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Abstract

This study aims to quantify antibiotic consumption for suspected respiratory tract superinfections in COVID-19 patients,
while investigating the associated drivers of antibiotic prescribing in light of the current signs of antibiotic overuse. Adult
patients with a positive COVID-19 diagnosis admitted to a Belgian 721-bed university hospital were analyzed retrospec-
tively (March 11th—May 4th, 2020), excluding short-term admissions (< 24 h). Antibiotic prescriptions were analyzed and
quantified, using Defined Daily Doses (DDD) per admission and per 100 bed days. Possible drivers of antibiotic prescribing
were identified by means of mixed effects logistic modelling analysis with backwards selection. Of all included admissions
(n=429), 39% (n=171) were prescribed antibiotics for (presumed) respiratory tract superinfection (3.6 DDD/admission;
31.5 DDD/100 bed days). Consumption of beta-lactamase inhibitor—penicillin combinations was the highest (2.55 DDD/
admission; 23.3 DDD/100 bed days). Four drivers were identified: fever on admission (OR 2.97; 95% CI 1.42-6.22), lower
SpO,/FiO, ratio on admission (OR 0.96; 95% CI 0.92-0.99), underlying pulmonary disease (OR 3.04; 95% CI 1.12-8.27)
and longer hospital stay (OR 1.09; 95% CI 1.03-1.16). We present detailed quantitative antibiotic data for presumed respira-
tory tract superinfections in hospitalized COVID-19 patients. In addition to knowledge on antibiotic consumption, we hope
antimicrobial stewardship programs will be able to use the drivers identified in this study to optimize their interventions in
COVID-19 wards.
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Introduction Since the emergence of the Coronavirus-19 infectious
disease (COVID-19) pandemic, a rising number of reports

Antibiotic overconsumption and misuse are associated with ~ have underlined the risk of rising AMR due to antibiotic

detrimental effects, including the occurrence of multiple
adverse drug events. Consequences of inappropriate anti-
biotic therapy involve direct patient harm resulting in organ
dysfunction and/or infection with multi-drug resistant organ-
isms. Long-term effects concern the increase in antimicro-
bial resistance (AMR) on a global level [1].
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overuse in COVID-19 patients. In addition, many physicians
and pharmacists involved in antimicrobial stewardship had
to shift their activities to the containment of the COVID-19
crisis [2-5].

In contrast to this observed overconsumption of antibi-
otics, very few bacterial superinfections have been docu-
mented in COVID-19 patients in the literature, especially
in patients admitted to COVID wards and in the first days
of admission. Bacterial superinfections ranged between
4.7% and 14.6% for hospital-acquired superinfections or
superinfections in the intensive care unit (ICU) [6-9]. In
contrast, higher numbers of bacterial superinfections have
been reported with other viral infections, such as influenza,
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ranging between 11 and 35% of all influenza-related admis-
sions [10]. The reason for this difference in susceptibility
for bacterial superinfection in COVID-19 versus influenza
is still unclear.

To date, no detailed quantitative data and few data con-
cerning drivers of antibiotic prescriptions for COVID-19
respiratory superinfections have been published [11]. This
retrospective study investigates the use of antibiotics for
suspicion of COVID-19 respiratory tract superinfection in a
quantitative manner and analyses the drivers associated with
initiation of antibiotic treatment.

Materials and methods

All patients aged 18 years or older and admitted between
March 11th and May 4th 2020 in the UZ Brussel, a Bel-
gian university hospital comprising 721-beds, in the context
of a COVID-19 infection, were suitable for this retrospec-
tive analysis. COVID-19 infection was diagnosed either by
clinical suspicion with positive SARS-CoV-2 polymerase
chain reaction (PCR) on nasopharyngeal swab or by clinical
suspicion together with strongly suggestive chest CT scan.
Patients admitted for less than 24 h were excluded from this
retrospective cohort analysis. Readmissions were included
in this retrospective analysis, without reporting stable demo-
graphic variables more than once in the result section. The
data were extracted from the patient’s electronic medical
file following a structured registration method. These data
included demographics, comorbidities, information related
to the patient’s hospital stay (e.g., length of stay and sur-
vival), symptoms, laboratory results, severity of COVID-
19 (amount of oxygen needed, mechanical ventilation, ICU
hospitalization), microbiological data and data related to
antibiotic prescriptions. The need for supplemental oxygen
was documented by calculating the pulsed finger saturation
to fraction of inspired oxygen ratio (SpO,/Fi0O,), a validated
surrogate marker for partial pressure of oxygen to fraction
of inspired oxygen ratio among mechanically ventilated
patients with acute respiratory distress (ARDS), but also a
predictor of ARDS [12].

