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Objectives:  During  the COVID-19  pandemic,  antibiotic  use was  very  common.  However,  bacterial  co-
/secondary  infections  with  coronaviruses  remain  largely  unknown  in standard  wards.  We  aimed  to
investigate  the  characteristics  of  pulmonary  bacterial  infections  associated  with  COVID-19  in  hospitalized
patients.
Methods:  A  retrospective  monocentric  observational  study  was  conducted  in  Bichat  hospital,  France,
between  February  26  and  April  22,  2020.  All  patients  hospitalized  in standard  wards  with  COVID-19
(positive  nasopharyngeal  PCR and/or  typical  aspect  on CT-scan)  and  diagnosed  with  pulmonary  bacterial
infection  (positive  bacteriological  samples)  were included.  Bacteriological  and  clinical  data  were  collected
from  the  microbiology  laboratories  and  patient’s  medical  records.
Results:  Twenty-three  bacteriological  samples  from  22 patients  were  positive  out  of 2075  screened
samples  (1.1%)  from  784 patients  (2.8%).  Bacterial  infection  occurred  within  a median  of 10  days  after
COVID-19  onset.  Diagnosis  of pulmonary  bacterial  infection  was  suspected  on  increase  of oxygen  require-
ments  (20/22),  productive  cough  or modification  of sputum  aspect  (17/22),  or  fever (10/22).  Positive
samples  included  13  sputum  cultures,  one  FilmArray® assay  on  sputum  samples,  one  bronchoalveolar

lavage,  six  blood  cultures,  and  two  pneumococcal  urinary  antigen  tests.  The  most  frequent  bacteria  were
Pseudomonas  aeruginosa  (6/23),  Staphylococcus  aureus  (5/23),  Streptococcus  pneumoniae  (4/23),  Enterococ-
cus  faecalis  (3/23),  and  Klebsiella  aerogenes  (3/23).  No  Legionella  urinary  antigen  test  was  positive.  Four  out
of  496  nasopharyngeal  PCR  tests  (0.8%)  were  positive  for intracellular  bacteria  (two  Bordetella  pertussis
and  two  Mycoplasma  pneumonia).
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1. Introduction

Over the last century, the emergence of new viral respiratory
tract infections with high epidemic potential has received global
attention [1,2]. From the Spanish flu to the current severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), each of these
modern pandemics are responsible for numerous deaths [3,4]. Pul-

monary bacterial infections – a key factor in the potential severity
of viral infections [5] – are still poorly documented in case of asso-
ciation with human coronaviruses. Few studies investigated the

∗ Corresponding author.
E-mail address: nora.poey@aphp.fr (N. Poey).

v

t
s
s
v

https://doi.org/10.1016/j.idnow.2021.12.001
2666-9919/© 2021 Elsevier Masson SAS. All rights reserved.
ial  secondary  infections  and  co-infections  with  SARS-CoV-2  are uncom-
ain  limited  in  the management  of  COVID-19.

o-infection and secondary infection rates. One study reported a
ate up to 10% for Mycoplasma, Legionella, and Streptococcus pneu-
onia in severe acute respiratory syndrome (SARS) [6] and 1% for
ycoplasma, Legionella, and Chlamydia spp. in Middle East respira-

ory syndrome (MERS) [7]. Recent studies focusing on COVID-19
eported highly variable rates of bacterial infection, up to 45%
8,9]. However, most studies focused on intensive care patients and
entilator-associated pneumonia [10,11].

Antibiotics have been extensively used during the first wave of
he COVID-19 pandemic [8,12]. The main reasons were symptom
imilarities between COVID-19 and pulmonary bacterial infections,

everity of SARS-CoV-2 pneumonia, and lack of knowledge of the
irus pathogenicity. Based on early data reported on COVID-19, it
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is time to question whether the broad use of antibacterial agents is
warranted, especially in the context of rising antibiotic resistance.

Thus, a retrospective study of documented pulmonary bacterial
co/secondary infections in COVID-19 patients hospitalized in stan-
dard wards was conducted. The aim of this study was  to investigate
the characteristics of pulmonary bacterial infections associated
with COVID-19 in hospitalized patients.

