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ABSTRACT

Background: Knowledge on bacterial co-infections in COVID-19 is crucial to use antibiotics appropriately. Therefore, we
aimed to determine the incidence of bacterial co-infections, antibiotic use and application of antimicrobial stewardship
principles in hospitalized patients with COVID-19.
Methods: We performed a retrospective observational study in four hospitals (1 university, 2 non-university teaching,
1 non-teaching hospital) in the Netherlands from March to May 2020 including consecutive patients with PCR-confirmed
COVID-19. Data on first microbiological investigations obtained at the discretion of the physician and antibiotic use in the
first week of hospital admission were collected.
Results: Twelve (1.2%) of the 925 patients included had a documented bacterial co-infection (75.0% pneumonia) within the first
week. Microbiological testing was performed in 749 (81%) patients: sputum cultures in 105 (11.4%), blood cultures in 711 (76.9%),
pneumococcal urinary antigen testing in 202 (21.8%), and Legionella urinary antigen testing in 199 (21.5%) patients, with clear variation between hospitals. On presentation 556 (60.1%; range 33.3–73.4%) patients received antibiotics for a median duration of 2 days
(IQR 1–4). Intravenous to oral switch was performed in 41 of 413 (9.9%) patients who received intravenous treatment >48 h. Mean
adherence to the local guideline on empiric antibiotic therapy on day 1 was on average 60.3% (range 45.3%–74.7%).
Conclusions: On presentation to the hospital bacterial co-infections are rare, while empiric antibiotic use is abundant. This
implies that in patients with COVID-19 empiric antibiotic should be withheld. This has the potential to dramatically reduce
the current overuse of antibiotics in the COVID-19 pandemic.
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Introduction
The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) appeared in December 2019 and is the
causative agent of the disruptive pandemic of coronavirus disease 2019 (COVID-19) [1]. The COVID-19 pandemic coincides with another worldwide crisis: antibiotic
resistance. Strikingly, principles of prudent antibiotic use
seem to contrast with how antibiotics are prescribed in
patients with COVID-19. Systematic reviews have estimated that more than 70% received antibacterial therapy, predominantly broad-spectrum and often empiric
[2,3]. A survey of antibiotic prescribing in 15 Scottish
hospitals reported antibiotic treatment in 62.4% on the
day of admission [4]. The excessive antibiotic prescribing
probably relates to the fear of bacterial co-infections of
the respiratory tract.
A systematic review and meta-analysis of 3834 patients
with COVID-19 found that 4% of the hospitalized patients
outside the intensive care unit had a bacterial co-infection
[5]. This proportion increased to 14% in the intensive
care setting, while other studies reported superinfections
in up to 44% in the intensive care unit (ICU) [6,7]. Few
studies have described detailed data on the timing of
co-infections. Early bacterial co-infections, predominantly
originating from the respiratory tract, occurred in
approximately 3% in three studies [8–10]. This proportion
rose to 6% in one study when the entire hospital admission was included [8]. Among 36 mechanically ventilated
COVID-19 patients 8% had a bacterial respiratory coinfection within 48 h of ICU admission, while 36% had a
respiratory superinfection after 48 h of ICU admission [6]
The absence of robust epidemiological data in the early
phase of the pandemic, the relatively high incidence of
bacterial co-infections -between 11% and 35% in most
studies- in influenza [11] and the association of co-infection
with increased morbidity and mortality [12] probably influence the prescriber’s decision to initiate antibiotic treatment. This is likely to be further reinforced by the
challenge to rule out a bacterial co-infection, since symptoms, laboratory findings imaging results in patients with
COVID-19 share overlap with patients with a bacterial community-acquired pneumonia [13,14].
To enable appropriate empiric antibiotic use during
the ongoing COVID-19 pandemic, we aimed to determine the incidence of bacterial co-infections in the early
phase of the disease in a large multicenter cohort study.
Our secondary goals were to measure and characterize
the empiric use of antibiotics, and to assess whether
antimicrobial stewardship principles, such as adherence
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to local guidelines, performing microbiological diagnostics and intravenous to oral switch, were applied.

