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INTRODUCTION 

Over 400 million people have been infected with severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2), the virus responsible for coronavirus disease 2019 (COVID-19), since 

it was first detected in the city of Wuhan in Hubei Province, China [1]. At the beginning of the 

COVID-19 pandemic, the significance of bacterial and fungal coinfections in individuals with 

COVID-19 was unknown. Prior outbreaks of respiratory viruses, such as influenza, have been 

associated with high rates of bacterial coinfection through viral impairment of mucociliary 

clearance, increased bacterial adherence, airway damage, and immune dysregulation [2,3]. 

Background: At outset of the coronavirus disease 2019 (COVID-19) pandemic, the significance of 
bacterial and fungal coinfections in individuals with COVID-19 was unknown. Initial reports indi-
cated that the prevalence of coinfection in the general population was low, but there was uncer-
tainty regarding the risk of coinfection in critically ill patients. 
Methods: Nine hundred critically ill adult patients with COVID-19 infection were enrolled in this 
observational case-control study. Patients with a coinfection (case) and patients without a coin-
fection (control) were compared using univariate and multivariable analyses. A subgroup analysis 
was performed on patients with coinfection, dividing them into early (infection within 7 days) and 
late (infection after 7 days) infection groups. 
Results: Two hundred and thirty-three patients (25.9%) had a bacterial or fungal coinfection. Va-
sopressor use (P<0.001) and severity of illness (higher Acute Physiology and Chronic Health Evalu-
ation III score, P=0.009) were risk factors for the development of a coinfection. Patients with coin-
fection had higher mortality and length of stay. Vasopressor and corticosteroid use and central line 
and foley catheter placement were risk factors for late infection (>7 days). There were high rates 
of drug-resistant infections. 
Conclusions: Critically ill patients with COVID-19 are at risk for both community-acquired and 
hospital-acquired infections throughout their hospitalization for COVID-19. It is important to con-
sider the development of a coinfection in clinically worsening critically ill patients with COVID-19 
and consider the likelihood of drug-resistance when choosing an empiric regimen. 
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Mortality attributed to coinfection in viral illness has decreased 

overtime since the 1918 influenza pandemic, with only 20% 

of influenza cases being complicated by bacterial pneumonia 

during the 2009 H1N1 influenza A pandemic [2].  

Data collected through the first year of the pandemic suggests 

that the prevalence of secondary infections in patients with 

COVID-19 is low, with many cohorts reporting approximately 

7% of patients with a coinfection, despite over 90% of patients 

receiving antimicrobials [4-9]. On the contrary, patients with 

COVID-19 admitted to the intensive care unit (ICU) are at a 

higher risk for developing coinfections. Studies have reported a 

32.7% to 100% incidence of secondary bacterial infections [10-

14]. The presence of these infections has been associated with 

increased morbidity and mortality [15,16]. While coinfections 

in patients with COVID-19 may be relatively uncommon, the 

high rate of antimicrobial use has likely contributed to the low 

rate of microbiologically confirmed infections [17]. 

The clinical features of COVID-19 infection are difficult to 

distinguish from bacterial pneumonia. Biomarkers, such as 

procalcitonin (PCT), have been used to determine the likeli-

hood of bacterial infections in patients with COVID-19 infec-

tion [18]. However, elevated PCT has not been found to be cor-

related with the presence of a bacterial infection in COVID-19 

patients, but may be an independent predictor of mortality [19]. 

Given the high rates of antimicrobial administration and the 

trend toward prolonged hospitalizations, we suspected that 

hospital-acquired infections (HAI) represent an important 

segment of coinfections in critically ill patients with COVID-19. 

This study aims to understand the risk factors which can help 

clinicians identify patients at high risk for coinfection and mor-

tality. Unlike previously reported studies, we examined the oc-

currence of coinfections in a bimodal distribution; early com-

pared to late and identified risk factors for both time periods. 

MATERIALS AND METHODS 

Study Design 
This retrospective, observational case-control study was 

conducted at 16 hospitals within the Cleveland Clinic Health 

System, with locations throughout Northeastern Ohio and 

Florida. All adult patients with a positive polymerase chain 

reaction (PCR) test for COVID-19 admitted to the medical ICU 

between March 15, 2020, and August 31, 2020 were identified 

in an internal ICU registry. Ethical approval for this study was 

granted by the Cleveland Clinic Institutional Review Board (No. 

