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Background: Patterns of respiratory syncytial virus (RSV) co-detection with other
viruses may have been disrupted during the coronavirus disease 2019 (COVID-
19) pandemic, but the clinical impact of viral co-detections with RSV is not well-
established. We aimed to explore the frequency and clinical outcomes
associated with RSV single detection and co-detection before and during
the pandemic.

Methods: We conducted a single-center retrospective cohort study of all
children and adults with respiratory samples tested using a respiratory
pathogen panel (RPP; 01/01/2018-11/30/2022), a provider-ordered
polymerase chain reaction—based assay that detects respiratory pathogens.
We stratified our cohort into age groups: 0—-4, 5-17, 18-64, and >65 years old.
Among RSV-positive samples, we compared the proportion of samples with
single RSV detection before and during the pandemic and the patterns of specific
viral co-detections. We compared the odds of hospitalization, oxygen use,
intensive care unit admission, and intubation between individuals with RSV
single detection and those with co-detection.

Results: Among 57,940 samples collected during the study period, 3,986 (6.9%)
were RSV-positive. RSV was co-detected with at least one other virus in 1,231/
3,158 (39.0%), 104/348 (29.9%), 49/312 (15.7%), and 21/168 (12.5%) of samples
from individuals 0—4, 5-17, 18-64, and >65 years old, respectively. The relative
frequencies of RSV single detection and co-detection were comparable before
and during the pandemic except in children 0—-4 years old, in whom single RSV
detections were more prevalent before (63.7%) than during (59.5%) the pandemic
(p=0.021). In children 0-4 years old, RSV co-detection was associated with
lower odds of hospitalization compared to single RSV detection, and RSV co-

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fviro.2023.1156012/full
https://www.frontiersin.org/articles/10.3389/fviro.2023.1156012/full
https://www.frontiersin.org/articles/10.3389/fviro.2023.1156012/full
https://www.frontiersin.org/articles/10.3389/fviro.2023.1156012/full
https://www.frontiersin.org/articles/10.3389/fviro.2023.1156012/full
https://www.frontiersin.org/journals/virology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fviro.2023.1156012&domain=pdf&date_stamp=2023-03-24
mailto:natasha.halasa@vumc.org
mailto:leigh.howard@vumc.org
https://doi.org/10.3389/fviro.2023.1156012
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/virology#editorial-board
https://www.frontiersin.org/journals/virology#editorial-board
https://doi.org/10.3389/fviro.2023.1156012
https://www.frontiersin.org/journals/virology

Hayek et al.

10.3389/fviro.2023.1156012

detection with parainfluenza viruses or human rhinovirus/enterovirus was
associated with significantly lower odds of hospitalization, while RSV/SARS-
CoV-2 co-detection was associated with higher odds of ICU admission. In
adults >65 years old, RSV co-detection was associated with lower odds of
oxygen use.

Conclusion: The proportion of RSV co-detection did not appreciably vary before
and during the pandemic, except in young children, though the combinations of
co-detected viruses did vary. Our findings suggest that the clinical impact of RSV

co-detection with other viruses may be age-associated and virus-specific.

KEYWORDS

respiratory syncytial virus infections, coinfection, seasonal variation, COVID-19
pandemic, clinical course

1 Introduction

Respiratory syncytial virus (RSV) is a common cause of acute
respiratory illnesses (ARI) across all age groups. RSV is the
most common cause of lower respiratory tract illnesses in young
children, with a particularly high disease burden in those <2 years
old (1). In vulnerable adult populations, such as the elderly,
immunocompromised, and those with underlying medical
conditions, RSV infections are associated with severe illness and
exacerbations of pre-existing medical conditions such as chronic
obstructive pulmonary disease and congestive heart failure (2-5).

