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Abstract: Studies suggest that the incidence of coinfections in patients with the coronavirus disease
2019 (COVID-19) is low, but a large number of patients receive antimicrobials during hospitalisation.
This may fuel a rise in antimicrobial resistance (AMR). We conducted a multicentre point-prevalence
survey in seven tertiary university hospitals (in medical wards and intensive care units) in Croatia,
Italy, Serbia and Slovenia. Of 988 COVID-19 patients, 521 were receiving antibiotics and/or anti-
fungals (52.7%; range across hospitals: 32.9–85.6%) on the day of the study. Differences between
hospitals were statistically significant (χ2 (6, N = 988) = 192.57, p < 0.001). The majority of patients
received antibiotics and/or antifungals within 48 h of admission (323/521, 62%; range across hos-
pitals: 17.4–100%), their most common use was empirical (79.4% of prescriptions), and pneumonia
was the main indication for starting the treatment (three-quarters of prescriptions). The majority
of antibiotics prescribed (69.9%) belonged to the “Watch” group of the World Health Organization
AWaRe classification. The pattern of antimicrobial use differed across hospitals. The data show that
early empiric use of broad-spectrum antibiotics is common in COVID-19 patients, and that the pattern
of antimicrobial use varies across hospitals. Judicious use of antimicrobials is warranted to prevent
an increase in AMR.

Keywords: COVID-19; antimicrobial use; multicentre; point-prevalence study

1. Introduction

Antimicrobial resistance (AMR) is an inevitable consequence of antimicrobial use,
making antimicrobial stewardship (AMS) an irreplaceable tool in the fight against increas-
ing resistance [1]. Amidst the ever-increasing threat of AMR, the coronavirus disease 2019
(COVID-19) pandemic has shifted the focus of healthcare providers to the care of patients
infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Since the
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pandemic began in 2020, nearly 270 million cases of COVID-19 have been confirmed,
claiming more than 5.3 million lives worldwide [2].

Studies of bacterial and fungal infections in patients with COVID-19 suggest that the
incidence of these infections is low, but a large number of patients receives antibiotics
upon admission to hospital or during hospitalisation. Early bacterial coinfection has been
reported in only 1.2–3.5% of patients with COVID-19 [3–6]. In rapid systematic reviews,
bacterial or fungal infections have been identified in 6.9–8% of patients [7,8], with early
bacterial coinfection being rare (3.5% of patients), and secondary bacterial/fungal infection
occurring in 14.3% of patients [8]. Studies and systematic reviews reported the use of
antimicrobials in up to 38.3–74.6% of patients [4,5,7,9,10].

It is still unclear how the pandemic and antibiotic use in patients with COVID-19
will affect AMR, as evidence-based data on AMR is still lacking [11]. Some studies have
reported an increase in infections with multi-drug resistant microorganisms (MDR) [12–15],
while others have found no increase in infections with MDR bacteria and fungi [6,16].
The differences suggest heterogeneous antibiotic use and infection control measures in
COVID-19 patients in hospitals.

To better guide antimicrobial prescribing and adjust AMS programmes, more infor-
mation is needed on antimicrobial use in patients with COVID-19 from different parts of
the world. We conducted an international multicentre point-prevalence survey to collect
comprehensive data on the characteristics and differences of antibiotic and antifungal
prescribing in hospitalised patients with COVID-19 in various countries and hospitals in
South-Eastern Europe.

