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Abstract

Background:We sought to determine the incidence of community-onset and hospital-acquired coinfection in patients hospitalized with coro-
navirus disease 2019 (COVID-19) and to evaluate associated predictors and outcomes.

Methods: In this multicenter retrospective cohort study of patients hospitalized for COVID-19 from March 2020 to August 2020 across 38
Michigan hospitals, we assessed prevalence, predictors, and outcomes of community-onset and hospital-acquired coinfections. In-hospital
and 60-daymortality, readmission, discharge to long-term care facility (LTCF), andmechanical ventilation duration were assessed for patients
with versus without coinfection.

Results: Of 2,205 patients with COVID-19, 141 (6.4%) had a coinfection: 3.0% community onset and 3.4% hospital acquired. Of patients
without coinfection, 64.9% received antibiotics. Community-onset coinfection predictors included admission from an LTCF (OR, 3.98;
95%CI, 2.34–6.76; P< .001) and admission to intensive care (OR, 4.34; 95%CI, 2.87–6.55; P< .001). Hospital-acquired coinfection predictors
included fever (OR, 2.46; 95% CI, 1.15–5.27; P = .02) and advanced respiratory support (OR, 40.72; 95% CI, 13.49–122.93; P < .001). Patients
with (vs without) community-onset coinfection had longer mechanical ventilation (OR, 3.31; 95% CI, 1.67–6.56; P = .001) and higher in-
hospital mortality (OR, 1.90; 95% CI, 1.06–3.40; P = .03) and 60-day mortality (OR, 1.86; 95% CI, 1.05–3.29; P = .03). Patients with (vs
without) hospital-acquired coinfection had higher discharge to LTCF (OR, 8.48; 95% CI, 3.30–21.76; P < .001), in-hospital mortality
(OR, 4.17; 95% CI, 2.37–7.33; P ≤ .001), and 60-day mortality (OR, 3.66; 95% CI, 2.11–6.33; P ≤ .001).

Conclusion: Despite community-onset and hospital-acquired coinfection being uncommon, most patients hospitalized with COVID-19
received antibiotics. Admission from LTCF and to ICU were associated with increased risk of community-onset coinfection. Future studies
should prospectively validate predictors of COVID-19 coinfection to facilitate the reduction of antibiotic use.

(Received 13 April 2021; accepted 18 July 2021)

High prevalence of bacterial coinfection has been reported in prior
influenza pandemics, more commonly with Streptococcus pneumo-
niae, Haemophilus influenzae, or Staphylococcus aureus.1

However, influenza pandemics may not be analogous to the coro-
navirus disease 2019 (COVID-19) pandemic despite early wide-
spread empiric antibiotic treatment of patients with COVID-19

at rates ranging from 50% to 90%.2–4 Multiple studies have iden-
tified low incidence of community-onset bacterial coinfection
(1.2%–3.5%) among hospitalized COVID-19 patients.3–5

Although they decreased from the initial surge, reports of persist-
ently high rates of antibiotic use (50%) continue despite these find-
ings.6,7 Inappropriate prescribing of antibiotics in the context of
COVID-19 management comes at the risk of worsening the emer-
gence of antimicrobial-resistant pathogens.8

Drivers of antibiotic use in patients with COVID-19 are uncer-
tain, but they may relate to concern for coinfection based on prior
pandemics. In addition, the incidence of hospital-acquired coinfec-
tion (5%–7%),2,9,10 especially in critically ill COVID-19 patients
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(14%),10 may be higher than community-onset coinfection. This
finding may be due to prolonged ICU length of stay, duration of
mechanical ventilation, and/or increased number of device days
in patients with COVID-19. However, limited data exist on types
of coinfection, frequency of specific pathogens, risk factors for the
development of coinfection, and clinical outcomes among hospi-
talized COVID-19 patients with coinfection.4,9

Determining the incidence and predictors of community-onset
and hospital-acquired coinfection11 is vital for promoting judicious
antibiotic use in patients with COVID-19. Understanding these
aspects could potentially inform and reduce unneccessary antimicro-
bial use. Therefore, we leveraged a statewide, multihospital registry to
conduct an observational study to determine patterns, predictors, and
associated outcomes of community-onset and hospital-acquired coin-
fection in hospitalized patients with COVID-19.

Methods

Study design, data collection, and patient sampling

Mi-COVID 19 is a statewide collaborative quality initiative, funded by
Blue Cross Blue Shield of Michigan and Blue Care Network, with the
aim of rapidly gathering data and developing best care practices for
hospitalized patients with COVID-19.3 Mi-COVID-19 includes 38
hospitals in the State of Michigan. Participating hospitals vary in size,
academic status, and urbanicity.

FromMarch 16, 2020, to August 14, 2020, professional abstrac-
tors at each hospital screened consecutive patients with COVID-19
for eligibility. Eligible patients were those with a confirmed positive
PCR for SARS-CoV-2. Patients were ineligible if they met any of
the following criteria: (1) aged <18 years, (2) pregnant, (3) left
against medical advice, (4) initiation of comfort care or hospice
within 3 hours of hospitalization, or (5) length of stay >120 days.
Patient data, collected via medical record review from 90 days prior
to admission until death or discharge, included laboratory results,
vital signs, imaging, and treatment data. In addition, symptoms

were collected from the day of admission. Similar to prior stud-
ies,12,13 data were abstracted using a structured data collection tem-
plate with a standardized data dictionary. For hospitals unable to
abstract data for all eligible patients, a sample of patients were
selected for abstraction using a pseudo-random sampling strategy
(by minute of discharge).

