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Abstract

Background Although cases of respiratory bacterial infections associated with coronavirus disease 2019 (COVID-19)
have often been reported, their impact on the clinical course remains unclear. Herein, we evaluated and analyzed the
complication rates of bacterial infections, causative organisms, patient backgrounds, and clinical outcome in Japanese
patients with COVID-19.

Methods We performed a retrospective cohort study that included inpatients with COVID-19 from multiple centers
participating in the Japan COVID-19 Taskforce (April 2020 to May 2021) and obtained demographic, epidemiological,

*Correspondence:

Hirofumi Kamata

h-kamata@a2.keio.jp

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-023-02418-3&domain=pdf

Nakagawara et al. BMC Pulmonary Medicine (2023) 23:146 Page 2 of 13

and microbiological results and the clinical course and analyzed the cases of COVID-19 complicated by respiratory
bacterial infections.

Results Of the 1,863 patients with COVID-19 included in the analysis, 140 (7.5%) had respiratory bacterial infec-
tions. Community-acquired co-infection at COVID-19 diagnosis was uncommon (55/1,863, 3.0%) and was mainly
caused by Staphylococcus aureus, Klebsiella pneumoniae and Streptococcus pneumoniae. Hospital-acquired bacterial
secondary infections, mostly caused by Staphylococcus aureus, Pseudomonas aeruginosa, and Stenotrophomonas
maltophilia, were diagnosed in 86 patients (4.6%). Severity-associated comorbidities were frequently observed in
hospital-acquired secondary infection cases, including hypertension, diabetes, and chronic kidney disease. The study
results suggest that the neutrophil-lymphocyte ratio (>5.28) may be useful in diagnosing complications of respira-
tory bacterial infections. COVID-19 patients with community-acquired or hospital-acquired secondary infections had
significantly increased mortality.

Conclusions Respiratory bacterial co-infections and secondary infections are uncommon in patients with COVID-19
but may worsen outcomes. Assessment of bacterial complications is important in hospitalized patients with COVID-
19, and the study findings are meaningful for the appropriate use of antimicrobial agents and management strategies.

Keywords SARS-CoV-2 infection, Neutrophil-lymphocyte ratio, Mortality, Invasive mechanical ventilation, Intensive

care unit

Background

The coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory coronavirus 2 (SARS-CoV-2)
has been spreading worldwide. It has been reported that
some patients developed rapid respiratory failure approx-
imately one week post disease onset [1] or thrombotic
complications later [2]. Bacterial co-infections or sec-
ondary infections in patients with COVID-19 are con-
sidered uncommon complications [3] compared to the
co-infection rate in patients with severe influenza which
is reportedly 20—-30% [4] and associated with higher mor-
tality [5].

In a retrospective study of 989 COVID-19 patients, co-
infections and secondary infections were found in 3.1 and
4.7% of patients, respectively [6]. The incidence of hos-
pital-acquired secondary infection varies among studies,
ranging from 13 to 27% in adults with SARS-CoV-2 [7].

In one meta-analysis, the most common bacterial
pathogens associated with influenza are Streptococcus
pneumoniae and Staphylococcus aureus in 35 and 28%
of cases, respectively [8]. The most frequently identified
bacterial co-infections in patients with COVID-19 are
caused by Staphylococcus aureus and Streptococcus pneu-
moniae [6], whereas Pseudomonas aeruginosa, Escheri-
chia coli, and Staphylococcus aureus are frequently
isolated microorganisms in secondary infections [6, 9].

The characteristics of patients with COVID-19, that are
also affected by bacterial infections, as well as the predic-
tive factors for bacterial co-infections remain unclear.
Thus, a more detailed analysis of COVID-19 cases with
bacterial infections will contribute to not only clarifying
the unknown aspects of SARS-CoV-2 infection but also
promoting the appropriate treatment with antimicrobial
agents.

The Japan COVID-19 Task Force is the largest Japanese
cohort with biospecimen resources [10], and the findings
from this database are considered reliable. In the present
study, we evaluated the patient background, frequency,
causative organisms, and clinical outcomes affected by
bacterial infections in Japanese patients hospitalized for
COVID-109.

