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Background: This study aimed to evaluate the trends in antimicrobial prescription during the first 1.5 years of 
COVID-19 pandemic.

Methods: This was an observational, retrospective cohort study using patient-level data from Bangladesh, Brazil, 
India, Italy, Malawi, Nigeria, South Korea, Switzerland and Turkey from patients with pneumonia and/or acute 
respiratory distress syndrome and/or sepsis, regardless of COVID-19 positivity, who were admitted to critical 
care units or COVID-19 specialized wards. The changes of antimicrobial prescription between pre-pandemic 
and pandemic were estimated using logistic or linear regression. Pandemic effects on month-wise antimicrobial 
usage were evaluated using interrupted time series analyses (ITSAs).

Results: Antimicrobials for which prescriptions significantly increased during the pandemic were as follows: 
meropenem in Bangladesh (95% CI: 1.94–4.07) with increased prescribed daily dose (PDD) (95% CI: 1.17– 
1.58) and Turkey (95% CI: 1.09–1.58), moxifloxacin in Bangladesh (95% CI: 4.11–11.87) with increased days 
of therapy (DOT) (95% CI: 1.14–2.56), piperacillin/tazobactam in Italy (95% CI: 1.07–1.48) with increased DOT 
(95% CI: 1.01–1.25) and PDD (95% CI: 1.05–1.21) and azithromycin in Bangladesh (95% CI: 3.36–21.77) and 
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Brazil (95% CI: 2.33–8.42). ITSA showed a significant drop in azithromycin usage in India (95% CI: −8.38 to 
−3.49 g/100 patients) and South Korea (95% CI: −2.83 to −1.89 g/100 patients) after WHO guidelines v1 release 
and increased meropenem usage (95% CI: 93.40–126.48 g/100 patients) and moxifloxacin (95% CI: 5.40– 
13.98 g/100 patients) in Bangladesh and sulfamethoxazole/trimethoprim in India (95% CI: 0.92–9.32 g/100 pa-
tients) following the Delta variant emergence.

Conclusions: This study reinforces the importance of developing antimicrobial stewardship in the clinical set-
tings during inter-pandemic periods.

Introduction
At the beginning of the COVID-19 pandemic, there was a sudden 
and significant change in clinical practice and health-seeking be-
haviour globally,1,2 accompanied by the lack of and/or misinter-
pretations of scientific evidence for COVID-19 treatment and 
preventive measures.2 Healthcare systems quickly became 
overloaded and increasingly fragile due to the vast numbers of 
patients requiring critical care concurrently.3 Throughout the 
COVID-19 pandemic, healthcare workers also contracted the 
disease, sometimes becoming too unwell to work, and even 
when mildly unwell, subject to enforced isolation leading to a sig-
nificant reduction in staff-to-patient ratios. Limited access to 
diagnostic tests and personal protective equipment with improvi-
zations to infection prevention and control (IPC) practices led to 
higher nosocomial transmission of MDR organisms during the 
pandemic.2–5 Justification for empiric broad-spectrum antimicro-
bial usage was made, given that COVID-19 infection leads to the 
dysregulation of the immune system, whereby the patients may 
be vulnerable to secondary bacterial and fungal infections.6

Studies also reported indiscriminate antimicrobial consumption 
without microbiological evidence of bacterial infections, particu-
larly during the early phase of the pandemic when data on sec-
ondary infections were sparse and often contradictory.7,8

As of December 2021, the excess mortality due to the 
COVID-19 pandemic globally was estimated to be 14.9 million, 
but the death rate varied markedly between countries.9,10

Antimicrobial use fluctuated in the different pandemic waves, de-
pending on multiple factors in different countries with hetero-
geneity in the choice of antimicrobials.11–13 Despite many 
single-centre or single-country studies (mostly using aggregate- 
level data), few studies compared antibiotic usage patterns and 
trends between multiple countries using individual patient-level 
data. Variation between countries in antibiotic treatment proto-
cols and decision-making during the pandemic is yet to be deter-
mined globally.11,14