Fever was defined as tympanic temperature above 38 °C.
A respiratory sample with significant result was defined as
respiratory samples with culture results positive for a res-
piratory tract pathogen, in the presence of leukocytes on
semi-quantitative analysis and without contamination by
epithelial cells. Mycoplasma pneumoniae respiratory tract
(super)infections were identified by the presence of compat-
ible clinical signs and symptoms together with a fourfold
increase in the specific antibody titre or the presence of a
positive PCR on sputum or oropharyngeal swab.

The primary outcome was the quantity of antibiotic pre-
scriptions for a suspected or confirmed bacterial respiratory
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tract co-infection in COVID-19 patients. Antibiotic prescrip-
tions belonging to the ‘Anatomical Therapeutic Chemical’
classification system group JO1 [13] were identified using an
automated search engine, incorporated in the electronic hos-
pital information system. Based on the careful examination
of the patient’s record by an infectious disease specialist (see
list in Supplementary Material 1), only antibiotic prescrip-
tions targeting (presumed) respiratory tract superinfections
were included. Azithromycin was excluded from analysis
when it was used for its presumed immunomodulatory role
[14]. Erythromycin was excluded because of its frequent use
as a gastroprokinetic in the ICU. Non-respiratory antibiotics
were registered descriptively, but not reported for the pur-
pose of this study. For patients with a suspicion of respira-
tory tract superinfection, the Daily Defined Dose (DDD)
was calculated as defined by the World Health Organization
[13], both for single antibiotic formulations as well as for the
total amount of administered antibiotics. Subsequently, we
converted these numbers into two indicators: DDDs/admis-
sion and DDDs/100 hospital days.

Possible drivers of antibiotic prescription for a presumed
or confirmed respiratory tract superinfection were investi-
gated as secondary endpoints. The following variables of
interest were included in the final analysis: demographics
(age, sex, body mass index), laboratory variables (neutro-
philic count, C-reactive protein (CRP), lymphopenia (< 1000
lymphocytes/mm?®) and ferritin level at admission), the pres-
ence of fever at admission, symptoms present before or at
admission (dyspnoea, cough, chest pain and fever), comor-
bidities (pre-existing lung disease, immunosuppressed state,
congestive heart failure or ischaemic heart disease, diabetes
mellitus, Charlson Comorbidity Index (CCI) [15], markers
of severe disease (SpO,/FiO, at admission, oxygen need
at admission, quick Sequential Organ Failure assessment
(qSOFA) score [16] and need for mechanical ventilation),
the presence of positive respiratory microbiological sam-
ples, ICU stay during admission and duration of admission.
Quantification of antibiotic prescriptions and analysis of
the drivers was performed separately for the ICU and ward
admissions, to avoid selection bias.

Data analysis

Descriptive statistics were applied to characterize the cohort,
reporting percentages and medians with interquartile ranges
(IQR) for patients on an internal medicine COVID-19 ward
and patients with an ICU admission during their hospi-
tal stay. Baseline characteristics were compared between
those two groups using a Chi-square or Fisher Exact test
for dichotomous variables and Mann—Whitney U testing
for continuous variables. p values were adjusted for mul-
tiple testing. The hospital pharmacist (SW) calculated the
DDDs for each antibiotic. In a final model to identify hidden
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drivers, a mixed effects logistic regression was performed
with a random intercept per admission to deal with clus-
tering within patients. First, separate mixed effects logistic
regression models were fitted for the prescription of antibiot-
ics in function of the location where the patient was treated
with antibiotics (ward/ICU) together with each previously
defined variable of interest. Since patients, treated on the
ward and in ICU, have a significantly different disease pro-
cess, this was a first factor to adjust for. Variables of interest
with a Wald test significance of less than 0.10 were added to
the semi-final model. Before the semi-final model was built
up, the authors tried to eliminate parts of the multicollinear-
ity by including only the most interesting parameter in the
semi-final model from a clinical perspective. Afterwards,
all parameters of interest that were not highly correlated,
together with the location of the patient (ward/ICU), were
added in a semi-final model. Lastly, a backwards selection
procedure was performed on this semi-final model with the
final selected variables. Multicollinearity among variables
was taken care of by looking at correlations between vari-
ables based on the likelihood of the models. The results with
a p value of < 0.05 were considered statistically significant.