Material and methods
Study design and study population
This retrospective cohort study was performed in four
hospitals in the Eastern part of the Netherlands, including one university hospital, two non-university teaching
hospitals, and one non-teaching hospital (Table 1). We
included all consecutive hospitalized patients aged
18 years and older with PCR-confirmed COVID-19
between 2nd of March 2020 and 22nd of May 2020 corresponding with the first wave of COVID-19 in the
Netherlands. Patients were excluded if they were transferred from one hospital to another.
The present study is a sub-study of the Clinico
Biomarker Study that comprises a retrospective observational database of hospitalized patients with COVID-19
in six hospitals. One hospital was not included because
it only took care of patients transferred from another
hospital at the end of their hospital stay, while we were
interested in the early phase of the disease. The other
hospital was not included because data collection was
not yet finished when we started this analysis.
The regional institutional review board approved this
study (number 2016-2923 and 2020-6344). All patients
provided verbal informed consent.
Outcome measures
The primary outcome measures were the incidence and
aetiology of bacterial co-infections in the early phase of
hospitalization, with emphasis on bacterial pneumonia
present upon admission. The secondary outcomes measures included aspects related to antimicrobial stewardship: microbiologic tests performed to diagnose
bacterial pneumonia, prevalence, type and length of
empiric antibiotic treatment, the adherence of empiric
antibiotic treatment to the local guidelines, and the performance of intravenous to oral switch.
Definitions
Bacterial co-infection was defined as the isolation of a
bacterium from a blood or sputum culture and/or a
positive pneumococcal urinary antigen test (PUAT) or
Legionella antigen test (LUAT). For a positive sputum culture to be included as a bacterial co-infection, the treating physician should have considered the bacterium

A

Cefuroxime

Maximum
of 5 days

92 (23.8)
200 (51.7)
79 (20.4)
16 (4.1)
0 (0.0)
81 (20.1)
94 (24.3)

252 (27.4)
472 (51.2)
175 (19.0)
22 (2.4)
0 (0.0)
166 (21.9%)
214 (23.3)

If PCT < 0.5 mg/La:
stop
If PCT > 0.5 mg/L:
maximum
of 5 days

71 (60–78)
259 (67)

70 (59–77)
591 (64)

After 27th March
Only if
PCT > 0.5 mg/L
Cefuroxime

7 (6–10)

7 (5–10)

Before 27th March
Everyone

180
388

Non-teaching hospital

1805
925

Total

B

Maximum of 5 days

Whole period
Only if
PCT > 0.5 mg/Lb
Ceftriaxone

90 (30.3)
157 (52.9)
49 (16.5)
1 (0.3)
0 (0.0)
48 (19.2)
73 (24.8)

69 (58–77)
172 (58)

7 (5–11)

Teaching nonuniversity hospital
456
298

C

Maximum of 7 days

Before 7th April
Only if PCT > 0.5 mg/L
or CRP > 100
Cefuroxime

35
73
29
5
0
16
35

PSI 1–2: amoxicillin orally or iv
PSI 3–4: amoxicillin
PSI 5: cefuroxime
ICU admission:
cefuroxime þ ciprofloxacin

After 7th April
Only if PCT > 0.5 mg/L

(24.6)
(51.4)
(20.4)
(3.5)
(0.0)
(12.6)
(24.5)

71 (60–79)
94 (66)

7 (5–12)

573
143

Teaching non-university hospital

D

CURB-65 0–1: amoxicillin orally
or benzylpenicillin iv
CURB-65 2: benzylpenicillin iv
CURB-65 3–5: cefuroxime
ICU admission:
cefuroxime þ ciprofloxacin
Maximum of 5 days

Whole period
Only if PCT > 0.5 mg/L

35 (36.8)
42 (44.2)
18 (18.9)
0 (0.0)
0 (0.0)
21 (28.0)
12 (12.5)