2. Results

Of 988 COVID-19 patients, 521 were receiving antibiotics and/or antifungals on the
day of the study (52.7%; range across hospitals: 32.9–85.6%). Differences between hospitals
were statistically significant (χ2 (6, N = 988) = 192.57, p < 0.001). Use of antibiotics and anti-
fungals was common in intensive care units (ICUs) (135/186, 72.6%; range across hospitals:
54.1–100%) as well as in medical wards (386/802, 48.1%; range across hospitals: 14.3–93.6%).
The characteristics of patients who received antibiotic or antifungal therapy are shown
in Table 1. The majority of patients were male (61.2%), with an even higher proportion
of male patients in ICUs (73.3%). The median age was 69 years, and the most common
chronic disease was arterial hypertension. Approximately 75% of patients on antibiotics
and/or antifungals were receiving concomitant corticosteroids and supplemental oxygen.
Approximately two-thirds of patients were receiving one antibiotic/antifungal, others two
or more. The median levels of C-reactive protein (CRP) and procalcitonin (PCT) at the start
of antimicrobial therapy were 86.7 mg/L and 0.2 µg/L, respectively. For chronic diseases
as well as for CRP and WBC (white blood count), statistically significant differences be-
tween hospitals were observed (Table 1). In ICU, 71.9% of patients were intubated and
mechanically ventilated (range across hospitals: 20–95%), 14.1% were pronated (range
across hospitals: 0–50%), 40% were receiving vasoactive support (range across hospitals:
13.3–70%) and 0.74% were on extracorporeal membrane oxygenation (ECMO) (range across
hospitals: 0–3.4%).

The majority of patients received an antimicrobial agent within 48 h of admission
(323/521, 62%; range across hospitals: 17.4–100%), 70.2% in medical wards (271/386;
range across hospitals: 23.5–100%) and 38.5% in ICUs (52/135; range across hospitals:
0–100%). A total of 743 antibiotics and antifungals was prescribed. Their use was most
commonly empirical (79.4% of prescriptions) (Table 2). Targeted treatment was more
common in ICUs, especially with antibiotics and antifungals started later in the course
of hospitalisation (≥48 h after admission); 47% in ICUs vs. 31.3% in medical wards.
Antibiotics and/or antifungals were prescribed for pneumonia in three-quarters of cases,
followed by urinary tract infections (5.5% of prescriptions) and infections of no known
origin (5.3% of prescriptions) (Table 3). While pneumonia was almost the only indication
for antibiotics and/or antifungals being prescribed at the beginning of hospitalisation (88%
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of prescriptions), less than half of them were prescribed due to pneumonia in medical
wards later in the hospitalisation (45.2%), with other hospital-acquired infections gaining
importance. In ICUs pneumonia remained the main indication for treatment with antibiotics
and/or antifungals (75.5% of prescriptions). According to the treating physicians, the
reasons for starting antimicrobial therapy were clinical presentation in 85.4% of cases,
laboratory findings in 72.2% and imaging in 62.6% of cases.

Table 1. Characteristics of patients receiving antibiotics and/or antifungals.

Total (N = 521)
%

(Range across
Hospitals, %)

Differences between Hospitals

Medical Wards
(N = 386)

%
(Range across
Hospitals, %)

ICUs (N = 135)
%

(Range across
Hospitals, %)

X2/Fisher’s Exact
t-Test

(6, N = 521)
ANOVA

Sex 0.67, p = 0.995

Male 61.2%
(58.6–65.2%)

57%
(44.4–59.1%)

73.3%
(59.1–100%)

Female 38.8%
(34.8–41.4%)

43%
(40.9–55.6%)

26.7%
(0–40.9%)

Age in years, median
(IQR), (range across
hospitals)

69 (17)
(62–75)

F (6, 514) = 7.21,
p < 0.001

69 (19)
(61–79)

68 (12.5)
(62.5–75.5)

Days of hospitalisation,
median (IQR), (range
across hospitals)

8 (10)
(5–16)

F (6, 514) = 15.89,
p < 0.001

7 (9)
(5–19)

12 (11)
(7–14.5)

Comorbidities

Hypertension 64.3%
(40.7–88.5%) 71.82, p < 0.001 61.9%

(36.4–90.9%)
71.1%

(44.4–94.4%)
Other cardiovascular

diseases
36.3%

(13.6–62.3%) 63.45, p < 0.001 36.8%
(12.1–70.5%)

34.8%
(14.8–70.5%)

Diabetes 29.9%
(17.3–54.8%) 34.41, p < 0.001 30.6%

(16.7–59.1%)
28.2%

(0–59.1%)
Chronic obstructive

lung disease
15.2%

(6.9–32.9%) 40.92, p < 0.001 13.2%
(0–34.1%)