2. Methods

2.1. Study design

A monocentric retrospective observational study was  con-
ducted in Bichat University Hospital in Paris, France, during
the SARS-CoV-2 outbreak between February 26 and April 22,
2020. All departments in charge of SARS-CoV-2-infected patients,
except for intensive care units, participated in the study. We
used two data collection methods: the microbiological database
of the bacteriological ward was screened to identify positive
respiratory tract secretion sample (sputum samples, bronchial
aspirations, and bronchoalveolar lavages), urinary antigen (pneu-
mococcal and Legionella)  tests, and blood cultures from hospitalized
SARS-CoV-2-infected patients; and a second database (hospital
activity-based payment registry) was used to recover positive bac-
terial nasopharyngeal PCR test (QIAstat-Dx® or BIOFIRE® RP2.1+)
of all patients diagnosed with COVID-19, hospitalized during the
same period. Microbiological investigations and biological samples
were obtained as part of the routine patient care, at the discretion
of the treating physician.

Sputum cultures were considered positive regardless of the
culture threshold if one or several bacteria were isolated from
quality sample, defined by > 10 leukocytes/field and < 25 epithe-
lial cells/field. FilmArray® testing on sputum samples, bronchial
aspirations, and bronchoalveolar lavages were included if one or
several bacteria were found, regardless of the threshold. Data col-
lection was further completed using the hospital electronic medical
records of identified patients.

The authors evaluated the likelihood of pulmonary origin for
each positive blood culture based on clinical examination, con-
text, imaging and microbiological investigations. An acute bacterial
infection was defined as either co-infection at symptom onset or
secondary infection occurring during the course of illness or hos-
pitalization [13].

2.2. Patient inclusion

All patients meeting the following criteria were included:

• patients over 18 years of age hospitalized in a SARS-CoV-2 infec-
tion ward;

• SARS-CoV-2 infection diagnosed on microbiological criteria (pos-
itive PCR test on nasopharyngeal swab) and/or imaging criteria
(typical aspect on CT-scan);

• positive bacterial examination with either positive respira-
tory tract secretion sample (PCR, sputum samples, bronchial
aspirations, and bronchoalveolar lavages), urinary antigen (pneu-
mococcal and Legionella)  tests or blood culture.

Patients were excluded if they met  the following criteria:

• invasive ventilation prior to the documented bacterial examina-

tion;

• positive blood culture with presumed extra-pulmonary origin or
considered as contamination;

• positive respiratory tract sample considered as colonization.
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.3. Data collection

A standardized Excel® form was  used for data collection. Data
ere collected on demographics, bacterial infection risk factors,

linical parameters, inflammatory biomarkers prior (at least 48
ours prior), during (in the following 24 hours) and after (at least
8 hours after) the day of suspected bacterial infection, bacte-
iological samples (respiratory tract secretion samples, urinary
ntigen [pneumococcal and Legionella],  and blood culture), tho-
acic CT-scan on admission and within 48 hours following the
ay of the suspected infection, specific COVID-19 antiviral and

mmunomodulatory treatment, empirical antibiotic therapy, dura-
ion of treatment, and final outcome at discharge from the unit.

Depending on the viral infection severity, patients were treated
ccording to the local guidelines at the time of screening and
ccording to ongoing trial knowledge, using high-dose gluco-
orticoids (dexamethasone) and immunomodulators (anakinra or
ocilizumab). The imaging classification of the present study was
ased on the SARS-CoV-2 classification system of the French Society
f Radiology: mild (< 10%), moderate (10–25%), extended (25–50%),
evere (50–75%), and critical (> 75%) [14]. Patients were treated by
he attending physicians from participating wards, who  decided
hether it was  an actual infection requiring antibacterial treat-
ent.

.4. Statistical analysis

All continuous variables were either expressed as medians and
nterquartile ranges or means and confidence intervals. Categori-
al variables were expressed as numbers and percentages. Paired
amples t-test was  used to compare continuous variables among
atients at various time points. All statistical analyses were per-
ormed using Excel® sheets.

