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University of Helsinki, Helsinki, Finland

ABSTRACT

Background: Bacterial infections complicating COVID-19 are rare but present a challenging clinical entity. The aim of this
study was to evaluate the incidence, aetiology and outcome of severe laboratory-verified bacterial infections in hospitalised
patients with COVID-19.

Methods: All laboratory-confirmed patients with COVID-19 admitted to specialised healthcare hospitals in the Capital
Province of Finland during the first wave of COVID-19 between 27 February and 21 June 2020 were retrospectively studied.
We gathered the blood and respiratory tract culture reports of these patients and analysed their association with 90-day
case-fatality using multivariable regression analysis.

Results: A severe bacterial infection was diagnosed in 40/585 (6.8%) patients with COVID-19. The range of bacteria was
diverse, and the most common bacterial findings in respiratory samples were gram-negative, and in blood cultures gram-
positive bacteria. Patients with severe bacterial infection had longer hospital stay (mean 31; SD 20days) compared to
patients without (mean 9; SD 9 days; p < 0.001). Case-fatality was higher with bacterial infection (15% vs 11%), but the dif-
ference was not statistically significant (OR 1.38 Cl95% 0.56-3.41).

Conclusions: Severe bacterial infection complicating COVID-19 was a rare occurrence in our cohort. Our results are in line
with the current understanding that antibiotic treatment for hospitalised COVID-19 patients should only be reserved for sit-
uations where a bacterial infection is strongly suspected. The ever-evolving landscape of the pandemic and recent advan-
ces in immunomodulatory treatment of COVID-19 patients underline the need for continuous vigilance concerning the
possibility and frequency of nosocomial bacterial infections.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has a broad spectrum of manifestations affecting
the upper respiratory tract and lungs, blood coagulation,
heart, gastrointestinal system, and nervous system
among other organs [1]. Secondary bacterial infections
are common complications in influenza [2] or other viral
respiratory infections, but rare in patients with COVID-
19, a large meta-analysis estimating the incidence
between 10 and 20% [3]. Several different mechanisms
including airway epithelium damage, abnormal inflam-
matory reactions, and dysregulation of innate and
acquired immune responses may contribute to the
development of bacterial infections in patients with viral
respiratory disease. These mechanisms are observed also
in COVID-19 which makes the low level of secondary
bacterial infections in these patients somewhat surpris-
ing [1]. Both pulmonary imaging findings and laboratory
inflammatory parameters caused by COVID-19 may be
difficult to distinguish from potential bacterial complica-
tions, which commonly results in antibiotic treatment
and concern for the overuse of antibiotics, especially
during the first wave, was raised globally [4].
Furthermore, as a novel pathogen emerges, initial
responses and treatment guidelines are based on very
limited information on the frequency of serious sequelae
including community-acquired and nosocomial bacter-
ial infections.

The aim of this study was to define the incidence and
describe the microbial aetiology of severe community-
acquired and  nosocomial  bacterial infections
among all hospitalised  patientswith ~ COVID-19  in
the Capital Province of Finland by using a population-
based quality registry together with laboratory registry
data during the first wave of COVID-19 in the spring
of 2020.

Materials and methods

This is a retrospective observational study utilising the
population-based quality registry of hospitalised COVID-
19 patients in the hospital district of Helsinki and
Uusimaa, the Capital Province of Finland. The hospital
district of the Capital Province of Finland (HUS Helsinki
University Hospital) provides specialised healthcare to
1.7 million inhabitants with approximately 3000 beds
and 2.7 million annual patient visits and is one of the
largest healthcare organisations in Europe. Inpatient care
of COVID-19 patients in Finland is organised through
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publicly funded healthcare and hospitals, so private
healthcare was not included in the quality registry [5].
Nursing home residents and residents in assisted living
are generally treated in primary care hospitals, which are
also excluded from the quality registry.

Ethical approval

The study was institutionally approved (HUS/157/2020
and HUS/41/2021) as an observational registry study and
patient consent was waived, allowing the inclusion of all
consecutive patients.

