for library preparation.

Keywords: SARS-CoV-2; sequencing; Nanopore; MinION; Ion Torrent

1. Introduction

During the last two years, the COVID-19 pandemic has been the main concern world-
wide, causing socio-economical losses at an unanticipated scale [1]. The causative pathogen
is the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [2]; it is a single
stranded, positive-sense, enveloped RNA virus of the Coronaviridae family, Betacoronavirus
genus. SARS-CoV-2 is the seventh identified coronavirus shown to infect humans [3]. Its
genome was sequenced and published in January 2020 by Wu and collaborators [4]; it
comprises 29,903 nucleotides (Genbank-MN908947, RefSeq acc.nos.-NC_045512) [4]. This
reference genome has been used for the development of rapid and sensitive molecular
diagnostic methods, of which the gold standard is a quantitative real-time polymerase
chain reaction (RT-qPCR) [5].

SARS-CoV-2 has a high mutation rate; its genome shows ~1.1 × 10−3 substitutions
per site each year, which is roughly equivalent to one substitution every 11 days [6].
Consequently, regular viral genome sequencing is needed to obtain information concerning
the origin of an infection, the variants circulating in different regions, and the evolution
of the spread [2]. Moreover, since these mutations might occur in key regions of the
genome, sequencing is needed for the adjustment of the molecular diagnostic assays (primer
redesign) and even vaccine development and readjustment [7]. SARS-CoV-2 sequencing
could also help in deciphering the link between the mutations occurring and the clinical
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aspects of the COVID-19 disease [8]. Of note, sequencing proved that reinfections reported
shortly after the first infection were caused by a different variant of the virus [9,10].

Today, over 13 million sequences of SARS-CoV-2 have been deposited on GISAID
(https://www.gisaid.org/ accessed on 20 November 2022). SARS-CoV-2 sequencing was
performed using different approaches: metagenomics, sequence capture or enrichment,
and Polymerase Chain Reaction (PCR) amplification using primer/amplicon pools [7,8].
Metagenomics is more appropriate when identifying new, uncharacterized pathogens,
without having any knowledge of their genome [11] and is less laborious than other
methods. On the other hand, it is relatively expensive, and shows lower depth and
coverage for lower viral loads [12]; whole genome sequencing is possible only for samples
with a high viral load [11]. In the case of target enrichment sequencing, the knowledge of
the genome sequence is essential, because only a predefined region of interest is targeted.
These sequences are enriched by hybridization to biotinylated probes or by PCR. Because
enrichment occurs even if there is an imperfect complementarity between the samples and
the probes, although considered more robust, hybridization is less sensitive to variations in
the genome than PCR amplification. Moreover, DNA hybridization enrichment is rather
expensive and prone to coverage bias due to competitive binding of the host [11,12]. In both
methods, the number of reads depends on the viral load; however, PCR amplification-based
methods are better suited in the case of a low viral load or degraded samples [11,13].

In the PCR-tiling amplicon method, one generates pools of amplicons that cover either
entirely or partially the viral genome; this can offer sufficient depth and coverage, it is
highly specific, and less expensive [8,11]. The approach is not suited to discovering new
pathogens, because it requires the knowledge of the sequence, so that the primers can
be specifically designed [12]. The major limitation one should consider in PCR methods
concerns the primer efficacy, especially when the appearance of new variants is suspected;
the interference with the annealing sequences leads to decreased coverage in specific
regions or even incomplete assembly.

Short-read sequencing platforms such as Ion Torrent and Illumina are highly accurate
and regarded as the current standard [2]. Although long-read sequencing is considered to
show lower accuracy, multiple research groups proved that they can be comparable, in terms of
coverage and quality of the final sequence, to the short-read sequencing methods [2,8,14,15].

Of the current sequencing technologies available, Oxford Nanopore Technologies
(ONT) has gained popularity due to the affordable price and portability of their devices.
Nanopore sequencing does not require complex laboratory infrastructure or well-trained
personnel, the library preparation procedure is relatively simple, and the results can even
be analyzed in real-time [2]. Furthermore, since the Nanopore MinION does not need
an internet connection, it can be used for field experiments [12]. The experience with
Ebola [16], Zika [17], Lassa fever [18], Yellow fever [19], Influenza [20], and other outbreaks
proved that Nanopore rapid sequencing is well-suited not only to epidemic/pandemic
surveillance [2], but also transcriptome mapping, identification of new mutations in the
viral genome, and characterization of various types of RNA molecules [8].

The ARTIC network (https://artic.network/) has developed a protocol for Nanopore
sequencing and data analysis, which was successfully used during Ebola and Zika out-
breaks. Shortly after the discovery of the SARS-CoV-2 virus, the protocol was optimized
for the identification and characterization of RNA purified directly from nasopharyn-
geal and oropharyngeal samples. A first pool of primers (V1 primer scheme) was de-
signed to generate 400 bp overlapping amplicons and completely sequence the viral
genome. Since then, due to the mutations in the virus’s genome, the protocol has un-
dergone several modifications in terms of alternative primer schemes and amplicon size,
which have led to improvements in library preparation (shorter time and up to 96-sample
multiplexing) [8,14,15]. Starting at the end of 2020 and early 2021, the V3 primer pool was
mainly used. However, new mutations emerged, some of them deletions or single nu-
cleotide polymorphisms (SNPs) in the primer binding sites, leading to amplicon drop-out
and incomplete coverage. Hence, yet another set of primers (ARTIC V4) has been designed
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to solve these issues. The main changes were in the 72_Right primer in G142D (Delta),
74_Left primer in 241/243del (Beta), and 76_Left primer in the K417N (Beta) or K417T
(Gamma) (https://community.artic.network/t/sars-cov-2-version-4-scheme-release/31
2) [21].

The objective of the present study was the setup of workflow for identification
by Nanopore sequencing (using a MinION MK1C device and the ARTIC protocol) of
different variants of SARS-CoV-2 virus circulating in Timis County, Romania between
August 2021 and May 2022. Furthermore, we have compared the Nanopore sequencing
results obtained using the V3 and V4 primer pools, and evaluated their quality as compared
to Ion Torrent sequencing on an S5 instrument.

2. Materials and Methods

2.1. Sample Collection and Processing/Ethics

Nasopharyngeal and oropharyngeal swabs were collected from patients infected with
SARS-CoV-2 virus hospitalized at the “Victor Babes” Hospital for Infectious Diseases,
Timisoara, Romania. All samples were kept in approximately 3 mL of viral transport
medium (Shenzen Dakewe Bio-engineering, Shenzen, China) and delivered within 3 h
to the Laboratory of Molecular and Biochemical Diagnostic (LDBM) of “Victor Babes”
University of Medicine and Pharmacy (VBUMP). All samples were stored anonymized at
−80 ◦C, until further use. The project obtained the approval of the Ethics Committee of
VBUMP, Timisoara, Romania.

2.2. RT-qPCR Confirmation

Viral RNA was extracted using the Maxwell® RSC Viral TNA Kit (Promega, Madison,
WI, USA) on a Maxwell RSC automated machine (Promega, Madison, WI, USA), according
to the manufacturer’s protocol. The viral concentration was quantified using an RNA HS
Assay Kit (Thermo Fisher, Waltham, MA, USA) on a Qubit 2.0 instrument (Invitrogen,
Waltham, MA, USA). All samples were stored at −80 ◦C until further use. Probes were
tested for the presence of SARS-CoV-2 using a GenomeCov19 Detection Kit (ABM, Rich-
mond, BC, Canada) according to the manufacturer’s instructions. All RT-qPCR runs were
performed on a Bio-Rad CFX96 instrument (BioRad, Hercules, CA, USA) using a positive
and a negative control, targeting N (nucleocapsid) gene, S (spike) gene, and having actin as
an internal control. Samples with a Ct over 32 were discarded.

2.3. Library Preparation and Sequencing with MinION Mk1C

We used a shorter, adapted version of the SARS-CoV-2 sequencing protocol (nCoV-
2019 sequencing protocol v3 (LoCost) V.3) developed and adapted by the ARTIC Network
(https://artic.network/) using the reagent from New England BioLabs (NEB, Ipswich, MA,
USA) and Oxford Nanopore Technology (ONT, Oxford, UK). Each sequencing run con-
tained 23 samples and a negative control and was performed using the Ligation Sequencing
Kit 109 (SQK-LSK109, ONT, Oxford, UK). For cDNA synthesis, 2 uL of LunaScript RT
SuperMix (M3010, NEB, Ipswich, MA, USA) was mixed with 8 uL of viral RNA, incubated
2 min at 25 ◦C, 10 min at 55 ◦C, and 1 min at 95 ◦C for enzyme inactivation, then kept
at 4 ◦C until the next step. Samples with Ct between 12–15 and 15–18 were diluted at
1:100 and 1:10, respectively; samples with Ct values between 18 and 32 were used undiluted.

Next, the overlapping amplicons were generated (~400 bp) by mixing 12.5 uL of Hot
Start High Fidelity Master Mix (M0494, NEB, Ipswich, MA, USA), 4 uL of primer pool
V3 or V4 (ARTIC nCoV-2019 V3 Panel and ARTIC nCoV-2019 V4 Panel, IDT, Corralville,
IA, USA), 6 uL of nuclease free water (NFW, NEB, Ipswich, MA, USA), and 2.5 uL of
cDNA. Two separate reactions were performed for each sample, using the two primer
pools. The cycling program was the following: initial step 30 s at 98 ◦C, followed by 15 s
at 98 ◦C, and 5 min at 65 ◦C, for a cycle number between 25 and 35 and cooling at 4 ◦C.
Samples were then pooled together and diluted in 45 μL of NFW (NEB, Ipswich, MA,
USA). For the end preparing, we used NebNext Ultra II End Repair/dA-Tailing module
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(NEB, Ipswich, MA, USA), as follows: 1.2 μL of Ultra II End Prep Reaction Buffer (NEB,
Ipswich, MA, USA), 0.5 μL Ultra II End Prep Enzyme Mix (NEB, Ipswich, MA, USA), 5 μL
of NFW (NEB, Ipswich, MA, USA), and 3.3 diluted samples from the previous step. The
reaction mixture was incubated for 15 min at 25 ◦C, 15 min at 65 ◦C, and cooled at 4 ◦C.
Samples were barcoded using 1.25 μL of EXP-NBD104 (barcodes 1–12, ONT, Oxford, UK)
and EXP-NBD114 (barcodes 13–24, ONT, Oxford, UK), 5 ul of Blunt TA Ligase Master Mix
(M0367, NEB, Ipswich, MA, USA), 3 μL of NFW (NEB, Ipswich, MA, USA), and 0.75 uL
of reaction mixture from the previous step, then incubated as follows: 20 min at 25 ◦C,
10 min at 65 ◦C, and cooling for 1 min at 4 ◦C. Next, 10 μL of all barcoded samples was
pooled together and purified using 0.4 μL of AMPure XP Magnetic Beads (Beckman Coulter,
Brea, CA, USA). Samples were quantified using a Qubit 2.0 spectrophotometer (Invitrogen,
Waltham, MA, USA) and dsDNA HS Assay Kit (Thermo Fisher, Waltham, MA, USA). For
adaptor ligation, about 30 ng of the barcoded samples was mixed with 10 μL NEBNext
Quick Ligation Reaction Buffer (NebNext Quick Ligation Module, E6056, NEB, Ipswich,
MA, USA), 5 μL of adaptor MIX (AMII, ONT, Oxford, UK), and 5 μL of Quick T4 DNA
Ligase (NebNext Quick Ligation Module, E6056, NEB, Ipswich, MA, USA). The mixture
was incubated at room temperature for 20 min, followed by purification with AMPure XP
Magnetic Beads (Beckman Coulter, Brea, CA, USA) 1:1 and another Qubit quantification.
About 15 ng of the library was loaded in a final volume of 75 μL on a primed R9.4.1 flow
cell (ONT, Oxford, UK) fitted in a MinION Mk1C (ONT, Oxford, UK) instrument.

Basecalling and demultiplexing were performed with the MinKNOW 20.10 (ONT,
Oxford, UK) (having strict parameters to ensure that amplicons had barcodes at both
ends) software, which is integrated in MinION Mk1C (ONT, Oxford, UK). A further
data analysis was carried out on the Epi2me platform developed by Metrichor Ltd. (Ox-
ford, UK), Version 2022.04.26-13521, which uses Artic, Nextclade, Pangolin sub-sections
(Artic + Nextclade + Pangolin-v3.3.1). The Artic software investigates the depth of cov-
erage for each barcoded sample and can be used for exploring individual amplicons that
might not have been amplified with the 2 primer pools. Nextclade software identifies the
genetic variants compared to the reference genome and provides data concerning quality
control [22]. Pangolin reports the sample lineage [23]. The SARS-CoV-2 virus from Wuhan
was used as the reference genome (MN908947).

2.4. Ion Torrent Sequencing

The samples were chosen for sequencing based on the quantity and quality of viral RNA
(Ct < 32 and minimum 7 ng/μL), and the number of viral copies for each sample was evaluated
using the TaqMan 2019-nCoV Assay Kit v1 (Applied Biosystems, Waltham, MA, USA).

The viral RNA was reverse-transcribed using the SuperScript™ VILO™ cDNA Syn-
thesis Kit (Invitrogen, Waltham, MA, USA), according to the protocol provided by the
manufacturer. The targets for sequencing were obtained using the Ion AmpliSeq™ SARS-
CoV-2 Panel (Thermo Fisher, Waltham, MA, USA). Library preparation was performed
with Ion AmpliSeq™ Library Kit Plus (Thermo Fisher, Waltham, MA, USA), on an Ion Chef
instrument (ThermoFisher Scientific, Waltham, MA, USA). The samples were sequenced on
an Ion Gene Studio S5 instrument (Thermo Fisher Scientific, Waltham, MA, USA), using
an Ion Torrent 540 chip (Thermo Fisher Scientific, Waltham, MA, USA). The reads were
mapped and assembled using the Iterative Refinement Meta Assembler (IRMA). The align-
ment, lineage, and clade identification were performed using Nextclade and SARS-CoV-2
as a reference genome (MN908947).

3. Results

3.1. Nanopore Sequencing

With two exceptions (with Ct of 31.6 and 31.9), all samples had Ct values between
11.9 and 29. For all rounds of sequencing, the average quality score (12.025) was well
above the default threshold 7, which indicates a very good sequencing run. Out of the
103 samples loaded, we obtained 96 sequences; the remaining 7 samples had more than
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3000 ambiguous reads and could not be unambiguously interpreted. We performed six
rounds of sequencing experiments; 23 of the samples were sequenced twice using ARTIC
nCoV-2019 V3 Panel (round 4) and ARTIC nCoV-2019 V4 Panel (round 5).

Except for sequencing run 2 (with an overall bad quality), the total number of reads
analyzed varied between 705,499 and 4,465,541 (Table 1) with a maximum of 19.95%
unclassified reads for the first round. The average number of reads obtained for all rounds
was 1,646,673, of which an average of 390,414 were unclassified. The very high number of
reads obtained after the first round of sequencing was the result of the longer sequencing
time/run (24 h) compared to the other sequencing rounds (6 h). On average, the highest
number of reads/clade, 164,439, was obtained for 20I (Alpha, V1), and the lowest for 21K
(Omicron) with 39,870 and 21B (Kappa) with 3447 (Figure 1).

Table 1. Overview of the nanopore indicators obtained.

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6

Reads Analyzed 4,465,541 1,765,872 998,468 1,095,194 705,499 849,462

Unclassified Reads 890,927 1,214,457 62,643 74,064 52,421 47,970

Total Yield 2.3 Gbases 920.8 Mbases 513.9 Mbases 533.9 Mbases 393.9 Mbases 434.4 Mbases

Average Quality Score 14.1 11.84 11.73 11.32 11.6 11.56

Average Sequence Length (Bp) 524 521 514 487 558 511

 

Figure 1. Average read count per each clade.

With respect to the average number of mutations identified, the highest was recorded
for 21L (Omicron) clade-59, followed by 21K (Omicron) clade with 47 mutations, 21J
(Delta) having 34 mutations, 20I (Alpha, V1) 32, 21J (Delta) with 26 and the lowest for 20A
(24 mutations), and only 1 for 21B (Kappa).

For most of the samples, the overall genome coverage was above 250× with an average
sequence length of 519.17 bp. Unexpectedly, the 20 k–22 k genomic region of the virus
had a lower coverage, possibly due to sequence alteration in the primers’ binding sites. In
Figure 2, there is an example of the coverage obtained for sample barcode 5 from sequencing
round 6, for primer pools A and B.
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Figure 2. Example of coverage for barcode 5 from round 6.

We identified a total of 22 lineages belonging to 7 clades: 20A, 20I (Alpha, V1), 21B
(Kappa), 21I (Delta), 21J (Delta), 21K (Omicron), and 21L (Omicron) (Figure 3). Although
not all lineages were identified, the clades were still assigned as follows: the unidentified
lineages from the first round belonged to 21J (Delta), 21I (Delta); from the second round to
21J (Delta), 21B (Kappa); from the third round 21J (Delta); and from the fifth round to 21K
(Omicron) (Figure 3).

 

Figure 3. Lineage distribution in the six rounds of Nanopore sequencing.

In the first round of sequencing (performed on 10.12.2021), we identified 20I (Alpha,
V1), 20A for the samples collected in February 2021, and Delta for the samples collected in
August—September 2021. Except for only two (Delta) samples, Nanopore results (clades)
were confirmed by Ion Torrent sequencing on an Ion S5 instrument (Table 2).
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Table 2. Comparison of the results generated by Ion Torrent and Nanopore sequencing.

Ion Torrent Nanopore
No. of Common

Mutations
Concordance (%)

Clade Lineage
Total No. of
Mutations

Clade Lineage
Total No. of
Mutations

20I (Alpha, V1) B.1.1.7 35 20I (Alpha, V1) B.1.1.7 35 35 100.0

20A B.1.258.3 32 20A B.1.258 28 27 84.4

20A B.1.258 25 20A B.1.258 20 19 76.0

20A B.1.258 30 20A B.1.258 22 21 70.0

21I (Delta) B.1.617.2 38 21I (Delta) AY.52 35 33 86.8

20I (Alpha, V1) B.1.1.7 36 20I (Alpha, V1) B.1.1.7 33 32 88.9

20A B.1.258 29 20A B.1.258 29 28 96.6

20I (Alpha, V1) B.1.1.7 30 20I (Alpha, V1) B.1.1.7 30 30 100.0

20I (Alpha, V1) B.1.1.7 32 20I (Alpha, V1) B.1.1.7 31 31 96.9

20I (Alpha, V1) B.1.1.7 34 20I (Alpha, V1) B.1.1.7 33 33 97.1

21J (Delta) AY.122 48 21J (Delta) AY.122 41 41 85.4

20I (Alpha, V1) B.1.1.7 36 20I (Alpha, V1) B.1.1.7 34 34 94.4

20A B.1.258 25 20A B.1.258 21 21 84.0

20A B.1.258 21 20A B.1.258 19 19 90.5

21I (Delta) B.1.617.2 39 21J (Delta) AY.46.6 36 16 41.0

21J (Delta) AY.43 37 21J (Delta) AY.43 34 34 91.9

21J (Delta) AY.43 38 21J (Delta) AY.43 32 32 84.2

20A B.1.258 33 20A B.1.258 30 30 90.9

21I (Delta) AY.9.2 33 21I (Delta) AY.9.2 27 26 78.8

21J (Delta) AY.125 45 21J (Delta) None 21 21 46.7

21J (Delta) AY.46.6 40 21I (Delta) AY.52 34 17 42.5

21I (Delta) B.1.617.2 40 21I (Delta) None 12 12 30.0

In the second round of sequencing, performed on 21.01.2022, we used samples from
October 2021, and the variants most frequently identified were 21J (Delta) and 21I (Delta);
two of the samples were classified as 20I (Alpha, V1). For four samples belonging to 21J
(Delta), 21B (Kappa) clades, the lineages could not be identified.

In the third round (performed in 10.03.2022) of sequencing, we used samples from
November and December 2021, when Delta (AY.120, AY.121, AY.125, AY.39, AY.4, AY.42,
AY.43) was still the main circulating variant. In the January and February 2022 samples, the
predominant variant circulating was 21K (Omicron) and 21L (Omicron) (BA.1, BA.1.1, BA.2).
These samples were sequenced two times, with the V3 primer set (round 4, 12.03.2022)
and V4 primer set (round 5, 14.04.2022). For most of the samples, the same lineages were
obtained with both sets of primers; in the case of two samples, the sequencing with the V4
pool of primers offered a refinement, as BA.1.1 was diagnosed instead of BA.1 with V3.
Nevertheless, we noticed a better-quality score and higher average sequence length when
using the V4 primer set. In the last set of samples sequenced in 12.05.2022 (patients from
February until May 2022), only 21K (Omicron) and 21L (Omicron) were identified.

3.2. Ion Torrent Sequencing

For Ion Torrent sequencing, the average loading of Ion Sphere Particles (IPS) was 91%,
99.5% of which contained the actual patient library. The percentage of polyclonal IPS was
28%, low quality products 11.3%, and there were 0% adapter dimers, so the final library IPS
was around 60%. The mean read length obtained was 190 bp. A very high percentage of
the total reads (98.6%) was aligned against the reference genome. Overall, these indicators
show a very good quality of the sequencing run.

The results obtained for 22 samples from the first sequencing run performed on
Nanopore and Ion Torrent are presented in Table 2. For most of the samples, the results
were concordant in terms of clade (90.90%) and lineage (72.72%) identification. However,
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with the exception of the 20I (Alpha) clade (on average, 33.8 mutations on Ion Torrent vs.
32.4 on Nanopore), the Ion Torrent consistently identified more mutations compared to
Nanopore sequencing: on average 27.9 and 39.8 mutations in the case of Ion Torrent vs.
24.1 and 30.9 in the case of Nanopore, for 20A and 21I+J (Delta), respectively. In terms
of concordance between the two methods, the average value was 80% (Table 2). We also
noticed that 2 out of 3 samples with the same number of mutations on both methods, had
the same substitutions. A representative example is shown in Figure 4.

(a) 

(b) 

Figure 4. Mutations identified in sample 1 using Ion Torrent (a) and Nanopore (b).

4. Discussion

With each wave, SARS-CoV-2 has become more infectious and more virulent, under-
lying the importance of understanding its mutation diversity and rate, which are a major
source of vaccine evasion [24,25] and treatment resistance [26]. Whole genome sequencing
offers important insights on the evolution of the virus [27]; most of these methods are
expensive, laborious, and time-consuming, which represent major disadvantages in the
case of an epidemic or pandemic. The ideal sequencing method would need to be rapid,
affordable, and easy to perform [2,24]; Nanopore sequencing fulfills all these requirements.
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Nanopore sequencing is clearly less time-consuming compared to other platforms:
ONT sequencing takes less than 20 h compared to Illumina and Ion Torrent (36 h) [28].
Library preparation for ONT sequencing is very easy and requires far less time than other
methods. The workflows (using a modified ARTIC protocol) require 8 h or even 5 h using
the Rapid Barcoding Kit [14,29]. In our hands, the entire protocol took approximately 10 h
for libraries preparation, and 6 h to run the sequencing. In comparison, samples sequenced
on Ion Torrent took around 18–20 h only for library preparation, 10 h run on Ion Chef, and
another 4 h run time on the S5 instrument.

In terms of costs, Illumina and Ion Torrent sequencing are generally associated with
higher costs and more laborious library preparation [15,28]. By using ONT, costs can be
reduced significantly [29], and this is a very important aspect in large-scale sequencing.
According to Tyson et al. when using the ARTIC LoCost protocol, the material costs for
24 barcodes on MinION can be reduced to GBP 24.91 pounds/sample (even down to
GBP 16.85 for LoCost with one wash); when using 96 barcodes, the method becomes even
more affordable, GBP 10.49/sample (GBP 8.47 for LoCost with one wash) [30]. Generally,
Nanopore sequencing is considered less appropriate due to its lower read-level sequencing
accuracy than the short-read gold standard sequencing platforms, Illumina and Ion Tor-
rent [31]. Given the high mutation rate of the SARS-CoV-2 virus, sequencing accuracy is
essential. However, Bull et al. proved that regardless of the high error rates, the sensitivity
and specificity of ONT methods can be comparable with short-read sequencing (both
>99% comparing to Illumina). Single nucleotide variants (SNVs) were detected with high
accuracy, and with very high concordance between ONT and Illumina: 99.66% using the
Nanopolish pipeline, and 98.83% using the Medaka pipeline. However, when it came to
detecting small indels, ONT performed rather poorly [2].

The potential of Nanopore sequencing was proven by its large-scale use in several
outbreaks such as Ebola and Zika [16,17]. Still, despite the advanced Nanopolish pipeline,
which significantly reduces the error rate, some groups obtained a lower genome quality
with GridION than Illumina MiSeq, possibly due to the diversity of the variants ana-
lyzed [28]. Except for the second round, we obtained overall good quality scores. Further-
more, clade (with two exceptions) and lineage (with seven exceptions) analyses performed
on MinION were confirmed and are comparable with the Ion Torrent method. However,
there were more mutations detected with Ion Torrent, and the concordance between the
mutations identified by the two methods was 80%. In the case of ONT sequencing, we had
only two samples with unidentified lineages, but known clades.

The ARTIC protocol has been widely adopted, even in laboratories without extensive
next generation sequencing (NGS) experience, thanks to its simplicity, low cost, and very
good sensitivity [30]. However, due to the frequent SARS-CoV-2 mutations, protocol
adjustments, especially the primer sequences, are needed to improve its performance. The
V3 primer scheme was the best choice until the Delta variant appeared, which prompted
yet another upgrade, to the V4 primer pool [32]. When comparing the performances of
V3 and V4 primer pools on a set of 23 samples, we noticed an overall higher quality score
and average sequence length when using the V4 primer set. Improvements in the quality,
depth, and resolution of the SNPs related to the usage of V4 primers were also reported by
other groups. Of note, G142D amino acid substitution might be underrepresented in Delta
variants deposited early, since it was not identified with the V3 primer set [21]. Moreover,
Lambisia et al. reported that genome recovery was increased in Alpha, Beta, Delta, and Eta
variants when the V4 primer set concentration was augmented [32].

Of note, it has been shown that the wastewater surveillance of SARS-CoV-2 by
Nanopore sequencing could be a helpful tool as a forewarning system in the case of
a new emerging variant [33,34], underlying that continuous, rapid, sensitive, genomic
surveillance (and data sharing) is essential in outbreak monitoring [35–37].
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5. Conclusions

In conclusion, we showed that Nanopore sequencing is a method that is easy to
introduce in practice, even by laboratories with limited experience in NGS. It offers a
reliable alternative for the rapid, efficient monitoring of COVID-19 outbreaks, at a level of
sensitivity comparable to Ion Torrent, but with major advantages such as the ease of library
preparation, real-time data analysis, affordable costs, and high accuracy of the results.
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Abstract: Background and Objectives: Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly
used to control pain and fever. However, their effect on COVID-19 infected patients has not been
fully studied. In this study, we investigated the effect of the duration of NSAIDs use on COVID-19
infection and clinical outcomes. Materials and Methods: In South Korea, 25,739 eligible patients who
received COVID-19 testing between 1 January and 31 July 2020, were included in this retrospective
observational cohort analysis. Based on the date of the first COVID-19 test for each patient, NSAID
prescription dates were used to separate patients into two groups (short-term group: <2 weeks;
long-term group: 8–12 weeks). COVID-19 infectivity and clinical outcomes were analyzed. We used
the propensity score-matching (PSM) method. Results: Of the 580 patients who had taken NSAIDs
before the date of COVID-19 test, 534 and 46 patients were grouped in the short- and long-term
NSAID-use groups, respectively. We did not find a statistically significant increased risk of COVID-
19 infection (adjustment for age and sex, p = 0.413; adjustment for age, sex, region of residence,
comorbidity, Charlson Comorbidity Index, and current use of medication, p = 0.259) or change in
clinical outcomes, including conventional oxygen therapy, admission of intensive care unit, artificial
ventilation, or death, between the two groups in which the PSM method was applied. Conclusions:
The duration of NSAIDs use did not have a statistically significant effect on COVID-19 infectivity
or clinical outcomes. However, further studies looking at clinical presentation and laboratory test
results in a large number of people should be performed.

Keywords: COVID-19; NSAID; duration

1. Introduction

In December 2019, the Coronavirus disease 2019 (COVID-19), caused by a novel
coronavirus (SARS-CoV-2) that causes viral pneumonia, was first discovered in China [1].
It has rapidly spread globally through close human interactions or the respiratory secretions
of infected people. On 11 March 2020, the World Health Organization (WHO) has declared
the COVID-19 outbreak as a “pandemic” [2]. The number of infected cases and deaths due
to COVID-19 is rapidly increasing, and in August 2022, there were more than 58 hundred
million confirmed cases, with over 6,400,000 deaths globally [3]. In Korea, six outbreaks
have been recorded, with more than 20 million confirmed cases and over 25,332 deaths [4].
The spread of COVID-19 is affecting economic, social, and racial issues, not only in Korea
but also around the world.

In COVID-19-infected patients, non-steroidal anti-inflammatory drugs (NSAIDs) such
as ibuprofen, along with acetaminophen, are commonly used to control symptoms such as
fever and muscle pain. However, French authorities have warned about the risks of using
ibuprofen for COVID-19 infection, and there are reports of serious COVID-19 cases requir-
ing intensive care after exposure to ibuprofen in young patients [5,6]. Our previous study
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reported that aspirin, a class of NSAIDs, had a negative effect on clinical outcomes in pa-
tients with COVID-19 infection [7]. However, according to a meta-analysis by Moore et al.,
NSAIDs use does not increase the risk of COVID-19 infection, hospital admission, severe
COVID-19, or death [8]. In addition, studies on the length of NSAIDs exposure revealed
that NSAIDs had no effect on the infection and severity of COVID-19 with various exposure
periods, including current or acute exposure [9,10] or within 30 days [11] or 4 months [12].
However, NSAIDs use in COVID-19 patients is still controversial, and there is a lack of
sufficient research on the effect of NSAIDs on COVID-19 depending on the duration of use.

This study aimed to evaluate the difference in COVID-19 infection and clinical out-
comes according to the duration of NSAIDs use. We analyzed patients by subdividing
them according to the duration of NSAID use before the diagnosis of COVID-19 using
nationwide Korean COVID-19 data.

2. Materials and Methods

2.1. Data Source

We analyzed the database of Korean National Health Insurance System (NHIS)-
COVID-19 cohort, which includes data on all patients tested for COVID-19 in South Korea
from 1 January to 31 July 2020 (N = 25,739). The COVID-19 testing date, results, and
demographic information were all included in the data. Furthermore, the database con-
tains codes for disease diagnosis, prescription information, outcomes related to COVID-19,
and death records. All of the personal information used in this study was de-identified.

2.2. Study Population

The cohort’s index date was the first COVID-19 test for each patient. We included all
patients aged 20 years and older with a history of taking NSAIDs among patients who
tested positive for COVID-19 between 1 January and 31 July 2020 (N = 580). We extracted
and combined patient characteristics such as sex, age (20–29, 30–39, 40–49, 50–59, 60–69,
70–79, 80+), and region of residence (Seoul, Gyeonggi, Daegu, Gyeongbuk, etc.). At least
two claims were evaluated within a year to confirm the presence of underlying diseases
(such as asthma, cerebrovascular disease (CVD), chronic kidney disease (CKD), chronic ob-
structive pulmonary disease (COPD), diabetes mellitus (DM), hypertension (HTN)) and the
Charlson comorbidity index score was calculated using previously reported methods [13].
Systemic steroid use within 30 days of the index date was analyzed using the types and
codes obtained from a previous study [14].

2.3. Study Group Classification

We used NHIS-COVID-19 database’s inpatient and outpatient prescription records
for NSAIDs including both oral and intravenous formulations. We classified 580 patients
prescribed NSAIDs according to treatment duration. From the index data, patients who
took NSAIDs within 2 weeks were classified into the short-term group, and those who
had taken NSAIDs for more than 8 weeks and within 12 weeks were classified into the
long-term group.

2.4. Outcomes

The outcomes included composite endpoint 1 and composite endpoint 2. Composite
end point 1 contains conventional oxygen therapy, admission of intensive care unit (ICU),
artificial ventilation, or death. Composite end point 2 contains admission of ICU, artificial
ventilation, or death except for conventional oxygen therapy in composite end point 1.

2.5. Statistis

p-values less than 0.05 were considered significant. Pearson’s χ2 test or Fisher’s
exact test used data analysis. To reduce potential bias caused by differences in patients’
baseline characteristics, we used the propensity score matching (PSM) method. A logistic
regression model was used, with adjustments for the variables. We calculated the PSM of the
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two groups at a 1:1 fixed ratio based on a greedy nearest neighbor algorithm and estimated
the predicted probability of short-term versus long-term NSAIDs users. We examined
standardized mean differences (SMDs) across groups to detect any remaining imbalance in
the matched samples [15]. Data processing and statistical analysis were performed using R
software, version 3.6.3 (The R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Study Subjects

This retrospective analysis was performed on patients enrolled in the NHIS-COVID-
19 cohort database due to a positive COVID-19 result via real-time reverse transcription
polymerase chain reaction (RT-PCR). Of the 25,739 individuals who tested positive for
COVID-19, 580 had taken NSAIDs prior to the positive result. Among them, 534 patients
(92.07%) used NSAIDs within 2 weeks and 46 (7.93%) patients used NSAIDs for more than
8 weeks and within 12 weeks before the index date.

3.2. Baseline Characteristics

The baseline patient characteristics are shown in Table 1. Among NSAIDs users, 271
(53.3%) were women and 309 (46.7%) were men. In the short-term group, the age group
with the most participants (20.4%) was the 50–59 age group, whereas in the long-term
group, the 60–69 age group and 70–79 age group were the most common. Hypertension
was the most common comorbidity observed in the two groups. In the long-term group,
COPD, DM, and hypertension were also significantly higher than those in the short-term
group, but there was no difference in asthma, CKD, and CVD. The Charlson comorbidity
index score was significantly higher in the long-term group (Table 1).

Table 1. Baseline characteristics of patients who were used non-steroidal anti-inflammatory drugs
(NSAIDs) for short (2 weeks) or long term (8–12 weeks) duration before the COVID-19 index date in
the Korean National Health Insurance System (NHIS) COVID-19 database.

Characteristic
Entire Cohort

N = 580
Short-Term

N = 534
Long-Term

N = 46
p-Value

Sex, n (%) 0.123
Male 271 (46.7) 244 (45.7) 27 (58.7)
Female 309 (53.3) 290 (54.3) 19 (41.3)

Age, n (%) 0.009
20–29 79 (13.6) 78 (14.6) 1 (2.2)
30–39 76 (13.1) 73 (13.7) 3 (6.5)
40–49 80 (13.8) 76 (14.2) 4 (8.7)
50–59 118 (20.3) 109 (20.4) 9 (19.6)
60–69 101 (17.4) 91 (17.0) 10 (21.7)
70–79 71 (12.2) 61 (11.4) 10 (21.7)
80+ 55 (9.5) 46 (8.6) 9 (19.6)

Region, n (%) 0.171
Seoul 79 (13.6) 75 (14.0) 4 (8.7)
Gyeonggi 69 (11.9) 67 (12.5) 2 (4.3)
Daegu 163 (28.1) 144 (27.0) 19 (41.3)
Gyeongbuk 54 (9.3) 50 (9.4) 4 (8.7)
Other 215 (37.1) 198 (37.1) 17 (37.0)

Comorbidity, n (%)
Asthma 102 (17.6) 95 (17.8) 7 (15.7) 0.812
CVA 68 (11.7) 58 (10.9) 10 (21.7) 0.05
CKD 32 (5.5) 28 (5.2) 4 (8.7) 0.517
COPD 40 (6.9) 33 (6.2) 7 (15.2) 0.044
DM 134 (23.1) 113 (21.2) 21 (45.7) <0.001
HTN 184 (31.7) 159 (29.8) 25 (54.3) 0.001
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Table 1. Cont.

Characteristic
Entire Cohort

N = 580
Short-Term

N = 534
Long-Term

N = 46
p-Value

Charlson Comorbidity
Index, n (%)

0.032

0 217 (37.4) 207 (38.8) 10 (21.7)
1 89 (15.3) 83 (15.5) 6 (13.0)
2 or more 274 (47.2) 244 (45.7) 30 (65.2)

Current use of
medication, n (%)

Steroid 118 (20.3) 103 (19.3) 15 (32.6) 0.05

3.3. Propensity Score-Matching

Short- and long-term NSAIDs users before COVID-19 diagnosis were individually
matched to an equal number of long-term NSAIDs use patients in our PSM cohorts (Table 2).
When SMD was used to analyze the demographics and clinical variables in the PSM cohorts,
no significant differences were found in either (SMD < 0.25). In the long-term group, the
minimally adjusted odds accounting for age and gender via PSM of COVID-19 positivity
were 1.5 (95% CI, 0.57–4.05), and the fully adjusted odds accounting for all variables
included in this analysis were 2.24 (95% CI, 0.56–9.57). Patients who used NSAIDs for a
long time were more likely to be confirmed to have COVID-19, but this was not statistically
significant (minimally adjusted, p = 0.413; fully adjusted, p = 0.259).

Table 2. Propensity score-matched baseline characteristics and positive COVID-19 test result between
the short- and long-term NSAIDs-use groups.

Characteristic
Short-Term

N = 46
Long-Term

N = 46
SMD

Sex, n (%) 0.044
Male 26 (56.5) 27 (58.7)
Female 20 (43.5) 19 (41.3)

Age, n (%) 0.068
20–29 2 (4.3) 1 (2.2)
30–39 3 (6.5) 3 (6.5)
40–49 3 (6.5) 4 (8.7)
50–59 11 (23.9) 9 (19.6)
60–69 8 (17.4) 10 (21.7)
70–79 11 (23.9) 10 (21.7)
80+ 8 (17.4) 9 (19.6)

Region, n (%) 0.213
Seoul 10 (21.7) 4 (8.7)
Gyeonggi 18 (39.1) 2 (4.3)
Daegu 1 (2.2) 19 (41.3)
Gyeongbuk 3 (6.5) 4 (8.7)
Other 14 (30.4) 17 (37.0)

Comorbidity, n (%)
Asthma 6 (13.0) 7 (15.7) 0.060
CVA 10 (21.7) 10 (21.7) 0.000
CKD 1 (2.2) 4 (8.7) 0.230
COPD 6 (13.0) 7 (15.2) 0.060
DM 20 (43.5) 21 (45.7) 0.043
HTN 20 (43.5) 25 (54.3) 0.216

Charlson Comorbidity Index, n (%) 0.104
0 8 (17.4) 10 (21.7)
1 6 (13.0) 6 (13.0)
2 or more 32 (69.6) 30 (65.2)
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Table 2. Cont.

Characteristic
Short-Term

N = 46
Long-Term

N = 46
SMD

Current use of medication, n (%)
Steroid 18 (39.1) 15 (32.6) 0.138

COVID-19, n (%)
Minimally adjusted OR * 1.00 (reference) 1.5 (0.57–4.05)
Fully adjusted OR # 1.00 (reference) 2.24 (0.56–9.57)

* Adjustment for age and sex (p-value: 0.413); # Adjustment for age, sex, region of residence, comorbidity, Charlson
Comorbidity Index, and current use of medication (p-value: 0.259).

3.4. Clinical Outcome

In Table 3, the endpoints of 13 patients in the short-term group and 17 patients in
the long-term group with confirmed clinical outcomes were analyzed. The composite
endpoints 1 and 2 were 15.4% (2/13) and 7.7% (1/13) in the short-term group and 47.1%
(8/17) and 23.5% (4/17) in the long-term group, respectively. Patients in the long-term
group had a higher probability of experiencing severe clinical outcomes, but this was not
statistically significant (composite endpoint 1, p = 0.119; composite endpoint 2, p = 0.355).

Table 3. Clinical outcomes of COVID-19-infected patients between the short- and long-term NSAIDs-
use groups.

Variables
Short-Term

N = 13
Long-Term

N = 17
p-Value *

Composite endpoint1, n (%) 0.119
No 11 (84.6) 9 (52.9)
Yes 2 (15.4) 8 (47.1)

Composite endpoint2, n (%) 0.355
No 12 (92.3) 13 (76.5)
Yes 1 (7.7) 4 (23.5)

* Fisher’s exact test; Composite endpoint 1: conventional oxygen therapy, admission of intensive care unit (ICU),
artificial ventilation, or death. Composite endpoint 2: admission of ICU, artificial ventilation, or Death.

4. Discussion

NSAIDs are among the most-prescribed drugs worldwide, constituting 5% of all
prescribed drugs [16]. NSAIDs are mostly used to relieve pain, reduce inflammation,
and decrease fever, and even used extensively as analgesics [16,17]. NSAIDs exhibit anti-
inflammatory properties by decreasing the biosynthesis of prostaglandin (PG) through
the inhibition of intracellular cyclo-oxygenase enzymes [18]. NSAIDs are indicated for
rheumatoid arthritis, osteoarthritis, fever, headache, and dysmenorrhea and have been
shown to prevent Alzheimer’s dementia [19]. However, despite the many indications
mentioned above, NSAIDs should be used with caution as they may have adverse effects
on a variety of organs, including the respiratory tract [19,20].

French officials warned against using ibuprofen, one of the NSAIDs, in patients
with COVID-19 symptoms in March 2020 [6]. Initially, the European Medicines Agency,
Medicines and Healthcare Products Regulatory Agency in the UK, and the WHO recom-
mended against using ibuprofen [21–23]. Similarly, the Korea Centers for Disease Control
and Prevention (KCDC) recommended the use of acetaminophen instead of NSAIDs for
symptom relief [24]. The cell entry receptor for SARS-CoV-2 is angiotensin-converting en-
zyme 2 (ACE2), and previous research has indicated that NSAIDs upregulate this enzyme,
thus raising concerns that NSAIDs may increase vulnerability to infection [25,26]. As such,
a lower death rate has been reported in patients using ACE inhibitors [26]. There is also
a report that NSAIDs use increases the risk of hospital death, ICU admission, artificial
ventilation, and sepsis in Korean patients with COVID-19, so that NSAIDs use should
be cautioned in COVID-19 patients [27]. Based on the results of these reports, the use of
NSAIDs in COVID-19 patients has been questioned in many countries.
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However, many studies related to COVID-19 have been conducted, and many have
reported that the use of NSAIDs has little effect or positive effects on COVID-19 infection.
Chen et al. reported that suppressing COX-2/PGE2 signaling with ibuprofen and meloxi-
cam, two commonly used NSAIDs, had no influence on ACE2 expression, viral entrance, or
viral replication [25]. Multi-center studies found that the use of NSAIDs was not correlated
with COVID-19. On the contrary, it serves to reduce both the prevalence and severity of
COVID-19 infection [10,28]. In addition, exposure to ibuprofen has been reported to be
related to a lower risk of hospitalization and artificial ventilation [29]. A meta-analysis
of 266 papers mentioning NSAIDs did not confirm that the use of NSAIDs, including
ibuprofen, increase the risk of COVID-19 infection, hospital admission, severe COVID-19,
or death [8]. Nevertheless, many clinicians and patients are still hesitant to use NSAIDs.