We performed an international cohort study to assess the im-
pact of the COVID-19 pandemic on antibiotic-prescribing prac-
tices in clinical settings with diverse patient management 
policies using individual patient-level data through a global net-
work involving 17 hospitals from 9 countries spanning high, 
middle- and low-income countries.15

Methods
Study design
This observational, retrospective cohort study included tertiary care insti-
tutions in Bangladesh, Brazil, India, Italy, Malawi, Nigeria, South Korea, 
Switzerland and Turkey. The countries were selected based on the 

following criteria: (i) a balance of low (Malawi), lower-middle 
(Bangladesh, India and Nigeria), upper-middle (Brazil and Turkey) and 
high (Italy, South Korea and Switzerland) income countries15; (ii) varia-
tions in dates in the first case of COVID-19 (Figure S1, available as 
Supplementary data at JAC-AMR Online)10 and (iii) varied levels of re-
ported cases of COVID-19 and associated deaths (Figure S2).10 We ap-
proached one site per country, but on engagement, we were able to 
enrol additional sites from Bangladesh (n = 3) and Turkey (n = 7) with an 
aim of including 100 patients per month per country.

The consortium for this project included a mixture of established col-
laborators and new partners to optimize geographical reach. The sites 
were chosen based on discussions with the collaborators about whether 
their hospital infrastructure during the pandemic could support data col-
lection for this study. All participating sites were national referral hospitals 
for suspected COVID-19 patients (Table S1). The hospitals demonstrated 
varying levels of clinical microbiological capacity and antimicrobial stew-
ardship (AMS) activities (Table S2), as well as distinct infection manage-
ment strategies based on policy, infrastructure and facilities (Table S3).

Case ascertainment
Where available, we abstracted data from 01 October 2019, or 4 months 
before the index COVID-19 case at the country level (whichever date oc-
curred first), up to 30 November 2021. The index confirmed cases of 
COVID-19 occurred between 20 January 2020 and 02 April 2020 in all en-
rolled sites (Figure 1). Patients were eligible for this study if admitted to 
intensive care, intermediate care or specialized COVID isolation wards, 
presenting with pneumonia and/or acute respiratory distress syndrome 
(ARDS) and/or sepsis related to an infectious syndrome beyond the re-
spiratory tract (e.g. meningitis, urosepsis, peritonitis, endocarditis, cellu-
litis, etc.) irrespective of COVID-19 positivity, some transited through 
the emergency department. ICUs included specialist units involving treat-
ment and monitoring with ventilators, monitoring equipment, intraven-
ous lines, pumps, feeding tubes, drains and catheters for seriously ill 
patients. High-dependency units (HDUs) were the step-down units be-
tween ICUs and general wards providing intermediate care. Specialized 
COVID isolation wards were wards that provided care to COVID-19 pa-
tients only. Children (≤18 years) were excluded. Patients fell into the pre- 
pandemic period if they were admitted to the hospital before the report of 
a COVID-19 index case at the country level and into the pandemic group if 
they were admitted on or after the date of the index case. A patient’s 
COVID-19 status, whether positive or negative, was determined based 
on the results of COVID-19 testing only. Further details on eligibility cri-
teria of the study participants can be found in Text S1.

A consecutive sampling approach with subsequent admissions was 
deployed to include up to 100 patients per month. All eligible cases for 
each month were included if the number of cases was <100. To ensure 
representation from multiple sites in Bangladesh and Turkey, 25 patients 
were recruited per site in Bangladesh and 10 per site in Turkey, targeting a 
total of up to 100 patients monthly in each country. This project was ap-
proved by the appropriate ethical bodies at the collaborating sites 
(Table S4).

Clinical sites were involved with patient selection and data collection 
retrospectively. Retrospective data collection meant patients’ selection 
was performed based on the clinical findings in the hospital records. 
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Patients’ data included admission details (date of admission, admitting 
hospital unit, date of discharge or death and hospital outcome), demo-
graphic data (age and sex) and clinical information (clinical presentation 
at the onset of pneumonia, ARDS or sepsis, antibiotic treatment including 
duration and dose, COVID-19 positivity and comorbidities such as chronic 
cardiac disease, hypertension, chronic pulmonary disease including asth-
ma, diabetes, active tuberculosis and obesity). Additionally, we collected 
data on hydroxychloroquine prescription from the eligible patients. Data 
were collected and managed through the Research Electronic Data 
Capture tools hosted at the University of Oxford.16 Although one hospital 
per country was enrolled mostly for this study, the ‘name of the country’ 
is used throughout the paper for data representation only.

