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Abstract

Background: Corticosteroids are part of the treatment guidelines for COVID-19 and have been shown to improve mortality.
However, the impact corticosteroids have on the development of secondary infection in COVID-19 is unknown. We sought to
define the rate of secondary infection in critically ill patients with COVID-19 and determine the effect of corticosteroid use on
mortality in critically ill patients with COVID-19. Study Design and Methods: One hundred and thirty-five critically ill patients
with COVID-19 admitted to the Intensive Care Unit (ICU) at the University of Maryland Medical Center were included in this
single-center retrospective analysis. Demographics, symptoms, culture data, use of COVID-19 directed therapies, and outcomes
were abstracted from the medical record. The primary outcomes were secondary infection and mortality. Proportional hazards
models were used to determine the time to secondary infection and the time to death. Results: The proportion of patients with
secondary infection was 63%. The likelihood of developing secondary infection was not significantly impacted by the adminis-
tration of corticosteroids (HR 1.45, Cl 0.75-2.82, P = 0.28). This remained consistent in sub-analysis looking at bloodstream,
respiratory, and urine infections. Secondary infection had no significant impact on the likelihood of 28-day mortality (HR 0.66,
Cl 0.33-1.35, P = 0.256). Corticosteroid administration significantly reduced the likelihood of 28-day mortality (HR 0.27, CI
0.10-0.72, P = 0.01). Conclusion: Corticosteroids are an important and lifesaving pharmacotherapeutic option in critically ill
patients with COVID-19, which have no impact on the likelihood of developing secondary infections.
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Introduction

In March 2020, the United States saw a rapid surge in patients
presenting with novel coronavirus-19 disease (COVID-19) due
to the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus. Clinically, these patients presented with fever,
dyspnea, cough, sputum production, and hypoxemia. Twenty to
67% of patients hospitalized with COVID-19 will go on to
develop acute respiratory distress syndrome (ARDS)." Severe
ARDS secondary to viral respiratory illnesses is well known
and frequently complicated by secondary infection, or the
occurrence of a second bacterial, fungal, or viral infection dur-
ing or after the initial viral infection. In hospitalized patients
with influenza, the incidence of secondary infection can exceed
30% and has been associated with an increased risk of death.’
The proportion of patients with secondary infection reported in
COVID-19 admitted to the hospital has been variable and even
reported to be low in some cohorts, with estimates ranging
between 7%-15%.*> The exact proportion of secondary infec-
tion in critically ill patients remains inadequately defined but
has been estimated to be between 5%-40%.”” Recent work in a
cohort of critically ill and mechanically ventilated patients with
COVID-19 demonstrated that 50.5% develop a second lower
respiratory tract infection.® Critically ill patients are at a higher
risk of secondary infection due to their need for mechanical
ventilation, central venous catheters, and prolonged hospitali-
zations, which place these patients at risk for developing
hospital-acquired infections.>"!2

The mortality benefit of corticosteroids remains heavily
debated in ARDS in general but is increasingly demonstrated
in COVID-19 related ARDS.'>"1® Yet, clinicians often fear the
immunosuppressive nature of corticosteroids leaving patients
further prone to secondary infection.'” The Randomized
Evaluation of COVID-19 Therapy (RECOVERY) trial demon-
strated that dexamethasone reduced mortality in patients with
COVID-19, particularly in mechanically ventilated patients,
but performed no analysis of the impact of corticosteroids on
the development of secondary infection.'> DEXA-COVID-19
(NCT04325061), CoDEX (NCT04327401), COVID STER-
OID (NCT04348305), and Steroids-SARI (NCT 04244591)
intended to address secondary infection as an adverse event
or secondary outcome but have closed or ceased enrollment
after the publication of the RECOVERY trial leaving many
of the findings unpublished or underpowered.®”:'®!° When
used in other viral pneumonias, corticosteroids have been
shown to delay viral clearance, decrease immune system func-
tion, and contribute to secondary infections .'"'#2%2? Thus, the
impact that corticosteroids have on the development of second-
ary infection in critically ill patients with COVID-19 remains
unknown.

We hypothesize that secondary infection in critically ill
COVID-19 patients is a frequent occurrence. We sought to
describe the proportion of secondary infections in critically ill
patients with COVID-19 and to determine whether corticoster-
oid use is associated with an increased rate of secondary infec-
tion. Furthermore, we sought to determine whether the

development of a secondary infection is associated with mor-
tality in critically ill patients with COVID-19.