Methods

All patients were recruited through the Japan COVID-19
Task Force, and a retrospective cohort study was con-
ducted [10, 11]. From April 2020 to May 2021, data from
consenting consecutive inpatients aged 18 years or older
who had been diagnosed with COVID-19 using SARS-
CoV-2 polymerase chain reaction or antigen tests at one
of the more than 100 affiliated hospitals were registered
in an electronic case record form by the study subspe-
cialist at the affiliated research institute. We excluded
patients based on the following criteria: [i] non-Japa-
nese patients and [ii] patients with incomplete medical
records, such as inability to obtain critical outcome infor-
mation (Fig. 1). We obtained written or oral informed
consent from all enrolled patients, and the study was
approved by the ethics committees of Keio University
School of Medicine (20,200,061) and related research
institutions.

Data collection

The following information was extracted from the elec-
tronic case record form: age, sex, body mass index
(BMI), clinical signs and symptoms, laboratory findings
on admission, comorbidities, and disease severity (ICU
entry, use of IMV, and survival status). All laboratory
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During April 2020 to May 2021 (n = 1989)

Total patients registered for clinical information with the Japan COVID-19 Task Force

{ Non Japanese (n = 51) I

No data (n = 26)

| Outcome(critical or not) unknown (n = 49) I

Patients included for analysis
(n = 1863)

Bacterial infection with COVID-19
(n =228)

'

| Extra-respiratory infection (n = 88) |

I Bacterial respiratory infection (n = 140) |

Co-infection
0,

(n =54) Secondary infection (n = 85)
9%

4.6%

Overlap co-infection and secondary infection (n = 1)
0.05%

Fig. 1 Study flow chart of patient identification and selection. Study flow chart of patient identification and selection. A total of 125 records were
excluded from the 1,989 cases registered in the coronavirus disease 2019 (COVID-19) taskforce database for the following reasons: 51 were not
Japanese, 26 lacked essential clinical information, and 49 had an unknown outcome. Ultimately, 1,863 cases met the eligibility criteria, of which 228
had complications from bacterial infections. Of these, 140 were respiratory bacterial infections, comprising 54 co-infections, 85 secondary infections,

and one case of multiple infections

tests were performed according to the clinical care needs
of the patients. Signs and symptoms were checked on
admission, whereas other parameters, such as clinical
course and treatment, were collected during hospitaliza-
tion. Laboratory and radiographic results were collected
within 48 h of the initial visit or admission. Missing data
in the patient background were noted as unknown.

Definitions

During hospitalization, standard microbiological tests
were performed using sputum, urine, and blood samples.
In patients receiving invasive mechanical ventilation, tra-
cheal aspiration and bronchoalveolar lavage were per-
formed as needed. The diagnosis of respiratory bacterial
infection was determined by the attending clinician. Bac-
terial infections diagnosed at the time of admission due
to COVID-19 or within 48 h of admission were defined as
co-infections. Infections diagnosed after 48 h of COVID-
19 admission were defined as secondary infections, as
previously described [6].

Outcome and statistics

The primary outcome was death. Continuous variables
are presented as mean=+standard deviation, and cate-
gorical variables are presented as numbers (percentages).
Data were compared among three groups defined by
cases with co-infections, those with secondary infections,
and cases without bacterial infections. ANOVA and Dun-
net’s tests were used as indicated. To assess the impact
of bacterial infection on COVID-19 severity, univariate
and multivariate logistic regression analyses adjusted for

patient characteristics, including BMI group, age, sex,
chronic obstructive pulmonary disease (COPD), and
presence of comorbidities associated with the severity of
COVID-19 [12-18], were performed for ICU treatment,
IMV use, and death. In intensive care, shock, IMV use,
myocardial injury, acute kidney injury (AKI), and acute
respiratory distress syndrome (ARDS) are also factors
associated with death in COVID-19 [19-21]. In the mul-
tivariate analysis with death as the outcome, these vari-
ables were also added in a separate model. In the present
analysis, shock was defined as cases in which patients
were treated with vasopressors; for ARDS, these were
substituted with cases with bilateral infiltrative shadows
on chest radiographs. Odds ratio (OR) and adjusted OR
are presented along with 95% confidence intervals. In all
outcome analyses, the group without bacterial infection
was defined as the control group. Moreover, univariate
analysis was also performed for the frequency of throm-
bosis and myocardial injury during treatment, compar-
ing the groups with and without bacterial infection as
complications.