Although the administration of NSAIDs to COVID-19 patients is still controversial, re-
cently published papers support the use of NSAIDs [8,10,28,29]. Accordingly, we attempted
to investigate the effect of NSAIDs on COVID-19 using a nationwide Korean cohort to
determine whether the duration of NSAIDs use reduced susceptibility to COVID-19. The
NHIS-COVID-19 cohort database was created by the Health Insurance Review and As-
sessment of Korea (HIRA) and the KCDC for use in medical research. We did not observe
a statistically significantly higher risk of SARS-CoV-2 infection in the propensity score-
matched population with short- and long-term NSAID exposure, which is consistent with
the findings of prior research. Furthermore, we found no statistically significant increased
risk associated with conventional oxygen therapy, ICU admission, artificial ventilation,
or death from COVID-19 between the two groups. Based on several other studies and our
analysis, there is currently little scientific data to support the use of NSAIDs increasing the
infection rate and severity of clinical outcomes with COVID-19.

However, this study had several limitations. First, many patients who were taking
long-term NSAIDs were not included in the analysis (7.9% of 580 patients). Furthermore,
the number of patients who had clinically confirmed outcomes was minimal (5.2% of
580 patients). Second, because a comparison with the patient group who did not use
NSAIDs was not made, it was not possible to analyze whether the use of NSAIDs affected
COVID-19 and not only the period of use. Third, unmeasured factors may have influenced
the results, despite our best efforts to account for all confounding factors using PSM analysis.
Additionally, clinical presentation, symptoms, clinical course, and laboratory test results
could not be included because this study was retrospective and used information from
the Korean NHIS. Fourth, even though NSAIDs are over-the-counter medicines in Korea,
we only analyzed the data for prescribed NSAIDs use.

Regardless of these drawbacks, the study’s information on the effects of NSAID use
in Korean COVID-19 patients is reliable. In addition, it is meaningful in that it analyzes
how the period of taking NSAIDs affects COVID-19 in Koreans using a large amount of
Korean NHIS data, and we used PSM to eliminate the effects of factors other than NSAIDs.
However, more large-scale studies of the association between COVID-19 and NSAIDs use
are needed, with better control of variables except NSAIDs.

5. Conclusions

The duration of NSAIDs use did not have a statistically significant effect on COVID-19
infectivity or severity of clinical outcomes. Therefore, our study results are expected to help
physicians and patients decide whether to take NSAIDs in relation to COVID-19 infection.
However, further studies focusing on clinical presentation and laboratory test results in a
large number of people should be performed.
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Abstract: Background and Objectives: Considering the significant number of patients worldwide that
received empirical antibiotic therapy for COVID-19 infection due to their critical condition and the
lack of therapeutical guidelines, we wanted to find out the consequences of antibiotic use in our study
population. Materials and Methods: We conducted a retrospective cohort study including symptomatic
patients older than 18 years, hospitalized for SARS-CoV-2 between March and December 2020 in the
Internal Medicine and Pneumology Departments of Colentina Clinical Hospital. The elected outcome
was death, while independent variables were antibiotic therapy and literature-cited parameters
associated with mortality in this disease. Results: Out of 198 included patients, 96 (48.48%) patients
received antibiotic therapy during hospitalization. Female gender (OR = 2.61, p = 0.04), history of
neoplasm (OR = 7.147, p = 0.01), heart failure (OR = 8.62, p = 0.002), and diabetes mellitus (OR = 3.05,
p = 0.02) were significantly associated with death in multivariate analysis. Antibiotic treatment
showed a higher probability of death both in bivariate (OR = 5.333, p < 0.001) and multivariate
analysis adjusted for the aforementioned prognostic factors (OR = 3.55, p = 0.01). Conclusions:
After adjusting for confounders, in-hospital antibiotic administration did not improve survival in
COVID-19 patients.

Keywords: COVID-19; antibiotic therapy; mortality; female gender; neoplasm history; heart failure;
diabetes mellitus

1. Introduction

The year 2020 was seriously marked by the unforeseeable evolution of the COVID-19
pandemic. The public health system worldwide was constantly suffering from a lack of
means in predicting and treating this novel infection. Doctors faced the challenge of having
to apply different methods of treatment when the guidelines offered no more answers.
An important issue was the extensive prescription of antibiotics even when no bacterial
co-infection or secondary infection was involved.

There is a big concern nowadays with multi-resistant bacterial infections that lead to
around 700,000 deaths per year, and the number is estimated to reach 10 million deaths by
the year 2050 [1]. Having this in mind it is impossible not to worry about the extensive use
of antibiotics since the pandemic has started. A literature review about this subject reports
that empirical antibiotic therapy was given to even more than 70% of the hospitalized
patients for COVID-19 infection [2]. Another retrospective study from a southern European
country stated that 21.6% of the hospitalized patients were prescribed no antibiotics, 43.9%
were appropriately prescribed antibiotics, and 34.2% were inappropriately prescribed
antibiotics [3]. Another literature review that included studies from all over the world
showed that 8501 out of 10,329 COVID-19 patients (82.3%) were prescribed antibiotics [4].
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An important prospective cohort study from UK pointed out that 85.2% patients with
inpatient antimicrobial data received antimicrobial therapy at some point during their
admission (the rate was highest for patients in critical care) [5].

On the other hand, as a response to this exponential trend in treating COVID-19
patients, new guidelines appeared concerning the use of antibiotics. WHO guidelines
recommend no antibiotic therapy or prophylaxis for patients with a moderate form of
COVID-19 unless signs and symptoms of a bacterial infection exist, while for severe forms
of the disease, a daily assessment for de-escalation of antibiotics is required. The March
2021 UK National Institute for Health and Care Excellence (NICE) rapid guideline on
managing COVID-19 pleads for not using antibiotics in the prevention or treatment of
COVID-19 infection and that the only recommendation for antibiotics use is when there is
a strong clinical or paraclinical suspicion of bacterial infection [6].

Taking care of hospitalized patients daily, we had witnessed a progressively worsening
situation that seemed almost impossible to manage.

The main aim of our study was to unveil the effect of antibiotic therapy on mortality
among the patients hospitalized in a COVID-19 centre from Bucharest, Romania and to
see if our results corresponded to those published worldwide. We were also interested in
finding out other parameters that influenced the prognostic of our patients.

2. Materials and Methods

This is a retrospective study that included symptomatic patients older than 18 years,
hospitalized for COVID-19 infection between March and December 2020 at the Internal
Medicine and Pneumology Departments of Colentina Clinical Hospital, Bucharest, Ro-
mania, confirmed either with a PCR or rapid antigen test. The exclusion criteria were:
asymptomatic patients, patients that needed transferred to the ICU, and the ones who
could not provide us an exact date for the onset of their symptoms.

Data collection was based on the observational charts of the hospitalized patients.
Demographic, clinical, biological, imaging, treatment, and evolution data were analysed.
Disease severity was classified as mild—symptomatic, but without dyspnea or abnormal
chest imaging, moderate—if evidence of lower respiratory disease is present, but with
an oxygen saturation (SpO2) above 94% on room air, or severe—patients that exhibited
pulmonary infiltrates on more than 50% of the lung parenchyma accompanied by an SpO2
below 94% [7].

Comorbidities were summarized by the Charlson comorbidity index and obesity was
clinician-defined. The sample was divided in two groups, one that received and one that
did not receive antibiotic therapy during hospitalization. The identification of bacterial
infection was based on blood, urine, sputum, and stool microbiological analysis in patients
with a high clinical (presence of fever, purulent cough) and paraclinical likelihood (raised
level of procalcitonin, C-reactive protein, consolidation on chest computed tomography).

The outcome was mortality. The independent variables were antibiotic prescription,
and the clinical and biological parameters showed by the previous studies as associated
with a higher mortality. As the ISARIC score (4C mortality score) [8] was found to be the
most valid for prognosis, we used its variables for adjustment. Additionally, this model
showed that ≥2 comorbidities showed an 80% increase in mortality, and we used this for
adjustment too.

The statistical analysis was performed using SPSS Version 20.0. An Internet-based
calculator (EBM calculator—Knowledge Translation Program, Toronto, ON, Canada) was
used for calculation of relative risk with confidence interval [9].

The variables associated with death with p < 0.10 in bivariate analysis were evaluated
in a logistic regression model. The variables were selected for logistic regression with the
forward conditional method because of the relative low sample size. Hypothesis testing
was 2-tailed. Statistical significance was defined by p < 0.05.

The design of our study is summarized in the following flowchart (Figure 1). Firstly,
we performed bivariate and multivariate analysis on the entire sample. Secondly, because
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it implies another antibiotic course, as well as increased inflammation and mortality, we
excluded patients with a positive Clostridioides difficile test, and afterwards we also excluded
any other patient with microbiological evidence of a superimposed bacterial infection. On
the resulting subgroups we applied the same statistical tests as we did on the initial sample,
comparing the retrieved results.

Figure 1. Study design.

3. Results

Following the exclusion criteria, our sample was represented by 198 patients with
a slightly male predominance (109/198). The median age was 61 (23–91).

Ten (5.1%) of the patients had a mild form of disease, 91 (45.95%) had a moderate form,
while 97 (48.98%) had a severe form of COVID-19.

The overall mortality rate in our sample was 15.15–13.13% with severe disease, and
2.02 % with moderate disease.

Demographic and comorbidity data distribution were summarized in Table 1.
Forty-four (22.22%) out of the 198 patients received antibiotics at home prior to the

admission, while 96 (48.48%) of the patients were first administered one or more antibiotic
classes during the hospitalization. Out of the patients who were prescribed antibiotics,
2 (2.1%) developed a mild disease, 41 (42.7%) had a moderate disease and 53 (55.2%)
a severe form of the disease. The prescribed antibiotic classes during hospitalization
were: beta-lactams (penicillins, cephalosporins, carbapenems, beta-lactams inhibitors),
glycopeptides (vancomycin), tetracyclins (doxycycline, tygecycline), oxazolidonones (line-
zolid), macrolides (clarithromycin, azithromycin), and fluoroquinolones (Ciprofloxacin,
Levofloxacin, Moxifloxacin). Because of the heterogeneous data that resulted from simulta-
neous or successive antibiotic regimens, it is very difficult to determine the exact percentage
of each prescribed antibiotic class. Twenty-one (10.61%) patients underwent antimicrobial
therapy guided by the evidence of a bacterial infection (positive blood, urine or sputum
culture or Clostridioides difficile stool test). The following bacteria species were isolated:
Klebsiella spp. (4 cases), Staphylococcus aureus (1 case), MDR E. coli (2 cases), Clostridioides
difficile (14 cases). The other 75 received antibiotics in an empirical manner (based on
increasing procalcitonin levels, inflammatory biomarkers, and clinical judgement).
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Table 1. Medical history data and its impact on mortality.

Yes Deceased Alive
Relative Risk

of Death
95% CI p

Antibiotic 96 (48.48%) 24 (25%) 72 (75%) 5.333 [2.072; 13.726] <0.001
No antibiotic - 6 (5.88%) 96 (94.11%) - - -

Female gender 89 (44.94%) 19 (21.34%) 70 (78.65%) 2.115 [1.063; 4.208] 0.046
Hypertension 103 (52.02%) 17 (16.51%) 86 (83.49%) 1.206 [0.62; 2.348] 0.723
Dyslipidaemia 24 (12.12%) 4 (16.66%) 20 (83.33%) 1.115 [0.426; 2.92] 0.934

Diabetes mellitus 45 (22.72%) 12 (26.66%) 33 (73.33%) 2.267 [1.183; 4.344] 0.027
Obesity 42 (21.21%) 9 (21.42%) 33 (78.57%) 1.592 [0.788; 3.214] 0.300

Atrial fibrillation 22 (11.11%) 8 (36.36%) 14 (63.63%) 2.909 [1.478; 5.725] 0.009
Chronic coronary syndrome 22 (11.11%) 5 (22.72%) 17 (77.27%) 1.600 [0.683; 3.75] 0.462

Heart failure 13 (6.56%) 9 (69.23%) 4 (30.76%) 6.099 [3.548; 10.484] <0.001
Chronic hepatitis/cirrhosis 14 (7.07%) 3 (21.42%) 11 (78.57%) 1.460 [0.505; 4.223] 0.770

CKD 11 (5.55%) 2 (18.18%) 9 (81.81%) 1.214 [0.331; 4.452] 0.885
Asthma/COPD 17 (8.58%) 4 (23.52%) 13 (76.47%) 1.638 [0.648 to 4.143] 0.513

Stroke 5 (2.52%) 0(0%) 5 (100%) 0.530 [0.037; 7.683] 0.936
Neoplasm 10 (5.05%) 6 (60%) 4 (40%) 4.700 [2.506; 8.817] <0.001

Autoimmunity 6 (3.03%) 2 (33.33%) 4 (66.66%) 2.286 [0.701; 7.455] 0.494
IBD/celiac disease 4 (2.02%) 1 (25%) 3 (75%) 1.672 [0.296; 9.436] 0.881

At least 2 comorbidities 141 (71.21%) 29 (20.56%) 112 (79.43%) 11.723 [1.636; 84.03] 0.002
Charlson Index - 5 (0, 9) 2 (0, 9) - - <0.001

Upon admission, based on the Charlson comorbidity index, we were able to stratify
the patients’ risk of developing a milder or more severe form of the disease and anticipate
what prospects they might have had. It can be regarded as a useful marker, hence its good
predictive value of mortality—AUC = 0.784, p < 0.001, 95% CI [0.697; 0.872].

Some inflammation biomarkers showed a significantly statistic association between
themselves and mortality in the bivariate analysis (p < 0.005)—the maximum values of C
reactive protein and D-dimer.

ROC curve analysis proves that both the maximum value of the C reactive protein and
the maximum value of D-dimer are good predictors of death as shown in Table 2.

Table 2. Biological markers proven as good predictors of death in ROC curve analysis.

AUC p 95% CI

The maximum value or CRP * 0.850 0.025 [0.723; 0.977]
The maximum value of D-dimers 0.802 <0.001 [0.723; 0.881]

* CRP = C-reactive protein, AUC = area under the curve, 95% CI = confidence interval.

In our sample there was no association between mortality and maximum level
of ferritin.

In bivariate analysis we found out that antibiotic treatment shows a higher probability
of death, and respectively has an OR of 5.333 with a p-value below 0.001. Age (p < 0.001),
female gender, the history of a neoplasm, heart failure, and diabetes mellitus were the other
parameters associated with the outcome of death, as shown in Table 1.

Additionally, the number of comorbid conditions showed a significant statistic associa-
tion with mortality (p = 0.009). Furthermore, we tested an ISARIC score-derived parameter,
the presence of at least two comorbidities, which was as well associated with in-hospital
mortality (p = 0.03).

Multivariate analysis showed that age, neoplasm history, heart failure, and diabetes
mellitus had a significant risk of death—Table 3. When adjusted for those conditions and
for disease severity, association between antibiotic therapy and mortality did not remain as
statistically significant.
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Table 3. Antibiotic therapy adjusted for several comorbidities that were highly associated with
mortality (logistic regression).

B p OR, 95% CI

Antibiotic treatment 0.863 0.122 2.369, [0.795; 7.064]
Age 0.042 0.044 2.530, [1.001; 1087]
Neoplasm 2.006 0.014 7.437, [1.494; 37.016]
Heart failure 1.154 0.039 4.546, [1.080; 19.139]
Diabetes mellitus 1.007 0.056 2.737, [1.171; 7.988]
Female gender 0.928 0.068 2.530, [0.934; 6.855]
Disease severity 1.403 0.006 4.067, [1.506; 10.986]

Since the presence of a significant inflammatory state was also known as a mortality
predictor, the maximum values of C reactive protein and D-dimer were added in the logistic
regression model. Furthermore, we adjusted the analysis for the patients’ preexisting
conditions using a more concentrated variable, an ISARIC score derived parameter (the
presence of at least two comorbidities). The results are presented below, in Table 4.

Table 4. The association between antibiotic therapy and mortality—logistic regression model after
the adjustment for other involved prognostic factors.

B p OR, 95% CI

Antibiotic treatment 0.893 0.128 2.443, [0.773; 7.717]
Female gender 0.948 0.059 2.579, [0.965; 6.896]
Age 0.062 0.004 1.064, [1.020; 1.110]
Disease severity 1.374 0.008 3.951, [1.422; 10.981]
Maximal value of D-dimer 0.132 0.003 1.141, [1.044; 1.246]
Maximal value of C reactive protein 0.002 0.564 1.002, [0.996; 1008]
The presence of at least 2 comorbidities −0.654 0.313 0.520, [0.146; 1.851]

Antibiotic therapy failed to associate with mortality after being adjusted for age,
gender, comorbidities, inflammatory markers and disease severity. The latter remained the
most important mortality predictor (OR 3.95, p = 0.008).

In order to further remove other confounding variables we excluded the patients
with a confirmed Clostridioides difficile infection, thus resulting in a new subgroup. Ac-
cording to the bivariate analysis patients who were prescribed antibiotics were almost five
times more likely to decease (RR = 4.905, [1.957; 12.299], p < 0.001). If they had at least
two comorbidities they had an eleven fold greater risk of mortality (RR = 11.938, [1.666;
85.563], p = 0.002).

Even though in the bivariate analysis there was a statistically significant association,
when taking into consideration other prognostic factors, antibiotic therapy did not show
a significant association with mortality after the adjustment of the logistic regression model
(Table 5).

Table 5. Multivariate analysis in patients without a proven Clostridioides infection—adjusted for age,
gender, severity, inflammatory markers and the presence of at least 2 comorbidities.

B p OR, 95% CI

Antibiotic treatment 0.872 0.174 2.391, [0.680; 8.411]
Female gender 1.048 0.056 2.851, [0.974; 8.344]
Age 0.058 0.020 1.059, [1.009; 1.112]
Disease severity 1.518 0.009 4.565, [1.469; 14.180]
Maximal value of D-dimer 0.178 0.001 1.195, [1.077; 1.327]
Maximal value of C-reactive protein 0.001 0.871 1.001, [0.994; 1.007]
The presence of at least 2 comorbidities −1.473 0.093 0.229, [0.041; 1.276]
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We went further with the exclusion of the patients with any proof of secondary
bacterial infection, resulting in a subgroup treated with antibiotics solely in an empirical
manner, in which we searched for the association between antibiotic treatment and survival.

Bivariate analysis in patients without any proven bacterial infection showed that pa-
tients who received antibiotics had a threefold higher risk of in-hospital death
(RR = 3.283, 95% CI [1.358; 7.934], p < 0.009). Using the same type of analysis, the pres-
ence of at least two comorbidities was associated with an increase in the risk of death by
eight times (RR = 8.422, [1.167; 60.801], p = 0.0015).

The results obtained from the logistic regression model performed in patients without
any documented bacterial infection remained similar to those obtained in the earlier stage
of the statistical analysis (before the exclusion of those specific participants). As presented
in Table 6, antibiotic therapy failed to associate with a significant increase in mortality.
Variables with a significant impact upon mortality were: disease severity, the maximal
value of D-dimer, and age.

Table 6. Multivariate analysis concerning patients who received antibiotic therapy solely in
an empirical manner—adjusted for age, gender, severity, inflammatory markers, and the presence of
at least 2 comorbidities.

B p OR, 95% CI

Antibiotic treatment 0.376 0.562 1.456, [0.409; 5.185]
Female gender 0.829 0.137 2.290, [0.767; 6.835]
Age 0.048 0.049 1.049, [1.000; 1.100]
Disease severity 1.159 0.008 4.906, [1.524; 15.789]
Maximal value of D-dimer 0.155 0.001 1.168, [1.062; 1.283]
Maximal value of C-reactive protein 0.002 0.585 1.002, [0.996;1.008]
The presence of at least 2 comorbidities −1.119 0.171 0.327, [0.066;1.624]

4. Discussion

Some of our results come as a reiteration stated in the studies on this topic [2–5,10–14],
which proved that an important percentage of patients hospitalized worldwide for COVID-19
infection received empirical antimicrobial therapy and that this management did not lead
to an improved outcome [10,15].

Some biological markers, surrogates of the cytokine storm, have shown a significantly
association with the outcome of death in bivariate analysis; furthermore, they have proven
themselves as good predictors of mortality in the ROC curve analysis. In this aspect
we chose to use the maximum value of C reactive protein, D-dimers and ferritin from
all the available values of a patient during his or her hospital stay. Our results concern-
ing the prognostic utility of C-reactive protein correspond to the results stated in other
studies [16,17]. We concluded that D-dimer levels were also associated with a higher
mortality rate, in the same way that was mentioned in other studies [18–20]. In our sample
there was no association between mortality and maximum level of ferritin, unlike the
results described in other studies [21,22]. The former can also be stated about the lack of
an association between procalcitonin levels and an increase in mortality in our sample.

The ISARIC 4C mortality score was validated in several papers as an efficient prog-
nostic score [8]. Some of its components were already used in the severity stratification
of patients (oxygen saturation upon admission, the presence of pulmonary infiltrates,
respiratory rate) according to the NIH protocols [23]. Other parameters associated with
a significant increase in mortality in the aforementioned score (age, gender, C-reactive
protein, and the presence of at least two comorbidities) were used as covariates in the
logistic regression model.

As antibiotic therapy is the main cause of the Clostridioides difficile infection, we decided
to remove the patients that had this particular secondary infection in order to predict more
accurately the real effect antibiotics had upon the studied outcome. Furthermore, after
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removing the patients that had other proof of a microbiological infection, the lack of
an association between antibiotic therapy and mortality persisted.

In bivariate analysis the mortality was increased in patients that receive antibiotic
therapy because the majority of patients in our group had a moderate or severe form of
disease (94.9%) and besides that they also had multiple comorbidities that led to various
complications (acute kidney injury, stroke, deep vein thrombosis, acute heart failure).

This therapeutic class, prescribed as a desperate act in a life-threatening situation, did
not come to rescue, therefore the survival rate did not improve. Moreover, at first glance it
made us think that it was rather harmful, but after careful adjusting to the other known
prognostic factors we concluded that the apparent increase in mortality was due to the fact
that a significant proportion of the patients were already in an aggravated state rather than
the effect of the antibiotic therapy itself.

The main limitations of this study are represented by its observational (retrospective)
design, the relatively small sample of patients and the monocentric approach, even though
the data were rigorously collected and there were no missing data. It should be acknowl-
edged that the resulting conclusions could not reflect the evolution of all the SARS-CoV-2
variants in relationship with antibiotic prescribing.

An important bias could be the confounding by indication (the patients with the most
severe cases were preferentially treated with antibiotic therapy), which, if strong, could not
have been reversed by the adjustments for the known prognostic factors. Therefore, only
a randomized controlled trial will probably give us a more certain conclusion.

We underline the fact that at the time when our patients were hospitalized, the national
and international guidelines were changing in a very rapid manner and also lacked clear
answers regarding antibiotic therapy.

5. Conclusions

After adjusting for confounders, in-hospital antibiotic administration did not improve
survival in COVID-19 patients.

Thus, taking into account the fact that the unnecessary usage of antibiotics does not
come without consequences, the data available in the literature so far, including our study,
does not support unjustified antimicrobial agent administration in COVID-19 infection.
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Abstract: Background and Objectives: In the era of the COVID-19 pandemic, telemedicine, so far under-
estimated, has gained in value. Currently, telemedicine is not only a telephone or chat consultation,
but also the possibility of the remote recording of signals (such as ECG, saturation, and heart rate) or
even remote auscultation of the lungs. The objective of this review article is to present a potential
role for, and disseminate knowledge of, telemedicine during the COVID-19 pandemic. Material
and Methods: In order to analyze the research material in accordance with PRISMA guidelines, a
systematic search of the ScienceDirect, Web of Science, and PubMed databases was conducted. Out of
the total number of 363 papers identified, 22 original articles were subjected to analysis. Results: This
article presents the possibilities of remote patient registration, which contributes to an improvement
in remote diagnostics and diagnoses. Conclusions: Telemedicine is, although not always and not by
everyone, an accepted form of providing medical services. It cannot replace direct patient–doctor
contact, but it can undoubtedly contribute to accelerating diagnoses and improving their quality at
a distance.

Keywords: COVID-19; telemedicine; primary practice

1. Introduction

Telemedicine, also called telehealth, is the provision of health-related services over
a distance using digital communication technologies. The origins of telemedicine date
back to the 1950s, when the first mentions of the possibilities of the remote transmission
of imaging tests appeared [1]. Telemedicine may take different forms, e.g., it can be in
the form of communication between a patient and a doctor such as a doctor’s advice via
telephone, chat, or videoconference. It may also be associated with more experimental
innovations, e.g., telesurgery, where a surgeon remotely manipulates surgical instruments
with the aid of a robotic surgical system.

The pandemic caused by the SARS-CoV-2 virus has stimulated the more rapid develop-
ment of telemedicine. Pursuant to the WHO recommendations, telemedicine was chosen as
a key strategy for the provision, maintenance, and enhancement of health-related services
which were disrupted by the COVID-19 outbreak [2]. There are many scientific articles
dedicated to the use of telemedicine in various specialties (e.g., internal diseases, family
medicine, psychiatry, oncology) [3]. According to the report presented by Omboni et al.,
the most common purpose of using telemedicine (49.7%) was to ensure integrated patient
care, including a combination of services with the aim of providing diagnosis, treatment,
observation, and rehabilitation [4]. Monitoring patients in their home environment enables
doctors to gain a better insight into the social conditions of their patients’ health statuses.
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Of key importance for the development of telemedicine is the growing accessibility of
technologies. In line with the Pew Research Centre’s report of 2021, 93% of Americans use
the internet [5]. Moreover, 81% of Americans have smartphones, nearly 75% have desktops
or laptops, and around 50% have tablets or e-readers [6]. Nowadays, telemedicine does
not have to be limited to consulting one’s doctor by telephone, but can involve the use
of other, more modern methods, e.g., measuring instruments which allow objectivization
of symptoms reported by the patients and enable the doctor to make a correct diagnosis,
which means that telemedicine can improve significantly. These are instruments such
as cameras and video cameras in smartphones, digital stethoscopes, ophthalmoscopes,
otoscopes, and various types of biosensors. This form of telemedicine, in which mobile
medical devices and technologies are employed in order to collect health data generated
by the patient (PGHD—patient-generated health data) and transmitted to health care
providers, is referred to in the literature as remote patient monitoring (RPM) [7].

This starts from the simplest solutions, in which medical documentation is stored,
monitored, and edited practically from anywhere in the world, to more complex ones
related to artificial intelligence. In this way, it is possible, for example, to remotely supervise
surgical procedures. Telemedicine is already widely used in emergency medicine systems.
ECG transmission, in terms of qualification for invasive treatment, has already become a
standard which is possible in most ambulances.

The purpose of this systematic review has been to evaluate telemedicine technologies
that were employed during the COVID-19 pandemic, from the viewpoint of optimization of
their use in situations of limited direct access to a physician. In particular, we are interested
in the issue of using telemedicine techniques used in primary health care, as if creating a
telemedicine primary care guide.

2. Material and Methods

The study was conducted according to the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA) statement [8]. The systematic review of
the literature was based on an a priori definition of inclusion and exclusion criteria, which
enabled an objective selection of articles dealing with the connections between telemedicine
and COVID-19. This approach allowed us to preselect the research material objectively,
preventing any subjectivity in our decisions to include some or exclude other studies from
the review. The search employed the following terms: “telemedicine, telehealth, lung,
respiratory, COVID-19, SARS-CoV-2, diagnosis, symptoms”.

The following search sequences were used in the work:

• “telemedicine”, “symptoms”, “diagnosis”, “covid-19”, “respiratory”, “lung”;
• “telehealth”, “symptoms”, “diagnosis”, “covid-19”, “respiratory”, “lung”;
• “telemedicine”, “symptoms”, “diagnosis”, “sars-cov-2”, “respiratory”, “lung”;
• “telehealth”, “symptoms”, “diagnosis”, “sars-cov-2”, “respiratory”, “lung”.

Due to the multitude of available studies and the symptomatology of COVID-19, the
study was limited to searches related to the involvement of the respiratory system.

In this way, attempts were made to isolate publications enabling the assessment of
the respiratory system, using methods of remote assessment of the general condition of
patients, including remote registration. In particular, we wanted to present in the review
solutions facilitating the work of a clinician at the level of primary care.

The review of the literature took advantage of the following databases: ScienceDirect,
Web of Science, and PubMed. While searching the ScienceDirect database, a filter was
activated to exclude meta-analyses, reviews (also systematic reviews), and books, in addi-
tion to which the search was limited to studies in medical sciences and that were original
publications. The Web of Science database was searched for articles in medical sciences.
As for PubMed, the same filters as applied to ScienceDirect were used. Some records were
also retrieved via references found in published articles. No limits regarding the date
of publication were set. Detailed results of the search are presented in a flow diagram
(Figure 1) [9,10]. The search was carried out in the fourth and fifth weeks of March 2023.
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Figure 1. PRISMA flow diagram.

Selection of Studies and Exclusion Criteria

For further preselection of papers, the software Rayyan was employed [11]. Firstly,
duplicates were eliminated and records implicated by the software as possibly being
duplicates were reviewed. Next, three independent researchers analyzed the abstracts,
and those dedicated to telemedicine methods used during the COVID-19 pandemic were
selected. Lists of references were searched manually in order to identify further publications
suitable for our analysis. Thus, articles were selected compliant with the previously
established exclusion and inclusion criteria for a full-text review. Any disputes were
resolved by consensus. In total, 234 publications were checked and 34 were chosen for
complete analysis. Having analyzed the complete texts, 22 publications were selected for
the systematic review.

The inclusion criteria were to choose original articles, published in the English lan-
guage, with clearly determined measures applied to clinical results. The exclusion criteria
were to discard studies with unclear measures applied to clinical results, descriptions of
single cases, or series of cases with a sample size <5. The articles selected for the final
analysis are collated in Table 1. A forest plot was used to visually depict publication bias
(Figure 2).
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Figure 2. Plots of the proportion of the incidence of symptomatic and asymptomatic acute respiratory
tract infection in COVID-19.

Table 1. Detailed breakdown of work selected for analysis.

Authors (Ref.)
Number of

Patients
Country Study Design

Publication
Date

Journal

Telehealth

1. Teleconsultations

Accorsi TAD, et al. [12] 98 Brazil Randomized controlled trial May 2022 Einstein (Sao Paulo)

Zhang A, et al. [13] 416 Netherlands Descriptive survey—Case
reports Mar 2022 Healthc (Amst).

Baena-Díez JM, et al. [14] 453 Spain Cohort study Nov 2021 Healthcare (Basel)

Coronado-Vázquez V, et al. [15] 166 Spain Cohort study May 2021 J. Pers. Med.

Khairat S, et al. [16] 1139 USA Cross-sectional—descriptive
study Oct 2020 J. Patient Exp.

Artificial intelligence

2. Algorithms

Porter P, et al. [17] 322 Australia Cohort study Mar 2021 Br J Gen Pract.

Jose T, et al. [18] 765,324 USA Descriptive survey Feb 2021 Mayo Clin Proc Innov
Qual Outcomes

Eythorsson E, et al. [19] 4756 Iceland Cohort study Sep 2022 Diagn Progn Res.

Tartaglia E, et al. [20] 200–875/day Italy Observational study Dec 2022 Smart Health (Amst).

Yoo TK, et al. [21] 339 South Korea Cross-sectional—analytical
study Oct 2020 Comput Biol Med.

Li H, et al. [22] 965 USA, China Cross-sectional—analytical
study Dec 2022 Smart Health (Amst).

3. Mobile Apps

Liu L, et al. [23] 4589 China Cohort study July 2020 JMIR Mhealth Uhealth.

Yang D, et al. [24] 3249 China Multi-center clinical study Dec 2022 Clinical eHealth

Ahmad M, et al. [25] 185 India Cross-sectional—analytical
study June 2022 Diabetes Metab Syndr.

Remote Patient Monitoring
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Table 1. Cont.

Authors (Ref.)
Number of

Patients
Country Study Design

Publication
Date

Journal

4. Wearable Body Sensors

Balasubramanian V, et al. [26] 1200 India Cross-sectional—analytical
study Jan 2022 Med Biol Eng Comput.

Al Bassam N, et al. [27] - Oman Cross-sectional—descriptive
study May 2021 Inform Med Unlocked.

5. Stethoscope

Glangetas A, et al. [28] 1000 Switzerland Cohort study Mar 2021 BMC Pulm Med.

Zhu H, et al. [29] 172 China Cohort study Jan 2022
Computer Methods and

Programs in
Biomedicine

Pancaldi F, et al. [30] 28 Italy Cross-sectional—analytical
study Mar 2022 Comput Biol Med.

Lalouani W, et al. [31] 128 USA Descriptive survey Dec 2022 Smart Health (Amst).

6. Ultrasound

Kirkpatrick AW, et al. [32] 27 Canada, USA Randomized controlled trial Dec 2022 Ultrasound J.

Kimura BJ, et al. [33] 201 USA Cross-sectional—analytical
study Oct 2022 J Am Soc Echocardiogr.

3. Results

The analyzed studies were published from July 2020 to December 2022. The 22 re-
viewed articles deal with seven issues, presented in Figure 2: telemedicine (telephone
consultations, chats, and video consultations) (n = 5); AI techniques (n = 2) and algorithms
(n = 4), that is, the issues related to telehealth and remote registration of patients, and the
use of USG (n = 2); stethoscopes (n = 4); mobile applications (n = 3); and the “wearable
body sensor network” (n = 2). Most studies were conducted in Europe (n = 7), and the
remaining papers originated from Asia (n = 7), North America (n = 6), Australia (n = 1),
and South America (n = 1). The most articles about telehealth covering various types of
teleconsultations was published in Europe [13–15] and one work in North America [16] and
South America [12]. In Asia, all publications concerned AI techniques and remote patient
monitoring. It is worth noting that all publications on the use of mobile applications [23–25]
and wearables [26,27] were created there. The use of stethoscopes as a tool for remote
control of the patient’s health was established in Asia [29], Europe [28,30], and North
America [31]. The articles on the use of ultrasonography in patient follow-up were exclu-
sively from North America [32,33]. The creation of algorithms useful in medicine based on
artificial intelligence has been described in Asia [21], Europe [19,20], North America [18,22],
and Australia [17]. These divisions are presented in Figure 3.

The preselected publications focused on the following aspects: providing health-
related consultations via telemedicine using applications designed for this purpose, as well
as a remote assessment of a patient’s condition with the help of the so-called wearable body
sensor network, electronic stethoscopes, and a lung USG (Figure 4).

The presented review focuses on the aspects of telemedicine used in the practice
of GPs. These methods focus on three main aspects, i.e., telehealth, methods of remote
registration of patients, and the use of artificial intelligence methods for their assessment.
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Figure 3. The use of telemedicine in different regions of the world. AI, artificial intelligence; RPM,
remote patient monitoring.

Figure 4. Telemedicine architecture used in the publication. Created with BioRender.com.

3.1. Telehealth

Telehealth consultations can be provided through various telemedicine channels, e.g.,
by telephone advice, chat, or videoconference. Remote consultations can be used both
for a full patient interview, as well as to collect screening information enabling further
proper triage of patients, which turned out to be particularly important during the COVID-
19 pandemic [13]. The content and quality of consultations, regardless of their form
(teleconsultation, chat, videoconsultation) are comparable [34].
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3.2. Artificial Intelligence

Telemedicine solutions combined with artificial intelligence allow for the creation
of algorithms that facilitate decision making or guide patients or doctors through the
diagnostic path. These algorithms can be used to assess the general health status and cohort
of patients. They can also make the first diagnosis based on the sent image of the throat or
the recorded cough sound [21].

3.3. Remote Patient Monitoring

Remote patient registration methods are aimed at obtaining health parameters based
on wearable body sensors, mobile apps, stethoscope, or ultrasound. Wearable body sensors,
using sensors attached to the body, collect information about heart rate, saturation, respi-
ratory rate, ECG, and body temperature [35]. It is also possible to remotely assess breath
sounds and images of the lungs. Wearable body sensors are becoming an increasingly
accurate diagnostic tool to help identify and treat diseases [36].

The detailed specifications of the articles, divided according to subject areas, is con-
tained in Table 1.

4. Discussion

Telemedicine, also known as telehealth, involves the use of technologies to facilitate
remote patient monitoring. Scientists have developed many different forms of telemedicine
systems to fight the pandemic. This literature review is supposed to emphasize the possi-
bilities of telemedicine methods which can be used in primary health care. The COVID-19
pandemic itself led to a significant increase in the number of health-related consultations
provided with the help of ICT tools. This has necessitated, in a certain manner, the develop-
ment of a collaboration between IT and medicine for the best possible objectivization of
the health services provided. Monitoring the health status of patients with COVID-19 re-
motely can take different forms, from giving advice by telephone to using custom-designed
teleinformation tools via the internet. Appropriate remote monitoring of the health of
patients and chronic conditions can help to reduce the number of patients who need to be
hospitalized, and this lowers the costs of medical care [37]. In a paper published in 2023
in JAMA, it was shown that telemedicine advice contributes to significant time and cost
savings, including transport costs and the cost of medical visits. Increasing access to a
doctor results in a reduction in the number of visits, hospitalizations, and mortality [38].

In our study, we have shown the possible division of telemedicine into three categories:
telehealth, AI, and remote patient monitoring. This division has been used in order to easily
present the possibilities of remote medical care methods, e.g., in a family doctor’s office.
Thanks to the extremely rapid progress of technology in the 21st century, medical care
provided through telemedicine channels does not have to differ much from direct contact
with the patient. Not only that, according to the data presented in Figure 2, the recognition
of respiratory tract infections by various methods of telemedicine can be just as effective.

4.1. Telehealth

During the outbreak of the COVID-19 pandemic, teleconsultations served to provide
adequate education to patients in order to restrain the spread of the disease. Furthermore,
telemedicine gave patients emotional support [13]. However, it soon turned out that
teleconsultations were on the front line in effective management and conduct during the
COVID-19 pandemic. Telephone history taking in primary health care was effective in
detecting pneumonia in patients diagnosed with mild SARS-CoV-2 [16]. Accorsi et al.,
in their randomized trial, showed that teleconsultation is comparable to an in-patient
consultation for patients with a low risk of progressing to a severe course of COVID-19
infection who developed symptoms of acute respiratory tract infection [12].

Truong et al., based on their systematic review, confirmed that teleconsultations show
a high level of care and satisfaction of patients [39].

119



Medicina 2023, 59, 1541

4.2. Artificial Intelligence

An artificial neural network (ANN), or simply a neural network, is a method of
supervised learning. The learning process tries to mimic the learning that takes place in
the human brain. Artificial intelligence models are employed to create appropriate groups
of patients [23]. AI enables researchers to use data collected, for example, in the form of
digital diagnostic tests, in order to improve telemedicine consultations.

Artificial intelligence methods based on a convolutional neural network (CNN) were
used to evaluate chest X-rays of patients with COVID-19. [25] They served to help diagnose
and classify COVID-19 cases, and to distinguish patients with COVID-19 from other
patients with (viral or bacterial) pneumonia [40–43]. It was demonstrated that a preliminary
evaluation of chest X-rays could be achieved remotely, considerably limiting of person-to-
person contact. A deep learning model (CycleGAN) was used by Yoo et al. to detect severe
cases of pharyngitis using a smartphone [21]. This approach was employed for screening
patients in order to rapidly identify cases of pharyngitis and launch proper diagnostic and
treatment procedures.

Algorithms created by artificial intelligence can support the diagnostic and therapeutic
process. An example of this can be the management of community-acquired pneumonia,
which can be one of the manifestations of COVID-19. Diagnosis of community-acquired
pneumonia (CAP) is based on an evaluation of the signs and symptoms of a respiratory
tract infection. Its clinical image varies. The manifestations of pneumonia can be divided
into two groups: systemic (pyrexia, chills, malaise) and related to the respiratory system
(cough, dyspnea, chest pain). The diagnosis of pneumonia in outpatients can be made on
the basis of clinical manifestation not necessarily confirmed by laboratory and imaging
tests. This option gained particular importance during the COVID-19 pandemic when the
isolation of patients and the limitation of direct human contact were most important from
the point of view of epidemiology. Porter et al. proved that the mathematical algorithm
they tested enabled the accurate identification of patients with CAP of varying severity,
excluding an analysis of vital signs and physical and radiological examinations, in addition
to which it ensured an immediate result. These Australian researchers built an algorithm on
the basis of such symptoms as pyrexia, acute cough <7 days (registered by a smartphone),
and age. The algorithm was then used to make a preliminary selection of patients [17].

Coronado-Vázquez et al. carried out telemedicine monitoring of patients with COVID-
19, which enabled early detection of complications as well as the monitoring and treatment
of concomitant illnesses, thereby contributing to reducing the risk of hospitalization [15].
In turn, Liu et al., who used an online application specially developed for their study,
enabled patients to provide in real time all new data regarding the course of the illness,
which contributed to gaining a better insight into the disease itself and improved overall
evaluation of the health status of a given patient. The above researchers conducted medical
consultations using an online application, including a preliminary triage, with the help
of a voice conversation, text messaging, photo communication, or a video call. Out of
4589 patients, 310 were referred to the hospital and 301 were recommended to see a doctor
in an in-patient setting (e.g., in a hospital) for physical examination. The cited authors
demonstrated that telemedicine can facilitate the initial selection of patients, particularly
during health crises such as COVID-19 [23].

Telemedicine services provided via another application (nCapp) were presented by
Yang et al. [24]. In this case, the mobile tool used served to synchronize and share the data
concerning the diagnosis and previous treatment. The aim of this application was to enable
early diagnosis of COVID-19 and classification of patients (with a focus on patients with
ambiguous or false negative results of RT-PCR tests) to appropriate risk groups. Owing
to this application, the remote management of new cases of COVID-19 infections was
improved.

Amjad et al., in their systematic review published in January 2023, have summarized
the methods of artificial intelligence currently used in medicine. They proved that telehealth
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based on artificial intelligence can lead to an improvement in the quality of medical practice
and also contribute to its modernization [44].

4.3. Remote Patient Monitoring

Monitoring of the health conditions of patients may take different forms, and one
option employed nowadays is to use biosensors, which enable making non-invasive mea-
surements. The sensors used in these devices read parameters from the skin or from the
movements made by the person being monitored [45,46]. This allows the monitoring of
a patient in any circumstances, including at home, remotely. The wearable body sensor
network, according to Qureshi et al., is most probably the best solution for the remote
monitoring of patients in health care systems. Such sensors as accelerometers, temperature
sensors, or ECGs collect information about the health of a patient, acting as a monitoring
network. The data are stored in a local server and can be retrieved by a clinician to aid the
decision-making process [47].

Bassam et al. described a system that makes use of an online application as an external
interface and an Android-based mobile application for the patient [27]. Both interfaces are
synchronized with each other in order to gather data on the health of a patient. The system
is composed of a device mounted like a bracelet on one of the patient’s limbs. It allows
recording of the following parameters: body temperature, systolic heart rate, saturation,
and cough episodes. It also has a built-in GPS reader.

Similar systems used during the COVID-19 pandemic for remote registration of
vital signs have been presented in the literature by Balasubramanian V., Ding X, Ro-
maszko et al. [26,48,49].

It seems that wearable body sensors may solve the monitoring problem, as was shown
by Snehi et al. [50].

Telemedicine can play a role in decreasing the costs of health care borne by the patient
and by the health care system. Adequate remote monitoring of health conditions and
chronic conditions can help patients to avoid expensive visits to hospital emergency wards
and even hospitalization. A stethoscope is an inexpensive instrument that is easy to use, but
which can considerably facilitate making a preliminary diagnosis. However, its usefulness
largely depends on the user’s perceptual ability and experience. In recent years, there
has been a growing interest in the automation of auscultation, its standardization and
digitalization. This trend gained momentum during the COVID-19 pandemic when any
form of a remote physical examination helped to make a diagnosis via telemedicine. A team
of researchers from Switzerland created an algorithm for the diagnosis and stratification
of COVID-19 risk based on lung auscultation [28]. To this aim, an algorithm involving
artificial intelligence and deep learning was developed that achieved standardization of
lung auscultation. The data for their research were recorded with a digital stethoscope
Littmann 3200. It was demonstrated that automated interpretation of lung auscultation
can help to improve the accuracy of a physical examination. In turn, Zhu et al. employed
artificial intelligence models and showed that an AI-based system can identify correctly
different types of irregular murmurs detected during an auscultation examination of the
lungs [29].