Exposures and outcomes

The primary outcome was bacterial or fungal coinfection. A coin-
fection was defined as a positive respiratory or blood culture with a
pathogenic organism, following National Health Safety Network
(NHSN) criteria.14 For positive respiratory cultures, we classified
the result as possible or probable pneumonia versus contamination
(eg, Candida or coagulase-negative Staphylococcus was considered
contamination, see the Appendix online). Infections were further
defined as probable versus possible, central-line–associated blood-
stream infection (CLABSI), or ventilator-associated pneumonia
(VAP) (Table 1). Only the first infections were described, and some
patients had multiple pathogens if blood and respiratory cultures
were positive on the same initial day.

Variables were assessed for their association with community-
onset or hospital-acquired coinfection. Bloodstream or respiratory
infection occurring within the first 3 days of hospitalization were
classified as community-onset infection. Cultures occurring later
were defined as hospital-acquired infection. We assessed the fol-
lowing variables: (1) patient demographics, (2) duration of
COVID-19 disease, (3) signs or symptoms, (4) severity of illness
(eg, mode of respiratory support), (5) laboratory values, and (6)
care location (eg, floor, ICU).

Secondary outcomes included in-hospital mortality, 60-day
post-discharge mortality, readmission, and discharge to post acute
care facility. For community-onset coinfection, additional out-
comes included duration of invasive mechanical ventilation and
length of hospitalization.

Table 1. Definitions

Infectiona,b Definition

Bloodstream infection – One pathogenic organism identified in a blood culture
– For commensal organisms: identification in 2 separate blood cultures or in a single blood culture collected when a
CVC was present and the patient was treated with at least 5 d of antibiotics after culture (indicating clinician suspicion
of true infection).

Central-line–associated infection Bloodstream infection in the presence of a CVC or within 3 d after removal

Respiratory infection Commensal organisms considered contaminants; possible pathogenic organisms considered positive respiratory culture
consistent with infection

Probable community-onset
pneumonia

Discharge diagnosis of pneumonia plus antibiotics plus ≥2 clinical symptoms and imaging findings consistent with
pneumonia

Possible community-onset
pneumonia

A positive culture or non–culture-based testing without meeting all clinical criteria for probable CAP

Probable hospital-acquired
pneumonia

All of the following: (1) pathogenic bacteria (culture or non–culture-based testing for Legionella, mycoplasma, and
Streptococcus pneumonia), and on the day of or day prior to culture or non–culture-based testing, (2) increase in
oxygen requirement, and (3) either white blood cell count >12,000 cells/mL, <4,000 cells/mL or temperature >38.0°C

Possible hospital-acquired
pneumonia

A positive culture or non–culture-based testing without meeting all clinical criteria for probable HAP

Ventilator-associated pneumonia A positive respiratory culture collected while on mechanical ventilation for ≥3 d

Note. CVC, central venous catheter; CAP, community-acquired pneumonia; HAP, hospital-acquired pneumonia.
aA coinfection was defined as a positive respiratory or blood culture with a pathogenic organism, following National Health Safety Network (NHSN) criteria.
bBloodstream or respiratory infection occurring within the first 3 d of hospitalization (to ˜48 h) were classified as community-onset infection. Cultures occurring later were defined as hospital-
acquired infection.
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Statistical analysis

We characterized patients with and without coinfection using
descriptive statistics with percentages for patient characteristics
and median (IQR) for continuous variables. To compare charac-
teristics between patients with versus without coinfection, we used
χ2 tests for categorical variables and nonparametric Wilcoxon
rank-sum tests for continuous variables. To identify characteristics
associated with community-acquired and hospital-acquired coin-
fection, we fit separate multivariable models comparing character-
istics to patients without coinfection. Multivariable analysis
required 2 steps: (1) Logistic regression models were fit using step-
wise selection with the Schwartz-Bayes information criterion to
determine model fit.15 (2) Selected characteristics from these mod-
els were fit in logistic general estimating equations (GEE) models
accounting for clustering at the hospital level. The results from the
GEE model are presented as adjusted odds ratios (aORs) with 95%
confidence intervals, and P values. Finally, we compared patient
outcomes between each coinfection group (ie, community onset
vs hospital acquired) and the noncoinfected group. Unadjusted
results from logistic (negative binomial for count outcomes:
LOS and days of invasive mechanical ventilation) GEE models
accounting for hospital clustering are presented, as well as multi-
variable GEE models adjusting for variables associated with each
outcome (see Appendix online). All statistical analysis was con-
ducted using SAS version 9.4 software (SAS Institute, Cary, NC).

Institutional review board approval

As the purpose of Mi-COVID-19 is to measure and improve the
quality of existing care practices, this project received a “not regu-
lated” status by the University of Michigan Medical School
Institutional Review Board, and informed consent was not
required.