All P-values were two-sided, and statistical significance
was set at P<0.05. Data were analyzed using the JMP 16
program (SAS Institute Japan Ltd., Tokyo, Japan).

Results

We assessed 1,989 consecutive adult patients with
COVID-19 who had either been discharged or died
during the study period at one of the hospitals that par-
ticipated in the Japan COVID-19 Task Force. Of these,
1,863 patients with COVID-19 met the inclusion criteria,
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and 228 (12.2%) had bacterial infections concomitant
with COVID-19. Respiratory bacterial infections with
COVID-19 were diagnosed in 140 patients (7.5%), of
which 54 (2.9%) were co-infections, and 85 (4.6%) were
secondary infections. Only one case had an overlap of co-
infection and secondary infection (Fig. 1).

Patient characteristics at the time of admission

The main patient characteristics of each group are shown
in Tables 1, 2, 3, and 4. Comparing the clinical back-
grounds among the three groups comprising bacterial
co-infections, secondary bacterial infections, and no
bacterial infections, the parameters, such as age, COPD
and percentage of steroid users were significantly higher
in patients with bacterial infections than in those with-
out (P<0.05). The proportions of patients with male sex,
hypertension, diabetes mellitus, chronic kidney disease,
hyperuricemia, and cardiovascular disease, which are
factors associated with the severity of COVID-19 [12-15,
18, 22], were exclusively increased in the group with sec-
ondary infections, as compared to that without bacterial
infections (Table 1). Patients with bacterial co-infections
showed significantly increased body temperatures at the
time of admission (P<0.05). In addition, patients with
co-infections and secondary infections had higher preva-
lence of sputum (P=0.005), disturbance of conscious-
ness (P<0.0001), and dyspnea (P<0.0001). By contrast,
the rates of dysgeusia and dysosmia were decreased in

Table 1 Patient characteristics at the time of admission
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secondary infected patients, compared to the group with-
out bacterial infections (P <0.05) (Table 2).

Patient laboratory and radiographic results at the time

of admission

The clinical laboratory values of the enrolled patients are
presented in Table 3. Patients with co-infections or sec-
ondary infections had higher levels of white blood cells,
neutrophils, blood urea nitrogen, lactate dehydrogenase,
serum ferritin, Krebs-von-den-Lungen-6, C-reactive pro-
tein, and procalcitonin (all P<0.0001) than COVID-19
patients without bacterial infections. Conversely, lym-
phocytes, hemoglobin, and albumin values (all 2<0.0001)
were significantly lower in patients with bacterial infec-
tions than in those without (Table 3). Regarding imaging
findings on chest X-ray and chest CT scans, ground-
glass opacities and infiltrated shadows were significantly
more frequent in the groups with bacterial co-infections
and secondary infections than in those without bacterial
infections (all P<0.0001) (Table 4).

Causative pathogens of co-infections and secondary
infections

Of the 55 co-infected patients with COVID-19, bacteria
were detected in the sputum culture of 31 patients; bac-
terial species could not be isolated in the sputum culture
of 24 patients, and for these patients, the diagnosis was
based on clinical judgment.

No Bacterial Infection

Respiratory Co-infection Respiratory Secondary Pvalue

(n=1635)

(n = 54)

Infection (n =85)

Age 580+180 6594155 7004139 <0.00013="/b=""
Sex (male) 1131 (64.9%) 41 (75.9%) 71 (83.5%) 0.0006
BMI 245+468 233+457 246+697 0.19
Smoker 260 (16.0%) 6 (13.6%) 5 (7.04%) 0.0001
Hypertension 607 (35.4%) 18 (34.0%) 43 (51.2%) 0.02
Cardiovascular disease 67 (9.67%) 5(9.26%) 23 (27.1%) <0.0001
Cancer 4 (6.65%) 5 (9.43%) 7 (8.43%) 0.61
Diabetes 381 (22.1%) 11 (20.4%) 32 (37.7%) 0.004
Asthma 2 (6.58%) 3 (5.88%) 5 (6.02%) 0.96
Hyperuricemia 78 (10.4%) 6 (11.1%) 20 (23.8%) 0.0001
COPD 74 (4.31%) 6 (11.3%) 8(9.52%) 0.01
Chronic liver disease 53 (3.19%) 1 (1.89%) 4(4.71%) 0.63
Chronic kidney disease 117 (7.09%) 6 (11.1%) 19 (22.6%) <0.0001
Steroid users 62 (3.60%) 7 (13.4%) 9 (10.6%) <0.0001
Immunosuppressive drug users 34 (1.98%) 0 (0%) 3(3.53%) 035