Statistical analysis
The primary objective was to evaluate the changes in antimicrobial pre-
scriptions between pre-pandemic and pandemic periods. An initial 
chi-squared test was performed to explore the association between the 
COVID-19 pandemic and individual antibiotic prescribing at enrolled sites. 
We explored differences in antimicrobial prescription before and during 
the pandemic and differences in antimicrobial prescriptions between in-
dividuals that were COVID-19 positive and COVID-19 negative. Binary lo-
gistic regression was used to model the data for both the sets of 
comparisons.

For all antimicrobials with prescriptions, changes in days of therapy 
(DOT) and prescribed daily dose (PDD) were compared using linear regres-
sion models. DOT for each individual antimicrobial course was calculated 
by determining the duration between the initiation and cessation dates of 
administration. PDD was derived by multiplying the number of doses pre-
scribed per day and the strength per dose. The models were run on log- 
transformed outcomes, as the data were skewed, with the results back- 
transformed for interpretation as geometric mean ratios (GMRs).

All logistic and linear regression models were run separately for each 
country and adjusted for age (continuous), sex (male/female), admitting 

wards [ICU/HDU/Department of Critical Care (DCC)/COVID specialized, in-
cluding regular wards for the pre-pandemic period], comorbidities (binary 
for present/absent), patients’ hospital outcome (died/discharged alive) 
and diagnosis type (sepsis only/pneumonia only/ARDS only/sepsis and 
pneumonia/sepsis and ARDS/pneumonia and ARDS/sepsis, pneumonia 
and ARDS).

Interrupted time series analyses (ITSAs) were performed to assess the 
effect of COVID-19-associated deaths, detect the Delta variant and the 
release of WHO guidelines on antimicrobial prescribing for antimicrobials 
that had significant differences in usage between pre-pandemic and pan-
demic at country level during the pandemic period, i.e. from the month of 
the introduction of index case at the country level to 30 November 2021. 
Antimicrobial prescribing was defined by the total PDD (in grams) of re-
spective antimicrobials (continuous outcome), per 100 patients, for 
each month, and was analysed using Prais–Winsten AR(1) regression. 
The models were fitted with robust (to heteroscedasticity) estimators 
for the variance–covariance matrix, which uses the Huber/White/sand-
wich estimator. No predictors were included in these models, aside 
from the factor representing the ‘interruption’.

Further chi-squared (or Fisher’s exact) tests were performed to assess 
the associations between other binary factors described in the paper. As 
these analyses were exploratory, adjustment for multiple testing was not 
carried out.

Statistical significance was set at P < 0.05. Statistical analyses were 
performed using STATA 18.0 Standard Edition (StataCorp, College 
Station, TX, USA) and IBM SPSS Statistics (v29.0.0.0). Graphs were gener-
ated using Tableau Desktop (v2024.2).

Results
Baseline characteristics of the study population
An estimated 14 058 patients were prescribed 31 701 courses of 
antimicrobials, of which 10  579 (33.4%) prescriptions were made 

Figure 1. Study flow diagram.
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on admission and 20 656 (65.2%) during their hospital stay, with 
466 (1.5%) missing data on start and/or stop dates of administra-
tion (Table 1). The mean number of antimicrobials prescribed per 
patient in each country ranged from 1 to 3. The mean duration 
between the patient’s hospital admission and the first antimicro-
bial prescription ranged from 0.2 to 11.1 days (Table 1).

