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Abstract

The discovery of different antimicrobial agents has revolutionized the treatment against a variety of infections for many decades,
but the emergence of antimicrobial resistance require rigorous measures, even amid the coronavirus disease 2019 (COVID-19)
pandemic. This retrospective study aimed to examine the consumption of antibiotics in patients with COVID-19 admitted into
the five hospitals in the province of Punjab, Pakistan. We collected data on the consumption of antibiotics, classified using the
World Health Organization (WHO) AWaRe (Access, Watch, and Reserve), within two months—August and September, 2020,
and the corresponding months in 2019. Consumption of antibiotics was presented as daily define dose (DDD) per 100 occupied
bed-days. Eight different classes of antibiotics were prescribed to patients with COVID-19 without culture tests being performed,
with the prescribing of antibiotics of the Watch category was especially prevalent. The consumption of antibiotics was higher
during the COVID-19 pandemic compared to the pre-pandemic period: the consumption of azithromycin increased from 11.5
DDDs per 100 occupied bed-days in 2019 to 17.0 DDDs per 100 occupied bed-days in 2020, while the consumption of
ceftriaxone increased from 20.2 DDDs per 100 occupied bed-days in 2019 to 25.1 DDDs per 100 occupied bed-days in 2020.
The current study revealed non-evidence-based utilization of antibiotics among patients with COVID-19 admitted into
the hospitals in Pakistan. Evidently, the current COVID-19 pandemic is a public health threat of notable dimensions which
has compromised the ongoing antimicrobial stewardship program, potentially leading to the emergence of antimicrobial resis-
tance among pathogens.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has af-
fected more than 220 countries, with over 167 million con-
firmed cases and 3.4 million deaths worldwide as of May 27,
2021 [1]. In Pakistan, 908,576 laboratory-confirmed COVID-
19 cases with 20,465 deaths have been reported due to this
deadly disease up to the aforementioned date [1]. Around 80%
of patients with COVID-19 manifested asymptomatic or mild-
to-moderate course of illness while the remaining 20% devel-
oped severe illness [2]. There have been several therapeutic
options trialed against COVID-19, but thus far, only systemic
glucocorticoids such as dexamethasone are conclusively prov-
en to reduce the risk of COVID-19-related mortality [3].
Particularly, the macrolide antibiotic, azithromycin, with or
without antimalarials, had been repurposed as one of the ther-
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apeutic options against COVID-19, but the data on the utili-
zation of antimicrobials as a whole in patients with COVID-19
had been scarce throughout the world [4].
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Despite well-defined instructions from the World Health
Organization (WHO) who had called on to reserve the utili-
zation of antibiotics in hospitalized patients with COVID-19
and bacterial co-infection, there had been unjustifiable use in
patients with COVID-19, especially among those with a mild-
to-moderate course of illness without manifesting signs or
symptoms of bacterial co-infection [5]. Antibiotics could pro-
vide therapeutic benefits in patients with COVID-19 diag-
nosed with bacterial co-infections, patients who are immuno-
compromised, or patients with prolonged hospitalization due
to their susceptibility to bacterial co-infection [5].
Nevertheless, the signs and symptoms of sepsis from bacterial
infection and from severe course of COVID-19 can be chal-
lenging to differentiate, and therefore, patients with COVID-
19 frequently encountered empirical administration of antibi-
otics. One of the earliest studies from Wuhan, China, revealed
that more than 90% of fatal cases were administered antibi-
otics without the performance of culture tests [6]. Findings
from another rapid review reported that 72% of patients with
COVID-19 were prescribed with antibiotics without rational-
izing the need among these individuals [7].

Many low- and middle-income countries including
Pakistan are struggling with executing their robust antimicro-
bial stewardship program (AMS), which had been further de-
teriorated during this ongoing pandemic. There had been no
study conducted in the country evaluating the consumption of
antibiotics among hospitalized patients with COVID-19 at the
time of writing. Therefore, the current study was undertaken
to examine the consumption of antibiotics in patients with
COVID-19 admitted into the five hospitals in the province
of Punjab, Pakistan.