20-404). Consent was waived in accordance with the Cleve-

land Clinic Institutional Review Board due to the retrospective 

nature of this study. 

Patients 
Patients were included if they had PCR confirmed SARS-CoV-2 

and were admitted to the medical ICU during their hospital 

admission for COVID-19 infection. Patients were excluded if 

they did not have PCR confirmed COVID-19, age <18, or if they 

were participating in a clinical trial. Patients were divided into 

two groups: case group and control group. The case group was 

defined by the presence of a concurrent bacterial or fungal 

infection and the control group was defined by the absence of 

a concurrent infection. A coinfection was defined as a positive 

body fluid culture considered by the treating team as clinically 

relevant either per documentation or treatment with antibiot-

ics per chart review. Cultures with pathogens considered to be 

contaminants were excluded (for example, Candida species 

[spp.] from respiratory cultures and coagulase negative Staph-

ylococcus spp. which was not considered clinically significant). 

In a subgroup analysis of the patients in the case cohort, we 

divided the patients into early versus late infection based on 

the timing of infection development. The early infection group 

was defined as patients who were diagnosed with coinfection 

within 7 days of hospitalization and the late infection group 

was defined as patients who developed coinfection later (>7 

days) in their hospital course. We chose to define late infection 

as 7 days after hospital admission in order to exclude patho-

gens acquired in the community. The risk of HAI increases 

with length of stay (LOS), frequently occurring after one week 

of hospital admission [20,21]. 

Data 
The following data were compiled for analysis. Demographic 

data collected included weight, height, age, sex, race, comorbid 

conditions, and Acute Physiology and Chronic Health Evalu-

■ Bacterial and fungal coinfections occur more common-
ly in critically ill patients with coronavirus disease 2019 
(COVID-19) than non-critically ill hospitalized patients.

■ Clinicians should maintain a high index of suspicion for 
hospital-acquired infections in COVID-19 patients with 
increased severity of illness, indwelling medical devices, 
and prolonged hospital length of stay.

KEY MESSAGES
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ation (APACHE) III score. Laboratory data collected included 

C-reactive protein (CRP), ferritin, PCT, lactate dehydrogenase, 

and D-dimer. The following clinical data variables were collect-

ed: use of paralytics, vasopressors, antibiotics, and COVID-19 

specific therapies (corticosteroids, tocilizumab, remdesivir, 

etc.), presence of indwelling devices (foley catheter, endotra-

cheal tube, and central venous access), presence of a coinfec-

tion, and presence of a drug-resistant infection. 

Outcomes 
The primary outcome was identification of risk factors for the 

development of coinfections among patients with COVID-19. 

Secondary outcomes were hospital and ICU mortality and ICU 

and hospital LOS, and discharge disposition. In a subgroup 

analysis we identified risk factors between the subset of pa-

tients who developed “early” versus “late” infection. 

Statistical Analysis 
Descriptive statistics were used to characterize the patient co-

hort. Patients with a coinfection (cases) and patients without 

a coinfection (controls) were compared using univariate anal-

ysis and multivariable analysis. A subgroup analysis was per-

formed on patients with coinfection. They were divided into 

two groups early versus late coinfection. Early coinfection was 

defined as within 7 days of hospital admission and late was 

defined as after 7 days into hospital admission. Multivariable 

analyses were performed comparing the early group to the 

controls and the late group to the controls, controlling for the 

same variables listed above. 

The study variables were described using sample mean with 

standard deviation or count with percentage as appropriate. 

Continuous variables were compared using Wilcoxon Rank 

Sum test, whereas categorical variables were compared using 

Pearson’s chi-square test or Fisher’s exact test. Multivariable 

logistic regression analysis was conducted to study the associ-

ations between the predictors and the outcome. We controlled 

for body mass index (BMI), age, race, immune suppression, 

end-stage renal disease, APACHE III score, vasopressor, corti-

costeroid, and tocilizumab use, CRP, PCT closest to the infec-

tion, and foley and central line insertion. The variables in the 

multivariable model were selected based on clinical literature 

and experience caring for critically ill COVID-19 patients.. As-

sociation between these variables and the COVID-19 coinfec-

tion were expressed as odds ratio (OR) with its 95% confidence 

interval (CI). Missing values were imputed using the MissFor-

est method using R package missForest [22]. All analyses were 

two-tailed and were performed at a significance level of 0.05. 

