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Introduction: Coinfection with severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) and
another virus may influence the clinical trajectory of emergency department (ED) patients. However,
little empirical data exists on the clinical outcomes of coinfection with SARS-CoV-2

Methods: In this retrospective cohort analysis, we included adults presenting to the ED with
confirmed, symptomatic coronavirus 2019 who also underwent testing for additional viral pathogens
within 24 hours. To investigate the association between coinfection status with each of the outcomes,
we performed logistic regression.

Results: Of 6,913 ED patients, 5.7% had coinfection. Coinfected individuals were less likely to
experience index visit or 30-day hospitalization (odds ratio [OR] 0.57; 95% confidence interval [CI],
0.36-0.90 and OR 0.39; 95% ClI, 0.25-0.62, respectively).

Conclusion: Coinfection is relatively uncommon in symptomatic ED patients with SARS-CoV-2
and the clinical short- and long-term outcomes are more favorable in coinfected individuals. [West J
Emerg Med. 2021;22(6)1262—1269.]

INTRODUCTION With the introduction of reverse transcription real-time

According to the US Centers for Disease Control and
Prevention, as of October 2021 the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus has caused an
estimated 684 hospitalizations per 100,000 population and
711,020 deaths in the United States.! Emergency clinicians
decide which patients with coronavirus 2019 (COVID-19)
to admit to the hospital and these decisions typically take
into account patient age, need for supplemental oxygen, and
other clinical and laboratory metrics, as well as anticipated
clinical trajectory.** Coinfection with SARS-CoV-2 and
another virus may influence the short- and long-term
clinical outcomes, and thus co-infection status could inform
clinical decision-making in the emergency department (ED).
However, little empirical data exists on the clinical outcomes
of coinfection with SARS-CoV-2.

polymerase chain reaction assays the detection of viral
coinfections has grown.* However, interpretation of these test
is challenging as studies with short- and long-term clinical
outcomes are scant, particularly for SARS-CoV-2 coinfection.
Some reports of viral coinfection preceding the COVID-19
pandemic suggest higher disease severity with coinfection,’
while others report no relationship between multiple (non-
SARS-CoV-2) respiratory viral infections and disease
severity.® The rate of coinfection and its potential impact on
clinical outcomes likely depends on the particular virus, the
means of detection, the patient’s demographics, and location
of the study.” Therefore, an evaluation of coinfection rates and
outcomes for SARS-CoV-2 is necessary and important.

A cross-sectional study of 1206 patients with respiratory
symptoms revealed that 20.7% were positive for SARS-
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CoV-2 and at least one additional virus.® The most common
coinfections were rhinovirus/enterovirus (6.9% of 116
specimens), respiratory syncytial virus (RSV) (5.2%), and
non-SARS-CoV-2 coronaviruses (4.3%), but results were
limited to a three-week period in March 2020 in a single
region. Likewise, a meta-analysis (total of 1800 subjects)’
reported a 11.7% coinfection rate; however, because serum
antibody studies that indicate both recent and acute infection
were included, this may have artificially increased the
coinfection rate. Neither study addressed clinical outcomes in
coinfected patients .

Therefore, our objectives were to determine the
frequency of SARS-CoV-2 and any additional respiratory
virus (coinfection) among ED patients. Secondarily,
we were interested in comparing encounters with and
without coinfection in terms of the following: a) baseline
characteristics; b) short-term outcomes (hospitaliza-tion
at the index ED visit); and c) 30-day clinical outcomes
(hospitalization within 30 days of index ED visit; severe
COVID-19 within 30 days defined as intubation with
mechanical ventilation and/or death). We hypothesized that
patients with SARS-CoV-2 coinfection would be more likely
to experience unfavorable short- and long-term outcomes.

METHODS
Data Source

The national Registry of Suspected COVID-19 in
Emergency Care (RECOVER) network recorded clinical data
on 35,120 ED patient encounters for COVID-19 symptoms.!?
Encounters occurred between the first week of February 2020
and the fifth week of October 2020. Of the sites contributing
to the registry 60% were community hospitals without a
residency program.' Clinical characteristics and outcomes
were extracted from electronic health records by automated
download and then supplemented by medical record review
by trained research personnel. Best practices in medical record
review studies were adhered to,"' including the following:
abstractor training; case selection criteria; variable definition;
abstraction forms; performance monitoring; institutional
review board approval; and data management plan.