Before the coronavirus disease 2019 (COVID-19) pandemic,
many respiratory viruses circulated with relatively predictable
seasonal patterns, and the circulation periods for many
respiratory viruses, including influenza and human rhinovirus,
often overlapped with RSV (6). Furthermore, community
outbreaks of RSV typically occurred between October and April
in the Northern Hemisphere, with peak circulation during the
winter months (7). However, during the pandemic, the
seasonality of RSV and many other respiratory viruses was
disrupted due to nonpharmaceutical interventions implemented
to control the circulation of SARS-CoV-2, such as social distancing,
mask mandates, improved hand-hygiene compliance, and school
and business closures (6). Unlike prior seasons, as community
measures were relaxed, RSV circulation occurred during the
spring and summer (8). Therefore, oft-season circulation of RSV
may have led to combinations of co-detected viruses that were
previously uncommon.

According to a systematic review and meta-analysis, RSV is co-
detected with another respiratory virus in up to 40% of young
children with an RSV-associated respiratory illness (9). Data on
RSV co-detection in older age groups are limited, but when
reported, the frequency is less than in children (1). The clinical
implications of RSV co-detection with other respiratory viruses are
not well established, and the impact of viral co-detection with RSV
may vary according to the type of co-detected virus. One study
reported that RSV/HMPV co-detection was associated with a high
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risk of ICU admission in children (10), and another showed that
infants with RSV/HRV co-detection experienced lengthier hospital
stay and more frequent oxygen use than infants with a single virus
detection (11). Other studies have not reported greater severity with
RSV co-detection or have yielded conflicting results (12-14).
Furthermore, data describing RSV co-detection during the
pandemic are scarce, and many studies have described the
circulation of RSV over a single season, included a small sample
size, or restricted their population to either children or adults.

To address this research gap, we aimed to explore the frequency
of RSV co-detection with other respiratory viruses across different
age groups over four consecutive years before and during the
pandemic at a tertiary medical center. We also aimed to
determine the clinical outcomes of illnesses associated with single
RSV detection compared to those with RSV co-detection with
other viruses.

2 Methods

This retrospective study included all children and adults with
respiratory samples tested in the outpatient, emergency, and
inpatient settings using a provider-ordered multiplex respiratory
pathogen panel (RPP) between January 1, 2018, and November 30,
2022, at Vanderbilt University Medical Center (VUMC) in
Nashville, Tennessee. We included all encounters in which an
RPP was ordered by a VUMC provider, regardless of the
indication. We defined an encounter as the interval between the
dates of presentation to and discharge from the setting during
which an RPP was ordered. Settings were classified as outpatient
(e.g., primary and specialty clinics), emergency department, or
inpatient. If an RPP was obtained in an emergency room setting
and the patient was hospitalized during the same encounter, the
encounter was classified as a hospital setting encounter. Most
respiratory specimens were collected by either a nasopharyngeal
swab or bronchoalveolar lavage and tested using an RPP. The RPP
targets several common respiratory viruses, including RSV; human
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rhinovirus/enterovirus (HRV/EV); adenovirus (AdV); human
coronaviruses HKU1, NL63, 229E, and OC43 (HCoV); influenza
A and B (Flu); parainfluenza viruses (PIV)-1-4; and human
metapneumovirus (HMPV). The GenMark eSensor XT-8
Respiratory Viral Panel was used from January to April 2018,
BioFire Respiratory Panel 2 (RP2) from April 2018 to October
2021, and BioFire RP2.1 (which incorporates SARS-CoV-2 as an
additional target) from October 2021 onward. These assays are
performed on nasopharyngeal swab specimens collected in viral
transport media. They represent sample-to-result style assays in
which nucleic acid extraction, end-point polymerase chain reaction
amplification, and fluorometric detection occur microfluidically
within a self-contained cartridge. They carry in vitro diagnostic
status in the United States, including Food and Drug
Administration clearance for the RP2 and emergency use
authorization for the RP2.1. We supplemented the RPP data with
SARS-CoV-2 test results by any method (antigen-based, molecular,
or serologic) if the test was performed within 72 hours before or
after RPP testing. Encounters that occurred >14 days after a
previous encounter in the same individual were considered new,
distinct encounters, while those that occurred <14 days were
excluded. The Vanderbilt University Institutional Review Board
reviewed and approved the study protocol.