SAS 9.4 software (SAS Institute, Cary, NC, USA) and R version 

4.0.0 (The R Foundation for Statistical Computing, Vienna, 

Austria) were used for all analyses. 

RESULTS 

There were 1,019 patients screened and after appropriate ex-

clusion, 900 critically ill patients with COVID-19 were included 

in the study (Figure 1). Two hundred and thirty-three patients 

(25.9%) had a bacterial or fungal coinfection. There was no dif-

ference in the weight, BMI, sex, age, and race in patients with 

and without coinfection. Baseline characteristics are reported 

in Table 1. Among the 233 patients with a bacterial or fungal 

coinfection, there were a total of 333 infections. The distribu-

tion of coinfections are as follows: 308 bacterial (92.5%) and 

25 fungal (7.5%) (Table 2). 24.1% of early infections (≤7 days 

from admission) were multidrug-resistant while 32.6% of late 

infections (>7 days from admission) were multidrug-resistant. 

While there was a trend towards increased resistance in the 

late infection group, this result was not statistically significant. 

Of the bacterial infections, 18 cultured pathogens produced 

extended spectrum beta-lactamases (ESBL). All ESBL were 

Escherichia coli or Klebsiella pneumoniae (24% of isolates) and 

six pathogens were carbapenem-resistant Enterobacteriaceae. 

There were 92 (27.6%) multi-drug resistant infections, resistant 

to three or more antimicrobial classes [23]. The most com-

mon source of coinfection was pulmonary with 141 infections 

(42.3%), followed by urinary (27.0%) and blood-stream infec-

tions (21.9%) (Table 3). 

On univariate analysis, patients with coinfections had higher 

APACHE III scores (53.9 vs. 65.8, P<0.001) than those without 

coinfection. Patients with coinfections received corticosteroids 

(66.1% vs. 56.8%, P=0.013) and tocilizumab (22.7% vs. 13.2%, 

1,019 Patients screened

Exclusion criteria
· No PCR confirmed COVID-19
· Age < 18
· Enrolled in a clinical trial