Ethical considerations

The study was approved by the local Ethical Committee
prior to data collection (B.U.N. 1432020000092) and was
carried out in accordance with the ethical principles for
medical research involving human subjects established by
Helsinki’s Declaration, protecting the privacy of all partici-
pants, as well as the confidentiality of their personal infor-
mation. Because of the retrospective character of this study,
an informed consent waiver was obtained by the local ethics
committee (Commissie Medische Ethiek, UZ Brussel).

Results

A total of 891 admissions were eligible for inclusion. After
exclusion of patients with a rejected COVID-19 diagnosis or
a hospital stay less than 24 h, 429 admissions were included
in the retrospective cohort. Of these admissions, 336/429
(78%) were exclusively on a COVID-19 ward and 93/429
(22%) were at least partly hospitalized on COVID ICU.
Comorbidities predisposing for poor COVID-19 out-
come [11] were distributed as follows: 12% of all admitted
patients had an already existing pulmonary condition, 23%
had diabetes mellitus, 15% had a history of ischaemic heart
disease or heart failure and 14% were immune depressed.
The median CCI was 1 (IQR 1). The median body mass
index (BMI) was 26 (IQR 6). Patients had a median qSOFA
score of 0 (IQR 3) and 1 (IQR 2) in, respectively, ward and
ICU admissions. The median overall SpO,/FiO, ratio at

admission was 357 (IQR 124). For COVID-19 ward admis-
sions, this ratio was comparable to the overall ratio, namely
350 (IQR 146), whereas it was lower, namely 296 (IQR 171)
for ICU admissions. Mechanical ventilation was indicated
in 8% of the admissions. The overall mortality rate was 15%
(9% for patients exclusively hospitalized on a ward and 37%
for ICU patients). Comparison of baseline characteristics
showed in patients with an ICU stay significantly more fever
at admission as well as higher CRP, white blood cell count
and ferritin levels compared to patients solely admitted on
the ward. SpO,/FiO, at admission and the lowest SpO,/FiO,
rate during the total stay was also lower in ICU patients,
while the rate of mechanical ventilation need was higher. All
patient characteristics are presented in Table 1.

A total of 323 respiratory samples were collected, of
which 81% originating from patients admitted on the ICU.
From all included admissions, 14% had at least one respira-
tory sample showing a significant result (6.7% on the ward,
37% in the ICU). Detailed microbiological data are shown in
Table 2. In respiratory samples, the most frequently isolated
bacteria were methicillin-sensitive Staphylococcus aureus
(20% of the significantly positive samples) and gram-nega-
tive bacteria, namely Klebsiella pneumoniae, Pseudomonas
aeruginosa and Escherichia coli in, respectively, 10%, 9.6%
and 8.7% of the significantly positive respiratory samples.
Bacteraemia of respiratory origin was solely identified on
the ICU (rn=7). One case of Clostridioides difficile colitis
was documented. There were no co-infections with influenza
A orB.

In contrast, 39% of the included admissions were pre-
scribed an antibiotic in the context of a suspected or con-
firmed respiratory tract infection (59% ward patients, 41%
ICU patients). As shown in Table 3, the main driver for anti-
biotic prescribing was a radiological consolidation (51%),
followed by a positive microbiological sample (22%).
Patients had a median antibiotic treatment duration of five
days (IQR 5). The median lag time before antibiotic initia-
tion was seven days, which lengthened up to 10 days for
patients with an ICU stay (Fig. 1, Supplementary Material
4, 5). DDD/admission and DDD/100 hospital bed days were
3.6 and 31.5, respectively. Detailed DDD information on a
molecule level is added in Supplementary Material 2. As
azithromycin was only prescribed as an immunomodula-
tory drug (for a total of 0.2 DDD/admission, in 12 different
patients), all associated prescriptions were excluded from the
analysis. Both on the ward and in the ICU, a penicillin com-
bined with a beta-lactamase inhibitor were most frequently
initiated (89.5% of all antibiotic consumption), mainly
amoxicillin—clavulanic acid and piperacillin—tazobactam
(2.55 DDD/admission; 23.3 DDD/100 hospital bed days).
In the ICU, the proportion of penicillin antibiotics decreased
(85.4%) as other types of antibiotics were also initiated. The
ICU consumption comprised 54.9% of overall antibiotic
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Table 1 Patient characteristics

Ward (n=336) ICU (n=93) pvalue Total (n=429)

Demographics
Age (years); (median, IQR)
Sex (male); (n, %)
BMTI* (kg/m?); (median, IQR)
Symptoms at admission (n, %)
Fever or history of fever
Fever at day 1 of hospitalization
Dyspnoea
Cough
Thoracic pain