66 (53–73)
66 (69)

7 (5–10)

596
96

University hospital

a

CRB-65: Clinical prediction score based on confusion, respiratory rate, blood pressure and age; CRP: C-reactive protein; CURB-65: Clinical prediction score based on confusion, urea, respiratory rate, blood pressure and
age; ICU: Intensive Care Unit; IQ range: Interquartile range; PCT: Procalcitonin; PSI: Pneumonia Severity Index.
results were only available two days after collection. In all other cases results of PCT were available within 60 min.
b
only determined if CRP > 20 mg/L. If CRP < 20 mg/L antibiotics were not indicated.

Treatment duration

Period
Indication for empiric
antibiotic treatment
Antibiotic regimen

Local antibiotic guideline

Number of hospital beds
Number of patients with
COVID-19
Duration of symptoms before
hospital admission (median,
IQ range)
Age median (IQ range)
Sex no. male (%)
CRB-65 score
0 no. (%)
1, no. (%)
2 no. (%)
3 no. (%)
4 no. (%)
ICU-admission no. (%)
In-hospital mortality no. (%)

Hospital type

Hospital and patient characteristics

Table 1. Hospital, patient characteristics, outcome and local guidelines on empiric antibiotic treatment in patients with (suspected) COVID-19.
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cultured to be clinically relevant and not as a colonizer.
Blood culture growing typical skin contaminants from
blood cultures were excluded [15]. Type of infection was
based on the interpretation of the treating physician.
There were no specified criteria for microbiological sampling. The early phase was defined as the first 7 calender
days of admission with day 1 being the presentation at
the emergency room or the day of first clinical suspicion
in already admitted patients. We focussed on the first
microbiological investigations performed, because we
aimed to provide evidence for the recommendations on
empiric treatment on presentation. If reported by the
radiologist, the CO-RADS system was used to report the
pulmonary involvement of COVID-19 on non-enhanced
chest CT in patients with a bacterial co-infection [16].
Local antibiotic guidelines for empiric antibiotic treatment in suspected or proven COVID-19 patients are
summarized in Table 1. Three of the four hospitals used
second or third generation cephalosporins as part of
selective decontamination of the digestive tract (SDD)
when patients were admitted to the ICU. Pneumonia
severity index (PSI) and urea were not consistently collected. Therefore, we used CRB-65 [17,18] to categories
patients, irrespective of immunocompromised state, into
one of the four categories identified in the local guidelines (Table 1) that correspond with the categories in
the national guideline for the management of community-acquired pneumonia [19]: mild (CRB-65 0/CURB-65
0–1/PSI 1–2 without ICU admission), moderately severe
(CRB-65 1/CURB-65 2/PSI 3–4 without ICU admission),
severe (CRB-65  2/CURB-65  3 without ICU admission),
severe with ICU admission (ICU admission irrespective of
CRB-65/CURB-65/PSI score). For empiric treatment to be
guideline adherent it had to be both indicated and to be
the correct antibiotic. If antibiotic treatment was not initiated while the guideline did recommend it, it was considered non-adherent. We measured guideline adherence for
the actual prescription both at day 1 and day 2, since in
almost all patients COVID-19 was PCR-confirmed on day 2.
If CRP and/or PCT were required to establish the indication for antibiotics, it was assumed that they were not elevated if their values were missing. Additionally, we
performed an analysis on guideline adherence including
only the patients with available C-reactive protein (CRP)
and procalcitonin (PCT) values, if required by the
local guideline.
Length of treatment was calculated in calender days
from the start of empiric treatment until the end of
treatment, irrespective of type of antibiotic and route of
administration.