. Results

A total of 784 patients were hospitalized with COVID-19 during
he inclusion period with 22 patients (2.8%) identified as hav-
ng secondary pulmonary infections. Twenty-three samples among
075 collected (1.1%) were positive for bacteria and considered
s pathogens (Fig. 1). Patients’ characteristics are presented in
able 1. Pulmonary bacterial infections occurred within a median
f 10 days after COVID-19 onset. Diagnosis of bacterial infection
as  suspected on increase of oxygen requirements (20/22), pro-
uctive cough or modification of sputum aspect (17/22), and/or
ever (10/22). Positive samples included 13 sputum cultures, one
ilmArray® test on sputum samples (negative on sputum culture),
ne bronchoalveolar lavage, six blood cultures, and two  pneumo-
occal urinary antigen tests. For any given bacterial infection, only

 single positive sample was  found. The most frequent bacteria
ere Pseudomonas aeruginosa (6/23), Staphylococcus aureus (5/23),

treptococcus pneumoniae (4/23), Enterococcus faecalis (3/23), and
lebsiella aerogenes (3/23). No Legionella urinary antigen test was
ositive. Detailed data of positive bacteriological samples are
hown in Table 2.

The mean level of neutrophil count before bacterial infection
as  7905/mm3, 9546/mm3 on the day of infection, and 8056/mm3

fter (Fig. 2A). Differences were non-significant between mean
evel of neutrophil count before and on the day of infection
P = 0.15), and on the day of infection and after (P = 0.07). Simi-

arly, there was no mean difference between CRP levels before
124 mg/dL) and on the day of infection (98 mg/dL) with P = 0.37,
nd the day of the infection and after (78 mg/dL) with P = 0.26
Fig. 2B). Leukocyte count data are not shown; differences were
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Fig. 1. Flow chart of bacteriologica

also non-significant. Lack of data prevented procalcitonin (PCT)
analyses.

At admission, 11 patients (50%) had mild-to-moderate
parenchymal involvement and 17 patients (77.3%) had pulmonary
consolidation. Only 10 patients (45.5%) had a CT-scan performed
within 48 hours following secondary infection suspicion, prevent-
ing comparison between the diagnosis day and the suspected
bacterial infection day. Among them, the CT-scan control showed
lung consolidation aspect in five patients (50%) and worsening of
at least one previous lung consolidation in three patients (30%).

Finally, among the 22 patients with documented bacterial infec-
tions, nine (40.9%) were discharged from hospital, five (22.7%) were
transferred to an intensive care unit, and eight (36.4%) died in the
standard ward. Transfer to the intensive care unit mostly occurred
on the day of bacterial infection suspicion. Out of these five patients,
four survived after discharge from the intensive care unit and one
died.

As for co-infection, a total of 496 multiplex PCR tests on
nasopharyngeal swabs were performed (Fig. 3). Four patients (0.8%)
had co-infections: two Mycoplasma pneumonia and two  Bordetella
pertussis. The median age was 56 years (three men). Patients with
whooping cough, including one with an underlying sarcoidosis on
corticoids, had a more severe presentation, requiring oxygen sup-
port. Mycoplasma pneumonia infections were from a family cluster,
and they were mild infections without any specific symptoms.

4. Discussion

In this retrospective study of 784 patients hospitalized in stan-

dard wards with COVID-19, only 22 patients (2.8%) were diagnosed
as secondary pulmonary infection with only 23 positive samples
out of 2017 collected (1.1%). Additionally, only four of 496 patients
tested with nasopharyngeal PCR tests (0.8%) were co-infected with
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les. BAL: bronchoalveolar lavage.

ntracellular bacteria (two Bordetella pertussis and two  Mycoplasma
neumonia). No legionella was  found in this study.

Recent meta-analyses showed an overall prevalence of 7% of
acterial infections in hospitalized COVID-19 patients [8,9], with
.5% of co-infections and 14.3–16% of secondary infections [13,15].

t is noteworthy that there was  high heterogeneity in terms of
opulations (ICU and non-ICU patients), antibiotics policies, and
icrobiological samplings. Several recent observational studies

eported a bacterial infection rate between 1.2% and 6.1% [16–21],
ncluding for some of them in ICU and non-ICU patients and
acteremia from extra-pulmonary origin. The only prospective
ulticentric study conducted in Michigan, United-States, with

705 patients reported a rate of around 3.5% [22]. The strict pro-
ective and cleaning measures implemented for COVID-19 patient

anagement can be highlighted as a potential limiting factor in
econdary bacterial infection occurrence. This low rate of bacterial
nfections has to be confronted with the rate of antibiotic prescrip-
ions in patients with COVID-19, reported as high as 72% [8,22,23].
road spectrum antibiotics were mainly used and varied across
tudies.