The patient inclusion criteria, demographics, clinical
characteristics, and outcomes have been described pre-
viously [5]. Extensive demographic and clinical details,
such as length of stay and mortality of the hospitalised
patients were collected in the quality registry. In this
study, in addition to the original quality registry data,
the complete duration of antibiotic treatment of each
patient was recorded and laboratory registry data were
collected for microbiological findings in categories listed
in Supplement 1.

All microbiological samples collected during hospital-
isation were analysed in HUSLAB, HUS Diagnostic
Centre, Helsinki. Methods, reagents and laboratory
equipment used for routine tests are summarised in
Supplement 2. Reverse transcription polymerase chain
reaction (RT-PCR) tests used for SARS-CoV-2 detection in
clinical samples in our laboratory have been described
previously [6,7].

Severe microbiologically confirmed bacterial infection
was defined as either bloodstream infection with a find-
ing in blood culture or bacterial pneumonia with a sig-
nificant finding in respiratory tract bacterial culture or a
combination of both. Significant respiratory tract bacter-
ial culture is defined further below. Both community-
acquired bacterial infections (positive culture collected
<48 h after hospital admission) and nosocomial bacterial
infections (positive culture collected >48 h after hospital
admission) were included in the analysis.

Blood culture

One blood culture set consisted of 4 bottles: 2 aerobic
and 2 anaerobic bottles. All blood culture findings were
considered  significant, except coagulase-negative
staphylococcus detected in a single bottle. In cases of
typical skin contaminants recovered from >1 bottles,
the patient records were evaluated by an infectious dis-
eases specialist to determine the clinical significance.
Antibiotic susceptibility testing was performed for all
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recovered isolates using EUCAST methodology (www.
eucast.org). Blood cultures were collected when the
treating physician deemed necessary, no specific proto-
col was in place.

Respiratory tract bacterial culture

Sample types included in the evaluation of possible bac-
terial pneumonia were tracheal aspirates, bronchoalveo-
lar lavage, sputum, pleural fluid, and samples collected
from a tracheostomy tube.

Species-level identification and antimicrobial suscepti-
bility testing results were reported for findings that were
considered potential pathogens (e.g. Staphylococcus aur-
eus, Streptococcus pneumoniae, gram-negative bacilli).
Species-level identification for yeasts recovered in bac-
terial culture samples was not routinely performed or
reported but a comment was added to recommend fun-
gal culture in case of suspicion of fungal infection.
When the laboratory reported growth of “mixed aerobic
flora” a comment describing the most abundantly pre-
sent bacteria was added. No antimicrobial susceptibility
testing was performed in such cases or in cases where
the growth was considered to represent commensal
microbial flora.

Statistical analyses

Categorical variables were compared with Pearson’s X*
test. Non-categorical variables were tested for normal
distribution using the Shapiro-Wilk test and reported as
mean with standard deviation or median with interquar-
tile range, as appropriate. However, hospital and inten-
sive care unit (ICU) length of stay were reported using
both. Odds ratios (OR) with 95% confidence intervals (Cl)
were calculated. We did not consider variables with
missing data (BMI, smoking, alcohol, or illegal drugs) for
inclusion in the multivariable model. Tests were two-
tailed and p< .05 was considered significant. Analyses
were done with SPSS 25.0.0 IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp., Armonk, NY).

Results
Patient demographics

During the first wave of the pandemic in Finland,
between February 27 and June 21%, 2020, 5471 people
were diagnosed with SARS-CoV2 infection in the study
region and 585 patients with COVID-19 were admitted
to specialised healthcare hospitals of the Capital
Province of Finland. Of these patients, 132 (22.6%) were

treated in ICU. A severe bacterial infection was diag-
nosed in 40/585 (6.8%) patients (Figure 1). Most of the
patients with severe infection (n=35, 87.5%) were
treated in the ICU, while only five (12.5%) patients were
treated in a standard ward throughout the admission.
Patient demographics, risk behaviour and conditions are
presented in Table 1. Male sex, sleep apnoea, hyperten-
sion and diabetes were overrepresented in the group
that had severe bacterial infections. The age range in
our cohort was 4months to 95years while the age
range of patients with severe bacterial infection was 35
to 89years.