Study Design

In this retrospective cohort analysis, we included
RECOVER network encounters by adults > 18 years from
86 hospitals in 27 states. Eligibility for enrollment required
that a molecular diagnostic test to have been performed in
the ED setting or within 24 hours for patients with possible
SARS-CoV-2 infection. Registry guidance advised that
patients without suspected infection but who had swab
testing performed in the ED only to comply with a hospital
screening policy for admissions or preoperative testing be
excluded.'? In total, 204 defined questions were asked about
encounters falling in seven domains: 1) visit information; 2)
demo-graphics, symptoms and risk factors; 3) vital signs; 4)

Population Health Research Capsule

What do we already know about this issue?
Some reports of viral coinfection preceding the
COVID-19 pandemic suggest higher disease
severity with coinfection.

What was the research question?

What is the rate of SARS-CoV-2 coinfection
among emergency department patients and its
impact on clinical outcomes?

What was the major finding of the study?

Of 6,913 ED patients, 5.7% had coinfection.
Coinfected individuals were less likely to
experience index visit or 30-day hospitalization.

How does this improve population health?
Adults with coinfection with SARS-CoV-2 do
not have worse clinical outcomes, compared
to those without coinfection. This suggests that
the impact of extended viral panels on clinical
management is limited.

past medical history; 5) current medications; 6) test results;
and 7) outcomes. The registry collected 47 questions about
test results including whether extended viral testing was
performed and the results of that testing. No effort was made
to standardize the type of viral testing performed for each
person or by site; however, only patients with molecular
testing for SARS-CoV-2 were eligible for inclusion. The
criterion standard for SARS-CoV-2 diagnosis required a
positive molecular test (as opposed to antigen testing) from
a swabbed sample from the nasopharynx. Coinfections

were detected by molecular testing of separate swabs taken
simultaneously. The local hospital institutional review board
(IRB) approved the study (IRB # 1586472-1), and informed
consent was waived for this minimal risk study.

Exposure

The primary exposure was coinfection by any respiratory
virus(es) (eg, adenovirus, endemic coronavirus, influenza
virus) at the index ED visit.'” Thus, we excluded encounters
that did not report results of other viral testing.

Outcomes
The outcomes of interest were hospitalization at the
index ED visit, any hospitalization within 30 days of index
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ED visit, and severe COVID-19. Severe COVID-19 was
defined as intubation with mechanical ventilation and/or
death within 30 days.'°

Statistical Analyses

We described the baseline characteristics and clinical
presentation at the index ED visit as well as outcomes. To
investigate the association between coinfection status with
each of the outcomes, we then constructed unadjusted and
adjusted logistic regression models. In the multivariable
model, we adjusted for 10 potential confounders based on a
priori knowledge: age; gender; race/ethnicity; hypertension;
cardiovascular diseases; chronic obstructive pulmonary
disease; other chronic lung diseases; obesity; diabetes; and
cancer.'* We performed the analysis using R version 4.0.1 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

After exclusion of records from seven sites that used
different inclusion criteria (n = 9,364), incomplete records (n =
8,009), children (n = 426), and encounters without non-SARS-

| 35,120 records |

CoV-2 viral testing (n = 10,348), our analytic sample included
6913 patient encounters (Figure 1). Among these 6,913
encounters, the median age was 59 (interquartile range 46-71)
years and 49% were female.

Overall, 1,843 (27%) patients had SARS-CoV-2 of whom
1,726 (94%) had SARS-CoV-2 alone and 117 (6%) were
coinfected with an additional virus (Table 1). Those with
coinfection were younger and more likely to be non-Hispanic
Black. Additionally, there were significant differences by
coinfection status for heart rate and oxygen saturation on
presentation, with patients with coinfection having higher
heart rates and oxygen saturation on room air. The most
common additional viruses were RSV (60/117, 51%),
rhinovirus (20, 17%), and non-SARS-CoV-2 coronaviruses
(15, 13%).

