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INTRODUCTION

The coronavirus disease 2019 (COVID-19), caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged in December 2019 [1,2] and the cumula-
tive number of reported cases worldwide has reached nearly 
197 million; the cumulative deaths have reached 4.2 million 
[3].

Critically ill patients with COVID-19 have variable in-hospi-
tal mortality ranging from 29.9% to 53.4% [4-8]. A recent 
study reported that the risk factors for 90-day mortality in 
critically ill patients with COVID-19 were older age, obe-
sity, diabetes mellitus, and a lower arterial oxygen partial 
pressure (PaO2)/fraction of inspired oxygen (FiO2) ratio [8]. 
Several studies report that bacterial co-infection in patients 
hospitalized with COVID-19 was low, although more than 
half of the patients received empirical antibiotics at the time 
of admission [9,10]. Early empirical antibiotics may lead to 
secondary bacterial or fungal infections [11,12]. 

Secondary bacterial infection in patients during the 2009 
influenza pandemic contributed to significant mortality and 
morbidity [13]. A tertiary center in Israel reported that sec-
ondary infection in COVID-19 patients had an increased 
mortality risk compared to influenza patients [14]. However, 
there are a few studies on concomitant infections in patients 
with severe COVID-19, and fewer pathogen evaluations for 
secondary infections in the Republic of Korea. Thus, we 

aimed to evaluate the incidence, pathogens, risk factors, 
and outcomes of secondary infection in patients with severe  
COVID-19.

METHODS

Study design and patients
This was a multicenter, retrospective cohort study that en-
rolled adult (≥ 17 years old) patients with severe COVID-19 
who were admitted to one of the seven tertiary or referral 
hospitals in South Korea from February 2, 2020 to Febru-
ary 28, 2021. In all participating hospitals, the same venti-
lator-associated pneumonia (VAP) bundles [15] and central 
line insertion bundles [16] were performed. 

The Institutional Review Boards (IRBs) of the participating 
hospitals approved the study protocol, and the need for 
informed consent was waived due to the observational 
nature of the study (IRB of Chungnam National University 
Hospital, No. 2021-04-053, IRB of Chosun University Hospi-
tal, No. 2021-04-002).

Definition
SARS-CoV-2 infection was confirmed by reverse-tran-
scriptase polymerase chain reaction assay; an oxygen sat-
uration level of 94% or less on room air or a need for oxy-
gen support was defined as severe COVID-19 infection [17]. 
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Secondary infections occurring during illness or hospitaliza-
tion were classified as hospital-acquired pneumonia (HAP) 
or VAP, bloodstream infection (BSI), central line-associated 
bloodstream infection (CLABSI), and catheter-associated uri-
nary tract infection (CAUTI) [18,19]. The definitions of BSI, 
CLABSI, HAP or VAP, and CAUTI are provided in Supple-
mentary Table 1. Definitions of vital signs and laboratory/
radiologic data before and after infection are shown in Sup-
plementary Table 2.

Data collection and outcomes
All study data were retrieved from the electronic medical 
records. Data on basic demographic characteristics, includ-
ing sex, age, and data regarding initial laboratory, radiology 
evaluations, the need for invasive support (mechanical ven-
tilation and continuous renal replacement therapy [CRRT], 
extracorporeal membrane oxygenation [ECMO]), and use 
of vasopressors were collected. Initial confusion, urea nitro-
gen, respiratory rate, blood pressure, 65 years of age and 
older (CURB-65) score, sequential organ failure assessment 
(SOFA) score, Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) scores, Charlson comorbidity index (CCI), 
and frailty scale were analysed. 

Statistical analysis
All values are expressed as mean ± standard deviation for 

continuous variables and as percentages for categorical vari-
ables. Student’s t test was used for continuous data, and 
Pearson’s chi-squared test or Fisher’s exact test was used 
for categorical data. Multivariate logistic regression analyses 
with a backward elimination procedure, including all pre-
dictors showing a p ≤ 0.10 in the univariate analysis, were 
performed to obtain the adjusted odds ratio (OR) along with 
95% confidence interval (CI) and to define the variables that 
were independently associated with disease severity. All  
p values were two-tailed, and p < 0.05 was considered sta-
tistically significant. All statistical analyses were performed 
using SPSS software version 22.0 (IBM Co., Armonk, NY, 
USA).

RESULTS

Characteristics of patients
From February 2, 2020 to February 28, 2021, 1,565 patients 
were admitted to the hospital for COVID-19 pneumonia. 
After excluding 1,077 non-severe COVID-19 patients and 
140 patients without any type of culture, 348 patients 
were included in the analysis. Among the 348 patients, 145 
patients were positive for any type of culture or bacterial 
polymerase chain reaction. Among them, 41 patients were 
diagnosed as colonization because they did not meet the 

Figure 1. Flowchart of patients. COVID-19, coronavirus disease 2019.

Hospitalized COVID-19 infection
February 2, 2020 to February 28, 2021.

