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Abstract

Background The first wave of COVID-19 pandemic may have significantly impacted antimicrobial consumption in hos-
pitals. The objective of this study was to assess the evolution of carbapenem consumption and describe the implemented
measures during the first year of the COVID-19 pandemic.

Methods We calculated carbapenem consumption for all the hospital and for intensive care units (ICU) for three periods:
baseline (before COVID-19 cases, January 2019—February 2020), and the period of COVID-19 cases as a pre-intervention
(March—August 2020) and a post-intervention phase (September 2020-December 2021).

Results During the study period, the percentage of admitted COVID-19 patients increased in the months of April-August
of 2020 (pre-intervention period) from 5 to 26% of total admitted patients. The consumption of carbapenems (DDD/1000
patient days) increased from a mean of 67.1 at baseline to 142.9 pre-intervention. In ICUS, there was an increase in the mean
from 125.7 to 240.8 DDD/1000 patient days. After interventions, the DDD/1000 patient days decreased by 49.5% overall
the hospital and by 36% in ICUs. For the post-intervention period, there was a correlation between COVID-19 cases and
carbapenem usage in the ICU but not the overall hospital.

Conclusion An increase in the antimicrobial consumption during the first wave of COVID-19 pandemic was noticed, espe-
cially in the ICU. Antimicrobial stewardship programs are essential to reduce consumption rate.

Keywords Antimicrobial stewardship (ASP) - COVID-19 - Defined daily doses (DDD) - Antimicrobial resistance -
Antibiotic consumption
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pooled proportion of laboratory-confirmed bacterial infec-
tion of 15.9% [3].

There are studies showing an increase in antimicrobial
use during the first wave of the COVID-19 pandemic [4,
5]. In two studies, the percentage of patients who received
antibacterial agents was 60—-80% of patients with COVID-19
[6, 7]. The increased antimicrobial usage during COVID-
19 may accelerate the threat of antimicrobial resistance [8].
Thus, antimicrobial agents should not be used except in the
presence of high clinical suspicion of bacterial co-infection
and for critically-ill patients [9]. However, not all studies
described the utilization of specifically of broad-spectrum
antimicrobial agents and we are not aware of such stud-
ies from Saudi Arabia although there are studies of anti-
biotic usage prior to the COVID-19 pandemic [10, 11].
The objective of this study was to analyze the evolution of
monthly Defined Daily Dose (DDD)/1000 patients-days in
three different time-periods: baseline, pre-intervention and
post- intervention period.

Materials and methods

This is a retrospective study in a tertiary hospital in Eastern
province, Kingdom of Saudi Arabia. The hospital has 335
beds including a 10-bed medical intensive care unit (ICU)
and a 12 bed-surgical ICU. To assess the potential impact of
the COVID-19 pandemic on carbapenem consumption, we
included three periods: baseline (before COVID-19 cases,
January 2019—February 2020), and two period with COVID-
19 cases. These two periods included a pre-intervention
(March—August 2020) and a post-intervention phase (Sep-
tember—December 2021). The period from March to August
2020 encompasses the first wave of the COVID-19 pandemic
in Saudi Arabia [12-14]. The study was approved by the
hospital IRB (AFHER-IRB-2022-006).

Interventions

Strengthening of the stewardship program was started after
the strike increase in carbapenem consumption between
March and August 2020. In addition to restriction policy
for certain antimicrobials, we added frequent audit and feed-
back to prescribers including multidisciplinary antimicrobial
rounds especially in ICUS, a 24-h on call schedule for infec-
tious disease, a dedicated clinical pharmacist, regular moni-
toring, tracking and reporting of antimicrobial consumption
per area and service.

Statistical analysis

Carbapenem consumption data were calculated using
Defined Daily Dose (DDD)/1000 patients-days for the
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overall hospital and the ICUs. Using the patient-days per
month for each ward, we calculated the monthly DDD/1000
patients-day. Moreover, the proportion of patients with
COVID-19 was calculated by dividing the number of admit-
ted COVID-19 cases by the total number of admissions for
the hospital and ICU.

The evolution of DDDs was analyzed through multiple
linear regression with time as covariate and adding a change
point on September to check possible trend changes after
starting the interventions. The data has been analyzed using
analysis of variance (ANOVA) with the statistical package
for social sciences (SPSS) version 28. All statistical test has
been done with two sided. P values <0.05 were considered
statistically significant.

Results

The overall hospital consumptions of carbapenems showed
initial fluctuation of the DDD per 1000 patient-days during
the pre-intervention phase, March-August 2020, with a mean
of 67.1 +20.2 (Fig. 1). This was followed by an increase in
the amount during the pandemic pre-intervention phase to
142.9 +38.8 (P value <0.0001). The carbapenem consump-
tions then decreased to 72.08 +37.65 DDD/1000 patient-
days, corresponding to a 50% reduction in the post-interven-
tion compared to the pre-intervention period (Fig. 2).

For the use of carbapenems in the ICUs, the usage
increased from a mean of 125.7 DDD/1000 patient-days at
baseline to 240.8 DDD/1000 patient-days pre-intervention
(Fig. 3) (P value=0.03). Following the interventions, there
was a significant reduction in the usage with a mean of
154.08 +78.89 (P =0.03). This reduction represented a 36%
reduction in DDD/1000 patient-days (Fig. 4).