105

Discharge medication was not included. Intravenous
to oral switch was assessed for the patients with an
intravenous treatment duration of >48 h and was
regarded to have been performed if antibiotic treatment
was switched to any oral antibiotic formulation.
Data collection and analysis
Demographic, clinical, microbiological, and antibiotic
prescription data were retrieved manually from the electronic medical records. Clinical data included medical
history, symptoms, signs, ICU admission, and outcome.
In addition, the name and route of administration of all
consecutive antibiotics that were initiated in the first
seven days of admission were recorded until the end of
treatment. The results of the following microbiological
investigations were recorded: blood culture(s) (consisting
one or two sets, depending on what was collected), sputum culture, PUAT, and LUAT. Results of urine cultures
were not routinely retrieved from the medical records,
because we included only microbiological tests that are
helpful in diagnosing pneumonia. If more than one test
of the same type was performed, the results of the first
test were used. Data were entered anonymously in a
web-based electronic case report form of Castor EDC by
six medical students. They were trained by the lead
author (JtO) to collect the data from the electronic medical records. Instructions on data collection were also
provided in castor EDC. After data entering standard
data validation rules were applied and the positive
microbiological results were double checked.
Descriptive analyses were applied to the data on
group level and for the four hospitals separately.
Comparisons of proportions were made with a chisquare test. Data were analyzed with IBM SPSS Statistics
for Windows, version 25 (IBM Corp., Armonk, N.Y., USA).

Results
A total of 1180 patients were included in the database of
the Clinico Biomarker Study of which 255 were excluded
(negative SARS-CoV-2 PCR (n ¼ 49), no informed consent
(n ¼ 99), transfer between hospitals (n ¼ 97), missing data
(n ¼ 10)), resulting in 925 patients that were included in
the present study. Hospital and patient characteristics are
presented in Table 1. Overall, median age was 70 years
(interquartile range 59–77), 64% was male, 21.9% was
admitted to the ICU and in-hospital mortality was 23.3%.
Of the entire cohort, 53 patients (5.7%) probably had a
hospital-acquired COVID-19. The number of patients was
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determined by the location of the hospital and the normal
referral pattern to the hospital. The severity of the outbreak differed in the region (most severe in the region of
Hospital A). The university hospital mainly admitted
patients with whom there was already a treatment
relationship.
Microbiological testing
Seven hundred forty-nine of the 925 patients (81%)
underwent microbiological testing. Sputum cultures
were performed in 105 (11.4%) patients, blood cultures
in 711 (76.9%) patients, PUAT in 202 (21.8%) patients,
and LUAT in 199 (21.5%) patients, with clear variation
between hospitals (Table 2). Of the sputum cultures 55
(52.4%) were performed within 48 h after admission, of
the blood cultures 684 (96.2%), of the PUAT 189 (93.6%),
and of the LUAT 187 (94%). A LUAT was performed in
22 of the 41 (53.7%) patients who were prescribed a
fluoroquinolone in the first week of hospitalization.
Fourteen of the 22 LUAT (63.6%) were performed on the
day the fluoroquinolone was started. Hundred and sixtythree of the 669 (24.4%) patients that were started on
antibiotics upon admission underwent PUAT testing,
while this was done in 39 of the 256 (15.2%) patients
without antibiotics, p < .05.
Bacterial co-infections
Fifteen patients (1.6%) had a positive microbiological
test: 10 with a positive sputum culture, 4 with a bacteraemia, and 1 with both a positive PUAT and a positive
sputum culture (see detailed characteristics of these 15
patients in Supplementary Table 1). In addition to the 4
positive blood cultures, 60 blood cultures were contaminated (93.8%). Three of the 11 (27.3%) positive sputum
cultures (E. coli, S. aureus, and Achromobacter species) were
considered contaminants and left untreated, leading to a
proportion of 1.2% of the patients with a bacterial coinfection. Seven of the 12 (58.3%) bacterial co-infections
were diagnosed the first two days of admission. In 9 of
the 12 (75.0%) patients, a clinical diagnosis of pneumonia
was made by the treating physician. Microbiological