Encounters in which patients were coinfected were
significantly less likely to result in hospitalization at the index
ED visit (51% vs 68%, P<0.001), and less likely to result in
any hospitalization within 30 days (55% vs 76%, P<0.001),
compared to encounters with patients testing positive for
SARS-CoV-2 alone. In the multivariable model, compared

| 27,051 complete records |

i 8,069 incomplete records

Sites using different inclusion criteria
1,128 Atrium Health
500 Baystate Medical Center
1,086 George Washington University

17,687 records from 86 sites

487 Louisiana State University

5,938 Icahn School of Medicine, Mount Sinai
177 Rush University Medical Center

21 University of North Carolina at Chapel Hill

10,348 without other virus testing (e.g., RSV)

426 children (age <18 years)

Aim1 6,913 records with other virus
testing (e.g., RSV) in adults
Aim 2 1,843 records with positive
result for SARS-CoV-2

Figure 1. Inclusion flow diagram.

| 5,070 without SARS-CoV-2

Among 35,120 records, 27,051 were complete and 17,687 used the same inclusion criteria. Of these, 6,913 records contained data on
non-SARS-CoV-2 virus testing. We used these records to determine the frequency of SARS-CoV-2 and any additional respiratory virus
(coinfection) among ED patients (Aim 1). We then used all records remaining that had positive SARS-CoV-2 results for Aim 2, where
we compared encounters with and without coinfection in terms of a) baseline characteristics; b) short-term outcomes (hospitalization at
the index ED visit), and c) 30-day clinical outcomes (hospitalization within 30 days of index ED visit; severe COVID-19 within 30 days
defined as intubation with mechanical ventilation and/or death).

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ED, emergency department.
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Table 1. Characteristics and clinical presentation of 1,843 adults with SARS-CoV-2 infection by coinfection status.

Any coinfection No coinfection
Variables N =117 (6%) N =1,726 (94%) P-value
Characteristics
Age (yr), median, (IQR) 53 (41-66) 60 (46-71) 0.002
Female gender 54 (46) 843 (49) 0.64
Race/ethnicity 0.03
Non-Hispanic White 31 (26) 527 (31)
Non-Hispanic Black 60 (51) 656 (38)
Hispanic 14 (12) 263 (15)
Other 12 (10) 280 (16)
Smoking 14 (12) 161 (9) 0.44
Major comorbidities
Hypertension 60 (51) 937 (54) 0.59
Ischemic heart disease 9(8) 192 (11) 0.31
Heart failure 8(7) 178 (10) 0.29
Asthma 22 (19) 211 (12) 0.054
COPD 12 (10) 174 (10) 0.99
Other chronic lung diseases* 4 (3) 44 (3) 0.79
Obesity 37 (33) 529 (31) 0.84
Diabetes 30 (26) 539 (31) 0.24
Hyperlipidemia 28 (24) 628 (37) 0.008
Cancer 13 (11) 189 (11) 0.99
HIV/AIDS 1(1) 20 (1) 0.99
Organ transplantation 1(1) 22 (1) 0.99
Alcohol abuse 3(3) 104 (6) 0.18
Other substance usef 15 (13) 56 (3) <0.001
ED presentation
Heart rate (bpm), median (IQR) 98 (88-109) 95 (83-108) 0.03
Respiratory rate at presentation (per minute), median (IQR) 20 (18-21) 20 (18-22) 0.68
Oxygen saturation on room air (%), median (IQR) 97 (94-98) 95 (92-98) <0.001
Respiratory virus testing
Adenovirus 8 (7) - -
Endemic coronavirus 15 (13) - -
Human metapneumovirus 9 (8) - -
Influenza A 4 (4) - -
Influenza B 1(1) - -
Influenza A & B 3(3) - -
Parainfluenza viruses 1-4 6 (5) - -
RSV 60 (51) - -
Rhinovirus 20 (17) - -
Other viruses 14 (12) - -
Clinical outcomes
Hospitalization at index ED visit 60 (51) 1,169 (68) <0.001
High-flow oxygen 15 (13) 335 (19) 0.10

*Defined by pulmonary fibrosis, cystic fibrosis, bronchiectasis, or pulmonary hypertension
fInclude cocaine, injection drugs, marijuana, methamphetamine, or opioid use
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Table 1. Continued.

NIPPV

Intubation and mechanical ventilation
ECMO

ICU admission

Any hospitalization within 30 days*
Severe COVID-198

Death

3(3) 85 (5) 0.35
24 (21) 406 (24) 0.53

1(1) 55 (3) 0.25
28 (24) 499 (29) 0.28
64 (55) 1,319 (76) <0.001
25 (21) 498 (29) 0.10
15 (13) 295 (17) 0.28

*Hospitalization immediately after the index ED visit or within 30 days from the index ED visit

SIntubation with mechanical ventilation and/or death within 30 days from the index ED visit