Laboratory findings (median, IQR; except for

lymphopenia)

White blood cell count (/mm?)
Neutrophil count (/mm?®)
Lymphocyte count (/mm?)
Ferritin (mcg/L)

CRP" (mg/dL)

Lymphopenia (< 1000/mm?); (n, %)

Comorbidities
CCI° (median, IQR)

Chronic pulmonary disease (n, %)
Ischaemic/congestive heart disease (n, %)

Diabetes mellitus (1, %)
Immune suppression (n, %)
gSOFA score (median, IQR)

Mechanical ventilation need (n, %)
(SpO,/FiO, x 100) at admission (median, IQR)
(SpO,/FiO, % 100) min® (median, IQR)

Mortality (n, %)

64 (25) 64 (18) 0959 64 (27)
187 (56) 58 (62) 0.247 245 (57)
26 (6) 26 (6) 0.156 26 (6)
189 (58) 52 (56) 0.923 241 (61)
221 (68) 73 (79) 0.029% 294 (70)
183 (56) 61 (66) 0.060 244 (58)
187 (57) 48 (52) 0.395 235 (56)
55 (17) 17 (18) 0734  72(17)
7150 (4525) 7750 (4850) 0.045 6800 (4400)
5335 (4081) 5986 (5078) 0.093 5113 (3796)
995 (602) 963 (528) 0.357 1015 (606)
661 (1055) 806 (1200) 0.020% 608 (1016)
88 (140) 139 (150)  <0.001* 71 (128)
202 (50) 41 (44) 0.221 239 (49)
13) 13) 0.402 13)

39 (12) 11 (12) 0984  50(12)
49 (15) 14 (15) 0976  63(15)
69 (21) 28 (30) 0.069 97 (23)
46 (14) 16 (17) 0394  62(14)
0(3) 12 0.124 1(3)
NA! 33 (35) - 33(8)
357 (124) 206 (171)  <0.001* 350 (146)
321 (123) 148 (29) <0.001* 291 (192)
30 (9) 34 (37) <0.001* 64 (15)

IQR interquartile range
#BMI body mass index

PCRP C-reactive protein. Laboratory findings were collected at day 0 or 1 of hospitalization on a COVID
19 ward or ICU ward. If not available on day O or 1, the first available ferritin levels were collected

¢CCI Charlson comorbidity index
INA

°Sp0,/FiO, x 100 min=the lowest value of the SpO,/FiO, rate during the total stay on a COVID-19 ward

or in the ICU
*p values < 0.05

use in the studied population. A shift towards the category
‘other beta-lactam antibiotics’ is noted in the ICU popu-
lation, where more third-generation cephalosporins were
prescribed (especially ceftazidime: 5 versus 0 admissions;
ceftriaxone: 10 versus 6 admissions), carbapenems (merope-
nem: 17 versus 0 admissions) or monobactams (aztreonam:
3 versus 0 admissions), compared with the COVID-19 ward
group. Additionally, the proportion of antibiotics adminis-
tered by intravenous injection or infusion was three times
higher than oral antibiotics (Supplementary Material 6). In
72 admissions (17%), patients received at least one antibiotic
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prescription for another reason than for a respiratory tract
superinfection.