Correlation between percentage of admitted
COVID-19 patients and carbapenem usage

There was no statistical correlation in the pre-intervention
period for all hospital data (Spearman’s Correlation=0.77;
P value=0.07) or for the ICU (Spearman’s Correla-
tion=— 0.03; P value=0.96). For the post-intervention
period, there was no correlation for the overall hospital
(Spearman’s Correlation =0.34; P value=0.20) but there
was a correlation for the ICU cases and carbapenem usage
(Fig. 5).

Discussion
In this study, we showed increased carbapenem usage dur-

ing the COVID-19 pandemic. Similarly, a previous study
showed increased carbapenem usage in addition to the
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Fig.1 Carbapenem consumption overall hospital during the baseline, pre-intervention, and post-intervention period
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Fig.2 Box-and-whisker plot of Carbapenem Utilization (DDD/1000
patient-days) across the hospital during the baseline, pre-intervention,
and post-intervention periods

usage of other broad-spectrum antibacterial agents belong-
ing to the WHO “Watch” group [15]. The use of broad-
spectrum antibiotics such as carbapenems was reported
from Jordan despite an overall reduction of antibiotic
usage during the COVID-19 pandemic [16]. However,
two other studies showed reduction in antibiotic usage in
the United Kingdom during the COVID-19 pandemic [17,
18]. A systematic review showed that carbapenems were
among the most commonly used antibiotics in ICUs dur-
ing the COVID-19 pandemic [19]. A meta-analysis of 154
studies and 30,623 patients showed a 74.6% prevalence of
antibiotic prescribing despite a low prevalence of 8.6%
of bacterial co-infection [20]. In two other meta-analy-
ses, 71.9% of patients admitted with COVID-19 received
antibiotics and only 3.5% (95% confidence interval (CI),
0.4-6.7%) had bacterial co-infection [21, 22]. The clini-
cal presentation was the most central reason for initiating
antibiotics [23].

We had found a correlation between the usage of carbap-
enems in ICU and the percentage of admitted patients with
COVID-19. Similarly, one study showed a significant usage
of carbapenems, ceftriaxone, daptomycin, azithromycin, and
linezolid in ICUs [24]. In another study from Brazil, anti-
microbial consumption in ICU has increased during the first
wave of the COVID-19 pandemic [25]. The increased use of
antibiotics is related to the increased disease severity as well
as the need for multiple interventions especially among ICU
patients [26]. In a study from China during the COVID-19
pandemic, there was a significant increase in antimicrobial
usage in hospitals with a preferential use of penicillin and
cephalosporin as well as injectable agents [27]. Globally,
there was an increase in the consumptions of antimicrobials
in the initial phase of the COVID-19 pandemic [28]. The use
of broad-spectrum antibiotics was lower during the second
wave compared to the first wave as indicated by one study
with reduction in the percentage of patients receiving such
therapy (93.0% vs 81.7%; P <0.01), as well as reduction
in the duration of meropenem [29]. This may indicate the
evolution of the experience as well as strengthening antimi-
crobial stewardship.

‘We had shown that intensifying antimicrobial stewardship
resulted in a significant reduction in the used carbapenems
even during the COVID-19 pandemic. Antimicrobial stew-
ardship is based on multiple components including prospec-
tive audit and feedback. However, such activity is needed to
be continuous and not intermittent in order for such activ-
ity to succeed [30]. Contributing factors to the excess use
of antimicrobials during the COVID-19 pandemic include
initial unfamiliarity of how to deal with SARS-CoV-2 infec-
tion; the lack of therapeutic protocols; and possible reduc-
tion in antimicrobial stewardship activity (ASP). A negative
impact of the COVID-19 pandemic was described affecting
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Fig. 4 Box-and-whisker plot of Carbapenem Utilization (DDD/1000
patient-days) in intensive care units during the baseline, pre-interven-
tion, and post-intervention periods

many ASP activities including: audit, education, meetings,
and multidisciplinary working rounds [28]. Thus, there is a
need to continue aggressive ASP during the pandemic and
to strengthen these efforts and provide valuable recommen-
dations [31, 32]. An appropriate use of microbiology tests,
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utilizing local guidelines are important to improve antibiotic
use during subsequent waves of the pandemic [31]. The use
of biomarkers such as procalcitonin or C-reactive protein in
this regard is not well established [33].

The present study is not exempt from limitations. A com-
parison of the incidences of the different infections in the
compared periods would have been of interest for a more
precise justification of the remarked observations or of the
possible increase in the resistance rate of specific microor-
ganisms. Unfortunately, as the study was based on antimi-
crobial consumption data, we did not collect information
on whether the use of antibiotics was empiric or based on
identified bacterial co-infections. In addition, the data was
from a single center and the findings might not be applicable
to other healthcare settings.

To conclude, we described an increase in the use of anti-
microbials during the first wave of the COVID-19 pandemic,
which was more evident in the ICU. The findings underscore
the importance of having an active ASPs to optimize antimi-
crobial use in hospitals especially if future waves to occur.



Carbapenem use correlates with percentage of patients with COVID-19 in intensive care units 335

Fig.5 Correlation between
carbapenems DDD/1000
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of admitted COVID-19 patients
in ICUs
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