Data are expressed as number (percentage) or mean + standard deviation (SD)

*p < 0.01

2Comparison of patients without infection versus patients with community-acquired co-infection

bComparison of patients without infection versus patients with hospital-acquired secondary infection
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Table 2 Symptoms and vital signs at the time of admission

No Bacterial Infection Respiratory Co-infection ~ Respiratory Secondary P value

(n=1635) (n=54) Infection (n=85)
Fever 3724092 3764+1.03 3744£1.15 0.004 ="
Cough 1009 (58.8%) 27 (50.0%) 44 (58.7%) 043
Sputum 402 (23.5%) 21 (38.9%) 25 (33.8%) 0.005
Sore throat 409 (24.0%) 9 (17.0%) 9 (12.00%) 0.03
Nasal discharge 260 (15.2%) 4 (7.69%) 5(6.67%) 0.04
Dysgeusia 318 (18.6%) 4 (7.84%) 6(8.11%) 0.01
Dysosmia 283 (16.6%) 5(9.80%) 4 (541%) 0.02
Dyspnea 513 (30.4%) 28 (51.9%) 35 (48.0%) <0.0001
Disturbance of consciousness 50 (2.91%) 8(13.0%) 9(12.2%) <0.0001
Malaise 835 (48.7%) 31 (57.4%) 42 (56.8%) 0.19
Systolic blood pressure 12924196 129.8+219 1306274 0.83
Diastolic blood pressure 80.6+13.5 796+137 77.1£139 0.09
Heart rate 872+166 93.7+£196 86.7+£188 0.02°="
Respiratory Rate 1924458 207 £547 2184647 <0.0001°="
SpO2 96.0£3.07 93.74+4.95 9534+3.04 <0.0001%=""
Data are expressed as number (percentage) or mean+SD
*p<0.05
*p < 0.01

2Comparison of patients without infection versus patients with community-acquired co-infection

bComparison of patients without infection versus patients with hospital-acquired secondary infection

The most frequently isolated microorganisms in
respiratory bacterial co-infections were Staphylococ-
cus aureus (n=9) and Klebsiella pneumoniae (n=7)
(Fig. 2a). Methicillin-resistant Staphylococcus aureus
(MRSA) was isolated from two patients. One or more
bacterial species were identified in the sputum culture
of 82 of the 86 patients with secondary infection. No
bacterial species were identified in the sputum culture
of four patients. The most frequently isolated micro-
organisms were Staphylococcus aureus (n=19), Pseu-
domonas aeruginosa (n=15), and Stenotrophomonas
maltophilia (n=12). MRSA was detected in four cases.
Figure 2b details the pathogens associated with respir-
atory bacterial secondary infections. Tracheal aspirates
were obtained in most cases of ventilator-associated
pneumonia (VAP); moreover, bronchoalveolar lavage
was also performed to identify the causative organisms
in one case. Pseudomonas aeruginosa, Staphylococcus
aureus, and Stenotrophomonas maltophilia were fre-
quently detected in these patients (Additional file 1).

Predictive factors of respiratory co-infections

In laboratory parameters of co-infected patients, white
blood cells, neutrophil count, lymphocyte count, neu-
trophil-lymphocyte ratio (NLR), C-reactive protein,
and procalcitonin showed significant associations. The

receiver operating characteristic curve was determined
for each item, and the area under the curve (AUC) was
calculated. The parameter NLR (AUC =0.78) showed the
highest value. The OR of NLR in patients with co-infec-
tions was 8.53 (4.63—15.7), with a sensitivity of 73.1% and
a specificity of 77.7% at the cutoff value of 5.28 (Fig. 3,
Additional file 2). Furthermore, we plotted ROC curves
to determine predictors of co-infections using the NLR
values in steroid users and non-users separately (Addi-
tional file 3). The results suggested NLR as a stronger
predictive factor of co-infection complications in non-
steroid users than in steroid users.