In a first step of the model building, all variables were
modelled one by one, complemented by whether the patient
was hospitalized in the ICU, in function of the antibiotic pre-
scription. In this phase, laboratory values (white blood cell
count, neutrophil count, CRP level at admission), presence
of at least one respiratory microbiological sample, comor-
bidity of earlier pulmonary disease, the need for oxygen at
admission, SpO,/FiO, parameters (measured at admission
and maximum value), need for mechanical ventilation and
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Table 2 Microbiological data Ward ICU Total
General data (n, % per admission)
Total amount of respiratory samples 61 (15) 262 (281) 323 (75)
Total amount of respiratory samples with a significant result 33 (8) 82 (88) 115 (27)
At least one respiratory sample 71 (18) 54 (58) 125 (29)
At least one respiratory sample with a significant result 27 (6.8) 34 (37) 61 (14)
At least one episode of bacteraemia 8 (2.0) 13 (14) 21 (5.0)
Bacteraemia of respiratory origin 0 (0) 7(7.5) 7 (1.6)
Clostridioides Difficile colitis 0 (0) 1(1.0) 1(0.2)
Positive influenza A or B PCR 0 (0) 0(0) 00
Mpycoplasma spp. Infection 3(0.8) 2(2.2) 5(1.2)
ESBL? in significant respiratory sample 3(0.9) 5(.4) 8(1.9)
CPE’ in significant respiratory sample 1(0.3) 2(2.2) 3(0.7)
Causal significant respiratory organisms isolated from the respiratory tract
(% expressed in function of the total amount of respiratory samples with significant result)
Aerobic, gram positive cocci 10 (30) 21 (26) 31 (27)
S. aureus MSSA® 721 16 (20) 23 (20)
S. aureus MRSAY 1(3.0) 0(0) 1(0.9)
S. agalactiae 1(3.0) 4 (4.8) 5(4.3)
S. pneumoniae 1(3.0) 1(1.2) 2(1.7)
Aerobic, gram negative bacilli, Enterobacteriaceae 17 (52) 35 (43) 52 (45)
Citrobacter sp. 4 (12) 0(0) 4 (3.5)
E. cloacae 2 (6.0) 7 (8.5) 9(7.8)
E. coli 4(12) 6(7.3) 10 (8.7)
K. oxytoca 1(3.0) 1(1.2) 2(1.7)
K. pneumoniae 2 (6.0) 10 (12) 12 (10)
K. aerogenes 1(3.0) 6(7.3) 7 (6.0)
Morganella spp. 0(0) 1(1.2) 1(0.9)
P. mirabilis 1(3.0) 2(2.4) 3(2.6)
Serratia spp. 2 (6.0) 2(2.4) 4(3.5)
Aerobic, gram negative bacilli, non-enterobacteriaceae 1(3.0) 4(4.9) 5(4.3)
H. influenzae 1(3.0) 4(4.9) 5(4.3)
Aerobic, gram negative bacilli, non-fermenter 5(15) 19 (23) 24 (21)
A. baumanii 2 (6.0) 0(0) 2(1.7)
B. cepacia 0(0) 1(1.2) 1(0.9)
Pseudomonas aeruginosa 1(3.0) 10 (12) 11 (9.6)
S. maltophilia 1(3.0) 5(6.0) 6(5.2)
Achromobacter spp. 1(3.0) 0(0) 1(0.9)
Other 0(0) 3(3.7) 3(2.6)

4ESBL extended spectrum beta-lactamase

>CPE carbapenemase producing Enterobacteriaceae
°MSSA methicillin-sensitive Staphylococcus aureus
dMRSA methicillin-resistant Staphylococcus aureus

length of stay (at the COVID-19 ward and at the ICU) were
withheld. In the final mixed effects logistic regression, mul-
ticollinearity among the included variables was avoided by
looking at the correlation between variables (see graphi-
cal representation of correlation matrix in Supplementary
Material 3). In this model (Table 4), we found insuffi-
cient evidence to assume there is a difference in antibiotic

prescription occurrence between patients who stayed on a
regular ward exclusively versus those who were admitted to
the ICU during their stay (p =0.108). The presence of fever
at admission increased the risk for antibiotic prescribing (OR
2.97;95% CI 1.42-6.22), as well as pre-existing lung dis-
ease (OR 3.04; 95% CI 1.12-8.27). Every increase of 1000
neutrophils/mcL elevated the probability for an antibiotic
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Table 3 Information on
antibiotic treatment; antibiotic
classes are presented according
to the Anatomical Therapeutic
Chemical (ATC)-classification
system (JOI level 2) [13]