900 Patients enrolled 

Figure 1. Flowchart of patients included in the study. PCR: polymerase 
chain reaction; COVID-19: coronavirus disease 2019.
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Table 1. Baseline characteristics of critically Ill COVID-19 patients
Variable No coinfection (n=667) Coinfection present (n=233) Total (n=900) P-value
Demographics
  BMI (kg/m2) 31.8±8.7 31.1±8.8 31.6±8.8 0.220
  Age (yr) 65.2±16.0 66.7±13.5 65.6±15.4 0.280
  Female 263 (39.4) 91 (39.1) 354 (39.3) 0.920
  Race 0.098
    White 355 (53.2) 142 (60.9) 497 (55.2)
    Black 251 (37.6) 70 (30.0) 321 (35.7)
    Other 61 (9.1) 21 (9.0) 82 (9.1)
Comorbidity
  Diabetes 254 (38.1) 84 (36.1) 338 (37.6) 0.582
  Cirrhosis/liver failure 22 (3.3) 8 (3.4) 30 (3.3) 0.921
  COPD 165 (24.7) 71 (30.5) 236 (26.2) 0.087
  Immune suppression 89 (13.3) 31 (13.3) 120 (13.3) 0.988
  Cancer 41 (6.1) 14 (6.0) 55 (6.1) 0.940
  ESRD 32 (4.8) 16 (6.9) 48 (5.3) 0.226
Severity of illness
  APACHE III score 53.9±26.2 65.8±27.1 57.0±26.9 <0.001
ICU specific therapy
  Neuromuscular blockade 192 (28.8) 130 (55.8) 322 (35.8) <0.001
  Vasopressor 229 (34.3) 158 (67.8) 387 (43.0) <0.001
  Corticosteroid 379 (56.8) 154 (66.1) 533 (59.2) 0.013
  Hydroxychloroquine 159 (23.8) 45 (19.3) 204 (22.7) 0.156
  Tocilizumab 88 (13.2) 53 (22.7) 141 (15.7) <0.001
  Remdesivir 235 (35.2) 77 (33.0) 312 (34.7) 0.546
  Received antibiotics 518 (77.7) 231 (99.1) 749 (83.2) <0.001
  Received broad spectrum antibiotic 499 (74.8) 224 (96.1) 723 (80.3) <0.001
  Day of antibiotic therapy 6.7 (7.5) 14.4 (10.3) 8.7 (9.0) <0.001
  Foley before infection 339 (50.8) 165 (70.8) 504 (56.0) <0.001
  Foley during hospitalization 340 (51.0) 195 (83.7) 535 (59.4) <0.001
  Central Line before infection 254 (38.1) 131 (56.2) 385 (42.8) <0.001
  Central line during hospitalization 255 (38.2) 171 (73.4) 426 (47.3) <0.001
  Intubated before infection 245 (36.8) 118 (50.6) 363 (40.4) <0.001
  Intubated during hospitalization 246 (36.9) 146 (62.7) 392 (43.6) <0.001
Laboratory value
  Maximum CRP 19.8±24.1 26.7±23.3 21.6±24.1 <0.001
  CRP closest before infection 19.8±24.1 13.7±12.4 18.4±22.2 <0.001
  Maximum ferritin 2,874.4±8,825.5 7,638.0±2,2505.8 4,127.1±1,3947.9 <0.001
  Ferritin closest before infection 2,865.7±8,833.1 3,356.0±1,2101.1 2,976.6±9,662.8 0.754
  Maximum procalcitonin 3.0±11.8 5.9±14.6 3.8±12.7 <0.001
  Procalcitonin closest before infection 3.1±11.8 3.6±8.1 3.2±11.1 0.005
  Maximum LDH 513.5±490.5 687.8±1,071.6 561.1±701.9 0.491
  LDH closest before Infection 514.0±491.2 517.6±518.5 514.8±496.9 0.186
  Maximum D-dimer 7,400.8±10,021.4 12,257.1±12,746.2 8,715.7±11,030.9 <0.001
  D-dimer closest before infection 7,413.7±10,039.1 6,332.1±8,840.5 7,168.1±9,783.7 0.736

Values are presented as mean±standard deviation or number (%).
COVID-19: coronavirus disease 2019; BMI: body mass index; COPD: chronic obstructive pulmonary disease; ESRD: end-stage renal disease; APACHE: Acute 
Physiology and Chronic Health Evaluation; ICU: intensive care unit; CRP: C-reactive protein; LDH: lactate dehydrogenase.
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P=0.001) at a higher rate than those without coinfections. 

Among all critically ill patients with COVID-19, 749 (83.2%) re-

ceived antibiotics with a mean duration of therapy of 8.7 days. 

Patients without a coinfection received an average of 6.7 days of 

antimicrobial therapy, compared with 14.4 days in those with a 

coinfection. Patients with coinfections had more central lines, 

endotracheal tubes, and indwelling foley catheters (Table 1). 

Patients with coinfection had higher PCT values during their 

hospital admission (5.9 vs. 3.0, P<0.001). This trend was pres-

ent prior to development of a coinfection, however the differ-

ence seen is unlikely to be clinically meaningful (PCT 3.6 vs. 

3.1, P=0.005). Similarly, for ferritin (7,638.8 vs. 2,874.4, P<0.001) 

and CRP (19.8 vs. 26.7, P<0.001) the patients with coinfection 

had statistically significant elevations in these markers, but the 

elevations did not occur prior to the microbiological diagnosis 

Table 2. Early versus late pathogens resulting in coinfection

Pathogen Early 
(n=195)

Late 
(n=138)

Total 
(n=333)

Escherichia coli 25 14 39
Klebsiella pneumoniae 21 16 37
MSSA 26 8 34
Pseudomonas aeruginosa 17 14 31
MRSA 16 11 27
Other 14 9 23
Enterococcus faecalis 13 7 20
Stenotrophomonas maltophilia 6 8 14
Clostridioides difficile 8 5 13
Proteus mirabilis 8 4 12
Candida glabrata 5 4 9
Enterobacter cloacae 1 7 8
Citrobacter spp. 4 3 7
Enterococcus faecium 5 2 7
Serratia marcescens 3 3 6
Staphylococcus epidermidis 4 2 6
Aspergillus fumigatus 0 5 5
Candida albicans 1 4 5
Corynebacterium spp. 3 2 5
Klebsiella aerogenes 1 4 5
Klebsiella oxytoca 3 1 4
Mycoplasma pneumoniae 4 0 4
Aerococcus urinae 2 0 2
Candida krusei 1 1 2
Candida parapsilosis 1 1 2
Candida tropicalis 1 1 2
Providencia stuartii 0 2 2
Streptococcus pneumoniae 2 0 2