The study population at the country level, separated by pre- 
pandemic and pandemic periods, is described in Table 1. 
Among the study population, patients above 50 years [72.3% 
(10 124/14 002)] were the predominant than the other age 
groups [27.6% (3878/14 002)], and there were more males 
[62.8% (8830/14 055)] than females [37% (5201/14 055)] 
(Figures S3 and S4). Cases presenting with ‘pneumonia only’ 
were significantly higher in Bangladesh [89% (1955/2196)] com-
pared with other countries [32% (3791/11 862)] (P < 0.0001, OR: 
0.058, 95% CI: 0.050–0.067) and ‘sepsis only’ from Italy [61.4% 
(1469/2392)] compared with other countries [26.5% (3086/11  
666] (P < 0.0001, OR: 0.226, 95% CI: 0.206–0.248) (Figure S5). 
Data on COVID-19 testing during the study period were available 
for 63% (8850/14 058) of the study participants of which 46.7% 
(4112/8850) were COVID-19 positive, 53.2% (4711/8850) were 
negative and 0.3% (27/8850) tests were undetermined, with sig-
nificant differences among countries, e.g. significantly higher 
COVID-19-negative cases were observed in South Korea than 
the positive cases, compared with other countries (P < 0.0001, 
OR: 32.960, 95% CI: 25.515–42.579) (Table S5).

Antimicrobial usage before and during pandemic
A decline (ranging from 9.5% to 20.1%) in the combined prescrip-
tion of ≥2 antimicrobials during the pandemic was observed in 
Bangladesh, Italy, Nigeria, Switzerland and Turkey compared 
with pre-pandemic levels (Table S6). Data from Brazil showed a 
43.8% increase in the combined prescription of ≥3 antimicrobials 
during the pandemic compared with the pre-pandemic period 
(Table S7).

During the study period, 82 different antimicrobials were used 
across all countries: 39 were from Bangladesh, 37 from Brazil, 38 
from India, 41 from Italy, 7 from Malawi, 20 from Nigeria, 44 from 
South Korea, 42 from Switzerland and 37 from Turkey (Table S8). 
Tables S9–S16 describe the differences in different classes of anti-
microbial usage between the pre-pandemic and pandemic peri-
ods across countries. No pre-pandemic data on antimicrobial 
usage were available from the Malawi site. The antimicrobial pre-
scriptions that significantly increased or decreased during the 
pandemic are presented in Figure 2.

There was an increase in the prescription of amoxicillin- 
clavulanic acid during the pandemic in Bangladesh (n = 4223; 
P = 0.0038; OR: 1.42; 95% CI: 1.12–1.79) with increased DOT 
(n = 617;  P < 0.0001; GMR: 1.76, 95% CI: 1.49–2.08) with no 
significant differences in PDD and meropenem (n = 4253; 
P < 0.0001; OR: 2.81; 95% CI: 1.94–4.07), with increased PDD 
(n = 549; P = 0.0001; GMR: 1.36, 95% CI: 1.17–1.58) and moxi-
floxacin (n = 4251; P < 0.0001; OR: 6.99; 95% CI: 4.11–11.87) 
and with increased DOT (n = 449; P = 0.0099; GMR: 1.71; 95% CI: 
1.14–2.56). Ceftriaxone prescription was significantly lower dur-
ing the pandemic in Bangladesh (n = 4251; P < 0.0001; OR: 0.58; 
95% CI: 0.47–0.72) with decreased PDD in the pandemic com-
pared with pre-pandemic time (n = 963; P < 0.0001; GMR: 0.85, 

95% CI: 0.81–0.89); however, DOT increased by 1.54 days on 
average (n = 822; P < 0.0001; GMR: 1.54, 95% CI: 1.34–1.78). 
Amikacin prescription declined in Bangladesh during the pan-
demic (n = 4085; P = 0.0006; OR: 0.21; 95% CI: 0.09 to 0.51) 
with no significant changes in DOT and PDD (Figures 3, S6 and S7).

There was evidence of significant increase in piperacillin/tazo-
bactam prescriptions in Italy during the pandemic (n = 4510; 
P = 0.0046; OR: 1.26; 95% CI: 1.07–1.48) with significantly 
increased DOT (n = 1069; P = 0.0336; GMR: 1.12; 95% CI: 1.01–1.25) 
and PDD (n = 1069; P = 0.0007; GMR: 1.13; 95% CI: 1.05–1.21) 
(Figures 3, S6 and S7).