Using Epic Clarity, we systematically extracted data from electronic
health records across the Vanderbilt Health system to capture
demographic and clinical data. Data were encounter-based and
included an individual-level identifier, date of testing, age at testing,
sex assigned at birth, viral testing results, hospital admission status, and
among hospitalized patients, supplemental oxygen use, intensive care
unit (ICU) admission status, and intubation status. For this analysis, we
considered April 1, 2020, the start date of the pandemic period, given
that this was the first day Tennessee’s stay-at-home order was in effect.

We summarized the demographic characteristics and clinical
outcomes of individuals in the cohort using absolute and relative
frequencies. To illustrate the seasonality of RSV infections, we
plotted the monthly proportion of samples positive for RSV
during the study period and defined the beginning and end of
each RSV season by a minimum monthly threshold of 20 RSV
detections. We stratified the cohort into four age groups: 0-4, 5-17,
18-64, and >65 years old, and used Pearson’s y* test to assess sex
differences in RSV detection and compare the proportion of RSV

10.3389/fviro.2023.1156012

single detection before and during the pandemic among RSV-
positive samples within each age group. To account for individuals
with more than one encounter during the study period, we used
generalized estimating equations with a logistic link and a working
independence correlation structure to estimate odds ratios (ORs)
and 95% confidence intervals (CIs) comparing the odds of
hospitalization between individuals with RSV single detection and
those with co-detection, with no covariate adjustment (15). Among
those hospitalized, we used the same method to estimate ORs and
95% CIs comparing the odds of oxygen use, ICU admission, and
intubation between individuals with RSV single detection and those
with co-detection. We then replicated these analyses in children 0-4
years old, including age at testing as a covariate. Finally, among
children 0-4 years old, we compared the odds of the same outcomes
between those with single RSV detection and those with RSV co-
detected with a specific virus or combination of viruses. We selected
comparator groups for these analyses if all four expected cell counts
in the 2x2 contingency table of detection status and outcome
were >5.

3 Results

Between January 1, 2018, and November 30, 2022, 57,940 samples
were tested using an RPP; 20,272 (35.0%) were tested in the 27-month
pre-pandemic period, and 37,668 (65.0%) were tested during the 32-
month pandemic period of observation. SARS-CoV-2 test results were
available within 72 hours of an RPP in 35,710 (94.8%) encounters
during the pandemic. These samples were tested from the outpatient,
emergency department, and inpatient settings in 10,723 (18.5%),
11,311 (19.5%), and 35,906 (62.0%) cases, respectively. The most
frequently tested age group was children 0-4 years old (n=21,463;
37.0%; Table 1). Of all samples, 3,986 (6.9%) were positive for RSV,
and the majority were collected from those 0-4 years old (n=3,158;
79.2%; Table 1). In children and adolescents, RSV-positive males
outnumbered RSV-positive females, while females with a positive RSV
sample outnumbered males in the adult age groups (Table 1). There
was no sufficient evidence for sex differences in RSV detection within
any age group (Table 1). Of all RSV-positive samples, 922 (23.1%),
1,078 (27.0%), and 1,986 (49.8%) were collected from encounters in
the outpatient, emergency, and inpatient settings, respectively.

TABLE 1 Demographic characteristics of all individuals who had a sample tested using a provider-ordered respiratory pathogen panel at Vanderbilt
University Medical Center between January 1, 2018, and November 30, 2022.

Full cohort RSV-positive
All, n (%) All, n (%) Male, n (%) p value
All ages 57,940 30,322 (52.3) 3,986 2,121 (53.2) 0.25
0-4 years old 21,463 (37.0) 11,813 (55.0) 3,158 (79.2) 1,707 (54.1) 0.23
5-17 years old 8,820 (15.2) 4,564 (51.7) 348 (8.7) 184 (52.9) 0.67
18-64 years old 18,768 (32.4) 9,201 (49.0) 312 (7.8) 147 (47.1) 0.50
>65 years old 8,889 (15.3) 4,744 (53.4) 168 (4.2) 83 (49.4) 0.30

The demographic characteristics of the RSV-positive subset are also presented. Encounters occurring >14 days after a previous encounter in a given individual were considered new,
distinct encounters.
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265 years

Monthly proportions of respiratory pathogen panels positive for respiratory syncytial virus in Nashville, Tennessee, before and during the COVID-19
pandemic (January 2018 to November 2022). The dashed line represents the first day Tennessee's stay-at-home order was in effect.