20.7%
(10–44.4%)

Other lung diseases 9%
(0–13.6%) 15.03, p = 0.014 8.3%

(0–18%)
11.1%

(0–22.2%)

Neurological disease 7.7%
(0–15.1%) 23.14, p < 0.001 8%

(0–19.7%)
6.7%

(0–16.7%)

Mental disorder 7.1%
(0–24.6%) 50, p < 0.001 6.7%

(0–25.6%)
18.2%

(0–22.2%)

Liver disease 3.7%
(0–17.2%) 34.2, p < 0.001 2.6%

(0–22.2%)
6.7%

(0–15%)

Chronic kidney disease 8.6%
(0–22.2%) 41.58, p < 0.001 8.8%

(1.4–22.2%)
8.2%

(0–25%)

Immunocompromised 9.4%
(3.3–21%) 16.18, p = 0.009 9.3%

(4.7–22.2%)
9.6%

(0–30%)
Treatment of COVID-19

Antiviral agents 12.5%
(0–11.1%) 71.33, p < 0.001 13%

(0–11.1%)
11.1%

(0–25%)

Corticosteroids 74.3%
(34.8–87.9%) 64.25, p < 0.001 74.4%

(33.3–89%)
74.1%

(16.7–100%)

Supplemental oxygen 75.2%
(53.1–91.8%) 62.44, p < 0.001 69.7%

(42.6–88.4%)
91.1%

(66.7–100%)
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Table 1. Cont.

Total (N = 521)
%

(Range across
Hospitals, %)

Differences between Hospitals

Medical Wards
(N = 386)

%
(Range across
Hospitals, %)

ICUs (N = 135)
%

(Range across
Hospitals, %)

X2/Fisher’s Exact
t-Test

(6, N = 521)
ANOVA

Number of
antibiotics/antifungals

1 65.6%
(51.7–77.8%)

71.2%
(58.1–85.2%)

49.6%
(33.3–63.6%)

2 26.3%
(14.8–32.8%)

25.4%
(11.5–41.9%)

28.9%
(11.1–50%)

≥3 8.1%
(3.5–24.1%)

3.4%
(0–11.8%)

21.5%
(9.1–35%)

Laboratory findings
CRP in mg/L, median

(IQR), (range across
hospitals)

86.7 (107.8)
(56–149)

F (6, 512) = 7.72,
p < 0.001

75.8 (97.1)
(51.1–118)

120.5 (133.7)
(53.2–153)

PCT in µg/L, median
(IQR), (range across
hospitals)

0.2 (0.4)
(0.2–0.4)

0.2 (0.3)
(0.1–0.3)

0.2 (0.7)
(0.1–0.6)

Leukocyte count in
109/L, median (IQR),
range across hospitals

7.5 (6)
(5.8–11.4)

F (6, 509) = 13.42,
p < 0.001

7 (5.3)
(5.6–9.9)

9.9 (8.3)
(6.6–10.6)

ICUs: intensive care units; IQR: interquartile range; COVID-19: coronavirus disease 19; CRP: C-reactive protein;
PCT: procalcitonin.

Table 2. Antibiotic and antifungal use by type of treatment and indication.

Total
(N = 743)

Medical
Wards

(N = 510)
ICUs

(N = 233)

≤48 h >48 h

Total
(N = 425)

Medical
Wards

(N = 344)
ICUs

(N = 81)
Total

(N = 317)
Medical
Wards

(N = 166)
ICUs

(N = 151)

Type of treatment
Prophylactic

use; medical 13 (1.8%) 8 (1.6%) 5 (2.2%) 8 (1.9%) 5 (1.5%) 3 (3.7%) 5 (1.6%) 3 (1.8%) 2 (1.3%)

Therapeutic
use; empirical

590
(79.4%)

439
(86.1%) 151 (64.8%) 400 (94.1%) 328 (95.4%) 72 (87.7%) 189

(59.6%)
111

(66.9%) 78 (51.7%)