Materials and Methods
Study Design and Setting

This retrospective cohort study was performed in the five hos-
pitals located in the province of Punjab, Pakistan, namely
District Headquarter (DHQ) Pakpattan Hospital, Tehsil
Headquarter (THQ) Arifwala Hospital, THQ Haveli Lakha
Hospital, DHQ Okara South Hospital, and THQ
Chichawatni Hospital. The aforementioned hospitals had been
allocated with necessary resources for the management of pa-
tients with COVID-19 under the administrative control of the
Primary & Secondary Health Care Department, Government
of Punjab. Ethical approval of the study was obtained from the
Research Ethics Committee, Department of Pharmacy,
University of Lahore, Pakistan (REC/DPP/FOP/28).
Provisional approval for extraction of data from the electronic
health record was obtained from each of the participating
hospital.
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Study Period and Population

To assess the potential impact of the COVID-19 pandemic on
the consumption of antibiotics in the participating hospitals,
the study period was separated into a COVID-19 pandemic
period (August 1, 2020 to September 30, 2020), and a corre-
sponding pre-COVID-19 pandemic period in 2019 (August 1,
2019 to September 30, 2019).

We included all consecutive hospitalized patients with the
diagnosis of COVID-19 confirmed with real-time reverse
transcriptase-polymerase chain reaction (RT-PCR) assay from
nasal, oropharyngeal, or nasopharyngeal swab specimens be-
tween August 1, 2020 to September 30, 2020. Patients did not
meet inclusion criteria if they were only treated in the emer-
gency department without subsequent admission. Patients
were also excluded if the diagnosis of COVID-19 was con-
firmed solely based on signs and symptoms.

Patients with COVID-19 were classified as having mild,
moderate, and severe illness. Patients with severe illness were
those with one or combination of the following conditions:
requirement of mechanical ventilation, requirement of inten-
sive care, respiratory rate >30 breaths per minute, and oxygen
saturation <90%. Mild and moderate cases were decided by
the treating physician based on the number and/or severity of
signs and symptoms.

Patients were identified from the electronic health record of
the participating hospitals based on admission into the isola-
tion wards reserved for confirmed or suspected patients with
COVID-19. Patients’ characteristics including age, gender,
comorbidities, severity of illness, blood, sputum, urine, or
tissue culture results, medications received during hospitaliza-
tion, admission into intensive care unit, and death events were
extracted anonymously from the electronic health record with
a standardized data collection form. Patterns of antibiotic use
including indication, dose, duration, frequency, and route of
administration were also extracted.

Consumption of Antibiotics and Statistical Analysis

Consumption of antibiotics was evaluated through weekly
measurements of the prescription of antibiotics for systemic
use (Anatomical Therapeutic Chemical [ATC] group JO1 and
azithromycin [ATC JO1FA10]). The antibiotics prescribed up-
on discharge were excluded from this calculation. We used the
WHO’s AWaRe (Access, Watch, and Reserve) classification
to categorize antibiotics for their optimal use. Consumption of
antibiotics was calculated as defined daily doses (DDD) per
100 occupied bed-days, in accordance with the ATC and
DDD methodology endorsed by the WHO.

Descriptive statistics were used to describe the variables:
categorical variables were presented as frequency distribution
and percentages, while continuous variables were presented as
means + standard deviations (SD).
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Table 1 Characteristics

of included patients (n = Variable N (%)
202)
Mean age + SD 355+104
Mean length of stay + SD 13.5+£5.7
Gender
Male 121 (59.9)
Female 81 (40.1)
COVID-19 severity
Mild 109 (54.0)
Moderate 68 (33.7)
Severe 25(12.4)
Presence of comorbidities
Yes 145 (71.8)
No 57 (28.2)
Prescription of antibiotics
Yes 178 (88.1)
No 24 (11.9)
Results

A total of 202 patients (40.1% were women) with COVID-19
had been admitted to the five district hospitals of Punjab prov-
ince in August and September 2020, with a mean age of 35.5
(+10.4) (Table 1). The majority (87.6%) of patients had mild-
to-moderate course of illness, with only one death reported
within the two months. The most commonly prescribed
repurposed drugs for the treatment of COVID-19 were iver-
mectin (26.7%; n = 54), hydroxychloroquine (26.2%; n = 53),
and oseltamivir (4.5%; n = 9).