confirmation of the pneumonia was based on sputum culture in 7 patients, on a combination of a sputum culture
and a PUAT in 1 patient and on a positive blood culture
in 1 patient. The bacteria isolated from sputum in the
8 patients with pneumonia were: S. aureus (n ¼ 4),
S. aureus þ K. oxytoca (n ¼ 1) þ S. maltophilia (n ¼ 1),
H. parainfluenzae (n ¼ 1), and H. influenzae (n ¼ 1). Six of
these patients were admitted to the ICU when the sputum sample was obtained. One patient with a sputum culture with S. aureus had an influenza A co-infection. The
clinical syndromes diagnosed in the four patients with
bacteraemia were: pneumonia (S. pneumoniae), cellulitis (S.
aureus), urinary tract infection (E. coli), and primary bacteraemia (E. coli).
Empiric antibiotic treatment
Within the first 24 h of admission, 556 of the 925 (60.1%;
range 33.3–73.4) of patients were prescribed antibiotics,
which increased to 669 in the following 7 days. Upon
admission, 508 of the 556 patients (91.4%) received one
antibiotic (Figure 1). The median treatment duration in
patients who were prescribed antibiotics on day 1 was
2 days (IQR 1–4). Treatment duration was  5 days in
467 of 555 (84.1%) patients as shown in Figure 2 and
Supplementary Table 2 (stop date of 1 patient was missing). Length of treatment had a similar distribution
when patients who were admitted to the ICU within the
first 7 days were excluded (Supplementary Table 3).
Intravenous treatment courses extended 48 h in 413
patients who started antibiotic treatment on day 1, 41
(9.9%) of which were switched to oral treatment. Of the
490 patients who received antibiotics >48 h intravenously anytime during the first 7 days, intravenous to oral
switch happened in 52 (10.6%) patients.
Guideline adherence
Guideline adherence on day 1 was on average 60.3%
and varied between 45.3% and 74.7% (Table 3).
Adherence was consistently lower when measured on
day 2 and higher when patients with missing PCT and
CRP values were excluded from the analysis.

Table 2. Microbiological diagnostic tests performed.
Sputum culture, n (%)
Blood culture, n (%)
PUAT, n (%)
LUAT, n (%)

Total
105/925 (11.3%)
711/925 (76.9%)
202/925 (21.8%)
199/925 (21.5%)

Aa
22/388 (5.7%)
236/388 (60.1%)
74/388 (19.1%)
76/388 (19.6%)

LUAT: Legionella Urinary Antigen Test; PUAT: Pneumococcal Urinary Antigen Test.
a
Letter corresponds with hospital in Table 1.

Ba
27/298 (9.1%)
268/298 (89.9%)
8/298 (2.7%)
10/298 (3.4%)

Ca
21/143 (14.7%)
124/143 (86.7%)
66/143 (46.2%)
65/143 (45.5%)

Da
35/96 (36.5%)
83/96 (86.5%)
54/96 (56.3%)
48/96 (50.0%)
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Figure 1. Proportion of patients that received antibiotic treatment within 24 h of admissiona and the type of antibiotic prescribed.

Figure 2. Distribution of the length of treatment in the 556 patients that received antibiotic treatment within 24 h of admission, excluding
one patient with missing stop date. (A–D) correspond with the hospitals in Table 1.
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Table 3. Guideline adherence for empiric antibiotic therapy in the
hospitals included in the study measured on day 1 and day 2.
Patients included
Day 1, n (%)
Day 2, n (%)
Patients included
Day 1b, n (%)
Day 2b, n (%)
a

Total
925
558 (60.3)
447 (48.3)
794
548 (69.0)
437 (55.0)

Aa
388
290
244
363
280
234

(74.7)
(62.9)
(77.1)
(64.5)

Ba

Ca

298
135 (45.3)
91 (30.5)
214
135 (63.1)
91 (42.5)

143
84 (58.7)
67 (46.9)
141
84 (59.6)
67 (47.5)

Da
96
49
45
76
49
45

(51.0)
(46.9)
(64.5)
(59.2)

Letter corresponds with hospital In Table 1.
represents an analysis in the group excluding patients with missing PCT and
CRP values (if required by the local guideline).