Materials and Methods
Patient Selection

This was a retrospective cohort study of COVID-19 patients
admitted to an Intensive Care Unit (ICU) at the University of
Maryland Medical Center (UMMC) between March and June
of 2020. The study was reviewed and approved by the Univer-
sity of Maryland, Baltimore, institutional review board (IRB).
The requirement for written informed consent was waived by
the IRB.

All patients had a confirmed diagnosis of SARS-CoV-2 by
PCR testing. Patients were included in the study from the time
that they arrived at their presenting hospital through death or
hospital discharge. Patient demographics, laboratory, micro-
biology data, the use of COVID-19 directed therapies, and out-
comes were abstracted by manual chart review from the
medical record.

Study Endpoints

The outcomes of the study were secondary infection and
28-day mortality. Secondary infection included bloodstream,
respiratory, or urinary infection. Bloodstream infection was
defined as positive blood culture without clear evidence of
contamination. Respiratory infection was defined as a pathogen
not considered to be a member of the normal respiratory flora
isolated from the lower respiratory tract (sputum, tracheal aspi-
rate, bronchoalveolar lavage). Urinary tract infection was
defined as a pathogen obtained from the urine with greater than
100,000 colony forming units. Yeast in the sputum or urine was
excluded. Cases of culture positivity were reviewed to confirm
secondary clinical infection as determined by the expertise of
the Infectious Disease consultant or Critical Care physician
caring for the patient. Patients were determined to have sec-
ondary infection only when they had both culture positivity and
sufficient clinical concern to warrant pharmacotherapeutic
treatment. If individual patients developed multiple positive
cultures during the hospital course, the first occurrence of a
secondary infection was counted in the analysis. Patients who
were co-infection on admission and/or died within 48 hours
of admission were not included in the time to event analysis
of mortality. Patients who had secondary infection prior to or
within 2 days of receiving corticosteroids were excluded from
the time to secondary infection analysis.

Statistical Analysis

We calculated descriptive statistics of demographic and clin-
ical characteristics and performed comparisons between groups
using the Chi-square test of independence for categorical vari-
ables and the Mann Whitney U test for discrete variables.***
Time-to-event analyses were performed using univariate and
multivariate proportional hazards models.
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Figure |. Study inclusion. Study consort diagram.

To assess the association between corticosteroid usage and
secondary infection, we utilized Fine-Gray proportional hazards
models (treating death as a competing risk).?® We adjusted for
potential clinical confounders that were biologically relevant
(age). When assessing for the association between secondary
infection and mortality and steroids and mortality, we used a
Cox proportional hazard model adjusted for age as a biologically
relevant potential clinical confounder.?’” Time to event analyses
are depicted using Kaplan-Meier curves. Two-sided P-values of
less than 0.05 were considered to indicate statistical signifi-
cance. All analyses were performed using the R programming
environment (v.4.0.2).

Results
Patients

From March through June 2020, 365 patients were hospitalized
at UMMC for COVID-19, of which 147 were admitted to the
ICU. Twelve patients were excluded from the analysis due to
death within 48 hours (n = 1) or incidental COVID-19 infec-
tion (n = 11) (Figure 1). The mean age of the patients in the
cohort was 52.3 years, 29.6% were female, 33.3% were Black
or African American, 29.6% were White, 1.5% were Asian,
0.7% were Native Hawaiian or Other Pacific Islander, and

26% were designated as other. Fifty (37%) patients were
Hispanic or Latino.

Impact of Corticosteroids on Secondary Infection

The proportion of patients with secondary infection during
their hospitalization was 63% (n = 85). The average time from
hospital admission, defined as admission to the initial present-
ing hospital, to positive culture data was 16.7 days, 11.2 days,
and 20.8 days for blood, lower respiratory tract, and urine
cultures, respectively (Supplement 1). The primary steroid uti-
lized was methylprednisolone (67%) dosed via the protocol
described by Meduri,'>'® followed by hydrocortisone
(18.6%), dexamethasone (8.5%), betamethasone (5.7%), and
prednisone (2.9%). Due to the timing of the data collection,
no patients received dexamethasone dosing per the RECOV-
ERY trial. Among all individuals who received corticosteroids,
the average prednisone equivalent dose of steroids adminis-
tered was 1360 mg with a mean 12.9 days of >20 mg predni-
sone equivalent doses.