Antibiotics were prescribed in 88.1% of the included pa-
tients despite no culture tests were performed in these patients
to establish bacterial co-infection (Table 1). Eight different
classes of antibiotics were prescribed to the included patients
with COVID-19. Patients with severe course (n = 25) were

prescribed with the highest mean number of antibiotics (2.8 +
0.8), followed by those with moderate course (1.9 + 0.6; n =
68), and mild course (1.1 £+ 0.8; n = 109). The most frequently
prescribed antibiotics were azithromycin (86.6%; n = 175),
piperacillin-tazobactam (39.1%; n = 79), ceftriaxone (13.4%;
n = 27), ciprofloxacin (10.9%; n = 22), amoxicillin-clavulanic
acid (2.5%; n = 5), and meropenem (2.5%; n = 5). The pre-
scribing of antibiotics in the Watch category was prevalent
among hospitalized patients with COVID-19; except for
amoxicillin-clavulanate (Access category), the other most
commonly prescribed antibiotics are in the Watch category.

Table 2 shows the consumption of antibiotics among the
included patients with COVID-19 in the five participating
hospitals between August and September, 2020, and the con-
sumption of antibiotics in the corresponding period in 2019
(among non-COVID-19 patients). The consumption of antibi-
otics was higher during the COVID-19 pandemic compared
to the pre-pandemic period: the consumption of azithromycin
increased from 11.5 DDDs per 100 occupied bed-days to 17.0
DDDs per 100 occupied bed-days, ceftriaxone from 20.2
DDDs per 100 occupied bed-days to 25.1 DDDs per 100
occupied bed-days, piperacillin-tazobactam from 0.3 DDDs
per 100 occupied bed-days to 1.1 DDDs per 100 occupied
bed-days, amoxicillin-clavulanic acid from 2.4 DDDs per
100 occupied bed-days to 5.1 DDDs per 100 occupied bed-
days, and ciprofloxacin from 3.5 DDDs per 100 occupied bed-
days to 3.8 DDDs per 100 occupied bed-days.

Discussion

The COVID-19 pandemic has become the greatest global
health threat and therefore health care systems around the
globe require indispensable allocation of resources for its
long-lasting management. It is of immense importance for
all the health care providers that concurrent global health

Table 2 Antimicrobial consumption by WHO AWaRe category, for five district hospitals in the province of Punjab, Pakistan

Study period Antibiotics ATC WHO AWaRe DDDs/100
code category occupied bed-days

August—September 2019 (Pre-COVID-19 pandemic) Azithromycin JO1FA10 WATCH 11.5
Ciprofloxacin JOIMAO2 WATCH 3.5
Ceftriaxone JO1DD04 WATCH 20.2
Amoxicillin-clavulanic acid JO1CRO2 ACCESS 24
Piperacillin-tazobactam JOICRO5 WATCH 0.3

August-September 2020 Azithromycin JO1FA10 WATCH 17.0
Ciprofloxacin JOIMAO2 WATCH 3.8
Ceftriaxone JO1DD04 WATCH 25.1
Amoxicillin-clavulanic acid JOICRO2 ACCESS 5.1
Piperacillin-tazobactam JO1CRO5 WATCH 1.1
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threats like antimicrobial resistance must not be neglected
during the time of COVID-19 outbreaks and AMS should
be performed as an integral part of the rapid pandemic re-
sponse. Careful and rational consumption of antimicrobial
agents could be significant in the wake of their reserve for
those with confirmed bacterial infections or those with signs
and symptoms consistent with bacterial infections.
Importantly, the Dutch Working Party on Antibiotic Policy
recommends obtaining sputum and blood cultures prior to
the initiation of empirical antibiotic therapy in patients with
COVID-19 pneumonia who have radiological findings and/or
inflammatory markers compatible with bacterial co-infection
to confirm the diagnosis [8]. They also emphasize the need for
appropriate de-escalation of antibiotic therapy based on the
results of culture testing [8].