The incidence and microbial aetiology of severe
bacterial infections

A total of 742 blood culture sets were collected from
483 (83%) patients, 128/132 (97%) of ICU patients and
355/453 (78%) of non-ICU patients: 15 patients had one
or more positive blood cultures (Table 2). A significant
bloodstream infection was diagnosed in twelve patients
and three patients were deemed to have contaminant
growth. Over half (7/12) of the bloodstream infections
were diagnosed in the ICU group. Overall, 2.5% (12/483)
of patients had positive blood cultures and the fre-
quency in patients treated outside the ICU was 1.4% (5/
355) and for ICU patients 5.5% (7/128). Supplement 3
contains a summary of the cases with significant blood
culture findings.

Respiratory samples for bacterial culture were col-
lected from 94 patients and 90 of them were treated in
the ICU. Number of different sample types included in
the evaluation of possible bacterial pneumonia were tra-
cheal aspirates (n=224), bronchoalveolar lavage
(n=16), sputum (n=1), pleural fluid (n=5) and samples
collected from a tracheostomy tube (n=3). Significant
growth was detected in the samples of 33 patients, all
from the ICU (Table 2). Five patients had the same find-
ing in the respiratory tract culture and in the
blood culture.

In our patient cohort, a total of 40/585 (6.8%) patients
had a severe bacterial infection. Five patients had both
a bloodstream infection and a microbiologically con-
firmed bacterial infection of the respiratory tract,
whereas seven patients had only a bloodstream infec-
tion, and 28 patients had only a finding in the respira-
tory tract culture. Most samples (31 patients) with
significant growth were from nosocomial infections.
Nine patients had a community-acquired bacterial
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Specialized
hospital !
N=585

i’
N =132 (23%)
Survived N = 109 (83%)
Deceased N = 23 (17%)

No ICU?
N =453 (77%)
Survived N = 408 (90%)
Deceased N =45 (10%)

Severe bacterial
infection?
N=35(27%)
Survived N =29 (83%)
Deceased N =6 (17%)

No severe bacterial
infection?
N =97 (73%)
Survived N = 80 (82%)
Deceased N =17 (18%)

Severe bacterial
infection3
N=51.0%)
Survived N =5 (100%)
Deceased N =0

No severe bacterial
infection?
N =448 (99%)
Survived N =403 (90%)
Deceased N =45 (10%)

Figure 1. Flow chart for distribution of intensive care unit (ICU) treatment need and severe bacterial infections among hospitalised COVID-
19 patients during the first wave of the COVID-19 pandemic in the Capital Province of Finland.

infection, six of whom had positive blood cultures and
three had significant growth in respiratory tract cultures.

The most common microbes found in respiratory tract
cultures were S. aureus, Pseudomonas aeruginosa and
Escherichia coli. Strains producing extended spectrum
betalactamase (ESBL) were recovered from five patients
(four E. coli strains and one K. pneumoniae strain; all
from respiratory tract cultures). No carbapenem-resistant
strains were identified. S. aureus was the most common
finding in blood culture (3 patients). No MRSA was
found. The significant bacterial culture findings are sum-
marised in Table 2. One Aspergillus fumigatus was recov-
ered in bacterial culture but was considered
colonisation.

The timing of blood culture and respiratory tract sam-
ple collection and the timing of significant findings are
depicted in Figure 2A and 2B, respectively. Most of the
microbiological sampling was done early during hospital-
isation: 54% of all respiratory tract and blood culture
samples were collected <48h after hospitalisation, but
the proportion of samples with significant growth
increased over time.