Details of the respiratory secondary bacterial infections

Of the 86 secondary infection cases, 54 required the use
of IMV, 41 of which developed VAP (Additional file 4a).
Fourteen of the 41 VAP cases were repeated cases and
had significantly higher mortality rates than those of
non-repeated VAP and other secondary infection cases
(Additional file 4b, c).

Impact of bacterial infections on clinical prognosis

Of the 55 co-infected patients, 18 (37.2%) were admit-
ted to the ICU, 14 (25.5%) were intubated, and 10
(18.1%) died. Furthermore, among the 86 patients with
secondary infections, 58 (67.4%) were admitted to the
ICU, 54 (62.8%) were intubated, and 63 (75.0%) died.
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Table 3 Serological data at the time of admission
No Bacterial Infection Respiratory Co-infection Respiratory Secondary P value

(n=1635)

(n=>54)

Infection (n=85)

WBC (/uL)
Neutrophil (/ uL)
Lymphocyte(/uL)
Hb (g/dL)

PLT (x 103 /uL)
Alb (g/dL)

TB (mg/dL)

ALP (IU/L)

AST (IU/L)

ALT (IU/L)

BUN (mg/dL)

Cr (mg/dL)

LDH (IU/L)

UA (mg/dL)

CK (/L)

Na (mEg/L)

K (mEg/L)

Cl (mEg/L)

BNP (pg/mL)
IgG(mg/dL)
Ferritin (ng/mL)
KL-6 (1U/L)
HbA1c (%)

CRP (mg/dL)
Procalcitonin (ng/mL)

56275426935
3633.8424409
1059.8+616.3
14.1+1.88
19.9+7.65
3.78+£061
0664036
17554+£124.0
40.9+69.1
3864912
165+10.6
1.06+£1.43
268.7£136.6
4.88+181
149.7 £456.3
1383+£3.62
3984046
101.8+3.97
69414019
1151.2£3594
531.14£583.0
315943024
637131
448+535
0.1640.62

7579.8 £3868.5
6109.94+42757
705.24+438.1
1354198
2044750
3.29£0.92
0.78+0.65
220341423
5474531
50.7+635
276£255
1.68+234
337.1£1504
5554234
248.7+£347.8
137.7£553
4.03+054
100.7 £5.56
157.1+£403.0
1128442933
81447125
422.0+£3089
6.76 £1.60
10.8+9.61
2.81£9.57

79273£49716
6689.5+47379
742044629
13.1£215
19.5+£895
3.12+062
069+043
197.3+100.6
5304913
438+544
314£41.2
1.38+£147
368.2£184.1
511£221
21894387.1
13744391
4.20£0.55
102.1£3.80
104.2+£1696
1197.8+£293.6
876.7+£982.0
488.2+439.1
6.88+139
9.93+10.1
1.05£283

<0.000713="/b=""
<0.00013="/b="
<0.00013="/=""
<0.00013="70="
0.80
<0.000713="/b=""
0.08

002~

0.13

0.56
<0.00073="/b=""
00018°%="
<0.00013="/=""
0.04="

0.14

0.08

0.0002°=""

0.11

0.51

0.27
<0.00013="p="
<0.0001 >="
0.002 ="
<0.00013="/b="
<0.00013="/="

Data are shown as mean+SD

WBC white blood cell, Hb hemoglobin, PLT platelet, Alb albumin, TB total bilirubin, ALP alkaline phosphatase, AST aspartate aminotransferase, ALT alanine
aminotransferase, BUN blood urea nitrogen, Cr creatinine, LDH lactate dehydrogenase, UA uric acid, CK creatinine kinase, Na sodium, K potassium, C/ chlorine, BNP
brain natriuretic peptide, IgG Immunoglobulin G, KL-6 Krebs von den Lungen-6, CRP C-reactive protein

*<0.05
*p<0.01

#Comparison of patients without infection versus patients with community-acquired co-infection

bComparison of patients without infection versus patients with hospital-acquired secondary infection