b

Discussion
This large observational multicenter study consisting of
over 900 hospitalized patients with COVID-19 shows that
bacterial co-infections are rare in the early phase of the
disease. Less than 2% of the patients had a bacterial coinfection, three quarters of whom were diagnosed clinically with a pneumonia. This contrasts with the empiric
use of antibiotic 72.3% of the patients, although early
treatment discontinuation was common leading to a
relatively short length of treatment. Local guideline
adherences for empiric antibiotic treatment was moderate and iv to oral switch was infrequently performed.
The low incidence of bacterial co-infections is in line
with three other studies [8–10]. S. aureus, S. pneumoniae
and Gram-negative bacteria have been isolated most
commonly [5,6,8,9]. It should be noted here that the correct interpretation of bacteria isolated from sputum cultures and tracheal aspirates can be difficult, because it
can very well reflect colonization [8,20]. On the other
hand, it should be acknowledged that without the use
of a bronchoalveolar lavage it is notoriously difficult to
identify a pathogen in pneumonia and that all studies
to date have used non-invasive samples and might have
underestimated the incidence of bacterial co-infections.
However, in ventilated patients only 8% of the respiratory tract samples taken within 48 h of ICU admission
were positive [6]. Taken together, in patients with a
highly suspected or proven COVID-19 empiric antibiotic
treatment at the time of admission should be withheld.
This interpretation is in line with recently published
guidelines that advocate the restrictive use of antibiotics
in COVID-19 [21,22] and implicates that a rapid confirmation of a suspicion of COVID-19 is paramount. This can
be achieved by point-of-care testing of SARS-CoV-2, but
the use of CT scan, where possible combined with hostderived biomarkers, is also useful to estimate the probability of COVID-19 [16,23].
Another important finding of our study is the low
yield of microbiological investigations. This raises the
question whether these tests should be performed at all.

