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Background: The COVID-19 pandemic has substantially affected the antibiotic steward-
ship activities in most hospitals of India.
Aims: Weconductedanantibiotic point prevalencesurvey (PPS) immediatelyafter thedecline
of a major COVID-19 wave at a dedicated COVID-19 hospital. By doing so we aimed to identify
the antibiotic prescription patterns, identify factors influencing the choice of antibiotics, and
identify/develop strategies to improve the antibiotic stewardship program in such setups.
Methods: The PPS was single-centred, cross-sectional, and retrospective in nature.
Patients admitted in various wards and intensive care units (ICUs) between September
2021 to October 2021 were included in our PPS.
Results: Of the included 460 patients, 192were prescribed antibiotics. Of these 192 patients,
ICU-admittedpatients had thehighest numberofantibioticsprescribed i.e.2.09� 0.92.Only a
minor fraction (7.92 %) of antibiotics prescriptionswereon thebasis of culture reports. Most of
the antibiotics were prescribed empirically by the parenteral route. The most common group
of antibiotics prescribed were third-generation cephalosporins. Carbapenems were the most
common designated antibiotics prescribed. A large number of patients (22.40 %) were pre-
scribed a double anaerobic coverage.
Conclusion: Thestrategies thatwe identifiedto improvetheantibiotic stewardshipprogramat
our institute included reviving the culture of sending culture reports to prescribe antibiotics,
improving surgical prophylaxis guidelines, training resident doctors to categorize antibiotic
prescriptions appropriately, closely monitoring prescriptions providing double anaerobic cov-
erage,and improving theelectronicmedical record systemfor improvingprescriptionauditing.
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Introduction COVID-19 patients during major COVID-19 waves, providing
Antimicrobial resistance is a growing public health challenge
worldwide that has been identified as one of the top ten threats
to global health by the World Health Organization (WHO) [1].
Antimicrobial resistance has caused an increase in the duration
of hospitalization, increased disease-related complications, a
substantial increase in economic load, and an overall delete-
rious impact on health [2]. The major consumers of antibiotics
are low- and middle-income countries, including India [3].

During the COVID-19 pandemic there has been a massive
upsurge in theusageofantibiotics inhospital settings [4e6].Also,
antimicrobial stewardship activities in tertiary care hospitals
have been derailed due to the lack of manpower and pooling of
resources towards tackling the COVID-19 crisis [7]. Therefore,
considering the negative impact of the COVID-19 pandemic on
antibiotic stewardship activities, it is imperative for tertiary care
hospitals, specifically dedicated to cater COVID-19 patients to
closelymonitor their usageofantibioticsand resistancepatterns.
In the Indian scenario, wherein there is a lack of a national reg-
istry system for documenting antimicrobial consumption, local
antibiotic surveillance becomes even more crucial [8].

There have been a few point prevalence surveys (PPSs) in
India to estimate antibiotic consumption patterns in major
government-run hospitals. However, most of these studies pre-
date the COVID-19 pandemic, [9,10] and certainly none were
conducted immediately after a major COVID-19 wave.

Considering all the above-mentioned factors, we conducted
this point prevalence survey (PPS) to assess the community-
level antibiotic consumption pattern immediately after a
major COVID-19 wave in India. We conducted this PPS at our
hospital, which exclusively catered only COVID-19 patients
during the COVID-19 pandemic, using the WHO Access, Watch
and Reserve (AWaRe) classification. The aims of this PPS were
to identify antibiotic prescription patterns, factors influencing
the choice of antibiotics, and to assist in improving our local
antibiotic stewardship program. Nationally, our experience
should assist with formulating guidelines for promoting rational
therapeutics in dedicated COVID-19 hospitals.

Methods

Ethical considerations

Ethical clearance was obtained from the institutional ethics
committee (letter No. 134X/11/13/2021-IEC/34 dated
12.08.2021). The study was in accordance with the revised
Helsinki, 2006 and ICMR guidelines for biomedical research on
human participants 2017. Each patient was allotted a sequen-
tial subject number, and data anonymity was maintained
throughout.