We observed significant increases in meropenem prescriptions 
in Turkey (n = 4012; P = 0.0037; OR: 1.31; 95% CI: 1.09–1.58) with 
reduced DOT (n = 849; P = 0.0121, GMR: 0.82, 95% CI: 0.71–0.96). 
Amikacin prescription was higher in Turkey during the pandemic 
(n = 3951; P = 0.0026; OR: 3.10; 95% CI: 1.48–6.47) with no signifi-
cant changes in DOT and PDD (Figures 3, S6 and S7).

Increased probability of using azithromycin in the pandemic 
was found in all study sites with significantly increased prescrip-
tions in Bangladesh (n = 4223; P < 0.0001; OR: 8.55; 95% CI: 
3.36–21.77) and Brazil (n = 3922, P < 0.0001; OR: 4.43; 95% CI: 
2.33–8.42) and significantly increased DOT by 2.84 days on aver-
age in South Korea (n = 50; P = 0.0009; GMR: 2.84; 95% CI: 1.58– 
5.11) (Figures 3, S6 and S7).

Antimicrobial usage in COVID-19-positive versus 
COVID-19-negative cases
Subgroup analysis (patients with records of COVID-19 test find-
ings from both pre-pandemic and pandemic periods) demon-
strates the higher usage of the following antimicrobials among 
COVID-19-positive cases compared with negative cases using ad-
justed logistic regression model: amoxicillin/clavulanic acid in 
Switzerland (n = 1839, P = 0.0001; OR: 2.72; 95% CI: 1.64–4.51), 
azithromycin in Bangladesh (n = 1575; P = 0.0008; OR: 4.08; 95% 
CI: 1.80–9.24) and Brazil (n = 3455; P = 0.0002; OR: 4.84; 95% CI: 
2.11–11.08) and piperacillin/tazobactam in India (n = 1694; 
P = 0.0001; OR: 1.86; 95% CI: 1.37–2.54) (Figure 4). COVID-19 pa-
tients had increased DOT for amoxicillin-clavulanic acid in Nigeria 
(n = 254; P = 0.0267; GMR: 1.40; 95% CI: 1.04–1.88) and 
piperacillin-tazobactam in India (n = 280; P = 0.0305; GMR: 1.29; 
95% CI: 1.02–1.63) (Figure S8). We observed higher PDD for 
piperacillin-tazobactam in India (n = 280; P = 0.0433; GMR: 1.13; 
95% CI: 1.00–1.27) and Turkey (n = 413; P = 0.0079; GMR: 1.11; 
95% CI: 1.03–1.19) among the COVID-19 cases (Figure S9). 
Hydroxychloroquine prescriptions were exclusively issued for 
COVID-19-positive patients and only noted in Italy, Switzerland 
and Turkey during the first wave of the pandemic.

Trends in antibiotic usage over the course of the 
pandemic
Figure 5 illustrates monthly antimicrobial usage based on PDD 
(g)/100 patients against COVID-19 death incidence, Delta variant 
emergence and when WHO guidelines on COVID patient man-
agement were released. ITSA revealed significantly increased 
meropenem (n = 20; P < 0.0001; mean change: 109.94, 95% CI: 
93.40–126.48 g/100 patients) and moxifloxacin (n = 21; 
P = 0.0002; mean change: 9.69, 95% CI: 5.40–13.98 g/100 
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patients) usage after Delta variant emergence in Bangladesh in 
July 2021, followed by a downward trend in the post-Delta phase 
(Figures 5a and S10–S12); however, no significant changes in pre-
scription of ceftriaxone were observed. Azithromycin usage de-
creased in Bangladesh, Brazil, India and South Korea following 
WHO guidelines v1 release (Figure 5), which were statistically sig-
nificant in India (n = 17; P = 0.0002; mean change: −5.94, 95% CI: 
−8.38 to −3.49 g/100 patients) and South Korea (n = 16; P =  
0.0274; mean change: −1.82, 95% CI: −2.83 to −1.89 g/100 pa-
tients) (Figures S13–S17). Azithromycin usage slightly increased 
in January 2021 in Brazil and around March 2021 in India 
(Figures S14 and S15). Post-Delta phase significantly influenced 
the prescription of more sulfamethoxazole/trimethoprim in 
India (n = 9; P = 0.0258; mean change: 5.12, 95% CI: 0.92– 
9.32 g/100 patients) (Figure S18). A substantial rise in merope-
nem and amikacin usage was observed in Turkey during 
November and December 2020, respectively, around the peak 
of COVID-19 deaths in the second pandemic wave (Figure 5f).