Pancaldi et al. created an algorithm called VECTOR (Velcro crackles detector) to
evaluate Velcro crackles registered with the help of a digital stethoscope [51]. In 2022,
these authors used the VECTOR algorithm to identify patients with interstitial pneumonia
secondary to SARS-CoV-2 infection [30]. To this aim, a digital stethoscope Littmann 3200
was used to evaluate respiratory crackles in eight auscultation points, i.e., paravertebral
lower lobes, axillary lower lobes, paravertebral middle lobes, and paravertebral upper
lobes. The automated lung auscultation results proved the potential usefulness of artificial
intelligence methods in the near future.

Undoubtedly, the COVID-19 pandemic has contributed to the search for new methods
of remote diagnosis. In March 2023, Diagnostics published a paper comparing the types of
stethoscopes, including electronic stethoscopes. The authors of this article showed many
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benefits of remote lung auscultation, or even the sound recording itself. They also did
not omit the problem related to the use of artificial intelligence to interpret the recorded
auscultation phenomena, which primarily result from their possible variability [52].

A group of 27 volunteers was submitted to a study in which a portable USG device
and a teleconference on the Zoom platform were used to examine the images of the lungs
of patients with COVID-19 [32]. The purpose of the study was to generate an adequate
“batwing” image of the pleura interface between two rib shadows at each location on the
thorax. The use of ultrasound ensures reliable monitoring and stratification of the risk of
developing serious illnesses. These conclusions were confirmed by Kimura et al., in a study
including 201 patients, in which the presence of a B line, which is associated with a higher
risk of hospitalization of high-risk patients, was detected in the early phase of SARS-CoV-2
infection [33]. Moreover, these researchers confirmed that patients were able to perform
a simple lung USG test themselves. Heldeweg et al., based on a systematic review of
the literature, proved that ultrasound imaging of the lungs significantly affects clinical
decision making, especially in the so-called places for quick diagnostics (e.g., emergency
departments) [52].

The usefulness of a remote ultrasound exam has also been verified in cases of abdomi-
nal USG tests [53]. However, because of the topic area of this study not pertaining to the
subject of our review, this paper was not included in the current systematic review.

Telemedicine is a rapidly developing field of medicine which has already been used
widely owing to its usefulness and ability to provide medical services safely during the
COVID-19 pandemic. It is obvious that telemedicine, nowadays, cannot replace personal
patient care and that not all clinical situations can rely on video consultations alone, but it is
also undeniable that in the time of medical staff shortages, telemedicine can help to improve
the monitoring of the health status of patients, the functionality of the health care system,
as well as the accessibility to medical advice. Not long ago, the only option for remote
communication was by letter. Other remote communication channels, not to mention
remote medical diagnosis methods, were unknown. The COVID-19 pandemic showed
that medical care in the form of telehealth could be the not-so-distant future of medicine.
Technological progress, a collaboration between IT and medicine, and the development of
pro-health applications, such as ‘Apple-health’, remote auscultation, or imaging of internal
organs, may become commonplace in everyday life.

The variety of methods used in telemedicine allows for almost unlimited possibilities for
patients’ remote registration. At present, it is possible to conduct a full history-taking using
remote methods of communication as well as remote registration and transmission of vital
measurements enriched with the possibility of recording auscultatory changes. The analysis
of these data using artificial intelligence methods minimizes the risk of medical error.

5. Conclusions

The COVID-19 pandemic has changed the perception of telemedicine. Conducted
scientific studies have shown that telemedicine can be highly effective in recognizing upper
respiratory tract infections, regardless of the type of method used.

The rapid development of 21st century technology may soon lead to even more
efficient methods of telemedicine.
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Abstract: The COVID-19 pandemic has had significant impacts on healthcare systems around the
world, including in Latin America. In Colombia, there have been over 23,000 confirmed cases
and 100 deaths since 2022, with the highest number of cases occurring in females and the highest
number of deaths in males. The elderly and those with comorbidities, such as arterial hypertension,
diabetes mellitus, and respiratory diseases, have been particularly affected. Coinfections with other
microorganisms, including dengue virus, Klebsiella pneumoniae, and Mycobacterium tuberculosis, have
also been a significant factor in increasing morbidity and mortality rates in COVID-19 patients.
It is important for surveillance systems to be improved and protocols to be established for the
early detection and management of coinfections in COVID-19. In addition to traditional treatments,
alternatives such as zinc supplementation and nanomedicine may have potential in the fight against
COVID-19. It is also crucial to consider the social, labor, educational, psychological, and emotional
costs of the pandemic and to address issues such as poverty and limited access to potable water in
order to better prepare for future pandemics.

Keywords: COVID-19; SARS-CoV-2; coinfections; antimicrobials; Colombia; epidemiology; coinfections;
superinfections

1. Introduction

In December 2019, in Wuhan, China, an unidentified coronavirus emerged, causing
a major outbreak in many cities and rapidly spreading globally. This new coronavirus,
known as severe acute respiratory syndrome coronavirus (SARS-CoV) 2 (SARS-CoV-2), is a
virus containing a genome with 29,903 nucleotides and 29 proteins, belonging to the family
Coronaviridae, subfamily Coronavirinae, and is the main cause of severe acute respiratory
syndrome, also known as COVID-19 [1–3]. By the end of 2021 and early 2022, COVID-19
had infected 224 million people, and 4.6 million had died globally [4].

In addition, microbial coinfections and superinfections [5] had occurred, influenced
by factors such as the potentiation of pathogenesis and the increased risk of morbidity
and mortality of patients with COVID-19. Coinfection can be defined as the recovery
of other pathogens in a patient with an infection within 48 h of admission [6,7], and
superinfection occurs when a patient has clinical signs and symptoms of pneumonia or
bacteremia combined with a positive culture of a new pathogen from a lower respiratory
tract or blood specimen obtained ≥48 h after admission [8]. In other words, coinfection
occurs simultaneously with the spread of the microorganism, while superinfection develops
after the initial infection [9].

Latin America had been one of the most severely affected regions by the COVID-19
pandemic, accounting for 25% of global infections. Moreover, of the ten countries with the
highest mortality rates worldwide, eight were from this region, including Colombia [10].
In a study conducted in Colombia, a high incidence of early mortality associated with
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COVID-19 24 h after hospital admission was reported [11]. However, studies related to
the incidence of coinfection and superinfection in patients with COVID-19 are generally
limited, especially in Latin American countries [5,12,13]. It was observed that severely ill
COVID-19 patients, especially those in the intensive care unit (ICU), were more prone to
secondary infections, owing to the increased use of prophylactic or therapeutic antibiotics
whose task is to ensure the successful eradication of susceptible pathogens [14]. However,
antibiotic misuse poses a threat due to the increase in the number of antibiotic-resistant
microorganisms; additionally, it has a negative impact on the host microbiota. Clinical
evidence suggests that inappropriate empirical use of antimicrobials may be associated
with increased morbidity and mortality [9,15,16]. Therefore, the objective of this review is
to describe scientific evidence on SARS-CoV-2-related coinfections and superinfections and
their relevance in patients with COVID-19 in Colombia.

2. Methodology

A comprehensive literature search was conducted using databases such as PubMed,
Scopus, SciELO, and Web of Science. The search was based on keywords related to COVID-
19, SARS-CoV-2, coinfections, superinfections, Colombia, and COVID-19 treatments ((SARS-
CoV-2 OR COVID-19) AND Colombia AND coinfection AND superinfection AND therapy).
Relevant data corresponding to each section of the manuscript, such as definitions, patho-
physiology, and treatment of SARS-CoV-2, were extracted. The extracted data were then
analyzed to identify common themes, patterns, and trends related to coinfections and
superinfections. The findings were organized in a narrative format, highlighting key points,
similarities, and differences among the studies.

Definitions included the following:
Coinfections: “Coinfections with other microorganisms such as bacteria, fungi, and

other viruses are commonly associated with respiratory viral infections. Coinfections are
directly linked to increased rates of morbidity and mortality, thus requiring early diagnosis
and specific treatment” [17].

Superinfection: “Superinfection is diagnosed when patients present with clinical signs
and symptoms of pneumonia or bacteremia combined with a positive culture of a new
pathogen from a lower respiratory tract sample (including sputum, transtracheal aspirates,
or bronchoalveolar lavage fluid) or blood samples taken ≥48 h after admission” [8].

3. SARS-CoV-2

Coronaviruses are approximately 80–220-nm-diameter enveloped viruses [2]. The
viral genome encodes five structural proteins which are encoded within the 3’ end, namely,
spike protein (S), envelope (E), membrane (M), nucleocapsid (N), and hemagglutinin
esterase (HE) [1–3,18,19]. Protein S is a transmembrane glycoprotein that facilitates viral
envelope binding to angiotensin-converting enzyme 2 (ACE-2) receptors expressed on the
surface of host cells; it also forms protruding homotrimers on the viral surface, and this
protein comprises two functional subunits: receptor binding (S1) and cell membrane fusion
(S2) [1,2,18]. The E protein is the smallest protein in the SARS-CoV-2 structure, and its
function is not necessary for replication. However, it plays a huge role in pathogenesis since
it helps in the assembly and liberation of virions [1,18]. The M protein is the most abundant
protein in the virion, and it was suggested that this protein plays a role in RNA packaging
and promoting the assembly and budding of viral particles through interaction with N and
accessory proteins 3a and 7a [1,2,18]. The N protein packages genetic material and binds to
the viral genome in a bead-on-a-string conformation. Consequently, it modifies host-cell
RNA processing, alters the TGF-β pathway by blocking apoptosis, and promotes binding of
the transcription factor NF-κβ to the COX-2 promoter, leading to an inflammatory response.
Notably, it is also involved in RNA replication and immune evasion [2,18]. The HE protein
acts as a hemagglutinin, binds to sialic acids on surface glycoproteins, contains acetyl
esterase activity, and helps the virus spread through the mucosa [1]. Among these five
proteins, the most important ones are protein N and protein S. While the former helps in the
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development of the capsid, the latter allows the virus to bind to target cells. Meanwhile, the
most complex component is the receptor-binding domain (RBD) in the S protein because
six RBD amino acids are needed to bind to the ACE-2 receptor and harbor SARS-CoV-2-like
coronaviruses [1,2].

The RBDs of SARS-CoV-2 have a stronger attraction or affinity for the ACE-2 receptor
compared to the RBDs of SARS-CoV. Furthermore, in the case of SARS-CoV-2, a significant
portion of the RBDs is in the bound state, meaning they are attached or bound to the ACE-2
receptor. This binding state leads to a comparable or potentially lower affinity for the
receptor when compared to SARS-CoV [3].

SARS-CoV-2 entry into host cells and the release of its genomes depend on a sequence
of steps, but it should be noted that four of the structural proteins it possesses (S, N, M,
and E) allow it to gain access to target cells. For entry, the virus requires binding of the S
protein to ACE-2 on the cell’s plasma membrane. However, this protein must be cleaved
by the transmembrane serine protease 2 (TMPRSS2) of the cell membrane into the two
subunits—S1 containing the RBD to ACE-2 and S2 facilitating viral fusion—although
this cleavage can also occur by cathepsin-L in the endosomes, which helps to infect cells
without TMPRSS2, but this is a slower process [18,20,21]. The literature suggests that the
modified RBD residues of protein S in SARS-CoV-2 contribute to its high pathogenicity
and transmissibility compared to SARS-CoV. Moreover, the presence of the polybasic
furin cleavage site is not observed in other coronaviruses. Thus, this facilitates efficient
cleavage of the S protein by furin and other proteases. Even the “S trimer” exists in a
partially open state in highly pathogenic coronaviruses [20]. After the virus enters the
target cell cytoplasm, uncoated genomic RNA is translated into polyproteins (pp1a and
pp1ab), which are then assembled into replicating or virus-induced double-membrane
vesicle transcription complexes. Subsequently, these complexes replicate and synthesize a
nested set of genomic RNA by genome transcription, which encodes structural proteins (M,
E, and N) and some accessory proteins. The endoplasmic reticulum and the Golgi complex
mediate the binding of the newly formed viral particles, then finally, the new virions leave
the cell by exocytosis [18].

4. SARS-CoV-2 Immunology

A special feature of SARS-CoV-2 is the inhibition of receptor signaling pathways
responsible for triggering antiviral immunity, mainly pattern recognition receptors (PRRs)
tasked to recognize molecular patterns associated with pathogens or cellular damage
(PAMPs and DAMPs). Figure 1 shows the immunology against SARS-CoV-2. PAMPs
are associated with microbial pathogens [22]. The main PRRs for viral recognition are
toll-like receptors 3 (TLR3) and 7 (TLR7) in the endosome or the cytosolic sensors retinoic
acid-inducible gene 1 (RIG-I) and melanoma differentiation-associated gene 5 (MDA5).
Activation of these PRRs is mainly associated with IFN production [22,23]. RGI-I and
MDA5 activate the mitochondrial antiviral signaling protein of the downstream adaptor in
the mitochondria, followed by activation of TNF receptor-associated protein [23]. SARS-
CoV-2 has the ability to suppress the production and function of type 1 IFNs, triggering
IFN-stimulated genes [22,23].

Similarly, in response to coronavirus infection, humans produce TCD4+ lymphocytes,
TCD8+ lymphocytes, and specific antibodies, which have protective functions against
viral infections; however, these functions and their importance vary according to the viral
infection. TCD4+ cell responses to primary SARS-CoV-2 infection are more prominent than
those of TCD8+, whereas the presence of specific TCD8+ cells has been associated with
better outcomes in COVID-19 [24]. Humoral response to SARS-CoV-2 involves neutralizing
antibodies (nAb) specific to viral epitopes. N protein epitopes are conserved among
different coronaviruses, prompting the generation of cross-reactive antibodies. However,
nAb targets protein S and its RBD region to neutralize the coronavirus. In turn, they protect
against future infections [3,24]. Moreover, SARS-CoV-2 infection can lead to a reduction
in lymphocytes [23].
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Figure 1. (A) Primary mode of transmission of SARS-CoV-2, which is through respiratory droplets.
(B) SARS-CoV-2 enters via the angiotensin-converting enzyme receptor 2 (ACE-2). It also shows toll-
like receptors whose function is to recognize viral RNA in endosomes. (C) Activation of the antiviral
innate immune response associated with IFN production and activation of proinflammatory cytokines
mediated by T lymphocytes causing a cytokine storm. (D) Humoral response to SARS-CoV-2 with
the use of neutralizing antibodies (nAb). The figure was created with https://app.biorender.com
(accessed on 1 June 2023).

It is worth mentioning that the virus has an impact on the mechanisms of cellular
stress activation in immunocompetent cells because it causes the activation and apoptosis
of lymphocytes and macrophages as well as immunosuppression [22]. The cytokine storm
correctly reflects the immune response in patients with COVID-19. The observed elevated
IL-6 levels are considerably low. However, there are dynamic changes in the concentration
of many cytokines, including IL-6. In addition, kynurenines, molecules related with
immunosuppression, are elevated in severe COVID-19 [23].

5. Impact of SARS-CoV-2in Colombia

Nearly two decades after the emergence of SARS-CoV, SARS-CoV-2spread rapidly
after the first reported case in December 2019 and became a serious global health crisis [25].
Noticeably, the most affected countries were industrialized ones with strong public health
systems and advanced medical facilities that have been severely strained in the course of
the pandemic [26]. However, Latin America’s health care systems have been significantly
disrupted as SARS-CoV-2 spread around the world [27]. These nations opted for strict
quarantine and the promotion of self-care, following WHO guidelines, whose objective
was to separate potential carriers of the virus from uninfected individuals and thus reduce
the spread of the virus, corresponding to epidemiological fences, but the social, labor,
educational, psychological, and emotional costs were high [28].

In particular, the pandemic adversely affected the elderly and the disadvantaged the
most. While all age groups were susceptible to SARS-CoV-2 infection, older adults suffered
a higher risk of mortality [29]. Latin American countries faced an extremely protracted
challenge, as factors such as poverty and limited access to potable water, among others,
continued to be a critical point in the development of the region. In addition, there was a
fundamental lack of preparedness to deal with a pandemic [29].
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In early March 2020, the first positive cases in Colombia were reported in the city of
Bogota, causing great concern among the people and leading to the implementation of
weak measures to mitigate transmission. In turn, the government had to declare mandatory
containment on 25 March 2020, which remained in force, totally or partially, until the
beginning of 2022 [30–32]. For some authors, the health and security system, the economic
sector, the social context, and people’s mental health were the most critically impacted by
the pandemic in the country, with the health and social security system being most affected
due to the rapid chains of transmission [30].

In Colombia, from 3 January 2020 to 5 July 2023 at 4:01 p.m. CEST, there have been
6,373,599 confirmed cases of COVID-19 with 142,836 deaths reported to the WHO. As of
2 June 2023, a total of 90,506,612 vaccine doses have been administered [33].

Colombia had a case fatality rate of 2.5% with an accumulated positivity rate of 22.6%,
with the highest number of cases occurring in females (53%) and the highest number of
deaths in males (60.7%). Furthermore, the highest frequency of deaths was found among
those between 40 and 90 years old with 389,736 deaths, peaking from 70 to 79 years old
with 34,924 deaths. Among the comorbidities affecting the deceased, the most frequent
were arterial hypertension (6416 deaths), diabetes mellitus (3901 deaths), respiratory dis-
eases (2421 deaths), renal diseases (2226 deaths), obesity (1910 deaths), cardiac diseases
(2083 deaths), and cancer (1115 deaths) [34].

Colombia faced six “waves,” and their delimitations correlated with the restriction
and relaxation of measures such as social distancing [35]. It should be noted that, according
to clinical evidence, most of the cases reported in the second, third, and fourth waves were
mild to moderate with lower hospital admission requirements and short hospital stays, i.e.,
there was a higher survival rate from COVID-19, but findings showed a large increase in
the number of confirmed cases in those periods. According to the Instituto Nacional de
Salud (INS), a total of 5,823,994 symptomatic cases, 488,614 asymptomatic cases, and 141828
deaths have been recorded in the six waves that have occurred in the country. The fourth
and fifth waves reported higher numbers of symptomatic COVID-19 cases, with 3 January
2022 (belonging to the fifth wave) being the day with the highest number of confirmed
cases (41,474). The second and fourth waves had higher numbers of asymptomatic cases
reported in consultation, with 15 June 2021 (belonging to the fourth wave) being the day
with the highest number of registered asymptomatic cases (5315). The fourth wave saw the
highest number of COVID-19 deaths reported [34].

In addition, the INS reports 22,968 complete genomes sequenced with 267 lineages
identified from 25,066 tests. Among the lineages found in the first sampling on 5 September
2021, there was a similar prevalence between the Mu (55%) and Delta (45%) variants.
Patiño et al. [36] analyzed the effective reproduction number (Rt) of SARS-CoV-2, the virus
that causes COVID-19, in Cali, Colombia between April and July 2021. The study found
that Rt values were higher during the period of frequent protests compared to the preceding
and following months. Genomic analysis revealed the circulation of 16 different lineages of
SARS-CoV-2, including variants of concern (VOCs) and variants of interest (VOIs). The
study suggests that the spread of highly virulent strains of SARS-CoV-2 in Cali and other
parts of Colombia was facilitated by the limited biosecurity strategies during the period of
political turmoil and social demonstrations, as well as the movement of large numbers of
people into and out of the city. The Mu variant is thought to have been introduced to Cali
on two separate occasions, and may have contributed to the 55% increase in the number of
reported cases during the protests.

By 2 January 2022, 62% belonged to the delta variant and 38% to the Omicron variant,
which later became dominant with 100% in circulation on 13 March 2022. On 8 May 2022,
two sublineages of the Omicron strain, BA.2.12.1 (20%) and BA.2.x (80%), were presented.
Finally, on the last sampling date of 7 August 2022, two sublineages of the Omicron variant,
BA.4 (40%) and BA.5 (60%), were revealed [34]. Finally, until 18 December 2022, the omicron
BQ.1.x subvariant was reported with 90% prevalence in Colombia and the XBB variant
with 10%, the latter being the most transmissible variant [37].
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6. Coinfections Associated with SARS-CoV-2 in Colombia

Coinfections with microbial pathogens have played an important role in increasing
the morbidity and mortality rate in pandemics, and SARS-CoV-2 is no exception [38].
Coinfection between other microorganisms and this new coronavirus is an important
factor to take into account in COVID-19, as it may increase the difficulties in diagnosis,
management, and prognosis, and even worsen symptoms and mortality [12]. It should
be noted that a wide spectrum of atypical presentations were found to be associated with
COVID-19, which complicated critically ill immunocompromised patients [39]. Table 1
lists the most frequent coinfections; however, bacterial and viral coinfections were most
frequently reported in patients with COVID-19 and had proportions as high as 50% among
non-survivors. However, severe cases of COVID-19 related to fungal infections were
documented, especially representing a major threat to life in ICU patients [16,38,40,41].
Mechanical ventilators and catheters are risk factors for nosocomial infections [14,40].

The source and specific nature of these infections have not yet been fully explored, but
there is evidence to suggest that multidrug-resistant bacteria, such as Staphylococcus aureus,
Streptococcus pneumoniae, Klebsiella pneumoniae, and Escherichia coli, are among the pathogens
believed to be causative agents. Acinetobacter spp., Enterobacter spp., Enterococcus spp., and
Pseudomonas spp. are also associated with hospital-acquired infections. Similarly, several
studies have indicated that coinfection with fungi such as Aspergillus spp. and Candida
spp. can increase mortality rates [14,41,42]. In addition, coinfections with SARS-CoV-2 and
other respiratory viruses are unusual. They have been observed from 3.2% to 22.4% of the
time, with rhinovirus–enterovirus (6.9%) and respiratory syncytial virus (5.2%) being the
most commonly reported [43].

Table 1. Coinfections with SARS-CoV-2 worldwide. HIV: Human Immunodeficiency Virus; MRSA:
Methicillin-Resistant Staphylococcus Aureus.

Author Coinfection Country

García-Vidal et al., 2021 [5]

Influenza A
Influenza B

Virus sincitial respiratorio
Streptococcus pneumoniae

Staphylococcus aureus
Haemophilus influenzae

Moraxella catarrhalis

Spain

Acosta-Pérez et al., 2022 [13] Dengue Colombia

Motta et al., 2022 [43] Adenovirus Colombia

Forero-Peña et al., 2022 [44] Malaria Venezuela

Jeong et al., 2022 [45]

Acinetobacter baumannii
Pseudomonas aeruginosa

Staphylococcus aureus
Klebsiella pneumoniae

Escherichia coli
Bocavirus

Influenza B

South Korea

Palou et al., 2021 [46] Rhizopus spp. Honduras

Schulte et al., 2021 [47] Dengue

BrazilAlmeida et al., 2021 [48] Candida auris

Santana et al., 2020 [49] Aspergillus penicillioides
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Table 1. Cont.

Author Coinfection Country

Torres-Serrano et al., 2021 [50] Cryptococcus neoformans

Colombia
Ortiz-Martínez et al., 2021 [51] Mycobacterium tuberculosis

Martínez-Montalvo et al., 2021 [52] Pneumocystis jirovecii.

Álzate- Ángel et al., 2020 [53] VIH

Mejía- Parra et al., 2021 [54] Dengue Peru

Fernandes-Matano et al., 2021 [55]

Coronavirus 229E
Virus sincitial respiratorio

Influenza A
Parainfluenza

Mexico

Hazra et al., 2020 [56]

Adenovirus
Coronavirus NL63

Human metapneumovirus
Influenza A

Parainfluenza

USA

Hirotsu et al., 2020 [57]

Rinovirus-enterovirus
Metapneumovirus
Coronavirus 229E
Coronavirus OC43

Adenovirus
Virus sincitial respiratorio

Coronavirus NL63

Japan

Leuzinger et al., 2020 [58]

Rinovirus
Virus parainfluenza

Influenza A
Adenovirus

Virus sincitial respiratorio

Switzerland

Intra et al., 2020 [59]

Candida albicans
Candida glabrata

Aspergillus fumigatus
Staphylococcus aureus
Streptococcus pyogenes

Escherichia coli

Italy

Nasir et al., 2020 [60]

Klebsiella pneumoniae
Pseudomonas aeruginosa
Acinetobacter baumannii

Staphylococcus aureus (MRSA)

Pakistan

Lv et al., 2020 [61]

Acinetobacter baumannii
Escherichia coli

Staphylococcus haemolyticus
Pseudomonas aeruginosa
Mycoplasma pneumoniae

Stenotrophomonas maltophilia
Enterococcus faecium

Candida albicans
Candida tropicalis

Candida parapsilosis
Candida lusitaniae

China

Messina et al., 2020 [62] Histoplasma capsulatum Argentina

Molina et al. [63], who conducted a study in eight hospitals in Colombia, reported the
most frequently seen microorganisms in coinfections in the ICU as follows: Staphylococcus
aureus, Streptococcus agalactiae, and Klebsiella pneumoniae [63].

The most common coinfections with SARS-CoV2 in Colombia, as shown in Table 2,
were dengue virus (DENV), Klebsiella pneumoniae, Mycobacterium tuberculosis (MTB), Pneumo-
cystis jirovecii (P. jirovecii), Cryptococcus neoformans, rhinovirus–enterovirus, adenovirus, human
immunodeficiency virus (HIV), and Trypanosoma cruzi.
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Table 2. Coinfections with SARS-CoV-2 in Colombia.

Author Coinfection City/State

Algarín-Lara et al., 2021 [39] Pneumocystis jirovecii Barranquilla

Motta et al., 2022 [43] Adenovirus Bogota

Torres-Serrano et al., 2021 [50] Cryptococcus neoformans Bogota

Ortiz-Martínez et al., 2021 [51] Mycobacterium tuberculosis Bucaramanga

Angel et al., 2020 [53] VIH Santiago de Cali

Cardona-Ospina et al., 2021 [64] Dengue Valle del Cauca

Agudelo Rojas et al., 2020 [65] Dengue Cali

Restrepo et al., 2021 [66] Cryptococcus neoformans Bogota

León et al., 2022 [67] Trypanosoma cruzi Bucaramanga

Villamil-Gómez et al., 2021 [68] Trypanosoma cruzi Sincelejo

Medina-Ahumada et al., 2022 [69] Aspergillus fumigatus Cartagena

Molina et al., 2022 [63]

Enterobacter cloacae
Haemophilus influenzae
Klebsiella pneumoniae

Klebsiella oxytoca
Pseudomonas aeruginosa
Streptococcus agalactiae
Staphylococcus aureus

Streptococcus pneumoniae

Medellin

Pinzón et al., 2021 [70]

Mycoplasma pneumoniae
Salmonella spp.

Mycobacterium tuberculosis
Pneumococcus

Influenza
Bordetella spp.

Antioquia

Molano et al., 2021 [71] Klebsiella pneumoniae Bogota

García-Posada et al., 2021 [72]

Klebsiella pneumoniae
Pseudomonas aeruginosa

Staphylococcus aureus
Enterobacter cloacae

Rhinovirus-enterovirus

Cordoba

Orozco-Hernandez et al., 2020 [73] Rinovirus-enterovirus Cartago

Contreras-Acosta et al., 2020 [74] Influenza H1N1 Barranquilla

7. SARS-CoV-2, and Dengue Coinfection

Initial differentiation between dengue and COVID-19 is a challenge as both infec-
tions have similar symptoms, such as fever, diarrhea, myalgia, and headache, and these
overlap [64,65]. However, studies suggested that SARS-CoV-2 and DENV coinfection had
less severe symptoms compared to isolated monoinfection [13]. Tropical countries, espe-
cially those with endemic DENV, approached a syndemic state, because multiple patients
were coinfected with both SARS-CoV-2 and DENV. COVID-19 can be misdiagnosed with
dengue. This situation complicates matters, so it can be difficult to distinguish between
early infections and coinfections, generating an important risk for the population and
demanding greater attention from health systems, because both viruses can cause serious
complications, mainly through the cytokine storm in lung tissue caused by macrophage
hyperactivation [13,27,64].

Diagnosing coinfection requires a combination of tests for the direct detection of the
virus and indirect techniques that measure the immune response [65]. It is important to
take into account the clinical and epidemiological particularities of both infections [13,65].
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In 2020, 28,068 cases of dengue were reported in the department of Valle del Cauca,
of which a case fatality rate of 6.6% was reported for severe dengue. It should be noted
that from weeks 1 to 36, the cases were higher than expected, but from weeks 37 to 52, they
were within the limit according to their historical behavior between 2013 and 2017 [63].
Likewise, in 2021, 8141 cases of dengue were reported, with 23 probable deaths due to
severe dengue, although the number of cases was within the expected range [75]. However,
a rebound peak of dengue was observed due to the replenishment of susceptible individuals
with low exposure to infection. In addition, the number of patients requiring intensive
care and mechanical ventilation increased. Therefore, regions such as Valle del Cauca
should consider intensified preparedness for such scenarios, and further studies should be
conducted to address this critical issue promptly to reduce the potential overload on the
national health system [64].

8. Coinfections with Bacteria

Klebsiella pneumoniae is a Gram-negative species that can reside in the gastrointesti-
nal tract [76]. In immunocompromised patients, it can cause serious infections, includ-
ing urinary tract infections, respiratory infections, soft tissue infections, peritonitis, and
sepsis [45,68]. Lipopolysaccharide and cell wall protein receptors are responsible for
pathogenicity and determine the process of binding to host cells and provide protec-
tion against the human immune system response [76]. Mechanical ventilation, expo-
sure to carbapenems and β-lactamase/β-lactamase inhibitors, renal replacement therapy,
transfusions, and prolonged hospital stay are risk factors for coinfection with Klebsiella
pneumoniae [77]. Patients with COVID-19, in whom immune mechanisms appear to be
weakened by this viral infection, should follow rational antibiotic therapy with the aim of
preventing bacterial resistance [76].

Mycobacterium tuberculosis (MTB) is an acid-fast bacterium and is the main causative
agent of human tuberculosis. Evidence suggests a twofold increased mortality risk in
patients with COVID-19 and tuberculosis [27]. For example, a systematic review reported
an increased risk of mortality in patients with coinfection of these two microorganisms,
although MTB and SARS-CoV-2 coinfections are poorly understood. On the other hand, a
meta-analysis and systematic case study of SARS-CoV-2 coinfection with drug-resistant
tuberculosis failed to show the same. In both cases, the evidence was inconsistent, and
more high-quality studies are needed to better understand the causal association [51].
However, another study reported that active or latent tuberculosis increased susceptibility
to SARS-CoV-2 and disease severity [27].

9. Coinfections with Fungi

One of the underestimated microorganisms in patients with coronavirus disease 2019
is Pneumocystis jirovecii, an opportunistic infection that mainly affects immunosuppressed
patients [52]. It occurs due to an imbalance between T lymphocyte subtypes, mainly
due to the absence of CD4+ T cells, causing a deficiency in the immune response and
generating a predominance of TCD8+, causing epithelial damage secondary to an excessive
inflammatory state. In severe infections, 50% of patients may require hospitalization in the
ICU, with a mortality rate of up to 40–60% [39,52]. SARS-CoV-2 infection can cause a state
of immunodeficiency that may allow the appearance of this opportunistic fungus. At the
same time, P. jirovecii and SARS-CoV-2 infections presented as joint processes, primarily in
immunocompromised patients. It presents acutely with severe hypoxemia and the rapid
deterioration of respiratory function, requiring invasive mechanical ventilation. It was
found that the (1,3)-β-D-glucan detection technique is of potential use for the detection of
P. jirovecii in patients with acute SARS-CoV-2 coinfection [39].

Cryptococcus neoformans is an encapsulated yeast-like fungus that is considered an
opportunistic and rare pathogen in transplant recipients [50] and can cause cryptococcosis
in immunocompromised patients. The most frequent and severe form of presentation is
infection of the central nervous system, manifesting as subacute or chronic meningitis and
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characterized by headache, nausea, vomiting, fever, and altered consciousness; pulmonary,
skin, lymph node, or other organ involvement may also occur to a lesser extent [66]. COVID-
19 has been observed to increase infection by other rare pathogens in immunocompetent
patients, such as that caused by Aspergillus spp., and studies have reported that patients
required ICU stay and invasive mechanical ventilation secondary to infection by COVID-19,
without a history of immunosuppression. Therefore, it can be said that coinfection with
SARS-CoV-2 and Cryptococcus is rare. For example, in 2021, among 293 patients in a case
study conducted in China, there was only one case reported [50,66]. However, it should
be taken into account that SARS-CoV-2 infection may be an etiology for fungal infection
by Cryptococcus neoformans due to the great multisystemic impact and the multiorgan
dysfunction established by the viral agent, as the main cause of immunosuppression
predisposing to infections by this microorganism. At the same time, management with
glucocorticoids (dexamethasone) may favor immunological compromise [66].

10. Coinfection with Virus

Rhinoviruses (RVH) and enteroviruses (EVH) belong to the Picornaviridae family and
are the main cause of infections worldwide. They are characterized as small with a single-
stranded RNA genome in an icosahedral capsid. In a study by Kim et al. [78], it was ob-
served that 9.5% of 1217 patients with respiratory symptoms tested positive for SARS-CoV-2
and 318 for another microorganism. Of the group positive for SARS-CoV-2, 20.7% were
positive for one or more pathogens, with RVH and EVH being the most frequent [78,79].
Regarding concomitant SARS-CoV-2 and rhinovirus–enterovirus infection, it is recommended
that the multiplex PCR respiratory panel be performed only for severe patients and those
in whom a positive result requires modification of treatment to prevent disease progression
and even death [79].

Adenoviruses are icosahedral viruses that possess a double-stranded DNA genome,
belonging to the Adenoviridae family. They cause only respiratory, ocular, and enteric
disease in humans. Cases of coinfection with SARS-CoV-2 and respiratory viruses are
poorly documented; for example, by 2020, only two patients with adenovirus coinfection
had been documented. The pathogenesis of coinfection is not clearly explained, although
there are hypotheses about the low presentation of SARS-CoV-2 without a predisposing
risk factor. In addition, it has been documented that there is a higher proportion of coinfec-
tion in patients with acute respiratory distress syndrome and septic shock and requiring
ICU admission [43].

HIV, which belongs to the Retroviridae family, is characterized by attacking the immune
system and thus generating a state of immunodeficiency. People living with HIV (PLHIV)
should not consider themselves protected against SARS-CoV-2, as people with low CD4+ T-
cell counts may have worse outcomes than people with normal immunity [27,51]. Moreover,
poorer COVID-related outcomes were observed in patients with HIV than those without
the infection, especially in those with multimorbidity and advanced age [51]. A recent
prospective cohort study reported that 8% of PLHIV infected with SARS-CoV-2 required
admission to the ICU. It should be noted that clinical manifestations, disease severity, and
mortality are independent of HIV or antiretroviral-related factors.

There are possible similarities between HIV-1 and SARS-CoV-2 proteins. At the same
time, it has not been identified as a common comorbidity in patients with COVID-19.
In addition, there are differences between the receptors through which HIV and other
pathogenic coronaviruses enter target cells, the ways of assembly, and their encapsulation.
In the case of HIV, it does so near the cytoplasmic membrane, and in the case of coronavirus,
the process takes place in the endoplasmic reticulum, which may suggest that there is no
synergistic or cooperative pathogenesis [53].

11. Coinfections with Parasites

The protozoan parasite, Trypanosoma cruzi, is the main infectious agent of Chagas
disease. This disease causes cardiac and gastrointestinal complications, among others,
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and is endemic in Latin America [80]. The intense inflammatory process of COVID-19 in
immunocompromised patients could potentially influence the evolution of the disease and
latently trigger reactivation of Chagas disease due to viral interference of the infection. It is
important to highlight that different clinical and epidemiological scenarios may increase
susceptibility to SARS-CoV-2 infection, because the new coronavirus disease has a significant
impact on the heart. Likewise, the pandemic influences access to treatment for people with
acute and chronic indeterminate Chagas disease [68].

In patients with SARS-CoV-2 pneumonia and immunosuppression, antibiotic treat-
ment should be initiated in order to address opportunistic pulmonary infections. However,
there are infections that are not covered by first-line antibiotics [39]. An example is P. jirovecii,
where the first choice is the use of trimethoprim–sulfamethoxazole, a broad-spectrum an-
tibiotic for bacterial and fungal germs [39,52]. Another case is Klebsiella pneumoniae, which
has a very low sensitivity profile to most categories of antibiotics [14,38,45,76,77] and is
very difficult to treat, but the drug combinations aztreonam and ceftazidime/avibactam
or meropenem/vaborbactam show universal coverage against beta-lactamase-producing
Enterobacteriaceae, including those with extensive drug resistance [76].

However, concerns about coinfections have led to significant antimicrobial use in
up to 80% of critically ill patients with COVID-19, and their overuse could lead to an-
timicrobial resistance [38,63,81]. The rate of antimicrobial resistance ranged from 33.3%
to 90.0%, depending on the infecting species [45]. The use of antibiotics over the last
50 years has exerted selective pressure on susceptible bacteria and may have favored the
survival of resistant strains [15]. Of concern is that there is clinical evidence suggesting that
inappropriate empirical use of antibiotics and other broad-spectrum antimicrobials may be
associated with increased mortality [16]. One of the main aspects that needs to be evaluated
in the prevalence of coinfections is the application of empirical antimicrobial treatment in
patients with SARS-CoV-2 infection [38]. In addition, it is important to know more informa-
tion about the prevalence of coinfections in the community [82], and hospital-acquired or
healthcare-associated infections need to be continuously monitored and controlled. These
should not only focus on minimizing the spread of SARS-CoV-2 infection but also on
reducing bacterial cross-transmission, particularly of multidrug-resistant organisms [76].
Therefore, strategies should be established to improve antimicrobial stewardship in patients
with COVID-19.

12. SARS-CoV-2—Associated Superinfections in Colombia

SARS-CoV-2 superinfections increase difficulties in the prognosis, diagnosis, and treat-
ment of patients [83]. According to the U.S. Centers for Disease Control and Prevention, “a
superinfection is an infection that follows a previous infection, especially when caused by
pathogens that are resistant or have become resistant to previously used antibiotics” [6,84].
The mechanisms of superinfections include virus-induced damage to the respiratory sys-
tem, decreased mucociliary clearance, and damage to the immune system. The decrease
in lymphocytes and host immune function is the main reason that facilitates superinfec-
tion [83]. It should also be noted that clinical deterioration, elevated inflammatory markers,
and bilateral radiological infiltrates may lead to misperception regarding the presence of
a co-pathogen and should be used as an impetus to initiate comprehensive diagnostic
workup with sampling, rather than as an indicator of underlying superinfection [84].

Superinfection in hospitalized patients with COVID-19 is associated with disease
progression and poor prognosis. This situation increases antimicrobial treatment and
mortality. They have even been related mainly to ICU admission, especially with the use of
mechanical ventilation and catheters, and patients with comorbidities. In addition to having
a higher prevalence, they also have a higher risk of death than in other patients [5,6,83]. The
study by Clancy et al., (2021) [85] described several common risk factors, including being
older than 60 years, male, ICU admission, mechanical ventilation, renal failure requiring
hemodialysis, arterial hypertension, diabetes mellitus, and cancer [5,8,83].
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Similarly, Paparoupa et al. [84] reported that 45% of invasively mechanically ven-
tilated patients with COVID-19 pneumonia had bacterial, viral, or fungal respiratory
superinfection in at least one of the sequential study periods. Therefore, the frequency
of hospital-acquired superinfections remained low despite the fact that many patients
received treatment that resulted in severe immunosuppression.

Factors such as the empirical use of antibiotics, isolation measures, or the host
macrophage activation explain this. At the same time, the lack of additional microbi-
ological testing after SARS-CoV-2 was detected may have also contributed. Further studies
will be needed to elucidate the role of each measure in reducing superinfections [5]. Table 3
lists the most frequent superinfections. Acinetobacter spp. has been identified as a common
infection in ventilated patients. It is more frequent in patients with superinfection [6].

Table 3. Superinfections with SARS-CoV-2.

Author Superinfection Country

García-Vidal et al., 2021 [5]

Staphylococcus aureus
Stenotrophomonas maltophilia

Pseudomonas aeruginosa
Klebsiella pneumoniae

Spain

Musuuza et al., 2021 [6]

Acinetobacter spp.
Pseudomonas spp.

Escherichia coli
Rhinovirus

Candida spp.

USA

Nag et al., 2021 [8]

Klebsiella pneumoniae
Pseudomonas aeruginosa

Serratia marcescens
Enterobacter cloacae

Acinetobacter baumannii
Escherichia coli

Staphylococcus aureus
Bacillus cereus

Aspergillus flavus
Aspergillus fumigatus

Candida albicans
Candida glabrata

India

Al-Tawfiq et al., 2021 [86] Mucorales

Arcangeletti et al., 2022 [87] Influenza A H3 Italy

Vaseghi et al., 2022 [88] Candida auris Iran

Wertheim et al., 2022 [89] Alpha and Epsilon del
SARS-CoV-2

USA
Pickens et al., 2021 [90]

Methicillin-susceptible
Staphylococcus aureus (MSSA)

Streptococcus agalactiae
Stenotrophomonas maltophilia

Methicillin-resistant
Staphylococcus aureus (MRSA)

Pneumocystis spp.
Haemophilus influenzae

Awada et al., 2021 [91] Candida duobushaemulonii Lebanon

Lamballerie et al., 2020 [92] Aspergillus spp. France

Nieuwenhuis
MB et al., 2020 [93]

Staphylococcus aureus
Pseudomonas aeruginosa Netherlands
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The superinfections with SARS-CoV-2 documented so far in Colombia, shown in
Table 4, are bacterial in nature, with Raoultella planticola and Pandoraea pnomenusa standing out.

Table 4. Superinfections with SARS-CoV-2 in Colombia.

Author Superinfection City/State

Castaño-Correa et al., 2021 [83]

Klebsiella pneumoniae
Staphylococcus aureus
Enterobacter cloacae

Enterobacter aerogenes
Pseudomonas aeruginosa

Serratia marcescens
Haemophilus influenzae

Escherichia coli

Medellin

Montalvo et al., 2022 [94] Raoultella planticola Bogota

Cubides-Diaz et al., 2022 [95] Pandoraea pnomenusa Cundinamarca

R. planticola is a bacterium of the Enterobacteriaceae family that can be found in soil
and water, and is associated with seafood consumption, biliary tract diseases, malignancy,
diabetes mellitus, trauma, immunosuppression, and nosocomial infection. Initially considered
harmless, the number of cases has increased in recent years, mainly consisting of cystitis,
bacteremia, and pneumonia. Most strains of R. planticola are usually multisensitive and
treatment is effective with second and third generation cephalosporins, aminoglycosides, and
fluoroquinolones. With respect to R. planticola infection as a complication of SARS-CoV-2
infection, there is a paucity of cases reported in the literature. However, an infection by this
microorganism has been reported as a complication of pulmonary bulla, a rare complication
of COVID-19 affecting only 1% of patients, secondary to SARS-CoV-2 infection [94].

Pandoraea pnomenusa is a bacterium belonging to the Pandoraea genus. It should be
noted that its usual presentation is the colonization of structurally abnormal airways.
Infection generated by this microorganism occurs rarely, but its mortality rate is high,
reaching up to 60%. It usually presents with multiple antimicrobial resistance. It presents
an intrinsic ß-lactamase of the OXA type and a gyrB gene [95].