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; yr, year; IQR, interquartile range; COPD, chronic obstructive
pulmonary disease; HIV/AIDS, human immunodeficiency virus/acquired immunodeficiency syndrome; BPM, beats per minute; COPD,
chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; ED, emergency department; /CU, intensive
care unit; NIPPV, non-invasive positive pressure ventilation; RSV, respiratory syncytial virus.

with patients who had only SARS-CoV-2, those with SARS-
CoV-2 and at least one additional virus had lowered adjusted
odds of hospitalization at the index ED visit (odds ratio

[OR] 0.57; 95% confidence interval [CI], 0.36-0.90) and
hospitalization within 30 days (OR 0.39; 95% CI, 0.25-0.62).
Coinfected patients did not have an increased odds of severe
COVID-19 (OR 0.76; 95% CI, 0.46-1.24).

DISCUSSION

In this retrospective cohort study, which included 86 EDs,
we found that coinfection occurs infrequently (5.7%) among
symptomatic ED patients, and coinfection was not associated
with hospitalization or other unfavorable short- and long-term
outcomes. To our knowledge this is the first study examining
clinical outcomes of symptomatic ED patients with SARS-
CoV-2 based on coinfection status.

There are several potential explanations for why
coinfection appeared to have a “protective” effect. First,
ED patients found to be coinfected could have had an
asymptomatic SARS-CoV-2 infection and may have had
presenting symptoms from their other virus. Another
explanation could be that individuals with high rates of
prior viral exposure — through their occupation or social
behaviors — may have primed their immune system with
other coronaviruses and respiratory pathogens and may,
therefore, have experienced less severe COVID-19."* Non
SARS-CoV-2 (endemic) coronaviruses share sequence
homology with SARS-CoV-2, and immune responses can
cross-react with SARS-CoV-2 antigens, eg, through long-
lasting memory T cells.'!® Finally, SARS-CoV-2 could have
been attenuated by other viruses (viral interference), or other
viruses could have been the primary infection and could
have initiated a partially helpful immune response reducing
the severity of SARS-CoV-2 illness.!* These potential
explanations merit further study.

Compared to other published studies on coinfection, we
found similar rates of other viruses, with RSV being most
common.?*!7 RSV, while most recognized as the causative
agent of infant bronchiolitis, causes severe infection in
older adults with a morbidity and mortality similar to
influenza.'® Symptoms of RSV are similar to COVID-19,
but nasal congestion and wheezing are typical.'® Age-related
immune senescence, whereby older adults may have lower
protective serum antibodies against viral pathogens, increases
vulnerability of this population to respiratory infection.
Rhinovirus is an important cause of illness in school-age
children, causing sputum production, myalgias, and nasal
congestion, but may be less serious in adults. Similarly,
endemic coronaviruses typically cause mild nasal congestion,
dyspnea, and sputum production,'® and rarely lead to
hospitalization. While our study focused on viral coinfections,
a recent study of 8649 inpatients in the United Kingdom
examined bacterial coinfections in patients admitted to the
hospital with COVID-19 and found that bacterial coinfections
are rare, most are secondary (occurring more than two
days after hospital admission), and are not associated with
inpatient mortality. The UK study concluded that empirical
antimicrobial prescribing should be restricted.

Clinical and policy implications of our study include that
viral coinfection status does not confer greater risk of clinical
deterioration among ED patients. Based on our results adults
with multiple viral pathogens (coinfection with SARS-
CoV-2) do not have worse clinical outcomes, compared to
those without infection, which suggest that the impact of
extended viral panels on clinical management is limited. A
study by Burk et al* found that coexisting viral and bacterial
pathogens conferred greater mortality in community-acquired
pneumonia (OR 2.1, 95% CI, 35.1-53.3%). However, our
data shows this not to be true for coinfection with another
virus in COVID-19. Extended respiratory panels are costly
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at $3,450%! per specimen and may not be advised unless
needed for inpatient cohorting (keeping patients with similar
pathogens in the same room), antiviral treatment purposes
(eg, oseltamivir in early influenza illness), public health
surveillance, or for special populations. In observational
studies, however, patients with positive influenza results
receive fewer antibiotics, undergo fewer diagnostic tests, and
are less likely to be hospitalized; thus, extended panels may
have utility in patients requiring hospitalization.?? It should
be noted that the “twin-demic” of influenza and COVID-19
did not occur this year, likely due to high vaccination rates
against flu and protective measures such as distancing and
mask wearing. Without these protective measures we may
have seen greater coinfection rates in our sample.