Discussion
By leveraging individual patient-level data on antibiotic usage 
patterns and trends in 17 hospitals from 9 countries, this study 
undertakes granular analysis that enhances statistical power in 
estimating patient-level antimicrobial consumption during the 
pandemic compared with the preceding months instead of solely 
relying on aggregated data, as reported elsewhere.11,14,15 By 
identifying shifts in antibiotic use during the pandemic, the re-
search highlights global differences in prescription practices 
among varied populations and contexts. These insights shed light 

on the effectiveness of AMS programmes (AMSP) at the health-
care institutions. While some high-income clinical settings imple-
mented strategic measures to manage antibiotic use during the 
pandemic, many other participating sites lacked established 
AMSP (Table S2). The outcomes of this study are valuable for in-
forming future strategies to combat antimicrobial resistance 
(AMR).

This study included patients exhibiting COVID-like symptoms 
from critical care units and specialized COVID-19 wards of major 
hospital in each country, with a significant proportion of partici-
pants being over the age of 50, offering insights into antimicrobial 
prescriptions among moderately to severely ill patients in referral 
centres. The prevalence of specific diagnoses, such as pneumo-
nia, sepsis and ARDS, varied by sites that might have influenced 
the type and dosage of antimicrobial therapy prescribed.17 Our 
analysis accounted for these factors, comorbidities, hospital out-
come and sex differences, enhancing our understanding of shift 
in antimicrobial usage during the pandemic.

To address the growing challenge of AMR and maintain anti-
biotic efficacy, the WHO has set a target for countries to ensure 
that 60% of antibiotic prescriptions fall within the Access group 
by 2023.18 Our analysis shows a significant increase in the pre-
scribing of Watch group antibiotics such as azithromycin, moxi-
floxacin, piperacillin/tazobactam and meropenem in hospitals 
across Bangladesh, Turkey, Italy, Brazil and South Korea during 
the pandemic. The rapid spread of COVID-19 led to a wide range 
of clinical outcomes, prompting some regions to include antibio-
tics in treatment protocols to prevent secondary bacterial infec-
tions and for immunomodulation effects.17–21 Azithromycin, 
known for its antibacterial and anti-inflammatory properties, 

 
  

Bangladesh Brazil India Italy 

Nigeria South Korea Switzerland Turkey 

Figure 2. Line graph showing the trends of respective antimicrobial prescriptions from the pre-pandemic to pandemic period at the country level. The 
‘x’ axis represents the percentage of patients prescribed with respective antimicrobials. No pre-pandemic data on antimicrobials were available from 
the Malawi site. Patient-level data could not be accessed from the UK site. Only antimicrobials with significant differences (by chi-square test) in usage 
between pre-pandemic and pandemic are included in this figure. The antimicrobials with a very low frequency of prescriptions (n < 15) are excluded 
from the figure. Tables S7–S14 demonstrate the differences in usage of all antimicrobials in each country included in this study.
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was initially favoured either alone or in combination with hydro-
xychloroquine. Our study observed an initial surge in azithromycin 
usage in several countries; however, following WHO guidelines 
discouraging antibiotic use for COVID-19, prescriptions declined 
significantly.22–25 Other factors such as the provision of the 
‘COVID-19 kit’ to the population that included azithromycin, hy-
droxychloroquine and ivermectin in Brazil aggravated the higher 

usage of immunomodulatory antimicrobials early in the pan-
demic.25 The capacity of fluoroquinolones to bind with 
COVID-19 Main Protease (Mpro) might explain moxifloxacin pre-
scriptions for COVID-19.26 In addition, meropenem prescriptions 
in Bangladesh were influenced by national COVID-19 manage-
ment guidelines (v7) released on 28 May 2020.27,28 Reports indi-
cate that around 30% of bacteria from bloodstream infections in 