Bacterial superinfection in hospitalized patients with COVID-19 is associated with
disease progression and poor prognosis. For example, in March 2020, a case of pneumonia
caused by Staphylococcus aureus secreting leukocidin toxin in a man with mechanical venti-
lation was reported and treated with piperacillin–tazobactam, linezolid, meropenem, and
gentamicin; however, the patient died 17 days after admission [8].

Antimicrobial stewardship will continue to be a priority because antimicrobial use
in SARS-CoV-2 -infected patients remains higher than in superinfections [14]. Antimicro-
bial stewardship principles help guide the appropriate use of antibiotics [8]. Paparoupa
et al. [84] demonstrated extensive use of broad-spectrum antibacterials in more than 70% of
COVID-19 cases.

It is important that centers collect and publish their clinical, microbiological, and
antimicrobial prescribing data. Further research is also needed on current infection
control guidelines [8].

13. Therapeutic against COVID-19 in Colombia

In the context of COVID-19, antibiotics are primarily used to treat secondary bacterial
infections that may occur as complications of the viral disease. These bacterial infections
can manifest as secondary bacterial pneumonia, respiratory tract infections, or urinary
tract infections, among others. The use of antibiotics in these cases aims to treat concurrent
bacterial infections or prevent their occurrence in patients with compromised immune
systems, particularly those who are in a severe condition [83]. In their study on antibiotic
resistance during COVID-19 in Valle del Cauca, Colombia, Hurtado et al. [4] analyzed data
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from 31 hospitals and compared antibiotic resistance and consumption before (March 2018
to July 2019) and during (March 2020 to July 2021) the pandemic. The results showed an
increase in the total number of bacterial isolates during the pandemic, accompanied by a
significant decrease in resistance for four bug–drug combinations. However, there was a
noticeable rise in vancomycin resistance among Enterococcus faecium. Overall, antibiotic
consumption increased, except for meropenem in ICU settings. These findings suggest
that the COVID-19 pandemic contributed to an increase in community-acquired infections,
resulting in changes in antibiotic resistance patterns. Monitoring the increasing resistance of
E. faecium to vancomycin and implementing effective infection control measures is crucial.

In a study conducted by Valladales-Restrepo et al., (2023) in Colombia, a descriptive
cross-sectional study was carried out to examine the utilization of systemic antibiotics
among patients diagnosed with COVID-19 between 2020 and 2022. The study involved
eight clinics and included a total of 10,916 predominantly male patients with a median
age of 57 years. Approximately 57.5% of the patients received antibiotics, with ampi-
cillin/sulbactam and clarithromycin being the most frequently prescribed ones. Based
on the WHO AWaRe classification, the majority of prescribed antibiotics belonged to the
Watch category, followed by access and reserve categories. Several factors were found to be
associated with a higher likelihood of receiving systemic antibiotics, such as male gender,
older age, presence of dyspnea, rheumatoid arthritis, high blood pressure, in-hospital
treatment, or ICU admission, and the use of systemic glucocorticoids, vasopressors, or
invasive mechanical ventilation. Despite the low prevalence of bacterial coinfections, a sig-
nificant proportion of COVID-19 patients received antibiotics, with a noticeable dominance
of Watch antibiotics, which deviates from the recommendations provided by the World
Health Organization [96].

In Colombia, various treatments have been used to combat COVID-19, including
Remdesivir, Molnupiravir, Tocilizumab, and Convalescent Plasma Therapy. Remdesivir
works by inhibiting the replication of the virus in the body and has been used in hospitalized
patients with severe illness. Its emergency use authorization has made it available for
those in need during the pandemic [97–99]. Molnupiravir is an antiviral medication
that has shown activity against SARS-CoV-2 and has been authorized for emergency
use in the treatment of COVID-19 by the Colombian regulatory agency, the National
Institute for Surveillance of Drugs and Food (INVIMA) [100]. Preclinical studies have
shown that Molnupiravir has the potential to significantly reduce viral load and decrease
virus transmission in animal models. Additionally, early findings from clinical trials
and systematic reviews have demonstrated promising results, indicating a reduction in
hospitalization and mortality rates among patients with mild to moderate COVID-19.
Molnupiravir presents a new ray of hope in combating the pandemic and could play a
crucial role in the treatment of this disease [101–103].

Tocilizumab, on the other hand, is an immunosuppressive medication used in severe
cases of COVID-19. This drug works by blocking interleukin-6 (IL-6), an inflammatory
protein involved in the exaggerated immune response that can lead to severe complica-
tions in COVID-19 patients. Tocilizumab is administered via intravenous infusion and
has been used in patients exhibiting excessive inflammatory response, such as cytokine
release syndrome [104–106].

Convalescent Plasma Therapy is another treatment option used in Colombia for
patients with COVID-19. It involves transfusing blood plasma from individuals who
have recovered from the disease and have developed antibodies against the virus. It is
believed that these antibodies can help fight the infection and improve symptoms in sick
patients. However, it is important to note that the effectiveness of this therapy is still being
investigated, and more scientific evidence is needed to support its widespread use [107,108].

14. Therapeutic Alternatives against COVID-19

The COVID-19 pandemic predisposes patients to potentially life-threatening infections
in the ICU, hindering proper diagnosis and treatment [109]. Thus, specific therapy for
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COVID-19 should take into account coverage of local endemic pathogens that may occur in
a similar manner, particularly while confirmation of SARS-CoV-2 infection is pending [17].

On the other hand, the WHO treatment guideline recommends empirically prescribed
broad-spectrum antibiotics to treat possible coinfections. However, the effect of this respira-
tory disease on antimicrobial resistance is a dimension that requires necessary attention,
since 15% to 50% of bacterial isolates are resistant to at least one antimicrobial group [109].
Therefore, antimicrobial therapy should be evaluated against a patient’s host factors and
local epidemiology on a daily basis [17].

It has been documented that systemic glucocorticoids improve survival when admin-
istered to moderate or severe COVID patients. Its use is associated with reduced oxygen
therapy and decreased risk of invasive mechanical ventilation among patients receiving
supplemental oxygen [98,110]. However, treatment with corticosteroids was associated
with a higher risk of progression of hospital stay and it is not clear if there is an increased
risk of superinfection in non-severe COVID patients [110]. There are currently drugs or
vaccines available to inhibit the new coronavirus. Although current vaccines effectively
prevent serious complications and deaths, treatment options are still under validation,
especially for immunocompromised patients [111]. Therefore, to avoid viral exposure, it is
important to adhere to the following measures: maintaining social distancing, wearing face
coverings, practicing frequent hand washing, using alcohol-based hand sanitizers when
necessary, and avoiding touching the face. However, it is important to note that not all
of these measures should be grouped together. While the effectiveness of alcohol-based
hand sanitizers has been highlighted [17], it is also worth mentioning that the effectiveness
of face coverings, such as masks, has been extensively studied. Additionally, it is crucial
to be mindful of the potential contribution of these practices to the threat of antimicro-
bial resistance. Therefore, alternatives such as supplementation and the development of
nanomedicine should be considered.

Zinc (Zn) is involved in several biological processes as a cofactor and signaling
molecule in the immune system. Additionally, it is an important component of the hor-
mone thymulin, whose function is in T-cell differentiation, maturation, and NK actions [17].
Zn deficiency causes IL-10 dysregulation that alters Th1 cell response and macrophage
functions [112]. Zn deficiency is associated with the risk and extreme progression of
COVID-19 [17]. On the other hand, it has been shown that Zn ions can inhibit coronavirus
RNA polymerase activity by reducing replication [112]. Thus, Zn supplementation may be
associated with a lower mortality rate in patients with COVID-19, although more research
is needed to understand the intimate mechanisms of antiviral activity [17].

Nanotechnology allows the manipulation and evaluation of individual molecules,
and nanotechnology applied to medicine, also called nanomedicine, has been used to
improve care in neurological, cardiovascular, and infectious diseases, and cancer [17].
Nanotechnology-based targets should be harnessed to aid in the fight against COVID-
19, as well as any future pandemics, including the use of biosensors, virus inhibition by
nanosystems, new vaccines and drugs, superfine filters for face masks or blood filters,
and improvements to contact-tracing instruments, as it provides significant benefits and
early-stage disease detection. In addition, established methods do not require specialized
instrumentation, which provides a pathway to simple integral answers [113,114].

Another alternative is the use of REGEN-COV for patients who are at high risk of
progressing to severe COVID-19 and who are not fully vaccinated or are not expected to
develop a complete immune response [98]. This combination of monoclonal antibodies has
been shown to reduce the viral load in symptomatic outpatient patients and the number of
medical visits. It also has in vitro activity against current strains and reduces the risk of
hospitalization or death. However, it may be associated with worse outcomes when given
to patients who require high-flow oxygen or mechanical ventilation [98,115].
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15. Conclusions

The COVID-19 pandemic has had a significant impact on Latin America, particularly
on countries with weaker healthcare systems. The disease has disproportionately affected
the elderly and disadvantaged, and has been exacerbated by comorbidities such as hyper-
tension, diabetes, and respiratory diseases. Coinfections with other microorganisms, such
as bacteria, viruses, and fungi, have also contributed to the morbidity and mortality rates
of COVID-19 in the region. In Colombia, dengue virus, Klebsiella pneumoniae, Mycobacterium
tuberculosis, Pneumocystis jirovecii, Cryptococcus neoformans, and rhinovirus–enterovirus have
been reported as common coinfections with SARS-CoV-2. There is a need to improve
surveillance systems and establish protocols for the early detection and management of
coinfections in COVID-19 to reduce the burden on healthcare systems. While current
vaccines have been effective in preventing serious complications and deaths, there is a lack
of specific treatment options for COVID-19, especially for immunocompromised patients.
Alternative approaches, such as zinc supplementation and the use of nanomedicine, have
been proposed as potential therapies, but more research is needed to fully understand
their effectiveness.
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Th1 T-helper 1
REGEN-COV Regeneron Antibody Cocktail
DENV Dengue virus
MTB Mycobacterium tuberculosis

References

1. Arandia-Guzmán, J.; Antezana-Llaveta, G. SARS-CoV-2: Estructura, replicación y mecanismos fisiopatológicos relacionados con
COVID-19. Gac. Médica Boliv. 2020, 43, 170–178.

2. Argüello, H.F.; Martínez, A.H.; Moncada, D.L.; Bohórquez, D.F.G.; Rivero, J.E.F. Caracterización y fisiopatología del SARS-CoV-2,
Revisión de la literatura actual. Rev. Médicas UIS 2021, 34, 61–75.

142



Medicina 2023, 59, 1336

3. SARS-COV-2 Variants: Differences and Potential of Immune Evasion—PMC. Available online: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC8805732/ (accessed on 11 June 2022).

4. Hurtado, I.C.; Hurtado, J.S.; Valencia, S.L.; Pinzón, E.M.; Guzmán, A.R.; Lesmes, M.C. Reinfection by SARS CoV2 in Valle Del
Cauca, Colombia: A Descriptive Retrospective Study. Inquiry 2022, 59, 00469580221096528. [CrossRef] [PubMed]

5. Garcia-Vidal, C.; Sanjuan, G.; Moreno-García, E.; Puerta-Alcalde, P.; Garcia-Pouton, N.; Chumbita, M.; Fernandez-Pittol, M.;
Pitart, C.; Inciarte, A.; Bodro, M.; et al. Incidence of Co-Infections and Superinfections in Hospitalized Patients with COVID-19: A
Retrospective Cohort Study. Clin. Microbiol. Infect. 2021, 27, 83–88. [CrossRef]

6. Musuuza, J.S.; Watson, L.; Parmasad, V.; Putman-Buehler, N.; Christensen, L.; Safdar, N. Prevalence and Outcomes of Co-
Infection and Superinfection with SARS-CoV-2 and Other Pathogens: A Systematic Review and Meta-Analysis. PLoS ONE 2021,
16, e0251170. [CrossRef]

7. Wang, L.; Amin, A.K.; Khanna, P.; Aali, A.; McGregor, A.; Bassett, P.; Gopal Rao, G. An Observational Cohort Study of Bacterial
Co-Infection and Implications for Empirical Antibiotic Therapy in Patients Presenting with COVID-19 to Hospitals in North West
London. J. Antimicrob. Chemother. 2021, 76, 796–803. [CrossRef]

8. Nag, V.L.; Kaur, N. Superinfections in COVID-19 Patients: Role of Antimicrobials. DMJ 2021, 4, 117–126. [CrossRef]
9. Del Pozo, J.L. Respiratory Co-and Superinfections in COVID-19. Rev. Esp. Quim. 2021, 34, 69–71. [CrossRef]
10. The Lancet COVID-19 in Latin America—Emergency and Opportunity. Lancet 2021, 398, 93. [CrossRef]
11. Viana-Cárdenas, E.; Triana, A.; Mendoza, H.; Buendia, E.; Viasus, D. Epidemiology of 4963 Deaths Associated with COVID-19

during Three Pandemic Waves in a Latin American City with a High Mortality Rate, 2020–2021. Trop. Med. Int. Health 2022,
27, 158–164. [CrossRef]

12. Quiñones-Laveriano, D.M.; Soto, A.; Quilca-Barrera, L.; Quiñones-Laveriano, D.M.; Soto, A.; Quilca-Barrera, L. Frecuencia de
Coinfección Por Patógenos Respiratorios y Su Impacto En El Pronóstico de Pacientes Con COVID-19. Rev. Fac. Med. Humana
2021, 21, 610–622. [CrossRef]

13. Acosta-Pérez, T.; Rodríguez-Yánez, T.; Almanza-Hurtado, A.; Martínez-Ávila, M.C.; Dueñas-Castell, C. Dynamics of Dengue and
SARS-CoV-2 Co-Infection in an Endemic Area of Colombia. Trop. Dis. Travel. Med. Vaccines 2022, 8, 12. [CrossRef]

14. Bazaid, A.S.; Barnawi, H.; Qanash, H.; Alsaif, G.; Aldarhami, A.; Gattan, H.; Alharbi, B.; Alrashidi, A.; Al-Soud, W.A.; Moussa,
S.; et al. Bacterial Coinfection and Antibiotic Resistance Profiles among Hospitalised COVID-19 Patients. Microorganisms 2022,
10, 495. [CrossRef]

15. Cabrera Morales, G.C.; Urquizo Ayala, G.; Cabrera Morales, G.C.; Urquizo Ayala, G. Terapia Antimicrobiana Empirica En
Pacientes Con Coinfeccion Bacteriana Asociada A Covid 19. Rev. Médica La. Paz. 2021, 27, 80–86.

16. Bengoechea, J.A.; Bamford, C.G. SARS-CoV-2, Bacterial Co-infections, and AMR: The Deadly Trio in COVID-19? EMBO Mol. Med.
2020, 12, e12560. [CrossRef]

17. Goel, N.; Ahmad, R.; Fatima, H.; Khare, S.K. New Threatening of SARS-CoV-2 Coinfection and Strategies to Fight the Current
Pandemic. Med. Drug Discov. 2021, 10, 100089. [CrossRef]

18. Mohamadian, M.; Chiti, H.; Shoghli, A.; Biglari, S.; Parsamanesh, N.; Esmaeilzadeh, A. COVID-19: Virology, Biology and Novel
Laboratory Diagnosis. J. Gene Med. 2021, 23, e3303. [CrossRef]

19. Peña López, B.O.; Rincón Orozco, B.; Castillo León, J.J. SARS-CoV-2: Generalidades bioquímicas y métodos de diagnóstico. Nova
2020, 18, 11–33. [CrossRef]

20. Ochani, R.K.; Asad, A.; Yasmin, F.; Shaikh, S.; Khalid, H.; Batra, S.; Sohail, M.R.; Mahmood, S.F.; Ochani, R.; Arshad, M.H.; et al.
COVID-19 Pandemic: From Origins to Outcomes. A Comprehensive Review of Viral Pathogenesis, Clinical Manifestations,
Diagnostic Evaluation, and Management. Infez. Med. 2021, 29, 20–36.

21. Bedoya-Sommerkamp, M.; Medina-Ranilla, J.; Chau-Rodríguez, V.; Li-Soldevilla, R.; Vera-Albújar, Á.; García, P.J. Variantes del
SARS-CoV-2: Epidemiología, fisiopatología y la importancia de las vacunas. Rev. Peru. Med. Exp. Salud Publica 2021, 38, 442–451.
[CrossRef]

22. Gusev, E.; Sarapultsev, A.; Solomatina, L.; Chereshnev, V. SARS-CoV-2-Specific Immune Response and the Pathogenesis of
COVID-19. Int. J. Mol. Sci. 2022, 23, 1716. [CrossRef] [PubMed]

23. Schultze, J.L.; Aschenbrenner, A.C. COVID-19 and the Human Innate Immune System. Cell 2021, 184, 1671–1692. [CrossRef]
[PubMed]

24. Sette, A.; Crotty, S. Adaptive Immunity to SARS-CoV-2 and COVID-19. Cell 2021, 184, 861–880. [CrossRef] [PubMed]
25. Ramírez, J.D.; Muñoz, M.; Hernández, C.; Flórez, C.; Gomez, S.; Rico, A.; Pardo, L.; Barros, E.C.; Paniz-Mondolfi, A.E. Genetic

Diversity Among SARS-CoV2 Strains in South America May Impact Performance of Molecular Detection. Pathogens 2020, 9, 580.
[CrossRef] [PubMed]

26. Ramírez, J.D.; Florez, C.; Muñoz, M.; Hernández, C.; Castillo, A.; Gomez, S.; Rico, A.; Pardo, L.; Barros, E.C.; Castañeda, S.; et al.
The Arrival and Spread of SARS-CoV-2 in Colombia. J. Med. Virol. 2021, 93, 1158–1163. [CrossRef]

27. Pérez-Herrera, L.C.; Ordoñez-Cerón, S.; Moreno-López, S.; Peñaranda, D.; García, E.; Peñaranda, A. Impact of the COVID-19
National Lockdown in the Allergic Rhinitis Symptoms in Patients Treated with Immunotherapy at Two Allergy Referral Centers
in Bogotá, Colombia. Laryngoscope Investig. Otolaryngol. 2022, 7, 305–315. [CrossRef]

28. Flórez, J.F.M.; de Cali, U.S.; Isaza, I.; Osorio, J.D. Efectos psicológicos inmediatos y autocuidado en la cuarentena por SARS-CoV-2
en el suroccidente colombiano. Pensam. Psicológico 2021, 19, 12.

143



Medicina 2023, 59, 1336

29. Ibanez, A.; Santamaria-Garcia, H.; Guerrero Barragan, A.; Kornhuber, A.; Ton, A.M.M.; Slachevsky, A.; Teixeira, A.L.; Mar Meza,
B.M.; Serrano, C.M.; Cano, C.; et al. The Impact of SARS-CoV-2 in Dementia across Latin America: A Call for an Urgent Regional
Plan and Coordinated Response. Alzheimers Dement. 2020, 6, e12092. [CrossRef]

30. Almeida-Espinosa, A.; Sarmiento-Ardila, J.A.; Almeida-Espinosa, A.; Sarmiento-Ardila, J.A. COVID-19: Implications of SARS-
CoV-2 in Colombia. Gac. Médica México 2020, 156, 330–334. [CrossRef]

31. Pertuz-Cruz, S.L.; Molina-Montes, E.; Rodríguez-Pérez, C.; Guerra-Hernández, E.J.; Cobos de Rangel, O.P.; Artacho, R.; Verardo,
V.; Ruiz-Lopez, M.D.; García-Villanova, B. Exploring Dietary Behavior Changes Due to the COVID-19 Confinement in Colombia:
A National and Regional Survey Study. Front. Nutr. 2021, 8, 644800. [CrossRef]

32. Elías-Cuartas, D.; Arango-Londoño, D.; Guzmán-Escarria, G.; Muñoz, E.; Caicedo, D.; Ortega-Lenis, D.; Fandiño-Losada, A.;
Mena, J.; Torres, M.; Barrera, L.; et al. Análisis espacio-temporal del SARS-CoV-2 en Cali, Colombia. Rev. Salud Pública 2020, 22,
138–143. [CrossRef]

33. Colombia: WHO Coronavirus Disease (COVID-19) Dashboard with Vaccination Data. Available online: https://covid19.who.int
(accessed on 6 July 2023).

34. Instituto Nacional de Salud Coronavirus Colombia. Available online: https://www.ins.gov.co/Noticias/paginas/coronavirus.
aspx (accessed on 10 August 2022).

35. Zawbaa, H.M.; Osama, H.; El-Gendy, A.; Saeed, H.; Harb, H.S.; Madney, Y.M.; Abdelrahman, M.; Mohsen, M.; Ali, A.M.A.;
Nicola, M.; et al. Effect of Mutation and Vaccination on Spread, Severity, and Mortality of COVID-19 Disease. J. Med. Virol. 2022,
94, 197–204. [CrossRef] [PubMed]

36. Patiño, L.H.; Castañeda, S.; Muñoz, M.; Ballesteros, N.; Ramirez, A.L.; Luna, N.; Guerrero-Araya, E.; Pérez, J.; Correa-Cárdenas,
C.A.; Duque, M.C.; et al. Epidemiological Dynamics of SARS-CoV-2 Variants During Social Protests in Cali, Colombia. Front.
Med. 2022, 9, 863911. [CrossRef] [PubMed]

37. Miller, J.; Hachmann, N.P.; Collier, A.Y.; Lasrado, N.; Mazurek, C.R.; Patio, R.C.; Powers, O.; Surve, N.; Theiler, J.; Korber, B.;
et al. Substantial Neutralization Escape by SARS-CoV-2 Omicron Variants BQ.1.1 and XBB.1. N. Engl. J. Med. 2023, 388, 662–664.
[CrossRef] [PubMed]

38. Pakzad, R.; Malekifar, P.; Shateri, Z.; Zandi, M.; Akhavan Rezayat, S.; Soleymani, M.; Karimi, M.R.; Ahmadi, S.E.; Shahbahrami,
R.; Pakzad, I.; et al. Worldwide Prevalence of Microbial Agents’ Coinfection among COVID-19 Patients: A Comprehensive
Updated Systematic Review and Meta-analysis. J. Clin. Lab. Anal. 2021, 36, e24151. [CrossRef]

39. Algarín-Lara, H.; Osorio-Rodríguez, E.; Patiño-Patiño, J.; Mendoza-Morales, I.; Rodado-Villa, R. Neumonía por SARS-CoV-2
asociado a coinfección por Pneumocystis jirovecii en paciente inmunocomprometido: A propósito de un caso y revisión de la
literatura. Acta Colomb Cuid. Intensivo 2021, 22, S106–S113. [CrossRef]

40. Sreenath, K.; Batra, P.; Vinayaraj, E.V.; Bhatia, R.; SaiKiran, K.; Singh, V.; Singh, S.; Verma, N.; Singh, U.B.; Mohan, A.; et al.
Coinfections with Other Respiratory Pathogens among Patients with COVID-19. Microbiol. Spectr. 2021, 9, e00163-21. [CrossRef]

41. Soltani, S.; Zandi, M.; Faramarzi, S.; Shahbahrami, R.; Vali, M.; Rezayat, S.A.; Pakzad, R.; Malekifar, P.; Pakzad, I.; Jahandoost,
N.; et al. Worldwide Prevalence of Fungal Coinfections among COVID-19 Patients: A Comprehensive Systematic Review and
Meta-Analysis. Osong Public. Health Res. Perspect. 2022, 13, 15–23. [CrossRef]

42. Mirzaei, R.; Goodarzi, P.; Asadi, M.; Soltani, A.; Aljanabi, H.A.A.; Jeda, A.S.; Dashtbin, S.; Jalalifar, S.; Mohammadzadeh, R.;
Teimoori, A.; et al. Bacterial Co-infections with SARS-CoV-2. IUBMB Life 2020, 72, 2097–2111. [CrossRef]

43. Motta, J.C.; Gómez, C.C. Adenovirus and Novel Coronavirus (SARS-CoV2) Coinfection: A Case Report. IDCases 2020, 22, e00936.
[CrossRef]

44. Forero-Peña, D.; Carrión-Nessi, F. Malaria En Tiempos de La COVID-19 En Venezuela: Una Sindemia Incomprendida. Acta Cient.
Estud. 2022, 14, 78–81.

45. Jeong, S.; Lee, N.; Park, Y.; Kim, J.; Jeon, K.; Park, M.-J.; Song, W. Prevalence and Clinical Impact of Coinfection in Patients with
Coronavirus Disease 2019 in Korea. Viruses 2022, 14, 446. [CrossRef]

46. Palou, E.Y.; Ramos, M.A.; Cherenfant, E.; Duarte, A.; Fuentes-Barahona, I.C.; Zambrano, L.I.; Muñoz-Lara, F.; Montoya-Ramirez,
S.A.; Cardona-Ortiz, A.F.; Valle-Reconco, J.A.; et al. COVID-19 Associated Rhino-Orbital Mucormycosis Complicated by
Gangrenous and Bone Necrosis—A Case Report from Honduras. Vaccines 2021, 9, 826. [CrossRef]

47. Schulte, H.L.; Brito-Sousa, J.D.; Lacerda, M.V.G.; Naves, L.A.; de Gois, E.T.; Fernandes, M.S.; Lima, V.P.; Rassi, C.H.R.E.; de
Siracusa, C.C.; Sasaki, L.M.P.; et al. SARS-CoV-2/DENV Co-Infection: A Series of Cases from the Federal District, Midwestern
Brazil. BMC Infect. Dis. 2021, 21, 727. [CrossRef]

48. De Almeida, J.N.; Francisco, E.C.; Hagen, F.; Brandão, I.B.; Pereira, F.M.; Presta Dias, P.H.; de Miranda Costa, M.M.; de Souza
Jordão, R.T.; de Groot, T.; Colombo, A.L. Emergence of Candida Auris in Brazil in a COVID-19 Intensive Care Unit. J. Fungi 2021,
7, 220. [CrossRef]

49. Santana, M.F.; Pivoto, G.; Alexandre, M.A.A.; Baía-da-Silva, D.C.; Borba, M.G. da S.; Val, F.A.; Brito-Sousa, J.D.; Melo, G.C.;
Monteiro, W.M.; Souza, J.V.B.; et al. Confirmed Invasive Pulmonary Aspergillosis and COVID-19: The Value of Postmortem
Findings to Support Antemortem Management. Rev. Soc. Bras. Med. Trop. 2020, 53, e20200401. [CrossRef]

50. Serrano, R.E.T.; Martin, C.R.S.; Algarin, O.O.; Gonzalez, S.A.; Ayerbe, M.P.C.; Zuñiga, V.E.C. Co-Infección por Cryptococcus
neoformans en paciente trasplantado renal con COVID-19. Reporte de caso. Rev. Colomb. Nefrol. 2021, 8, e521. [CrossRef]

51. Ortiz-Martínez, Y.; Mogollón-Vargas, J.M.; López-Rodríguez, M.; Rodriguez-Morales, A.J. A Fatal Case of Triple Coinfection:
COVID-19, HIV and Tuberculosis. Travel. Med. Infect. Dis. 2021, 43, 102129. [CrossRef]

144



Medicina 2023, 59, 1336

52. Martínez Montalvo, C.M.; Perez, M.A.; Fuentes-Lacouture, M.C.; Bravo Mena, K.; Leal Bernal, S.F.; Velasco, Y.M.; Charria Caicedo,
M.; Estrada Serrano, N.; Martínez Montalvo, C.M.; Perez, M.A.; et al. Neumonía Por Coinfección de Aspergillus Fumigatus y
Pneumocystis Jirovecii En Un Paciente No VIH: Reporte de Caso. Acta Médica Peru. 2021, 38, 313–318. [CrossRef]

53. Angel, J.C.A.; Martínez-Buitrago, E.; Posada-Vergara, M.P. COVID-19 and HIV. Colomb. Médica 2020, 51, e-4327. [CrossRef]
54. Mejía-Parra, J.L.; Aguilar-Martinez, S.; Fernández-Mogollón, J.L.; Luna, C.; Bonilla-Aldana, D.K.; Rodriguez-Morales, A.J.;

Díaz-Vélez, C. Characteristics of Patients Coinfected with Severe Acute Respiratory Syndrome Coronavirus 2 and Dengue Virus,
Lambayeque, Peru, May–August 2020: A Retrospective Analysis. Travel Med. Infect. Dis. 2021, 43, 102132. [CrossRef] [PubMed]

55. Fernandes-Matano, L.; Monroy-Muñoz, I.E.; Uribe-Noguez, L.A.; Sarquiz-Martínez, B.; Pardavé-Alejandre, H.D.; Coy-
Arechavaleta, A.S.; Elías, J.; Rojas-Mendoza, T.; Santacruz-Tinoco, C.E.; Grajales-Muñiz, C.; et al. Coinfections by SARS-CoV-2
and other respiratory viruses and their clinical outcome. Rev. Med. Inst. Mex. Seguro Soc. 2021, 59, 482–489. [PubMed]

56. Hazra, A.; Collison, M.; Pisano, J.; Kumar, M.; Oehler, C.; Ridgway, J.P. Coinfections with SARS-CoV-2 and Other Respiratory
Pathogens. Infect. Control Hosp. Epidemiol. 2020, 41, 1228–1229. [CrossRef] [PubMed]

57. Hirotsu, Y.; Maejima, M.; Shibusawa, M.; Amemiya, K.; Nagakubo, Y.; Hosaka, K.; Sueki, H.; Mochizuki, H.; Tsutsui, T.; Kakizaki,
Y.; et al. Analysis of COVID-19 and Non-COVID-19 Viruses, Including Influenza Viruses, to Determine the Influence of Intensive
Preventive Measures in Japan. J. Clin. Virol. 2020, 129, 104543. [CrossRef] [PubMed]

58. Leuzinger, K.; Roloff, T.; Gosert, R.; Sogaard, K.; Naegele, K.; Rentsch, K.; Bingisser, R.; Nickel, C.H.; Pargger, H.; Bassetti, S.;
et al. Epidemiology of Severe Acute Respiratory Syndrome Coronavirus 2 Emergence Amidst Community-Acquired Respiratory
Viruses. J. Infect. Dis. 2020, 222, 1270–1279. [CrossRef]

59. Intra, J.; Sarto, C.; Beck, E.; Tiberti, N.; Leoni, V.; Brambilla, P. Bacterial and Fungal Colonization of the Respiratory Tract in
COVID-19 Patients Should Not Be Neglected. Am. J. Infect. Control 2020, 48, 1130–1131. [CrossRef]

60. Nasir, N.; Farooqi, J.; Mahmood, S.F.; Jabeen, K. COVID-19 Associated Pulmonary Aspergillosis (CAPA) in Patients Admitted
with Severe COVID-19 Pneumonia: An Observational Study from Pakistan. Mycoses 2020, 63, 766–770. [CrossRef]

61. Lv, Z.; Cheng, S.; Le, J.; Huang, J.; Feng, L.; Zhang, B.; Li, Y. Clinical Characteristics and Co-Infections of 354 Hospitalized Patients
with COVID-19 in Wuhan, China: A Retrospective Cohort Study. Microbes Infect. 2020, 22, 195–199. [CrossRef]

62. Messina, F.A.; Marin, E.; Caceres, D.H.; Romero, M.; Depardo, R.; Priarone, M.M.; Rey, L.; Vázquez, M.; Verweij, P.E.; Chiller,
T.M.; et al. Coronavirus Disease 2019 (COVID-19) in a Patient with Disseminated Histoplasmosis and HIV—A Case Report from
Argentina and Literature Review. J. Fungi 2020, 6, 275. [CrossRef]

63. Molina, F.J.; Botero, L.E.; Isaza, J.P.; Cano, L.E.; López, L.; Tamayo, L.; Torres, A. Diagnostic Concordance between BioFire®

FilmArray® Pneumonia Panel and Culture in Patients with COVID-19 Pneumonia Admitted to Intensive Care Units: The
Experience of the Third Wave in Eight Hospitals in Colombia. Crit. Care 2022, 26, 130. [CrossRef]

64. Cardona-Ospina, J.A.; Arteaga-Livias, K.; Villamil-Gómez, W.E.; Pérez-Díaz, C.E.; Katterine Bonilla-Aldana, D.; Mondragon-
Cardona, Á.; Solarte-Portilla, M.; Martinez, E.; Millan-Oñate, J.; López-Medina, E.; et al. Dengue and COVID-19, Overlapping
Epidemics? An Analysis from Colombia. J. Med. Virol. 2021, 93, 522–527. [CrossRef]

65. Agudelo Rojas, O.L.; Tello-Cajiao, M.E.; Rosso, F. Challenges of Dengue and Coronavirus Disease 2019 Coinfection: Two Case
Reports. J. Med. Case Rep. 2021, 15, 439. [CrossRef]

66. Restrepo, H.F.; Lara, C.G.; Alvarez, M.M. Criptococosis diseminada en paciente positivo para COVID-19. Rev. Repert. Med. Y
Cirugía 2021, 30, 56–60. [CrossRef]

67. León, J.S.T.; Delgado, M.C.; Garcia, G.N.P.; Meriño, Y.M.; Badillo, L.Y.E.; Caballero, H.V.; Brilla, M.F.G. Coinfección chagas e
infección por covid 19 en una paciente indígena. Cienc. Lat. Rev. Científica Multidiscip. 2022, 6, 4278–4286. [CrossRef]

68. Villamil-Gómez, W.E.; Rodriguez-Morales, A.J. Cocirculación y Coinfección de COVID-19 y Patógenos Tropicales Endémicos de
América Latina: Enfermedad de Chagas. Rev. Peru. Investig. En. Salud 2021, 5, 57–58. [CrossRef]

69. Ahumada, P.M.; Borre-Naranjo, D.; Duran, A.Y.M.; Herrera, S.; Castro-Mendoza, W.; Baños, I. Aspergilosis pulmonar asociada a
COVID-19: Reporte de caso. Rev. Colomb. Neumol. 2022, 34, 39–45. [CrossRef]

70. Pinzón, M.A.; Cardona Arango, D.; Betancur, J.F.; Ortiz, S.; Holguín, H.; Arias Arias, C.; Muñoz Palacio, B.J.; Amarillo, M.;
Llano, J.F.; Montoya, P. Clinical Outcome of Patients with COVID-19 Pneumonia Treated with Corticosteroids and Colchicine in
Colombia. Ann. Clin. Microbiol. Antimicrob. 2021, 20, 66. [CrossRef]

71. Daniel, M.F.; Albert, V.; Victor, N.; Ivan, R.; Daniela, O.-P.; Daniela, R. Spontaneous Pneumothorax and Pneumomediastinum in
COVID 19: Case Series. Int. J. Anesthesiol. Res. 2021, 9, 8–14. [CrossRef]

72. García-Posada, M.; Aruachan-Vesga, S.; Mestra, D.; Humánez, K.; Serrano-Coll, H.; Cabrales, H.; Faccini, Á.; Mattar, S. Clinical
Outcomes of Patients Hospitalized for COVID-19 and Evidence-Based on the Pharmacological Management Reduce Mortality in
a Region of the Colombian Caribbean. J. Infect. Public. Health 2021, 14, 696–701. [CrossRef]

73. SARS-CoV-2 and Rhinovirus/Enterovirus Co-Infection in a Critically Ill Young Adult Patient in Colombia. Available online:
http://www.scielo.org.co/scielo.php?pid=S0120-41572020000600034&script=sci_abstract&tlng=en (accessed on 22 June 2022).

74. Contreras Acosta, R.; Cueto Chaparro, M.; Zuluaga de León, I. de J.; Rebolledo Maldonado, C.E.; Morales Vergara, C.J.; Tarad
Ayub, R.; Vélez-Verbel, M.; Contreras Acosta, R.; Cueto Chaparro, M.; Zuluaga de León, I. de J.; et al. Presentaciones atípicas de
COVID-19: Serie de casos. Rev. Colomb. Nefrol. 2020, 7, 343–353. [CrossRef]

75. Gobernación del Valle del Cauca. Gobierno Del Valle Pide a IPS Poner En Marcha Planes de Contingencia Para Atender Fiestas
de Fin de Año. Available online: https://www.valledelcauca.gov.co/publicaciones/73571/gobierno-del-valle-pide-a-ips-poner-
en-marcha-planes-de-contingencia-para-atender-fiestas-de-fin-de-ano/ (accessed on 6 July 2023).

145



Medicina 2023, 59, 1336

76. Mędrzycka-Dąbrowska, W.; Lange, S.; Zorena, K.; Dąbrowski, S.; Ozga, D.; Tomaszek, L. Carbapenem-Resistant Klebsiella
Pneumoniae Infections in ICU COVID-19 Patients—A Scoping Review. J. Clin. Med. 2021, 10, 2067. [CrossRef] [PubMed]
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Abstract: The immune response elicited by the current COVID-19 vaccinations declines with time,
especially among the immunocompromised population. Furthermore, the emergence of novel SARS-
CoV-2 variants, particularly the Omicron variant, has raised serious concerns about the efficacy of
currently available vaccines in protecting the most vulnerable people. Several studies have reported
that vaccinated people get breakthrough infections amid COVID-19 cases. So far, five variants of
concern (VOCs) have been reported, resulting in successive waves of infection. These variants have
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shown a variable amount of resistance towards the neutralising antibodies (nAbs) elicited either
through natural infection or the vaccination. The spike (S) protein, membrane (M) protein, and
envelope (E) protein on the viral surface envelope and the N-nucleocapsid protein in the core of
the ribonucleoprotein are the major structural vaccine target proteins against COVID-19. Among
these targets, S Protein has been extensively exploited to generate effective vaccines against COVID-
19. Hence, amid the emergence of novel variants of SARS-CoV-2, we have discussed their impact
on currently available vaccines. We have also discussed the potential roles of S Protein in the
development of novel vaccination approaches to contain the negative consequences of the variants’
emergence and acquisition of mutations in the S Protein of SARS-CoV-2. Moreover, the implications
of SARS-CoV-2’s structural proteins were also discussed in terms of their variable potential to elicit
an effective amount of immune response.

Keywords: SARS-CoV-2; COVID-19; breakthrough infections; neutralizing antibodies (NAbs);
Omicron; vaccines; variants

1. Introduction

Safe and effective vaccination has been critical in the ongoing battle against Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The development of precise
vaccine platforms in such a short period is a testament to global scientific prowess, and, as of
9 June, 2021, more than 2,156,550,767 doses of the COVID-19 vaccine have been given across
the five continents [1]. Unfortunately, reports on variants of SARS-CoV-2 brought about by
mutations with enhanced virulence, pathogenicity, and the ability to detrimentally affect
host immune systems, especially the antibodies produced after COVID-19 vaccination, is a
matter of concern and scientific deliberation.

However, the available published data divulge that the current vaccines could still
be effective in preventing severe infection and death in people infected with the recent
variants of SARS-CoV-2, such as Omicron and Delta [2–6]. Multiple studies have shown
several advantages of the numerous mutations of the Omicron variant of the SARS-CoV-2
virus [7–9]. The Omicron variant and its subvariants evolved by evolutionary processes that
may lead to a number of significant modifications in the virus’s characteristics, such as im-
munological escape from the nAbs produced by the administration of the vaccines [10–12].
The high frequency of mutations has also been linked to improved proteolytic priming
with transmembrane serine protease 2 (TMPRSS2) and the increased binding capacities of
S Protein to the angiotensin converting enzyme 2 (ACE2) receptor [9,10,13–15]. The higher
number of mutations in the Omicron variant have also been associated with improved
resistance to endosomal restriction factors, specifically IFITM proteins, which enables the
variant’s more effective cellular invasion via the endocytic route [16]. Additionally, the
modifications may make it more likely for spike protomers to adopt an up configuration
to interact with ACE2, and may increase the stability of a down configuration to prevent
contact with nAbs [12,17,18].

A variant can be defined as an isolate whose genome sequence differs from that of the
reference virus. Thus, the variants share an identical inherited set of distinct mutations and
are classified based on a lineage, i.e., the type of mutations that resulted in the origination
of a new lineage of SARS-CoV-2. From this perspective, it is crucial to understand the
mutational dynamics of SARS-CoV-2 and its effects on the vaccines that are currently
available [19]. Studies have deciphered that a typical SARS-CoV-2 virus accrues, on average,
one or two single-nucleotide genomic mutations in a period of 30 days [3,4]. This is just
50% of the rate of the mutational dynamics of influenza and 25% of the AIDS human
immunodeficiency virus (HIV). The retarded mutational dynamics of SARS-CoV-2 could
perhaps be credited to the specific exoribonuclease (ExoN) present in the genome of
coronaviruses (CoVs), since inactivation of this ExoN has demonstrated a twenty-fold
increase in the mutation rates [4,5].
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Effects of Mutations on Variants’ Characteristics

Some significant mutations documented in SARS-CoV-2 include the ‘N501Y’, in which
the spike protein (S Protein) 501st amino acid is swapped from N (asparagine) to Y (tyrosine)
and assists the virus to attach more rigidly to human cells. Substitution of histidine at
681 positions instead of proline results in a change in an amino acid on the stem region of
the spike of SARS-CoV-2 that triggers infected host cells to give rise to new spike proteins.
‘H69-V70’ is yet another mutation caused by the deletion in the 69th and 70th position
of the a/a in spike protein, and it changes the shape of the spike, facilitating the virus to
escape from some antibodies [4,20,21].

The ‘Y144/145’ mutation caused by the elimination of the 144th or 145th amino acids
(tyrosine, Y) in the S Protein area challenges the effectual attachment of antibodies with the
SARS-CoV-2 virus. ‘ORF8 Q27stop’ is another important mutation that involves the ORF8,
a 121 amino acid protein whose function is yet to be completely deciphered. The ‘D614
G’ mutation has a moderate documented impact on transmissibility brought about by the
alteration in the spike protein, where G (glycine) is substituted by D (aspartic acid). ‘E484K’,
often referred to as the “escape mutation,” brought about by a swap wherein the glutamic
acid (E) is substituted by lysine (K) at position 484, shields the virus from at least one type
of monoclonal antibody. ‘L452R’, initially detected in Denmark, is yet another mutation
that has been detected in various lineages [4,22,23]. Moreover, the presence of mutations
such as H69/V70 deletions, the substitution of lysine instead of threonine (T478K), and the
insertion of alanine at 484 positions instead of glutamic acid (E484A) in already reported
variants of concern (VOC-) have been associated to the variants’ enhanced capacity to evade
the defense mechanism of the body [21]. The higher ACE2 receptor binding capacity of the
S Protein has been linked to the N501Y mutation. Furthermore, the S Protein’s capacity to
attach to the ACE2 receptor was markedly enhanced by the Q498R mutation with N501Y.
These modifications make it simple for the Omicron variant to penetrate the host cell [10].

Important mutations in the Omicron variant [7] include A76V, Y145del, G339D, N440K,
G446S, E484A, Q493R, G496S, Q498R, Y505H, T547K, H655Y, N679K, N764K, D796Y, N856K,
Q954H, N969K, and L981F [7]. It is interesting to note that similar changes have been
observed in other types, albeit with varying effects. Moreover, the Omicron variant acquired
new mutations that increased its ability to spread [24,25]. Key amino acid alterations in
the RBD of the S Protein [7] include G339D, S371L, S373P, S375F, K417N, N440K, G446S,
S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y, and Y505H [7,24,25]. Such alterations
may also be linked to elevated affinities of the S Protein for the ACE2 receptor [26]. The
crucial step in obtaining access into the host cell is the binding of the ACE2 receptor to the
S Protein of the SARS-CoV-2 [27]. Human transmembrane protease serine 2 (TMPRSS2)
cleaves the S Protein after it interacts with ACE2 receptors on the cell membrane. The S
Protein is split up into its S1 and S2 subunits by TMPRSS2, which in turn makes the RBD on
the S1 subunit available for interactions [28–30]. Consecutively, the S2 domain undergoes
structural modifications that assist in the union of viral and cellular membranes [31,32].
It is noteworthy that according to studies using electron microscopy, the SARS-CoV-2 S
Protein has a binding affinity to ACE2 that is around 10–20 times larger than that of the S
proteins from other SARS-CoVs [30,33].