Study design and settings

The study was a single-centre, cross-sectional, point
prevalence, retrospective study carried over four weeks in
SeptembereOctober 2021 at Employee’s State Insurance
Corporation Medical College and Hospital, Faridabad which is
a tertiary care teaching hospital in India. The institute was a
dedicated COVID-19 hospital during major COVID-19 waves in
India. Dedicated COVID-19 hospitals cater exclusively for
outpatient and inpatient services, including ICUs. After the
wave declines, these hospitals resume their services to non-
COVID-19 patients. The delta variant COVID-19 wave started
in India around the first week of March 2021 and ended at the
end of August 2021. Our PPS was conducted immediately after
the decline of this wave. The PPS was part of the antibiotic
stewardship program of our hospital, and followed the
standard methodology as described by the Global Point
Prevalence Survey of Antimicrobial Consumption and Resist-
ance (January 2019 version) [11].

Study population and sample size

The accessible population comprised all patients admitted
in wards or ICUs during the surveillance period. A single ward or
ICU was covered on a single day. The ward or ICU to be surveyed
on a particular day was decided by the lottery method on the
previous day. There was no formal sample size calculation.

Inclusion criteria

We included admitted patients in wards or ICUs before 08.00
hours (the start of the morning shift) on the intended day of the
survey, who were prescribed at least one antibiotic.

Exclusion criteria

Patients admitted after 08.00 hours, patients in outpatient
and emergency departments, patients intended to be dis-
charged on the day of the survey, and patients posted for
surgery on the day of the survey, were excluded.

Data collection

The medical record files, bedside treatment charts, and
culture reports included in the case files were referred to by
the study team to extract the data. Inputs from the treating
clinician (ward-resident or consultant-on-duty) were taken
while extracting the data.

Working definitions

An empiric antibiotic prescription was defined as the initial
antibiotic prescribed in absence of culture reports [12]. A pro-
phylactic antibiotic prescription was defined as an antibiotic
prescribed for prevention of an infectious complication of a
disease or preventing an infectious complication arising from a
non-surgical (medical) or surgical intervention [13,14]. A lab-
based antibiotic prescription was defined as an antibiotic pre-
scribed after the pathogen was identified and reported [12].

Community acquired infections (CAIs) were defined as
infections that were developing outside hospital, or diagnosed
within 48 h of admission without any previous health care
encounter [15]. Hospital-acquired infections (HAIs) were
defined as infections not present or incubating at the time of
admission to a hospital [16].

Designated antibiotics were selected by the study teambased
on the drugs mentioned in the hospital antibiotic policy and
antibiotics mentioned in the ‘Watch’ and ‘Reserve’ categories of
the WHO AWaRe classification. The antibiotics considered as



Table I

Percentage of patients on antimicrobials

Name of ward Total number

of beds

occupied

Number (%) of

patients on

antimicrobials

Medicine 80 41 (51)
Surgery 80 36 (45)
OBG 40 30 (75)
Paediatric 40 13 (33)
Oncology 40 11 (28)
ENT/Mucormycosis 40 12 (30)
Eye 15 0
Psychiatry 25 0
ICU 60 35 (58)
Orthopaedics 40 14 (35)
Overall 460 192 (42)

OBG, Obstetrics and gynecology; ENT, Ear Nose Throat; ICU, Intensive
care unit.
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designated antibiotics in our study included carbapenems, poly-
myxins, vancomycin/teicoplanin, tigecycline, minocycline,
linezolid, systemic antifungals, systemic antivirals and anti-
tubercular drugs.

Parameters calculated

The following parameters were calculated in our PPS: (a)
calculation of the number/percentage of patients prescribed
antimicrobials; (b) categorization of antimicrobial
prescriptions as empiric, prophylactic or lab-based; (c) calcu-
lation of the number/percentage of antibiotics administered by
the oral or parenteral route; (d) categorization of antimicrobial
prescriptions based on the indication i.e. for CAIs, HAIs, medi-
cal prophylaxis, surgical prophylaxis, unknown infections, or
others; (e) calculation of the number/percentage of patients
prescribed a double coverage for anaerobes or Gram-negative
organisms; (f) calculation of the number/percentage of
patients on designated antimicrobials; (g) overall consumption
of antimicrobials by class according to the WHO Anatomical
Therapeutic Chemical (ATC) classification.