The present study reported a relatively high proportion
f elderly men  and comorbidities among its patients includ-
ng underlying pulmonary diseases (COPD, asthma), underlying
mmunosuppression factors (diabetes mellitus, kidney failure, etc.)
r immunosuppressive therapy. In a study conducted in London,
ang et al. did not observe any significant difference in terms of

ge, gender, or pre-existing illnesses in patients with or without
acterial co-infection while Singh et al. reported a higher rate of
acterial co-infections in older patients [21,24]. The lack of control
roup in our study prevented any comparison to highlight potential
isk factors for co- or secondary infection.
Microbiological results were varied with a balanced ratio
etween Gram-positive cocci and Gram-negative bacilli. The main
acteria were Pseudomonas aeruginosa,  Staphylococcus aureus,  and
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Table 1
Characteristics of patients with confirmed bacterial infection.

Total
n = 22 patients

Characteristics of patients
Age (years), median [IQR] 69 [52;84]
Male sex, n (%) 19 (86.4)
Smoking, n (%) 13 (59.0)
Underlying medical condition, n (%) 17 (77.3)

Chronic lung disease 9
COPD 7
Other 2
Lung bacterial colonization < 3 months 3

Immunosuppressive disease 10
Diabetes mellitus 3
Severe kidney impairment 3
Other 4

SARS-CoV-2 infection characteristics
Positive COVID-19 PCR 22 (100%)
Empirical antibiotics, n (%) 12 (54.6)
Immunomodulatory treatment, n (%) 14 (63.6)

Corticosteroids 14
Anakinra 6
Other 2

Initial CT-scan, n (%) 22 (100%)
Parenchymal involvement

≤  25% 11 (50.0%)
25–50% 7 (31.8%)
50–75% 1 (4.5%)
Atypical 3 (13.6%)
Pulmonary consolidation 17 (77.3%)

Bacterial infection characteristics
Time since COVID-19 onset (days), median [IQR] 10 [4;21]
Clinical signs, n (%)

Increased oxygen requirements 20 (90.9%)
Productive cough or modification of sputum aspect 17 (77.3%)
Fever 10 (45.0%)
Sepsis 2 (9.1%)
Chest pain 1 (4.5%)

Outcome at transfer
Discharged from hospital, n (%) 9 (40.9%)
Death, n (%) 8 (36.4%)
Intensive care, n (%) 5 (22.7%)
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IQR: interquartile range; COPD: chronic obstructive pulmonary disease.

Streptococcus pneumoniae. This distribution contrasts with previous
findings on other viruses describing a possible association between
influenza virus, rhinovirus, human metapneumovirus (hMPV) and
S. aureus,  and Klebsiella spp. [25]. Similarly, the same study sug-
gested an association of regular coronavirus, parainfluenza virus,

and RSV infections with Acinetobacter spp. and Klebsiella spp. The
previously described meta-analysis mainly reported M. pneumo-
niae (42%), P. aeruginosa (12%), and H. influenzae (12%) infection in

o
t
b
t

Table 2
Results of bacteriological samples.

Pathogens Number of
positive bacteria
n/23 (%)

Blood culture Sputum cult

Pseudomonas aeruginosa 6 (26.1%) 1 4 

Staphylococcus aureus 5 (21.7%) 2 3
Streptococcus pneumoniae 4 (17.4%) 1 1 

Enterococcus faecalis 3 (13.0%) 1 2
Klebsiella aerogenes 3 (13.0%) 3
Haemophilus influenzae 2 (8.7%) 1 

Hafnia alvei 1 (4.3%) 1
Corynebacterium spp. 1 (4.3%) 1
Morganella morganii 1 (4.3%) 1
Escherichia coli 1 (4.3%) 1
Citrobacter koseri 1 (4.3%) 1
Polymicrobial infection 5 (21.7%) 5

BAL: bronchoalveolar lavage. Total number of pathogens exceeds total number of samples
of  three bacteria).
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ARS-CoV-2-infected patients [26]. The proportion of M.  pneumo-
iae was surprisingly high and very likely overestimated because
he authors relied on IgM serology [27]. Most included studies
ere from Asian countries, which might explain the relatively high
roportion of Acinetobacter infections. Other reports showed more
imilarities with the present study [15,17,18].