Patient outcomes

Patients with a severe bacterial infection had a 28-day
case-fatality rate similar to that of the patients who did
not have a severe bacterial infection: 13% vs 10% (Table
3). At 90days the difference grew to 15% vs 11%, (OR
1.38 Cl95% 0.56-3.41) but did not reach statistical sig-
nificance. Patients with severe bacterial infection had
longer hospital stays (mean 31.4 vs 8.5days) and longer
ICU treatments (22.9 vs 11days) as compared to those
without. The time from COVID-19 diagnosis to hospital
admission was shorter for patients who had a severe
bacterial infection (0.8 vs 2.7 days) but the time from
symptom onset to COVID-19 diagnosis did not differ
between the groups. The time from symptoms to death
was longer for patients with severe bacterial infection
(28.2 vs 17.5days) (Table 3). In multivariable analysis
parameters independently associated with severe bacter-
ial infection were hypertension, obstructive sleep
apnoea, acute pulmonary embolism and dialysis treat-
ment (Table 4A). However, when including only patients
treated in ICU, only obstructive sleep apnoea and acute
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Table 1. Patient demographics, risk behaviour and conditions of 585 patients with laboratory confirmed COVID-19 and treated in special-
ised healthcare hospital stratified according to the occurrence of severe bacterial infections (bacteremic or culture verified respiratory

tract infections).

Univariate
Parameter Severe bacterial infection No severe bacterial infection
Characteristics N (%) N=40 (7) N =545 (93) OR (95% Cl) p-value
Demographics
Male sex 316 (54) 28 (70 288 (53) 2.08 (1.04-4.18) 0.036
Age, years (median, IQR) 57.0 (46.0-70.0) 60.0 (50.0-66.0) 57.0 (46.0-70.5) - 0.271
Age > 65 years 197 (34) 14 (35 183 (34) 1.07 (0.54-2.09) 0.854
Retired from work 224 (38) 16 (40) 208 (38) 1.08 (0.56-2.08) 0.818
Normal functionality® 489 (84) 34 (85 455 (83) 1.12 (0.46-2.75) 0.803
Body mass index >30° 136 (33) 14 (35 122 (22) 1.24 (0.62-2.50) 0.542
Body mass index (median, |QR)b 28.0 (24.7-32.0) 28.4 (23.6-34.4) 28.0 (24.8-32.0) - 0.660
Risk behaviour
Current smoker© 31 (5) 3(8) 28 (5) 1.17 (0.34-4.05) 0.801
History of smoking® 127 (22) 16 (40) 111 (20) 1.86 (0.94-3.70) 0.073
Excess alcohol use® 15 (3) 0 15 (3) - -
Injection drug abuse® 2 (<0.5) 103) 1(<0.5) 15.7 (0.96-257) 0.01
Background conditions
Cardiovascular
Hypertension 223 (38) 24 (60) 119 (22) 2.61 (1.35-5.03) 0.003
Diabetes mellitus 128 (22) 14 (35) 114 (21) 2.04 (1.03-4.03) 0.038
Coronary artery disease 37 (6) 5(13) 32 (6) 2.29 (0.84-6.24) 0.096
Peripheral atherosclerosis 7 (1) 0 7 (1) - -
Neurological
Previous stroke or TIA® 18 (3) 2 (5) 16 (3) 1.74 (0.39-7.85) 0.466
Dementia diagnosis 31 (5) 0 31 (6) - -
Pulmonary
Obstructive sleep apnoea 37 (6) 6 (15) 31 (6) 2.93 (1.14-7.50) 0.020
Pulmonary fibrosis 1 (<0.5) 0 1 (<0.5) - -
Asthma bronchiale 95 (16) 4 (10) 91 (17) 0.55 (0.19-1.60) 0.268
copDf 15 (3) 1(3) 14 (3) 0.97 (0.13-7.59) 0.979
Other conditions
Malignancy 48 (8) 5(13 43 (8) 1.67 (0.62-4.48) 0.305
HIV infection? 3 (1) 1(3) 2 (<0.5) 6.96 (0.62-78.5) 0.068
Thyroid insufficiency 57 (10) 4(10 53 (10) 1.03 (0.35-3.01) 0.955
Chronic liver or kidney failure 26 (4) 13) 25 (5) 0.53 (0.70-4.04) 0.536
End-stage renal disease 9(2) 0 9(2) - -
Systemic connective tissue disease 2 (<0.5) 0 2 (<0.5) - -
Immunodeficiency disease/state 41 (7) 3(8) 38 (7) 1.08 (0.32-3.67) 0.900
Previous thromboembolic complication 39 (7) 2 (5) 37 (7) 0.72 (0.17-3.11) 0.662
COVID-19 complications
Inflammatory lung changes 463 (79) 37 (93 426 (78) 3.45 (1.04-11.4) 0.031
Acute pulmonary embolism 19 8 (20 11 (2) 12.1 (4.56-32.3) <0.001
Dialysis treatment 16 6 (15 10 (2) 9.44 (3.24-27.5) <0.001
Coagulopathy 15 6 (15 9(2) 10.5 (3.54-31.2) <0.001