Results

Baseline demographics

From March 16, 2020, through August 14, 2020, 2205 sampled
patients hospitalized for COVID-19 at 38 hospitals met inclu-
sion–exclusion criteria. Of those, 538 (24.4%) died within 60 days,
and 141 (6.4%) had a coinfection (Table 2). The frequency of com-
munity-onset coinfection (n= 67, 3.0%) was similar to that of hos-
pital-acquired coinfection (n= 74, 3.4%) (Table 2). Most patients
(n= 1,458 66.1%) had a blood culture (n= 1,418, 64.3%) and/or a
respiratory culture (n= 295, 13.4%) during hospitalization. Of
patients diagnosed with a coinfection, the median age was 68 years
(interquartile range [IQR], 58–78), 79 (56%) were male, 35 (24.8%)
were admitted from a long-term care facility (LTCF). The most
common comorbidities were cardiovascular disease (n= 117,
83.0%) and chronic kidney disease (n=52, 36.9%). Among patients
who received invasive mechanical ventilation, the coinfection rate
was 20.9% (72 of 345). Only 5 patients (3.5%) with a coinfection
had a fungal infection, and the remainder had bacterial infections
(Table 3). Most patients with a coinfection (127 of 141, 90.1%)
received antibiotics. Among patients without a coinfection,
1,259 (61.0%) of 2,064 received an antibiotic at some point during
hospitalization for a median of 2 days (IQR, 1–5) (Supplementary
Table 1 online).

Of thosewith community-onset coinfection, 35 (49.3%) of 71were
respiratory infections, and 6 (50.7%) of 71 were bloodstream infec-
tions (Table 3). Among patients admitted to the intensive care unit

(ICU) on day 1 of hospitalization, 25 (10.7%) of 233 had a commu-
nity-onset coinfection, compared to 42 (2.2%) of 1,873 of patients
admitted to the general floor. Themost common pathogens identified
in community-onset coinfection were Staphylococcus aureus (methi-
cillin-susceptible Staphylococcus aureus (MSSA) (15 of 71, 22.1%,)
and methicillin-resistant Staphylococcus aureus (MRSA) (10 of 71,
14.1%) followed by Streptococcus spp (7 of 71, 9.8%) and E.coli (7
of 71, 9.8%). Of 33 respiratory infections, 33 (90.9%) were defined
as probable pneumonia.

Of those with hospital-acquired coinfection, 61 (77.2%) of 79 were
respiratory infections, whereas 18 (22.8%) of 79 were bloodstream
infections. The most common pathogens identified in hospital-
acquired coinfection were S. aureus (MSSA, 17 of 79 or 21.5%, and
MRSA, 16 of 79 or 20.3%) followed by Pseudomonas (10 of 79,
12.7%). The most common bloodstream pathogen was coagulase-
negative Staphylococcus (6 of 18, 33.3%) and MSSA. Of 18 of hospi-
tal-acquired bloodstream infections, 9 (50%)were CLABSI, but only 9
(4.3%) of 210 patients with a central line had a coinfection. Of hos-
pital-acquired respiratory infections, 33 (54.1%) of 61 met criteria for
probable pneumonia, and 28 (45.9%) of 61 hospital-acquired respira-
tory infections were VAP. Hospital-acquired infection occurred a
median of 8 days (IQR, 5–12) after admission, and 59 (81%) of 73
patients diagnosed with a hospital-acquired coinfection were in the
ICU at the time of diagnosis.

Characteristics associated with coinfection

In bivariate analyses, multiple characteristics were associated with
community-onset coinfection, including (among others) older age,
female sex, admission to the ICU, admission from an LTCF,
cardiovascular disease, cerebrovascular disease, and chronic kid-
ney disease (Table 2). In the multivariable model (Table 4), admis-
sion to the ICU (OR, 4.34; 95% CI, 2.87–6.55; P < .001) and
admission from an LTCF (OR, 3.98; 95% CI, 2.34–6.76; P <
.001) were associated with community-onset coinfection.

In bivariate analyses, several characteristics were also associated
with hospital-acquired coinfection, including admission to the ICU
on day 1, uncomplicated diabetes, hypertension, chronic pulmonary
disease, more severe illness on hospital presentation, and elevated
white blood cell count (Table 2). In the multivariable model
(Table 4), fever at any time up to infection (OR, 2.46; 95% CI,
1.15–5.27; P = .02) and higher levels of respiratory support during
hospitalization (eg, low flow oxygen vs invasive mechanical ventila-
tion) up to time of infection were found to be most predictive of hos-
pital-acquired coinfection. Of those with a hospital-acquired
coinfection, 51 (68.9%) of 74 had a fever within 3 days prior to culture.