(n = 1,565)

1,217 Patients excluded
- 1,077 Patients: non-severe COVID-19
-   140 Patients: patient without any type 

of culture

Total 348
patients included

244 (70.1%) Patients
without infections

104 (29.9%) Patients with
at least one infection
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definition of infection mentioned in Supplementary Table 1,  
and we classified them as the noninfected group. Of the 
348 patients, 104 (29.9%) patients had at least one infec-
tion and were classified as an infected group; 244 (70.1%) 
patients without secondary infection were classified as a 

noninfected group (Fig. 1). 
The baseline characteristics of patients at hospital admis-

sion are summarized in Table 1. Patients in the infected group 
were slightly older than those in the noninfected group (70.0 
± 13.1 years vs. 68.1 ± 12.7 years, p = 0.198). There was 

Table 1. Baseline characteristics of patients with severe COVID-19

Variable All patients (n = 348) Infected (n = 104) Noninfected (n = 244) p value

Age, yr 68.7 ± 12.8 70.0 ± 13.1 68.1 ± 12.7 0.198

Male sex 180 (51.7) 60 (57.7) 120 (49.2) 0.146

Smoking 64 (18.4) 23 (22.1) 41 (16.8) 0.242

Symptom at admission 314 (90.2) 94 (90.4) 220 (90.2) 0.949

Symptom to admission, day 5.2 ± 4.8 5.3 ± 4.8 5.2 ± 4.9 0.910

Body mass index 24.7 ± 4.2 24.9 ± 4.3 24.7 ± 4.2 0.627

Scoring systems

CURB-65 1.3 ± 1.0 1.6 ± 1.1 1.2 ± 1.1 < 0.001

SOFA score 3.2 ± 3.4 4.3 ± 4.0 2.7 ± 3.1 < 0.001

APACHE II score 10.6 ± 6.0 12.4 ± 7.3 9.8 ± 5.1 0.001

Charlson comorbidity index 3.2 ± 1.8 3.5 ± 1.6 3.1 ± 1.8 0.045

Frailty scale 3.5 ± 2.0 4.1 ± 2.4 3.2 ± 1.8 < 0.001

Comorbidity 

Hypertension 186 (53.4) 62 (59.6) 124 (50.8) 0.132

DM 107 (30.7) 41 (39.4) 66 (27.0) 0.022

COPD 10 (2.9) 3 (2.9) 7 (2.9) 0.994

Cerebrovascular disease 24 (6.9) 3 (2.9) 21 (8.6) 0.054

Heart failure 10 (2.9) 3 (2.9) 7 (2.9) 0.994

Liver cirrhosis 5 (1.4) 0 5 (2.0) 0.141

Chronic kidney disease 4 (1.1) 1 (1.0) 3 (1.2) 0.830

Malignancy 24 (6.9) 5 (4.8) 19 (7.8) 0.315

Organ transplantation 1 (0.3) 1 (1.0) 0 0.125

Initial vital signs

SBP, mmHg 134 ± 24 138 ± 29 132 ± 20 0.068

DBP, mmHg 77 ± 14 78 ± 15 77 ± 14 0.465

HR, /min 87 ± 16 88 ± 17 86 ± 15 0.267

RR, /min 21 ± 4 21 ± 4 21 ± 4 0.350

Body temperature, °C 37.0 ± 0.9 36.8 ± 0.8 37.1 ± 0.9 0.001

SpO2, % 94.7 ± 6.3 94.8 ± 4.8 94.7 ± 6.8 0.770

GCS 14 ± 3 13 ± 4 14 ± 2 0.002

Duration of fever 3.0 (0.0–6.0) 3.0 (0.0–8.0) 2.0 (1.0–6.0) 0.076

Values are presented as mean ± standard deviation, number (%), or median (interquartile range).
COVID-19, coronavirus disease 2019; CURB-65, confusion, urea nitrogen, respiratory rate, blood pressure, 65 years of age and 
older; SOFA, sequential organ failure assessment; APACHE II, Acute Physiology and Chronic Health Evaluation II; DM, diabetes mel-
litus; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; RR, 
respiratory rate; SpO2, saturation pulse oxygen; GCS, Glasgow coma scale.
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no statistical difference between the symptoms at admis-
sion and the period from symptom onset to hospitalization 
between the two groups. The CURB-65 (1.6 ± 1.1 vs. 1.2 ± 
1.1, p < 0.001), SOFA (4.3 ± 4.0 vs. 2.7 ± 3.1, p < 0.001),  
and APACHE II scores (12.4 ± 7.3 vs. 9.8 ± 5.1, p = 0.001), 
CCI (3.5 ± 1.6 vs. 3.1 ± 1.8, p = 0.045), and frailty scale (4.1 
± 2.4 vs. 3.2 ± 1.8, p < 0.001) were higher in the infected 
group than in the noninfected group. Diabetes mellitus (DM, 
39.4% vs. 27.0%, p = 0.022) was more common in the in-
fected group than in the noninfected group; other comor-
bidities showed no statistically significant difference. Addi-
tionally, the body temperature (36.8°C ± 0.8°C vs. 37.1°C  
± 0.9°C, p = 0.001) and Glasgow coma scale (13 ± 4 vs. 
14 ± 2, p = 0.002) score were lower in the infected group, 
but the duration of fever was slightly longer in this infected 
group (3.0 days [interquartile range, IQR, 0.0 to 8.0] vs. 2.0 
days [IQR, 1.0 to 6.0], p = 0.076).

Laboratory data and radiologic findings at hospital admis-
sion are presented in Supplementary Table 3. While compar-
ing laboratory data from the infected group with that from 
the noninfected group it was observed that the PaO2/FiO2 
ratio, pH, albumin, and d-dimer levels were lower, and the 
neutrophil lymphocyte ratio, potassium, C-reactive protein 
(CRP), and prothrombin time were higher in the infected 
group. Radiologic evaluation revealed fewer unilateral cases 
and more bilateral cases in the infected group.