MSSA: methicillin-sensitive Staphylococcus aureus; MRSA: methicillin-
resistant Staphylococcus aureus; spp., species.

Table 3. Sources of coinfection in critically Ill COVID-19 patients
Source Value (n=333)
Sputum/pulmonary 141
Urine 90
Blood 73
Stool 13
Wound 13
Abdominal fluid 2
Sinus 1

COVID-19: coronavirus disease 2019.

of infection. Therefore, biomarkers did not predict the onset of 

infection (Table 1). 

In the multivariable model, APACHE III score and the use 

of vasopressors were associated with the development of a 

coinfection. There was no association between elevation in 

PCT and subsequent development of coinfection (Table 4). 

The coinfection group had a higher rate of ICU mortality (15.0% 

vs. 29.7%, P<0.001) and hospital mortality (20.1% vs. 34.5%, 

P<0.001). ICU LOS (13.8 vs. 6.7 days, P<0.001) and hospital 

LOS (18.6 vs. 11.8 days, P<0.001) were longer in the coinfec-

tions group (Table 5). Patients with coinfections were less likely 

to be discharged to home (14.2% vs. 45.9%, P<0.001) and more 

likely to discharge to a skilled nursing facility or rehabilitation 

(38.8% vs. 25.1%, P<0.001) (Table 5). 

Of the 233 patients with coinfection included in the sub-

group analysis, 142 patients (60.9%) had their first coinfection 

within the first 7 days and 91 patients (39.1%) had their first 

coinfection after 7 days (Table 6). Seventy-one patients experi-

enced multiple infections. Among them, 40 (56.3%) had their 

first infection within 7 days and 31 (43.7%) had their first infec-

tion after 7 days. Patients with early coinfection were older age 

and had higher APACHE III scores. There were higher rates 

of neuromuscular blockade, vasopressors, corticosteroids, 

tocilizumab, remdesivir, foley catheters, central venous lines, 

and mechanical ventilation in the late infection group. In the 

multivariable analysis of the late group, the use of vasopressors 

(OR, 2.71; 95% CI, 1.245–5.881) and corticosteroids (OR, 2.08; 

95% CI, 1.155–3.734]) and the placement of a foley catheter 

(OR, 4.40; 95% CI, 1.820–10.657) and central line (OR, 2.53; 

95% CI, 1.176–5.426) increased the risk for late coinfection (not 

shown). 

Those who developed an early coinfection had a lower hos-

pital LOS and ICU LOS compared to the late group 13.9 days 

vs. for 25.8 days, P<0.001 and 9.5 days vs. 20.4 days, P<0.001, 

respectively. There was no difference in ICU mortality, hospital 
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Table 4. Multivariable analysis: risk factors for development of coinfection in critically Ill COVID-19 patients
Effect Odds ratio 95% CI P-value
BMI 0.993 0.972–1.014 0.528
Age 0.997 0.985–1.010 0.700
Race (black, white) 0.818 0.568–1.179 0.490
Race (other, white) 1.078 0.601–1.936 0.490
Immune suppression 0.727 0.445–1.188 0.203
ESRD 1.808 0.881–3.711 0.106
APACHE III score 1.009 1.002–1.016 0.009
Vasopressors 4.380 2.684–7.149 <0.001
Corticosteroids 1.333 0.937–1.896 0.110
Tocilizumab 1.411 0.909–2.189 0.124
CRP closest to the infection 0.958 0.943–0.974 <0.001
Procalcitonin closest to the infection 1.000 0.981–1.019 0.983
Foley prior to infection 1.277 0.816–1.999 0.285
Central line before infection 0.697 0.428–1.134 0.146

COVID-19: coronavirus disease 2019; CI: confidence interval; BMI: body mass index; ESRD: end-stage renal disease; APACHE: Acute Physiology and Chronic 
Health Score; CRP: C-reactive protein.