Patient outcomes

After adjustment, community-onset coinfection was associated
with longer duration of invasive mechanical ventilation (OR,
3.31; 95% CI, 1.67–6.56; P = .001) and higher in-hospital (OR,
1.90; 95% CI, 1.06–3.40; P = .03) and 60-day mortality (OR,
1.86; 95% CI, 1.05–3.29; P = .03). (Table 5). Similar to commu-
nity-onset coinfection, hospital-acquired coinfection (compared
to no coinfection) was associated with a higher in-hospital mortal-
ity rate (OR, 4.17; 95% CI, 2.37–7.33; P≤ .001) and 60-day mortal-
ity rate (OR, 3.66; 95% CI, 2.11–6.33; P < .001) (Table 5). Patients
with (vs without) a hospital-acquired coinfection also had higher
rates of discharge to LTCF (OR, 8.48; 95% CI, 3.30–21.76;
P < .001). No other differences in secondary outcomes were
identified.
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Table 2. Baseline Demographics of Coinfected vs Noncoinfected Patients Hospitalized Patients for COVID-19 Across 38 Michigan Hospitals

Characteristic
Total, (N=2,205),

No. (%)

No Coinfection,
(N=2,064),
No. (%)

Coinfection,
(N=141),
No. (%) P Valuea

Community-Onset
Coinfection, (N=67),

No. (%) P Valueb

Hospital-Acquired
Coinfection, (N=74),

No. (%) P Valuec

Demographics

Age, median y (range) 64.9 (53.2–76.7) 64.6 (52.9–76.6) 67.5 (57.7–78.3) .02 72.6 (60.9–85.0) <.001 65.2 (54.0–72.6) .9

Sex, female 1,051 (47.7) 989 (47.9) 62 (44.0) .36 35 (52.2) .49 27 (36.5) .053

Race .02 .07 .003

White 953 (43.2) 887 (43.0) 66 (46.8) 38 (56.7) 28 (37.8)

Black 1031 (46.8) 978 (47.4) 53 (37.6) 23 (34.3) 30 (40.5)

Other 221 (10.0) 199 (9.6) 22 (15.6) 6 (9.0) 16 (21.6)

Ethnicity (non-Hispanic) 1917 (86.9) 1801 (87.3) 116 (82.3) .09 58 (86.6) .87 58 (78.4) .03

Admission location: ICU 287 (13.0) 233 (11.3) 54 (38.3) <.001 25 (37.3) <.001 29 (39.2) <.001

Admission from long-term care facility 317 (14.4) 282 (13.7) 35 (24.8) <.001 27 (40.3) <.001 8 (10.8) .48

Comorbidities

BMI, median (IQR) 29.9 (25.5–36.1) 30.0 (25.6–36.1) 27.9 (24.8–35.2) .12 26.6 (22.7–31.8) <.001 31.5 (26.1–39.0) .25

Charlson comorbidity index, median (IQR) 1 (0–3) 1 (0–3) 2 (1–4) <.001 2 (1–5) 0.002 2 (1–4) .09

Diabetes, uncomplicated 550 (24.9) 512 (24.8) 38 (27.0) .57 9 (13.4) .03 19 (39.2) .005

Diabetes, complicated 270 (12.2) 244 (11.8) 26 (18.4) .02 17 (25.4) .001 9 (12.2) .93

Cardiovascular diseased 1,597 (72.4) 1480 (71.7) 117 (83.0) .004 56 (83.6) .03 61 (82.4) .04

Hypertension 1478 (67.0) 1372 (66.5) 106 (75.2) .03 48 (71.6) .38 58 (78.4) .03

History of myocardial infarction 125 (5.7) 109 (5.3) 16 (11.3) .003 11 (16.4) .001 5 (6.8) .59

Congestive heart failure 335 (15.2) 306 (14.8) 29 (20.6) .07 20 (29.9) .001 9 (12.2) .53

Cerebrovascular disease 264 (12.0) 243 (11.8) 21 (14.9) .27 14 (20.9) .02 7 (9.5) .54

Chronic pulmonary diseasee 557 (25.3) 513 (24.9) 44 (31.2) .09 17 (25.4) .92 27 (36.5) .02

COPD 274 (12.4) 248 (12.0) 26 (18.4) .03 10 (14.9) .47 16 (21.6) .01

Asthma 276 (12.5) 256 (12.4) 20 (14.2) .54 6 (9.0) .40 14 (18.9) .1

Dementia 285 (12.9) 267 (12.9) 18 (12.8) .95 13 (19.4) .12 5 (6.8) .12

Liver disease, moderate to severe 16 (0.7) 15 (0.7) 1 (0.7) .99 0 (0) .99 1 (1.4) .43

Kidney disease, moderate to severe 587 (26.6) 535 (25.9) 52 (36.9) .004 27 (40.3) .009 25 (33.8) .13

Cancerf 55 (2.5) 49 (2.4) 6 (4.3) .16 3 (4.5) .22 3 (4.1) .42

Solid organ transplant 20 (0.9) 16 (0.8) 4 (2.8) .03 2 (3.0) .11 2 (2.7) .13

Immunosuppressive drugs prior to hospitalization 251 (11.4) 234 (11.3) 17 (12.1) .79 8 (11.9) .88 9 (12.2) .83
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At hospital presentation, symptoms/severity

Duration of symptoms prior to hospital admission,
median (IQR)

5 (2–8) 5 (2–8) 5 (1–7) .5 3 (0–7) .048 6 (3–8) .35

Severity of illness on presentation to the hospitalg <.001 <.001 <.001

Ambient air 1,227 (55.6) 1,171 (56.7) 56 (39.7) 27 (40.3) 29 (39.2)

Low flow oxygen 846 (38.4) 786 (38.1) 60 (42.6) 29 (43.3) 31 (41.9)