Therapeutic
use; targeted

140
(18.8%) 63 (12.4%) 77 (33.1%) 17 (4%) 11 (3.2%) 6 (7.4%) 123

(38.8%) 52 (31.3%) 71 (47%)

Indication
Pneumonia 564

(75.9%)
379

(74.3%) 185 (79.4%) 374 (88%) 304 (88.4%) 70 (86.4%) 189
(59.6%) 75 (45.2%) 114

(75.5%)
Bloodstream

infection 11 (1.5%) 7 (1.4%) 4 (1.7%) 2 (0.5%) 0 2 (2.5%) 9 (2.8%) 7 (4.2%) 2 (1.3%)
Central-line

associated
bloodstream
infection

7 (0.9%) 4 (0.8%) 3 (1.3%) 0 0 0 7 (2.2%) 4 (2.4%) 3 (2%)

Urinary tract
infection 41 (5.5%) 37 (7.3%) 4 (1.7%) 14 (3.3%) 14 (4.1%) 0 27 (8.5%) 23 (13.9%) 4 (2.7%)

Skin and soft
tissue infection 15 (2%) 15 (2.9%) 0 5 (1%) 5 (1.5%) 0 10 (3.2%) 10 (6%) 0

Intra-abdominal
infection

22 (3%) 20 (3.9%) 2 (0.9%) 5 (1%) 5 (1.5%) 0 17 (5.4%) 15 (9%) 2 (1.3%)

Bone and joint
infection 7 (0.9%) 4 (0.8%) 3 (1.3%) 0 0 0 7 (2.2%) 4 (2.4%) 3 (2%)

Unknown site
of infection 39 (5.3%) 16 (3.1%) 23 (9.9%) 12 (2.8%) 6 (1.7%) 6 (7.4%) 27 (8.5%) 10 (6%) 17 (11.3%)

Other 37 (5%) 28 (5.5%) 9 (3.9%) 13 (3.1%) 10 (2.9%) 3 (3.7%) 24 (7.6%) 18 (10.8%) 6 (4%)

ICUs: intensive care units; ≤48 h: antimicrobials started within 48 h of admission; >48 h: antimicrobials started
more than 48 h after admission.
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Table 3. Positive microbiology samples and isolated microorganisms.

Total (N = 114) Medical Wards
(N = 57) ICUs (N = 57)

Positive Microbiology Samples
Blood culture 19 (16.7%) 15 (26.3%) 4 (7%)
Sputum 2 (1.8%) 1 (1.8%) 1 (1.8%)
Tracheal aspirate 24 (21.1%) 2 (3.5%) 22 (38.6%)
BAL, mini BAL 23 (20.2%) 1 (1.8%) 22 (38.6%)
Urine culture 28 (17.5%) 23 (40.3%) 5 (8.8%)
Other 18 (15.8%) 15 (26.3%) 3 (5.3%)

Isolated microorganisms
MSSA 13 (11.4%) 3 (5.3%) 10 (17.5%)
MRSA 3 (2.6%) 1 (1.8%) 2 (3.5%)
CoNS 2 (1.8%) 2 (3.5%) 0
Streptococcus spp. 5 (4.4%) 1 (1.8%) 4 (7%)
Enterococcus faecalis 7 (6.1%) 6 (10.5%) 1 (1.8%)
Enterococcus faecium 5 (4.4%) 2 (3.5%) 3 (5.3%)
Escherichia coli 20 (17.5%) 13 (22.8%) 7 (12.3%)

ESBL-producing E. coli
CR E. coli

4 (3.5%) 1 (1.8%) 3 (5.3%)
1 (0.9%) 1 (1.8%) 0

Klebsiella spp. 19 (16.7%) 9 (15.8%) 10 (17.5%)
ESBL–producing Klebsiella spp.