Data are patients (%) and odds ratios (OR) (95% confidence intervals).
?According to ECOG 0-4 scale.

PData available for 408/585 patients.

“Data available for 419/585 patients.

9Data available for 570/585 patients.

Transient ischaemic attack.

fChronic obstructive pulmonary disease.

9AIl HIV-positive patients were on antiretroviral treatment.

pulmonary embolism were independently associated
with severe bacterial infection (Table 4).

Use of antibiotics

In our patient cohort, antibiotic treatment was initiated
for 522/585 (89%) patients. The recommended empiric
antibiotic for hospitalised COVID-19 patients was cef-
triaxone during the study period. Duration of antibiotic
treatment in this group was 1-91days, median 6days
(IQR  4-9). Severe bacterial infection was

microbiologically confirmed in 40/522 (7.7%) patients
receiving antimicrobial therapy.

Discussion

In our study, the frequency of severe bacterial infections,
40/585 (6.8%), seemed to be even lower than in previ-
ous studies [8-11]. The association of severe bacterial
infections as a complication on mortality was small and
did not reach statistical significance. However, this might
be due to the small sample size and the low frequency



Table 2. Aetiology of severe bacterial infections: blood stream
infections (BSI) and bacterial pneumonias.

Community-acquired infection (<48 h after hospitalisation)
Community-acquired BSI

Bacillus cereus

Klebsiella pneumoniae

Pseudomonas aeruginosa

Staphylococcus hominis

Streptococcus dysgalactiae, G

Streptococcus pneumoniae

Community-acquired bacterial pneumonia

Escherichia coli ESBL

Staphylococcus aureus

Nosocomial infection (>48 h after hospitalisation)
Nosocomial BSI

Staphylococcus epidermidis

Nosocomial BSI and the same finding in respiratory tract
Serratia marcescens
Staphylococcus aureus
Staphylococcus aureus®
Staphylococcus aureus®
Streptococcus pneumoniae

Nosocomial bacterial pneumonia
Acinetobacter baumannii

Bacillus cereus

Capnocytophaga sputigena

Citrobacter species

Enterobacter aerogenes

Enterobacter species

Escherichia coli

Escherichia coli ESBL

Escherichia col®  Pseudomonas aeruginosa®
Klebsiella oxytoca

Klebsiella pneumoniae

Klebsiella pneumoniae ESBL

Pseudomonas aeruginosa

Staphylococcus aureus

Enterobacter cloacae®
Pseudomonas aeruginosa®

.J>m—-w—\—-w—-—\—-—-—-—\—-m—-—\—-—-—-m—-—-‘_‘{w—-w—-—\—-—-—-—\c\\o =

BSI: blood stream infection; ESBL; extended spectrum beta-lactamase.

*Blood culture finding which is also the initial finding in respiratory
tract cultures.

Bnitial finding in respiratory tract cultures.

Finding in second episode of positive respiratory tract cultures.

of severe bacterial infections. Blood cultures were drawn
from 83% of patients which means that it is unlikely
that we would have missed many bacteremic cases. Half
of bloodstream infections were community-acquired also
suggesting a low risk for nosocomial bloodstream infec-
tions in COVID-19 patients.