prescription for a potential respiratory superinfection with

Ward ICU Total
Reasons for initiation of antibiotic treatment (n, %)
Empirically 10 (10) 0 (0) 8(5)
COPD? 2(2) 6(8) 8(5)
Positive microbiological sample 25 (25) 11 (16) 36 (22)
Radiological consolidation 47 (47) 38 (55) 85 (51)
Persistent/rising fever or inflammation 3(3) 9 (13) 12 (7)
Persistent/rising oxygen need 2(2) 1(1) 3(12)
Other® 11(11) 4(6) 15 (9)
Information on AB treatment, (median, IQR)
Number of AB treatments per admission 1(0) 2(2) 1 (D)
Days of AB treatment per admission 503) 8(9) 5(5)
Lag time before AB initiation per admission 6 (6) 10 (8.8) 7(8)
Total DDD* (n, %) 690.7 (45.1) 841.8 (54.9) 1532.5 (100)
Beta-lactam antibiotics, penicillins 1.2 (0.2) 56.8 (6.7) 58 (3.8)
Beta-lactam antibiotics, penicillin, with inhibitor 622 (90.2) 473.6 (56.3) 1095.6 (71.5)
Other beta-lactam antibiotics 30 (4.4) 188.2 (22.4) 218.2 (14.2)
Sulphonamides and trimethoprim NA¢ 18.5(2.2) 18.5(1.2)
Macrolides (azithromycin excluded) 355(.1) 6.5 (0.8) 42 (2.7)
Aminoglycosides NA 12.8 (1.5) 12.8 (0.8)
Quinolones 2(0.3) 61.2(7.3) 63.2 (4.1)
Other antibacterials NA 24.2 (2.9) 24.2 (1.6)
DDD/admission
Betalactam antibiotics, penicillins 0.004 0.611 0.135
Penicillins with beta-lactamase inhibitor 1.851 5.092 2.554
Other beta-lactam antibiotics 0.089 2.024 0.509
Sulphonamides and trimethoprim 0.199 0.043
Macrolides (azithromycin excluded) 0.106 0.070 0.098
Aminoglycosides 0.138 0.030
Quinolones 0.006 0.658 0.147
Other antibacterials 0.260 0.056
DDD/100 bed days
Betalactam antibiotics, penicillins 0.357 2.793 1.191
Penicillins with beta-lactamase inhibitor 185.119 23.284 22.506
Other beta-lactam antibiotics 8.929 9.253 4.482
Sulphonamides and trimethoprim 0.910 0.380
Macrolides (azithromycin excluded) 10.565 0.320 0.863
Aminoglycosides 0.629 0.263
Quinolones 0.595 3.009 1.298
Other antibacterials 1.190 0.497

4COPD chronic obstructive pulmonary disease

®Other reasons: e.g. filthy pulmonary secretions, hypotension/sepsis, rising procalcitonin

°DDD defined daily doses
4NA not applicable

14% (OR 1.14, 95% CI 1.04-1.26). The SpO,/FiO, ratio

was negatively correlated with antibiotic prescribing (OR
0.96; 95% C1 0.92-0.99). Every additional hospital bed day
increased the likelihood of antibiotic prescribing with about
9% (OR 1.09; 95% CI 1.03-1.16).
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Discussion

Concerns have been raised about an expected ‘COVID-19
related’ increase in AMR due to both antibiotic overuse
as well as a shift of antimicrobial stewardship team (AST)
activities to the containment of the COVID-19 pandemic
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Fig.1 Total consumption (expressed in DDD) of antibiotics for respiratory tract infection

Table 4 Mixed effects logistic regression analysis of potential drivers
associated with antibiotic prescribing

Variable OR (95% confi- p value
dence interval)

Patient admitted to 0.108
Regular ward exclusively Ref
ICU 1.96 (0.86-4.48)

Presence of fever at admission 0.004*
No Ref
Yes 2.97 (1.42-6.21)

History of pulmonary disease 0.030%*
No Ref
Yes 3.04 (1.12-8.27)

Neutrophil count (per neutrophil increase 1.14 (1.04-1.26) 0.007*
in 1000 units/mcL)

SpO,/FiO, at admission (per rise of 10 0.96 (0.93-0.99) 0.019*
units)

Length of stay (per supplementary day)  1.09 (1.03-1.16) 0.002*

“p<0.05 is considered statistically significant

[2-5, 17, 18]. However, the rate of bacterial superinfec-
tions in patients affected with COVID-19 appears to be
much lower to what is observed in other viral pneumonias,
such as influenza [6, 7, 19-22]. To our knowledge, the cur-
rent study is the first to investigate antibiotic prescription
for suspected respiratory tract superinfections in admit-
ted COVID-19 patients, in a quantitative and standard-
ized way. This retrospective observational study adds to
the current well of evidence on antibiotic prescribing for
(presumed) respiratory tract superinfections in COVID-19
patients.

Overall, in our study population, the COVID-19 patients
with an ICU stay showed more clinical signs of severe dis-
ease: higher inflammatory blood markers at admission (CRP,
white blood cell count and ferritin), higher rate of fever at
admission and higher oxygen need, which resulted in higher
mortality as compared to patients solely admitted to the
COVID-19 ward. This is in line with several observational
COVID-19 studies [23, 24]. At least one respiratory sample
was available in no more than 29% of the admissions (18%
forward admissions, 58% for ICU admissions). Compared
with a recent systematic review by Langsbury et al., we
report higher rates of Staphylococcus aureus (23% versus
2%), lower rates of Haemophilus influenzae (5% versus 12%)
and much lower rates of Mycoplasma pneumoniae in our
study (5% versus 42%). However, Lansbury et al. defined
a single positive IgM titre as diagnostic for Mycoplasma
pneumoniae infection, whereas clinical probability, PCR and
titres kinetics were taken into consideration in our study [7].
Staphylococcus aureus and Streptococcus pneumoniae infec-
tions are known to be the most frequently reported bacteria
associated with influenza infections [10]. The higher Staphy-
lococcus aureus rate was confirmed in our study. The fact
that a higher Streptococcus pneumoniae rate was not found
in this study could be explained by higher rates of pneumo-
coccal vaccination in this older patient group and perhaps
by an underdiagnosis since pneumococcal urinary antigen
tests are not used in our centre.