Multiple guideline groups have addressed the role of
laboratory testing for viruses in different patient populations.’
Generally, testing may play a more important role in the
management of severely ill patients and immunocompromised
patients, but less so in relatively healthy adults and
children. Guidelines suggest that hematology and oncology
patients,? transplant patients,? intensive care unit patients,?
and pediatric patients with underlying disease®® are good
candidates for extended viral pathogen testing. Additionally,
testing is useful for public health investigations of
emerging pathogens such as SARS-CoV-2, epidemiological
investigations. and for infection control. A pragmatic approach
should be taken in the ED where testing is considered when it
may impact clinical decisions or support patient management.
Clinical symptoms associated with different viruses causing
respiratory illnesses overlap and are often indistinguishable
from illness due to bacteria based on clinical symptoms alone.
Clinicians should understand that multiple viruses can cause
similar signs and symptoms and laboratorians should base
testing algorithms on current circulating pathogens in their
region and emerging infections in other regions of the world.

Future directions include evaluating coinfection status
among patients who are asymptomatic. Most studies
published on this topic include only symptomatic patients, and
coinfection rates may be higher in this population.?’” Presence
and timing of outbreaks, such as influenza, can influence the
other viral pathogens that are detected on samples, and further
studies during different seasons and for different outbreaks
would be useful. However, with increasing global travel.
circulation patterns of viruses and dominant types can change
from year to year.?®

LIMITATIONS

One potential limitation of this work is that coinfection
rates may be lower than true rates, given clinician and site
variability in respiratory virus testing. Additionally, as this
was a retrospective analysis site investigators did not change
clinical care or practice patterns. Thus, it was at the discretion
of the emergency clinician whether to order an extended viral
panel or solely a COVID-19 test. The ordering of extended

viral panels is likely clinician, patient, and site specific. We
also could not account for important confounders, such as
smoking, frailty, and socioeconomic factors. Another possible
limitation is that respiratory viruses are seasonal, and our data
includes encounters from February—October 2020 only.
Sixty-seven percent of our included patients were
admitted. This high rate of admission could suggest that
extended viral panels were more often ordered on patients
with higher disease severity. Thus, there is a potential issue of
confounding by indication. Strengths of our study include its
generalizability; our data represents ED encounters throughout
the US. Although we have statistically significant inference
with the sample size in our cohort, an external validation in a
separate patient sample would further enhance generalizability
of the inference. Patient presentations to the ED likely reflect
those with clinically meaningful illness (vs serum antibody
testing that was included in prior studies).’ Additionally,
the RECOVER registry included a standardized data entry
instrument and fidelity checks to enhance data quality.'

CONCLUSION

We found that coinfection is relatively uncommon in
patients with SARS-CoV-2 and the clinical short- and long-
term outcomes for patients are more favorable in coinfected
individuals. These findings provide insight into the clinical course
of patients with coinfection and lend support to the theory that
commonly encountered respiratory viruses could stimulate the
immune response to protect individuals from SARS-CoV-2.13

ACKNOWLEDGMENTS

We would like to acknowledge all the RECOVER sites
and site principal investigators: Trustees of Indiana University
(Indiana University School of Medicine), Jeffrey Kline; Medical
College of Wisconsin, Tom Aufderheide; The University of
Chicago, David Beiser; Stanford University, Chris Bennett;
Intermountain Medical Center, Joseph Bledsoe; Lincoln Medical
Center, Nicholas Caputo; Washington University in St. Louis,
Christopher Carpenter; Thomas Jefferson University, Anna
Marie Chang; Icahn School of Medicine at Mount Sinai, Makini
Chisolm-Straker; UT Southwestern Medical Center, D Mark
Courtney; Cook County Health, Mark Mycyk; The Board of
Trustees of the University of Illinois, Marina Del Rios; Trustees
of the University of Pennsylvania, M. Kit Delgado; John Peter
Smith Health Network/Baylor Scott &amp; White, James
d’Etienne; University of Maryland, Zach Dezman; Rhode Island
Hospital, Elizabeth Goldberg; University of Florida, Faheem
Guirgis; Medical University of South Carolina, Gary Headden;
University of lowa, Hans House; University of Texas Health
Science Center at Houston, Ryan Huebinger; Harbor-UCLA
Medical Center, Timothy Jang; Massachusetts General Hospital,
Christopher Kabrhel; University Medical Center New Orleans,
Stephen Lim; Duke University, Alexander Limkakeng; University
of Utah, Troy Madsen; Northwestern University, Danielle
McCarthy; The George Washington University, Andrew Meltzer;

Volume 22, No. 6: November 2021

1267

Western Journal of Emergency Medicine



Viral Coinfection is Associated with Improved Outcomes in SARS-CoV-2

Goldberg et al.