High flow/noninvasive 39 (1.8) 33 (1.6) 6 (4.3) 3 (4.5) 3 (4.1)

Mechanical ventilation 93 (4.2) 74 (3.6) 19 (20.4) 8 (11.9) 11 (14.9)

Highest level of respiratory supporth <.001 .003 <.001

Ambient air 602 (27.3) 582 (28.2) 20 (14.2) 18 (26.9) 2 (2.7)

Low flow oxygen 1,073 (48.7) 1,031 (50.0) 42 (29.8) 32 (47.8) 10 (13.5)

High flow oxygen 143 (6.5) 138 (6.7) 5 (3.5) 2 (3.0) 3 (4.1)

Noninvasive mechanical vent 42 (1.9) 40 (1.9) 2 (1.4) 1 (1.5) 1 (1.4)

Mechanical ventilation 345 (15.6) 273 (13.2) 72 (51.1) 14 (20.9) 58 (78.4)

Symptom prior to culturei

New or escalating oxygen requirementj 91 (64.5) 35 (52.2) 45 (60.8)

Fever on day 1 or 2 1031 (48.4) 991 (48.0) 40 (59.7) .06

Fever at any point in hospitalization 1265 (57.4) 1150 (55.7) 115 (81.6) <.001 47 (70.1) 65 (87.8) <.001

Laboratory resultk

White blood cell count, median K/μL (IQR) 8.9 (6.3–13.2) 8.7 (6.3–12.9) 11.7 (7.7–17.0) <.001 9.9 (6.1–14.9) <.001 13.0 (9.3–18.4) <.001

Ferritin 692.5
(317.9–1,472.7)

686.3
(314.0–1,464.0)

797.0
(372.2–1,511.1)

.38 515.0
(278.0–1,285.1)

.74 999.3
(471.0–1,750.7)

.05

C-reactive protein, mg/dL 19.7 (8.0–87.6) 19.4 (7.9–87.2) 25.2 (11.9–96.1) .24 24.2 (13.6–93.5) .02 26.1 (8.5–96.1) .57

Lactate dehydrogenase 368 (260–526) 367 (258–522) 403 (293–577.5) .08 337 (285–547) .21 435 (328–596) .03

Erythrocyte sedimentation rate 60 (36–85) 60 (36–85) 55.0 (36.0–84.0) .61 40 (21–55) .06 79 (56–96) .14

Procalcitonin, ng/mL 0.21 (0.09–0.70) 0.2 (0.08–0.64) 0.89 (0.18–3.21) <.001 0.75 (0.16–3.96) <.001 1.1 (0.4–2.2) <.001

Treatment during hospitalization

IL-6 agentsl 34 (1.5) 27 (1.3) 7 (5.0) .005 4 (6.0) .04 15 (20.3) <.001

Steroidsn 661 (30.0) 607 (29.4) 54 (38.3) .03 15 (22.4) .59 39 (52.7) <.001

Antibiotic during hospitalizationm 1,386 (62.9) 1,259 (61.0) 127 (90.1) <.001 58 (86.6) <.001 69 (93.2) <.001

Days of therapy (DOT), median (IQR) 4 (2–9) 4 (2–8) 12 (7–19) <.001 10 (5–14) <.001 16 (9–21.5) <.001

Days of antibiotic exposure, median (IQR)o 3 (1–5) 2 (1–5) 8 (4–12) <.001 6 (3–8) <.001 10 (5–15.5) <.001

(Continued)
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Table 2. (Continued )

Characteristic
Total, (N=2,205),

No. (%)

No Coinfection,
(N=2,064),
No. (%)

Coinfection,
(N=141),
No. (%) P Valuea

Community-Onset
Coinfection, (N=67),

No. (%) P Valueb

Hospital-Acquired
Coinfection, (N=74),

No. (%) P Valuec

Days of antibiotic exposure prior to coinfection
diagnosis, median (IQR)m

1 (1–4) 3 (1–7)

Days of hospitalization prior to infection 8 (5–12) <.001

Any antibiotic during hospitalization or at discharge 1,468 (66.6) 1,340 (64.9) 128 (90.8) <.001 59 (88.1) <.001 69 (93.2)

Length of stay 5 (3–9) 5 (3–9) 11 (7–19) <.001 7 (4–11) 0 16.5 (10–25) <.001

Days of mechanical ventilation 0 (0–0) 0 (0–0) 7 (4–14) <.001

Note. SAR, subacute rehabilitation center; BMI, body mass index; COPD, chronic obstructive pulmonary disease;
IQR, interquartile range. Units are no. (%) unless otherwise specified.
aComparison of non-coinfected to all coinfection.
bComparison of non-coinfected to community-onset coinfection.
cComparion of non-coinfected to hospital-acquired coinfection.
dDefined as combination of hypertension, congestive heart failure, atherosclerosis.
eDefined as COPD or asthma or chronic pulmonary disease or structural lung disease.
fDefined as leukemia, lymphoma, solid tumor.
gBased on WHO criteria: (1) ambient air, (2) low-flow oxygen, (3) high flow oxygen or noninvasive mech ventilation, (4) mechanical ventilation
hAt any point during hospitalization up to day culture is sent: (1) no supplemental oxygen; (2) low-flow oxygen, (3) heated high-flow nasal cannula, (4) noninvasive mech ventilation, (5) mechanical ventilation.
i1 day before or day of culture.
jEither type of oxygen support or amount of oxygenation support.
kWithin 1 day of culture, day prior or day of culture for those infected.
lTocilizumab, sarilumab.
mAny antibiotic, excluding azithromycin alone.
nSolumedrol, hydrocortisone, prednisone, prednisolone, dexamethasone.
mFor hospital-acquired infections.
oAny dose of antibiotic on any day counts as 1 day.
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Discussion