In the subsequent time to secondary infection analysis, 54 of
the 135 critically ill COVID-19 patients were excluded as they
received corticosteroids within 48 hours of or after developing
a secondary infection. The mean age of the patients included in
the time to secondary infection analysis was 53.5 years, 35.8%



1204

Journal of Intensive Care Medicine 36(10)

Table |. Demographics of Patients Who Received Corticosteroids Prior to Secondary Infection.

All (N = 8I) Steroids (N = 36) No steroids (N = 45) P-value

Age (years) 0.002

Mean (SD) 53.5 (18.4) 46.4 (15.8) 59.1 (18.5)

Median [QI, Q3] 53.0 [41.0, 61.0] 44.5 [35.8, 60.5] 61.0 [48.0, 73.0]
Female sex, N (%) 29 (35.8) 10 (27.8) 19 (42.2) 0.27
Race, N (%) 0.08

Asian American 2 (2.5) 1 (2.8) I (2.2)

Black or African American 30 (37.0) 10 (27.8) 20 (44.4)

White 30 (37.0) 12 (33.3) 18 (40.0)

Other 15 (18.5) 11 (30.6) 4 (8.9)
Hispanic or Latino, N (%) 29 (35.8) 17 (47.2) 12 (26.7) 0.13
were female, 2.5% Asian American, 37% African American, Discussion

37% White, 18.5% other, and 35.8% Hispanic or Latino (Table
1). Patients who received corticosteroids before developing
infection received an average of 1210 mg of prednisone equiv-
alent dose and received more than 20 mg equivalents of pre-
dnisone for an average of 11.9 days. The odds that a patient
with any positive culture data was exposed to steroids was 1.96
(CI 0.81-4.79, P = 0.14). In the time to event analysis, there
was no significant increase in the likelihood of secondary
infection in patients who received corticosteroids (HR 1.45,
CI 0.75-2.82, P = 0.28) when adjusting for age (Figure 2A).
Similarly, there was no significant increase in the likelihood of
bloodstream infection (HR 2.54, CI 0.85-7.58, P = 0.09),
respiratory infection (HR 1.53, CI 0.65-0.72, P = 0.27), or
urinary infection (HR 1.06, CI 0.29-3.90, P = 0.94).

Impact of Secondary Infection on Mortality

The baseline demographics of all patients who developed a
secondary infection are depicted in Table 2. The presence of
secondary infection was not associated with the likelihood of
28-day mortality in an age-adjusted Cox proportional hazard
estimate (HR 0.66, CI 0.33-1.35, P = 0.26) (Figure 2B). Simi-
larly, the likelihood of mortality was not associated with the
presence of bloodstream infection (HR 0.59, CI 0.31-1.13,
P = 0.11), respiratory infection (HR 0.59, CI 0.30-1.19,
P = 0.14), or urinary infection (HR 0.69, CI 0.30-1.58,
P = 0.38), when adjusting for age.

Impact of Corticosteroids on Mortality

Seventy-four patients (55%) received corticosteroids during
their hospitalization (Table 3). An unadjusted Cox proportional
hazard estimate of 28-day mortality indicates that there is a
68% reduction in the likelihood of mortality during the
28-day period in patients treated with corticosteroids
(HR 0.32,0.17-0.58 P<0.001) (Figure 3). This finding remains
significant in an age-adjusted Cox proportional hazard estimate
(HR 0.27, CI 0.10-0.72, P = 0.01).

This study shows that critically ill SARS-CoV-2 patients have a
high proportion of secondary infection (63%). Previous studies
have estimated that the proportion of secondary infection varies
from 5% to 40%, with critically ill patients falling toward the
higher end of that range.*>7%-1229-222830 yye hypothesize that
the increased proportion of secondary infection in our popula-
tion is related to the higher level of critical illness. All patients
included in this study required ICU level of care. As a whole,
83% of patients were mechanically ventilated, 7.4% required
non-invasive positive pressure ventilation, 31.9% required high
flow nasal cannula. Neuromuscular blockade was utilized in
43% of patients and 49.6% of patients were placed in the prone
position. Twenty-four (17.8%) patients required extracorporeal
membrane oxygenation (ECMO). Patients had prolonged ICU
and hospital lengths of stay, averaging 22.4 and 26.8 days,
respectively. Therefore, this population reflects an exceedingly
high acuity population, which allows us to establish the rate of
secondary infection among the sickest of the critically ill
patients.