Treatment and clinical outcomes of patients
The treatment and clinical outcomes of the patients are pre-
sented in Table 2. Vasopressors (35.6% vs. 9.4%, p < 0.001)  
and corticosteroids (89.4% vs. 77.5%, p = 0.009) were 
more frequently used in the infected group. The most used 
steroid type was dexamethasone, followed by methylpred-
nisolone and corticosteroid. There was no statistical differ-
ence in the use of steroid type, initial dose, and duration be-
tween the two groups (Supplementary Table 4). The use of 
antibiotics and remdesivir did not significantly different be-
tween the two groups. The most used antibiotics were 3rd 
generation cephalosporine (39.1%) and quinolone (32.5%). 
Among the types of antibiotics, piperacillin/tazobactam, 
carbapenem, aminoglycoside, vancomycin, teicoplanin, met-
ronidazole, and colistin were used more in the infected 
group than in the noninfected group (Supplementary Table 
4). Adequacy of antibiotic use was 58.7% in the infected 
group and 17.2% in the noninfected group (p < 0.001).  
CRRT (14.4% vs. 2.9%, p < 0.001), mechanical ventilation 
(61.5% vs. 22.1%, p < 0.001), ECMO (13.5% vs. 2.0%,  
p < 0.001), and tracheostomy (26.0% vs. 4.1%, p < 0.001) 
were also more commonly performed in the infected group.

There was no statistically significant difference in 28-day 
mortality (17.3% vs. 12.3%, p = 0.214) between the two 
groups. However, in-hospital mortality was higher (29.8% 
vs. 15.2%, p = 0.002) and the length of hospital stay was 

Table 2. Treatment and clinical outcomes

Variable All patients (n = 348) Infected (n = 104) Noninfected (n = 244) p value

Treatment 

Remdesivir 158 (45.4) 53 (51.0) 105 (43.0) 0.174

Antibiotics 309 (88.8) 88 (84.6) 221 (90.6) 0.107

Vasopressor 60 (17.2) 37 (35.6) 23 (9.4) < 0.001

Corticosteroid 282 (81.0) 93 (89.4) 189 (77.5) 0.009

CRRT 22 (6.3) 15 (14.4) 7 (2.9) < 0.001

Mechanical ventilation 118 (33.9) 64 (61.5) 54 (22.1) < 0.001

ECMO 19 (5.5) 14 (13.5) 5 (2.0) < 0.001

Tracheostomy 37 (10.6) 27 (26.0) 10 (4.1) < 0.001

Outcomes

28-day mortality 48 (13.8) 18 (17.3) 30 (12.3) 0.214

In-hospital mortality 68 (19.5) 31 (29.8) 37 (15.2) 0.002

Length of hospital stay, day 25.1 ± 23.1 36.9 ± 33.7 20.1 ± 13.9 < 0.001

Values are presented as number (%) or mean ± standard deviation.
CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation.
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longer (36.9 ± 33.7 days vs. 20.1 ± 13.9 days, p < 0.001) in 
the infected group than in the noninfected group.

Factors associated with secondary infection
The results of the multivariate analysis of factors associat-
ed with infection are shown in Table 3. After adjusting for 
confounders, independent predictors of infection included 
the high frailty scale (OR, 1.314; 95% CI, 1.123 to 1.538;  
p = 0.001), corticosteroid use (OR, 3.110; 95% CI, 1.164 to 
8.309; p = 0.024) and application of mechanical ventilation 
(OR, 4.653; 95% CI, 2.533 to 8.547; p < 0.001).

Pathogens of secondary infection and differ-
ence before and after infection
In the infected group, 73 patients (70.2%) had HAP and/
or VAP, 36 patients (34.6%) had BSI and/or CLABSI, and 
17 patients (16.3%) had CAUTI. The time of diagnosis of 
secondary infection was 13.0 days (IQR, 9.0 to 21.0) from 
symptom onset and 7.0 days (IQR, 4.0 to 16.0) from hos-
pital admission (Supplementary Fig. 1). Multidrug-resistant 
(MDR) pathogens were identified in 51.0% (53/104) of the 
infected group.

Fig. 2 shows the pathogens associated with each in-
fection. The HAP and/or VAP pathogens were as follows: 

Table 3. Univariate and multivariate risk factors associated with secondary infection (logistic analysis)

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Age 1.012 0.994–1.031 0.198

Male sex 0.710 0.447–1.128 0.147

Body mass index 1.014 0.959–1.072 0.626

Scoring systems

CURB-65 1.486 1.186–1.863 0.001 1.239 0.890–1.724 0.204

SOFA score 1.138 1.066–1.216 < 0.001 0.963 0.874–1.062 0.449

APACHE II score 1.072 1.032–1.114 < 0.001 1.035 0.961–1.114 0.361

Charlson comorbidity index 1.141 1.002–1.300 0.047 0.952 0.766–1.184 0.661

Frailty scale 1.247 1.116–1.395 < 0.001 1.314 1.123–1.538 0.001

Comorbidity, %

Hypertension 1.429 0.897–2.275 0.133

DM 1.755 1.082–2.848 0.023 1.220 0.597–2.497 0.585

COPD 1.006 0.255–3.967 0.994

Cerebrovascular disease 0.315 0.092–1.082 0.066

Heart failure 1.006 0.255–3.967 0.994

Malignancy 0.598 0.217–1.647 0.320

Laboratory findings

PaO2/FiO2 ratio 0.998 0.996–0.999 0.010 1.000 0.998–1.003 0.881

White cell count, 1,000/mm3 1.026 0.974–1.080 0.336

Platelet count, 1,000/mm3 1.000 0.997–1.003 0.813

Albumin, g/dL 0.612 0.404–0.927 0.020 1.246 0.635–2.446 0.523

C-reactive protein, mg/dL 1.031 1.000–1.063 0.050 1.009 0.966–1.055 0.681

Procalcitonin, ng/mL 1.034 0.976–1.096 0.258

Corticosteroid use 2.460 1.230–4.922 0.011 3.110 1.164–8.309 0.024

Apply of mechanical ventilation 5.630 3.423–9.258 < 0.001 4.653 2.533–8.547 < 0.001

