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Abstract: Background: The first wave of COVID-19 pandemic may have significantly impacted
antimicrobial consumption in hospitals. The objective of this study was to assess the evolution of
antimicrobial consumption during this period. Methods: A retrospective quasi-experimental before–
after study was conducted in a Spanish tertiary care hospital. The study compared two periods: prepandemic, from January 2018 to February 2020, and during the COVID-19 pandemic from March
to June 2020. Antimicrobial consumption was analyzed monthly as defined daily doses (DDD)/100
bed-days and overall hospital and ICU consumption were evaluated. Results: An increase in the
hospital consumption was noticed. Although only ceftaroline achieved statistical significance (p =
0.014), a rise was observed in most of the studied antimicrobials. A clear temporal pattern was
detected. While an increase in ceftriaxone and azithromycin was observed during March, an
increment in the consumption of daptomycin, carbapenems, linezolid, ceftaroline, novel
cephalosporin/β-lactamase inhibitors or triazoles during April–May was noticed. In the ICU, these
findings were more evident, namely ceftriaxone (p = 0.029), carbapenems (p = 0.002), daptomycin (p
= 0.002), azithromycin (p = 0.030), and linezolid (p = 0.011) but followed a similar temporal pattern.
Conclusion: An increase in the antimicrobial consumption during the first wave of COVID-19
pandemic was noticed, especially in the ICU. Availability of updated protocols and antimicrobial
stewardship programs are essential to optimize these outcomes.
Keywords: antimicrobial stewardship; COVID-19; defined daily doses (DDD); antimicrobial
resistance; antibiotic consumption
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1. Introduction
Due to the concerns about the increase in antimicrobial resistance, a series of
initiatives have been proposed to try to alleviate this problem. Hence, the development of
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antimicrobial stewardship programs (ASPs) is one of the most important objectives of
various governments and the World Health Organization (WHO) [1–4]. One of the
strategies of the ASPs is to carry out an exhaustive monitoring of antimicrobial
consumption [5]. For this purpose, among the different measures, defined daily doses
(DDD)/100 bed-days stand out as the most common source of information [5].
The appearance of an outbreak caused by a specific microorganism may be the cause
of a marked increase in antimicrobial consumption. In the case of the Coronavirus
Disease-19 (COVID-19) pandemic, an important impact on the DDD/100 bed-days of
specific antibiotics could be expected [6]. Potential causes include an increase in hospital
stay associated with this infection or the high rate of intensive care unit (ICU) admission,
which in fact led to the collapse of beds for the care of critical patients. However, one of
the main reasons would be the potential overprescription of antimicrobials due to
concerns about bacterial co-infection. This trend is derived from influenza, an infection in
which a high prevalence (58%) of co-infection has been demonstrated [7], mainly due to
Staphylococcus aureus, Streptococcus pneumoniae, and Streptococcus pyogenes [8]. The
available evidence nevertheless questions this practice and has shown a lower incidence
of these co-infections compared to influenza [7,9]. In fact, there were not only differences
in incidence, but also in the bacterial co-pathogen profiles, as in patients diagnosed with
COVID-19, the commonest bacteria were Mycoplasma pneumoniae, Pseudomonas aeruginosa,
and Haemophilus influenzae [9].
These findings would suppose that most of the prescribed antibiotics for COVID-19
would be therefore unnecessary. This overuse carries potential negative effects, namely a
higher risk of antimicrobial resistance [10]. Some experts have already expressed their
concerns over the potential influence that this pandemic may have on accelerating the
threat of antimicrobial resistance [11]. Based on these data, the WHO and other experts
recommend that antibiotic therapy should not be initiated for suspected or confirmed
mild COVID-19, whereas for moderate COVID-19, antibiotics should not be prescribed
unless a high clinical suspicion of bacterial infection is present or in critically-ill patients
[12–14].
Other studies have shown an increase in the consumption of antimicrobials during
the first wave of the COVID-19 pandemic [6,15–17]. However, these studies either have
not described the data according to the different molecules or have not performed a
statistical analysis of the data.
The objective of this study was to analyze the evolution of DDD/100 bed-days per
month over a two-year pre-pandemic period and compare it with the first wave of the
COVID-19 pandemic.
2. Results
During the pre-pandemic phase, the hospital registered a total of 49,069 admissions
with a monthly rate of 1887 admissions. During the pandemic, the crest of the wave
happened on 1 April 2020, when 386 patients diagnosed with COVID-19 were
hospitalized. The average monthly admission rate during this period was 2143
admissions.
The overall hospital antimicrobial consumption by molecules is described in Figure
1. A statistically significant increase was only observed for ceftaroline. Despite not
reaching statistical significance, an important rise in the consumption of ceftriaxone,
azithromycin, carbapenems, daptomycin, novel cephalosporins/β-lactamase inhibitors,
linezolid, triazoles, and liposomal amphotericin B was noticed.
A striking temporary pattern was observed. Whereas ceftriaxone, azithromycin, and
triazoles reached their maximum consumption in March, the rest of the antimicrobials,
especially those with a broader spectrum, achieved their peaks in April–May.
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Figure 1. Evolution of drug consumption in hospital expressed in defined daily doses (DDD)/100
bed-days. (a) Ceftaroline: β-change 11.771, p = 0.014; (b) azithromycin: β-change 63.129, p = 0.085;
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(c) ceftriaxone: β-change 18.390, p = 0.692; (d) carbapenems: β-change –12.714, p = 0.592; (e)
triazoles: β-change 17.601, p = 0.333; (f) linezolid β-change 13.725, p = 0.211; (g) liposomal
amphotericin B: β-change –2.692, p = 0.463; (h) novel cephalosporins/β-lactamase inhibitors: βchange –4.064, p = 0.491; (i) daptomycin: β-change 11.147, p= 0.644; (j) vancomycin: β-change –
7.435, p = 0.705; (k) echinocandins: β-change –20.550, p = 0.117.