The Pennsylvania State University, Steven Moore; Oregon
Health &amp; Science University, Craig Newgard; University of
Colorado Denver, Kristen Nordenholz; West Virginia University,
Justine Pagenhardt; University of North Carolina at Chapel

Hill (Unfunded internally), Timothy Platts-Mills; The Board

of Regents of the University of Wisconsin System, Michael
Pulia; Hennepin Healthcare Research Institute, Mike Puskarich;
The Ohio State University, Lauren Southerland; Riverside
Regional Medical Center, Scott Sparks; Rush University Medical
Center, Henry Swoboda; Virginia Commonwealth University
Health System, Lindsay Taylor; The Regents of the University
of California, University of California San Diego, Christian
Tomaszewski; William Beaumont Hospital Research Institute,
Danielle Turner-Lawrence; University of Washington, Marie
Vrablik; The Charlotte-Mecklenburg Hospital Authority d/b/a
Atrium Health (Unfunded Internally), Anthony Weekes; Baystate
Medical Center, Inc., Lauren Westafer; Erlanger Health System,
Jessica Whittle; Wayne State University, John Wilburn.

Address for Correspondence: Elizabeth M. Goldberg, MD,
ScM, Brown University, Department of Emergency Medicine,
5 Claverick Street, 2nd Floor, Providence, Rl 02903. Email:
elizabeth_goldberg@brown.edu.

Confiicts of Interest: By the WestJEM article submission agreement,
all authors are required to disclose all affiliations, funding sources
and financial or management relationships that could be perceived
as potential sources of bias. No author has professional or financial
relationships with any companies that are relevant to this study.
There are no conflicts of interest or sources of funding to declare.

Copyright: © 2021 Goldberg et al. This is an open access article
distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) License. See: http://creativecommons.org/

licenses/by/4.0/

REFERENCES

1. Centers for Disease Control and Prevention. Trends in Number
of COVID-19 Cases and Deaths in the US Reported to CDC, by
State/Territory. 2021. Available at: https://covid.cdc.gov/covid-data-
tracker/#trends_dailytrendscases. Accessed June 7, 2021.

2. Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital
admission and critical illness among 5279 people with coronavirus
disease 2019 in New York City: prospective cohort study. BMJ.
2020;369:m1966.

3. Owusu D, Kim L, O’Halloran A, et al. Characteristics of adults
aged 18-49 years without underlying conditions hospitalized
with laboratory-confirmed coronavirus disease 2019 in the
United States: COVID-NET-March-August 2020. Clin Infect Dis.
2021;72(5):e162-€6.

4. Wishaupt JO, van der Ploeg T, de Groot R, et al. Single- and multiple

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

viral respiratory infections in children: disease and management
cannot be related to a specific pathogen. BMC Infect Dis.
2017;17(1):62.

Mazur NI, Bont L, Cohen AL, et al. Severity of respiratory syncytial
virus lower respiratory tract infection with viral coinfection in HIV-
uninfected children. Clin Infect Dis. 2017;64(4):443-50.

Torres JP, De la Maza V, Kors L, et al. Respiratory viral infections and
coinfections in children with cancer, fever and neutropenia: clinical
outcome of infections caused by different respiratory viruses. Pediatr
Infect Dis J. 2016;35(9):949-54.

Charlton CL, Babady E, Ginocchio CC, et al. Practical guidance for
clinical microbiology laboratories: viruses causing acute respiratory
tract infections. Clin Microbiol Rev. 2019;32(1):e00042-18.

Kim D, Quinn J, Pinsky B, et al. Rates of co-infection between SARS-
CoV-2 and other respiratory pathogens. JAMA. 2020;323(20):2085-6.
Davis B, Rothrock AN, Swetland S, et al. Viral and atypical
respiratory co-infections in COVID-19: a systematic review and meta-
analysis. J Am Coll Emerg Physicians Open. 2020;1(4):533-48.

Kline JA, Pettit KL, Kabrhel C, et al. Multicenter registry of United
States emergency department patients tested for SARS-CoV-2. J Am
Coll Emerg Physicians Open. 2020;1(6):1341-8.