Table 5. Outcomes of critically Ill COVID-19 patients
Outcome No coinfection (n=667) Coinfection present (n=233) Total (n=900) P-value
ICU mortality 100 (15.0) 69 (29.7) 169 (18.8) <0.001
ICU length of stay 6.7±6.8 13.8±11.4 8.5±8.8 <0.001
Hospital mortality 134 (20.1) 80 (34.5) 214 (23.8) <0.001
Hospital length of stay 11.8±8.3 18.6±11.2 13.5±9.6 <0.001
Discharge disposition <0.001
  Deceased 134 (20.1) 80 (34.5) 214 (23.8)
  Home 306 (45.9) 33 (14.2) 339 (37.8)
  LTACH/SNF/rehabilitation 167 (25.1) 90 (38.8) 257 (28.6)
  OSH 18 (2.7) 6 (2.6) 24 (2.7)
  Hospice 38 (5.7) 22 (9.5) 60 (6.7)
  Other 3 (0.5) 1 (0.4) 4 (0.4)
Outcome Early coinfection (n=142) Late coinfection (n=91) Total (n=233)
ICU mortality 39 (27.7) 30 (33.0) 69 (29.7) 0.388
ICU length of stay 9.5±8.7 20.4±12.1 13.8±11.4 <0.001
Hospital mortality 47 (33.3) 33 (36.3) 80 (34.5) 0.647
Hospital length of stay 13.9±8.6 25.8±11.0 18.6±11.2 <0.001
Discharge disposition 0.880
  Deceased 47 (33.3) 33 (36.3) 80 (34.5)
  Home 20 (14.2) 13 (14.3) 33 (14.2)
  LTACH/SNF/rehabilitation 55 (39.0) 35 (38.5) 90 (38.8)
  OSH 4 (2.8) 2 (2.2) 6 (2.6)
  Hospice 15 (10.6) 7 (7.7) 22 (9.5)
  Other 0 1 (1.1) 1 (0.4)

Values are presented as number (%) or mean±standard deviation.
COVID-19: coronavirus disease 2019; ICU: intensive care unit; LTACH: long-term acute care hospital; SNF: skilled nursing facility; OSH: outside hospital.
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Table 6. Comparison of early versus late infection baseline characteristics
Variable Early (≤7 days) (n=142) Late (>7 days) (n=91) Total (n=233) P-value
Demographics
  BMI (kg/m2) 29.4±7.0 33.7±10.6 31.1±8.8 0.006
  Age (yr) 68.3±14.2 64.3±12.2 66.7±13.5 0.005
  Female 55 (38.7) 36 (39.6) 91 (39.1) 0.899
Race 0.592
  White 83 (58.5) 59 (64.8) 142 (60.9)
  Black 46 (32.4) 24 (26.4) 70 (30.0)
  Other 13 (9.2) 8 (8.8) 21 (9.0)
Comorbidity
  Diabetes 57 (40.1) 27 (29.7) 84 (36.1) 0.104
  Cirrhosis/liver failure 6 (4.2) 2 (2.2) 8 (3.4) 0.487
  COPD 47 (33.1) 24 (26.4) 71 (30.5) 0.277
  Immune suppression 21 (14.8) 10 (11.0) 31 (13.3) 0.405
  Cancer 11 (7.7) 3 (3.3) 14 (6.0) 0.258
  ESRD 13 (9.2) 3 (3.3) 16 (6.9) 0.112
Severity of illness
  APACHE III score 70.2±28.3 58.9±23.7 65.8±27.1 0.002
ICU specific therapy
  Neuromuscular blockade 64 (45.1) 66 (72.5) 130 (55.8) <0.001
  Vasopressors 87 (61.3) 71 (78.0) 158 (67.8) 0.008
  Corticosteroids 84 (59.2) 70 (76.9) 154 (66.1) 0.005
  Hydroxychloroquine 25 (17.6) 20 (22.0) 45 (19.3) 0.410
  Tocilizumab 22 (15.5) 31 (34.1) 53 (22.7) 0.001
  Remdesivir 35 (24.6) 42 (46.2) 77 (33.0) 0.001
  Received antibiotics 141 (99.3) 90 (98.9) 231 (99.1) 1.000
  Received broad spectrum antibiotics 135 (95.1) 89 (97.8) 224 (96.1) 0.488
  Day of antibiotic therapy 11.7 (7.7) 18.7 (12.3) 14.4 (10.3) <0.001
  Foley before infection 83 (58.5) 82 (90.1) 165 (70.8) <0.001
  Foley during hospitalization 112 (78.9) 83 (91.2) 195 (83.7) 0.013
  Central line before infection 59 (41.5) 72 (79.1) 131 (56.2) <0.001
  Central line during hospitalization 94 (66.2) 77 (84.6) 171 (73.4) 0.002
  Intubated before infection 54 (38.0) 64 (70.3) 118 (50.6) <0.001
  Intubated during hospitalization 73 (51.4) 73 (80.2) 146 (62.7) <0.001
Laboratory value
  Maximum CRP 25.0±27.1 29.3±15.8 26.7±23.3 0.001
  CRP closest before infection 14.2±12.1 13.1±12.9 13.7±12.4 0.212
  Maximum ferritin 7,187.3±24,199.8 8,316.6±19,797.0 7,638.0±22,505.8 0.085
  Ferritin closest before infection 3,448.2±11,957.7 3,253.0±12,328.6 3,356.0±1,2101.1 0.1119
  Maximum procalcitonin 5.1±13.6 7.1±15.8 5.9±14.6 0.005
  Procalcitonin closest before infection 4.8±10.6 2.5±4.7 3.6±8.1 0.903
  Maximum LDH 694.8±1,236.6 674.4±659.7 687.8±1,071.6 0.037
  LDH closest before infection 574.1±650.7 442.2±241.5 517.6±518.5 0.955
  Maximum D-dimer 10,656.3±12,160.8 14,585.6±13,290.3 12,257.1±12,746.2 0.011
  D-dimer closest before infection 5,852.5±9,053.5 6,831.5±8,647.1 6,332.1±8,840.5 0.066