Figure 3. Plot represents the comparison of prescriptions of respective antimicrobials between the pre-pandemic and pandemic periods at the country 
level. Horizontal bars represent the lower and upper values of a 95% CI. Black square symbols represent the odds ratio, and red square symbols re-
present tests with significant differences in the prescription of respective antimicrobials between pre-pandemic and pandemic periods. 
Antimicrobials with <15 prescriptions overall are excluded from the analysis. Statistical analysis was performed using logistic regression. All models 
are adjusted for age (continuous), sex (male/female/other), admitting ward [ICU/HDU/DCC/COVID specialized (including regular wards for the pre- 
pandemic period)], comorbidities (binary, yes or no), patient outcome (died/discharged alive) and diagnosis type (sepsis only/pneumonia only/ARDs 
only/sepsis and pneumonia/sepsis and ARDs/pneumonia and ARDs/sepsis, pneumonia and ARDS). Comparisons of antimicrobial prescriptions between 
pre-pandemic and pandemic could not be performed using logistic regression if there was a null value either for the pre-pandemic or pandemic period. 
The difference in amoxicillin/clavulanic acid for Nigeria was not shown in the figure as the adjusted mean difference was zero.
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Turkey exhibited resistance to third-generation cephalosporins, 
contributing to the increased use of meropenem.29 In Italy, clin-
icians based antibiotic selections on microbiological evidence, 
leading to the use of broad-spectrum combinations like piperacil-
lin/tazobactam in response to reduced susceptibility of bacterial 
strains to third-generation cephalosporins if MICs for piperacil-
lin/tazobactam are ≤4 mg/L, especially for Escherichia coli (per-
sonal communication with Edoardo Carretto). Overall, the 
pandemic has had a complex effect on the increased reliance 
on higher-generation antibiotics.30

We analysed monthly aggregated antimicrobial usage data, 
considering factors such as the emergence of the virulent Delta 
variant, and the impact of establishment of international treat-
ment guidelines during the first COVID-19 pandemic wave.31

The Delta variant caused a significant increase in COVID-19 cases 
across parts of South Asia, resulting in high mortality rates.32

Our study found a significant rise in the prescription of specific 
antimicrobials in South Asia in the post-Delta phase, notably 
Watch antibiotics such as meropenem and moxifloxacin in 
Bangladesh, as well as sulfamethoxazole/trimethoprim in India. 
Additionally, the influx of critically ill COVID-19 patients in 
Turkish hospitals during the peak of the second wave might 
have contributed to increased meropenem usage.33

The analysis of antibiotic usage data before and during the pan-
demic provided insights into the impact of COVID-19 on prescribing 
practices. Shifts in these patterns may reflect changes in health-
care delivery, including increased telemedicine use, modified 

diagnostic criteria and altered patient behaviour due to lockdown 
measures.17,18 For instance, our study noted the use of hydroxy-
chloroquine in Italy, Switzerland and Turkey only during the first 
wave of the pandemic, reflected the rise and fall theories surround-
ing its effectiveness for treating COVID-19. Initially proposed in 
March 2020 as a potential treatment, hydroxychloroquine faced 
criticism and was eventually abandoned following retractions of 
significant publications from large randomized controlled trials by 
June and October 2020, culminating in a Cochrane review in 
2021.34 Although aggregated data from India and Bangladesh in-
dicate a rise in hydroxychloroquine consumption during the pan-
demic (R. Farzana, S. J. Harbarth, L. Yu, T. R. Walsh and COVID-19/ 
DRI Study Group, unpublished results), our patient-level data found 
no prescriptions for inpatients in these countries. This suggests that 
hydroxychloroquine may have been primarily used for pre- 
exposure prophylaxis among outpatients or in the community ra-
ther than for inpatient management.35

The prolonged duration of antibiotic prescriptions among 
COVID-19 patients in countries like Nigeria and India, along 
with the escalation of dosage in India and Turkey, reflects con-
cerns about treating concurrent bacterial infections or complica-
tions related to COVID-19. This situation may stem from a lack of 
clarity in local clinical guidelines, potentially led to antibiotic mis-
use or over-prescription.28–36