CR Klebsiella spp.
5 (4.4%) 1 (1.8%) 4 (7%)
5 (4.4%) 2 (3.5%) 3 (5.3%)

Proteus mirabilis 10 (8.7%) 6 (10.5%) 4 (7%)
Pseudomonas spp. 12 (10.5%) 5 (8.8%) 7 (12.3%)

CR Pseudomonas spp. 1 (0.9%) 0 1 (1.8%)
Acinetobacter spp. 19 (16.7%) 2 (3.5%) 17 (29.8%)

CR Acinetobacter spp. 10 (8.7%) 0 10 (17.5%)
Anaerobes 9 (7.9%) 8 (14%) 1 (1.8%)

Clostridioides difficile (toxin
positive) 7 (6.1%) 6 (10.5%) 1 (1.8%)

Aspergillus spp. 9 (7.9%) 1 (1.8%) 8 (14%)
Candida spp. 6 (5.3%) 2 (3.5%) 4 (7%)
Other 14 (12.3%) 3 (5.3%) 11 (19.3%)

ICUs: intensive care units; BAL: bronchoalveolar lavage; MSSA: methicillin-susceptible Staphylococcus aureus;
MRSA: methicillin-resistant S. aureus; CoNS: coagulase-negative staphylocci; ESBL: extended-spectrum beta-
lactamase; CR: carbapenem-resistant.

The majority of antibiotics prescribed (69.9%) belonged to the “Watch” group of
the World Health Organization (WHO) AWaRe classification: cephalosporins (2nd–4th
generation), antipseudomonal beta-lactams with beta-lactamase inhibitors, carbapenems,
fluoroquinolones, macrolides and vancomycin (Figure 1). In ICUs, antifungals and antibi-
otics from the “Reserve” group of the AWaRe classification (5th generation cephalosporins,
polymyxins, glycylcyclins, oxazolidinones, lipopeptides, etc.) were prescribed more fre-
quently than in medical wards; antifungals accounted for 11.6% and antibiotics from
the “Reserve” group for 19.3% of antimicrobial prescriptions in ICUs. The pattern of an-
timicrobial use varied across hospitals. In some hospitals, antibiotics from the “Access”
group (penicillins, beta-lactams with beta-lactamase inhibitors, tetracyclines, trimethoprim
with sulfametoxazole, aminoglycosides, metronidazole, etc.) accounted for approximately
one-third of prescriptions (including in ICUs), whereas in other hospitals their use was rare.

Analyses of microbiological samples and isolated microorganisms were performed
only in patients receiving targeted therapy (Table 3). Targeted treatments with antibiotics
and antifungals were based on the results of 114 positive samples. In the medical wards,
40.3% of the positive samples were urine cultures and 26.3% were blood cultures. In the
ICUs, bronchoalveolar lavage (BAL) and tracheal aspirate each accounted for 38.6% of
the positive samples. The most frequently isolated microorganisms were Gram-negative
bacteria: enterobacterales and non-fermenting bacilli. Escherichia coli accounted for 22.8%,
Klebsiella spp. for 15.8% and Clostridioides difficile for 10.5% of all isolates in the medical
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wards. In ICUs, the most common isolates were Acinetobacter spp., Pseudomonas spp.,
Klebsiella spp., MRSA and Aspergillus spp.
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domonal beta-lactams with beta-lactamase inhibitors, carbapenems, fluoroquinolones, macrolides and
vancomycin; Reserve: reserve antibiotics-5th generation cephalosporins, polymyxins, glycylcyclins,
oxazolidinones and lipopeptides.

3. Discussion

We conducted an international multicentre point-prevalence study to gain information
on antimicrobial prescribing in patients with COVID-19 to better guide antimicrobial
stewardship in COVID-19 wards. Overall, 52.7% of patients were receiving antibiotics
and/or antifungals on the day of the study. The therapy was empiric in most cases, i.e.,
prescribed on or shortly after admission, with broad-spectrum antibiotics usually used.