Table 4 Radiographic findings at the time of admission

No Bacterial Infection Respiratory Co-infection Respiratory Secondary Pvalue
(n=1635) (n=54) Infection (n=85)
GGO on chest X-ray images 1176 (65.8%) 44 (83.0%) 70 (84.3%) <0.0001
Infiltrative shadow on chest X-ray images 423 (26.2%) 32 (64.0%) 45 (54.2%) <0.0001
GGO on chest CT images 1261 (81.2%) 47 (92.2%) 76 (97.4%) 0.0002
Infiltrative shadow on chest CT images 586 (38.4%) 31 (67.4%) 47 (61.8%) <0.0001

GGO ground glass opacity, CT Computed Tomography

In the univariate analysis, patients with co-infections
or secondary infections had higher mortality rates than
those without bacterial infections (Fig. 4a). Multivari-
ate logistic regression analysis showed that compared

co-infections (OR=9.21

(3.50-24.2))

to patients without bacterial infections, those who had
or secondary
infections (OR=9.57 (4.74—19.3)) were at higher risk of
death (Fig. 4b). Moreover, both co-infections (OR=5.23
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Corynebacterium striatum
Acinetobacter species
Enterococcus faecalis
Candida species
Klebsiella oxytoca
Citrobacter freundii
Burkholderia cepacia
Citrobacter braakii
Enterobacter aerogenes
Raoultella orithinolytica
Prevotella species
Staphylococcus epidermidis
Streptococcus Viridans
Klebsiella aerogenes
Streptococcus Group B
Aspergillus fumigatus

Fig. 2 Bacterial pathogens identified in respiratory bacterial co-infection and secondary infection cases with coronavirus disease 2019. a

All identified organisms as a proportion of total number of organisms per pathogen in sputum culture and urinary antigen of co-infection
pneumonia with coronavirus disease 2019 (COVID-19). Bacterial pathogens detected in COVID-19 patients with respiratory bacterial co-infections,
as a proportion (%) of the total number of isolates (n=47). Some patients had multiple bacterial infection. In 24 cases, no causative organism

was detected in sputum cultures. MRSA, Methicillin-Resistant Staphylococcus aureus. b All identified organisms as a proportion of total number

of organisms per pathogen in sputum, tracheal aspirate, or bronchoalveolar lavage culture of secondary infection pneumonia with COVID-19.
Bacterial pathogens detected in COVID-19 patients with respiratory bacterial secondary infection, as a proportion (%) of the total number of isolates

(n=107). Some patients had more than one bacterial infection. MRSA, Methicillin-Resistant Staphylococcus aureus

(1.89-14.5)) and secondary infections (OR=5.24 (2.70-
13.7)) were risk factors associated with death in the mul-
tivariate analysis of model 2, which included IMV use
and the complications of AKI, myocardial injury, shock,
and ARDS during hospitalization as variables (Fig. 4c). In

this study, 141 patients were treated with anti-IL6 recep-
tor antibodies as immunosuppressive therapy. The inci-
dence of secondary infections was significantly increased
in the group treated with anti-IL6 receptor antibodies
(Additional file 5a). However, in the multivariate analysis,
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the use of anti-IL6 receptor antibodies was not associated
with death (Additional file 5b).

The univariate analysis also showed that patients with
co-infections or secondary infections excluding VAP were
more frequently admitted to the ICU and underwent IMV
more frequently compared to those without bacterial
infections. Both univariate analyses of ICU admission and
IMV use were performed in cases of secondary infection
occurring prior to these events (Additional file 6a, b). In
a multivariate analysis that evaluated risk factors for ICU
admission and IMV use, secondary infection excluding
VAP and co-infection were independent risk factors for
these severe conditions (Additional file 6¢). Furthermore,
the multivariate analysis of risk factors for death with
nosocomial pneumonia and VAP separately revealed that
both were independent risk factors (Additional file 7).

The incidence of thrombosis and myocardial injury
significantly increased in both the co-infection and sec-
ondary infection groups compared to those in the non-
bacterial infection group (Additional file 8).