OR, odds ratio; CI, confidence interval; CURB-65, confusion, urea nitrogen, respiratory rate, blood pressure, 65 years of age and 
older; SOFA, sequential organ failure assessment; APACHE II, Acute Physiology and Chronic Health Evaluation II; DM, diabetes 
mellitus; COPD, chronic obstructive pulmonary disease; PaO2, arterial oxygen partial pressure; FiO2, fraction of inspired oxygen.  
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Acinetobacter baumannii (23/73, 31.5%), Klebsiella spe-
cies (16/73, 21.9%), Streptococcus species (14/73, 19.2%), 
Haemophilus influenzae (10/73, 13.7%), Pseudomonas 
aeruginosa (6/73, 8.2%), Escherichia coli (3/73, 4.1%), oth-
er gram-negative bacteria (3/73, 4.1%), and Stenotropho-
monas maltophilia (2/73, 2.7%). The time of diagnosis of 
infection for these pathogens was 12.0 days (IQR, 8.5 to 
16.5) from symptom onset and 5.0 days (IQR, 4.0 to 11.5) 
from hospital admission (Supplementary Table 5). There 
were no significant differences in the vital signs before and 
after infection, but white blood cell (WBC) and CRP levels 

were significantly elevated (Table 4). Chest radiography 
showed ground glass opacity (51/73, 69.9%), consolidation 
(40/73, 54.8%), and aggravation (60/73, 82.2%). The MDR 
pathogen was seen in 46.6% (34/73) of cases with HAP/
VAP, and the most common strain was multidrug-resistant 
Acinetobacter baumannii (MRAB) (28.8%, 21/73) (Supple-
mentary Table 6).

The BSI and CLABSI pathogens were as follows: coagu-
lase-negative staphylococci (9/36, 25.0%), A. baumannii 
(8/36, 22.2%), Enterococcus species (4/36, 11.1%), Staph-
ylococcus aureus (3/36, 8.3%), Klebsiella species (3/36, 
8.3%), Candida species (3/36, 8.3%), Streptococcus species 
(2/36, 5.6%), P. aeruginosa (2/36, 5.6%), other gram-neg-
ative bacteria (2/36, 5.6%), Corynebacterium species (1/36, 
2.8%) and other fungi (1/36, 2.8%). The patients’ lines 
at the time of BSI or CLABSI infection were C-line (35/36, 
97.2%), Hemocath (7/36, 19.4%), A-line (34/36, 94.4%), 
ECMO line (4/36, 11.1%). The time of diagnosis of infec-
tion for these pathogens was 21.5 days (IQR, 14.3 to 31.0) 
from symptom onset and 17.0 days (IQR, 8.8 to 26.5) from 
hospital admission (Supplementary Table 5). Before and af-
ter infection, respiratory rate and WBC levels were slight-
ly increased (p = 0.070, p = 0.055, respectively), but there 
was no statistically significant difference (Table 4). The MDR 
pathogen was seen in 38.9% (14/36) of cases with BSI/
CLABSI, and the most common strain was extended-spec-
trum beta-lactamase (ESBL) (+) bacteria (16.7%, 6/36) (Sup-
plementary Table 6).

The CAUTI pathogens were as follows: E. coli (9/17, 
52.9%), Enterococcus species (3/17, 17.6%), Klebsiella spe-
cies (3/17, 17.6%), and other gram-negative bacteria (3/17, 
17.6%). The time of diagnosis of infection was 14.0 days 
(IQR, 3.5 to 25.0) from symptom onset and 11.0 days (IQR, 
0.0 to 20.0) from hospital admission (Supplementary Table 5).  
There were no statistically significant differences in vital 
signs or laboratory data before and after infection (Table 4). 
The MDR pathogen was seen in 52.9% (9/17) cases with 
CAUTI, and the most common strain was ESBL (+) bacteria 
(35.3%, 6/17) (Supplementary Table 6).

DISCUSSION

In this multicenter cohort study, secondary infection was 
identified in 29.9% of patients with severe COVID-19. The 
score to evaluate the severity of patients in the infected 

Figure 2. Identified pathogens for each secondary infection, (A) 
pathogen of hospital-acquired pneumonia (HAP) or ventilator-as-
sociated pneumonia (VAP), (B) pathogen of bloodstream infection 
(BSI) or central line-associated bloodstream infection (CLABSI), (C) 
pathogen of catheter-associated urinary tract infection.
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group was higher than that in the noninfected group at the 
time of admission, and with a longer duration of fever. The 
use of vasopressors, corticosteroids, CRRT, mechanical ven-
tilation, and ECMO during hospitalization was higher in the 
infected group. There was no difference in 28-day mortality, 
but in-hospital mortality was higher and hospital length of 
stay was longer in the infected group. High frailty scales, ste-
roid use, and the application of mechanical ventilation were 
associated with the occurrence of secondary infections.