The percentage of patients receiving antibiotics and/or antifungals varied between
hospitals (32.9–85.6%) and was higher in ICUs than in medical wards (72.6% vs. 48.1%).
Reviews examining antimicrobial use in COVID-19 patients reported higher overall an-
timicrobial use (74.6% and 72% of patients) [7,10]. Prescription appears to vary between
different hospitals and countries. In a study conducted in Scottish hospitals, 38.3% of
COVID-19 patients were identified as receiving antibiotic therapy [9]; in a study from
China 58% were so identified [17]; in some studies from the beginning of the pandemic,
the percentage of patients receiving antibiotics was as high as 99% [18,19]. It is worth
noting that the period of interest in our study was not the first wave, when uncertainty and
common practice were in favour of antibiotic prescribing.

The majority of patients in our study received antimicrobial therapy early in the course
of hospitalisation (62% in the first 48 h), but there were significant differences between
hospitals: the range between hospitals was 17.4–100%. These results are consistent with
other published studies. A study that examined coinfections and early antibiotic therapy
in hospitalised COVID-19 patients at four Dutch hospitals found that 60.1% of patients
received antibiotics within the first 24 h of admission. Similar to our study, antimicrobial
use varied between hospitals: 33.3–72.2% [5]. Another multi-hospital study conducted in
the United States of America found early empiric antibiotic use in 56.6% of hospitalised
COVID-19 patients, again with wide variation between hospitals (27–84%) [4].

The vast majority of prescriptions was empirical (79.4%), especially early in the hospi-
talisation. Targeted treatment was more common in ICUs, probably due to the sampling
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of the lower respiratory tract. The most common indication for therapy with antibiotics
and/or antifungals was pneumonia (three-quarters of all prescriptions), especially at the
beginning of hospitalisation. Later, it remained the most important indication for antimicro-
bials, but, especially on medical wards, other hospital-acquired infections, such as urinary
tract infections, skin and soft tissue infections and intraabdominal infections, also became
an important factor.

The high percentage of antimicrobials stands in stark contrast to the low incidence
of coinfections and secondary infections in COVID-19 patients reported in the literature;
the overall rate of bacterial or fungal infections is approximately 7–8% [6,7]. Early bacte-
rial coinfections in particular appear to be low, only appearing in approximately 3% of
COVID-19 patients, according to studies [4,6,8]. Secondary infections that develop during
hospitalisation also appear to be rare, occurring in 4.7–14.3% of patients [6,8].

Broad-spectrum antibiotic therapy was generally used in both medical wards and ICUs.
This is consistent with the published literature, in which treatment with cephalosporins, flu-
oroquinolones, macrolides, beta-lactams with beta-lactamase inhibitors and carbapenems is
most commonly described [7,10,18,19]. “Reserve” antibiotics against MDR microorganisms
were commonly prescribed in ICUs (19.3% of prescriptions), with resistant bacteria such
as Pseudomonas spp. and Acinetobacter spp. (mainly carbapenem-resistant) accounting for
42.1% of positive ICU samples. MDR bacteria, particularly Gram negative bacilli, are an
important cause of hospital-acquired infections in critically ill COVID-19 patients, most
commonly of ventilator-associated pneumonia [20,21]. Several outbreaks of infections with
MDR bacteria were described during the pandemic waves [14,15,22].

Antifungal drugs were used most frequently in ICUs (11.6% of prescriptions), which
was expected due to the fungal infections that occur after the use of high doses of corti-
costeroids and other immunosuppressive therapies used to treat critically ill COVID-19
patients [23]. In our study, Aspergillus spp. was isolated in 14% of positive ICU samples,
with 74.1% of ICU patients receiving corticosteroids on the day of the study. One of the first
descriptions of an increased rate of pulmonary aspergillosis in COVID-19 patients (CAPA)
was performed in Italy, with approximately 30% of patients admitted to ICU diagnosed
with probable CAPA, which was associated with high mortality [24]. A study conducted
across five ICUs in France showed a lower incidence of secondary fungal infections. A
total of 4.8% of patients had a probable/putative invasive pulmonary mould infection, and
clinically irrelevant colonisation or false-positive fungal tests were observed in 17.2% of
patients [25].