Before the pandemic (January 1, 2018 - March 31, 2020), RSV
primarily circulated between October and March and peaked in
December (Figure 1). Relative to previous seasons, RSV circulation
was substantially delayed during the 2020-2021 season. During the
early pandemic period, RSV was last detected in April 2020 but
resumed circulation in late March 2021 and continued through
January 2022. RSV then circulated off-season again starting May
2022 and continued to circulate as of the end of the period.

Throughout the 4-year study period, RSV was co-detected with
at least one other virus in 39.0% (n=1,231/3,158), 29.9% (n=104/
348), 15.7% (n=49/312), and 12.5% (n=21/168) of samples collected
from encounters among individuals 0-4, 5-17, 18-64, and =65
years old, respectively. Figure 2 displays the proportions, within
each age group, of samples positive for RSV only, before and during
the pandemic. The proportions of single RSV detections before and
during the pandemic remained similar for all but the 0-4 age group,
which had a significantly higher proportion of single RSV
detections before the pandemic (63.7% vs. 59.5%, Figure 2).
Figure 3 shows the proportions, within each age group, of
samples positive for RSV and at least one other respiratory virus,
before and during the pandemic. RSV/HRV/EV was the most
common combination before and during the pandemic, and this
combination increased in frequency during the pandemic across all

age groups. During the pandemic, the relative frequency of RSV co-
detection with influenza or human coronaviruses decreased more
than any other combination. The proportions of RSV co-detections,
stratified by age group and the setting of care, are shown in
Table S1.

Of all RSV-positive individuals, 1,986/3,986 (49.8%) were
hospitalized. Among those who were hospitalized, 1,412 (71.1%)
received supplemental oxygen, 718 (36.2%) were admitted to the
ICU, and 152 (7.7%) were intubated. We compared hospitalization,
ICU admission, oxygen use, and mechanical ventilation among
individuals with RSV single detection to those with co-detection
within each age group. In children 0-4 years old, RSV co-detection
with another virus or viruses, was associated with lower odds of
hospitalization compared with single RSV detection (Table 2). In
adults 265 years old, RSV co-detection was associated with lower
odds of oxygen use among those hospitalized. Otherwise, we did not
find evidence of statistically significant associations between RSV
co-detection and the clinical outcomes we defined (Table 2). Results
from subgroup analyses in children 0-4 years old, in which age is a
covariate, were comparable to the results of the main outcomes
analyses—we again found that RSV co-detection was associated
with lower odds of hospitalization in children 0-4 years old (aOR,
0.73; 95% CI, 0.63-0.84; p<0.001; Table S2). When specific co-

. Before the pandemic E During the pandemic

Detections (%)

FIGURE 2

=0.68
p=0.47 s
18-64 years 265 years
n=312 n=168
Age Group

Proportions of samples testing positive for only respiratory syncytial virus (RSV; among all RSV-positive samples) before and during the COVID-19
pandemic, stratified by age group. Samples were tested from January 2018 to November 2022 in Nashville, Tennessee.
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Proportions of samples testing positive for respiratory syncytial virus (RSV) and other respiratory viruses (among all RSV-positive samples) before and
during the COVID-19 pandemic, stratified by age group. Samples were tested from January 2018 to November 2022 in Nashville, Tennessee. RSV,
respiratory syncytial virus; HRV/EV, human rhinovirus/enterovirus; HCoV, human coronaviruses; AdV, adenovirus; PIV, parainfluenza viruses 1-4; Flu,
influenza A and B; HMPV, human metapneumovirus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

detecting virus combinations were analyzed in this age group, we
found that RSV/PIV and RSV/HRV/EV co-detections were
associated with significantly lower odds of hospitalization
compared to single RSV detection (aOR, 0.55; 95% CI, 0.34-0.89;
p=0.014 and aOR, 0.74; 95% CI, 0.62-0.89; p=0.001, respectively).
Among children 0-4 years old who were hospitalized, RSV/SARS-
CoV-2 co-detection was associated with higher odds of ICU
admission (aOR, 3.47; 95% CI, 1.06-11.34; p=0.040; Table 3).