Secondary infection research is also subject to an important
epidemiological principle known as competing risks. This con-
cept is imperative in COVID-19 where the rate of mortality is
high (>35% in ICU patients in our study) and frequently
occurred relatively early in the disease process, with over
30% of deaths occurring in the first two weeks of the hospita-
lization. Without accounting for competing risks, the previ-
ously published studies assessing risk of secondary infection
are likely inaccurate.”’ Our work utilized the Fine-Grey com-
peting risk model to account for this epidemiological principle
and, thus, allowed for more accurate exploration of the rela-
tionship between corticosteroids and secondary infection. It
also provided an improved estimate of time to secondary
infection.

Prior to COVID-19, the safety and effectiveness of corticos-
teroids for ARDS were debated.'*'®**3% The RECOVERY
trial, while practice changing in terms of bringing corticoster-
oids use to the forefront of COVID-19 therapeutics, did not
report the incidence of secondary infections.'* Our work spe-
cifically evaluates whether corticosteroid use is associated with
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Figure 2. Kaplan-Meier estimates of secondary infection. A, Unadjusted Kaplan-Meier curves examining time to positive culture by corti-
costeroid administration. A fine-gray model was used to calculate the adjusted HR, which is adjusted for age. B, Unadjusted Kaplan-Meier curves
examining time to mortality by the presence of secondary infection. The adjusted HR is adjusted for age.

Table 2. Demographics of Patients Who Developed Secondary Infection.

All (N = 135) Co-infection (N = 85) No co-infection (N = 50) P-value

Age (years) 0.53

Mean (SD) 523 (17.4) 51.9 (14.3) 53.3 (22.4)

Median [QI, Q3] 52.0 [40.0, 60.0] 51.0 [41.0, 62.0] 57.0 [35.0, 72.0]
Female sex, N (%) 40 (29.6) 23 (27.1) 17 (34.0) 0.22
Race, N (%) 0.44

Asian American 2 (1.5) 1 (1.2) 1 (2.0)

Black or African American 45 (33.3) 26 (30.6) 19 (38.0)

White 40 (29.6) 26 (30.6) 14 (28.0)

Native Hawaiian/Pacific Islander 1 (0.7) 1 (1.2) 0(0)

Other 26 (19.3) 21 (24.7) 5 (10.0)

Multiple races 2 (1.5) 1 (1.2) 1 (2.0)
Hispanic or Latino, N (%) 50 (37.0) 38 (44.7) 12 (24.0) 0.14

the rate of secondary infection in critically ill COVID-19
patients and found no increase in the likelihood of bloodstream,
respiratory tract, or urinary infections in patients treated with
corticosteroids. Our findings parallel two recently published
randomized clinical trials, which administered corticosteroids
in COVID-19 and explored secondary infection as a secondary
outcome.®’” While these trials were terminated early due to the
publication of the RECOVERY trial, they found no increase in
secondary infection in patients treated with corticosteroids.®’
Furthermore, despite the high proportion of secondary infec-
tion in our study cohort, secondary infection was not signifi-
cantly associated with the rate of 28-day mortality. These
results provide reassurance to clinicians apprehensive of the
infection risk of corticosteroid use in COVID-19.

Our data echoes the findings of the recently published
RECOVERY trial and reinforces not just the safety but the effi-
cacy of corticosteroids in the most critically ill patients hospi-
talized with COVID-19. The RECOVERY trial reported that
mechanically ventilated patients with COVID-19 are 46% less
likely to die if treated with dexamethasone when adjusting for
age."” In a Cox proportional model adjusted for age, we demon-
strate a 73% reduction in 28-day case-fatality rate with steroid
administration among our cohort. When additionally controlling
for mechanical ventilation, our effect remains highly signifi-
cant, demonstrating a 74% reduction in case fatality. Patients
included in this analysis primarily received methylprednisolone
followed by hydrocortisone, suggesting this mortality benefit
may be a class effect rather than the effect of a particular
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Table 3. Demographics of All Patients Who Received Corticosteroids.