Values are presented as mean±standard deviation or number (%).
BMI: body mass index; COPD: chronic obstructive pulmonary disease; ESRD: end-stage renal disease; APACHE: Acute Physiology and Chronic Health Evaluation; 
ICU: intensive care unit; CRP: C-reactive protein; LDH: lactate dehydrogenase.
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mortality, or discharge disposition between the two groups. 

DISCUSSION 

In our study, severity of illness (higher APACHE III score) and 

vasopressor use were associated with higher risk of developing 

coinfections in critically ill COVID-19 patients. Risk factors 

associated with developing a late coinfection (>7 days post 

admission) included vasopressor and corticosteroid use and 

placement of a foley catheter or central line. Clinical biomark-

ers were not associated with the development of coinfections 

in critically ill patients with COVID-19. There were higher rates 

of drug resistance in our population than previously seen in 

our ICU in pre-pandemic cohorts [24]. Patients with coinfec-

tion had higher hospital and ICU mortality, hospital and ICU 

LOS, and were less likely to be discharged to home. 

As has been described in other recent studies, critically 

ill patients with COVID-19 experience a higher rate of coin-

fection (25.9%) than previously reported in all hospitalized 

patients with COVID-19 [4-9]. Our cohort shows that higher 

severity of illness at presentation, need for vasopressors, and 

use of neuromuscular blockade and indwelling devices, such 

as foley catheters, endotracheal tubes, and central venous ac-

cess were all risk factors for development of infections. Nasir 

et al. similarly showed that severity of illness and the use of 

steroids were risk factors for the development of coinfection in 

critically ill COVID patients [25]. These findings are consistent 

with reports in other viral illness such as influenza, which have 

identified higher APACHE III score, older age, diabetes, and 

sepsis as risk factors for bacterial coinfection [26]. 

Our study demonstrates that there are unique differences 

in risk factors for coinfection among those with early versus 

late infection, suggesting that these are distinct populations. 

Interestingly, patients in the late infection group were twice as 

likely to develop a coinfection if they received corticosteroids. 