When the DDD/100 bed-days were analyzed in the expanded-ICU, significant
differences were observed for ceftriaxone, carbapenems, daptomycin, azithromycin, and
linezolid, with a non-statistically significant upward trend for triazoles and vancomycin
(Figure 2). Similar to what was observed in the overall hospital consumption, ceftriaxone
and azithromycin reached their maximum consumption in March, while the extendedspectrum molecules reached it in April–May. Compared to the previous analysis, in the
ICU a higher increase in daptomycin and vancomycin was observed, probably because of
a higher incidence of catheter-related bloodstream infections.
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Figure 2. Evolution of drug consumption in the expanded-intensive care unit (ICU) expressed in
defined daily doses (DDD)/100 bed-days. (a) Ceftriaxone: β-change 21.501, p = 0.029; (b)
carbapenems: β-change 26.103, p = 0.002; (c) daptomycin: β-change 18.093, p = 0.002; (d)
azithromycin: β-change 19.422, p = 0.030; (e) linezolid: β-change 9.183, p = 0.011; (f) triazoles: βchange 7.939, p = 0.089; (g) vancomycin: β-change 1.816, P = 0.079; (h) novel cephalosporins/βlactamase inhibitors: β-change –1.698, p = 0.225; (i) echinocandins: β-change –1.525, p = 0.626; (j)
liposomal amphotericin B: β-change –0.311, p = 0.852; (k) ceftaroline: β-change –1.550, p = 0.339.

None of the antimicrobials studied showed a decrease in their use when the prepandemic and pandemic periods were compared.
The evolution of global antimicrobial consumption both in the hospital and in the
ICU was described in Figure 3. In both areas, an increase in antimicrobial consumption
was noticed, although a statistically significant different could only be observed in the
ICU. Strikingly, in March the antimicrobial use record was broken. Even if antibiotic
prescription decreased in the upcoming months, a worrisome consumption was still
detected, especially in the ICU.

(a)

(b)

Figure 3. Evolution of global antimicrobial consumption expressed in defined daily doses
(DDD)/100 bed-days. (a) Hospital: β-change 124.242, p = 0.106; (b) extended-intensive care unit
(ICU): β-change 97.960, p = 0.001.