In this study of 2,205 patients hospitalized for COVID-19 from 38
hospitals in Michigan, community-onset and hospital-acquired coin-
fection were uncommon, but most patients admitted for COVID-19
received antibiotics. Coinfection was more common in patients who
were critically ill, especially those who received invasive mechanical
ventilation. The predominant pathogen in both types of coinfection
wasMSSA.Admission from an LTCF or admission to the ICUon day
1 were associated with community-onset coinfection, and fever

during hospitalization and higher levels of respiratory support were
associatedwith hospital-acquired coinfection. Both community-onset
and hospital-acquired coinfection were associated with with higher
in-hospital and 60-day mortality.

In prior pandemics, reports of bacterial coinfection were typi-
cally limited to case series of critically ill patients or nonsurvivors,
skewing to higher rates of coinfection. In the 1918 Spanish influ-
enza pandemic, case series of outbreaks in camps described high
rates of bacterial coinfection in nonsurvivors (28%–95%), most
commonly Streptococcus pneumoniae and Haemophilus influen-
zae.1 During the 2009 swine influenza pandemic, high rates
(30%–50%) of bacterial coinfection were reported in the critically
ill or nonsurvivors, and S. pneumoniae and S. aureuswere the most
common pathogens.16 In contrast, limited data indicate that the
rates of coinfection were low in previous coronavirus epidemics,17

and we found low rates of coinfection in patients with COVID-19,
including those admitted to the ICU.

In our multicenter study, 6.4% of hospitalized patients with
COVID-19 had a coinfection. Prior single-center studies have var-
ied with regard to rates of coinfection in hospitalized patients with
COVID-19, from 0% to 15%,3,5,9,18 and only a few provide detailed
information about the types of coinfection and pathogens.3,4,9

Importantly, our study and multiple other studies have observed
that community-onset coinfections are uncommon (1.2%–3.2%),
yet most patients still received antibiotics.3,4,9 Consistent with
our study, a study from Spain of 989 hospitalized adults with
COVID-19 found a 7.2% coinfection rate and similar rates of com-
munity-onset (3.1%) and hospital-acquired coinfection (4.7%).
Pathogens identified were also similar with Streptococcus pneumo-
niae and Staphylococcus aureus most common for community-
onset coinfection, and S. aureus and Pseudomonas aeruginosamost
common for hospital-acquired coinfection. Other parallels to our
study were that hospital-acquired coinfection occurred after the
first week of hospitalization (median, 8 days) and VAP was the
most common type of hospital-acquired coinfection.

When considering patients requiring invasive mechanical ven-
tilation, we found a higher rate of coinfection (20.8%) compared to
nonventilated patients. However, these rates were lower than the
results from a single-center study in which 40% of patients with
COVID-19 requiring invasive mechanical ventilation developed
a bacterial coinfection and with 32% developing VAP.19

Notably, both this study and our study found that MSSA rather
thanMRSA was the most common pathogen in patients with coin-
fection.19 As seen in other studies of coinfection, we found the
pathogen distribution for community-onset and hospital-acquired
coinfection was diverse and highlights the importance of perform-
ing appropriate microbiologic evaluation in patients with sus-
pected coinfection.9,10 Finally, we found that pulmonary
aspergillosis was a rare coinfection despite multiple reports of
COVID-19–associated pulmonary aspergillosis in critically ill
patients with COVID-19,20 though we only identified this based
on culture, so this may be underdiagnosed in our cohort.

We found that certain factors were predictive of patients with
COVID-19 developing a community-onset or hospital-acquired
coinfection. Patients admitted from a LTCF and critically ill
patients requiring ICU admission on day 1 of hospitalization were
more likely to have a community-onset coinfection. Our findings
are consistent with prior studies that patients with COVID-19
requiring ICU admission were more likely to have a commu-
nity-onset coinfection.4,9 Interestingly, another study of commu-
nity-onset coinfection in the setting of COVID-19 found that
patients with both respiratory and nonrespiratory coinfection were

Table 3. Pathogens Identified in Patients Hospitalized for COVID-19 and a
Coinfectiona

Community-Onset No. (%) Hospital-Acquired No. (%)

Pathogen (N=71) Pathogen (N=79)

Respiratory infection

Staphylococcus aureus Staphylococcus aureus

MSSA 9 (12.7) MSSA 14 (17.7)

MRSA 5 (7.0) MRSA 14 (17.7)

Streptococcus Pseudomonas 10 (12.7)