The current study revealed that commonly prescribed anti-
biotics in hospitalized patients with COVID-19 in
Pakistan were azithromycin, ciprofloxacin, ceftriaxone,
amoxicillin-clavulanic acid, and piperacillin-tazobactam. The
utilization of azithromycin, which was one of the frequently
prescribed antibiotics among hospitalized patients with
COVID-19 in Pakistani hospitals as reported from our analy-
sis, demonstrated the highest increment in its consumption
(as DDD/100 occupied bed-days) as compared to the
corresponding time period in the previous year. This could
be due to treating physicians' experience of using
azithromycin for respiratory infections or they could be influ-
enced by widespread off-label use of azithromycin for the
treatment of COVID-19 in other countries. For example, sim-
ilar findings were reported by a previous study conducted in
Singapore, where similar trends of increased azithromycin
consumption were reported [9]. This is concerning because
acquired macrolide resistance has been an increasingly recog-
nized problem even before the COVID-19 pandemic [10].

A slight increase in the consumption of ciprofloxacin, a
fluoroquinolone, was documented in our study.
Fluoroquinolones are generally prescribed as an empirical
therapy due to their broad-spectrum activity, and typically
not for the targeted antimicrobial therapy against causative
microorganisms, in order to avoid emergence of
antimicrobial resistance. The findings are similar to the previ-
ous study conducted by Gonzalez-Zorn in Spain who
reported the increased consumption of levofloxacin, another
fluoroquinolone, during the COVID-19 pandemic, compared
to the pre-pandemic period [11]. Ceftriaxone and piperacillin-
tazobactam are typically prescribed for conditions such as
community-acquired pneumonia, hospital- and ventilator-
acquired pneumonia. Their utilization also scaled up in
Pakistani hospitals after COVID-19 outbreak as compared to
the previous year. Our findings are in parallel with that of a
study conducted in the United States showing a similar kind of
increment in the consumption of ceftriaxone and piperacillin/
tazobactam (as DDD per 100 occupied bed-days) compared
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with the average consumption before the COVID-19 out-
breaks [12]. In fact, the prevalent use of ceftriaxone, a third-
generation cephalosporin, should be cautioned due to its asso-
ciation with increased incidence of extended-spectrum-[3-
lactamase (ESBL)-producing organisms [13]. A recent study
though reported an overall reduction in the incidence of total
multidrug-resistant (MDR) bacterial during the COVID-19
pandemic in an Italian university hospital, but there was a
significantly higher incidence of MDR bacterial infections in
the COVID-19 departments compared with other medical de-
partments (29% versus 19%), with ESBL-producing
Klebsiella pneumoniae accounted for most of the increments
[14].

The current pandemic is a public health threat of notable
dimensions which has also compromised the ongoing AMS
program, potentially leading to the emergence of antimicrobi-
al resistance among pathogens. Antimircobial resistance has
likely been a neglected issue in Pakistani hospitals during the
ongoing pandemic that requires prompt attention in order for
the effective re-implementation of AMS program. We ob-
served that standard treatment guidelines had been overruled
and with increased non-evidence-based antimicrobial con-
sumption among patients with COVID-19.
Indeed, antimicrobial resistance should still be recognized as
a global health issue that may compromise all the efforts under
the umbrella of universal health coverage and the health-
related sustainable development goal, even amid the
COVID-19 pandemic [5]. However, several limitations could
affect the generalizability of our findings, which include
a retrospective study design and a short study period.

Conclusion

The current study revealed non-evidence-based antimicrobials
consumption among patients with COVID-19 admitted into
Pakistani hospitals. Antibiotics were being prescribed without
prior establishment of bacterial co-infections where no culture
test was performed in these patients. Our findings demand
prompt attention in order for the effective re-implementation
of AMS program.
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