Antibiotics 2021, 10, 132

6 of 10

3. Discussion
The present study shows an increase in the global hospital prescription of
antimicrobials during the first wave of COVID-19 pandemic, with a clear temporary
pattern.
During the first part of the pandemic period in March, a rise in the consumption of
molecules included in the treatment protocols for the treatment of COVID-19, such as
ceftriaxone and azithromycin, was noticed. In some of them, although a marked rise was
observed, no statistical difference was obtained, probably due to the high consumption in
the previous period.
Of interest, in subsequent months (April–May), an increase in the consumption of
extended-spectrum drugs was observed, which may be related to an increment in the
device-related (mainly catheter-related bloodstream infections) and superinfections.
Our data are consistent with those from a Spanish study where an initial increase in
DDD/100 bed-days of amoxicillin–clavulanate was observed, a drug that was used in a
similar way to the ceftriaxone in our study [16]. According to data on the prevalence of
co-infections [18–20], including in Spain [21,22], most of this consumption is unnecessary.
A recent rapid review and meta-analysis including 154 studies with available data
from 30,623 patients showed that the prevalence of antibiotic prescribing was 74.6%,
whereas estimated bacterial co-infection was 8.6% [23]. Other systematic reviews and
meta-analyses showed similar results, and established that 71.9% of patients admitted
with COVID-19 received antibiotics, although bacterial co-infection prevalence at
presentation was 3.5% (95% confidence interval (CI), 0.4–6.7%) [19,21]. According to a
survey completed by 166 participants from 23 countries, clinical presentation was the
most important reason for initiating antibiotic therapy [24]. Most of them rated as the
highest need the coverage of atypical microorganisms, followed by S. aureus [24]. The
consequences of this excessive use are well-known, with a higher risk of adverse events
or selection of resistant bugs. In fact, among other factors, this excessive empiric use may
have contributed to the increase in the consumption of extended spectrum antibiotics used
for the treatment of superinfections.
These findings were more evident in the expanded-ICU but followed a similar
pattern. The increase in DDD/100 bed-days observed in drugs such as carbapenems or
echinocandins could be related to the treatment of superinfections. In fact, the estimated
prevalence of superinfections in these patients during the pandemic were 14% (95% CI,
5–26%) [18], which is greater than that observed in hospital wards [20]. The same study
described a rate of bacteremia in the ICU of 25% after 15 days of admission, a situation
that would justify the increase in DDD/100 bed-days observed in our study for
daptomycin or vancomycin parallel to the increase in bacteremia that occurred in our ICU
during the pandemic phase (data not shown) [18]. The uses of immunosuppressive drugs
such as corticosteroids or tocilizumab and the fact that non-specialized health personnel
were working in these wards may play a role in these findings.
The use of fluconazole and echinocandins also increased during the studied period,
which may have been due to their empiric use for candidemia. However, one study
showed that no variation was observed in its incidence between the period before the
pandemic and the first wave of COVID-19 [6]. An increase in the prescription of mold
active molecules was also noticed, which may be associated with a rise in the diagnosis of
invasive aspergillosis in severe patients with acute respiratory distress syndrome and
COVID-19 [25].
There are other reasons that also may explain the increase in the use of antimicrobials
during the COVID-19 pandemic, namely the initial ignorance of how to deal with this
infection; the overflow of hospitals in terms of number of patients; the shortage of doctors
with skills to deal with this situation; the lack of initial therapeutic protocols; the decrease
in the activity of the ASP team; and, finally, the suspicion of bacterial co-infections or
superinfections in patients with a prolonged hospital stay.
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All this evidence underscores the vital role of ASPs in optimizing the use of
antimicrobials within hospitals, even more in these special situations such as the COVID19 pandemic. An interesting perspective highlighted the need for ongoing ASPs during
COVID-19 and provided valuable recommendations [26]. An appropriate use of
microbiological tests before the initiation of empiric antibiotic therapy, the promotion of
local guidelines, the early de-escalation or discontinuation of therapy when clinical
markers are not suggestive of bacterial co-infection, the guidance of antibiotic choice
based on microbiological tests results, the early switch from intravenous to oral route, the
limitation of the duration of antibiotic treatment to five days, and careful monitoring for
potential drug interactions or toxicity are essential to improve antibiotic use during the
next waves of the COVID-19 pandemic [26]. The use of biomarkers such as procalcitonin
or C-reactive protein may also be a tool to optimize antibiotic prescribing in this setting,
although available evidence is yet of low quality [27]. A recently published study
demonstrated that a baseline white cell count > 8.2 × 106 cells/mL or falling C-reactive
protein could exclude bacterial co-infection in up to 46% of COVID-19 patients, which
could facilitate antimicrobial stewardship efforts [28].
The present study is not exempt from limitations. A comparison 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 microorganisms. Unfortunately, as this was raw consumption
data, we did not collect information on whether the administration was empiric or
evidence based. This is important from an antimicrobial stewardship perspective, as it
would determine the point at which they are mainly prescribed and would therefore
facilitate decision making of ASPs. In addition, given that data of a single center is
provided, this information may not be applicable to other settings with different features.
4. Materials and Methods
4.1. Study Design and Hospital Setting
This was a retrospective quasi-experimental before–after study conducted in a
tertiary university hospital located in Barcelona, Spain. The hospital normally contains
450 beds, an 18-bed medical ICU, 7 beds in a surgical ICU, and 21 semi critical beds. This
hospital also includes an active program for renal transplantation, and oncology and
hematology wards.
4.2. Study Period and Study Population
To assess the potential impact of the COVID-19 pandemic of antimicrobial
consumption in the hospital, we included two periods: pre-pandemic, which included the
monthly consumption from January 2018 to February 2020; and the COVID-19 pandemic,
with consumption data from March 2020 to June 2020. Although we acknowledge that the
pandemic began on the 13th of March in our hospital, data for the whole month was
included, as the informatic program does not allow one to split up the data into weeks.
During this latter period, almost the entire hospital was dedicated to the care of patients
with COVID-19.
4.3. Impact of the COVID-19 Pandemic
An ASP was implemented in our hospital from 1 January to 31 March 2011,
composed of a multidisciplinary team that included specialists in infectious diseases,
pharmacy, microbiology, and intensive care medicine [29]. This program included the
following characteristics: we developed a computer application for the specific
prescription of antimicrobials, which was added to the patient’s computerized medical
record; and we selected 12 antimicrobials based on their ecologic and economic impact
that underwent special control measures [29]. Among these measures, providers must
justify their indications through the application form of the program; the information on
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the duration of treatment was mandatory, with automatic discontinuation of the
antimicrobial on the day set by the prescriber physician, and immediate information of
the cost of prescription was displayed. A member of the working group reviewed and
reassessed these indications during the first 24 to 72 h and thereafter daily. The selected
antimicrobials were linezolid, aztreonam, echinocandins (anidulafungin, caspofungin,
micafungin), carbapenems (ertapenem, imipenem, meropenem), daptomycin, tigecycline,
voriconazole, and liposomal amphotericin B [29].
During the first wave of the pandemic, the hospital increased its capacity to a total of
861 beds, 85 of which were for critically ill patients (expanded ICU). As has been described
in other Spanish hospitals [6], during the COVID-19 pandemic, the ASP team modified its
routine daily practice to attend pandemic management, so no ASP was formally available
during this period. Local guidelines concerning the treatment of SARS-CoV-2 pneumonia,
including the specific recommendations of the treatment with antibiotics, were developed
by members of the infectious diseases, pharmacy, and ICU departments. Antibiotics were
only recommended when a suspicion of bacterial co-infection was present (purulent
sputum, inadequate clinical evolution) or in severe patients, mainly ceftriaxone 1–2 g once
daily for 7 days. During the initial phases of the pandemic, the use of azithromycin 500
mg once daily, administered through oral or intravenous routes for three days, was
recommended in combination with hydroxychloroquine, but this was discarded on 2
April. From an antibiotic prescription perspective, doctors from different specialties
(including but not limited to dermatologists, cardiologists, endocrinologists,
pulmonologists, oncologists, surgeons) were also in charge of patients admitted with
SARS-CoV-2 pneumonia in the different hospital wards.
4.4. Antimicrobial Consumption
Consumption data was calculated using DDD/100 bed-days for both the overall
hospital and ICU. This information was calculated independently by the Pharmacy
Service based on dispensing rather than administration data, using our own computer
system that estimated the DDD and days of therapy (DOT). For the calculation of the
DDD/100 bed-days, the recommendations of the “Program for the Surveillance of
Nosocomial Infection in Catalonia” (VINCat) [30,31] were used. Unlike in these
recommendations, we calculated consumption data per month.
4.5. Statistical Analysis
The evolution of DDDs was analyzed through multiple linear regression with time
as covariate and adding a change point on February to check possible trend changes after
the beginning of pandemic period:
=