The number of significant findings in blood culture
was extremely low in our patient material. In the current
treatment protocols of COVID-19 dexamethasone for
patients with the increasing need for supplemental oxy-
gen and tocilizumab for certain ICU patients have an
important role [12,13], which was not the case during
the study period early in the pandemic. These new
developments may predispose patients to bacterial
infections through immunosuppression, so current eval-
uations on the incidence of bacterial infections in
COVID-19 patients are continually needed [14,15]. Our
study presents a baseline for the incidence in a popula-
tion with low prevalence of resistant bacteria and can
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be used as a reference point for evaluating the safety of
current treatment regimens in terms of increased risk for
bacterial infections.

Previous studies have described a higher blood cul-
ture contaminant rate [16,17]. Hospital and ICU capaci-
ties were at the time only moderately strained in
Finland compared to parts of the world that were strug-
gling with massive COVID-19 surges, so ensuring
adequate personnel to maintain good hospital hygiene
practices and having highly specialised personnel for
blood culture sampling was easier to accomplish in
Finland. This has probably lowered the probability of
skin contaminants growing in blood cultures.

Patients with severe bacterial infection had longer
hospital stays and longer episodes in the ICU than
patients who did not have a microbiologically confirmed
bacterial infection. The time from symptoms to death
was longer for patients with severe bacterial infection,
which seems to point to the potential of COVID-19 to
progress rapidly enough to result in fatal outcomes
before the emergence of nosocomial infections.

Previous studies have found critically ill COVID-19
patients to be at an increased risk for nosocomial infec-
tion [18]. Prolonged hospital treatment, especially in the
ICU is, in itself, a risk factor for bacterial infections, espe-
cially ventilator-associated bacterial pneumonia and as
we only took microbiologically verified pneumonias into
account, we have certainly missed some cases, since
even in evident cases of pneumonia bacterial cultures
may be negative.

Rates of antimicrobial resistance were low as
expected since in general the prevalence of resistant
bacteria has remained low in Finland [19]. This might be
one of the key factors why those patients who had
severe bacterial infections fared almost as well as those
without since in populations with high resistance rates,
severe bacterial infections seem to have led to high
mortality [20]. It is notable, that despite low rates of
resistance in Finland, ESBL-producing E. coli strains out-
numbered susceptible E. coli strains in the respiratory
tract cultures (3 patients vs 2 patients) in our study,
which could be explained by selection pressure due to
empiric ceftriaxone treatment.

COVID-19-associated pulmonary aspergillosis
appeared to be non-existent in this study population.
Previous studies have found higher incidences, even as
high as 30% in ICU patients receiving mechanical venti-
lation, though inter-study variability has been wide and
differences in definitions and diagnostic criteria further
complicate comparisons of incidence [21,22].
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Figure 2. Timing of microbiological sampling and significant blood culture and respiratory tract findings. Most samples were collected early
during hospitalisation (A), but significant findings show an increasing trend towards longer hospitalisation (B). Significant findings reach a
second peak at two weeks after hospital admission, while the first peak appears at the time of hospital admission when the majority of all
blood cultures were collected. The X-axis in (A) and (B) shows time in days from hospital admission. *Specialised hospital healthcare (includ-
ing Helsinki University Hospital). "Intensive care unit treatment. “Blood culture positive infection and/or respiratory tract bacterial cul-

ture positive.

Unexpectedly, sleep apnoea emerged as an inde-
pendent factor increasing the likelihood of severe bac-
terial infection among COVID-19 patients. The
mechanism or pathophysiology behind this phenom-
enon is unclear and requires further investigation, even
though the higher risk of hospitalisation in this patient
group has been previously established [23]. Epithelial
damage, decreased ventilation and mechanical factors
may play a role as well as some lifestyle factors that
would predispose to sleep apnoea.

Pulmonary embolism was a more common complica-
tion in patients who also had a severe bacterial infection
when compared with COVID-19 patients with no severe
bacterial infection. This was the case both in ICU and
non-ICU patients. The temporal and causal relation
between these complications remains unclear since even
though the date of diagnosis of bacterial infection and
pulmonary embolism can be determined retrospectively
through inspection of patient records, the date of the

diagnostic CT scan does not necessarily reflect the actual
date of the occurrence of the embolism. Similarly, the
date of sampling does not necessarily accurately point
out the beginning of the bacterial infection. Moreover:
both diagnostic imaging and microbiological sampling
are naturally done more extensively and actively in
patients who are worsening, which may be attributed to
a variety of reasons, which in turn leads to a more
detailed acknowledgment of concomitant complications
that may have contributed to the clinical deterioration
to a varying extent.