In previous studies, secondary infections occurred in 3.6% 
to 46% of hospitalized COVID-19 patients [2,19-25]. In this 

study, secondary infection was identified in 29.9% of pa-
tients with severe COVID-19, and the outcomes were com-
pared. Grasselli et al. [22] showed that hospital-acquired 
infection occurred in 46% of critically ill patients with COV-
ID-19; VAP was the most common infection, found in 51%; 
BSI was found in 35%, and urinary tract infection (UTI) in 
8% [22]. Huang et al. [24] reported that secondary infection 
as a complication was found in 10% of COVID-19 patients, 
and this study included all patients diagnosed with COV-
ID-19. Ripa et al. [19] showed that secondary infection was 
diagnosed in 9.3% of hospitalized COVID-19 patients. Vi-

Table 4. Changes in vital signs and laboratory/radiologic results before and after secondary infection

Pre-infection Post-infection p value

HAP or VAP (n = 73)

Mean blood pressure, mmHg 78 ± 13 76 ± 11 0.175

Heart rate, beats/min 95 ± 23 94 ± 23 0.748

Respiratory rate, breaths/min 24 ± 6 23 ± 5 0.515

Body temperature, °C 37.3 ± 0.9 37.2 ± 0.8 0.348

O2 need/FiO2, % 41 ± 18 42 ± 17 0.581

White cell count, 1,000/mm3 9.95 ± 5.11 12.97 ± 6.73 < 0.001

C-reactive protein, mg/dL 8.8 ± 6.6 11.6 ± 10.5 0.040

Procalcitonin, ng/mL 0.69 ± 1.38 1.03 ± 2.43 0.388

BSI/CLABSI (n = 36)

Mean blood pressure, mmHg 78 ± 17 72 ± 16 0.104

Heart rate, beats/min 101 ± 25 106 ± 27 0.322

Respiratory rate, breaths/min 25 ± 6 27 ± 7 0.070

Body temperature, °C 39.2 ± 10.1 37.6 ± 1.1 0.336

O2 need/FiO2, % 54 ± 24 57 ± 25 0.181

White cell count, 1,000/mm3 13.27 ± 7.04 15.17 ± 5.92 0.055

C-reactive protein, mg/dL 11.7 ± 9.0 13.2 ± 10.4 0.381

Procalcitonin, ng/mL 1.80 ± 3.68 1.44 ± 1.90 0.599

Catheter associated urinary tract infection (n = 17)

Mean blood pressure, mmHg 85 ± 18 76 ± 16 0.089

Heart rate, beats/min 100 ± 21 98 ± 27 0.708

Respiratory rate, breaths/min 25 ± 7 23 ± 6 0.318

Body temperature, °C 37.1 ± 0.7 37.5 ± 0.9 0.106

O2 need/FiO2, % 35 ± 11 39 ± 19 0.362

White cell count, 1000/mm3 9.11 ± 4.10 10.98 ± 4.84 0.479

C-reactive protein, mg/dL 7.2 ± 6.4 6.8 ± 4.4 0.857

Procalcitonin, ng/mL 1.31 ± 2.40 1.35 ± 1.41 0.628

Values are presented as mean ± standard deviation. 
HAP, hospital-acquired pneumonia; VAP, ventilator-associated pneumonia; FiO2, fraction of inspired oxygen; BSI, bloodstream 
infection; CLABSI, central line-associated bloodstream infection. 
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jay et al. [25] reported that 3.6% of hospitalized COVID-19 
patients developed secondary bacterial or fungal infections. 
The incidence of secondary infection varies, and the coun-
try, type of hospital, and severity of the enrolled patients 
may have affected the results. In the study by Langford et al. 
[18], bacterial infections occurred in 5.9% (95% CI, 3.8% 
to 8.0%) of all hospitalized patients and 8.1% (95% CI, 
2.3% to 13.8%) of critically ill patients. Bacterial infections 
were more common in patients with higher severity. In a 
study by Sogaard et al. [26], hospital-acquired bacterial and 
fungal infections were more frequent among intensive care 
unit (ICU) patients than other patients (36.6% vs. 1.7%). 
Therefore, it seems that the incidence of secondary infec-
tion in severe and critically ill COVID-19 patients is higher 
than that in general COVID-19 patients. In a previous study 
of critically ill patients, secondary infections were common 
(about 51%) and the risk of infection was associated with 
the duration of ICU stay [27]. In a study of 55 ICUs from 
eight developing countries, device-associated nosocomial 
infection was seen in 14.7% patients, of which 41% were 
VAP, 30% CLABSI, and 29% CAUTI [28]. The percentage 
infection rate in critically ill COVID-19 patients was similar 
to that in critically ill patients with other illnesses, but there 
is a study that showed that the risk of healthcare-associ-
ated infections increases in situations such as a COVID-19 
surge [29]. Therefore, it is necessary to pay attention to the 
occurrence of secondary infection in critically ill COVID-19 
patients.

Factors related to secondary infection include age, pos-
itive end-expiratory pressure, treatment with broad-spec-
trum antibiotics at admission, anti-inflammatory treatment, 
baseline lymphocyte count, baseline PaO2/FiO2 ratio, and 
ICU admission in the first 48 hours after hospital admission 
[19,22,30]. In this study, the occurrence of secondary infec-
tion was associated with the frailty scale, use of corticoster-
oids and application of mechanical ventilation. The use of 
anti-inflammatory agents may [30-32] or may not [22,33] 
increase the risk of infection. However, the use of steroids 
[34,35] and increased severity [36] of the patient may in-
crease the likelihood of a concomitant infection; therefore, 
it is necessary to carefully examine whether additional infec-
tions occur in patients.