Findings from the present study highlighted diagnostic diffi-
ulties. Clinical features leading to pulmonary bacterial infection
uspicion can be easily confused with the usual signs of a pro-
ressing SARS-CoV-2 infection [28]. Although sputum production
eems to be an interesting sign, it has been reported in one third
f SARS-CoV-2-infected patients and remains non-specific of bac-
erial infection [29]. Additionally, bacterial infection occurrence
ithin the COVID-19 timeframe, around Day 10 after symptom

nset, corresponds to the usual worsening of COVID-19 symptoms
15,30], which adds to the difficult identification of a bacterial infec-
ion. Furthermore, in the studied population, biological features
id not show any difference between a potential bacterial infec-
ion and the underlying evolution of COVID-19. Imaging benefits
hould be further investigated to contribute to bacterial infec-
ion diagnosis. No distinctive marker has been highlighted in
OVID-19 yet. In their study, Wang et al. found that white blood
ell count, neutrophil count, and CRP on admission were signifi-
antly higher in patients with bacterial co-infections [21]. Huang
nd colleagues [31] described PCT blood levels on admission in
ARS-CoV-2 patients showing 75% of PCT >0.5 ng/mL in confirmed
econdary infections, whereas 69% of the other patients had a PCT
evel < 0.1 ng/mL. In contrast to the previous findings, Wan  et al.
32] found that CRP and PCT levels on admission were signifi-
antly higher in severe patients than in the mild patient group,
ith no difference in documented bacterial infection rate. PCT lev-

ls could not be assessed in the present study because of missing
ata.

The final outcome was positive in only 62% of selected patients,
ith a third requiring intensive care before being discharged.
ecause of the study design, we  could not confirm that poor out-
ome in this population was the consequence of secondary bacterial
nfections. In the study by Wang et al. there was no difference in
CU admission or 30 day all-cause mortality in patients with and

ithout bacterial co-infection [21]. However, this ascertainment
eems otherwise consistent with the literature [16,33], and might
ainly involve patients with bacteremia [17].
The design of the present study was  retrospective. Database

creenings were conducted using two  methods for PCR and bacteri-
logical sample data collection to optimize extraction quality and

o limit a potential selection bias. Despite the authors’ endeavor,
oth extraction methods showed some flaws and resulted in addi-
ional exclusions during the selection process. Though all patient

ure Sputum Film Array® BAL Pneumococcal antigen urinary test

1

2

1

 because more than one isolate was  identified in a single culture (with a maximum
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Fig. 2. Variation of polynuclear neutrophils count (A) and CRP levels (B) before (J-X), at the onset (J0) and after (J + X) secondary bacterial infection.
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Fig. 3. Flow chart of bacterial mu

results were thoroughly described and analyzed, there were miss-
ing data, especially for PCT levels and CT-scans, preventing further
analyses.

In order to identify all potential secondary infections, no thresh-
old was held for microbiological samples in the screening of
cases. Thus, a proportion of positive samples could be the result
of colonization and not actual infections leading to an overesti-
mation of bacterial infections. It must be balanced with actual
non-documented infections, with no bacterial investigation or false
negative results due to the large presumptive use of antibacterial
agents or poor-quality sampling. However, for the latter, during a
crisis and outside of the ICU, only regular non-invasive microbio-
logical samples are easily available and usable.

There is growing evidence suggesting the global overestima-
tion of pulmonary bacterial infections in SARS-CoV-2-infected
patients, resulting in the overuse of antibiotics and its conse-
quences, mainly an increase of bacterial resistance [34]. This work
supports the low prevalence of co-infections and secondary infec-

tions in non-ICU hospitalized patients with COVID-19. Empirical
use of antibiotics are unlikely to provide significant benefit to
COVID-19 patients. Systematic use of antibiotics, especially fluo-
roquinolones or macrolides on admission, does not seem justified

p
i

212
 PCR on nasopharyngeal swabs.

s suggested by the French guidelines [35]. To support these find-
ngs, prospective studies are required to collect further data on
he actual prevalence of bacterial infections in COVID-19 patients.
uture research needs to focus on the role of antibiotics in SARS-
oV-2-infected patients, to guide its use in daily care and hopefully
educe the adverse consequences of its overuse.

. Conclusion

Pulmonary bacterial secondary and co-infections with SARS-
oV-2 are uncommon. Their diagnosis is difficult due to similarities
ith the natural course of the disease. Cough with sputum around
ay 10 might be a sign of bacterial infection. There is a bal-
nced ratio between Gram-positive and Gram-negative bacteria.
ystematic use of antibiotics does not seem justified in COVID-19
anagement.
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ts later amendments.
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