The S Protein of SARS-CoV-2 must be split at the S1-S2 and S2 locations in order to
enter host cells [7]. Furin24, type II transmembrane serine protease (TMPRSS2), or cathepsin
L are the enzymes responsible for this cleavage [34,35]. The TMPRSS2 and cathepsin L
breakdown at the S2 site facilitate two distinct SARS-CoV-2 entry pathways [7]. However,
mutations in certain variants are considered plausible reasons behind the changes in such
entry pathways [7]. Due to it being expressed on the cell membrane, TMPRSS2 promotes
the invasion via the plasma membrane as opposed to cathepsin L in the endosome, which
favors the endosomal pathway [35,36]. Six different mutations in the subunit 2 (S2) of
the S Protein of the Omicron variant, notably N764K, D796Y, N856K, Q954H, N969K, and
L981F, were linked to variations in viral entrance into the cellular machinery and modes of
transmission [37–39]. Recent investigations have shown that the Omicron variant favors
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the endosomal entry pathway over the plasma membrane entrance route [40]. Infection
by the Omicron spike pseudotyped virus was likewise shown to be restricted in cells that
express the transcription factor TMPRSS2 but increased in cells that support an endosomal
route for entry [7,40].

Recent findings suggest that genetic alterations to the Omicron S protein non-RBD
may alter the mode of viral entry into host cells, which is associated with a shift in cellular
tropism away from TMPRSS2-expressing cells. These findings also demonstrate why, in
contrast to other VOCs, such as the Alpha, Beta, and Delta variants, Omicron replicates
more rapidly in the upper respiratory system than in the lower respiratory tract [40–43].
It seems that the Omicron variety also has three significant mutations, including P681H,
H655Y, and N679K, in the furin cleavage region. It is known that changes such as P681H at
the polybasic cleavage site (PBCS), which are also present in other VOCs such as Alpha
and Gamma, make it easier for the S protein to be digested by furin and may thus make
the organism more pathogenic [44]. Hence, altogether, this information suggests that the
mutations or alterations in the viral genome led to drastic changes in the characteristics of
their nature to infect and disseminate among populations. As per the mutations and their
impacts on the pathogenicity and transmission, many government bodies have classified
the variants of SARS-CoV-2 into various categories. The following section will highlight
the same.

2. Classification of Variants of SARS-CoV-2

SARS-CoV-2 variants could be classified into four different groups, i.e., variants
of interest (VOIs), variants of high consequence (VOHCs), variants under monitoring
(VUMs), and variants of concern (VOCs) by the US Department of Health and Human
Services [17–19], and all five VOCs have been further categorized as α, β, γ, δ, and Omicron
variants by the World Health Organization (WHO). The Omicron variant has quickly
competed with other VOCs and spread across the world [10] [Table 1].

2.1. Variants of Interest (VOIs)

VOI is a variant that has genetic markers specifically linked with changes to host
receptor binding, exhibiting reduced antibody neutralization production versus a previous
infection by the reference virus or vaccination, and showing a reduced response to hitherto
effective treatments, causing a potential diagnostic impediment, and carrying on it a label
of predictive upsurge in infection. These include the B.1.525 lineage brought about by the
spike protein (S protein) substitutions 69del, 144del, 70del, A67V, D614G, E484K, F888L,
andQ677H, which was first detected in the United Kingdom and Nigeria in December 2020;
the B.1.526 lineage brought about by spike protein substitutions A701V, D253G, D614G,
E484K, L5F, T95I, and S477N, which was first detected in the United States in November
2020; the B.1.526.1 lineage brought about by spike protein (S protein) substitutions D80G,
D614G, D950H, 144del, F157S, L452R, T791I, and T859N, which was first detected in the
United States in October 2020; the B.1.617 lineage, brought about by spike protein (S protein)
substitutions D614G, L452R, and E484Q, which was first noticed in India in February 2021;
the B.1.617.1 lineage, brought about by spike protein (S protein) substitutions, i.e., D614G,
E484Q, E154K, G142D, L452R, P681R, Q1071H, and T95I, which was first identified in India
in December 2020; B.1.617.3 lineage, brought about by spike protein (S protein) substitutions
D614G, D950N, E484Q, G142D, L452R, P681R, and T19R, which was first spotted in India in
October 2020; and the P.2 lineage, brought about by spike protein (S protein) substitutions
D614G, E484K, F565L, andV1176F, which was first identified in Brazil in April 2020 [45–51].
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Table 1. Showing the various categories of the variants of SARS-CoV-2 with their clades and
origin information.

Categories
WHO
Label

Pango Lineage
GISAID

Clade
Nextstrain

Clade
Area of Docu-

mentation
Time of

Documentation

Epsilon B.1.427/B.1.429 GH/452R.V1 20C/S.452R United states of
America March-2020

Zeta P.2 GR 20B/S.484K Brazil April-2020

Variants of
Interest (VOIs) Eta B.1.525 G/484K.V3 20A/S484K Not defined December-2020

Theta P.3 GR 20B/S:265C Philippines January-2021

Iota B.1.526 GH 20C/S:484K United states of
America November-2020

Kappa B.1.617.1 G/452R.V3 21A/S:154K India October-2020

Alpha B.1.1.7 GRY 20I (V1) United
Kingdom September-2020

Beta B.1.351 GH/501Y.V2 20H (V2) South Africa May-2020

Variants of
Concern
(VOCs)

Gamma P.1 GR/501Y.V3 20J (V3) Brazil November-2020

Delta B.1.617.2 G/478K.V1 21A, 21I, 21J India, October-2020

Omicron B.1.1.529 GR/484A
21K, 21L, 21M,
22A, 22B, 22C,

22D

First lineage
reported in

South Africa
November-2021

Variants of
High

Consequence
(VOHCs)

None of variant of high consequence has been recorded

2.2. Variants of Concern (VOCs)

A variant for concern (VOC) is a variant that has strong evidence of an intensified
transmissibility; severity of the disease symptoms, including a higher number of hospital-
izations and deaths; shows a significant decrease in neutralization by post-vaccination and
convalescent sera; displays the significant reduction in the efficacy of existing treatments
and vaccines; and poses notable diagnostic challenges, which lead to insufficiency in the
diagnosis of the variant. Up to this point, the WHO has identified five VOC variants,
including α, β, γ, δ, and Omicron. The Omicron variant has quickly spread around the
globe and fought against all the VOCs. According to the most recent information [10], the
Omicron variant (B.1.1.529) contains >30 mutations in the S Protein compared to other
VOCs such as α (B.1.1.7), β (B.1.351) and δ (B.1.617.2). Significant changes to the N-terminal
domain (NTD) and receptor-binding domain (RBD) of the S Protein have been linked to
greater resistance to nAbs and transmission [10]. Interestingly, these VOCs could neces-
sitate serious emergency public health engagements, including immediate notification of
the detected variant to the World Health Organisation (WHO) under the regulation of
International Health to CDC, and the regional and governmental authorities to control and
end the spread.

These variants could also compel improved testing and investigation of the efficacy of
pre-existing vaccines and treatments as well as force the deployment of newer diagnostics
and the modification or production of suitable vaccines/therapeutics. These include the
B.1.1.7 lineage, brought about by S Protein substitutions deletion at 69, 70, 144, N501Y,
E484K, A570D, P681H, S982A, K1191N, S494P, D1118H, D614G, and T716I, which was
first detected in the United Kingdom [52,53]; the B.1.351 lineage, brought about by spike
protein substitutions D2, 241del, 243del, D614G, D80A, E484K, 15G, 242del, K417N, N501Y,
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and A701V, which was first found in South Africa [52–54]; the B.1.427 lineage, brought
about by spike protein substitutions L452R and D614G, and observed for the first time in
California, USA; the B.1.429 lineage, first observed in California, USA, due to substitutions
such as L452R, S13I, W152C, and D614G in the spike protein [54–56]; the B.1.617.2 lineage
(Delta), brought about by spike protein substitutions T19R, P681R, G142D, D614G, R158G,
L452R, T478K, 156del, 157del, and D950N, which was first detected in India in December
2020 [41]; and the P.1 lineage, due to substitution in spike protein (L18F, D138Y, T20N,
E484K, D614G, P26S, R190S, T1027I, K417T, N501Y, H655Y), which was first detected in
Japan and Brazil [57–67].

2.3. Variants of High Consequence (VOHCs)

A variant of high consequence is explained as a variant for which there is absolute
evidence that its prevalence has significantly decreased the effectiveness of medical coun-
termeasures (MCMs) and preventive measures compared to the previously circulating
variants. A variant of high consequence can also cause the established failure of diagnostic
protocols and severe reduction in efficiency of the currently available vaccines and jeopar-
dize the (EUA) Emergency Use Authorization and approved therapeutics, perhaps with
harsher clinical manifestations and a higher number of hospitalizations. To this date, none
of the variants of high consequence have been recorded [68].

3. Influence of Variants’ Emergence on Vaccine Effectiveness

VOCs, especially the Delta variant, may affect the neutralising activity of vaccine-
elicited Abs and MAbs, which might result in a mild-to-significant decrease in efficiency
for COVID-19 vaccines and immunotherapeutic treatment [69,70]. The existing vaccination
strategies failed to prevent the outbreak of Omicron variants [59,62,66,71–73]. NAbs in
sera from those who received a 2-dose Ad26.COV2.S (Johnson & Johnson) vaccine were
considerably less efficient against the Omicron variant than the primary strain of SARS-
CoV-2. A luciferase-based pseudo virus neutralisation experiment revealed a dramatic
decline in the antibody-mediated immune response, 20 × 102, when compared to the
original strain, which was 184 × 103 on the eighth day following vaccination [46]. Similar
researchers, however, have shown that cellular immunity produced by existing vaccines
against SARS-CoV-2 is largely conserved to the SARS-CoV-2 Omicron spike protein [46].
Vaccination with Ad26.COV2.S or BNT162b2 resulted in substantial spike-specific CD8+
and CD4+ T cell responses as well as significant cross-reactivity against both the Delta and
Omicron variants in both the central and effector memory cell subpopulations [46].The
serum neutralizing ability of individuals receiving BNT162b2 (Pfizer/BioNTech) was di-
minished 35-fold against BA.1 compared to D614G variant [62,66,74]. Additionally, it was
not effective against BA.2 and BA.3 [75]. However, the booster doses of vaccines proved
beneficial in increasing the efficacy of serum-neutralizing titers against Omicron [62,71,76].

A Phase III trial of Covaxin (BBV152), an inactivated SARS-CoV-2 vaccine, established
by Bharat Biotech, India, confirmed its potential effectiveness against symptomatic cases
(77.8%) and the Delta variant (68.2%) [77]. However, the convalescent serum of recipients
of BBV152 was not able to neutralise the P.1 lineage [78].

Studies have shown that ChAdOx1 nCoV-19 (AZD1222) is effective against Alpha
(74.5%), Delta (67%) [79], and Gamma (77.9%) [80]; however, not against Beta (10.4%) [5].
Further, this vaccine was associated with some cases of thrombosis and thrombocytopenia
syndrome (TTS), blood clot events, and deaths, causing the suspension of the use of this
vaccine in many European and Asian countries [81].

A renowned mRNA-based vaccine BNT162b2 was created by Pfizer and is often
utilized in the immunization programs of nations. Two booster doses of this vaccine give a
similar level of protection against Delta, but recent comparative studies have cast doubt
on the vaccine’s effectiveness [76,82]. The efficacy of the BNT162b2 and ChAdOx1 nCoV-9
vaccinations was shown to be lower in those who had the Delta variation of the virus than
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in those who had the other VOCs. It is critical to keep in mind that these outcomes were
attained in patients who received only one dose of the vaccine [70].

Further investigation with two doses of the vaccination has demonstrated the apparent
efficiency of the primary vaccines against the δ variant. Two doses of the BNT162b2
vaccination were effective in persons with the Alpha version, and 88% in those with the
Delta version. Two doses of the ChAdOx1 nCoV-19 vaccine were shown to be 74.5%
effective in those with the Alpha form and 67.0% effective among individuals with the δ

variant. Upon receiving the two vaccine doses, minor changes in vaccine efficacy were
observed between the δ and α variants. Absolute disparities in vaccination effectiveness
become more evident after the first dose. This outcome will aid the efforts to increase
vaccination uptake among a vulnerable subset of individuals through the administration
of two doses [79]. According to several investigations, three doses of BNT162b2 mRNA
seem to be necessary to protect against Omicron-driven COVID-19 [83–85]. Surprisingly,
Gao et al. proposed that pre-existing SARS-CoV-2 spike-specific CD8+ and CD4+ T cell
responses are usually intact against Omicron, especially after BNT162b2 vaccination [86].

Additional research revealed that two doses of the BNT162b2 or ChAdOx1 nCoV-
19 vaccination only partially protected against the omicron variant. Upon receiving a
BNT162b2 or mRNA-1273 vaccine booster shots, the protection from the BNT162b2 or
ChAdOx1 nCoV-19 primary vaccination increased but ultimately wore out [87].

However, the serum from individuals administered triple doses of ChAdOx1 (Ox-
ford/AstraZeneca) or BNT162b2 showed a decreased efficacy against BA.4/5, contrary to
BA.1 and BA.2 [88]. Recent research by Zou et al. 2022 found that following the complete
dosage of the SARS-CoV-2 vaccine, the immune protection diminishes with time against
the Omicron variant.

The Omicron form could not be neutralised by more than half of the mRNA-1273
recipients’ plasma, leading to GMTs that were 43 times lower [60]. According to Pajon et al.,
neutralisation titers against the Omicron version of the mRNA-1273 vaccination were
35 times lower than those against the D614G variant after the first two doses of the vaccine.
On the other hand, neutralisation titers against the Omicron variant were 20 times greater
following the booster dose of the mRNA-1273 immunisation than following the second
dosage, indicating that the risk of relapse is significantly reduced. Six months following
the booster injection, neutralisation titers against the Omicron variant decreased [61].

The effectiveness of the serum from people who received an mRNA vaccination
against Omicron was evaluated by Edara et al.: using a live viral experiment, they noticed
a 30-fold decrease in neutralising activity against the Omicron 2–4 weeks after receiving
a primary batch of immunisations, but six months after the first two vaccination doses,
no neutralising activity against the Omicron was found, and, in addition, they found that
following a booster injection (third dosage), naive individuals’ neutralising activity against
Omicron decreased fourteen-fold [62]. This implies that the vaccination’s effectiveness has
been compromised by the appearance of variations, which calls for the administration of
booster doses of the vaccine at progressively longer intervals.

4. The SARS-CoV-2 Structural Proteins and their Inference in the Vaccine’s
Development

S Protein, M-protein, E-protein, and N-nucleocapsid protein (ribonucleoprotein core)
are the main structural vaccine target proteins for COVID-19 [63,64]. Sixteen non-structural
proteins (nsp1–16) and nine accessory proteins encoded by the virus are additional tar-
gets [65]. S Proteins help viruses perceive host cellular receptors and enter [Figure 1]. Hence,
the S Protein is the main target of SARS-CoV-2 vaccines, and it exists as a homotrimer in
the viral envelope with its membrane-distal S1 and S2 subunits (which are membrane-
proximal). S1′s receptor-binding domain modulates receptor recognition [66,67,89]. It is
imperative to mention here that the N-terminal domain (NTD) of the subunit S1 could also
serve as a receptor-interacting domain, as in the case of the mouse hepatitis virus [90–92].
The S2 subunit facilitates membrane fusion during host entry and comprises the fusion
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peptide, connecting region HR1 and HR2 (heptad repeats) as a ‘helix-turn-helix’ construct
around a central helix [93].

 

Figure 1. The schematic representation of the SARS-CoV-2 entry into the host cell. (A) Representation
of the S Protein and its various regions such as receptor binding domain (RBD); (B) Binding of the S
Protein with the ACE2 receptor of the host cell. After binding of the S Protein with the ACE2 receptor,
there is cleavage of the S Protein into S1 and S2 sites. Activated S2 domain helps in the fusion of
the viral particle with the cell membrane. [The figure was created with the templates available in
BioRender.com, accessed on 25 January 2023].

Recent molecular evidence of this structure has advocated a paradigm where there
occurs a rearrangement of this S Protein subsequent to the identification of the host cell
receptor [94,95]. Recent research has shown that upon the RBD’s interaction with ACE2,
the S1 subunit dissociates while the S2 subunit simultaneously refolds, allowing the FP to
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protrude for effective membrane fusion. The S2 subunit then folds and enters a long helical
bundle post-fusion conformation after the FP is inserted into the host cell membrane [60].

More recently, research has focused on strategies that aim to keep the spike-protein
in its pre-fusion form, especially in the wake of studies on two proline substitutions at
the top of the central helix, HR1 of MERS-CoV and SARS-CoV, and HKU1 that can keep
the S Proteins in the pre-fusion conformation [96]. Studies have further shown that this
hybrid antigen ‘S-2P’ could produce higher NAb titres than the S protein. Thus, the S-2P
hybrid strategy is a potential vaccine target against SARS-CoV-2. The S-2P has further
facilitated the generation of a new S protein ectodomain, ‘HexaPro’, consisting of six proline
substitutions, with the inclusion of the two from S-2P positioned at the N termini of helices
or flexible loops in the CR, FP, and HR1 [97]. Such positioning has been shown to promote
limiting the reorganization of the S2 subunit structure, stabilizing the pre-fusion spike
protein and producing a tenfold increase in the titre expression than S-2P [97]. Hence,
stratagems to fix the S-protein to the pre-fusion conformation are a promising avenue.

Interestingly, NAbs have been found capable of targeting the S Protein at various
stages of the viral entry, and RBD has been the major target of these Nabs, thwarting the
viral receptor binding in the host [31,98,99], whilst almost all NAbs from the vaccines versus
the SARS-CoV-2 have RBD as their target [32,100–111]. Many of the NAbs for SARS-CoV-2
have been observed to append to the RBD, thereby blocking the interaction of the RBD with
hACE2 and thwarting the virus-host attachment during an infection episode [112]. Thus,
the RBD is an alluring vaccine target with a guaranteed evocation of robust antibodies
without any hazards of antibody-dependent enhancement of infection typically arbitrated
by faint NAbs [113–117]. Further, RBD has also been shown to have T-cell response
epitopes [118–123]. However, the petite molecular dimension and the probable existence of
the same as multiple complexes, such as monomers or dimers, impose definite limits for
the utilization of RBD as an effectual target. Various manoeuvres are being attempted now
to trounce these disadvantages, such as magnifying the size of the antigen by fusion of the
RBD with a fragment crystallizable region (Fc) [124–128] and multiplication of copies of the
RBD (multimerization) [129–131]. A more recent study has suggested a dimeric design of
the beta-CoV antigen RBDs that can be employed against SARS-CoV-2, since the RBDs have
been shown to form dimers in solution naturally [132–136]. Studies have also demonstrated
the possibility of homogeneous RBD-dimers as single chain repeats that would induce a
ten-to-hundred-fold amplification of NAbs titres than the RBD-monomer [132,137].

Recent studies have demonstrated that the NAbs could also target the NTD, as stated
previously [137], and the S1 protein-NTD has been shown to have Coronavirus NAbs
epitopes [138,139]. Studies have shown that though the NAbs that target the NTD could
not block the binding of the receptor directly, they could hinder the binding of the receptor
binding [138,139] and curtail the previously discussed conformational modifications that
occur during the process of pre-fusion to post-fusion alteration in the S-protein during infec-
tion. Though the NAbs that target NTD have been established to only display diminutive
neutralizing efficacy compared to RBD-NAbs [49], NTD protein has been revealed to elicit
definitive NTD-NAbs and T-cell responses with a decrease in lung-related abnormalities
during infection [140].

The peptides of major interest in the S2 subunit capable of thwarting a viral fusion
with target cells during infection are those elicited by HR1 or HR2 of the S2 subunit. Studies
have established the effectual neutralization of the S2 of SARS-CoV-2 with NAbs [141–143],
despite the expansive N-glycan shielding of the subunit S2 that renders it a difficult target
for immune detection with lower NAb titers compared to the S1 and the RBD [144–146].
It is true that the subunit S2 as a sole entity might not be an operative humoral response
target, but relative sequence conservation of the subunit S2 amongst various species of the
virus makes it a candidate for recognition by CD4+ T cells and cross-reactive antibodies
that can detect SARS-CoV-2 and various other human coronaviruses [147,148].

There has been little exploratory focus on the M, E, or N proteins in contrast to S.
The M and E proteins have seldom displayed strong immunogenic elicitation of humoral
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responses, perhaps due to their petite ectodomains and molecular dimensions that are
insufficient for immune recognition [149]. Yet, the relative sequence conservation of the
M and E proteins amongst various species of the virus, i.e., SARS-CoV, SARS-CoV-2, and
MERS-CoV, makes it a candidate for recognition by CD4+ T cells and cross-reactive anti-
bodies [150]. The N protein, on the other hand, has been shown to be amply immunogenic
during previous Corona episodes with established T cell epitopes [151]. Even though they
failed against the SARS-CoV-2, N-target antibodies have been indicated to be effective in
the mouse Hepatitis virus, which is another Coronavirus [152,153]. N protein has been
demonstrated to elicit good T-cell immune responses (CD4+ and CD8+) [154]. T cell (CD8+)
epitopes-specific to N protein in chicken IBV infection [155], and the Venezuelan Equine
Encephalitis Virus replicon particles with a CD4+ T cell epitope specific to N have been
shown to be fully effectual and immunologically protective for SARS-CoV infection [156].
Due to the conserved protein sequences between viruses, these virus replicon particles also
provide some cross-protection against MERS-CoV, resulting in a decreased viral load [156].
Since previous vaccine studies on SARS-CoV expressing the N protein have reported
infection-induced pneumonia due to enhanced Pulmonary Eosinophil Infiltration and
Th-2 cell responses [157,158], causing a risk of Enhanced Respiratory Syncytial Virus Dis-
ease (ERD), vaccines based on the N protein have received little or no attention against
SARS-CoV-2 [137,159].

5. Recent Strategies in the Vaccine Developments

A ‘Pan-corona Vaccine’, or at least a Pan-SARS-CoV-2 vaccine that will serve as a
booster vaccine, seems to be the global stratagem now. In January 2021, Moderna began
researching the SARS-CoV-2 B.1.351 variant, first discovered in South Africa [140,141].
Three vaccine candidates expressing the S Protein are entering Phase III clinical studies.
The vaccine proposal from China is based on human adenovirus type 5 (Adn5). In contrast,
the vaccine candidates from the United Kingdom are based on a recombinant chimpanzee
adenovirus (AdnV), ChAdOx1, and the vaccine approach from Russia is based on re-
combinant human Ad26 and Ad5 [146]. RBD-based vaccines employ a protein sub-unit
method [117], whereas the vaccine ARCoV encodes the RBD of the SARS-CoV-2 delivered
via lipid nanoparticles (NPS) [147] [Figure 2].

Inactivated vaccines have already gained a lot of interest due to their ability to trigger
immune responses comparable to those seen when viruses are exposed [160]. Given the
absence of active genetic material, these vaccines include complete virus particles with
no replication capabilities. Such vaccines are made utilizing viral inactivation techniques,
including chemical agents such as formaldehyde, phenol, and glutaraldehyde; radiations
such as UV, Xray, and Gamma; and physical means such as heat, pressure, and pH [160,161].

Nucleic acid-based vaccines, which include RNA vaccines, are novel forms of vac-
cinations [162]. These vaccinations include an mRNA strand that codes for a particular
antigen/protein. When transported into living organisms, they may be translated into viral
proteins. The viral protein might be displayed on the cell surface, where it is detected by
immune system elements to elicit an immunological response [162]. RNA-based vaccines
for viral illnesses such as influenza and rabies have already been investigated [161,162].
There are primarily two categories of viral vector-based vaccinations. Non-replicating
vector vaccines do not manufacture any new viral particles; they only produce the vaccine
protein. At the same time, replicating vector vaccines could create new virus particles and
also infect cells. The SARS-CoV-2 vaccines currently under research employ non-replicating
viral vectors [52,53].
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Figure 2. The principal targets of candidates for the COVID-19 vaccination; Source: [137].

Furthermore, Virus-like particles (VLPs) have gained much attention recently as
they elicit a substantial amount of immune response as compared to conventional vac-
cines. In order to explain their strong immunogenicity and the initiation of both antibody-
mediated immune response and cell-mediated immune responses, VLPs are artificially
created nanoparticles made of a subset of viral components that roughly resemble the
structure, size, and surface composition of natural viruses [54,163]. VLPs have been created
using a variety of expression platforms, comprising mammalian cell lines, bacterial cell
lines, insect cell lines, yeast, and plant cells [55]. VLPs are non-infectious due to the absence
of core genetic material, suggesting that they are a safer vaccination platform than several
other types of vaccine. They are also a safe and relevant model for conducting viral molec-
ular investigations under BSL-2 circumstances without biosafety protection [161]. VLP
vaccines offer the benefits of multivalency, inhaled vaccination possibility, self-adjuvant
characteristics, scalable manufacture, and readily maintained temperatures throughout
the supply chain, in addition to being safe and effective [56]. The FDA has authorized
commercially accessible VLP vaccinations against the human papillomavirus (HPV) and
hepatitis B [164] and other VLP vaccines, including those for COVID-19 that are presently
under development [161].

An ‘S-protein’ expressing DNA vaccine capable of effectively eliciting NAbs and
spike-protein-specific T-cell responses has completed phase-II clinical trials [165]. A native-
like trimeric spike protein subunit vaccine candidate has been testified that uses the
spike protein fused to the C-terminal area of Iα collagen (human type) to construct a
disulfide-bonded homotrimer [166]. The S-trimer, together with another AS03 adjuvant or
CpG 1018 agonist adjuvant, is also under active phase-I clinical trials. An mRNA vaccine,
BNT162b1 from BioNTech/Pfizer, expressing an RBD-trimer stabilized by the fold on a
trimerization domain has been observed to elicit high NAbs and TH1 cell-based responses
as well as the protein subunit vaccine-ZF2001, which comprises the RBD-dimer, as the tar-
get [117]. SARS-CoV-2 S-2P, which contains proline substitution at K986 and V987 residues,
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is used as the target antigen in the mRNA vaccines produced by Moderna/National In-
stitute of Allergy and Infectious Diseases (NIAID), BioNTech/Pfizer, and a recombinant
Ad26 vaccine produced by Janssen [117,150]. The S-2P in the Janssen Ad26-vectored vac-
cine (Ad26.COV2.S) and the Novavax protein-based vaccine (NVX-CoV2373) employ this
tactic because it has been demonstrated that additional mutations at the S1-S2 polybasic
cleavage site from RRAR to SRAG or QQAQ make it resistant to a protease that stabilizes
the S-protein more in its pre-fusion conformation [151,152], and Ad26 expressing S-2P
has been shown to elicit elevated NAb titers [167]. The mRNA vaccines BNT162b2 from
BioNTech/Pfizer and mRNA1273 from Modera/NIAID as well as the protein subunit
vaccine NVX-CoV2373 have been found to elicit better T-cell responses in addition to high
titers [117,153], indicating that the method of stabilizing the spike protein in its pre-fusion
state could be a promising area for the production of the SARS-CoV-2 vaccine [154]. Ef-
forts are in place to utilize the specific exoribonuclease (ExoN) present in the genome of
coronaviruses to arrest the mutations, since inactivation of this ExoN has demonstrated a
twenty-fold increase in the mutation rates [4,5].

Aside from COVAXIN from Bharath Biotech, other inactivated viral vaccine candidates
are currently in phase-III clinical trials and one is in the phase I/II stages of trial. Using
the “Whole-Virion Inactivated Vero Cell” derived platform technology, Bharat Biotech
developed COVAXIN®, India’s indigenous COVID-19 vaccine, also in collaboration with
the Indian Council of Medical Research (ICMR) and National Institute of Virology (NIV).
The two-dose, ready-to-use liquid presentation vaccination regimen administered at 28-day
intervals requires no reconstitution or storage below 0 ◦C temperature. It is also stable
between 2 and 8 ◦C temperature. This vaccine candidate has the unique benefit that, in the
same Phase-I research that produced outstanding safety data, vaccination-induced neu-
tralizing antibody titers were seen with two distinct SARS-CoV-2 strains. The Phase-II/III
study has also shown adequate safety sequels and better humoral/cell-mediated immune
outcomes. The inactivated vaccine candidate has been shown to elicit excellent NAbs titers
with no induction of TH1 or TH2 cell-linked cytokines after vaccination [168,169]. Live-
attenuated virus vaccines for SARS-CoV-2 have received little research attention [137]. A
new adenovirus vectored intra-nasal vaccine, BBV154, that elicits a wide-ranging immune
response, reacting effectively with IgG, mucosal IgA, and T cells in the nasal mucosa, is cur-
rently under active investigation at Bharath Biotech. The nasal route is the primary portal
of entry, and the nasal mucosa is the most vulnerable infective domain for the SARS-CoV-2
virus. The vaccine candidate BBV154 is, furthermore, non-invasive, needle-free, and carries
with it the merit of an effortless ease of administration and no needle-associated risk of
injuries and infections [170,171].

6. Implications of Changing Patterns of Mutations

Undoubtedly, the existing vaccines have been effective in containing the deleterious
consequences of COVID-19. Still, the emerging variants of the SARS-CoV-2 have raised
concerns regarding the extent of efficacy of these available vaccines to elicit an efficient
immune response. This is more germane after the most recent published reports on ‘Vaccine
Breakthrough Infections’ with SARS-CoV-2 strains that denote a potential risk of infec-
tion with a viral variant virus, even after successful vaccination. Recent studies amongst
a cohort who had taken the two doses of BNT162b2 produced by Pfizer–BioNTech or
mRNA-1273 prepared by Moderna have reported two women with a vaccine breakthrough
infection [172]. These individuals had developed a variant infection despite proven im-
munogenicity against SARS-CoV-2. Furthermore, the incidence of a breakthrough infection
also showed variability among different vaccinated persons who received different mRNA-
based vaccines as a preventive measure against COVID-19 infection [173–179]. A study
conducted on 192,123 participants who got two doses of the mRNA-Moderna-1273 vaccine
was complemented with an equal number of control individuals, exposed to two doses
of the BioNTech-162b2 vaccine, were observed to develop 878 and 1262 breakthrough
COVID-19 infections, respectively [174]. Out of the recorded breakthrough infections,
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seven proceeded to severe COVID-19 conditions but none to other critical diseases, and
one to death in the case of BNT162b2. In contrast, in another cohort, only three cases
proceeded to acute-care hospitalization, but none led to death or other severe systemic
health conditions [174].

The above findings indicate the higher efficacy of the Moderna mRNA-1273 vaccine.
They are observed to be associated with a small incidence of Severe Acquired Respira-
tory Syndrome-CoV-2 breakthrough infection as compared to the Pfizer BioNTech162b2
mRNA vaccine due to their differences in neutralizing antibody titers [180]. A study pub-
lished by Tang and colleagues on native residents of Qatar indicates the effectiveness of
the BNT162b2 vaccine up to 93.4% (95% CI, 85.4–97.0%) against δ variant-induced fatal,
critical, or severe disease, which was comparatively lower than the Moderna mRNA-1273
vaccine, i.e., 96.1% (95% CI, 71.6–99.5%) on ≥14 d after the administration of the vaccine’s
second dose [178]. Such differences in the efficacy of the abovementioned two nucleoside
modified mRNA vaccines could be a product of several factors. There are variations in the
formulation and vaccination regime. In contrast to BNT162b2, which is administered at
a rate of 30 mg/0.3 mL (100 mg/mL), mRNA-1273 is injected at a dose of 100 mg/0.5 mL
(200 mg/mL) 28 days apart. This means that the dose of the Moderna mRNA-1273 vaccine
provides three times more copies of the spike protein mRNA compared to BNT162b2, which
may enhance immune responses [152,168–170]. Further, to enhance in vivo functionality,
cellular uptake, and stable delivery systems, lipid nanoparticle (LNP) is rapidly used to coat
nucleic acid vaccines. In the Moderna-based mRNA-1273 COVID-19 vaccine, DSPC, SM-
102, PEG-DMG, and cholesterol are utilized as LNP, while Pfizer-BioNtech-162b2 is made
up of DSPC, ALC-0315, cholesterol, and ALC0159 [171]. The mRNA-LNP vaccination will
stop the mRNA from prematurely degrading and will make it easier for antigen-presenting
cells (APCs), such as dendritic cells (DCs), to receive it in their cytoplasm [181]. The choice
of LNP, however, affects the mRNA stability and durability, which determines the outcome
of the immunological response. Heterogeneous variances in immune responses may result
from disparities in lipid properties and lipid concentrations [171], despite the reality that
both types of vaccine are known to give their recipients a potent immune response against
symptomatic COVID-19 infection, compared to acute hospitalizations and death in the
unprotected group.

It is interesting to note that research on mRNA-LNP structures suggests that water,
ionizable cationic lipids, and mRNA are all found in the core of LNPs. This prompts crucial
queries concerning the mRNA’s potential protection against water [182]. For instance, it
is not known if or how the LNP’s ionizable cationic lipids interact with the mRNA. To
validate the suggested structure and comprehend the effects, further research must be
performed. For instance, it has been determined that it is crucial to research the pH within
the LNPs in connection to stability [171,182]. The exact type(s) of degradation that mRNA
molecules go through in their final formulation should also be thoroughly examined, as
should the possibility that strand integrity might be preserved by sequence change [182].
While there are hints that certain folded configurations are more stable, this might also
be connected to the analysis and improvement of the secondary and tertiary structure of
mRNA [8,171,181,182].

Since most of the vaccines target the spike protein and the variants have emerged
from the same gene S, a big question mark has emerged on the efficacy of these available
vaccines to elicit an effectual immune response on these variants, apart from a compulsion
to improve the diagnostics and accuracy of the sequencing. The P.1 variant brought about
by Spike Protein Substitutions P26S, L18F, T20N, K417T, D138Y, D614G, R190S, E484K,
N501Y, H655Y, and T1027I [Figure 3], first noticed in Brazil and Japan, is yet another
example of a COVID-19 variant displaying decreased neutralization by post-vaccination
and convalescent sera, apart from B.1.1.7, B.1.351, B.1.427, and B.1.429, ruled out by the CDC
as variants of concern. The variability in such major mutations has shown an inconsistent
trend in the past years; interestingly, the D614G mutation has been reported as an important
mutation in the VOCs [Figure 3].
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Figure 3. Trend of major mutations in the spike protein from December 2020 to March 2021.
[Source: https://www.news-medical.net/news/20210427/Triple-mutation-in-SARS-CoV-2-seen-
in-second-wave-of-COVID-19-in-India.aspx, accessed on 15 January 2023].

The city of New York, NY, USA, has documented a manifold increase in the cases of
variants, especially the B.1.1.7. It is important to consider the factors such as availability
of medical care facilities, diagnostic facilities, misdiagnosis, and delay in detection of the
disease in asymptomatic patients in determining the vaccine efficacy and difference of
fatality rate among different nations [183,184]. The capability of these variants to escape
the vaccine-elicited immune response, thereby causing asymptomatic and symptomatic
infection spread, is a public health complication of grave concern [172].

However, a very recent (March 2021) study has shown that an inactivated Severe
Acquired Respiratory Syndrome-CoV-2 vaccine, BBV152/COVAXIN, can neutralize B.1.1.7
variant considerably [185]. Though the variant has 17 mutations in the genome, 8 of them
are located in the spike (S)-RBD that facilitates the binding of the virus to the ACE2 receptor
in the host. The study has elucidated that the mutation N501Y, at position 501, with a
tyrosine replacement instead of asparagine, upsurges the binding capacity of SARS-CoV-2 to
human Angiotensin Converting Enzyme 2, and since many vaccine candidates solely target
just one epitope of the original D614G ancestral spike sequence, it is feasible that they are
unable to stimulate an immune reaction against the subsequent versions. As a consequence,
the study adopted a strategy that involved painstakingly isolating and sequencing the
hCoV-19/India/20203522 SARS-CoV-2 (VOC) 202 012/01 from UK returnees to India,
which comprised all signature mutations of the UK variant (VOC 202012/01 hallmarks
belong to the GR clade of the viral isolates recovered from the UK returnees).

The SARS-CoV-2 strain, i.e., NIV-2020-770, retrieved from tourists arriving in India, has
been used for the development of the BBV152 COVAXIN vaccine. The “Vero CCL-81” cells
were used for the viral isolation, and the genome sequence was deposited in the GISAID
(EPI ISL 420545). The Asp614Gly mutation, which causes glycine to shift from aspartic
acid at the 614 amino acid (AA) spike protein position, is present in the BBV152 vaccine
candidate strain, which belongs to the G clade and was used for the study’s PRNT50
experiment. Previous studies by the same team have also reported the incapacitated
whole-virion SARS-CoV-2 vaccine BBV152, which could elicit a significant neutralizing
antibody titre in Phase-I clinical trials against hCoV-19/India/2020770 (homologous) and
two heterologous strains from an uncategorized cluster i.e., hCoV-19/India/2020Q111 and
hCoV-19/India/2020Q100 that comprise the L3606F mutation. The vaccine has been shown
to display significant results for PRNT50 assay (Plaque Reduction Neutralization Test) with
98.6% seroconversion rates for NAbs in Phase-II clinical trial, subsequent to a two-dose
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immunization plan (0 and 28 days) with a six to eight micrograms antigen with TLR7/TLR8
agonist imidazoquinoline adsorbed on aluminium hydroxide gel.

The NAb titres obtained by PRNT50 of the sera collected 28 days after day 28 of
the second dose from 38 recipients of the BBV152 vaccine candidate in Phase-II trial
has evidently recognized the efficacy of the BBV152 vaccine against the SARS-CoV-2
UK variant, with (VOC) 202 012/01 hallmarks belonging to GR clade and strain hCoV-
19/India/2020770 belonging to G clade. Additional PRNT50 test assay evaluation of
20 representative serum samples from vaccine recipients against the heterologous strains
hCoV-19/India/2020Q111 (unclassified cluster) revealed uniform equivalent NAbs titres
to the homologous strain hCoV-19/India/2020770 and two heterologous strains, including
the distinctive N501Y substitution of the UK variant, hCoV-19/India/20203522 (UK strain),
and the hCoV-19/India/2020Q111 as well (for all the samples). These sample sera showed
NAbs titre that were equal to the hCoV-19/India/2020770 homologous strain and two
heterologous strains, including the hCoV-19/India/20203522 (UK strain) and the hCoV-
19/India/2020Q111, both of which had the distinctive N501Y substitution of the UK variety.
When compared to the mutant hCoV-19/India/20203522 (UK variation), the median ratio
of 50% neutralisation of sera was 0.8, and when compared to hCoV-19/India/2020Q111, it
was 0.9 [185,186].

Amid reports of poor neutralization of the UK variant (with E484K substitution) by
high NAbs in convalescent plasma, raising a serious question on the global COVID-19
vaccination initiatives, the study has lucidly demonstrated palpable evidence of neutral-
ization of a variant by the vaccinated sera. The most significant aspect of the study is
that the vaccinated sera could neutralize the heterologous strains, to, with equal efficacy.
Similar studies to evaluate the neutralizing competence of the sera immunized with the
mRNA-1273 vaccine have also reported an efficacious neutralizing response against the
B.1.1.7 variant [64,186].

7. Conclusion and Future Prospectives

The variants of COVID-19 have not only compounded the risk of the infection further
but also complicated the diagnostic and therapeutic aspect of the pandemic with reports
on ‘Vaccine Breakthrough Infections’. Every vaccine candidate against SARS-CoV-2 is a
product of an extraordinary human effort amidst an unprecedented raging pandemic in a
short period. Each vaccine candidate carries with it a merit of its own. A conventionally
defined ideal candidate vaccine elicits high titers of Nabs and diminishes the production
of non-NAbs, thereby reducing the potential of ADE incidence, producing good TH1 cell-
responses yet low TH2 cell- responses, reducing enhanced respiratory disease, prompting
an enduring immunological memory, and also possesses cross-protection capabilities.
Though it is good to conceive and work on a vaccine target cocktail and several other
stratagems, several million people are invested in vaccine research across the world, and
every vaccine rollout is time-bound, with every rollout going through several stages of
cumbersome clinical trials and patient safety protocols. Thus, every vaccine breakthrough
infection is quite significant and a considerable challenge to vaccination programs. This is
more so in third-world economies.

Thus, the variant challenge mandates more precise and quicker diagnostic tools as
well as rapid therapeutic responses to effectively arrest the further spread of infection by
the variant. Experience with COVAXIN® and other inactivated vaccine candidates shows
us that inactivated whole virus vaccines that could be constructed with little or no complex
molecular interventions or alterations in a short period could be an effective manoeuvre
to tackle the variants. In fact, these vaccines could be administered as booster shots after
the initial vaccination program in regions that have already completed the vaccination
for the reference virus. The intranasal vaccine is another promising avenue that confers
immunity at the nasal mucosal domain, a vital arena in the infection episode of Severe
Acquired Respiratory Syndrome-CoV-2 and additional respiratory viruses with ease of
administration of the vaccine.
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Abstract: Background and Objectives: Due to the poor prognosis and the very high mortality rate
associated with severe SARS-CoV-2 infections, various regimens have been tried to stop the evolution
of the inflammatory cascade, such as immunomodulatory therapy and plasma clearance of the acute
phase reactants involved. Therefore, the objective of this review was to analyze the effects of using
therapeutic plasma exchange (TPE), also known as plasmapheresis, on the inflammatory markers
of critically ill COVID-19 patients admitted to the intensive care unit (ICU). Materials and Methods:
A thorough scientific database search was performed, and it included a review of articles published
on PubMed, Cochrane Database, Scopus, and Web of Science from the beginning of the COVID-19
pandemic in March 2020 until September 2022 that focused on the treatment of SARS-CoV-2 infections
using plasma exchange for patients admitted to the ICU. The current study included original articles,
reviews, editorials, and short or special communications regarding the topic of interest. Results:
A total of 13 articles were selected after satisfying the inclusion criterion of three or more patients
enrolled with clinically severe COVID-19 that were eligible for TPE. From the included articles, it was
observed that TPE was used as a last-resort salvage therapy that can be regarded as an alternative
treatment method when the standard management for these patients fails. TPE significantly decreased
the inflammatory status as measured by Interleukin-6 (IL-6), C-reactive protein (CRP), lymphocyte
count, and D-dimers, as well as improving the clinical status measured with PaO2/FiO2 and duration
of hospitalization. The pooled mortality risk reduction after TPE was 20%. Conclusions: There are
sufficient studies and evidence to show that TPE reduces inflammatory mediators and improves
coagulation function and the clinical/paraclinical status. Nevertheless, although it was shown that
TPE decreases the severe inflammatory status without significant complications, the improvement of
survival rate remains unclear.

Keywords: inflammatory markers; therapeutic plasma exchange; plasmapheresis; SARS-CoV-2; COVID-19
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1. Introduction

The new coronavirus SARS-CoV-2, unlike the other two viruses, MERS (Middle East
respiratory syndrome) and SARS (severe acute respiratory syndrome), was a real challenge
for the entire global health system due to the many cases that required hospitalization
in a short period of time, causing a global crisis in the health system [1–5]. Regarding
biological inflammatory markers, increased values of lactate dehydrogenase (LDH), ferritin,
fibrinogen, interleukin-6 (IL-6), C reactive protein, D-dimers, and a reduced number of
lymphocytes were described in multiple studies [6,7]. Many of the abnormalities identified
in hospitalized cases were caused by a “cytokine storm”, characterized by an exaggerated
host response to the virus with similar characteristics to bacterial septic shock and negative
fulminant evolution that is usually fatal. In other words, the leading causes of death in
patients with COVID-19 infection are ARDS and cytokine storm syndrome, which lead to
multisystemic organ failure [8,9].