Antibiotics were initiated in 39% of the admissions for
the treatment of (presumptive) respiratory tract infections.
This still seems rather low, in comparison to rates of anti-
biotic prescription ranging from 56 to 95% in other stud-
ies, including a recent systematic review of 30 studies with
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3834 patients [6, 7, 9]. In our retrospective cohort, a total
of 3.6 DDDs/admission and 31.5 DDDs/100 hospital days
were counted, which means that approximately 1 in 3 admit-
ted patients received one DDD of an antibiotic (e.g., 3 g
of amoxicillin—clavulanic acid) during every single day of
admission. Using DDDs per 100-bed-days instead of antibi-
otic prescriptions rates offers the opportunity to consider the
length of antibiotic treatment with respect to the length of
the patient’s hospital stay, ruling out differences in hospitali-
zation durations as a confounding factor. In DDD registra-
tion, the administration route and drug class are considered
as well. This method of quantifying antibiotic consumption
allows the option of benchmarking. As we are the first to
generate these data, we are not able to compare these data
to those of other institutions.

It is remarkable that most prescribed antibiotics were a
penicillin with beta-lactamase inhibitor, especially for the
wards (90% versus 56% for ICU prescriptions). This could
be explained by the fact that more empiric treatments were
started and continued on the ward, while a more targeted
antibiotic approach was performed in the ICU, due to the
higher availability of (significant) respiratory samples. In a
recent international survey investigating the antibiotic pre-
scribing habits of physicians involved in the care of COVID-
19 patients, most participants agreed that atypical germs
and Staphylococcus aureus are the most important germs
to cover in the context of COVID-19 [17]. However, our
microbiological analysis did not show high rates of atypical
germs. Nonetheless, the participants of that survey reported
a high use of penicillin with beta-lactamase inhibitor com-
binations, which is in accordance with our findings. In con-
trast to Vaughn et al. [25], where 26% of the administered
antibiotics included an anti-MRSA coverage, only 1% of
our administered antibiotic doses covered MRSA. This is
probably due to the low prevalence of MRSA in our setting
(2.5% of all tested invasive isolates [26]) and to the fact
that we did not include anti-MRSA antibiotics which were
prescribed for other reasons than for (presumed) respiratory
tract infections. The amount of intravenously (IV) adminis-
tered antibiotic doses was almost three times higher as com-
pared to the orally (PO) administered doses, which could
partially be explained by the number of intubated patients
on the ICU. However, even patients exclusively admitted
to the ward received more IV than PO administrations (IV/
PO ratio of 1.36). The latter observation highlights the need
for a specific intervention in our institution. The median
antibiotic duration of 5 days appears to be short, especially
when compared with the suggested 7—14 days of antibiotic
duration for nosocomial pneumonia in various international
guidelines [27-30]. On the other hand, 5 days is sufficient for
the treatment of community-acquired pneumonia [31]. Our
findings are concurrent with Chen et al., who also described
a median treatment duration of 5 days (IQR 3-7) [32]. Both
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shorter (median 4 days, IQR 2-5) and longer (median 7 days,
IQR 4-9) courses [33] are reported as well. Uncertainties in
bacterial superinfection diagnostics in COVID-19 patients
could have resulted in impulsive antibiotic prescribing in
cases of doubt. Fortunately, short treatment courses may also
be indicative for de-escalation and interruption of antibiotic
courses when judged unnecessary.