4 Discussion
In our study, we found that RSV was detected in 6.9% of

respiratory samples collected from children and adults across the
outpatient, emergency department, and inpatient settings in a single

Frontiers in Virology

center over four respiratory seasons before and during the
pandemic. We observed disrupted seasonal patterns of circulation
of RSV during the pandemic relative to prior years. The relative
frequencies of RSV co-detections across age groups did not differ
during the pandemic compared with the pre-pandemic period,
except for children 0-4 years old, among whom single RSV
detections were slightly less common in the pandemic period.
However, the relative frequencies of certain specific viral
combinations differed before compared to during the pandemic.
We also compared clinical outcomes of individuals with RSV single
detection to individuals with RSV co-detection and found evidence
to suggest age- and virus-specific associations.

We observed a substantial delay in RSV circulation during the
2020-2021 season compared to the prior years of observation, a
resurgence out-of-season (relative to pre-pandemic circulation),
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TABLE 2 Logistic regression models comparing the age group-specific odds of hospitalization, and among those hospitalized, oxygen use, ICU
admission, and intubation between individuals with RSV single detection (reference group) and those with co-detection.

0-4 years old 5-17 years old 18-64 years old >65 years old
OR (95% ClI); p n (%) OR (95% ClI); p n (%) OR (95% CI); p n (%) OR (95% Cl); p n (%)
value value value value
o 0.73 (0.63-0.84); 1,520 0.63 (0.39-1.01); 144 0.68 (0.37-1.28); 0.23 196 0.63 (0.23-1.67); 0.35 126
Hospitalization
<0.001 (48.1) 0.057 (41.4) (62.8) (75.0)
0.89 (0.70-1.12); 0.35 1,094 0.60 (0.28-1.32); 0.21 95 1.01 (0.45-2.28); 0.98 123 0.29 (0.09-0.93); 100
Oxygen use
(72.0) (66.0) (62.8) 0.037 (79.4)
ICU 0.95 (0.76-1.17); 0.61 591 0.91 (0.41-1.99); 0.81 56 0.73 (0.27-1.99); 0.54 45 0.27 (0.03-2.15); 0.21 26
admission (38.9) (38.9) (23.0) (20.6)
i 112 (0.75-1.68); 0.57 | 109 (7.2)  0.54 (0.15-1.99); 0.36 19 0.89 (0.19-4.15); 0.88 | 16 (8.2) 1.15 (0.13-10.14); 8 (6.3)
Intubation (13.2) 0.90

RSV, respiratory syncytial virus; ICU, intensive care unit; OR, odds ratio; 95% CI, 95% confidence interval.

Values of p significant at a nominal value of @=0.05 are indicated in bold.

followed by circulation for an extended period. The introduction of
nonpharmaceutical interventions, such as stay-at-home orders,
masking, and social distancing, during the pandemic has been
associated with alterations in the circulation patterns of several
common respiratory viruses, including RSV (16). Studies in various
regions, including the United States, reproduced these findings (17-
20). The disruption in the circulation of common respiratory
viruses during the pandemic may also explain why the differences
observed in the distribution of viruses co-detected with RSV before
compared with during the pandemic. For example, we found that
the combination of RSV/Flu was detected less frequently during the
pandemic. This finding is likely at least partially attributable to
near-absent influenza circulation in the first winter during the
pandemic in the study region, resulting in minimal opportunities
for RSV/Flu co-detection (6). On the other hand, HRV/EV
circulation persisted relatively unchanged during the pandemic,

and the concurrent lesser burden of other respiratory viruses may
have contributed to the increase in the relative frequency of RSV/
HRV/EV co-detection during the pandemic (6).