Blood cultures and urinary antigen tests rarely contributed to the diagnosis of respiratory co-infection,
although the yield of PUAT was 5.2% in another study
[9]. Moreover, bacteria isolated from blood cultures were
mostly contaminants, as was found previously [8], and
might lead to repeat blood cultures and unnecessary
antibiotic use. We advocate to obtain blood cultures
only when COVID-19 is suspected not to be the main
problem, either clinically [8] or based on aberrantly elevated inflammatory biomarkers, such as PCT [24]. Such a
strategy was actually applied by hospital A in the later
phase of the epidemic. During admission, and particularly during a prolonged ICU stay, when also COVID-19
patients are at risk of nosocomial infections [2,5,6]
microbiological testing and empiric treatment should be
guided by symptoms, signs and inflammatory parameters [25].
Sixty percent of the patients received empiric antibiotic treatment upon admission, and this increased to
72.3% during the first week, with second and third generation cephalosporins being most frequently prescribed.
Such frequent antibiotic use is common during the
COVID-19 pandemic [2,3]. After confirmation of SARSCoV-2, which was generally 12–24 h after admission at
the time of the study, antibiotics were continued in a
significant proportion of the patients. Treatment
duration, however, was relatively short, with a duration
longer than five days in only 16% of the patients.
Continuation of antibiotics after confirmation of the viral
aetiology is not unique to COVID-19 [26,27]. Moreover,
randomized controlled studies have not shown a consistent effect of point-of-care testing for influenza on
antibiotic prescription rates [28]. Uncertainty avoidance,
in this case fear of the possibility of a concurrent or a
developing bacterial co-infection, might be too compelling and lead to antibiotic prescription as a coping strategy [27]. Also calculating behaviour, for example
reducing the risk of missing a bacterial pneumonia in the
situation with already overloaded ICU’s, may also play a
role in the use of antibiotics. The low incidence of bacterial co-infections reported here allows antimicrobial stewardship teams to start with multifaceted interventions to
reduce unnecessary antibiotic use in COVID-19. Assessing
local barriers and facilitators of appropriate antibiotic use
thereby is a prerequisite for success [29]. Re-establishment
of antimicrobial stewardship oversight is one of the interventions that should rapidly take place to limit the impact
of COVID-19 on antimicrobial resistance [30].
In the four hospitals recommendations on empiric
antibiotic treatment ranged from standard antibiotic
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prescription to ‘no antibiotics, unless’, and changed during the epidemic, as so many protocols during the first
wave. These difference in the guidelines makes it difficult to interpret the performance of the four hospitals
with regards to appropriate antibiotic initiation.
Recommendations without a complex algorithm are
more likely to be followed. The same applies to recommendations that stimulate the prescription of antibiotics,
because these are in line with the intrinsic desire to act
[31,32]. Nevertheless, overall there was room for
improvement with respect to guideline adherence,
which is in line with the results for community-acquired
pneumonia [32,33]. Besides uncertainty avoidance, many
factors that are intrinsic to the pandemic likely have
contributed to moderate guideline adherence: understaffing, work load, rapid changes in personnel and protocols, absence of an etiologic treatment, high mortality,
and lack of evidence. The increased guideline adherence
-although still moderate- in the group with available
biomarkers implies that the correct prescription of antibiotics was partly driven by biomarkers. Although it
might be expected that guideline adherence would
have been better on day 2 when the suspicion of
COVID-19 was confirmed and another respiratory tract
infection therefore unlikely, it proved to be less than on
day 1. One explanation may be that antibiotic use was
driven by clinical deterioration of patients as they were
admitted on average after having symptoms for 7 days,
which is the period when patients’ clinical condition
may deteriorate acutely.
Microbiological diagnostics performed also differed
per hospital with, overall, blood cultures being performed most and sputum cultures least frequently, corresponding to a recent study [8]. The low frequency of
sputum cultures can also be explained by the frequent
presence of a non-productive cough, which is more frequent in COVID-19 than in community-acquired bacterial
pneumonia [10]. Intriguingly, a PUAT was performed in
the minority of patients, even if patients received (broad
spectrum) empiric antibiotic treatment. With S. pneumoniae a priori as the most likely cause of bacterial superinfection [11] and a high specificity [34], a positive result
offers the opportunity to streamline antibiotics, since
penicillin resistance is uncommon in the Netherlands.
Intravenous to oral switch was rarely applied, probably
due to the paucity of positive microbiological diagnostics, the short treatment duration overall, and ICU admission in some patients.
The strengths of our observational study are the number of patients included and that it reflected actual care
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delivered. This gave us the opportunity to obtain
detailed information on how microbiological diagnostics
were deployed and how antibiotics were used during
the COVID-19 pandemic in different hospitals. A limitation of the retrospective nature is that no systematic
testing was performed, and bacterial co-infections might
have been missed. The chance of this was further
increased since it is notoriously difficult to identify a
pathogen in pneumonia. Additionally, antibiotic treatment before admission or before microbiological sampling took place might also have influenced the yield of
microbiological tests. Nevertheless, from 81% of the
patients a diagnostic test was obtained and bacterial coinfection rates were low for all types of tests performed.
A second limitation concerns the assessment of guideline adherence. First, the comparison between hospitals
is difficult because they had different guidelines,
although this also aptly illustrates the lack of evidence
early in the pandemic. Second, adherence might be
underestimated because of the reclassification of CURB65 and PSI into CRB-65 and because in three of the four
hospitals patients received antibiotics as SDD when
admitted to the ICU. However, the effect of the latter
was marginal because only 25 (2.7%) and 65 (7.0%) of
the 925 patients who were admitted to the ICU within
24 and 48 h after admission, respectively, had a PCT concentration lower than 0.5 mg/L.
In conclusion, COVID-19 is rarely complicated by bacterial co-infections when patients are admitted to the
hospital. This finding should be used by the physicians
at the front line of the COVID-19 pandemic and guideline developers and can lead to a reduction in the
excessive use of broad-spectrum antibiotics in patients
with COVID-19.
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