Our study provided a detailed description of secondary 
infections in severe to critically ill COVID-19 patients. In this 
study, the common pathogens of HAP and VAP were A. 
baumannii, Klebsiella species, and Streptococcus species, 

that of BSI or CLABSI were coagulase-negative staphylococ-
ci and A. baumannii, and that of CAUTI was E. coli. Various 
infectious pathogens were identified in other studies. VAP is 
one of the common complications in critically ill COVID-19 
patients. In a study of critically ill COVID-19 patients by Mea-
wed et al. [37], the bacterial pathogens commonly found in 
VAP were pandrug-resistant Klebsiella pneumonia (41.1%) 
and MRAB (27.4%). The commonly identified strain in the 
coVAPid cohort study was P. aeruginosa (24.9%), and MDR 
pathogen was found in 20.7% of the cases [38]. A me-
ta-analysis of Ippolito et al. [39] showed various pathogens 
in VAP, and the MDR pathogen was identified in 1.4-67% 
of the cases. Grasselli et al. [22] reported that in critically ill 
COVID-19 patients, the common pathogens for VAP were 
S. aureus and P. aeruginosa, the common pathogens for BSI 
and CLASI were Enterococcus species and Enterobacter spe-
cies, and the common pathogens for UTI were E. coli, similar 
to our results. The most common pathogens of respiratory 
tract infection in other studies are S. aureus [40], Mycoplas-
ma species [18,41], and Klebsiella species [42]. The most 
common pathogens of BSI or CLABSI in other studies are 
S. aureus [40], coagulase-negative staphylococci [19,30,43], 
enterococcus species [30,44,45], A. baumannii [21,32], 
P. aeruginosa [32]. A study by Fakih et al. [46] compared 
CLABSI and CAUTI before and after the COVID-19 pandem-
ic. There was an increase in coagulase-negative Staphylo-
coccus and Candida species among CLABSI pathogens after 
the COVID-19 pandemic, but there was no significant dif-
ference in CAUTI pathogens before and after the pandemic 
[46]. The type of pathogen and drug resistance are affected 
by the type of hospital and country. Therefore, we believe 
that identifying the pathogens of each country and hospital 
and using appropriate antibiotics will help improve patient 
prognosis.

Changes in vital signs and laboratory data before and 
after infection have rarely been studied. In previous corre-
spondence, mean blood pressure (91.8 ± 12.0 mmHg vs. 
85.3 ± 12.5 mmHg, p = 0.002) decreased slightly, but other 
vital signs were not significantly different. Chest radiogra-
phy worsened in 58.1% of the infected group [47]. In this 
study, the vital signs before and after infection were directly 
compared, and there was no significant difference. Howev-
er, chest radiography worsened after HAP or VAP, and the 
WBC count and CRP increased after infection. Therefore, it 
seems that the WBC count and CRP levels are good indica-
tors for detecting the occurrence of secondary infections.
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This study had several limitations. First, the study group 
included only patients in tertiary or referral hospitals capa-
ble of critical care. This may have affected the results, as it 
included patients with worsening conditions who had been 
transferred from other hospitals or from living treatment 
centers. Second, data were collected from the electronic 
health record database instead of manually reviewed med-
ical records; thus, excluding possible levels of detail. Third, 
we were operating on COVID-19 quarantine beds in a ward 
where intensive treatment is possible. Therefore, it was im-
possible to analyse the differences in strain rates according 
to the wards and ICUs. Fourth, we classified the pathogen 
by setting diagnostic criteria for secondary infection. How-
ever, it may have been difficult to completely differentiate 
between colonization and pathogens.

In conclusion, secondary infection was confirmed in 
29.9% of patients with severe COVID-19, and HAP or VAP 
was the most common infection. In-hospital mortality was 
more than doubled in the group of patients with second-
ary infections. Patients with a high frailty scale, the use of 
steroids and application of mechanical ventilation are asso-
ciated with a high risk of secondary infection. Therefore, 
we believe that rapid diagnosis of infection and appropri-
ate prevention and treatment in this patient population can 
help improve patient prognosis.

KEY MESSAGE
1. Secondary infection was confirmed in 29.9% of 

patients with severe coronavirus disease 2019 
(COVID-19).

2. Hospital acquired pneumonia or ventilator-associ-
ated pneumonia was the most common secondary 
infection and the in-hospital mortality was more 
than doubled in patients with secondary infection. 

3. Patients with a high frailty scale, use of steroids 
and application of mechanical ventilation are asso-
ciated with a high risk of secondary infection.
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Supplementary Table 1. Diagnostic criteria for infections

Infection Site of culture Clinical signs Also

Blood stream infection (BSI) At least 2 sets of blood 
cultures from separate 
peripheral vein 

Fever/tachycardia/hypotension
+
No further sign of localized infection

Central line-associated 
blood stream infection 
(CLABSI)

2 Sets of blood cultures  
from catheters and 
peripheral vein

Fever/tachycardia/hypotension
+
Exclusion of alternate sources of 

infection

Catheter-related BSI was defined 
as a case in which bacteria were 
detected more than 2 hours earlier 
than percutaneous blood samples 
in catheter-related samples.

Coagulase-negative staphylococci were considered to be infectious pathogens when confirmed three or more times in culture.

Hospital acquired 
pneumonia (HAP) or 
ventilator associated 
pneumonia (VAP)

Sputum culture 
Or
Bronchoalveolar lavage/

endotracheal aspirate culture
And/or
Pneumonia PCRa

At least 2 of 3 clinical features: fever, 
leukocytosis/leukopenia, purulent 
secretions

+
New/progressive radiographic 

infiltrate
+
Worsening oxygenation

HAP: Pneumonia presents clinically 2 
or more days after hospitalization.