Since our study included comprehensive respiratory viral
testing in both children and adults, we were able to study RSV
co-detection within age strata that collectively spanned all ages. We
observed a higher proportion of co-detection in children and
adolescents compared with adults >18 years old, a finding that
has also been reported in previous studies (21, 22). Children
contract viral infections, both asymptomatic and symptomatic,
more so than adults, which may be partially attributable to both
increased exposure among children in day care and school settings,
as well as to pre-existing immunity in older individuals with a
naturally lengthier history of viral exposure.

Interestingly, despite the pandemic-related disruption in the
circulation of RSV and other respiratory viruses, we found that

TABLE 3 Logistic regression models comparing the odds of hospitalization, and among those hospitalized, oxygen use, ICU admission, and intubation
between children 0—4 years old with RSV single detection (reference group) and those with co-detection with specific viral combinations.

OR (95% Cl); p value

Hospitalization Oxygen use ICU admission Intubation
RSV only, n=1927 Reference Reference Reference Reference
RSV/AdAV, n=152 0.73 (0.53-1.02); 0.067 0.80 (0.47-1.37); 0.41 0.82 (0.49-1.39); 0.47 NA
RSV/HCoV, n=114 0.89 (0.61-1.30); 0.54 0.71 (0.40-1.25); 0.24 0.95 (0.54-1.66); 0.86 NA
RSV/Flu, n=22 1.38 (0.59-3.24); 0.46 NA 0.96 (0.31-2.97); 0.95 NA
RSV/HMPV, n=16 0.95 (0.36-2.55); 0.93 NA NA NA
RSV/PIV, n=74 0.55 (0.34-0.89); 0.014 1.07 (0.45-2.55); 0.89 1.06 (0.49-2.31); 0.88 NA

RSV/HRV/EV, n=608 0.74 (0.62-0.89); 0.001

0.81 (0.60-1.09); 0.16

0.90 (0.68-1.19); 0.46

1.10 (0.65-1.84); 0.72

RSV/SARS-CoV-2, n=32 0.65 (0.32-1.33); 0.24 NA 3.47 (1.06-11.34); 0.040 NA
RSV/HRV/EV/AdV, n=83 0.66 (0.42-1.03); 0.070 2.16 (0.83-5.65); 0.11 0.84 (0.41-1.72); 0.63 NA
RSV/HRV/EV/HCoV, n=22 0.45 (0.18-1.10); 0.079 NA NA NA
RSV/HRV/EV/PIV, n=42 0.79 (0.43-1.46); 0.45 0.81 (0.30-2.15); 0.67 1.12 (0.45-2.81); 0.81 NA

RSV, respiratory syncytial virus; ICU, intensive care unit; OR, odds ratio; 95% CI, 95% confidence interval; AdV, adenovirus; HCoV, human coronaviruses; Flu, influenza; HMPV, human
metapneumovirus; PIV, parainfluenza viruses; HRV/EV, human rhinovirus/enterovirus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Values of p significant at a nominal value of a=0.05 are indicated in bold.
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children 0-4 years old had a higher percentage of RSV co-detection
during the pandemic compared with the pre-pandemic period, and
HRV/EV was the most common co-detection. In adolescents and
adults, we observed no differences in the proportion of RSV co-
detection before and during the pandemic, likely because the
increase in HRV/EV co-detection was offset by a lower relative
burden of human coronaviruses and influenza to a larger extent
than in young children. Young children, especially those born
during the pandemic, are likely to be more immunologically naive
to respiratory viruses than adolescents and older adults and,
therefore, at a higher risk of contracting multiple viruses once
exposed. Further studies are needed to assess whether the increase
in RSV co-detection among young children will persist
post-pandemic.