Depending on a population’s features and its associated risk factors, the mortality
rate of severe COVID-19 cases continues to be significant. Despite the fact that several
potentially useful therapeutic approaches have been investigated and tried, only a few of
them have been shown to be successful, and only in particular circumstances [10,11]. For
example, therapeutic plasma exchange (TPE), or plasmapheresis, is a medical procedure
in which the patient’s plasma is removed from the morphotic components of their blood
and then replaced with either an albumin solution or fresh frozen plasma (FFP) [12].
The primary objective of TPE is the removal of morbid components, such as pathogenic
antibodies and inflammatory proteins [13,14].

Because a cytokine storm-mediated immune response is what causes organ damage,
it stands to reason that removing damaging antibodies and cytokines might reduce the
severity of the illness. The use of TPE in COVID-19 patients is based on the rationale
that by removing the excess of proinflammatory cytokines, such as IL-6, tumor necrosis
factor-alpha (TNF-α), and interleukin-1β (IL-1β), TPE can attenuate the cytokine storm
and prevent the subsequent multiorgan failure and acute respiratory distress syndrome
(ARDS) that are often observed in severe cases. The elimination of other fibrin breakdown
products, such as D-dimers, might also contribute to an improvement in the hemostatic
equilibrium [15,16]. In light of these considerations, TPE has lately been brought up as
a potential supportive therapy option for severe SARS-CoV-2 infections.

However, despite the growing interest in TPE as a potential therapy for severe COVID-
19, the impact of TPE on the inflammatory markers and acute phase reactants in patients
with SARS-CoV-2 infection remains inadequately studied. Therefore, the objective of
this systematic review was to present the role of plasma exchange therapy in lowering
inflammation markers and acute phase reactants in critically ill COVID-19 patients and
finding the optimal treatment protocol to improve patients’ survival.

2. Materials and Methods

2.1. Study Design and Search Protocol

All relevant scientific papers discussing the use of TPE in severe SARS-CoV-2 infection
were included in the analysis by using a structured and methodical search approach, which
was carried out in accordance with the PRISMA criteria and PROSPERO guidelines [17].
The current systematic review was registered to the Open-Science Framework (OSF) plat-
form. The search period was considered from the beginning of the COVID-19 pandemic in
January 2020 until September 2022, focusing on the epidemiology, pathogenesis, diagnosis,
COVID-19 treatment management, and immunopathology of the inflammatory markers in
association with our topic of interest.

Reference lists from the retrieved articles were manually examined for relevant in-
formation. PubMed, Cochrane Database, Scopus, and Web of Science were filtered us-
ing specific keywords, including {COVID-19}, {SARS-COV-2}, {severe inflammation}, {C-
reactive protein}, {plasmapheresis}, {therapeutic plasma exchange}, {cytokine storm}, and
{fibrinogen}. We used a combination of the following keywords: “therapeutic plasma
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exchange + COVID-19 + cytokine storm”; “plasmapheresis + COVID-19 + Cytokine
storm”; “therapeutic plasma exchange + COVID-19 + critical care”; “therapeutic plasma
exchange + COVID-19 + ICU”.

In this systematic review, our primary objectives were to address two key questions
related to the management of severe SARS-CoV-2 infection. First, we sought to determine
the optimal treatment protocol for utilizing Therapeutic Plasma Exchange (TPE) in patients
with severe COVID-19. Second, we aimed to identify the inflammatory markers that are
most commonly influenced by the use of TPE in this patient population.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria comprised the following: (1) original studies, reviews, editorials,
case series with three or more patients, and short or special communications that focused
on the management of severe SARS-CoV-2 infection; (2) hospitalized patients with SARS-
CoV-2 infection older than 18 years; (3) having a positive polymerase chain reaction (PCR)
for SARS-CoV-2 infection; (4) use of a controlled design for the administration of TPE.

The exclusion criteria comprised the following: (1) studies involving animal exper-
iments; (2) publications that were not written in English; (3) case reports; (4) duplicate
studies. The selected studies were evaluated by two different investigators independently,
and complete texts were obtained only if both of them decided that the paper should be
included. A third researcher was involved in case of divergent opinions.

2.3. Data Extraction and Quality Assessment

For the purpose of our analysis, we retrieved the following information from the stud-
ies that were included: authors, year of publication, type of study, patient characteristics,
concomitant therapies, time of TPE initiation and cessation, dose of TPE, type of replace-
ment fluids, adverse effects associated with TPE, inflammatory markers, and outcomes.

All information was gathered from the articles’ text, tables, figures, and online sup-
plemental resources. The selection procedure comprised the elimination of duplicate
entries, abstract screening, and full-text screening. Initial results from the search returned
242 matching entries, of which 31 were duplicates. Figure 1 shows that 13 reports were
included in the systematic review after abstract and title screening eliminated 177 studies,
whereas full-text reading eliminated 23 studies.

Following the NHLBI-published Study Quality Assessment Tools, two researchers
evaluated information from existing articles and reported results individually. The tools are
unique to research designs and screen for any methodological or operational problems. The
Quality Assessment Tool for Observational Cohort and Cross-Sectional Investigations was
used for the remaining studies [18]. For each of the 14 questions for study evaluation, “Yes”
replies were worth 1 point, whereas “No” and “Other” responses were worth 0 points. The
final quality score was then calculated. Therefore, investigations with a rating from 0 to
4 were deemed to be of low quality, research with a grade between 5 and 9 was deemed to
be of acceptable quality, and investigations with a score of 10 or more were deemed to be of
good quality.
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Figure 1. PRISMA flowchart.

3. Results

After filtering the matching studies, we included in this systematic review 13 articles
that used TPE as treatment in adult patients with severe COVID-19 [19–31]. The included
articles are summarized in Table 1. The main outcomes extracted from the studied papers
observed a total of 485 severely ill patients treated with TPE, with a mortality rate of
18.1% (72 patients). However, the mortality rate is arguably lower than in patients without
TPE treatment because only six studies had a control group for comparison [19,22,27–31],
and their results were not always statistically significant. However, the duration of ICU
admission was reported as significantly lower than in control groups, averaging six days
compared with fourteen days among controls.

TPE was usually performed multiple times, averaging three times during hospital-
ization and ranging from one to seven times. The main component of replacement fluid
was fresh frozen plasma in all 13 studies, or FFP with a combination of citrate dextrose
solution [19], human albumin and normal saline [21], normal saline only [22,29], or 5%
human albumin only [23–27,30]. Regarding the safety of TPE, only one study reported one
patient with associated hypotension [19], whereas another study reported femoral artery
puncture in one patient and thrombophlebitis of the femoral vein in another patient [22].

Some key observations from the included studies comprise reduced inflammatory
markers [19,21,22,24], reductions in SOFA scores [19,23], and the conclusion of better results
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in critically ill patients when TPA is used early after disease onset [19,22,26,29]. Another
important finding is improved oxygenation after plasmapheresis, which was reported in
five of the analyzed studies [20,21,23,25,28].

Regarding the change in inflammatory markers observed in patients with severe
COVID-19, it was observed in all studies that reported a change in variation that inflamma-
tory markers significantly decreased after undergoing TPE. The highest reduction of inflam-
matory markers was observed in a study by Khamis [19], which reported a 336 mg/mL
decrease of CRP. A study by Zaid [26] reported a 574 pg/mL decrease in IL-6 levels post-
TPE. However, data is inconsistent regarding the timing of serum marker measurement,
or how long after TPE the measurements were taken. As seen in Table 2 and Figure 2,
most of the patients were men (66.7%) who had an age range between 48–75 years and
a median age of 57 years. The average IL-6 reduction after TPE was 193.5 pg/mL; CRP
decreased by an average of 145.9 mg/L, whereas D-dimers decreased by 111.2 ng/mL.
Lymphocyte count was also significantly lower after TPE with a 41.7 × 109/L decrease.
The length of hospitalization, however, was very long; studies reported an average of
25.2 days of admission. The mortality rate varied significantly, which is probably due
to the severity of patients involved, from 0.0% in some of the studies [24–26,28] up to
60.0% in the study described by Matsushita et al. [20] and an overall average of 18.1%.
Lastly, only four studies reported the odds ratio for improvement after TPE compared with
a control group [21,27,29–31], but data showed a significant improvement in clinical and
inflammatory status of the patients from 17% to 32%.

 

Figure 2. Summary of findings representing the average values of variables reported in the included
studies, and the average decrease (down arrow) of inflammatory markers after TPE procedure;
IL-6—Interleukin-6; CRP—C-reactive protein; PaO2—Partial pressure of oxygen; FiO2—Fraction of
inspired oxygen; LOS—length of stay in hospital (days); OS—Overall survival.
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4. Discussion

4.1. Supporting Literature for the Safety and Efficacy of TPE

In our study, we investigated the impact of TPE on various inflammatory markers,
including CRP, IL-6, ferritin, and lymphocyte counts. The significant reduction in these
inflammatory markers after TPE suggests that this treatment effectively mitigates the
cytokine storm, which is a major contributing factor to the severe manifestations of COVID-
19. The cytokine storm is characterized by an excessive and uncontrolled release of pro-
inflammatory cytokines, leading to acute respiratory distress syndrome (ARDS), multi-
organ failure, and ultimately, death. The TPE treatment’s ability to suppress this excessive
inflammatory response may explain the observed improvement in clinical outcomes, such
as oxygenation and SOFA scores, among the treated patients [32–34].

Fahad Faqihi et al. noted that patients receiving TPE showed marked and sustained
increases in lymphocyte count and significant decreases in CRP, LDH, ferritin, D-dimers,
and IL-6. This study demonstrates that TPE reduces inflammatory markers and improves
oxygenation and the clinical status of patients with life-threatening forms of COVID-19.
However, it does not significantly affect mortality at 35 days [27]. The observed increase
in lymphocyte counts following TPE treatment is particularly notable in the context of
COVID-19, as lymphopenia has been identified as a common laboratory abnormality in
patients with severe disease. Lymphocytes play a crucial role in the immune response to
viral infections, and their depletion in COVID-19 patients is associated with a higher risk
of severe outcomes. By increasing lymphocyte counts, TPE may contribute to enhancing
the immune response against SARS-CoV-2 and facilitating recovery.

Similarly, Khamis et al. observed a significant decrease in inflammatory markers and
an increase in lymphocyte count after TPE. As a result, patients receiving TPE had an
improved clinical course compared to patients in the control group in terms of extuba-
tion and mortality rates. Patients receiving TPE were also less likely to develop severe
pneumonia by comparison to those in the control group [19]. In addition, a case series
study by Zaid et al. proved the effectiveness of plasma exchange therapy by lowering
pro-inflammatory cytokines and ameliorating the cytokine storm [26], as all patients had
increased inflammatory markers before TPE and presented good clinical and biological
courses afterward. According to the authors, the improved evolution was due to prompt
TPE initiation (on the first day of the “cytokine storm”) before intubation, and mechanical
ventilation was needed.

Molecules with a molecular weight of less than 1000 kDa, such as interleukins, can be
filtered through TPE. All of the inflammatory markers and acute phase reactants mentioned
in this paper have a molecular weight low enough to be effectively eliminated through
TPE, decreasing the inflammatory burden and suppressing cytokine release syndrome. Lu
et al. observed much higher serum values of IL-1beta in the blood of COVID-19 patients
compared to non-COVID patients, but they also noted higher cytokine values in general in
patients admitted to the ICU [34].

According to other studies, IL-1 plays a key role in inducing the cytokine storm that
appears in severe COVID-19 cases [23]. This cytokine storm can lead to acute lung injury
(ALI), systemic inflammatory response syndrome (SIRS), or ARDS. IL-1 also promotes
bronchial and alveolar inflammatory responses in patients with pulmonary tissue damage.
In addition, it can stimulate hepatocytes to produce acute phase reactants. Several studies
have shown that IL-1 controls the biosynthesis of IL-6, which is known to be one of the
major negative prognostic factors in COVID-19 [35]. Thus, uncontrolled production of
IL-1beta may be an underlying factor in acute lung injury and cytokine storm in SARS-
CoV-2-infected patients. In view of this, the inhibition or purging of IL-1 may be extremely
beneficial in the treatment of cytokine storm syndromes.

Even from the beginning of the new coronavirus pandemic, IL-6 has been a prognostic
biomarker with important clinical value that has distinguished between mild, moderate,
and severe forms of the disease, raising the important question of whether controlling IL-6
could prevent the severity of SARS-CoV-2 infection. In many studies, attempts were made
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to control IL-6 by keeping it within normal limits through various medical procedures. One
of the procedures was using therapeutic plasma exchange, which significantly reduced
IL-6 levels [24,36–39].

Recent literature data show that IL-6 is one of the biomarkers involved in severe in-
flammatory syndrome, but a more detailed analysis shows that its value is lower in bacterial
septic shock [40]. In severe inflammatory syndrome from coronavirus type 2 infection, the
clear impact of interleukin-6 on mortality and morbidity has been demonstrated; basically,
the multiple system organ failure in the clinical picture is caused by severe inflammatory
syndrome and not by direct action of the virus. In a retrospective longitudinal cohort study
conducted by Manson et al., an increase in IL-6 was associated with an increase in oxy-
gen demand and an increase in noninvasive and invasive mechanical ventilation support,
resulting in increased mortality [38]. In a study conducted in the USA on 289 patients,
Ashrafzadeh-Kian et al. showed the usefulness of IL-6, being the most reliable biomarker
as a disease severity predictor in COVID-19, as it was correlated with the hospitalization
duration, disease severity, and prognosis. The author pointed out that the test can be used
in the triage of infected patients [39].

In the context of SARS-CoV-2 infection, elevated CRP values have been associated
with tissue destruction, poor prognosis, and, implicitly, increased mortality [40]. Elevated
CRP levels in the early stages of COVID-19 have been associated with lung destruction
and disease severity. According to lung investigations using computed tomography cor-
roborated with the laboratory analyses, the increase in CRP level was found before the
appearance of lung lesions; thus, it was considered that CRP has a predictive value on
disease severity [41].

According to a study conducted in China by Ling et al., there is a strong correlation
between the CRP and albumin ratio, sequential organ failure assessment (SOFA) score, and
the length of hospitalization in surviving COVID-19 patients. In the acute inflammatory
stage, there is an increase in CRP and a decrease in albumin values. These changes are
not only an indicator of the disease severity but even mortality risk factors in patients
with severe COVID-19, as they indicate the cytokine storm’s debut [42,43]. Another study
conducted in Spain suggests that a CRP value above the threshold of 9.1 mg/dl and
a SOFA score higher than 2 in COVID-19 patients at the time of admission are independent
predictors (with a sensitivity and specificity of 77%) of admission to the ICU [44].

Studies show that plasma exchange is more likely to alter pathogenic immunological
drivers than antibody-mediated immune responses in severely ill COVID-19 patients. This
might lower D-dimer levels depending on their molecular weight, suggesting a contrived
reduction rather than a genuine recovery in the patient’s illness. Moreover, the findings
presented are consistent with those of other studies, in which the authors demonstrated
a beneficial effect of plasma exchange by demonstrating decreased fatality rates in patients
with D-dimers greater than or equal to 2 mg/L on plasma exchange therapy compared to
patients with D-dimers >2 mg/L without plasma exchange [45]. Despite the severity of the
illness, these findings additionally reinforce the hypothesis that TPE improves survival by
demonstrating a 30-day death rate of 32.1% in TPE-treated patients compared to 57.1% in
patients receiving conventional therapy.

Fibrinogen is a large molecule with a molecular weight of approximately 340 kDa
that plays an important role in blood clotting, inflammatory response, cellular interactions,
wound healing, and neoplasia. It is considered an acute phase reactant present in many
clinical syndromes with procoagulant status, such as severe bacterial infections, various
neoplasms, and almost all moderate and severe forms of COVID-19. A study by Kuluöztürk
M. et al. described the correlation between fibrinogen and albumin ratio, lung damage, and
C-reactive protein values, concluding that a fibrinogen/albumin ratio of over 144.59 may
be an early prognostic marker and may predict admission to ICU [46].

One of the major challenges in the therapeutic management of COVID-19 patients
(especially in the ICU) is the clogging of filters, plasma filters, cytokine filters, and ECMO
systems. This has been attributed to a procoagulant status found in patients with SARS-
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CoV2 infection. Compared with the literature, Zarbock et al. showed the importance of
using citrate anticoagulation during dialysis sessions, concluding that filters have a longer
lifespan if citrate is used rather than heparin [47]. In another study conducted last year by
Sui et al., which included 119 COVID-19 patients with high fibrinogen values, fibrinogen
is shown to be closely correlated with several biological abnormalities such as elevated
inflammatory markers, multiple organ dysfunction, intensive care admission, and higher
mortality [48].

Erythrocyte sedimentation rate (ESR) was recognized as an acute phase reactant used
to indicate systemic inflammation. Although the increase in ESR in COVID-19 patients
cannot be fully explained, it is suspected to be due to changes in erythrocyte forms and
plasmatic changes [49]. Mahat et al. performed a meta-analysis on the dynamics of the
inflammatory markers in COVID-19, which included 83 patients. It was observed that the
severe group of patients had higher ESR values compared to the mild/moderate group,
thereby being associated with the severity of the disease [50]. This increase in ESR in severe
cases of COVID-19 reflects a profound inflammatory response and a strong expression of
acute phase proteins.

An interesting link between ESR and coagulation is described by Al-Samkari et al. in
a study on 400 hospitalized COVID-19 patients. The authors showed that patients with
thrombotic complications or bleeding had higher ESR values than patients without throm-
botic complications or bleeding. It was concluded that elevated ESR values at admission are
predictive of thrombotic complications during hospitalization [51]. In addition, elevated
ESR values at admission were predictive of both severe disease and mortality. The authors
concluded that high values of ESR and other inflammatory markers correlate with the
disease severity and the risk of death.

LDH is considered an inflammatory marker that indicates acute or chronic tissue
destruction. An increase in serum LDH has also been reported in acute lung injury caused
by interstitial lung disease and severe respiratory failure [52,53]. In addition, it is consid-
ered to be one of the strongest biomarkers associated with mortality in ARDS. LDH is
independently associated with one-month mortality in elderly patients with COVID-19 and
is also a respiratory failure predictor in hospitalized, SARS-CoV-2-infected patients [54,55].
In a pooled analysis by Henry et al. containing nine studies with 1532 patients, it was
found that elevated LDH values were associated with a sixfold increased risk of developing
severe COVID-19 and a 16-fold increase in mortality rate [56]. According to Masumoto
et al., serum LDH values > 355U/L at admission were associated with an increased risk of
death in patients with COVID-19 and cardiac comorbidities [57].

Elevated LDH levels may reflect the destruction of pneumocytes, myocardial cells,
and other organs. According to a study by Hachim et al. on 541 patients, it was observed
that patients with severe or critical forms of COVID-19 had much higher LDH values
compared to patients with mild or moderate forms, and patients admitted to the ICU
had higher LDH values compared to those treated in non-critical wards; non-survivors
also had elevated serum LDH values compared to survivors, and higher LDH values
were found in patients with ARDS compared to patients without ARDS [58]. Zheng et al.
conducted a retrospective study comparing computerized tomography scans and biological
investigations of 231 COVID-19 patients. The results suggest that the severity of the lung
damage found on CT scans correlates positively with age and plasma values of ESR, D-
dimers, LDH, and CRP [59]. Similarly, a study involving approximately 400 COVID-19
patients observed that elevated LDH values were found in deceased patients compared to
survivors (median 702 vs. 498 U/L, p < 0.001), concluding that LDH values higher than
400 IU/L are associated with increased mortality in COVID-19 patients [60].

During the COVID-19 pandemic, abnormally elevated levels of ferritin were observed
in patients with SARS-CoV-2 infections, bringing into question the correlation between the
value of ferritin and their prognosis. The common connection between hyperferritinemia
syndrome and the aforementioned complications is the combination of elevated ferritin
levels and life-threatening inflammation, which will eventually lead to multiple organ
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failures. Although the exact link between COVID-19 and ferritin is not known at the
cellular level, the literature shows many links between the severity of the disease and
ferritin [61]. Ferritin levels were higher in non-surviving patients than in survivors as well
as in those admitted to the intensive care units (ICU) who needed mechanical ventilation as
opposed to those treated in other medical stations and those who did not require mechanical
ventilation [62].

In a study by Carubbi et al., ferritin percentiles were calculated, and it was concluded
that patients with ferritin values above the 25th percentile were more common in men and
had higher fibrinogen, LDH, and procalcitonin levels in comparison with those who had
ferritin values below the 25th percentile [63]. It should also be noted that lung damage,
prevalence of septal thickening, and enlargement of the mediastinal lymph nodes were
more pronounced in patients with elevated ferritin values, and functional impairment
(PaO2/FiO2) was also more severe. Ferritin levels above the 25th percentile were also
associated with the involvement of all five lung lobes, the presence of septal thickening, and
the presence of mediastinal lymphadenopathy, regardless of age and sex [64]. In Pakistan,
78% of COVID-19 patients included in a study had elevated ferritin values, showing that
the mean values of ferritin, D-dimers, CRP, and LDH were higher in patients with severe
symptoms than in patients with mild or moderate symptoms. Patients with mild symptoms
showed a mean value of 732.73 ng/mL, patients with moderate symptoms, 801.96 ng/mL,
and patients with severe symptoms, 819.85 ng/mL [64].

4.2. Study Limitations

A limitation of our paper is that only the usual inflammatory markers involved in
the cytokine storm were analyzed, limiting the complete evaluation of the inflammation
profile. Five of the included articles were case series, which often provide positive results;
hence, there is a substantial publication bias, and the aforementioned investigations should
be evaluated with care. However, the total number of patients that underwent TPE was
485, which contributes to the overall significance of the observed findings. In addition, the
COVID-19 diagnosis and treatment protocol were not standardized throughout all studies.
The included studies are not homogenous regarding clinical indications, timing of TPE ini-
tiation, number of sessions, time intervals between sessions, and type of replacement fluid
differed amongst trials; thus, additional data regarding these factors would be necessary
for future research. Therefore, the studies included in the present systematic review did
not allow us to adequately provide an optimum TPE therapy regimen.

5. Conclusions

TPE could be regarded as an alternative therapy complementary to standard treatment
in severely ill COVID-19 patients. Most studies describe a reduction in inflammatory
mediators and improvement of coagulation function, as well as clinical status, compared
with admission features after three to five TPE sessions. However, the described studies are
not standardized, and the results show inconsistency between them; the majority report no
significant improvement after TPE in comparison with a control group. In addition, some
studies suggest that TPE improves survival rate by correcting the inflammatory status of
the patients without significant side effects, although it is not yet statistically proven in
trials with a higher number of patients to offer reliability. Thus, it is important to emphasize
the need for more well-designed randomized controlled trials with larger sample sizes and
standardized protocols to determine the true efficacy, safety, and optimal treatment protocol
for TPE in the management of critically ill COVID-19 patients. This will help provide more
robust and reliable evidence for the clinical application of TPE in this patient population.
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Case Report

Epidural Abscesses as a Complication of Interleukin-6 Inhibitor
and Dexamethasone Treatment in a Patient with COVID-19
Pneumonia: A Case Report
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Abstract: A 66-year-old female patient was hospitalized with severe COVID-19 pneumonia, which led
to hypoxia requiring oxygen support with high-flow nasal cannulae. She received anti-inflammatory
treatment with a 10-day dexamethasone 6 mg PO course and a single infusion of IL-6 monoclonal
antibody tocilizumab 640 mg IV. Treatment led to gradual reduction of oxygen support. However, on
Day 10, she was found to have Staphylococcus aureus bacteremia with epidural, psoas, and paraverte-
bral abscesses as the source. Targeted history taking revealed a dental procedure for periodontitis
4 weeks prior to hospitalization as the probable source. She received an 11-week antibiotic treatment,
which led to resolution of the abscesses. This case report highlights the importance of individ-
ual infection risk assessment before the initiation of immunosuppressive treatment for COVID-19
pneumonia.

Keywords: COVID-19; dexamethasone; tocilizumab; epidural abscess; bacteremia

1. Introduction

The interleukin-6 (IL-6) receptor monoclonal antibody tocilizumab is included in the
international guidelines for the treatment of COVID-19, as the RECOVERY [1] and REMAP-
CAP [2] trials observed that the use of tocilizumab in combination with dexamethasone
moderately improves mortality in COVID-19 patients with a severe disease course, wors-
ening condition, increased oxygen demand, and significant inflammatory response [3].
Conflicting data suggest an association of tocilizumab with an increased risk of bacterial
infection [4]. This case report discusses a patient with severe COVID-19 pneumonia, who
experienced a significant bacterial infection as a complication during treatment.

2. Case Report Description

A 66-year-old female patient was acutely hospitalized by the emergency medicine
service to a university hospital in Latvia. She complained of persisting fever with body tem-
perature reaching 39 ◦C for 13 days, fatigue, and progressive dyspnea. Medical history in-
cluded symptoms of bronchitis with suspicion of asthma during the prior 3 months, grade 2
systemic hypertension, and recently diagnosed type 2 diabetes (glycated hemoglobin 6.8%
three months prior). She had been taking perindopril, amlodipine, indapamide, metformin,
and inhaled bronchodilators. She reported a history of allergic drug reactions to penicillin
group, tetracycline, and gentamycin (angioedema) that had occurred more than a decade
earlier. The patient was not vaccinated against COVID-19. The patient was a non-smoker,
reported rare alcohol consumption, denied recreational drug use, had no occupational risk
factors, and HIV testing was negative.

Objective findings revealed peripheral oxygen saturation (SpO2) of 80% in room air,
rising to 94% with non-rebreather oxygen mask at flow rate of 12 L per minute. Her
respiratory rate was 20 breaths per minute on supplemental oxygen, heart rate 78 beats
per minute, and systemic blood pressure 154/78 mmHg. At this point, arterial pO2 was
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68 mmHg, SaO2—96.5%. Nasopharyngeal and oropharyngeal swab was positive for
SARS-CoV-2 RNA in PCR testing. Native computed tomography imaging of the thorax
revealed signs of advanced bilateral atypical pneumonia in organizing stage consistent
with COVID-19 pneumonia (Figure 1). The patient’s body mass index was 33.9 kg/m2.

 

Figure 1. Axial computed tomography image of the lungs on the first day in the hospital.

According to the local protocols, based on the United States National Institutes of
Health (NIH) guidelines [3], the patient started a 10-day course of dexamethasone 6 mg
PO once daily as well as prophylactic dose low-molecular-weight heparin. The patient
was hospitalized in respiratory isolation ward in a monitored room. On Day 1, the oxygen
support was increased to high-flow nasal cannulae (HFNC), and during Day 2, it was
up-titrated to the maximum flow of FiO2 100% at 60 L per minute, which produced SpO2
of 86 to 94% depending on the body position. Due to unsatisfactory saturation, additional
oxygen support with non-rebreather oxygen mask at 15 L of oxygen per minute was
added over the HFNC, sustaining SpO2 of 94%. Arterial blood gas analysis showed pO2
of 59 mmHg (PaO2/FiO2 ratio of 59) and SaO2 of 92.9%, which fit into the target range
of 92–96% for COVID-19 patients [3]; therefore, the oxygen support was not escalated to
non-invasive ventilation.

In accordance with local criteria—rapidly worsening COVID-19 pneumonia requiring
oxygen support, less than 72 h spent in the hospital, and C-reactive protein (CRP) above
40 mg/L—the patient received a weight-adjusted infusion of 640 mg of IV tocilizumab in
a single dose. The criteria were based on RECOVERY [1] and REMAP-CAP [2] trials and
NIH guidelines [3]. On Day 3, the patient noted a significant improvement of her subjective
state and a decrease in dyspnea. Her body temperature had normalized. She remained
on oxygen support through HFNC. The oxygen support was reduced to a simple oxygen
mask on Day 10 and gradually decreased until discontinuation on Day 15.

On Day 5, the patient complained of new onset back pain at the level of the 12th
thoracic vertebra (Th12) of sharp quality during movements with intensity of 4 to 5 out
of 10, which was managed with non-opioid analgesics. On Days 8 and 9, the patient had
repeated episodes of febrile body temperature, accompanied by leukocytosis in full blood
count on Day 7, although her CRP had dropped from 141.8 to 6.6. mg/L (see Table 1).
Due to unexplained febrility and leukocytosis, blood cultures through two peripheral
sites were performed on Day 10, with subsequently positive result showing methicillin-
sensitive Staphylococcus aureus (MSSA) bacteremia (resistant to penicillin G, moderately
susceptible to ciprofloxacin, and susceptible to erythromycin, clindamycin, tetracycline,

188



Medicina 2023, 59, 771

chloramphenicol, linezolid, rifampicin, trimethoprim/sulfamethoxazole, and gentamycin).
Because of previously reported allergic reactions to penicillin group antibiotics, the patient
started a second-choice treatment with an IV course of vancomycin 1500 mg BID with
subsequent serum trough concentration monitoring with a target range of 15 to 20 mcg/mL.
Due to back pain associated with unexplained bacteremia, the patient underwent magnetic
resonance imaging (MRI) of her thoracic and lumbar spine, which revealed small epidural
abscesses within the dorsal epidural space at Th9 to 12 (Figure 2), as well as epidural fat
infiltration of 0.4 × 0.8 × 2.2 cm at lumbar vertebra 4–5 (L4–5) and psoas sinister muscle
1.3 × 1.4 × 2.8 cm abscess at L5 level and smaller abscesses in paravertebral muscles at L4–5
level. The patient also had lumbar spondylarthritis, mainly at L4-S1 level, with foraminal
stenoses. Testing for alternative causative agents for epidural abscesses, e.g., Mycobacterium
tuberculosis, was not performed because MSSA was already established as the cause due to
positive blood cultures.

Table 1. Laboratory findings.

Marker Day 1 Day 7 Day 15 Unit Reference Range

Blood leukocytes 6.3 19.6 7.8 ×109/L 4–10
Serum C-reactive protein 141.8 6.6 6.8 mg/L 0–5

 
Figure 2. Sagittal magnetic resonance image showing dorsal epidural infiltration with small abscesses
from the upper border of Th9 to Th12 (arrows).

Upon a targeted repeated history taking, the patient recalled a dental procedure
approximately four weeks prior to hospitalization due to periodontitis. A multidisciplinary
decision was made to manage the patient’s spinal infection conservatively without surgical
treatment. The patient had no immunologic or vascular phenomena associated with
endocarditis. Transesophageal echocardiography did not visualize any bacterial vegetations
on heart valves. Due to higher theoretical efficacy of beta-lactam, e.g., oxacillin, nafcillin,
rather than vancomycin [5,6], on Day 15, after a directly observed successful slow infusion
of oxacillin without any adverse effects, the patient continued treatment with oxacillin 2 g
IV every 4 h. The IV antibacterial treatment lasted for a total of 4 weeks, with an additional
7 weeks of outpatient treatment with trimethoprim/sulfamethoxazole 960 mg PO every
8 h. The choice of oral antibiotic was based on the antibiogram described above. At
Week 8, a repeated MRI of the spine demonstrated no remaining abscesses and diminished
inflammatory changes with remaining edema in paraspinal muscles around the left L4–5
joint. The back pain gradually disappeared. No elevation in body temperature, leukocyte
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count or CRP was seen. The patient discontinued the antibiotics after 11 weeks of treatment
without adverse sequelae.

3. Discussion

The presented clinical case occurred during autumn 2021, which, in Latvia, marked
the wave of the highest mortality for patients infected with COVID-19 during the pandemic.
The mortality peaked at 52 COVID-19-related deaths per 100,000 inhabitants in November
2021, reaching the third highest mortality rate among European Union countries, following
Bulgaria and Romania during that month. The higher disease severity of the Delta variant
coupled with a low vaccination coverage in the country were important factors to blame
for the surge of severely ill hospitalized patients.

This case report demonstrates a patient with severe COVID-19 [3]. RNA sequencing to
determine the SARS-CoV-2 variant was not performed in this patient but can be assumed to
be Delta because of the 100% Delta (B.1.617.2.) variant prevalence in the Latvian reference
laboratory during the period when the patient was diagnosed [7]. The patient had rapid
clinical deterioration on Day 13 of illness, which led to hospitalization. The comorbidity of
the alleged subacute bronchitis and asthma discouraged her from seeking earlier medical
help, as she interpreted the early symptoms as a mere exacerbation, leading to an acute
admission at a state of severe hypoxia.

The treatment of hospitalized adults who require supplemental oxygen is based on
therapies that directly target SARS-CoV-2 in the early stages and immunosuppressive/anti-
inflammatory therapies in later stages to counter the effects of a dysregulated immune/
inflammatory response to SARS-CoV-2 leading to tissue damage. In most hospitalized pa-
tients who require conventional oxygen, dexamethasone with remdesivir is recommended
by the guidelines of NIH [3]. This recommendation is backed by several randomized trials,
including ACTT-1 [8] and CATCO [9]. However, in the presented case, the patient was on
Day 13 of her illness upon presentation. Remdesivir is not recommended for immunocom-
petent patients symptomatic for >7 days [10] and was not used. Dexamethasone targets
the inflammatory response initiated by SARS-CoV-2 and is recommended in patients with
COVID-19 who need supplemental oxygen to meet their prescribed oxygen saturation lev-
els. This recommendation is supported by a meta-analysis of seven randomized trials [11].
The patient received a 10-day course in the standard dose of 6 mg orally.

By the end of Day 1 of hospital stay, the patient was escalated to HFNC oxygen. In
such patients, NIH guidelines recommend initiating combined immunomodulator treat-
ment with dexamethasone and oral baricitinib or with dexamethasone and intravenous
tocilizumab [3]. Tocilizumab was available at our institution and was administered accord-
ing to the recommended weight-adjusted dosage. Tocilizumab is a recombinant humanized
monoclonal antibody targeted at interleukin-6 (IL-6) receptor. It is approved by the FDA
and UK for use in patients with rheumatologic disorders and cytokine release syndrome
induced by chimeric antigen receptor T cell therapy [3]. The beneficial effects of this treat-
ment are largely based on the results of the two largest randomized trials—RECOVERY [1]
and REMAP-CAP [2]—that demonstrated mortality benefit, including patients who ex-
hibited rapid respiratory decompensation associated with an inflammatory response. The
rationale for the use of tocilizumab is its inhibitory effect on interleukin-6, which is one of
the key pro-inflammatory cytokines driving the acute inflammatory pneumonic process.
The local criteria for administration of tocilizumab in COVID-19 patients also included
several contraindications—known hypersensitivity, any other severe infection in addition
to COVID-19, hepatic transaminases over 5 times the upper limit of normal, thrombocy-
topenia < 50 × 109/L, neutropenia < 2 × 109/L, and ongoing active immunosuppressive
treatment. At the moment of administration, the patient did not have any data on the
existence of these contraindications.

The patient received a combined treatment of two immunomodulatory drugs—
dexamethasone and tocilizumab. She demonstrated a gradual clinical improvement and a
steady reduction of oxygen support. On Day 7 of the hospital stay, she had an increase in
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blood leukocyte count with neutrophil predominance, which, at that point, was attributed
to corticosteroid treatment; however, on Day 8, she had a repeated episode of febrile body
temperature, which was later proven to be due to MSSA bacteremia with epidural and
paravertebral abscesses as the source. At presentation, an important anamnestic event
was overlooked and not reported by the patient—a dental procedure for periodontitis.
Although it had been performed approximately 4 weeks prior to hospitalization, it is a
probable source of bacteremia, with spinal infection as a complication exacerbated by the
combined immunomodulatory treatment in the context of a severe COVID-19, which may
also act as an immunosuppressive factor by itself, reducing the patient’s ability to naturally
clear the bacteremia. Diabetes is another well-known risk factor for spinal infections [12].

The duration of antibiotic therapy for epidural abscesses is not well defined. Sources
cite 4 to 12 weeks as adequate durations [13]. A relatively long antibiotic duration was cho-
sen in this patient to reduce the risk of recurrence because she was managed conservatively
with no drainage of the abscesses [14].

Talamonti et al. [15] reported a case series of six COVID-19 patients with spinal
epidural abscesses, indicating an unusually high incidence of this disease in this patient
group. Most of the patients did not have typical risk factors for spinal infection, five of
them were hypertensive, two were obese, and one had diabetes. The authors hypothesize
that the infections may have been caused by the coexistence of an initially asymptomatic
bacterial contamination along with COVID-19-induced endotheliitis. Interestingly, three of
the patients had received tocilizumab for COVID-19. Sampogna et al. [16] also reported
two patients with COVID-19 with respiratory failure requiring mechanical ventilation who
acquired spinal epidural abscesses with MSSA and Enterococcus faecalis as the causative
agents. Both had received tocilizumab, supporting the role of both COVID-19-related and
drug-induced immunosuppression along with preexisting clinical factors as the reasons for
secondary bacterial infection. Mohamed Ramlee et al. [17] reported three cases of delayed
spinal infections following a recent SARS-CoV-2 infection up to three months before the
diagnosis. It was not reported whether the patients received any immunosuppressive
COVID-19 treatment. Choudhury et al. [18] reported a patient with recurrent and persistent
MSSA bacteremia and osteomyelitis, complicated by a spinal epidural abscess, bioprosthetic
valve endocarditis, and aortic root abscess despite antibiotic treatment while having tested
positive for SARS-CoV-2 infection, implying a COVID-19-induced immunocompromised
state with functional exhaustion of CD4 and CD8 T-cells as the potential underlying
mechanism for the persistence of such infections. In a report by Chu et al. [19], a 60-year-
old patient with diabetes and gingivitis developed Streptococcus oralis spinal infection with
paraspinal, psoas, and epidural abscesses one week after recovery from a mild COVID-19
infection. The patient had not received any immunosuppressive treatment but did have
risk factors for spinal infection—gingivitis and diabetes—similar to the case presented in
this report. Our case further strengthens the idea that there is an interplay among initially
asymptomatic bacteremia, comorbidities, immune, and endothelial effects of COVID-19
itself along with immunosuppressive treatment, which may explain the development of
secondary bacterial infection, particularly spinal epidural abscesses, in such patients.

Similarly, there have been numerous studies and reports on influenza as a predis-
posing factor for secondary bacterial infection summarized by Radovanovic et al. [20] It
is hypothesized that multiple immunological mechanisms may play a role, e.g., damage
of the tracheobronchial epithelial layer causing local immunologic response suppression
and promotion of bacterial adherence and translocation [21]. As a similar respiratory viral
pathogen, SARS-CoV-2 may induce analogous mechanisms for secondary infection.

There is a lack of high-quality trialsthat specifically assess infection risk during treat-
ment with dexamethasone and tocilizumab in COVID-19 patients. In a literature review
of 36 studies, Koritala et al. [4] showed mixed results with variable significance for the
association of IL-6 inhibitors with risk of infections in patients with COVID-19. Some
studies observed an increase in infection risk, mainly bacteremia, while others showed no
difference or even a decrease. In a recent retrospective study by Sandhu et al., patients with
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severe COVID-19 pneumonia treated with tocilizumab experienced high rates of secondary
infection—45.5% versus 24.5% in controls [22]. Interestingly, in a study by Kooistra et al.
on patients with COVID-19, it was shown that immunomodulatory treatment with dex-
amethasone and tocilizumab considerably reduced the value of procalcitonin and CRP for
detection of secondary infections in COVID-19 patients [23]. This finding may explain why
even during and after the onset of back pain and fever, the CRP value remained low while
leukocytosis increased in the presented case.

Overall, a careful risk-benefit assessment with thorough history taking is important be-
fore initiating a combined immunomodulatory/immunosuppressive treatment in a severe
COVID-19 patient to prevent serious adverse effects of the treatment, mainly secondary
bacterial infection. The chosen treatment was indicated for the presented patient according
to trial data and international guidelines; however, the history of a recent dental procedure
due to an oral infection might be a reason to consider alternative approach or a possible
dose reduction of the IL-6 inhibitor. Further studies regarding secondary bacterial infection
risk in COVID-19 patients treated with immunosuppressive drugs are needed.

4. Conclusions

High-flow oxygen therapy and anti-inflammatory therapy with dexamethasone and
the IL-6 inhibitor tocilizumab in a patient with severe COVID-19 pneumonia effectively pro-
moted recovery. However, the patient experienced an infectious complication—abscesses
in the epidural space and paravertebral muscles. Individual infection risk assessment
is required for patients when initiating treatment with immunosuppressive drugs, as
both COVID-19 along with immunomodulatory medication may provoke secondary
bacterial infection.
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Abstract: Cutaneous tuberculosis (TB) is still a major public health problem worldwide. Tuberculosis
verrucosa cutis (TBVC) is a cutaneous form of exogenous TB caused by exogenous reinfection in
previously sensitized individuals. TBVC typically presents as a unifocal condition. Multifocal
cutaneous lesions without any other tubercular foci are extremely rare in exogenous TB and few cases
are reported in the literature. We describe the first case of multifocal TBVC in an 81-year-old Greek
man. In total, 14 cases of multifocal TBVC have been reported in the literature (8 males and 6 females),
with mean age 47.64 years (SD = 20.75) and mean time to diagnosis of 9.69 years (SD = 15.31). Most
cases (11/12) responded rapidly to treatment, implying the accuracy of diagnosis, while no one was
reported to be immunocompromised. Finally, in 10 cases (71.4%), history of skin microtrauma was
reported (related either to daily life habits or to professional praxis), confirming it as the main risk
factor. The tuberculin skin test was positive in 10 cases and tissue culture for mycobacteria was
negative in all cases. TBVC can present with multiple lesions, even in countries where TB prevalence
is not high, especially in patients with history of skin abrasions. Prompt specialist assessment can
expedite the establishment of diagnosis.

Keywords: tuberculosis verrucosa cutis (TBVC); multifocal; infectious diseases; tuberculosis

1. Introduction

Cutaneous tuberculosis (TB) is frequently seen among dermatology outpatient depart-
ments in India [1]. On the other hand, it is uncommon in developed countries, although
it has an increasing incidence among minorities of Indian and African origin. Cutaneous
TB can be acquired from hematogenous or lymphatic dissemination of a pulmonary focus,
being in many cases multifocal (endogenous cutaneous TB) and otherwise arising through
direct inoculation with a more local predominance (exogenous cutaneous TB) [2]. Tubercu-
losis verrucosa cutis (TBVC) represents the most common form of exogenous TB. Multifocal
cutaneous lesions without any other tubercular focus are extremely rare in exogenous TB.

Herein, we report a case of multifocal TBVC presenting with different types of skin
rashes depending on the affected site, obstructing easy diagnosis of cutaneous TB. Further-
more, we summarize and compare the available literature on multifocal TBVC. Written and
informed permission for publication was obtained from the patient.

Medicina 2023, 59, 1758. https://doi.org/10.3390/medicina59101758 https://www.mdpi.com/journal/medicina
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2. Detailed Case Description

An 81-year-old, male, a former lawyer, was referred to our outpatient dermatology
department with a 4-month-long, polymorphic, multifocal skin rash on the scalp, back,
and upper and lower limbs. The patient complained of intense pruritus on the scalp and
lower limb pain upon the lesions. He did not report a cough, hemoptysis, fever, night
sweats, or weight loss. There was no history of smoking or alcohol abuse. He was not
aware of preceding TB infection, and he could not recall any exposure to a known TB case.
In terms of past medical history, he reported insulin-dependent type 2 diabetes mellitus,
percutaneous transluminal coronary angioplasty, atrial fibrillation, and angiodysplasia of
the gastrointestinal tract. He had been vaccinated with the Bacille Calmette–Guerin (BCG)
vaccine at the age of 18.