Discussion

In this study, we present a large series of Japanese
patients with COVID-19 focusing on the description of
respiratory bacterial community-acquired co-infections
and hospital-acquired secondary infections in these
patients. The incidence of complications from bacterial
pneumonia in patients hospitalized due to COVID-19
was less than that from influenza [23]. The frequency of
SARS-CoV-2 co-infections with other respiratory patho-
gens has been reported to be generally low [1, 23]; in the
present study of Japanese patients, the rate of respira-
tory bacterial co-infections was 3.0%. The incidence of
bacterial infections secondary to COVID-19 varies in
previous studies [6, 23, 24]. In this study, the frequency

of secondary infection was 4.6%. The frequency of both
co-infections and secondary infections in a previous Jap-
anese study is comparable to that in this study (2.86 and
5.59% vs. 3.0 and 4.6%, respectively) [24].

Interestingly, severity-associated comorbidities such as
hypertension, diabetes, and chronic kidney disease were
frequently observed in secondary infection cases. For
patients with these predisposing factors, it is important
to consider the possibility complications associated with
secondary bacterial infections. We have shown, using
multivariate analysis, that both co-infections and second-
ary infections were associated with death at a high odds
ratio independent of other severity factors. These facts
indicate that it is crucial for clinicians to properly assess
bacterial complications and initiate appropriate antibi-
otic therapy.

Among cases with respiratory bacterial co-infections
in this study, Staphylococcus aureus, Klebsiella pneu-
moniae, and other causative organisms like those pre-
viously reported were detected in sputum cultures [6,
25]. Staphylococcus aureus is a frequent concomitant in
patients with influenza infection [8]. Previous studies
have hypothesized that excessive use of broad-spectrum
antibiotics, especially for early bacterial co-infections,
can induce changes in the microbiota, leading to VAP in
the late stages of hospitalization with poor prognosis [9].
Therefore, the choice of antibiotics in the early stage of
the treatment is important. If bacterial co-infections are
suspected, the use of antibiotics with coverage of Staphy-
lococcus aureus is recommended. There is an urgent need
to develop prospective evidence to support the develop-
ment of antimicrobial strategies and appropriate stew-
ardship interventions specific to COVID-19 treatment, as
previously suggested [26].
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The frequency of co-infections and secondary infec-
tions associated with COVID-19, the identification of
their causative organisms, and their association with
clinical outcomes [7, 27]. However, in addition to these
things, we consider this study valuable as we simultane-
ously revealed the clinical characteristics of co-infection
and secondary infection cases and identified the utility of
NLR as a diagnostic parameter for co-infection.

At the time of diagnosis, it is often difficult to discrimi-
nate between SARS-CoV-2 infection alone and SARS-
CoV-2 infection with concomitant bacterial pneumonia.
It remains controversial whether antimicrobial agents
should be routinely used. In our study, the parameter

NLR was found to be the best indicator of complica-
tions from bacterial co-infection with COVID-19 (cutoff,
5.28; AUC, 0.78; sensitivity, 73.1%; specificity, 77.7%). An
increase in NLR can be caused by a systemic inflamma-
tory response that disrupts the immunological functions
of the body, resulting in a simultaneous increase in neu-
trophil count and decrease in lymphocyte count. NLR is
an indicator of systemic inflammation and is widely used
in many diseases, including the prediction of mortality in
septic patients [28]. A meta-analysis of multiple observa-
tional studies showed that a high NLR is associated with
severity and high mortality in COVID-19 [29], possibly
attributed to mechanisms by which inflammatory factors,
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such as interleukin-6, interleukin-8, and granulocyte col-
ony-stimulating factor, that are elicited in SARS-CoV-2
infections may stimulate the production of neutrophils
[30].

The increased NLR in COVID-19 patients with bacte-
rial infections might also be the result of a more aggres-
sive neutrophil migration induced by immune responses
to bacteria. Various previous studies have suggested opti-
mal cutoff values for the NLR. Four studies aiming at the
prediction of illness severity determined differing values
ranging from 3.3 to 5.9 [30-32]. Two additional studies
that sought to predict mortality established NLR cutoff
values of 7.9 and 11.8 [33, 34]. In the present study, the
best cutoff value of NLR for predicting complications
of respiratory bacterial co-infections was 5.28, which is
slightly higher than the value for predicting COVID-19
severity and lower than the value for death in patients
with COVID-19. We found that respiratory bacterial
co-infections in patients with COVID-19 were associ-
ated with ICU admission, IMV use, and high mortality.
Thus, the cutoff value of 5.28 for NLR in this study is rea-
sonable. Compared to other prognostic parameters for
COVID-19, such as interleukin-6, D-dimers, C-reactive
protein, and erythrocyte sedimentation rate [35, 36],
NLR is more practical for clinical application since it can
easily be obtained via routine blood examinations.