S. pneumoniae 3 (4.2) Escherichia coli 4 (5.1)

S. anginosus 1 (1.4) Streptococcus

S. viridians 1 (1.4) S. pneumoniae 2 (2.5)

Other 2 (2.8) S. anginosus 1 (1.3)

Haemophilus 3 (4.2) Other 1 (1.3)

Escherichia coli 2 (2.8) Haemophilus 3 (3.8)

Aspergillus 2 (2.8) Enterobacter 3 (3.8)

Pseudomonas 2 (2.8) Klebsiella 3 (3.8)

Legionella 2 (2.8) Stenotrophomonas 2 (2.5)

Citrobacter 1 (1.4) Proteus 1 (1.3)

Klebsiella 1 (1.4) Aspergillus 1 (1.3)

Mycoplasma 1 (1.4) Legionellab 1 (1.3)

Moraxella 1 (1.3)

Bloodstream infection

Staphylococcus aureus Coagulase-negative
Staphylococcus

6 (7.6)

MSSA 6 (8.5) Staphylococcus aureus

MRSA 5 (7.0) MSSA 3 (3.8)

Escherichia coli 5 (7.0) MRSA 2 (2.5)

Enterococcus faecalis 4 (5.6) Enterococcus

Acinetobacter 3 (4.2) E. faecium 2 (2.5)

Pseudomonas 3 (4.2) E. faecalis 1 (1.3)

Bacteroides 2 (2.8) Candida 2 (2.5)

Haemophilus 2 (2.8) Escherichia coli 1 (1.3)

Klebsiella 2 (2.8) Streptococcus anginosus 1 (1.3)

Proteus 2 (2.8)

Coagulase-negative
Staphylococcus

1 (1.4)

Streptococcus group B 1 (1.4)

Note. MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant
Staphylococcus aureus.
aFirst infection only, some patients with multiple pathogens.
bLegionella case met CDC criteria for possible healthcare-associated infection.
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more likely to live in a LTCF compared to patients with only res-
piratory coinfection.4 We found that patients with hospital-
acquired coinfection were more likely to have fevers preceding
the diagnosis of coinfection and require higher levels of respiratory

support. VAPs and CLABSIs made up half of hospital-acquired
coinfection, and most patients (81%) were in the ICU at the time
of coinfection diagnosis. Thus, prevention of hospital-acquired
coinfection in patients with COVID-19 requires the same

Table 4. Multivariable Models of Predictors Associated with Coinfection in Patients Hospitalized for COVID-19a

Variable OR (95% CI) P Value

Community-onset coinfection (N=2,131)

Admitted from long-term care facility 3.98 (2.34–6.76) <.001

Admitted to intensive care unit 4.34 (2.87–6.55) <.001

Hospital-acquired coinfection (N=2,138)

Feverb 2.46 (1.15–5.27) .02

Highest level of respiratory support

None Reference

Low-flow oxygen (eg, nasal canula, face mask) 2.27 (0.57–9.03) .25

High-flow oxygen, noninvasive positive pressure ventilation 5.37 (1.57–18.35) .01

Invasive mechanical ventilation 40.72 (13.49–122.93) <.001

Note. OR, odds ratio; CI, confidence interval.
aCommunity-onset and hospital-acquired coinfection were modeled separately.
bDuring hospitalization up to time of culture.

Table 5. Outcomes Associated with Coinfection in Hospitalized Patients for COVID-19

Variable
No Coinfection

(N=2064)
Community- Onset
CoInfection (N=67)

Unadjusted OR
(95% CI) P Value

Adjusted OR
(95% CI) P Value

Community-onset Coinfection

In-hospital mortalitya 356 (17.2) 30 (44.8) 3.89
(2.39–6.34)

<.001 1.90
(1.06–3.40)

.03

Discharge to long-term care facility
(n=1,745b)a,c

282 (16.5) 10 (27.0) 1.64
(0.78–3.48)

.19 0.69
(0.26–1.82)

.45

Days of mechanical ventilationd 0 (0–0) 0 (0–4) 3.38
(2.21–5.16)

<.001 3.31
(1.67–6.56)

.001

Length of staye 5 (3–9) 7 (4–11) 1.27
(1.09–1.48)

.002 1.16
(0.98–1.37)

.07

Readmission in 60 da (n=1,632b) 243 (15.2) 6 (17.1) 1.15
(0.49–2.71)

.75 0.73
(0.30–1.78)

.49

60 day mortalitya 461 (22.3) 35 (52.2) 3.82
(2.32–6.31)

<.001 1.86
(1.05–3.29)

.03

No CoInfection
(N=2064)

Hospital acquired CoInfection
(N=74)

Unadjusted OR
(95% CI) P Value Adjusted OR P Value

Hospital-acquired Coinfection

In-hospital mortalitya,f 356 (17.2) 40 (54.1) 5.82
(3.63–9.34)

<.001 4.17
(2.37–7.33)

<.001

Discharge to long-term care
facility(n=1,742 b)a,c,f

282 (16.5) 17 (50.0) 4.88
(2.57–9.27)

<.001 8.48
(3.30–21.76)

<.001

Readmission in 60 d (n=1,626b)a,f 243 (15.2) 4 (13.8) 0.94
(0.36–2.47)

.9 0.73
(0.24–2.21)