On physical examination, multiple crusted, scaly lesions with marginal erythema
and erosions were observed on the scalp. He reported that the lesions were present for
several months, but he noticed a sharp growth and the presence of erosions during the last
month. A second rash was observed on the patient’s back and was characterized by tender,
erythematous papules, and small plaques with an arciform pattern, similar to those of
Sweet Syndrome (Figure 1a). One of the lesions demonstrated central crusting. In addition,
painful, erythematous, subcutaneous nodules with a diameter of 1–2 cm and small scaly
plaques were palpable on the patient’s lower limbs. The patient mentioned that they
were present for a 4-month period (Figure 1b). The nodules were located on the anterior
aspect of the patient’s calves and shins. The lesions started as painless small skin lesions
before progressively enlarging and ulcerating. On the left lower limb, the inflammation
overlying the nodules merged, developing a large erythematous lesion without ulceration.
In contrast, the nodules showed ulceration with mixed purulent/sanguineous discharge.
Left ankle swelling was also observed. On the right shin, there were fewer lesions, and
more importantly, a larger less painful ulcerated nodule with central crusting. The patient’s
most recent rash emerged on the upper limbs 15 days prior to their visit (Figure 1c). No re-
gional or generalized lymphadenopathy was observed. The differential diagnosis included
tuberculosis verrucosa cutis, multiple tuberculous abscess, nontuberculous mycobacterial
infection, and deep fungal infection.

 

Figure 1. (a) Erythematous papules and small plaques with an arciform pattern in the patients’
back, (b) erythematous, subcutaneous nodules and small scaly plaques in the calves, (c) rash on the
upper limbs.

Routine blood tests revealed leukocytosis. The patient had a total leukocyte count of
17,700 cells/mm3 with a differential count of 70% neutrophils, 3% eosinophils, 10% lym-

196



Medicina 2023, 59, 1758

phocytes, and an erythrocyte sedimentation rate of 40 mm in the 1st hour. Biochemistry test
results and autoimmune markers (including antinuclear antibodies, p- and c-antineutrophil
cytoplasmic antibodies, and anti-proteinase 3 anti-myeloperoxidase antibodies) were un-
remarkable. Thyroid function tests were normal and serum electrophoresis revealed no
monoclonal component. VDRL and HIV tests were non-reactive. Chest X-ray revealed no
evidence of tuberculosis or any other abnormality. The tuberculin skin test (TST) (SPAN’s
tuberculin) was 20 mm. Although the patient did not present with fever, the possibility
of “Sweet Syndrome” was considered and chest and abdominal computed tomography
were conducted without any abnormal findings. Examination of pus and skin scraping
with Ziehl Nielsen staining failed to identify any acid-fast bacilli. Scraping was performed
on the margin of the lesions on the legs and the back, and a pathology slide was prepared
with 10% KOH. The result was negative for mycelia/spores.

A 4 mm punch biopsy specimen was taken from the lesions of the back and upper and
lower limbs. Histopathology revealed hyperkeratosis, acanthosis with pseudoepithelioma-
tous hyperplasia of the epidermis, and diffuse lymphocytic and neutrophilic inflammatory
infiltrates (Figure 2). Tuberculoid granulomatous inflammation in the dermis was also
observed. A culture for mycobacterium TB was negative. Periodic acid Schiff staining
did not reveal fungal elements. Based on the above-mentioned histology findings, the
diagnosis of TBVC was made and the patient was started on a six-month antitubercular
regimen with rifampicin, isoniazid, pyrazinamide, and ethambutol. On a follow-up visit
2 months later, the nodules had flattened out and the ulcers had disappeared (Figure 3).

 

Figure 2. Histology shows a granulomatous inflammation composed of epithelioid histiocytes with
sporadic multinucleated giant cells (as present in the rectangle insert) and lymphocytes (hema-
toxylin and eosin). Hematoxylin and Eosin staining, original magnification ×4. Insert original
magnification ×40.

 
Figure 3. Improvement of the nodules and ulcers after 2 months of antituberculous treatment.
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3. Discussion

Cutaneous tuberculosis spans a spectrum, ranging from lupus vulgaris and TBVC
at one end to scrofuloderma and tuberculosis cutis orificialis at the other end [3]. The
progression along this spectrum is associated with a decline in cell-mediated immunity [3].
TBVC can be acquired via exogenous direct skin inoculation of M. tuberculosis and M. bovis
through abrasions in a previously sensitized patient with a moderate to high degree of
immunity to mycobacterium TB infection [4]. Thus, it is found predominately in anatomical
regions prone to trauma such as the soles, the dorsum of the hands and feet, the fingers,
and the toes [2]. Typically, this form of cutaneous TB is observed as a single lesion in
one anatomical site. Multifocal TBVC is quite rare and, in our literature search, only
13 published cases were identified (Table 1). Herein, we report the first case of multifocal
TBVC in a Greek man, where multiple lesions were identified in the scalp, back, and upper
and lower limbs. In our patient, chronic generalized pruritus, most possibly related to type
2 diabetes mellitus, is believed to have been the cause of itching, leading to microtrauma
to the skin. Moreover, the patient was self-injecting with insulin and was measuring his
glucose blood capillary level at least twice daily, causing micro-needle injuries on the
fingertips and abdominal wall.

In Greece, the BCG vaccine was included in the national vaccination schedule until
2016 and this patient was vaccinated. Despite vaccination, he had probably been infected
by and successfully cleared the bacillus during his lifetime, acquiring a stronger degree
of immunity against the pathogen. This, in turn, at a later phase, led to TBVC, following
an exogenous inoculation of the pathogen in the microlesions of the skin. This is not a
common phenomenon in Greece; it can, however, be explained by the fact that TB has not
been completely eradicated according to authorities. Interestingly, nearly all published
cases were noted in Indian patients, except for one patient from the Republic of North
Macedonia [5] and one from Bangladesh [6]. Since the development of TBVC requires
previous immunity against TB, it is expected to be more common in endemic countries
where the prevalence of TB is higher. Moreover, it represents a form of locally secluded
bacilli lesion, managed by the body with the formation of a granuloma, which confines the
disease to this specific point. For this reason, it is not common to have multiple inoculations
in the same person on different body parts. It is noteworthy that although TBVC is reported
to be more frequent in children living in endemic countries and walking barefoot on ground
contaminated with tuberculous sputum, only two cases of multifocal TBVC have been
reported in children aged below 18 years (one in a 17- and one in a 12-year-old child) [6,7].

The long timespan from lesion manifestation till TBVC diagnosis is partially explained
by the lack of systemic symptoms that would prompt the patient to seek medical advice
early. In countries with paucity of proper primary healthcare services and with the health
system prioritizing more severe public health problems, patients with mild skin lesions
that do not pose immediate threat to life or do not cause significant disability can go
undiagnosed for years. TBVC lesions run an asymptomatic course in most cases and start
as small papules that slowly progress to verrucous ones over several months to years
later [2]. For this reason, they usually run a prolonged course before being diagnosed.
The longest period described in the literature was 60 years, in a 65-year-old patient from
the Republic of North Macedonia with multifocal TBVC. The average duration for the
diagnosis of multifocal TBVC is nearly 10 years, further indicating the long course of the
disease before diagnosis [5]. In our case, the patient had small subcutaneous nodules
of 1–2 cm diameter, and small scaly plaques at the lower limbs for a 4-month period.
Early referral to a highly specialized unit can explain the timely diagnosis and treatment.
Another interesting finding in our case was that not all the lesions appeared with the same
macroscopic morphology. According to the other published multifocal TBVC cases, the
initial lesion of TBVC appears as a small, painless papule with an inflammatory border
progressing to the hyperkeratotic plaque with peripheral extension [2]. The center of the
lesion may remain hyperkeratotic, with a white atrophic scar, or may exude pus [2].
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TBVC develops in patients with an intact immune system [17], previously exposed
and sensitized to the mycobacterium. A robust immune response seems to be a prerequisite
for this form of TB. This is expected as the individual should be sensitized against the
pathogen, with effective clearance already performed. In these patients, skin reaction to
seclude bacilli leads to the typical tuberculoid granuloma formation.

As TBVC is caused by accidental inoculation through open wounds or abrasions,
certain professional groups are at higher risk of becoming infected [18]. As evident in
Table 1, most patients with multifocal TBVC were farmers, butchers, or cattle ranchers.
Interestingly, our patient was a lawyer without any obvious inoculation site, but with
history of pruritus, itching, and regular insulin injections. Multifocal TBVC mainly affects
the lower limbs, but it can also affect the buttocks, the upper limbs, and even the head, as
seen in our case.

The diagnosis of TBVC is challenging and is mainly based on the correlation of the
medical and disease course history, the physical findings (i.e., the characteristic lesions, etc.),
and evidence of TB infection (i.e., the culture of the biopsy specimens, positive TST, etc.),
while the most important diagnostic tool is the histopathological examination [19]. The
lesions are characterized by pseudoepitheliomatous hyperplasia of the epidermis with
hyperkeratosis and dense inflammatory cell infiltrates comprising of neutrophils, lym-
phocytes, and Langhans giant cells [19]. Moreover, tuberculous granulomas with caseous
necrosis of moderate intensity can be found in the dermis [19]. However, caseous necrosis
in the dermis may not always be evident, as seen in some of the cases presented in Table 1.

TST is typically positive, representing a delayed hypersensitivity reaction, engaging
CD4+ T cells sensitized by prior infection [20]. However, as seen in our results, there have
been cases of multifocal TBVC with negative TST. For this reason, TST should be performed
in all cases, but clinicians should not exclude the diagnosis in the event of a negative result.
Tissue mycobacterial culture, although helpful in making a diagnosis, is usually negative
(paucibacillary form) as a result of the strong immune response against the bacilli [21].
No positive culture for mycobacterium TB has been reported in patients with multifocal
TBVC (Table 1). Molecular tests, when available, such as mycobacterial DNA isolation, can
confirm the diagnosis. Nucleic acid amplification (NAA) techniques in tissue specimens
can be useful as they can provide early evidence of infection (within 2 h) and information
regarding genes associated with drug resistance [8]. Regarding paucibacillary forms, the
results are controversial [9,10]. However, in cases where tissue culture and histopathologic
stains are both negative, they can assist in the establishment of the diagnosis [10].

TBVC is treated as per the recommendations of therapy for pulmonary TB and the
therapeutic response represents a valuable diagnostic criterion [11]. Multifocal TBVC
responds to antituberculous treatment within three to six months, as observed in most
cases mentioned in Table 1. Response to treatment indirectly confirms the diagnosis, as
pathogen isolation is not possible in several instances. Only one case reported a minimal
response after one year of treatment [12]. Surgical excision, cryotherapy, and electrocautery
can be useful in the treatment of localized lesions in addition to systemic treatment.

After an extensive literature review, we identified 13 cases of multifocal TBVC (Table 1).
Including our case, eight patients were males and six were females, giving a male-to-female
ratio of 1.33. The mean age was 47.64 ± 20.75 years and the mean time from symptom
onset to diagnosis was 9.69 ± 15.31 years. In two cases, information was not provided
regarding immunosuppression, but all other cases were described in immunocompetent
patients. Eleven individuals were of Asian origin (ten from India and one from Bangladesh)
and two came from the Balkan peninsula (one from Greece and one from the Republic of
North Macedonia). Ten cases had positive TST (76.9%). Tissue culture for mycobacteria
was performed in 11 cases and was negative in all cases, while for the other 3 cases,
information was unavailable. In terms of treatment outcome, information was not provided
for 2 cases, whereas, in the remaining 12 cases, the lesions persisted one year after initiation
of treatment only in 1 woman. Most cases (11/12, 91.6%) had a significant response to
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treatment within six months. Finally, in 10 cases (71.4%), history of skin microtrauma was
provided, indicating it as the main risk factor.

Tuberculosis comprises a major burden for public health worldwide despite the tremen-
dous progress in technology, biomedical research, and pharmacology. This phenomenon is
believed to exist due to socioeconomic differences, the global financial crisis, public health-
care services’ incompetence, antibiotic resistance, and recently, the SARS-CoV-2 pandemic
(delayed diagnosis, limited financial sources, limited access to healthcare services).

4. Conclusions

In conclusion, cutaneous TB, as part of the TB spectrum, can still comprise a challenge
for clinicians worldwide. Compatible skin lesions and histology should support the deci-
sion to initiate treatment. Quick response to treatment provides the most valuable evidence
of an accurate diagnosis. The present case report highlights the importance of considering
multifocal TBVC even when various types of skin rashes appear at different sites.
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Abstract: Monkeypox (Mpox) is a zoonotic disease caused by the Orthopoxvirus monkeypox virus
(MPXV). Since 1970, outbreaks of MPXV have occurred in several Sub-Saharan African countries.
However, from May 2022 to April 2023, recent outbreaks of Mpox occurred in several countries
outside of Africa, and these cases quickly spread to over 100 non-endemic countries on all continents.
Most of these cases were found in the region of the Americas and the Europe region. In Latin America,
the highest all-age Mpox rates per million inhabitants were in Peru, Colombia, Chile, and Brazil.
Given its global impact, Mpox was declared as an international Public Health Emergency by WHO
in July 2022. MPXV infection disproportionately affects men who have sex with men and members
of the HIV-infected population. Vaccination is the current strategy for controlling and preventing
Mpox in high-risk groups. In this context, Peru has the fourth-highest number of Mpox cases in Latin
America and faces significant challenges in disease control. Because of this, in this review, we discuss
the epidemiology, public health indicators, and prevention of Mpox in the 2022 Peru outbreak so that
health authorities can join forces to control MPXV transmission.

Keywords: monkeypox outbreak; public health; emergency; Peru

1. Introduction

Mpox virus (MPXV) is a zoonotic infection belonging to the genus Orthopoxviruses,
family Poxviridae. It is transmitted via droplet exposure and/or direct contact with contagious
materials [1,2]. Since 1970, outbreaks of Mpox have occurred in several Sub-Saharan African
countries, primarily in the Democratic Republic of Congo (DRC), Cameroon, the Central
African Republic (CAR), Liberia, the Republic of Congo (ROC), and Nigeria. Since then,
MPXV has been restricted to these countries [3,4]. However, recent outbreaks of MPXV have
occurred in countries outside of Africa, and a high number of cases have quickly spread to
almost every continent [2,5,6]. Most cases occur in young men, with a significant proportion
of them being men who have sex with men (MSM) and other high-risk groups, whose
transmission mainly occurs by close human-to-human contact and sexual contact. [7,8]. In
this review, we discuss the epidemiology, transmission and population at risk, public health
indicators, and prevention of Mpox in the 2022 Peru outbreak.

2. COVID-19 Pandemic in Peru

Despite the early implementation of a national lockdown and other restraint measures
to prevent SARS-CoV-2 transmission, the COVID-19 pandemic severely impacted the
Peruvian population, resulting in a high death rate and COVID-19 incidence, excess COVID-
19 deaths, and an excess of death from all causes [9–11]. Possible explanations for the
poor outcomes of the COVID-19 pandemic are a fragmented healthcare system, a lack
of specialized human resources to tackle the pandemic, gaps in infrastructure, a lack of
molecular tests (first wave), a lack of intensive care unit beds, a lack of essential drugs,
the use of medications without evidence of their efficacy, a lack of leadership from health
authorities, and a pandemic response that was directed toward hospitals and not primary
healthcare [12,13]. These factors contributed to exacerbating the problem. The Peruvian
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health system was severely affected, and its health facilities were overfilled with COVID-19
patients. In addition, an urgent need for improvement became evident since non-COVID-19
patients could not access regular healthcare services, which had an indirect impact on the
population’s health [13]. Peru was severely affected by the COVID-19 pandemic, with more
than 4,500,000 cases and 220,000 deaths reported as of 21 April 2023 [14]. However, after
the implementation of a vaccination program to combat COVID-19, the burden of disease
and death has decreased considerably.

3. Epidemiology

The first case of human Mpox was reported in 1970 in the DRC. Since then, it has
spread to West and Central Africa, and the number of cases has been on the rise [15–17].
From 2000 to 2015, there were outbreaks reported in the DRC and Nigeria [3]. The case
fatality rate (CFR) in these outbreaks was 8.7%. For the Central African clade and West
African clade, the CFR was 10.6 and 3.6%, respectively [3]. Since 2003, the spread outside
of Africa has been related to import and travel to endemic countries, which occasionally
resulted in outbreaks [18–20]. According to the WHO, Mpox in 2022 was considered
endemic in several African countries [21]. In the current global outbreak, the first case
of Mpox was reported in May 2022 in the United Kingdom [22]. Since then, MPXV has
spread to 111 countries around the world. Given its global impact, Mpox was declared as
an international Public Health Emergency by WHO in July 2022 [6].

In terms of cumulative number, from 1 January 2022 to 25 April 2023, there were a
total of 87,113 reported cases of Mpox in 111 countries worldwide, including a total of
130 deaths [22]. Most of these cases were found in the region of the Americas (59,220 cases)
and the Europe region (25,881 cases) (Figure 1). In Latin America, Peru is the country with
the fourth most reported cases, after Mexico, Colombia, and Brazil. In Europe, Spain and
France are the countries with the most reported cases (Figure 2) [22].

Figure 1. Stacked bar chart of regional distribution of Mpox cases for 2022–2023 (Source: Mpox,
WHO) [22]. This figure was built using the cases of Mpox data from the WHO.

To date (27 April 2023), seventeen countries had an all-age cumulative rate of Mpox
cases > 50 cases per million inhabitants, including Gibraltar, Spain, Peru, Portugal, the
United States of America, Luxembourg, Colombia, Chile, Netherlands, Belgium, Malta,
Puerto Rico, Switzerland, France, the United Kingdom, Brazil, and Panama (Figure 3).
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Figure 2. Global distribution of Mpox cases for the period 2022–2023. This figure was built using the cases
of Mpox data from the WHO (Source: Monkeypox outbreak—WHO; accessed on 25 April 2023) [22].

Figure 3. Global distribution of estimated Mpox rate for the cumulative period 2022–2023. Calculated rate
by the number of cases reported for the cumulative period 2022–2023 (≥5 cases) in a certain country [22]
divided by the total population of that country of that same year as reported by https://data.worldbank.
org/indicator/SP.POP.TOTL (accessed on 25 April 2023).

In Latin America, the highest all-age Mpox rates were in Peru (113.9 cases per million
inhabitants), Colombia (79.8 cases per million inhabitants), Chile (74.9 cases per million
inhabitants), and Brazil (50.9 cases per million inhabitants) (Figure 3).

4. Transmission and Population at Risk

While the animal reservoirs of the MPXV are little known, transmission can occur
from animal to human (zoonotic transmission) and from human to human [2,4,21]. During
the 2022 Mpox outbreak, it was reported that person-to-person transmission occurred
by several routes including respiratory secretions, such as droplets generated when an
infected person coughs or sneezes; contact with infected fluids or skin lesions of an MPXV-
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infected person; percutaneous transmission (such as cuts, abrasions, or puncture wounds);
or indirect contact through fomites [7,8,22]. The risk factors for acquiring the MPXV
include high-risk sexual behavior (multiple sexual partners or anonymous sexual part-
ners) in the Americas and European countries and living in forested areas in African
countries [7,8,18,21,23]. This outbreak affected primarily gays, bisexuals, and MSM [7,8,22].
Although women were the least-affected population in the 2022 outbreak, a global case
series found that between cis women, including non-binary individuals and trans women,
61% and 89% of them acquired Mpox through sexual contact [24].

5. Sexually Transmitted Infections Concomitant

Reports indicate that people with Mpox may also have concomitant sexually trans-
mitted infections (STIs). In the current global outbreak of human Mpox, high rates of HIV
infection [22] and other STIs were reported among individuals with Mpox [7,8,22]. In previ-
ous Mpox outbreaks in Nigeria, there were also concurrent HIV infections [25,26]. In eight
USA jurisdictions, the HIV prevalence in Mpox-infected people was 38%, and 41% were
diagnosed with one or more other STIs. These STIs included N. gonorrhoeae, C. trachomatis,
and syphilis in the Mpox patients with and without a diagnosis of HIV infection [27]. In
Spain, herpes simplex virus I/II, N. gonorrhoeae, C. trachomatis, and syphilis were detected in
Mpox patients [28]. In Italy, STIs more frequent were N. gonorrhoeae and M. genitalium [29].
In Germany, N. gonorrhoeae, C. trachomatis, syphilis, and Mycoplasma were reported [30]. In
Mexico, HIV, syphilis, and some cases of chronic hepatitis C were also identified in patients
with Mpox [31]. In Latin America, HIV, syphilis, genital herpes, chlamydia, and gonorrhea
were reported in Brazil [32], while in Peru, only HIV and syphilis were reported in patients
with Mpox infection [33,34].

6. MPXV Outbreak in Peru

Soon after the first descriptions of Mpox outbreaks in several countries around the
world, on 26 May 2022, the Centro Nacional de Epidemiología, Prevencion y Control de
Enfermedades (CDC Peru), Peruvian Ministry of Health issued a health alert to health
establishments about the risk of imported Mpox cases in the national territory [35]. Sub-
sequently, the government began implementing its control plan for the Mpox outbreak
on 7 June, which included health establishments preparing and responding to possible
cases [36]. Despite the implementation of a control plan for the Mpox outbreak, we knew
that the introduction of MPXV was imminent because of the large numbers of national and
international travelers, combined with problems in the Peruvian health system.

Peru’s first Mpox case was diagnosed on June 15 in the department of Lima. By
mid-July, community transmission was occurring, and the country had neither a sufficient
response nor the contact-tracing capacity to contain MPXV. Because of this, on 30 September
2022, the Peruvian Ministry of Health published a new version of the technical health
standard for the prevention and management of patients affected by MPXV. This rule
aims to protect the population at high risk or affected by MPXV (probable or confirmed
cases), including guidelines for community preventive measures and care in health facilities.
Despite the implementation of a control plan against Mpox, the disease was almost certain
to spread rapidly in Peru because of the same factors that influenced poor outcomes during
the COVID-19 pandemic.

Since the first case of Mpox infection was found in Peru (15 June 2022), community
transmission was occurring. Beginning on week 36, 2022, the cases have decreased by
week 12, 2023 (Figure 4A). Up to 25 April, 3800 human Mpox cases and ten deaths were
reported by the CDC Peru [34]. As in other countries [7,8,27,32], most of these cases
occurred in young men (96.1%) and MSM (56%). The most-affected population is people
living with HIV (55%) and those who receive antiretroviral therapy (85%) (Figure 4B) [34].
According to the WHO (to 19 October 2022), among Mpox cases, 25,718 cases were reported
in MSM [22]. This shows that the current spread of MPXV has disproportionately affected
MSM, suggesting the amplification of transmission through sexual networks. Although
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the Mpox outbreak has predominately affected gay men, Mpox is not a “gay disease” [37].
Likewise, the WHO reports that among Mpox cases, approximately 50% of cases are
HIV-positive people [22]. As in Peru, several reports in Europe, the United States, and
Brazil describe a high rate of HIV infection among Mpox cases [7,27–33,38,39]. Given the
transmission route, MPXV could still find other transmission networks, and it could also
start to spread among sex workers, their clients, and other population groups [37].

Figure 4. Human monkeypox cases registered in Peru from 15 June to 25 April 2022 (Source: Centro
Nacional de Epidemiología, Prevencion y Control de Enfermedades (CDC Peru), Peruvian Ministry
of Health) [34]. (a) Weekly distribution of human Mpox cases. (b) Features of human monkeypox
cases. NA: not available; MSM: men who have sex with men; ART: antiretroviral therapy. These
figures were built using the cases of Mpox data from the CDC Peru, Peruvian Ministry of Health.

Most cases and the highest rates were recorded in large cities, such as Lima, Callao, La
Libertad, and Arequipa (Figure 5A,B) [34]. Figure 5C shows the number of infections by
province, which allows us to understand the spread of infections between cities, and how
the Mpox cases spread from the province of Lima, where the first cases were reported, to the
various provinces over time. With this information can better understand the progression
and dynamics of the Mpox outbreak and identify high-risk areas.
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Figure 5. Distribution of Mpox cases in Peru from 15 June 2022 to 23 April 2023 (Source: Centro
Nacional de Epidemiología, Prevencion y Control de Enfermedades (CDC Peru), Peruvian Ministry of
Health) [34]. (a) Proportion of Mpox cases by department. (b) Mpox rate by department. (c) Number
of Mpox cases by province. These figures were built using the cases of Mpox data from the CDC Peru,
Peruvian Ministry of Health. Mpox rate was estimated between the number of Mpox cases for the
cumulative period 2022–2023 in a certain region [34] divided by the total population of that region
per 100,000 inhabitants.

In the late 1970s, smallpox was eradicated through vaccination, and in Peru, as in other
countries, the resurgence of MPXV is likely due to smallpox vaccines being phased out over
the last four decades, as well as population growth and densely overpopulated areas, which
facilitate virus spread [6]. Because of this, numerous individuals are now susceptible to MPXV.
The current outbreak of Mpox in Peru also might be driven by changes in human behavior, such
as the relaxation of the COVID-19 pandemic prevention measures, including the resumption of
international and national travel. Sexual interactions are also associated with social events and
large gatherings. In this context, we are currently bearing witness to a monkeypox outbreak in
Peru, with the fourth-highest number of cases of Mpox infection in Latin America [22].
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7. Mpox Outbreak and Global Health Security Index

The Global Health Security (GHS) indicators may also help explain the current outbreak
in Peru. The GHS Index is a tool developed by the Johns Hopkins Center for Health Security
and the Nuclear Threat Initiative, in collaboration with the Economist Intelligence Unit. It
assesses 195 countries’ capabilities in detecting, preventing, and responding to epidemics and
pandemics [40]. The GHS Index evaluates various factors such as detection, prevention, re-
porting, health system, rapid response, international norms compliance, and risk environment.
The GHS Index aims to identify gaps in preparedness and encourage countries to strengthen
their health security capacities [40]. According to the 2021 GHS Index report, all countries,
including Peru, are unprepared for future threats such as epidemics and pandemics; 38.9
is the average overall score in the 2021 GHS Index [40]. The United States is the country
with the highest score on the 2021 GHS Index (75.9), and Somalia is the country with the
lowest score (16.0) [40]. Peru has a 54.9 Index score (32/195 rank), with low indicators for
prevention, detection, response, health, norms, and risks (Figure 6) [40]. Therefore, Peru
remains vulnerable to future outbreaks due to failures in quarantine and isolation policies
and disease control. During the COVID-19 pandemic, some studies showed that the overall
GHS Index was correlated with SARS-CoV-2 infections and COVID-19 deaths [41,42]. In the
same vein, countries in the Americas region with different GHS Index scores have different
rates of Mpox cases. For example, Peru, the United States, Colombia, Chile, and Brazil are
the countries with the highest overall GHS indicators, and they have the highest case rates
of Mpox cases in the region (Figure 7). Even the improved GHS indicators regarding the
capability to detect, prevent, and respond to epidemics and pandemics cannot guarantee
success in controlling the Mpox outbreak; however, these indicators can help contextualize
the Mpox outbreak in Latin America and Peru.

Figure 6. Global Health Security Index in Peru, 2021 [40]. This figure was built using the Global
Health Security Index data.
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Figure 7. Relationship between Global Health Security (GHS) Index score [40] and Mpox cases in
Americas region (data updated to 25 April 2023) [22]. This figure was built using the Global Health
Security Index data. Spearman’s analysis shows countries with higher GHS Index had higher Mpox
case rates per million inhabitants.

8. MPXV Vaccination

We currently have vaccines that offer protection against MPXV, but their availability
is limited in some countries [43]. Despite this, mass vaccination is not recommended for
Mpox. The WHO provides many interim recommendations on vaccination and immuniza-
tion against Mpox to prevent the spread of human-to-human MPXV infection, mainly in
groups at high risk of exposure [44]. Primary preventive vaccination (pre-exposure) is rec-
ommended for the groups that have a high-risk of exposure to MPXV, including bisexuals,
gays, MSM, sex workers, laboratory professionals who work with viruses of the genus
Orthopoxviruses, etc. [44]. Additionally, there is a recommendation for the post-exposure
preventive vaccination for contacts of Mpox cases. It is advised to administer the Mpox
vaccine within four days of the first exposure. In the absence of symptoms, post-exposure
vaccination can be given up to 2 weeks after the initial exposure [44]. In the United States
and the United Kingdom, the JYNNEOS vaccine (also known as IMVAMUNE), produced
by Bavarian Nordic, is used in high-risk groups to prevent Mpox [43,45], but this vaccine
was not available in Peru. This vaccine is administered subcutaneously to individuals
18 years of age or older (two doses with intervals of 4 weeks). It can be used pre-exposure
to prevent infection in high-risk exposure groups, or also post-exposure (ideally up to
4 days after exposure) [46,47].

In the current Mpox outbreak, vaccination programs against Mpox are focused on
high-risk exposure groups. Globally, the Mpox vaccine is being administered in European
countries, the United States, and Latin America, while African countries have limited access
to vaccines. [21]. The Peruvian government announced its first batch of an MPXV vaccine in
October 2022. These were 5600 of a total of 9800 doses acquired by the country. In the second
delivery, 4200 doses arrived in November 2022 [48]. The Mpox vaccination process initiated
two phases. The first phase is in people with HIV, and the second phase is in vulnerable
populations such as MSM, bisexuals, transgender women, and workers and sex workers [49].
In that sense, the government should work to ensure timely access to vaccines for high-risk
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groups, including vulnerable populations such as MSM, bisexual men, and HIV-positive
people in areas with a high number of Mpox cases and a high amount of risk contact.

9. Reflections and Recommendations

There are several lessons to be learned from outbreaks and previous pandemics in
response to the global Mpox outbreak. First, the investment in healthcare capacity and
science is essential to building robust and timely responses [6,50]. Second, the imple-
mentation of screening policies, contact tracing, and increased awareness of Mpox in the
general population can help in the early detection of cases and disease control. Third,
the preparedness for new outbreaks and pandemics should be focused on planning and
long-term investments in public health. This includes strengthening surveillance systems,
establishing early warning systems, and enhancing laboratory capabilities for the rapid
and accurate diagnosis of new pathogens. Additionally, capacity building is important,
including training healthcare professionals, scientists, and emergency responders. Finally,
the findings of the CDC Peru show that some risk groups are disproportionately affected.
Thus, to contain the outbreak, special attention should be placed on MSM, people with HIV,
and other groups at elevated risk levels, and Mpox vaccination programs should target
these high-risk groups. Even if more vaccines do arrive in Peru, behavioral changes will be
needed in groups with a high-risk of exposure to MPXV.
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Abstract: Background and Objectives: The vaccine against human papilloma virus (HPV) infection
is recommended, according to the Serbian National Immunization Program, for children and ado-
lescents aged 9–19 years. Three doses are given keeping in mind the recommendation that the
second dose should be administered at least one month after the first dose, and the third at least
three months after the second dose. No children who participated in this first study received the
third dose because they did not meet these criteria. The study explored parents’ knowledge about
HPV infection and their awareness of the HPV vaccine. Materials and Methods: A cross-sectional
questionnaire-based study was carried out in the city of Nis, in southeastern Serbia. According to
the 2011 population census, the sample of children aged 9 to 19 was 850, and during the observed
period, 631 children received the vaccine. A total of 615 fully completed questionnaires filled out by
parents were included in the study. The study was carried out from 6 June 2022 to 7 October 2022.
Multivariable logistic regression analysis was used. The odds ratio (OR) and 95% confidence intervals
(CI) were calculated. The statistical significance was p < 0.05. Results: A total of 615 children were
included in the study (499 were vaccinated with the first dose and 116 with the second). Out of
499 children vaccinated with the first dose, 398 (79.6%) were girls, which is significantly higher
than the rate for boys (101). The independent variable sex was statistically significant at the level
of p = 0.84, OR = 2.664 (95% CI from 0.879 to 7.954). Boys are 164% less likely to be vaccinated with
the HPV vaccine than girls. We determined that the independent variable place of residence was
significant at the level of p = 0.041, (OR = 3.809, 95% CI from 1.702 to 8.525). Based on these findings,
we determined that parents who came from rural areas were 82% less likely to know about HPV
infection and HPV vaccination. Children under 15 years of age were significantly more vaccinated
than those ≥15 years (OR = 3.698, 95% CI from 1.354 to 12.598). The independent variable parental
education was significant at the level of OR = 0.494, 95% CI from 0.301 to 0.791. Parents who had
medical education showed significantly higher awareness about the infection caused by HPV and
about the HPV vaccine (p = 0.004) than parents with no medical education. The possibility that a
parent would decide to vaccinate a child significantly increased upon a pediatrician’s recommen-
dation, p = 0.000 with OR = 0.250 (95% CI from 0.127 to 0.707). Health insurance coverage of HPV
vaccination for children aged 9–19 years significantly increased the probability of a positive parental
decision to vaccinate a child, p = 0.001 with OR = 3.034 (95% CI from 1.063 to 8.662). Conclusion:
We identified several significant factors that were important for HPV vaccination such as: children
under 15 years, female sex, urban place of residence, medical education of parents, pediatrician’s
recommendation of the HPV vaccination, and HPV vaccination free of charge. Health education and
the promotion of HPV vaccination as well as healthy sexual behavior are important factors in the
preservation and improvement of the health of the whole population.

Keywords: parental knowledge; HPV infection; HPV vaccine; children; adolescents
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1. Background

The most common viral infection, which is predominantly sexually transmitted, is
caused by human papillomavirus (HPV) [1]. This infection is highly associated with cervical
cancer in low- and middle-income regions of the world and mostly with the oropharyngeal
cancers in developed regions of the world [1,2]. Cervical cancer is one of the most common
malignant tumors among women. It has the fourth highest incidence and mortality rates
among women worldwide, with 604,000 new cases and 342,000 deaths in 2020 [1]. The
highest prevalence of HPV infection is registered in sub-Saharan Africa (24.0%), Latin
America and the Caribbean (16.1%), Eastern Europe (14.2%), and Southeast Asia (14.0%) [3].
In European countries, the prevalence of HPV infection ranges from 2.0% in Spain to
12.0% in Belgium and France [3,4]. About 6.2 million of new HPV infections in females
aged 14–44 years are registered in the United States of America (USA) each year [5]. The
highest prevalence by age is among nonvaccinated sexually active adolescents [6,7] and
among young women under 25 years of age [8–10].

Chronic HPV infection, together with other risk factors for cervical cancer, plays an
important role in the development of this cancer as well. The most significant risk factors are
smoking, immunodeficiency, long-term use of oral contraceptives, promiscuous behavior,
and having more than two pregnancies. Other risk factors include a family history of
cervical cancer and other descriptive characteristics, obesity, and poor diet [6–11]. Cervical
cancer is still the second most common malignant tumor in females from 15 to 44 years
of age [11]. In most countries, the highest incidence and mortality rates of cervical cancer
are registered among younger women under 45 years of age [12], which indicates that this
cancer is age-related and mostly affects women in the fertile period. Cervical cancer has a
slow progression [13], and if it is discovered at an early stage, it is a highly preventable and
highly treatable malignant tumor [14]. It takes more than 10 years after the first exposure
to HPV infection to develop some malignant changes in the cervical mucosa [15,16].

There are more than 207 HPV genotypes [16] among which 20 are oncogenic and
high-risk HPV types that show high associations with HPV-related cancers, especially with
invasive cervical cancer [17]. According to the findings of the first population study of HPV
prevalence in women by Kovacevic et al., (2019), the most frequent HPV types in Serbia are
type 16 and type 31 [18].

An HPV vaccine was established in order to enable the primary prevention of HPV
infection and cervical cancer. Three HPV vaccines exist today: the bivalent (2vHPV) vaccine
for girls licensed in 2006, the quadrivalent (4vHPV) HPV vaccine for boys licensed in 2009,
and the 9-valent HPV vaccine (9vHPV) licensed for both girls and boys in 2014. The
most common World Health Organization (WHO) recommendations regarding routine
vaccination are related to children age 9–14 because the HPV vaccine is the most effective
if it received before recipients become sexually active, i.e., before they are exposed to
HPV infection [19]. The vaccine is also recommended for adolescents, primarily girls
and younger women from age 15 to 25 [20]. The CDC recommendations regarding HPV
vaccination are somewhat different. Namely, the vaccine is recommended for children aged
11 or 12, but it can also start at the age of nine and is recommended up to the age of 26 [21].

In 2007, Australia became one of the first countries to introduce the HPV vaccine [22,23],
and in 2020, the HPV vaccine was introduced in more than half of the WHO member coun-
tries. For example, the HPV vaccine has been introduced in 85% of the countries in North
America and 77% of the countries in Europe [23].

The three HPV vaccines do not provide complete protection against all oncogenic
HPV types, and immunity is not lifelong [24]. That is why cervical cancer screening is
an important preventive measure regardless of vaccine status. There is the well-known
Pap smear screening method, which is widely available and inexpensive and has good
specificity for the detection of precancerous lesions with a proven impact in reducing
cervical cancer prevalence and mortality rates [25]. Additionally, the viral DNA of the
high-risk strains of HPV viruses can be easily detected in exfoliated cervical cells using
commercially available tests. The HP-DNA test represents a convenient, highly sensitive
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screening tool and is showing a pattern of becoming the main screening method. However,
it has an important flaw reflected in its lower specificity [25].

Organized cervical cancer screening has been conducted in the Republic of Serbia
since 2012. The screening is mandatory for women aged 25 to 69 [25], and the HPV vaccine
is available. However, cervical cancer remains one of the most prevalent cancers among
women [26]. According to the data from the population cancer registry of Central Serbia,
cervical cancer was the fourth most common cancer in women in 2020, with 1087 new cases
and 453 deaths registered [27]. The age-standardized cervical cancer mortality rates in
Serbia are still the highest of all the Balkan countries [4].

In the Republic of Serbia, vaccination against HPV infection is not part of the manda-
tory national immunization program. It is recommended for children aged 9, before
the first sexual intercourse, and primarily for children in the seventh grade of primary
school (age 13) [28]. HPV vaccination of children was introduced in Serbia according to the
WHO recommendations. Children aged 15–19 may also receive the HPV vaccine free of
charge. Until now, organized vaccination against HPV infection has not been conducted
among children, adolescents, and young adults in Serbia. This year, the focus is on the
vaccination of children and adolescents from the age group 9–19 years. Some factors that
impact the coverage of HPV vaccination have been determined in the countries that have
been conducting the vaccination for over a decade. These include insufficient population
awareness about the HPV infection and its consequences, insufficient recommendations
from pediatricians or unclear emphasis on the importance of vaccination, and insufficient
parental knowledge. The level of knowledge that parents and adolescents have about HPV
infection and vaccination was the subject of a large number of studies in the countries of the
European Union (EU). In all countries where the immunization process has started, health
policy makers have emphasized that raising the awareness of the population, especially
health workers and parents, about the importance of preventing these diseases is crucial
in order to better implement vaccination [6,13,17,24]. Having in mind that Serbia is not a
member of the EU and that this year is the first time the HPV vaccine is being administered
on a more organized and mass basis, the objective of this study was to explore parents’
knowledge about HPV infection and the HPV vaccine. These are the first data about HPV
vaccination of children and adolescents 9 through 19 years of age in the city of Nis.

2. Material and Methods

2.1. Study Design and Study Population

We conducted a cross-sectional study involving the parents of children aged 9–19 years.
The period of observation lasted from 6 June 2022 to 7 October 2022. The study took place at
the primary clinic at the Healthcare Center Nis at the Counseling Center for Healthy School
Children. The Healthcare Center Nis is the largest health care institution of its kind in the
Republic of Serbia. The city of Nis is the largest city in southeastern Serbia. An anonymous
questionnaire was distributed only to parents of children who came for vaccination. If the
parent was not present, which was often the case with children aged ≥ 15, the child did
not fill out the questionnaire. Some of the children this age were accompanied by parents
because the HPV vaccine is being widely administered for the first time this year, and the
children only signed the consent form, which they are legally allowed to do [28].

Activities of Pediatricians and Epidemiologists before the Start of Vaccination

Since the beginning of 2022, the promotion of vaccination against HPV infection
among parents has been carried out at the counseling center. Certain pediatricians from
the Nis health center and an immunization coordinator/epidemiologist from the Nis
Institute for Public Health went to Belgrade (the capital of Serbia), where they received
basic instructions about the vaccine and were also trained on how to encourage parents
and other pediatricians. The results of good preparation were reflected in a great number of
parents who brought their children for vaccination in June as well as in unreserved support
from all pediatricians for giving this vaccine to as many children as possible.
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The state helped by introducing significant relief by making vaccination free for
children aged 9–19 years. According to the 2011 population census, the sample of children
aged 9 to 19 was 850. In the observed period, 631 children received the vaccine. This
study included 615 fully completed questionnaires, which were filled out by parents, and
incomplete questionnaires were excluded.

Before vaccine administration, a visit to the pediatrician at the Counseling Center for
Healthy School Children was mandatory as well as signing the consent form. According
to expert methodological instructions for the application of Gardasil 9 vaccine in Serbia,
consent for children up to 15 years of age had to be signed by parents or guardians. Children
over 15 years of age could sign their own consent for vaccination with Gardasil 9 [28].

Inclusion criteria were: children born between 2003 and 2013 and signed consent for
the vaccination. Exclusion criteria were younger or older children and no signed consent.

Approval by the Ethics Committee of the Public Healthcare Center Nis was not
necessary because according to the Serbian National Immunization Laws, signature or
written consent of the parent or of the adolescent (if they are aged 15 years or above) is
mandatory for the application of each recommended vaccine [28].

The questionnaires were administered to parents at the Counseling Center for Healthy
School Children. Participation in the study was voluntary. Signed consent forms were
obtained from all participants. The parents filled out the short questionnaire during a visit
to the pediatrician for the child’s vaccination.

2.2. Data Collection

Data were collected using a short semi-structured questionnaire that consisted of two
sections (Supplementary File S1).

Section one: The first section explored participations’ sociodemographic characteristics,
including sex, age, education, place of residence, and pediatrician recommendation. It
consisted of 5 items (Table 1).

Table 1. The most important socio-descriptive characteristics of the participants.

Characteristics n %

Age of children 9–14 years 280 56.1
15–19 years 219 44.7

Sex of children < 15 years 9–14 M 69 24.6
9–14 F 211 75.4

Sex of children ≥ 15 years 15–19 M 32 9.6
15–19 F 187 90.4

Place of residence
Urban area 450 90.2
Rural area 49 9.8

Education of parents Medical education 299 59.9
Non-medical education 205 40.1

Section two: The second section consisted of 15 items divided into three subsections
(knowledge about HPV infection, awareness of HPV vaccine, and HPV vaccination knowl-
edge). Knowledge was evaluated with a composite score estimated using a total of 13 items
regarding risk and protective factors, preventive measures, and the outcome of HPV infec-
tion. Participants had three possible options regarding the proposed factors and correct
answers were coded with two points. As for the rest of the questions, the given options
were yes, no, and I do not know and correct answers were given two points. The total
number of points represented the participants’ HPV infection knowledge score (KS), with
higher scores meaning better knowledge. The maximum number of points was 30. The
results of all answers are shown in Table 2. Awareness of the HPV vaccine was determined
based on whether or not the participants had heard about the vaccine. Participants who
had heard about the vaccine answered six more questions about the vaccine (Table 3).

220



Medicina 2022, 58, 1697

Table 2. Parents’ knowledge about HPV infection.

Question Number Question Percentage %

6 How can you get infected with HPV 76.0%

7 What are the main ways of transmission? 78.0%

8 Who is at higher risk of HPV infection? 56.0%

9 Are the HPV infections and malignant
diseases connected? 92.0%

10 Does HPV infection always lead to clinical
manifestation of the disease? 48.0%

11 Do you know what is a Pap smear test? 89.0%

12 What factors increase the risk of developing
cervical cancer? 68.0%

13 How can HPV infection be prevented? 82.0%
%—percentage of correct answers.

Table 3. Parental knowledge and awareness about HPV vaccine.