Corticosteroids are known to be associated with an increased 

risk of infection, but their use has increased in patients with 

COVID-19 since benefit was shown in the RECOVERY trial 

(dexamethasone in hospitalized patients with Covid-19 by 

the RECOVERY Collaborative Group) [27,28]. Retrospective 

data from New York City hospitals also found an increase in 

bacterial (25% vs. 13.1%, P=0.041) and fungal (12.7% vs. 0.7%, 

P<0.001) infections in patients with COVID-19 who received 

corticosteroids [29]. 

Unsurprisingly, the use of central lines and foley catheters 

was associated with an increased risk of late coinfections, 

further illustrating the need to remove temporary indwelling 

devices, when they are not clinically indicated. The analysis of 

early vs. late coinfections shows that critically ill patients with 

COVID-19 remain at high risk of infection throughout their 

hospital course. Therefore, evidence of worsening shock or re-

spiratory failure should be promptly recognized with the need 

for empiric antibiotics addressed. In our study, there were a 

large number of patients diagnosed with coinfection after 7 

days of admission (late group), indicating that HAI represent a 

significant proportion of coinfections for those with COVID-19. 

The increased risk of nosocomial and drug-resistance has 

been supported by recent data. Italian hospitals have reported 

46% of critically ill patients with COVID19 develop a HAI, with 

high rates of ventilator-associated pneumonia and catheter-as-

sociated blood stream infections [30]. These infections have 

been more commonly associated with drug resistance [30,31]. 

Our study revealed that biomarkers (PCT, CRP, and ferritin) 

are poor predictors of the presence of a coinfection, as eleva-

tions did not occur reliably prior to their diagnosis. Although 

PCT has been used in critically ill patients with COVID-19 for 

antibiotic de-escalation, the role of an elevated PCT in predict-

ing the presence of a coinfection is less clear [32]. Elevated PCT 

has been seen in patients with severe COVID-19, but it has 

not been correlated with the presence of a bacterial infection 

[19,33]. An elevated PCT and other biomarkers, such as CRP 

and ferritin, have been shown to be associated with increased 

mortality in COVID-19 patients and may be an independent 

predictor of mortality [19,34]. 

Overlapping clinical features between bacterial pneumo-

nia and COVID-19 leads to near ubiquitous use of antibiotics 

among these patients which may lead to increased antibiotic 

resistance. Our cohort had 92 (27.6%) multi-drug resistant in-

fections. The rates of ESBL among E. coli and K. pneumoniae 

isolates seen in critically ill COVID-19 patients were higher than 

previously reported in our institutions antibiogram [24]. In our 

population, fungal infections were relatively uncommon. 

The presence of coinfections has serious implications for 

critically ill patients with COVID-19. Patients with coinfection 

had longer LOS, higher mortality, and were less likely to be dis-

charged to home. Coinfections likely contribute to decreased 

quality of life for patients and increased healthcare costs due 

to increased LOS and the need for long-term medical care. Pa-

tients with late infection had longer hospital and ICU LOS.  

The strengths of our analysis include the inclusion of mul-

tiple medical centers which allowed for recruitment of a large 

number of patients and examining a protracted period of the 
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pandemic. We performed multivariable analysis to account 

for confounders and determine which variables are associat-

ed with coinfection. Additionally, our study is unique in that 

it is the first case-control series that examines infections in a 

bimodal model (early vs. late infection) as distinct entities with 

unique risk factors. Limitations of this study include the ret-

rospective nature of the analysis and possible poor generaliz-

ability to ICUs in resource-limited environments. Another lim-

itation of our analysis is that the true prevalence of coinfection 

is difficult to elucidate. High rates of early antibiotic exposure 

decrease the likelihood of a positive culture despite true coin-

fection and accurately determining contaminant versus patho-

gen in a patient with a compatible clinical picture is nearly 

impossible. While there is no gold standard to determine true 

coinfection, and false positive (contaminant) and false neg-

ative results were possible, these data demonstrate the poor 

clinical outcomes for critically ill patients with COVID-19 and 

coinfection. 

The presence of coinfections has serious implications for 

critically ill patients with COVID-19. Severity of illness and 

vasopressor use was associated with higher risk of developing 

coinfection in critically ill patients with COVID-19. Coinfec-

tions occur in a bimodal distribution and patients remain at 

high risk of developing coinfections throughout their hos-

pital course. While biomarkers are elevated in patients with 

COVID-19, they cannot be reliably used to predict the pres-

ence or likelihood of developing a coinfection. 
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