.58

60-day mortalitya,f 461 (22.3) 42 (56.8) 4.65
(2.87–7.54)

<.001 3.66
(2.11–6.33)

<.001

Note. OR, odds ratio; CI, confidence interval.
aMortality, readmission, and discharge to long-term care facilty were adjusted for age, Charlson comorbidity index, admission from nursing home, insurance type, admission to ICU.
bRemoved those who died in the hospital and without follow up data.
cIncludes long-term acute-care facility, skilled nursing facility, inpatient rehabilitation, subacute rehabilitation facility.
dDays of mechanical ventilation was adusted for age, Charlson comorbidity index, admission from nursing home, admission to ICU.
eLength of stay was adjusted for age, gender, Charlson comorbidity index, admission from nursing home, insurance type, admission to ICU.
fHospital-acquired outcomes are additionally adjusted for tocilizumab and steroid use (prior to infection).
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measures employed to prevent CLABSI and VAP in other critically
ill patients.

Knowledge about the incidence and predictors of community-
onset and hospital-acquired coinfection better equips stewardship
and infection prevention efforts to reduce antibiotic use. For exam-
ple, stewardship efforts could be effective in promoting avoidance
of antibiotics in noncritically ill hospitalized patients with COVID-
19 who have a low risk of coinfection. In considering antibiotic
selection, MRSAwas less common thanMSSA, and the overall rate
of MRSA community-onset coinfection was very low. Thus,
empiric MRSA coverage is not warranted in most patients with
suspected community-onset coinfection. Rather, individual
patients should be assessed for risk factors for MRSA, consistent
with the ATS/IDSA CAP guidelines. Interventions reducing
unnecessary antibiotics in COVID-19 patients could potentially
reduce the global emergence of multidrug-resistant organisms,
adverse events such as renal injury, and even mortality. The higher
incidence of hospital-acquired coinfection occurring later in the
hospital stay (median, 8 days) also highlights the importance of
conserving antibiotics early in the hospitalization to reduce total
antibiotic exposure and possibly reduce the risk of antibiotic-
resistant organisms causing VAP in mechanically ventilated
patients with COVID-19.

Our study found that patients with COVID-19 and commu-
nity-onset or hospital-acquired coinfection had increased in-hos-
pital and 60-day mortality compared to patients without a
coinfection. Having a community-onset coinfection was also asso-
ciated with longer durations of mechanical ventilation, and hospi-
tal-acquired coinfection was associated with increased incidence of
discharge to a LTCF when compared to patients without a coinfec-
tion. To our knowledge, only 1 study has evaluated clinical out-
comes for patients with both community-onset and hospital-
acquired coinfection. Compared to patients without coinfection,
these researchers found no difference in length of hospital stay,
length of ICU stay, or mortality with community-onset coinfec-
tion, but they found a longer length of stay and higher mortality
for patients with hospital-acquired coinfection.9 Another single-
center study evaluating only community-onset coinfection found
that length of stay did not differ from patients without coinfection,
but these researchers did not evaluate other clinical outcomes.4 A
meta-analysis evaluating 30 studies with 3,834 hospitalized
patients with COVID-19 found a coinfection rate of 7%, and
patients with coinfection were more likely to die compared to
patients without a coinfection. However, these researchers did
not differentiate between hospital-acquired and community-
acquired infections.10 In the existing literature, clinical outcomes
data for patients with coinfection are scarce, and our study pro-
vides a comprehensive assessment of clinical outcomes for hospi-
talized patients with COVID-19 and coinfection.

Our study has several limitations. First, the observational retro-
spective design limited our ability to detect coinfection in patients
who did not have a culture sent despite a clinical change, poten-
tially underreporting the true incidence. This may have occurred
more commonly in the setting of COVID-19 given concerns
regarding aerosolization and exposure. Additionally, we did not
have laboratory markers, such as procalcitonin, to make compar-
isons among all patients. Second, these data are limited by docu-
mentation, so it is possible that symptoms or device placement
were underreported. Third, despite using rules to define pathogen
versus commensal or colonization, we may still be overreporting
the incidence of infection. Fourth, all confounders for an associa-
tion of outcomes can never be fully adjusted for. Fifth, this cohort

represents the early phase of the pandemic, and treatment options
and mortality rates have improved since that time. Sixth, radio-
graphic findings were often nonspecific and were not collected
daily or consistently for all patients after admission.

The strengths of our study include its large size and the inclu-
sion of data from a diverse set of hospitals serving a variety of com-
munities across the State of Michigan, one of the states most
heavily affected by the COVID-19 pandemic. Second, the detailed
data abstraction allows for a more thorough risk factor analysis
than has been previously completed and a comprehensive review
of clinical outcomes. Third, to our knowledge, this is the firstmulti-
center study of coinfection in COVID-19, which improves
generalizability.

In conclusion, despite both community-onset and hospital-
acquired coinfection being uncommon, most patients hospitalized
with COVID-19 received antibiotics. Our study identified predic-
tors of community-onset and hospital-acquired coinfection, which
could focus stewardship strategies toward reducing unnecessary
antibiotic use in non–critically ill patients with COVID-19.
Additionally, a comprehensive evaluation of clinical outcomes
found that patients with coinfection have worse clinical outcomes.
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