As the pandemic has progressed, and especially in
the era of universal vaccination programs, it is becoming
increasingly common for a COVID-19-positive patient to
be hospitalised for reasons unrelated to COVID-19.
During our study period, spring 2020, this was still a
rare occurrence and is unlikely to have had a large
impact on our results, but it is possible that a few such
patients are included in our cohort, and it is possible



that the confirmed bacterial infection is in fact the pri-
mary reason for hospitalisation and positive SARS-CoV-2
RT-PCR is merely a coincidental finding.

Our results further emphasise the need to limit anti-
biotic treatment of COVID-19 patients to only those
patients who present with signs and symptoms raising
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suspicion of bacterial infection since the incidence of
severe bacterial infections was low [17,24,25]. Routine
empirical antibiotic treatment should thus be avoided
when possible. Empirical antibiotic treatment has likely
contributed to the low occurrence of severe bacterial
infections in our cohort but may have negatively

Table 3. Clinical management, complications and outcome of 585 patients with laboratory confirmed COVID-19 in specialised healthcare
hospital and stratified according to occurrence of severe bacterial infection (bacteremic or culture verified respiratory tract infections).

Univariate
Parameter Severe bacterial infection No severe bacterial infection

Characteristics N (%) N=40 (7) N =545 (93) OR (95% Cl) p-value
Hospital length of stay

Days, mean (+ SD) 10.0+£11 314+20 85+9 - <0.001

Days, median (quartiles) 7.0 (3.0-12.0) 29.0 (17.3-39) 6.0 (3.0-11.0) - <0.001
ICU length of stay

Days, mean (+ SD) 138+ 11 229410 11+£9 - <0.001

Days, median (quartiles) 12.5 (5.0-18) 20.0 (16.0-29.0) 8.0 (4.0-15.0) - <0.001
Time intervals

Symptoms to diagnosis, days, mean (+ SD) 56+5 54+4 56=%5 - 0.716

Diagnosis to admission, days, mean (+ SD) 25+6 0.80+4 27+7 - 0.010

Symptoms to admission, days mean (+ SD) 8.1+7 6.1+5 83+7 - 0.009

Symptoms to death, days mean (+ SD)* 18.4+13 28.2+9 175+13 - 0.031
Intensive care unit

Admitted to ICU 132 (23) 35 (88) 97 (18) 32.3 (12.3-84.6) <0.001

Mechanical ventilation 109 (19) 35 (88) 74 (14) 445 (16.9-117) <0.001

Prone treatment 72 (12) 29 (73) 43 (8) 30.8 (14.4-65.9) <0.001

ECMO treatment® 0 0 - -
Complications

Inflammatory lung changes® 463 (79) 37 (93) 426 (78) 3.45 (1.04-11.4) 0.031

Acute pulmonary embolism 19 (3) 8 (20) 11 (2) 12.1 (4.56-32.3) <0.001

Acute cardiac insufficiency 10 (2) 1) 9 (2 1.53 (0.19-12.4) 0.689

Dialysis treatment 16 (3) 6 (15) 10 (2) 9.44 (3.24-27.5) <0.001

Cerebrovascular event 3 (1) 1(3) 2 (<0.5) 6.96 (0.62-78.5) 0.068
Case-fatality

3 days 7 (1) 7 (1) - -

7 days 25 (4) 25 (5) - -

28 days 62 (11) 5(13) 57 (10) 1.22 (0.46-3.25) 0.686

90 days 68 (12) 6 (15) 62 (11) 1.38 (0.56-3.41) 0.490

Data are patients (%) and odds ratios (OR) (95% confidence intervals).
@Outcome death: 68 patients.

PExtracorporeal membrane oxygenation.

‘Inflammatory changes in radiological imaging of the lungs.