In the driver analysis, the presence of fever at admis-
sion, low SpO,/FiO,, pre-existing pulmonary disease and
high neutrophil counts together with a longer length of stay
were significantly associated with the administration of at
least one antibiotic prescription during admission. Besides a
prolonged hospital stay, which enhances the risk of nosoco-
mial infection and a high leukocyte count at admission, none
of the reported variables has been proven to be associated
with a higher rate of bacterial superinfection in COVID-19
patients [25, 34]. As the presence of fever and low SpO,/
FiO, at admission are both, respectively, a diagnostic and a
prognostic criterion of bacterial pneumonia [35], it is com-
prehensible to find these as possible drivers of antibiotic
prescription. However, these two variables are bad distin-
guishers between viral and bacterial pneumonia [36]. The
presence of pre-existing pulmonary disease at admission has
been proven to be associated with a higher risk of bacterial
pneumonia [37]. Nevertheless, it is questionable if COVID-
19 mediated chronic obstructive pulmonary disease (COPD)
exacerbations should be treated with antibiotics. In a simi-
lar multicentre study, Vaughn et al. described the following
variables as a predictor of antibiotic therapy in COVID-19
patients: age, BMI, disease severity (e.g., respiratory support
and sepsis), the presence of a lobar infiltrate and admission
to a for-profit hospital [25]. The association between age or
BMI and antibiotic treatment was not confirmed in our study.
This could be explained by the fact that the study only found
a very small difference in BMI [rate ratio (RR) 0.99; 95% CI
0.99-1.00] and age (RR 1.04; 95% CI 1.01-1.08) between
both groups for a larger cohort (n=1705). Moreover, in our
study, we focussed on antibiotic prescribing during the entire
hospital stay whereas Vaughn et al. evaluated the first two
days of admission. Moreover, the authors did not exclusively
focus on antibiotics started for respiratory tract infections,
which is in contrast with our analysis. We decided not to
analyze the presence of a lobar infiltrate as a potential pre-
dictor of antibiotic prescription, as other authors concluded
that the presence of a lobar infiltrate is not predictive for
bacterial co-infection [25]. Even though 51% of the admis-
sions in our study received antibiotics because of a dense
consolidation or worsening medical imagery, the presence
of denser radiological consolidations is common in the later
presentations of COVID-19, without the presence of bacte-
rial co-infection [38—40].

This study has its limitations, primarily due to its retro-
spective character. Since we performed chart review for data
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collection, precise documentation of the reason for antibiotic
prescribing is difficult. According to Belgian guidelines, it
is compulsory to document the indication of every antibi-
otic prescription in the patient record [41]. However, the
full work up for the diagnosis of bacterial superinfection
is challenging in COVID-19 patients, mainly because of
insufficient specificity of clinical parameters, like inflam-
matory markers, radiological consolidations, fever and pro-
calcitonin in this setting [31, 42-44]. Further studies are
needed to identify robust markers of bacterial superinfection
in patients admitted with a viral respiratory tract infection
such as COVID-19. For this reason, we did not evaluate the
appropriateness of the antibiotic prescriptions. The effect
of a learning curve, with a possible decrease of antibiotic
prescriptions over time, was not considered in the prescrip-
tion analysis. Therefore, comparative (prospective) studies
in a similar setting are needed to evaluate this plausible
effect. Additionally, it should be considered that in 17% of
the admissions, patients received antibiotics for other rea-
sons than for a respiratory tract superinfection. It is plausible
that there might have been an underestimation of the rate of
antibiotic prescriptions for suspected respiratory tract super-
infections since these non-respiratory antibiotics may also
cover suspected respiratory pathogens.

We have not been able to compare our data on antibiotic
consumption to other data—yet due to the absence of quan-
titative analyses concerning antimicrobial prescriptions for
this indication. Moreover, we were unable to compare our
data with a historical influenza cohort, as quantitative data
regarding antibiotic DDDs in the context of influenza (super)
infection have not been published so far. This is precisely
why we think the current study is of interest for healthcare
professionals involved in antibiotic stewardship. We rec-
ommend that the ASTs should have increased awareness
for COVID-19 related antibiotic strategies, using tailored
interventions to support the judicious use of antibiotics.
Our driver analysis provides different relevant patient and
disease-related variables that ASTs can use to identify those
patients most at risk for having an antibiotic therapy for a
respiratory tract superinfection. By using standardized data
about prescribed daily doses of antibiotics as an indicator
of antibiotic consumption, stewardship related interventions
can be evaluated and benchmarked [2].

Conclusion

Our study offers a quantitative and standardised benchmark
regarding antibiotic prescriptions for suspected respiratory
tract superinfections in patients admitted for COVID-19
and analyses the main drivers of antibiotic prescriptions.
As bacterial superinfections are rare in COVID-19 patients:
further prospective (interventional) studies are needed to

substantiate AST interventions to help reduce antibiotic
overuse and to counter the worldwide rise of AMR.
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