Statistical analysis

Data were collected in case record forms and was then
entered onto Microsoft Excel. Most descriptive data were
expressed as numbers or percentages. Means � standard
deviation (SD) were calculated using SPSS version 27 (IBM
Corporation, USA).

Results

The PPS included 460 patients on ten different wards, of
whom 192 (41.73%) were prescribed antibiotics (Table I).
Patients admitted to the obstetrics and gynecology (OBG) ward
had the highest percentage of antibiotics prescribed (75%);
those on the Eye and Psychiatry wards received no antibiotics.

43% of treated patients were receiving 1 antibiotic, 40% 2
antibiotics, and 18 % patients�3 antibiotics (Table II). Three or
more antibiotics were prescribed predominantly for ICU
patients. Overall, the average number of antibiotics prescribed
per patient was 1.78 � 0.80, the highest average number being
on the ICU (2.09 � 0.92) (Figure 1). The majority of antibiotic
prescriptions were empirical (72.14%); 19.94% were prophy-
lactic, and only 7.92% of prescription were based on laboratory
reports. The vast majority (81.23%) of antibiotics were
administered by the parenteral route. 32.59% of antibiotic
prescriptions were for unknown infections, the other indica-
tions for antibiotics being CAIs (30.17%), surgical prophylaxis
(22.37%), medical prophylaxis (9.63%), and HAIs (5.24%).

Forty-three (22.40 %) patients were prescribed a double
anaerobic coverage, most commonly piperacillin/tazobactam
with metronidazole (9 cases) or with meropenem (7 cases). A
total of 32 (16.67%) patients were prescribed designated anti-
biotics, predominantly carbapenems (24) and glycopeptides
(5). One patient each received tigecycline, linezolid and
bacitracin. Nineteen (9.90%) patients were receiving antifungal
drugs, 9 (4.69%) antitubercular drugs and 3 (1.56%) antiviral
drugs.

The overall consumption of antimicrobials by WHO ATC class
is shown in Figure 2. Third generation cephalosporins (29.05%)
were the most common antimicrobials prescribed, followed by
imidazoline derivatives (14.53%) and penicillin-beta-lactamase
inhibitor combinations (11.45%). The majority (78.56 %) of the
antibiotics prescribed were from the ‘Watch’ category.

Discussion

In order to rationalize antibiotic prescription and in turn to
control the emergence of multidrug-resistant microbes,
effective surveillance of antibiotic use is essential. Antibiotic
surveillance aids in observing the effectiveness of policies,
identifying targets for quality improvement, and informing
policymakers [17,18]. More irrational antibiotic use during the
COVID-19 pandemic makes ongoing surveillance of antibiotic
prescription crucial [4,5,8,17,18].

A multicentre PPS conducted prior to a COVID-19 wave in
five major Indian hospitals, reported an antibiotic prescription
rate of 50.03% [9]. Another pre-COVID-19 wave PPS conducted
in 16 private-sector hospitals in India reported an antibiotic
prescription rate of 57.4% [10]. Another pre-COVID-19 wave PPS
in a major tertiary care Indian hospital reported an antibiotic
prescription rate of 50.9 % [19]. Even higher rates of antibiotic
prescription were reported in pre-COVID-19 studies from
neighbouring countries: 78% in Bangladesh, 77.16% in Pakistan,
and 63.4% in Myanmar [20e22]. Data on antibiotic prescribing
in India during major COVID-19 waves are sparse [18]. However,
PPSs conducted in neighbouring countries found prescribing
rates of 100% in Bangladesh and 97.3% and 89.67% in Pakistan,
far higher than at other times [23e25]. Our PPS, conducted
immediately after a COVID-19 wave, found an antibiotic pre-
scription rate of 41.73 %, which was much lower than the
antibiotic prescription rates reported in regional PPSs con-
ducted during a COVID-19 wave and was comparable to the
antibiotic prescription rates reported in regional PPSs con-
ducted prior to a COVID-19 wave [9,10,19e22,22e25]. In con-
trast to the developing nations of the Indian subcontinent,
most developed nations of Europe and America had substantial
lower antimicrobial prescription rates (25e34%) in the pre-
COVID-19 period [26e28]. Similarly, antibiotic prescription
rates during the COVID-19 pandemic in developed countries
(63.1e64.8%) have been lower than in developing Southeast