Table 4. Multivariable analysis for risk factors of severe bacterial infections (bacteremic or culture verified respiratory tract infections) in
patients with laboratory confirmed COVID-19 disease treated in specialised healthcare hospital and categorised according to the whole

patient cohort (N=585) (a) and intensive care unit (N=132) (b).

(@)
Univariate analysis Multivariable analysis

All patients Severe bacterial infection No severe bacterial infection

N =585 N=40 (7) N =545 (93) OR (95% Cl) p-value OR (95% Cl) p-value

Parameters
Male Sex 28 (70) 288 ( 2.08 (1.04-4.18) 0.036 - -
Age > 65 years 14 (35) 183 ( 1.07 (0.54-2.09) 0.854 - -
BMI > 30 14 (35) 122 ( 1.24 (0.62-2.50) 0.542 - -
Ex-smoker 16 (40) 111 ( 1.86 (0.94-3.70) 0.073 - -
Hypertension 24 (60) 199 ( 2.61 (1.35-5.03) 0.003 2.30 (1.10-4.78) 0.026
Diabetes mellitus 14 (35) 114 ( 2.04 (1.03-4.03) 0.038 - -
Obstructive sleep apnoea 6 (15) 31 2.93 (1.14-7.50) 0.020 2.78 (0.98-7.89) 0.055

COVID-19 complications
Inflammatory lung changes 37 (93) 426 ( 3.45 (1.04-11.4) 0.031 - -
Acute pulmonary embolism 8 (20) 11 12.1 (4.56-32.3) <0.001 11.4 (3.60-36.2) <0.001
Dialysis treatment 6 (15) 10 9.44 (3.24-27.5) <0.001 6.04 (1.54-23.6) 0.010
Coagulopathy 6 (15) 9 10.5 (3.54-31.2) <0.001 . .
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(b)

Univariate analysis

Multivariable analysis

Intensive care unit patients Severe bacterial infection

No severe bacterial infection

N=132 N=35 (27) N=97 (73) OR (95% Cl) p-value OR (95% Cl) p-value
Parameters
Male Sex 25 (71) 60 (62) 1.54 (0.67-3.57) 0.311 - -
Age > 65 years 12 (34) 33 ) 1.01 (0.45-2.29) 0.977 - -
BMI > 30 14 (40) 31 (32) 1.43 (0.63-3.26) 0.394 - -
Ex-smoker 15 (43) 26 (27) 1.67 (0.73-3.83) 0.227 - -
Hypertension 21 (60) 39 (40) 2.23 (1.01-4.91) 0.044 - -
Diabetes mellitus 12 (34) 23 ) 1.68 (0.72-3.89) 0.224 - -
Obstructive sleep apnoea 6 (17) 4 (4) 4.81 (1.27-18.3) 0.013 4.64 (1.19-18.1) 0.027
COVID-19 complications
Acute pulmonary embolism 8(23) 8 3.29 (1.13-9.61) 0.023 3.19 (1.06-9.56) 0.038
Dialysis treatment 6 (17) 7 (7) 2.66 (0.83-8.55) 0.091 - -
Coagulopathy 6 (17) 6 (6) 3.14 (0.94-10.5) 0.053 - -
Data are patients (%), and odds ratios (OR) (95% confidence intervals).
affected the proportion of infections caused by more review and editing, project administration. HJ:

resistant strains. The low overall occurrence of severe
bacterial infections could aid clinicians in decision mak-
ing although severe forms of COVID-19 can mimic bac-
terial infection. Further research is warranted to clarify
the role of bacterial infections in COVID-19 in order to
inform clinical decision-making and the use of anti-
biotic treatment.

In conclusion, despite extensive blood culture sam-
pling, only 2.1% of COVID-19 patients had a bacteremic
infection of which half were present already on hospital
admission. Bacteremias were observed in patients with a
clinical infection focus and they were mainly caused by
gram-positive organisms. Culture verified bacterial pneu-
monia was mainly caused by gram-negative organisms
and was observed later in the course of COVID-19 treat-
ment. Severe bacterial infection was associated with pro-
longed hospital stay and ICU treatment.
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