+

∗ +

∗

(1)

where DDDd is the accumulated DDD for each drug (d); t is the time rescaled from the
beginning of the series (i.e., t = 1 for January 2018); and IDchange is a binary variable defined
as IDchange = 1 if the measure is taken on February 2020 or later and 0 otherwise. β0, βt, and
βchange are the constants of the model and the coefficients for t and IDchange, respectively.
Regression coefficients and p-values were reported. P-values were corrected for
multiple comparisons using the Benjamini–Hochberg procedure and are described in the
Supplementary Material.
STATA version 15.1 (StataCorp, College Station, TX, USA) was used for statistical
analysis. P-values of 0.05 were considered statistically significant.
5. Conclusions
To conclude, we detected a worrisome global increase in the use of antimicrobials
during the first wave of the COVID-19 pandemic, which was more evident in the ICU.
This rise in the antimicrobial consumption showed a temporary pattern. Molecules that
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were used when there was a clinical suspicion of bacterial co-infection such as ceftriaxone
or azithromycin presented their consumption peak in March, whereas broad-spectrum
antibiotics achieved it in April–May. These findings underscore the importance of the
availability of updated protocols for the approach to these pathologies and reinforce, more
than ever, the need for ASPs to optimize antimicrobial use in hospitals. This is more
necessary than ever, given the likely appearance of new waves and the threat of
antimicrobial resistance.
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