Table II

Number of antibiotics per patients

Parameter No. (%) of patients in different specialties receiving different numbers of antibiotics

Medicine Paediatric Surgery Orthopaedics ICU Oncology OBG ENT/Mucor

mycosis

Total

Number of
patients on
1 antibiotic

20 (49) 6 (46) 19 (53) 3 (21) 11 (31) 2 (18) 15 (50) 6 (50) 82 (43)

Number of
patients on
2 antibiotics

14 (34) 6 (46) 13 (36) 11 (79) 12 (34) 7 (64) 9 (30) 4 (33) 76 (40)

Number of
patients on
3 antibiotics

5 (12) 1 (8) 3 (8) 0 (0) 10 (29) 2 (18) 6 (20) 2 (17) 29 (15)

Number of
patients on �
4 antibiotics

2 (5) 0 (0) 1 (3) 0 (0) 2 (6) 0 (0) 0 (0) 0 (0) 5 (3)

Average
number
of antibiotics
per patient

1.73 �
0.87

1.62 �
0.65

1.61 �
0.77

1.79 �
0.43

2.09 �
0.92

2.00 �
0.63

1.70 �
0.79

1.67 �
0.78

1.78 �
0.80

Number of patients on antibiotics are expressed as n (%); Average number of antibiotics per patient are expressed as n� SD. ICU, Intensive care unit;
OBG, Obstetrics and gynaecology; ENT, Ear Nose Throat.
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Asian countries (87.5 %) [29]. A number of factors have been
identified for this wide variation in the antibiotic use between
developing and developed nations, including variations in
social determinants of health, volume of infectious diseases,
differences in healthcare systems, prescription policies of
hospitals, and marketing strategies of pharmaceutical compa-
nies [8,17,18].

A PPS conducted in India prior to a COVID-19 wave reported
that the proportion of patients receiving �3 antibiotics ranged
from 6.5% to 30.9% [9]. In a PPS conducted in Pakistan during a
COVID-19 wave, 29.24% of patients were receiving �3 anti-
biotics [25]. In our study, conducted after a COVID-19 wave,
15.10% were receiving �3 antibiotics, and 2.6% �4 antibiotics.
The majority of these patients were on the ICU, where
Figure 1. Distribution of average number of antibiotics pres
combination therapy may be advised for polymicrobial infec-
tions, to broaden the antimicrobial spectrum, obtain a syner-
gistic effect or improving synergy between different
antibiotics, and preventing antibiotic resistance [30]. An Indian
PPS conducted prior to a COVID-19 wave, reported the average
number of antibiotics prescribed per patient was 1.62 [9]. Two
PPSs conducted in the Indian subcontinent during a COVID-19
wave reported average numbers of 1.66 and 2.21, respec-
tively [23,25]. In our post-COVID-19 wave study the average
number of antibiotics prescribed per patient was 1.78 � 0.80,
indicating that the number of antibiotics prescribed per
patient has been unaffected by the pandemic.

In a pre-COVID wave PPS conducted in India, 40.1% of anti-
biotics were prescribed empirically, 37.1% prophylactically,
cribed per patient according to the surveyed ward/ICU.



Figure 2. Antimicrobial consumption by class according to the WHO ATC classification.
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and 22.8% on the basis of culture reports [9]. In a PPS con-
ducted during a COVID-19 wave in Pakistan, 85.5% antibiotics
were prescribed prophylactically, probably to prevent secon-
dary bacterial infections in COVID-19 [24]. By contrast, in our
study the majority (72.14%) of antibiotic prescriptions were
empiric, and only 19.94% antibiotics were prescribed prophy-
lactically. There are several possible reasons why only 7.92% of
antibiotic prescriptions were based on laboratory results. First,
during the COVID-19 wave our institute was a dedicated COVID-
19 hospital, and the practice of prescribing antibiotics includ-
ing fluoroquinolones and macrolides without culture reports
became the norm [18,29]. This practice may have continued
even after the COVID-19 wave had declined. Second, as a
tertiary care hospital, we receive many patients already
receiving antibiotics prescribed in the referring hospitals.
Third, a delay in results turnaround times may have impeded
de-escalation and/or targeting therapy based on culture
results. Reviving the habit among clinicians to send cultures
and review culture reports when COVID-19 waves decline may
be an effective strategy in improving antimicrobial stewardship
[31].