VAP: VAP is defined as pneumonia 
occurring more than 48 hours after 
patients have been intubated and 
received mechanical ventilation.

Excluded organisms: “Normal respiratory flora,” “normal oral flora,” “mixed respiratory flora,” Candida spp., Staphylococcus spp., and 
Enterococcus spp.

Catheter associated urinary 
tract infection (CAUTI)

Urine culture Fever/tachycardia/hypotension Excluded organisms: “mixed flora,” 
coagulase-negative staphylococci, 
Candida spp.

Any relevant culture sample and pneumonia PCR which caused antibiotic therapy initiation or changing (obtained within 72 hours 
before or 24 hours after antibiotic starting/modification).

PCR, polymerase chain reaction.
aIn hospitals where sputum culture cannot be performed, diagnosis is made based on pneumonia PCR and clinical status.
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Supplementary Table 2. Definitions of vital signs and laboratory/radiologic data before and after secondary infection

Variable Definition

Pre MBP The lowest mean BP among mean BPs within 1 day before infection confirmation

Pre HR The highest HR among HR within 1 day before infection confirmation

Pre RR The fastest RR within 1 day before infection confirmation

Pre BT The highest BT among BT within 1 day before infection confirmation

Pre O2 need The highest FiO2 within 1 day before infection confirmation

Pre WBC The highest WBC performed closer to the prior date of confirmation of infection

Pre CRP The highest CRP performed closer to the prior date of confirmation of infection

Pre procalcitonin The highest procalcitonin performed closer to the prior date of confirmation of infection

Post MBP The lowest mean BP among mean BPs within 1 day after infection confirmation

Post HR The highest HR among HR within 1 day after infection confirmation

Post RR The fastest RR within 1 day after infection confirmation

Post BT The highest BT among BT within 1 day after infection confirmation

Post O2 need The highest FiO2 within 1 day after infection confirmation

Post WBC The highest WBC performed closer to the date after infection was confirmed.

Post CRP The highest CRP performed closer to the date after infection was confirmed.

Post procalcitonin The highest procalcitonin performed closer to the date after infection was confirmed.

Chest X-ray

Deterioration of GGO In case of GGO aggravation on the CXR before and after the date of infection, the radiologist and/
or pulmonologist confirmed GGO aggravation of CXR.

Deterioration of consolidation In case of consolidation aggravation on the CXR before and after the date of infection, the radiolo-
gist and/or pulmonologist confirmed consolidation aggravation of CXR.

Deterioration of chest X-ray In case of any type of aggravation on the CXR before and after the date of infection, the radiologist 
and/or pulmonologist confirmed deterioration of CXR.

MBP, mean blood pressure; BP, blood pressure; HR, heart rate; RR, respiratory rate; BT, body temperature; FiO2, fraction of inspired 
oxygen; WBC, white blood cell; CRP, C-reactive protein; GGO, ground glass opacity; CXR, chest X-ray.
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Supplementary Table 3. Laboratory and radiologic findings of severe COVID-19 patients

Variable All patients (n = 348) Infected (n = 104) Noninfected (n = 243) p value

Laboratory data

PaO2/FiO2 ratio 255.5 ± 157.6 218.5 ± 144.9 274.3 ± 160.8 0.008

pH 7.41 ± 0.08 7.39 ± 0.09 7.42 ± 0.07 0.004

White cell count, 1,000/mm3 7.27 ± 4.31 7.61 ± 4.56 7.12 ± 4.20 0.336

Lymphocyte, % 15.9 ± 10.3 14.4 ± 9.9 16.6 ± 10.4 0.070

Neutrophil lymphocyte ratio 9.12 ± 10.69 11.51 ± 13.46 8.10 ± 9.10 0.019

Hemoglobin, g/dL 12.8 ± 2.0 12.7 ± 2.1 12.8 ± 1.9 0.559

Platelet count, 1,000/mm3 192 ± 78 193 ± 85 191 ± 74 0.814

Total bilirubin, mg/dL 0.6 ± 0.5 0.6 ± 0.3 0.7 ± 0.5 0.067

Albumin, g/dL 3.5 ± 0.6 3.4 ± 0.6 3.5 ± 0.6 0.019

AST, U/L 55 ± 84 69 ± 140 50 ± 40 0.179

ALT, U/L 37 ± 40 43 ± 60 34 ± 26 0.131

Sodium, mEq/L 136.5 ± 4.8 136.2 ± 5.1 136.6 ± 4.7 0.419

Potassium, mEq/L 4.0 ± 0.6 4.2 ± 0.7 3.9 ± 0.5 0.003

Creatinine, mg/dL 1.12 ± 1.66 1.22 ± 1.37 1.07 ± 1.77 0.443

C-reactive protein, mg/dL 8.9 ± 7.4 10.1 ± 7.8 8.4 ± 7.2 0.048

Procalcitonin, ng/mL 1.38 ± 4.31 1.84 ± 4.64 1.17 ± 4.14 0.241

D-dimer, ug/mL 145 ± 422 72 ± 148 177 ± 494 0.011

Troponin I, ng/L 38.8 ± 144.6 50.7 ± 128.0 33.3 ± 151.7 0.395

Prothrombin time, INR 2.64 ± 3.97 3.42 ± 4.50 2.23 ± 3.61 0.024

aPTT, sec 34 ± 8 34 ± 8 34 ± 9 0.922

Chest X-ray

Normal 30 (8.6) 7 (6.7) 23 (9.4) 0.412

Unilateral 48 (13.8) 6 (5.8) 42 (17.2) 0.005

Bilateral 168 (48.3) 60 (57.7) 108 (44.3) 0.022

Multifocal 102 (29.3) 31 (29.8) 71 (29.1) 0.894

Values are presented as mean ± standard deviation or number (%). 
COVID-19, coronavirus disease 2019; FiO2, fraction of inspired oxygen; pH, potential of hydrogen; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; INR, international normalized ratio; aPTT, activated partial thromboplastin time.
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Supplementary Table 4. Other medication, steroid and antibiotic treatment of severe COVID-19 patients