We found that RSV co-detection in children 0-4 years old was
associated with lower odds of hospitalization. Previously reported
results are conflicting; one study showed no association between
RSV co-detection and hospitalization, another showed a negative
association, and yet another showed a positive association (8).
Nascimento et al. also showed that RSV co-detection in infants
was not a risk factor for hospitalization (23). In addition to variation
in study designs, case definitions, and populations included in these
prior studies, we s2581peculate that heterogeneity in the reported
findings may be partially a consequence of the heterogeneity of RSV
co-detection, a term used to describe a broad range of viral
combinations. In support, our subgroup analyses showed some
virus-specific differences in clinical features of illnesses, specifically
that RSV/PIV and RSV/HRV/EV co-detections, but not other viral
combinations, were associated with lower odds of hospitalization.
Similarly, Noyola et al. also showed that, compared with RSV alone,
RSV/PIV co-detection was associated with lower hospitalization in
people of all ages with influenza-like illness. However, while we
show that RSV/HRV/EV co-detections were associated with lower
hospitalization, they found no association (24). The association of
RSV co-detection with lower odds of hospitalization may result
from differential virulence of the pathogen “driving” the illness or a
consequence of virus-virus interaction. For example, Dee et al.
demonstrated that prior infection with HRV inhibits SARS-CoV-2
replication within the respiratory epithelium (25). Whether similar
interactions between HRV and RSV exist is unclear, and further
investigation is needed. We did, however, observe that RSV co-
detection with SARS-CoV-2 was associated with higher odds of ICU
admission in children 0-4 years old. This finding is supported by
another study, in which among hospitalized children <2 years old,
RSV/SARS-CoV-2 co-detection was associated with an increased
likelihood of admission to the ICU and subsequent mechanical
ventilation compared to single SARS-CoV-2 detection (26). Our
study highlights the importance of assessing individual viral
combinations, which may explain the conflicting results of the
association between RSV co-detection and clinical outcomes in
prior studies that assessed RSV co-detection in aggregate.

We also studied the clinical significance of virus-specific RSV
co-detection in adults, which has been indirectly studied and
remains poorly understood (27). We observed that RSV co-
detection was associated with lower odds of oxygen use in adults
265 years old. A previous study of adults that compared single and
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multiple viral detections in aggregate reported insufficient evidence
of an association between the number of detections and
supplemental oxygen use. The discrepancy between their findings
and ours is likely due to differences in study design, study
population, and the specific viral combinations under
investigation (25). Further studies of specific viral combinations
are required in the adult population to elucidate the clinical
significance of viral co-detection.

Our study had several limitations. First, we included all RSV-
positive individuals regardless of the indication for testing. In addition,
RPP tests were ordered more frequently during the pandemic for a
broader range of indications. Therefore, we might be including
individuals with asymptomatic or subclinical RSV infection.
Nevertheless, we anticipate the contribution of asymptomatic RSV
detections to be relatively small, given the low frequency of RSV
detection in individuals without respiratory symptoms (1, 28, 29).
Second, although stratifying our analysis by age group enabled us to
assess age-specific associations, we did not perform subgroup analyses
in any but the 0-4 age group because of sample size limitations. Third,
we were not able to adjust for potentially important patient-specific
confounders, including underlying medical conditions such as
prematurity or chronic lung disease, since we were unable to
retrieve these data systematically. Future studies should study the
clinical significance of RSV co-detection in the context of these
important factors. Fourth, we analyzed data collected from a single
healthcare system, which may limit the generalizability of our findings.
Fifth, the sequence of viral infections may impact the virologic and
clinical characteristics of illnesses associated with viral co-detections;
however, we were unable to assess the sequence of viral infections in
co-detections in this cross-sectional assessment. Sixth, we identified
cases solely based on RPP testing; if an individual presented again
within 14 days for escalation of care without another RPP test, our
case-finding strategy would not have identified them. However, we
anticipate roughly equal distributions of these instances across
exposure groups.

In conclusion, though the typical seasonality of RSV appeared
to be disrupted in our center during the pandemic, the proportion
of RSV co-detection did not appreciably vary before and during the
pandemic, except in young children. In certain age groups, RSV co-
detection was associated with varying clinical outcomes. The
clinical impact of RSV co-detection with other viruses may be
virus-specific. Further studies are needed to elucidate the impact of
RSV co-detection with other viruses, with an emphasis on the
influence of the pandemic on the nature of viral interactions.
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