Knowledge about HPV Vaccine N % of Correct Answers

1. Is there a vaccine against HPV infection? 499 100%

2. Is it available in Serbia? 499 100%

3. At what age is it best to administer the vaccine? 499 100%

4. In how many doses is it administered? 390 78.2%

5. What are the most common side effects? 321 64.3%

6. How long does immunity last after vaccination? 380 76.2%
N-number of parents who participated; %—percentage of correct answers.

2.3. The Nine-Valent (9vHPVvaccine)-Legislative Regulations in the Republic of Serbia

The 9vHPV vaccination in Serbia is recommended for children aged nine and up,
before the first sexual intercourse, and primarily for children in the seventh grade of
primary school (13 years of age). Active immunization against HPV infection is carried
out with the required number of doses (two or three), which is recommended by the WHO
depending on the type of vaccine and age [28]. Three doses are given to children aged 9 to
19 keeping in mind the recommendation that the second dose should be administered at
least one month after the first dose, and the third at least 3 months after the second dose.
All three doses should be administered within one year. All children who participated
in this first study did not receive the third dose because they did not meet these criteria.
The 9vHPV (6, 11, 16, 18, 31, 33, 45, 52, 58) HPV vaccine, Gardasil 9 is registered for use
in females aged 9 to <46 years and males aged 9 to <27 years [22,23]. It gives effective
prevention against some premalignant lesions and cancers of the cervix, vulva, vagina, and
anus caused by vaccine HPV types and genital warts (Condyloma acuminata) caused by
specific HPV types [20].

2.4. Statistical Analysis

An Excel database was created for all collected data. Data are presented as the mean
and standard deviation (SD) or as frequencies and proportions. Percentages were used to
describe the demographic status and the frequency of parents’ responses to the questions
in the questionnaire. All analyses were performed using SPSS software version 22.0.
Multivariate analysis was used to determine the factors that had an impact on the parents’
decision to vaccinate a child. The p-value was set at p < 0.05.
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3. Results

Out of the 615 children, 499 received the first dose of HPV vaccine, and 116 received
the second dose. Out of the original 499 children (398 girls and 101 boys), there were
significantly more girls, 79.6%, than boys. That is, there were 3.9 times more vaccinated
girls than boys on average.

The total number of children aged 9–14 years who were vaccinated with the first dose
of HPV vaccine was 280 (56.1%). In the age group 15–19, there were 219 children (43.9%)
who received the first dose of the HPV vaccine (p < 0.001).

Table 1 shows the socio-descriptive characteristics of the research participants.
In the age groups 9–14 and 15–19, 3.1 times more girls were vaccinated than boys.

There were significantly more children and parents from urban areas than from rural areas,
90.2% vs. 9.8%, respectively, and there were 1.5 times more parents with medical education
than non-medically educated parents (Table 1).

The results presented in Table 2 show the percentages of correct answers given by
parents about HPV infection where 78.0% correctly listed all the ways of HPV transmission,
68.0% correctly listed the factors that increase the risk of developing cervical cancer, 56.0%
correctly answered who is at higher risk of HPV infection, and 82% of parents correctly
answered about prevention of HPV infection. Question 10 had the smallest percentage of
correct answers, only 48% (Table 2).

All parents of children who received the first dose of the vaccine knew that the vaccine
exists, that it was available in Serbia, and the best age to receive it. The smallest number
of parents answered correctly about the number of vaccine doses and the duration of
immunity. The question regarding the most common side effects had the fewest correct
answers (Table 3).

The results of a multivariate regression analysis are presented in Table 4.

Table 4. The significant factors associated with the parental decision to vaccinate children against
HPV infection.

Variable B 95% CI p OR

Sex
Boys

0.972 0.879–7.954 0.84 2.664
Girls

Place of residence
Urban

1.337 1.702–8.525 0.041 3.809
Rural

Child’s age
<15 −0.056 1.354–12.598 0.024 3.698≥15

Parental education

Medical
education −0.705 0.301–0.791 0.004 0.494

Non-medical

Pediatrician recommendation
Yes −1.386 0.127–0.707 0.000 0.250
No

Health insurance coverage of
HPV vaccination

Yes
1.110 1.063–8.662 0.082 3.034

No
B–coefficient of regression; CI–Standard Error; p-possibility; OR—Odds Ratio.

The independent variable sex was statistically significant at the level of p = 0.84,
OR = 2.664 (95% CI from 0.879 to 7.954). Boys are 164% less likely to be vaccinated with
HPV vaccine than girls.

We determined that the independent variable place of residence was significant at the
level of p = 0.041, OR = 3.809, (95% CI from 1.702 to 8.525). Based on these findings, we
determined that parents who came from rural areas were 82% less likely to know about
HPV infection and HPV vaccination. Children under 15 years of age were significantly
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more vaccinated than those ≥ 15 years, OR = 3.698 (95% CI from 1.354 to 12.598). The
independent variable parental education was significant, OR = 0.494 (95% CI from 0.301
to 0.791). Parents who had medical education showed significantly higher awareness about
the infection caused by HPV and about the HPV vaccine (p = 0.004), OR = 0.494 (95% CI from
0.301 to 0.791) than non-medically educated parents. A pediatrician’s recommendation
had a significant effect on the vaccination rate, OR = 0.250 (95% CI from 0.127 to 0.707).
Health insurance coverage of HPV vaccination for children aged 9–19 years significantly
increased the probability of a positive parental decision to vaccinate a child, p = 0.001 with
OR = 3.034 (95% CI from 1.063 to 8.662) (Table 4).

4. Discussion

This is the first organized immunization of children aged 9–19 with the 9-valent HPV
vaccine in Serbia. Our cross-sectional questionnaire-based study was conducted with the
aim of exploring parents’ knowledge about HPV infection and their awareness of the HPV
vaccine. According to the Serbian National Immunization Program, the HPV vaccine is
recommended for children and adolescents aged 9–19 years, and for this age group, it is
free of charge. In addition to the unexpectedly high response to vaccination against HPV
infection, we identified several significant factors that were important for positive parental
decisions to vaccinate children with the HPV vaccine: children under age 15, female sex of
children, urban residence, medical education of parents, pediatrician recommendation of
the HPV vaccination, and health insurance coverage of HPV vaccination.

In general, parents showed good knowledge about HPV infection and the HPV vaccine,
which was expected because the majority of parents had medical education. However, we
also observed a lack of parental knowledge about whether HPV infection always leads to
clinical manifestation of the disease and about who was at higher risk of HPV infection. In
terms of knowledge about the HPV vaccine, the questions with the fewest correct answers
were those regarding the number of doses, the duration of immunity, and the most common
side effects. The results of our study are in agreement with similar studies conducted in
Europe and the rest of the world [6,11,29–33].

The most common concerns indicated by parents in our study were related to vaccine
safety, side effects of the vaccine, and lifelong protection after vaccination. Our results
are in accordance with similar studies. Parents in other studies worried more about post-
vaccination sexual promiscuity, moral problems related to sexuality, and conservative and
religious views, and there was denial that children are at risk [29,34,35].

Our results showed that there were nearly four times more vaccinated girls than boys.
This difference in our study is greater than in the literature, where the difference is mostly
twofold. Results of meta-analyses showed that there were two times more vaccinated girls
than boys [36,37]. The disparities in uptake of the HPV vaccine by sex of child can be a result
of the later approval and recommendation of HPV vaccination for boys than for girls, but
despite that, many national immunization programs still do not include vaccination of boys.
According to the findings of Radisic et al. [38], HPV vaccine uptake among male adolescents
is suboptimal. There is a need to address the predictors of uptake by educating parents
about boys’ high susceptibility to infection and the benefits of vaccination to reduce the
perceived barriers. Data from similar studies show low knowledge about HPV infections
and vaccination in the population of adolescents and their parents in both developing and
developed regions of the world [6–8,10,28,35,36]. In Greece, the HPV vaccine has been part
of the national immunization program since 2008, and it is administered for free to girls
from 11 up to 26 years of age [10]. The adolescents had insufficient knowledge about HPV
infection and about protection measures, as well as about the association between HPV
infection and cervical cancer [35].

In our results, there were nearly 3 times more vaccinated children aged 9–14 than
adolescents aged ≥15 years, particularly among boys. Parents of children aged 15 years
and over were not very well informed about HPV infection and the HPV vaccine. Our
findings are in agreement with the findings of other similar studies [20]. Results mainly
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from systematic analyses available in the literature show that the number of vaccinated
children younger than 15 is greater than children older than 15 [37,38].

There are different findings in the available literature. In a systematic meta-analysis
by Holman et al., the authors stated that the age of a child was a common reason for
refusing or delaying HPV vaccination, and older girls were more likely to be vaccinated
than younger girls. In only two studies did age not predict any intention of parents to
vaccinate their children [34,35].

The state of parental knowledge has an essential influence on the immunization of
children [31]. Newman et al., (2018) presented the results of a meta-analysis in which vacci-
nation was positively impacted by parents’ medical education, knowledge and awareness
about the relationship between cervical cancer and HPV knowledge (r = 0.04 (95% CI from
0.04 to 0.13)), and some socio-descriptive variables such as urban versus rural residence
(r = 0.10 (95% CI from 0.06 to 0.14)). Fishman et al., found that mothers with more knowl-
edge about HPV were not willing to vaccinate themselves or their daughters [30]. A study
of parental knowledge conducted in Poland in 2022 showed that the only factors that really
affect attitudes to vaccination are the knowledge and education of parents [17]. The remain-
ing characteristics of parents do not significantly affect the attitude toward vaccination.

As vaccination progressed in the city of Nis, more parents heard about it but when
vaccination began, some parents with children under 15 years of age were away on vacation.
Children over 15 were still going to school (high school vacation started on 24 June 2022)
and that is why there was initially a greater response from parents with children over 15.

Compared with our study, the literature contains fewer recorded vaccination differ-
ences among girls and boys. The results of studies showed that there were two times more
vaccinated girls than boys [31,32]. The disparities in uptake of the HPV vaccine by sex
can be a result of the later approval and recommendation of HPV vaccination for boys
than for girls, but despite that, many national immunization programs still do not include
the vaccination of boys [19–21]. Our results suggest that it might be more effective to
advocate and educate on the HPV vaccination and to strongly promote it to both parents
and children.

In undeveloped regions such as Nigeria and Kenya [36,37] and in rural areas and
suburban regions, there is resistance towards the HPV vaccination [30]. Surprisingly, in
many studies, parents from rural areas were worried about the sexual behavior of their
children after the vaccination and did not vaccinate their sons because they were not aware
of the direct benefits of HPV vaccination [29,36,37]. This means that socioeconomic status
in association with medical education, knowledge, and higher awareness among parents
in urban areas might explain their positive decision on the HPV vaccination of children
and adolescents. The results of a study from Greece showed that parents’ education level
plays a major role in teenagers’ attitudes and beliefs towards the HPV vaccine [10]. In a
study conducted in Poland by Smolarczyk et al., (2022), the significant influencing factors
in Poland were lack of recommendations and financing of HPV vaccination by the National
Health Fund [17].

The findings of 62 studies showed that a significant predictor of successful HPV
vaccination was physician’s recommendation (r = 0.46 (95% CI from 0.34 to 0.56)). It had
the highest impact on parents’ positive decision, followed by worry about HPV vaccine
safety (r = −0.31 (95% CI from −0.41 to −0.16)), preventive examination of children during
one year (r = 0.22 (95% CI from 0.11 to 0.33)), and parents’ health beliefs towards vaccines
(r = 0.19 (95% CI from 0.08 to 0.29) [39].

In Serbia, the HPV vaccine is expensive, and the government’s approval at the begin-
ning of this year to cover the HPV vaccination for children aged 9–19 with health insurance
was important for the success of the vaccination effort. In our results, both pediatrician
recommendation and health insurance coverage of HPV vaccination were independently
associated with positive decision of parents towards the vaccine.

Some studies have shown that a pediatrician recommendation was the most significant
predictor of HPV vaccination [8,10,17]. According to meta-analysis, health insurance
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coverage of HPV vaccination (r = 0.16 (95% CI from 0.04 to 0.29)) or lower out-of-pocket cost
(r = −0.15 (95% CI from −0.22 to −0.07)) were significant factors for the vaccination [40].

5. Conclusions

We here presented the results of the first organized vaccination of children and ado-
lescents against HPV infection, and we also showed the results of the first research on
parental knowledge about HPV infection and HPV vaccine in southeastern Serbia. Sig-
nificant factors for positive parental decisions about HPV vaccination for their children
were children under 15 years, female children, urban residence, parents’ medical education,
pediatrician recommendation of vaccination, and free vaccination. The vaccination of
boys aged 15 years and over was significantly lower compared with girls from the same
age group. In accordance with the results of our study, when it comes to the decision to
get the HPV vaccine, personal contact with a pediatrician could be very useful both for
parents and children, especially for boys. In order to preserve and improve the health of
the whole population as well as of groups of individuals at higher risk, the promotion of
HPV vaccination, health education measures, the promotion of healthy sexual behavior,
and the support of the government are also important.

5.1. Strengths of Our Study

This study presented the first results of the organized immunization of children
aged 9–19 years with the recommended HPV vaccine. Our findings indicated what factors
are associated with positive parental decisions to pursue HPV vaccination for their children.
We noted extremely high interest among parents for the first dose of HPV vaccine, and
no side effects were reported. This study was created as a longitudinal study, and all
vaccinated children and adolescents will be followed up for a minimum of 10 years after
the vaccination.

5.2. Limitations of Our Study

We could not include all the parents we wanted in the survey.
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Abbreviations

HPV Human papillomavirus
STI Sexually transmitted infection
HR-HPV high-risk HPV
LR-HPV low-risk HPV
USA the United States of America
2vHPV the bivalent HPV vaccine
4vHPV quadrivalent HPV vaccine
v9Vhpv nine-valent HPV vaccine
Gardasil 9 nine-valent HPV vaccine
NIP National Immunization Program
SD Standard deviation
CI Confidence Intervals
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Abstract: Background and Objectives: Although ocular disorders can occasionally impact people with
HIV over the course of their illness, HIV/AIDS is unmistakably a multisystem disorder. A physician
can rule out a wide range of ophthalmic problems with the assistance of an ophthalmologist, from
adnexal disorders to posterior segment diseases, including those affecting the optic tract and optic
nerve. Materials and Methods: Based on patient medical data from the “St. Parascheva” Clinical
Hospital of Infectious Diseases in Iasi, we carried out a retrospective clinical investigation on patients
with HIV/AIDS and ophthalmological conditions who were hospitalized in northeastern Romania.
We seek to draw attention to the characteristics and ophthalmological comorbidities of HIV/AIDS
patients. The studied period was between 1 January 1991 and 31 December 2022. Results: There were
a total of 38 recorded cases of ophthalmological manifestations in the HIV-infected patients. The re-
search group’s average age was 37.31 years old (standard deviation 9.5693917). Males were primarily
impacted, having lower total CD4+ T-lymphocyte levels based on sex and CD4+ T-lymphocyte levels
overall. The HIV viral load was 999 268.13 copies/mL on average (standard deviation 1,653,722.9). Of
all the patients, we found out that 17 had congenital eye diseases (44.73%) and the others (21, 55.26%)
developed ophthalmological diseases. CMV Retinitis was found most frequently, in eight patients
(21.05%), followed by Myopia in seven patients (18.42%). Conclusions: The key to the management of
HIV-positive patients is a multidisciplinary approach and access to antiretroviral therapy. Anyone
who is HIV-positive and experiences ocular symptoms at any time should be directed to seek profes-
sional ophthalmologic treatment as soon as feasible. A therapeutic holdup could result in irreversible
vision loss. Long-term coordination is required to combat this disease, improving communication
between the ophthalmology and infectious disease fields.

Keywords: ophthalmological diseases; HIV infection; CMV retinitis

1. Introduction

The immune system is the target of the human immunodeficiency virus (HIV) infection.
Acquired immunodeficiency syndrome (AIDS) is one of the illness’s most severe manifes-
tations. HIV weakens the immune system by targeting the body’s CD4 T lymphocytes.
This makes contracting illnesses such as tuberculosis, infections, and some malignancies
easier [1,2].

HIV/AIDS is clearly a multisystem disorder, but ophthalmic diseases do sometimes
affect HIV-positive individuals throughout the natural course of their disease. HIV may
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damage the eye either directly or indirectly through a number of opportunistic illnesses.
Herpes zoster ophthalmicus, cotton wool patches in the retina (the most frequent oph-
thalmoscopic finding in HIV-infected people), and molluscum contagiosum affecting the
eyelids are ocular symptoms indicating towards an HIV infection in an undiagnosed and
otherwise asymptomatic patient [3,4]. With the help of an ophthalmologist, a doctor can
rule out a variety of ocular issues before starting antiretroviral treatment (ART), from
adnexal illnesses to posterior segment diseases, including those affecting the optic tract
and optic nerve [5,6].

Adnexa diseases include exfoliative dermatitis, such as Steven–Johnson syndrome,
conjunctival molluscum contagiosum, and Herpes Zoster ophthalmicus. Syphilis, uveitis,
Herpes keratitis, and candidal keratitis are among the anterior segment illnesses. The non-
infectious posterior segment symptoms of HIV include cotton wool patches, hemorrhages,
telangiectasias, and optic disc atrophy [7,8].

Acute retinal necrosis, Candida endophthalmitis, tubercular choroiditis, Cryptococcal
or Pneumocystis choroiditis, and Cytomegalovirus ocular disease are some of the infectious
posterior eye segment diseases [9,10].

In contrast to adults with a lower incidence of CMV retinitis, children are more prone to
experiencing neurodevelopmental delays, keratitis sicca, and ocular toxoplasmosis [11]. The
presence of blue sclera, hypertelorism, many palpebral fissures, and downward obliquity
of the eyes are additional indicators of fetal AIDS-related embryopathy [12]

Ophthalmologists can help with the diagnosis and treatment of other eye diseases
associated with HIV infection, such as the implantation of an intraocular ganciclovir
implant, which can deliver higher intraocular ganciclovir levels than systemic therapy alone
and lowers the risk of a CMV ocular disease relapse. Furthermore, surgically reattaching
a retinal detachment caused by CMV can partially restore the eyesight in HIV-positive
patients. Today, this condition’s prevalence has decreased due to the introduction of
antiretroviral medication [13,14].

Adverse effects from drugs can also affect the eyes. Rifabutin is one such medication
that might cause uveitis, especially when coupled with azole antifungal medications. The
antiviral cidofovir, used in some cases of CMV retinitis, is also linked to uveitis and a drop
in intraocular pressure [15].

Immune reconstitution inflammatory syndrome must be understood by ophthalmolo-
gists today, since it might result in uveitis after the start of ART. Fundoscopy is essential for
the follow-up evaluation of patients using ART, since this condition affects the vitreous,
macula, and optic nerve and sporadically causes cataracts and epiretinal membranes [16].

When people with HIV complain of any visual issue, it is strongly advised that they be
referred to an ophthalmologist. The eyes of patients with HIV should undergo a thorough
examination. Health education about the problems and visual symptoms associated with
HIV will raise awareness and lower morbidity. The early detection and rapid treatment
of these ocular symptoms will help to avoid or lessen the effects of subsequent vision
deterioration [17,18].

Ocular symptoms should be ruled out for people with HIV in a discussion between an
infectious disease physician and an ophthalmologist. Untreated ophthalmic issues spread
quickly and have poor prognoses. Because of vision loss and opportunistic infections of the
retina, all HIV-positive patients should be advised to undergo a baseline ophthalmologic
examination. To avoid permanent vision loss, all HIV-infected individuals who have ocular
symptoms must receive ophthalmologic care as soon as possible [19,20].

2. Materials and Methods

2.1. Study Design and Database Information

On the foundation of hospital medical data, we carried out a retrospective clinical
investigation of patients diagnosed with HIV/AIDS in the northeastern region of Romania,
hospitalized in “Sf. Parascheva” Clinical Hospital of Infectious Diseases in Iasi, aiming to
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emphasize the profile and ophthalmological-associated comorbidities of HIV/AIDS cases.
The studied period was between 1 January 1991 and 31 December 2022.

Patients over the age of 18 who were hospitalized at our Regional HIV/AIDS Center
in northeastern Romania and tested as HIV-positive via an enzyme-linked immunosorbent
assay (ELISA) test, confirmed to have the disease by Western blot (WB), were chosen for
inclusion. The HIV plasma viral load and CD4+ T cell counts were also assessed in the
patients who tested positive for HIV/AIDS. In our study group, 38 patients were included.

2.2. Ethical Approval

The “St. Parascheva” Clinical Hospital of Infectious Diseases in Iasi, Romania, gave
the study its clearance. (May 2023; Approval No. 4/17). At the time of admission, every
individual signed a waiver of informed consent.

2.3. Study Variables

Age- and gender-specific demographic information, personal pathological histories,
clinical traits, blood tests (viro-immunological testing), assessments of potential oppor-
tunistic infections, patient staging, the start of antiretroviral treatment, and the course and
outlook of the patients with HIV/AIDS infection were all included in the data collection.

According to the Center for Disease Control and Prevention (CDC), Atlanta, the HIV
infection stage was determined using an age-specific CD4+ T-lymphocyte count or the
CD4+ T-lymphocyte percentage of the total CD4 T-lymphocyte cells level. HIV infection
and AIDS are classified into three stages: stage 1, when CD4+ T-lymphocyte levels are
above 500 cells/μL; stage 2, when they are between 200 and 499 cells/μL; and stage 3,
when they are below 200 cells/μL. HIV infection is represented by stages 1 and 2, while
AIDS is represented by stage 3 [4,6].

Two ELISA tests were used to serologically assess those suspected of having HIV, and a
Western blot test was used to confirm the diagnosis. The regional public health management
network’s epidemiologists carried out all of this work, after which, the patients were sent
to the local HIV/AIDS facility.

2.4. Study Setting

The “St. Parascheva” Clinical Hospital of Infectious Disease, Iasi, is a primary referral
medical facility for the Moldova region of Romania, with a capacity of 300 beds. It is
divided into six pavilions. Pavilion V includes a compartment of Infectious Disease and the
HIV/AIDS Regional Center. The Regional Center has a capacity of 12 beds, where patients
are periodically evaluated based on the CDC and EACS recommendations.

The hospital’s central laboratory completed all the blood tests, and the molecular
biology lab measured the patients’ CD4+ T cell counts and HIV plasmatic viral loads.
RT-PCR HIV 1 was utilized with Cepheid’s GeneXpert® as a tool for measuring the viral
load levels and determining the HIV viremia. If the viral load was less than 40 copies/mL,
it was deemed to be undetectable, and when it was greater than 40 copies/mL, it was
deemed to be detectable.

Periodically, the clinical and biological status of every newly diagnosed PWH (person
living with HIV) was assessed for metabolic syndrome and liver enzymes. The labora-
tory reference values were within 5–31 UI/L for AST (aspartate trans-aminase) and ALT
(alanine transaminase), within 7–32 UI/L for GGT (gamma-glutamyl transferase), within
122–200 mg/dL for COL (cholesterol), within 30–159 mg/dL for LDL-COL (low-density
lipoprotein cholesterol), 40–66 mg/dL for HDL-COL (high-density lipoprotein cholesterol),
and 30–150 mg/dL for TG (triglycerides), with no differences between sexes.

The Regional HIV/AIDS Center, Iasi, has a total of 1692 patients in its active records.
They are periodically evaluated every six months to ensure their adherence and compliance
with the antiretroviral treatment. Each patient has a medical file that mentions their
associated diseases, blood test values, level of CD4 T lymphocytes, and HIV viral load, as
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well as the ART schemes they followed. The data in this study were collected from the
paper charts of the patients of our center.

2.5. Statistical Analysis

The Pearson test in the XLSTAT version 2019 program was used to determine the cor-
relation between the demographic characteristics, clinical data, and results. Kendall’s Tau
correlation coefficients were established [11]. The Statistical Software for Excel (XLSTAT)
version 2019 was used to conduct the statistical analysis.

3. Results

In the northeastern part of Romania, from a total of 1692 patients in the active records,
there were a total of 38 recorded cases of ophthalmological manifestations in HIV-infected
patients. Men were the ones who experienced these most frequently (21 cases, 55.26%)
compared to women (17 cases, 44.74%). In total, 17 HIV-infected patients had congenital
eye diseases and the other 21 developed ophthalmological diseases (Figure 1).

The Regional HIV/AIDS 
Center Iasi has a total of 

1692 patients 

17 HIV infected patients 
had Congenital eye 

disease

21 HIV infected patients 
had Ophthalmological 

diseases

38 recorded cases of 
ophthalmological 

manifestations in HIV-
infected patients

Figure 1. Study case findings.

Most of the instances involved young adults, aged between 30 and 39 years old—
28 patients (73.68%), next, the age group of 40–49 had 4 patients (10.53%), 50–59 years—
2 patients (5.26%), over 60 years old—2 patients (5.26%), 0–19 years—1 patient (2.63%), and
20–29 years—1 patient (2.63%) (Table 1). The study group’s median age was 37.31 years old.

Table 1. Age distribution of HIV/AIDS cases.

Age (Years) n (38) %

0–19 1 2.63

20–29 1 2.63

30–39 28 73.68

40–49 4 10.53

50–59 2 5.26

Over 60 2 5.26

Nearly half of the patients in our research group were from Iasi, according to the
distribution of the group by county (17 cases, 44.74%), next, Suceava (7 cases, 18.42%),
Botosani (5 cases, 13.16%), Neamt (3 cases, 7.89%), Bacau (3 cases, 7.89%), and Vaslui
(3 cases, 7.89%), (Figure 2). There were 26 patients who came from the urban region of
northeast Romania (68.42%), and the other 66 cases (31.58%) were rural residents.
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Figure 2. Romania’s northeast counties’ caseload distribution. The yellow color refers exactly to the
Romania’s northeast counties.

Given the route of transmission, each case indicated a potential cause. The most
common was the perinatal route, with a total of 24 cases (63.16%).

The most afflicted group in terms of the sexual method of transmission (heterosexual
and MSM/men having sex with men—34.21% instances) was young adult males (aged
21–40) with a medium level of education (graduated high school). Drug usage administered
intravenously was noted in 2.63% of patients.

The virological and immunological status of the study group of patients from the Iasi
HIV/AIDS Regional Center was assessed. With an average CD4+ T-lymphocyte level of
372.34 cells/μL (standard deviation 292.60658), it was seen that 36.84% of cases had a CD4+
T-lymphocyte level of 1–199 cells/μL, 31.58% of cases had a CD4+ T-lymphocyte value of
200–499 cells/μL, and 31.58% of cases had a CD4+ T-lymphocyte value over 500 cells/μL
(Table 2, Figure 3). Males were primarily impacted, having lower total CD4+ T-lymphocyte
levels based on sex and CD4+ T-lymphocyte levels. The HIV viral load was assessed to be
999,268.13 copies/mL on average (standard deviation 1653722.9).

Table 2. Case distribution according to sex and CD4+ T-lymphocyte count at time of diagnosis.

CD4+ T-lymphocytes Level
p = 0.137

Male Female Total

n (21) % n (17) % n (38) %

0–199 cells/μL 7 18.42 7 18.42 14 36.84

200–499 cells/μL 8 21.05 4 10.53 12 31.58

>500 cells/μL 6 15.79 6 15.79 12 31.58

The following findings were obtained using the CDC (Center for Disease Control and
Prevention) phases of HIV/AIDS: according to our data, 12 patients (31.58%) had a stage 1
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HIV infection, 12 patients (31.58%) had a stage 2 HIV infection, and 14 patients (36.84%)
had a stage 3 HIV infection.

 

Figure 3. Distribution of cases by HIV viral load and CD4+ T-lymphocyte count.

In the research group, it was found that nearly a third of the males (18.42%) and
less than a third (13.15%) of the females (13.15%) had abnormal ALT and AST values,
correspondingly. In terms of metabolic profile, the triglyceride levels were abnormal in
a third of the participants in the study group, impacting nearly equally each sex (21.05%
men and 18.42% females), and the blood cholesterol levels were elevated in a little over
half of the sample, independently of sex (26.31% males and 13.15% females). (Table 3).
Regarding the metabolic and liver panels, further studies need to focus more on the impact
of enzymes on eye manifestations in people with HIV or AIDS.

Table 3. Distribution of cases according to sex, metabolic disorder, and liver enzyme levels.

Laboratory
Marker Value

Male Female Total

n (21) % n (17) % n (38) %

ALT
normal (5–31 UI/L) 14 36.84 12 31.57 26 68.43

abnormal (>31 UI/L) 7 18.42 5 13.15 12 31.57

AST
normal (5–31 UI/L) 14 36.84 12 31.57 26 68.43

abnormal (>31 UI/L) 7 18.42 5 13.15 12 31.57

GGT
normal (7–32 UI/L) 12 31.57 11 28.94 23 60.51

abnormal (>32 UI/L) 9 23.68 6 15.78 15 39.46

Cholesterol
normal (122–200 mg/dL) 11 28.94 12 31.57 23 60.54

abnormal (>200 mg/dL) 10 26.31 5 13.15 15 39.46

HDL-COL
normal (40–66 mg/dL) 12 31.57 14 36.84 26 68.43

abnormal (>66 mg/dL) 9 23.68 3 7.89 12 31.57

LDL-COL
normal (30–159 mg/dL) 11 28.94 12 31.57 23 60.54

abnormal (>159 mg/dL) 10 26.31 5 13.15 15 39.46

Triglycerides
normal (30–150 mg/dL) 13 34.21 10 26.31 23 60.54

abnormal (>150 mg/dL) 8 21.05 7 18.42 15 39.46

The research group underwent testing for the most prevalent co-infections linked to
HIV/AIDS. The findings revealed that various opportunistic infections affected more than
half (55.26%) of the patients admitted to our clinic throughout the study period. When the
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CD4 T-lymphocyte count fell below 500 cells/μL in stages 2 and 3 of infection (15.79% and
31.58%, respectively), several opportunistic infections were discovered. (Table 4).

Table 4. Opportunistic infections distribution in research sample according to CDC stage.

Stage 1 Stage 2 Stage 3 Total

HIV/AIDS Status n (12) % n (12) % n (14) % n (38) %

No opportunistic
infections 9 23.68 6 15.79 2 5.26 17 44.74

Opportunistic
infections 3 7.89 6 15.79 12 31.58 21 55.26

The findings revealed that hepatitis B co-infections were the most common (21.05%
of patients), Cytomegalic virus (CMV) (18.42% of patients), followed by hepatitis C (5.26%
of patients) and toxoplasmosis (5.26% of patients). Males had a greater incidence of co-
infections than females, making them more afflicted. The Pearson test in the XLSTAT
version 2019 program was used to determine a p-value of 0.048 (Table 5).

Table 5. HIV/AIDS cases by co-infections distribution.

Co-Infections Men Women Total

p = 0.048 n (12) % n (7) % n (19) %

HBV 5 13.16 3 7.89 8 21.05

HCV 2 5.26 0 0 2 5.26

Toxoplasmosis 1 2.63 1 2.63 2 5.26

CMV 4 10.53 3 7.89 7 18.42

In all the patients, we found out that 17 had congenital eye diseases (44.73%) and the
others (21, 55.26%) developed ophthalmological diseases (Table 6). CMV Retinitis was
found in eight patients (21.05%), Myopia in seven patients (18.42%), Convergent strabismus
in three patients (7.89%), Astigmatism in four patients (10.52%), and cataracts in five
patients (13.15%) (Table 7). Other diseases such as retinal detachment (3 patients, 7.89%),
Molluscum contagiosum infection of the eyelids (2 patients, 5.26%), periorbital abscesses
(2 patients, 5.26%), and acute conjunctivitis (4, 10.52%) were found in 11 patients (28.94%).

Table 6. Type of ophthalmologic diseases found in our study group.

Type of Disease n (38) %

Congenital eye disease 17 44.73

Ophthalmological disease 21 55.26

Table 7. Ophthalmologic diseases found in our study patients.

Type of Ophthalmological Disease n (38) %

CMV Retinitis 8 21.05

Myopia 7 18.42

Convergent strabismus 3 7.89

Astigmatism 4 10.52

Cataract 5 13.15

Others 11 28.94
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The specific treatment of the ophthalmological conditions identified in the study
patients was instituted in collaboration with an ophthalmologist. It should be mentioned
that an antiviral treatment with Gancyclovir 5 gm/kgc bid IV for 3 weeks was used in cases
of CMV retinitis, in accordance with the specialist guidelines. In total, 28.94% benefited
from optical correction and for those with cataracts, surgical treatment was used.

Antiretroviral therapy (ART) was prescribed to every patient at the Iasi HIV/AIDS
Regional Center who were confirmed. Therefore, in 18.42% of cases, a single drug was
administered, and in the remaining 81.57% of cases, a medication regimen that addressed
the patient’s comorbidities was prescribed. The period of time between diagnosis and
ART initiation ranged between 72 h and 14 days, according to the severity of the cases,
in order to avoid IRIS (immune reconstruction inflammatory syndrome) also following
www.hiv-druginteractions.org (accessed on 1 January 2022).

The most used antiretroviral regimen was protease inhibitors (17 patients, 44.73%),
then a regimen based on nucleoside reverse transcriptase inhibitors (NRTIs) with non-
nucleoside reverse transcriptase inhibitors (NNRTIs) being used for 10 patients (26.31%),
and lastly, a regimen based on integrase inhibitors (9 patients, 23.68%). Other antiretroviral
regimens included CCR5 inhibitors used for two patients (5.26%) (Table 8).

Table 8. HIV/AIDS cases by ART regimen.

ART Regimen n (38) %

Integrase inhibitors+ 2 NNRTI 9 23.68

Protease inhibitors+ 2 NNRTI 17 44.73

NRTI+ 2 NNRTI 10 26.31

Other 2 5.26

Following a one-month evaluation of the patients, the viro-immunological state re-
vealed an elevated level of CD4+ T cells and marked decline in HIV viremia. Due to this,
15 patients (39.47%) had a CD4 value between 200 and 499 cells/μL, 8 patients (21.05%)
had a value under 200 cells/μL, and 15 patients (39.47%) had a value over 500 cells/L.
Most patients of both sexes had a CD4+ T-lymphocyte count of 200–499 or more cells/μL
(Table 9).

Table 9. Distribution by sex and the level of CD4+ T-lymphocytes after a month of ART.

CD4 Levels
p = 0.053

Male Female Total

n (21) % n (17) % n (38) %

0–200 cells/μL 4 10.53 4 10.53 8 21.05

200–499 cells/μL 9 23.68 6 15.79 15 39.47

>500 cells/μL 8 21.05 7 18.42 15 39.47

The patients were assessed at the time of diagnosis and again a month after beginning
ART. After beginning antiretroviral medication, the HIV viral load significantly decreased,
with viral suppression occurring in 55.26% of cases (21 instances). The patients who were
undetectable at the initial assessment were either transferred from a different regional
HIV/AIDS center or diagnosed abroad and had already started ART when first evaluated
at our Regional HIV/AIDS Center (Table 10).
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Table 10. HIV viral loads status distribution at baseline and one month following ART.

HIV Viral Load
(p < 0.05)

Initial Assessment One Month after ART

n (38) % n (38) %

Undetectable
(<40 copies/mL) 9 23.68 21 55.26

Detectable
(>40 copies/mL) 29 76.32 17 44.74

4. Discussion

According to the Infectious Disease Society of America, people with HIV who have a
CD4 level under 50 cells are recommended to receive ophthalmological care.

This study evaluated the frequency of eye conditions in HAART-treated people with
HIV. The participants’ ages ranged from 18 to 70 years old, with a mean age of 38.64 years
and an SD of 12.84 years. In total, 71% of the participants were between the ages of 26
and 55. In total, 40% of the patients were female and 60% were male. The ratio of men to
women was 1.5.

Bekele S. et al. found that the prevalence of ocular symptoms was 25.3% overall
within 348 patients (175 were on antiretroviral therapy and 173 were not on therapy).
Keratoconjunctivitis sicca (11.3%) was the most prevalent ocular manifestation, followed by
blepharitis (3.2%), molluscum contagiosum (2.6%), conjunctival squamous cell carcinoma
(2.3%), conjunctival micro vasculopathy (2.3%), cranial nerve palsies (2%), herpes zoster
ophthalmicus (HZO) (1.2%), and HIV retinopathy (0.6%). Patients with a CD4+ level
of less than 200 cells/L frequently developed HIV retinopathy and conjunctival micro
vasculopathy, whereas patients with a CD4+ count of 200–499 cells/L frequently developed
HZO and molluscum contagiosum. Patients on HAART had a higher prevalence of ocular
manifestations (32.6%) than non-HAART patients (17.9%) [21]. Our study found more cases
with a CD4 level of 200–499 cells/mL who already had ophthalmic congenital diseases or
developed other infectious eye diseases. CMV retinitis was found in cases with a CD4 level
of <200/mL.

Li W. et al. found 667 (8%) individuals with ocular disorders among the 8743 hospital-
ized HIV/AIDS patients (15 116 cases) that were enrolled in their study. Ocular injuries
were found in 65 (2%) of the 2902 patients who underwent a non-professional inspection,
46 (2%) of the 1621 patients who underwent an on-demand inspection, and 556 (13%) of the
3553 patients who underwent a routine check. The majority of HIV/AIDS ocular manifesta-
tions (354 [53%] of 667 patients) were caused by infectious diseases. Most infections affected
the cornea, conjunctiva (152 [43%] of 354 patients), and retina (145 [41%] of 354 patients),
respectively. Retinopathy and retinitis were strongly linked with CD4-positive counts of
fewer than 200 cells/mL [22]. Our study found that, besides infectious eye diseases, many
patients had chronic congenital ophthalmic diseases such as astigmatism, myopia, and
convergent strabismus.

Gurung S. et al. investigated 54 children and 60 adults, which made up 114 cases,
and 24.9% of the children and 61.9% of the adults showed ocular signs. Disorders of the
anterior segment and external ocular system made up 21% of the cases in this research.
Herpes simplex blepharoconjunctivitis (11.1%) was found in seven children, and dry eye
(8.3%) and herpes zoster ophthalmicus (2.6%) were observed in adults, and were the most
prevalent findings. Adult instances of posterior segment symptoms (HIV retinopathy
13.5%, CMV retinitis 10.8%, retinal detachment 8.1%, multifocal choroiditis 2.7%, and
ocular toxoplasmosis 2.7%) made up 34% of the patients in this study [23]. In our study, we
did not include children with infectious eye diseases, but we had similar results in terms of
adult cases.

Hothi H. et al. observed that, in patients with HIV who were taking HAART, the
prevalence of ocular manifestations was 39%. Adnexal involvement, anterior segment
involvement, posterior segment involvement, neuro-ophthalmic abnormalities, and orbital
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involvement all occurred in 20%, 28%, 33%, and 4% of these cases, respectively. In total,
51% of patients had CD4+ T cell counts under 200 cells/L, and 76% were in the WHO
clinical stages 2 and 3 [24]. We observed that infectious eye diseases were more frequent in
cases with CD4 levels of <200/mL and 201–499/mL.

Rekha K.R. et al. observed that the overall prevalence of ocular manifestations was 23%,
9.3% of which involved the anterior segment and 26.6% involved the posterior region [25].
We found that the prevalence of anterior segment diseases was more frequent (42.10%),
followed by posterior segment manifestations (28.94%) and adnexa diseases (28.98%).

In HIV/AIDS patients, Di Y. et al. observed that CMVR was the most prevalent ocular
complication, followed by uveitis and HIV retinopathy. The percentage of patients who
had CMVR and HIV retinopathy remained constant over time, however, the percentage of
patients who had uveitis showed a clear upward trend (from 1.14% to 19.32%) [26]. The
most frequent disease in our study was CMV retinitis (8, 21.05%), followed by myopia
(7, 18.42%).

Mustapha J et al. studied a total of 103 patients with HIV. A total of 51.5% of the
research participants reported impaired visual acuity in at least one eye, and 44.7% had at
least one ocular problem. The most prevalent disorders were toxoplasmic retinochoroiditis
(3.9%), posterior vitreous detachment (2.9%), blepharitis (10.7%), nucleosclerosis (6.8%),
conjunctivitis (5.8%), pinguecula (5.8%), and dry eye (21.4%) [27].

According to Becker et al., postmortem investigations indicate that the rates of ocular
findings are closer to 90%, and that between 50 and 70 percent of people with HIV eventu-
ally acquire ocular manifestations. CMV retinitis and retinal microvasculopathy are the
two visual signs of AIDS that occur most often, although there are numerous additional
problems that might result in vision loss. In order to minimize HIV replication, HAART
employs a mix of antiretroviral medications; as a result, the CD4+ helper T-cell population
typically recovers, leading to a decrease in opportunistic infections, an improvement in
quality of life, and decreases in morbidity and death. This has been demonstrated by a
50% or greater decline in the incidence rates of CMV retinitis and other ocular diseases
linked to HIV/AIDS [28]. Besides HAART therapy, patients need frequent ophthalmologi-
cal evaluations to ensure an increased quality of life, furthermore if they have associated
eye diseases.

Yuan TH et al. stated that metabolism, oxidative stress, and inflammation are only
a few of the pathways that illustrate the intimate relationship between the liver and the
eye. Future research on the connection between the liver and the eye will help us to better
understand the communication mechanism between the two organs, which will improve
our understanding of the pathogenesis and progression of these liver or eye diseases and
help us to develop new therapeutic targets and more effective clinical treatments [29].

This study has potential limitations. The model is based on the retrospective obser-
vational nature of the study. The limitations of this paper include its small sample size
and retrospective nature. In addition, it is possible that other patients were admitted for
territorial ophthalmological care.

Nevertheless, HIV is still a serious public health concern. Infected people can experi-
ence the virus’s rapid mutation. Due to this ability, HIV has been able to evolve a variety of
defenses against the body’s immunological responses and antiviral treatment. However,
it is hoped that ongoing research may result in newer, low-toxicity anti-HIV drugs that
more efficiently lower the viral loads of infected patients and stop them from spreading
the illness to other people. By collaborating with other physicians in primary care and
lending support to international organizations that promote HIV testing for patients at
risk, offer pre-test counseling, and enhance access to low-cost antiretroviral treatment,
ophthalmologists can help to prolong the lives of infected patients and reduce the risk of
virus transmission.

It is important to ensure the long-term follow-up of HIV-infected patients who present
ophthalmic manifestations at the national level, so that we can diagnose and ensure rapid
treatment in order to increase quality of life.
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5. Conclusions

Despite adequate antiretroviral coverage, HIV infection is still identified in our country
after a considerable amount of time. Priority must be given to encouraging voluntary
testing, especially among those most at risk for infection (men who have sex with other
men, people who use drugs, young adults under 24 years old, sex workers, and those from
impoverished backgrounds) [30].

Additionally, anyone with HIV who experiences ocular symptoms should seek special-
ized ophthalmologic treatment as soon as possible. Any therapeutic holdup could result in
irreversible vision loss. Long-term coordination is required to combat this terrible disease,
improving communication between the ophthalmology and infectious disease fields [31].

The longevity of patients with HIV is expanding due to the widespread use of HAART
and development of better drugs. Additionally, they are more likely to experience sight
loss and more likely to acquire ocular symptoms. A multidisciplinary team is best suited to
addressing HIV, because it affects numerous organs. When individuals with HIV complain
of any visual issue, it is strongly advised that they be referred to an ophthalmologist. The
eyes of those with HIV should undergo a thorough examination [32].
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