Data classifying antibiotic usage according to the route of
administration is sparse in PPSs conducted in the Indian sub-
continent during major COVID-19 waves [23e25]. However, in
our post-COVID-19 wave PPS, the percentage of antibiotics
prescribed parenterally (81.23%) was comparable to the
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corresponding value found in a pre-COVID-19 wave PPS (77.9%)
[9]. Widespread use of third generation cephalosporins espe-
cially ceftriaxone, for which there is currently no oral equiv-
alent available in the market, was identified as one of the
factors which could have influenced this finding. Also, many
physicians and patients believe that parenteral therapy is
superior and more effective than oral administration [32]. The
use of parenteral antibiotics is unavoidable in cases of critical
infections, infants, unconscious patients and, in absence of
oral alternatives. However, hospitals should actively pursue
early iv-oral switch whenever possible, recognizing the clinical
and economic benefits from this approach [32,33].

Two pre-COVID-19 wave PPSs conducted in India demon-
strated CAIs as the most common indication for prescribing
antibiotics to patients, followed by surgical prophylaxis [9,10].
Indications for antibiotics in most PPSs conducted in the Indian
subcontinent during a COVID-19 wave are poorly documented
[23e25]. In our post-COVID-19 wave PPS, the majority of
antibiotic prescriptions were for an unknown indication
(32.59%), followed by CAIs (30.17%) and surgical prophylaxis
(22.37%). HAIs constituted a small fraction (5.24 %) of the
indications for antimicrobial use. Indian hospitals have widely
varying proportions of antimicrobials prescribed for HAIs (0.9
%e32.6 %) [9]. A reason for this variation may be differences in
the clinical assessment by treating doctors, who are unable to
identify the infection to be a HAI when it is initially presented
to them. Hence, training doctors vigorously to correctly diag-
nose and categorize infections broadly as HAIs or CAIs would
not only aid in rational prescription of antibiotics but also
prevent antibiotic resistance [9]. The percentage of patients to
whom antibiotics were indicated for surgical prophylaxis was
consistently high in all PPSs conducted in India before and after
a COVID-19 wave [9,10]. There are several reasons for the large
number of patients on surgical prophylaxis at our institute.
First, a large number of patients operated in smaller hospitals
are referred to our hospital with post-operative complications.
Some of these patients require re-operation, and their anti-
biotics may therefore be categorized as prophylactic when
they were in fact therapeutic Second, fear of being sued for
post-operative infections is also a motivator for clinicians to
prescribe surgical prophylaxis [9]. In the OBG ward of our
institute, which had the highest rate of antibiotic prescription
in any ward, most antibiotics were administered as surgical
prophylaxis. Likewise, in pre-COVID-19 times, 81.4% of admit-
ted patients in the OBG ward were prescribed antibiotics [20].
Also, many patients (78.4%) in our PPS were continued with
surgical prophylaxis for more than a day, as reported in pre-
vious PPSs [9,10]. Surgical prophylaxis guidelines in most Indian
hospitals, including ours, discourage continuing surgical pro-
phylaxis for more than one day [31]. Most surgeons quoted
presence of post-operative complications as the rationale for
continuing antibiotics longer post-operatively [34]. Whether
COVID-19 has increased the proportion of patients receiving
prolonged surgical prophylaxis requires further investigation,
but it seems that in our institution at least attention needs to
be paid to improve compliance with surgical prophylaxis
guidelines [35,36]. This could be done by restricting the
availability of broad-spectrum antibiotics and/or strictly lim-
iting the duration of surgical prophylaxis to a day [31,37].