Enterobacterales were most commonly isolated in medical wards (42.9% of positive
samples), with urine and blood cultures accounting for 66.6% of positive samples. C. difficile
was also an important pathogen (10.5% of positive samples), probably due to treatment
with broad-spectrum antibiotics. Other studies reported Streptococcus pneumoniae, S. aureus,
E. coli, Haemophilus influenzae and Pseudomonas spp. as common pathogens, which were
isolated mainly from respiratory, blood or urine cultures [4,6,8]. In our study, positive
respiratory samples were a rarity in medical wards, even though pneumonia was the
main indication for antimicrobial therapy. Due to the fact that we did not record negative
samples, we cannot distinguish between the low use of respiratory cultures and the low
yield of respiratory samples. Studies show that sputum cultures are performed relatively
infrequently (7.7–11.4% of patients) due to aerosolisation concerns and the fact that the
majority of patients with COVID-19 have a dry, non-productive cough [4,5].

Patterns of antimicrobial use varied among hospitals. Statistically significant dif-
ferences in patient characteristics show that antimicrobials were prescribed to diverse
groups of patients, which may account for differences in prescription. However, various
approaches to antimicrobial therapy are more likely to reflect differences in local antimicro-
bial susceptibilities and antimicrobial treatment guidelines for patients with COVID-19,
which are usually in line with local guidelines for pneumonia [26]. There are differences in
antimicrobial prescription among the four different countries included in the study. The
total consumption of antibacterial agents in DDDs per 1000 inhabitants per day in 2019 was
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18.8 in Croatia, 21.7 in Italy, 13.0 in Slovenia and 28.65 in Serbia, with “Watch” category
antibiotics accounting for 30% of all antibiotics prescribed in Slovenia and approximately
40% in the other three countries [27,28]. In some hospitals in our study, broad-spectrum
antibiotic therapy was initiated on admission, while in others a more prudent approach to
antimicrobial therapy was adopted. In accordance with local antimicrobial susceptibilities,
hospitals in Serbia and Italy more frequently prescribed antibiotics from the “Watch” and
“Reserve” lists of the AWaRe classification. As a consequence of differences in antimicrobial
prescribing practices, the impact of COVID-19 on AMR is likely to vary from hospital to
hospital, with an increase in AMR expected in hospitals where empirical broad-spectrum
antibiotic therapy was frequently prescribed.

The data from our study and the published literature suggest that the use of most
broad-spectrum antibiotics is probably unwarranted and unnecessary, especially early in
hospitalisation for COVID-19, when the incidence of coinfection is remarkably low. Antimi-
crobial stewardship teams implementing local guidelines should encourage prescribers to
use a more restrained approach. Antibiotics should not be routinely prescribed to patients
on admission without evidence of bacterial coinfection. However, it may be difficult to
distinguish between severe COVID-19 and bacterial coinfection, especially in critically ill
patients. In these patients, microbiological sampling should be encouraged to either guide
or discontinue antimicrobial treatment, based on its results. The role of biomarkers such as
procalcitonin (PCT) may also be of value. Levels of PCT below 0.1 µg/L have been shown
to have a negative predictive value of 98.3% [4]. Other studies have shown that antibi-
otics can be safely withheld or discontinued in COVID-19 patients with PCT levels below
0.25 µg/L in the absence of other features of bacterial infections [29,30]. The median value
of PCT in our study (0.2 µg/L) suggests that many prescribed antimicrobials were probably
unnecessary. Higher values of PCT may be more difficult to interpret, because they may
have occurred as a result of coinfection or severe COVID-19 [31]. Typical chest radiologic
findings in patients with COVID-19 may also help to distinguish between pneumonia due
to COVID-19 and bacterial pneumonia [32,33]. Thus, the results of imaging studies are
another tool that can help physicians decide whether to treat with antibiotics. As a result of
our study, AMS activities were encouraged in the participating hospitals.