All (N = 135) Steroids (N = 74) No steroids (N = 61) P-value
Age (years) 0.01
Mean (SD) 523 (17.4) 49.2 (14.7) 54.2 (20.9)
Median [QI, Q3] 52.0 [40.0, 60.0] 48.5 [39.3, 60.0] 59.0 [35.0, 72.0]
Female sex, N (%) 40 (29.6) 16 (21.6) 24 (39.3) 0.0l
Race, N (%) 0.12
Asian American 2 (1.5) I (1.4) I (1.6)
Black or African American 45 (33.3) 21 (28.4) 24 (39.3)
White 40 (29.6) 22 (29.7) 18 (29.5)
Native Hawaiian/Pacific Islander 1 (0.7) I (1.4) 0(0)
Other 26 (19.3) 21 (28.4) 5(82)
Multiple races 2 (1.5) I (1.4) I (1.6)
Hispanic or Latino, N (%) 50 (37.0) 36 (48.6) 14 (23.0) 0.05
Survival by Steroid Administration
100% I
80%
60%
40%
20%
HR Steroids v No Steroids= 0.27 |_
95% Cl1(0.10-0.72)
p=0.01
0%
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Figure 3. Survival by corticosteroid administration. Unadjusted Kaplan-Meier curve examining time to mortality by corticosteroid adminis-
tration. A Cox-Proportional Hazard Model was used to calculate the adjusted HR, which is adjusted for age.

corticosteroid. The survival benefit of corticosteroids on 28-day
case-fatality in the most critically ill patients, amid the absence
of evidence to suggest that corticosteroids are associated with
secondary infection or that secondary infection worsens patient
survival, tips the scales heavily in favor of the use of corticos-
teroids for the critically ill patient with COVID-19.

Our work was able to further support corticosteroids as a ther-
apeutic option for COVID-19 but was unable to elucidate the
exact etiology of the high proportion of secondary infections in
critically ill patients with COVID-19. It is uncertain what role the
SARS-CoV-2 virus itself has played immunologically in the pro-
pensity for secondary infections in COVID-19. The rate of
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secondary infection as well as the dramatic and reproducible
mortality benefit of corticosteroids in COVID-19 points to a dis-
tinct phenotype of ARDS, which benefits from the use of anti-
inflammatory therapy.'*"'®** Besides immunological properties
of the virus itself, COVID-19 related logistics are likely contrib-
utory to the high proportion of secondary infection. Patients are
often cared for in negative pressure units rather than negative
pressure rooms and based on available resources, multiple ICU
patients may be cohorted in a single room. This has the potential
to propagate infection transmitted by providers and equipment
between patients. There are no clear guidelines on how to main-
tain traditional contact precautions in a negative pressure unit
while donned in full personal protective equipment. The exceed-
ingly high proportion of secondary infection, therefore, may be
related to a yet unidentified property of the SARS CoV-2 virus
compounded by evolving infection prevention strategies.

The generalizability of this study is limited in that it is a
single-center retrospective cohort study conducted in an urban
hospital in the United States. Corticosteroid administration
strategies and infection rates are subject to institution-specific
practices. For example, the UMMC was forced to cohort
patients at the height of the COVID-19 pandemic in negative
pressure units. The role that this played in the rate of secondary
infection is not yet defined. Regarding the analysis of the asso-
ciation between corticosteroids with the outcomes of secondary
infection and mortality, no patients enrolled in the study died
within the first 48 hours of inclusion and all patients with the
outcome of secondary infection received corticosteroids at
least 48 hours prior to their first positive culture. Thus, each
patient had ample opportunity to receive corticosteroids. In
fact, approximately 30% of patients enrolled received corticos-
teroids within the first 24 hours of presentation to the hospital
(Supplement 2). This significantly diminishes concern for
immortal time bias in our analysis.

The results of this study are strengthened by the high level of
acuity of the population, the relatively large number of patients
included in the analysis, as well as the rigorous definition of
secondary infection. Furthermore, the statistical analysis appro-
priately accounted for competing risks, resulting in a more
accurate estimation of the time to secondary infection. Our
findings contribute to the growing body of research exploring
corticosteroid treatment in COVID-19. Further studies should
focus on longer term outcomes of both morbidity and mortality
in critically ill patients receiving corticosteroids, whether the
addition of COVID-19 directed therapies (i.e., tocilizumab)
contributes to secondary infection, and the risk of corticosteroid
use in regions where fungal infection may be more prevalent.

Conclusion

The development of secondary infections is a commonly feared
corticosteroid-related complication. The results of this study
should conciliate those fears. Furthermore, the presence of a
secondary infection does not increase the COVID-19 case
fatality. The use of corticosteroids, a lifesaving therapy for
many critically ill patients with COVID-19, should be

accompanied by heightened awareness but not trepidation
regarding the risk of secondary infection.
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