Worster A, Bledsoe RD, Cleve P, et al. Reassessing the methods of
medical record review studies in emergency medicine research. Ann
Emerg Med. 2005;45(4):448-51.

Kline JA, Camargo CA Jr, Courtney DM, et al. Clinical prediction rule
for SARS-CoV-2 infection from 116 U.S. emergency departments
2-22-2021. PLoS One. 2021;16(3):e0248438.

Rod JE, Oviedo-Trespalacios O, Cortes-Ramirez J. A brief review

of the risk factors for COVID-19 severity. Rev Saude Publica.
2020;54:60.

Sagar M, Reifler K, Rossi M, et al. Recent endemic coronavirus
infection is associated with less-severe COVID-19. J Clin Invest.
2021;131(1):e143380.

Wec AZ, Wrapp D, Herbert AS, et al. Broad neutralization of
SARS-related viruses by human monoclonal antibodies. Science.
2020;369(6504):731-6.

Le Bert N, Tan AT, Kunasegaran K, et al. SARS-CoV-2-specific T cell
immunity in cases of COVID-19 and SARS, and uninfected controls.
Nature. 2020;584(7821):457-62.

Leuzinger K, Roloff T, Gosert R, et al. Epidemiology of

severe acute respiratory syndrome coronavirus 2 emergence
amidst community-acquired respiratory viruses. J Infect Dis.
2020;222(8):1270-9.

Kodama F, Nace DA, Jump RLP. Respiratory syncytial virus and
other noninfluenza respiratory viruses in older adults. Infect Dis Clin
North Am. 2017;31(4):767-90.

Russell CD, Fairfield CJ, Drake TM, et al. Co-infections, secondary
infections, and antimicrobial use in patients hospitalised with
COVID-19 during the first pandemic wave from the ISARIC WHO
CCP-UK study: a multicentre, prospective cohort study. Lancet
Microbe. 2021;2(8):e354-e65.

Burk M, El-Kersh K, Saad M, et al. Viral infection in community-

Western Journal of Emergency Medicine

1268

Volume 22, No. 6: November 2021



Goldberg et al.

Viral Coinfection is Associated with Improved Outcomes in SARS-CoV-2

21.

22.

23.

24.

acquired pneumonia: a systematic review and meta-analysis. Eur
Respir Rev. 2016;25(140):178-88.

Barish P, Treasure M, Mourad M, et al. 2018. Costs related to
potential overuse of respiratory viral panel PCRs in general medicine
patients. Abstract published at Hospital Medicine. Available at: https://
shmabstracts.org/abstract/costs-related-to-potential-overuse-of-
respiratory-viral-panel-pcrs-in-general-medicine-patients/. Accessed
June 7, 2021.

Pinsky BA, Hayden RT. Cost-effective respiratory virus testing. J Clin
Microbiol. 2019;57(9):e00373-19.

von Lilienfeld-Toal M, Berger A, Christopeit M, et al. Community
acquired respiratory virus infections in cancer patients-Guideline

on diagnosis and management by the Infectious Diseases Working
Party of the German Society for Haematology and Medical Oncology.
Eur J Cancer. 2016;67:200-12.

Kumar D, Husain S, Chen MH, et al. A prospective molecular

25.

26.

27.

28.

surveillance study evaluating the clinical impact of community-
acquired respiratory viruses in lung transplant recipients.
Transplantation. 2010;89(8):1028-33.

Koch RM, Kox M, de Jonge MI, et al. Patterns in bacterial- and viral-
induced immunosuppression and secondary infections in the ICU.
Shock. 2017;47(1):5-12.

Rao S, Messacar K, Torok MR, et al. Enterovirus D68 in critically ill
children: a comparison with pandemic H1N1 influenza. Pediatr Crit
Care Med. 2016;17(11):1023-31.

Davis B, Rothrock AN, Swetland S, et al. Viral and atypical
respiratory co-infections in COVID-19: a systematic review and meta-
analysis. J Am Coll Emerg Physicians Open. 2020;1(4):533-48.
Fathima S, Simmonds K, Invik J, et al. Use of laboratory and
administrative data to understand the potential impact of human
parainfluenza virus 4 on cases of bronchiolitis, croup, and pneumonia
in Alberta, Canada. BMC Infect Dis. 2016;16(1):402.

Volume 22, No. 6: November 2021

1269

Western Journal of Emergency Medicine