Variable All patients (n = 348) Infected (n = 104) Noninfected (n = 243) p value

Tocilizumab 0 0 0 -

Baricitinib 7 (2.0) 1 (0.4) 6 (5.8) 0.001

Steroid 282 (81.0) 93 (89.4) 189 (77.5) 0.009

Dexamethasone 255 (73.3) 81 (77.9) 174 (71.3) 0.205

Dose of initial dexamethasone, mg 6 (6–6) 6 (6–6) 6 (6–6) 0.693

Methylprednisolone 20 (5.7) 9 (8.7) 11 (4.5) 0.128

Dose of initial methylprednisolone, mg 80.0 (40.0–125.0) 80.0 (62.5–156.3) 60.0 (32.5–125.0) 0.469

Corticosteroid 7 (2.0) 3 (2.9) 4 (1.6) 0.449

Dose of initial corticosteroid, mg 240 (100–300) 240 (200–240) 170 (55–285) 0.313

Duration of steroid usage, day 9.0 (6.0–13.0) 10.0 (7.0–18.0) 9.0 (6.0–12.0) 0.390

Antibioticsa 309 (88.8) 88 (84.6) 221 (90.6) 0.107

3rd Generation cephalosporine 136 (39.1) 34 (32.7) 102 (41.8) 0.111

Piperacillin/tazobactam 107 (30.7) 48 (46.2) 59 (24.2) < 0.001

Cefepime 72 (20.7) 27 (26.0) 45 (18.4) 0.113

Carbapenem 111 (31.9) 61 (58.7) 50 (20.5) < 0.001

Quinolone 113 (32.5) 39 (37.5) 74 (30.3) 0.191

Macrolide 97 (27.9) 24 (23.1) 73 (29.9) 0.193

Aminoglycoside 27 (7.8) 21 (20.2) 6 (2.5) < 0.001

Vancomycin 36 (10.3) 23 (22.1) 13 (5.3) < 0.001

Teicoplanin 72 (20.7) 39 (37.5) 33 (13.5) < 0.001

Metronidazole 19 (5.5) 13 (12.5) 6 (2.5) < 0.001

Colistin (colistimethate sodium, include 
nebulizer and intravenous injection)

35 (10.1) 30 (28.8) 5 (2.0) < 0.001

Adequacy of antibiotic useb 103 (29.6) 61 (58.7) 42 (17.2) < 0.001

Values are presented as number (%) or median (interquartile range). 
COVID-19, coronavirus disease 2019.
aWe collected the usage of antibiotic records throughout the patient’s hospital stay. 
b  Adequacy of antibiotic use is defined as a case in which antibiotics are used appropriately for the identified pathogen, or antibiot-
ics are not used in a group without an identified pathogen.
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Supplementary Table 5. Infection and onset times

Variable HAP or VAP (n = 73) BSI or CLABSI (n = 36) CAUTI (n = 17)

Days from hospital admission 5.0 (4.0–11.5) 17.0 (8.8–26.5) 11.0 (0.0–20.0)

Days from symptom onset 12.0 (8.5–16.5) 21.5 (14.3–31.0) 14.0 (3.5–25.0)

Days from intubation (only for VAP) 8.5 (5.0–18.5)

Values are presented as median (interquartile range). 
HAP, hospital acquired pneumonia; VAP, ventilator associated pneumonia; BSI, bloodstream infection; CLABSI, central line-associat-
ed bloodstream infection; CAUTI, catheter-associated urinary tract infection.
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Supplementary Table 6. Multidrug-resistant organisms in the infected group

Variable HAP or VAP (n = 73) BSI or CLABSI (n = 36) CAUTI (n = 17)

MDR pathogen 34 (46.6) 14 (38.9) 9 (52.9)

ESBL (+) bacteria 13 (17.8) 6 (16.7) 6 (35.3)

MRSA 0 1 (2.8) 0 

MRAB 21 (28.8) 5 (13.9) 2 (11.8)

CRPA 0 1 (2.8) 1 (5.9)

Etc. 0 1 (2.8)a 0 

Values are presented as number (%).
HAP, hospital acquired pneumonia; VAP, ventilator associated pneumonia; BSI, bloodstream infection; CLABSI, central line-associat-
ed bloodstream infection; CAUTI, catheter-associated urinary tract infection; MDR, multidrug-resistant; ESBL, extended-spectrum 
beta-lactamase; MRSA, methicillin-resistant Staphylococcus aureus; MRAB, multidrug-resistant Acinetobacter baumannii; CRPA, 
carbapenem resistant Pseudomonas aeruginosa.
aMethicillin resistant coagulase negative staphylococci species.
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Supplementary Figure 1. Line graph showing cumulative incidence of infection. (A) Days since symptom onset. (B) Days since admission.
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