This study has several limitations. We conducted this study 
during an emergency, which posed challenges to data collection 
and the adherence to optimal methodological standards across 

Adjusted Odds Ratio

Figure 4. Plot represents the comparison of prescriptions of respective antimicrobials between COVID-19-positive and COVID-19-negative cases at the 
country level. Horizontal bars represent the lower and upper values of a 95% CI. Black square symbols represent the odds ratio, and red square symbols 
represent the significant differences in the prescription of respective antimicrobials between COVID-19-positive and COVID-19-negative cases. The 
antimicrobials with the <15 prescriptions overall are excluded from the analysis. Statistical analysis was performed using logistic regression. All models 
are adjusted for age (continuous), sex (male/female/other), admitting ward [ICU/HDU/DCC/COVID specialized (including regular wards for the pre- 
pandemic period)], comorbidities (binary, yes or no), patient outcome (died/discharged alive) and diagnosis type (sepsis only/pneumonia only/ 
ARDS only/sepsis and pneumonia/sepsis and ARDS/pneumonia and ARDS/sepsis, pneumonia and ARDS). Comparisons of antimicrobial prescriptions 
between COVID-19-positive and COVID-19-negative cases could not be performed using logistic regression if there was a null value either for 
COVID-19-positive or COVID-19-negative cases.
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participating sites. Although patient selection guidelines were es-
tablished, potential selection bias arose from the retrospective 
case selection using hospital records, which often lacked suffi-
cient clinical details in resource-limited settings. Consequently, 
we were unable to consistently include 100 patients per month 
per country. Certain sites encountered challenges in retrieving de-
tailed information from manual records, and data on COVID-19 

testing were frequently unavailable during the initial phases of 
the pandemic, potentially leading to misclassification bias 
(Table 1). Due to the retrospective nature of the study, our analysis 
was limited to a 3-month period prior to COVID-19 pandemic.

Our findings provide a comprehensive overview of the varia-
tions in antimicrobial usage from baseline across diverse global 
settings, highlighting significant differences in usage for patients 

(a)

(b) (c)

(d) (e)

(f) (g)

Figure 5. The figures (a-g) represent the mapping of selected antimicrobials at the country level (antimicrobials that were shown to be used signifi-
cantly during the pandemic using adjusted logistic regression model) with the month-wise incidence of death (represented by pink area plot) and 
emergence of Delta variant (represented by red dotted line) at the country level and release of WHO guidelines version 1 (represented by black dotted 
line) and version 2 (represented by green dotted line) on COVID-19 management. Data on incidence of COVID-19 death and COVID-19 vaccination 
were downloaded from https://data.who.int/dashboards/covid19/data. Data on COVID-19 variants were downloaded from https://ourworldindata. 
org/grapher/covid-variants-bar. Dates relevant to this figure have been complied with in Table S17. Line plots represent the month-wise PDD of respect-
ive antimicrobials in grams per 100 patients.
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with pneumonia, sepsis and ARDS both before and during the pan-
demic. The heterogeneity observed among clinical sites is under-
standable, given the varied contexts of the countries within our 
network. Several factors likely influenced antimicrobial choice, in-
cluding the capacity for microbiological testing, the prevalence of 
bacterial infections, the supply chain dynamics for antimicrobials, 
cost deferment programmes, COVID-19 management guidelines 
and overall infection prevention control (IPC) measures.11–14,19,33

Understanding how antibiotic usage patterns have changed in re-
sponse to the pandemic can provide insights into the resilience of 
healthcare systems and can identify areas where healthcare sys-
tems may need attention to maintain appropriate antibiotic- 
prescribing practices during public health emergencies. Our study 
highlights the critical need for a robust AMSP as part of pandemic 
recovery efforts. It advocates for enhancing diagnostic capabil-
ities, implementing effective infection prevention and control 
measures and refining antimicrobial prescribing policies to address 
the challenges of AMR during health emergencies.

Conclusions
This study reinforces the need for AMS during inter-pandemic 
periods, which is essential for managing future viral outbreaks 
and addressing the global challenge of AMR.
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