In a multicentre pre-COVID-19 wave Indian PPS the incidence
of double anaerobic coverage ranged between 3% to 15.9% [9]. In
our study the rate was rather higher at 22.40%; although regional
PPSs conductedduringCOVID-19waves have described the use of
double anaerobic coverage, they do not specify the frequency
[23e25]. In cases of Gram-negative infections, there are a very
few indications when more than one antibiotic may be appro-
priate [38]. However, it seems that there is likewise over-
prescription of antibiotics with anti-Gram-negative activity.

The wide use of designated antimicrobials at our institute is
a matter of concern. In our post-COVID-19 wave PPS, the most
common designated antibiotics used included carbapenems
(12.50 %), followed by glycopeptides (2.60 %). These findings
are similar to previous Indian PPSs [9,10]. The highest number
of such prescriptions were on the ICU. During major COVID-19
waves the prescription of designated antibiotics was preva-
lent in ICUs due to the lack of proper treatment guidelines, the
unknown nature of the disease and a lack of antibiotic sur-
veillance [18,39,40]. This practice may have continued even
after the decline of a major COVID-19 wave. However, one
limitation of our study is that we had no instituitional baseline
pre-COVID-19 data for comparison. One encouraging observa-
tion was the extremely limited use of agents such as tigecy-
cline, linezolid and bacitracin.

As described in a pre-COVID-19 wave Indian PPS, the com-
monest drug classes prescribed were third generation cepha-
losporins (24.48 %), imidazole derivatives (11.19 %), and beta-
lactam- beta-lactamase-inhibitor combinations (10.17 %) [9].
A PPS conducted during the five major COVID-19 waves of
Pakistan reported piperacillin-tazobactam (20.66 %), azi-
thromycin (17.37 %), meropenem (15.45 %), and ceftriaxone
(13.99 %) as the most commonly prescribed antibiotics [25]. In
Bangladesh a PPS during a COVID-19 wave reported ceftriaxone
(53.88 %), meropenem (40.9 %) and doxycycline (25.4 %) as the
most common antibiotics prescribed [23]. Our results aligned
with the findings of pre-COVID-19 wave PPSs. All PPSs con-
ducted before, during and after a COVID-19 wave revealed that
over 75 % of prescribed antibiotics belonged to the ‘Watch’
category of the WHO AWaRe classification [9,10,23,25]. Dif-
ferences in the classes of antibiotics prescribed in the PPSs
conducted during a COVID-19 wave from those prescribed
before and after a COVID-19 wave reflect use of azithromycin
and doxycycline as anti-COVID-19 treatments in some countries
[40].

Lastly, electronic medical record systems in hospitals
dealing with COVID-19 patients would not only increase the
accuracy of documentation, lead to efficient retrieval of
patient records, and but also reduce the risk of COVID-19 to the
data auditing team while handling patient files [41,42].

Our study had numerous limitations. First, although theWHO
recommends completion of a PPS within seven days, we could
complete the data collection process of our PPSwithin ten days.
Second, our study was restricted to one institute and included a
small population size. Third, baseline antibiotic prescription
data at our institute prior to and during a COVID-19 wave could
not be retrieved. Larger multicentric PPSs conducted before,
during and after a major COVID-19 wave could generate more
reliable and robust data to identify the impact of COVID-19 on
antibiotic prescription and help develop strategies to ration-
alize antibiotic use in dedicated COVID-19 hospitals.

Conclusions

Our PPS showed a high use of antimicrobials in admitted
patients to our institute. The findings of our PPS were helpful in
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generating a baseline data at our institute for identifying
strategies to rationalize antimicrobial prescription, especially
after a major COVID-19 wave. Some of the strategies identified
for improving the antibiotic stewardship program at our insti-
tute included improving surgical prophylaxis guidelines by
restricting certain broad spectrum antibiotics for the same and
restricting surgical prophylaxis duration to one day, training
residents to categorize antibiotic prescriptions appropriately,
decreasing prescriptions with a double anaerobic coverage,
reviving the culture of sending culture reports, and improving
the electronic medical record system for improving pre-
scription auditing. Larger multicentre PPSs are required to
further validate our findings.
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