Our study is the first to suggest that NLR may help
diagnose cases of bacterial co-infection in patients with
COVID-19, and our calculated NLR cutoff value will be
useful in making decisions regarding the concomitant use
of antibiotics. Importantly, since steroids increase blood
neutrophil counts and decrease lymphocyte counts, an
elevated NLR can be confused with an infectious compli-
cation. In this study, the predictive accuracy of co-infec-
tion by NLR in the non-steroid users was superior to that
in steroid users, suggesting that clinicians need to be cau-
tious in this regard.

Regarding the organisms isolated in cases with second-
ary infections, the same previously reported species, such
as Staphylococcus aureus, Pseudomonas aeruginosa, and
Stenotrophomonas maltophilia, were detected [6]. Infec-
tions with Staphylococcus aureus secondary to influenza
infections are common, which may be due to excessive
mucus secretion, decreased clearance of mucosal cilia,
and destruction of epithelial cells [8]. The mechanisms
involved in secondary Staphylococcus aureus infections
following SARS-CoV-2 infection remain poorly under-
stood and require further research.

In a study analyzing the association between upper res-
piratory tract flora and clinical prognosis in patients with
COVID-19, streptococcus-dominated microbiota was
associated with lower severity of illness and lower mortal-
ity [37]. However, how the microbiota of the respiratory
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tract is altered by COVID-19 remains largely unknown
[38]. Many of the organisms isolated from the sputum of
secondary infection cases in our study are known to cause
hospital-acquired pneumonia. Since secondary infections
are independently associated with poor outcomes such as
high mortality, further research, especially on how bacte-
rial infections occur during hospitalization, is essential to
reduce the incidence of secondary infections and provide
appropriate therapeutic management.

Our study has several limitations. First, this study
included only hospitalized patients with COVID-19,
which might have resulted in a biased sample due to
the high severity of the disease. Second, the diagnosis of
bacterial complications was entirely dependent on the
clinical judgment of the physician, and microbiological
tests were not necessarily required to prove the causa-
tive pathogens. Two studies that strictly analyzed the
frequency of VAP and causative organisms in patients
who required IMV reported much higher rates of bacte-
rial co-infections compared to those reported by studies
that employed only the usual methods of care to iden-
tify bacterial pathogens [39]. This is a major limitation
of our study. Regrettably, we were unable to prospec-
tively assess all cases for the rigorous approach to detect
bacterial pathogens in this multicenter study. Moreover,
bacteriological evaluation, including evaluation of uri-
nary antigens and endotracheal aspiration, as well as
molecular biological evaluation, such as comprehen-
sive viral and bacterial PCR tests, were not performed;
thus, the identification of the causative organisms might
have been underestimated. Third, there might not have
been standardized management practices among differ-
ent facilities during the study period. In particular, anti-
biotic administration and treatment methods have not
been standardized, which may have affected the clini-
cal outcomes. Fourth, this study included only Japanese
patients; therefore, it may be inappropriate to general-
ize or extrapolate the present results to populations of
patients with COVID-19 in other countries. Fifth, the
sample size of this study was determined incidentally and
was not designed to be statistically sufficient to detect
the effects of complications from bacterial infections on
severe illness and death. Further studies are needed to
address these limitations and develop optimal treatment
strategies.

Conclusions

In this study, we determined the frequency of bacte-
rial co-infections and secondary infections in Japanese
patients with COVID-19 and the causative organisms,
as well as their associations with clinical outcomes. We
also revealed the characteristics of patients with bacterial
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co-infections and secondary infections. Although co-
infections and secondary infections in COVID-19 are
infrequent, they are significantly associated with disease
severity and high mortality, suggesting that the evalua-
tion of bacterial infections and appropriate antimicro-
bial therapies are crucial in the treatment of COVID-19.
Notably, our results suggest that NLR may be useful in
the diagnosis of bacterial co-infections with COVID-19.
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