Our study provides a comprehensive overview of antimicrobial prescription practices
in seven university hospitals caring for COVID-19 patients. It is the first point-prevalence
study to examine prescription in medical wards and ICUs in a large cohort of hospitalised
COVID-19 patients in several countries and the first report of antimicrobial use during
COVID-19 pandemic from the region. Due to its point-prevalence design, it can only
provide a snapshot of practices in a particular time window during the pandemic. As infor-
mation about COVID-19 has grown rapidly, treatment strategies have also evolved over
time. Point-prevalence studies can also be influenced by fluctuating prescriptional trends,
e.g., biphasic patterns recorded in earlier waves [34]. Due to the fact that information about
patient characteristics was collected only for patients receiving antimicrobials, analysis of
differences in patient populations was possible only for patients on antimicrobials and
not for all hospitalised patients with COVID-19. We analysed only positive samples sent
for microbiological diagnostics; therefore, assessment of the frequency of sampling and
proportion of positivity was not possible. We also did not specifically investigate the
appropriateness of the antimicrobials prescribed, which is another limitation of our study.

4. Materials and Methods

Our multicentre point-prevalence study took place from 11 February 2021 to 15 April
2021 in seven tertiary university hospitals in four countries (Croatia, Italy, Serbia, Slovenia).
It was conducted in medical wards and ICUs where patients with confirmed COVID-19
were cared for.

Each COVID-19 ward was audited once and on a single day. All patients 18 years
of age and older with confirmed COVID-19 who were hospitalised on the ward at eight
o’clock in the morning and were, at the time, receiving systemic antimicrobial therapy were
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included in the study. The study was conducted by hospital-based physicians. Data were
collected about the following drugs: antibiotics for systemic use (Anatomical Therapeutic
Chemical (ATC) classification J01), antifungals for systemic use (ATC J02 and D01BA),
drugs for the treatment of tuberculosis (ATC J04A), antibiotics for the treatment of intestinal
infections (ATC A07AA) and antiparasitic drugs that can be used as antibacterial agents
(ATC P01AB).

Two forms were used for data collection (Supplementary Materials, Supplements S1 and S2).
The ward form was used to collect information about the number of beds, the number of
patients and the number of ventilated patients on the ward (denominator data). Patient
forms were used for inpatients receiving antimicrobial therapy (nominator data). For
each patient, patient characteristics, days of hospitalisation, days of antimicrobial therapy,
indications for antibiotic or antifungal use, type of antimicrobial and its dosage, biomarker
levels and radiological findings, use of supplemental oxygen and treatment of COVID-19
were recorded. Antibiotic and antifungal treatment was classified as either prophylactic
(medical or surgical) or therapeutic (empirical or targeted). In cases of targeted treatment,
microbiological data were also collected. All samples collected for microbiological diagnos-
tics were taken at the discretion of the treating physicians. For ICU patients, information
about mechanical ventilation, vasoactive support, pronation and ECMO was also included.

Descriptive statistics were performed using Microsoft Excel. Separate analyses were
performed for medical wards and intensive care units and for antimicrobials prescribed
within 48 h and after 48 h of hospitalisation. The 2019 WHO AWaRe Classification was
used for the analysis of prescribed antibiotics [35]. For analysing differences between
hospitals, χ2 or Fisher’s exact test were used for categorical variables and ANOVA for
numeric variables. A Bonferroni correction for multiple comparisons was used. Statistical
analysis was performed using SPSS Statistics for Windows, version 28.0.

5. Conclusions

In summary, the data from our study show that early empiric use of broad-spectrum
antibiotics is common in COVID-19 patients, and that the pattern of antimicrobial use
varies from hospital to hospital. The main indication for initiation of antimicrobial therapy
is pneumonia. The widespread use of last-line antibiotics identified in some settings, com-
bined with the heavy burden of hospitalised COVID-19 patients, may lead to a substantial
increase in AMR. Judicious use of antimicrobials is warranted to prevent an increase in
AMR, given the low rates of coinfection and secondary infection reported in the literature.
AMS teams should adapt local guidelines accordingly, monitor their implementation and
assist treating physicians when real-life dilemmas arise.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/antibiotics11020176/s1, Supplement S1: Ward form; Supplement S2:
Patient form.
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