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Background: Knowledge regarding the impact of respiratory pathogen
co-infection in severe acute respiratory syndrome coronavirus 2 (SARS-Co V-
2)-infected children seeking emergency department care is limited, specifi-
cally as it relates to the association between SARS-CoV-2 viral co-infection
and disease severity and factors associated with co-infection.

Methods: This secondary analysis included data from 2 prospective cohort
studies conducted between March 2020 and February 2022 that included
children <18 years of age tested for SARS-CoV-2 infection along with
additional respiratory viruses in a participating emergency department.
Outcomes included the detection rate of other respiratory viruses and the
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occurrence of severe outcomes (ie, intensive interventions, severe organ
impairment and death).

Results: We included 2520 participants, of whom 388 (15.4%) were SARS-
CoV-2-positive. Detection of additional respiratory viruses occurred in
18.3% (71/388) of SARS-CoV-2-positive children, with rhinovirus/enter-
ovirus being most frequently detected (42/388; 10.8%). In multivariable
analyses (adjusted odds ratio and 95% confidence interval), among SARS-
CoV-2-positive children, detection of another respiratory virus was not
associated with severe outcomes [1.74 (0.80-3.79)], but detection of rhi-
novirus/enterovirus [vs. isolated SARS-CoV-2 detection 3.56 (1.49-8.51)]
and having any preexisting chronic medical condition [2.15 (1.06-4.36)]
were associated with severe outcomes. Among SARS-CoV-2-positive chil-
dren, characteristics independently associated with an increased odds of any
other viral co-infection included: age and delta variant infection.
Conclusions: Approximately 1 in 5 children infected with SARS-CoV-2
had co-infection with another respiratory virus, and co-infection with rhino-
virus/enterovirus was associated with severe outcomes. When public health
restrictions were relaxed, co-infections increased.

Key Words: child, respiratory viral co-infection, severe acute respiratory
syndrome coronavirus 2, coronavirus disease 2019, severe outcome

(Pediatr Infect Dis J 2025;44:333-341)

Azof August 2024, the severe acute respiratory syndrome coro-
avirus 2 (SARS-CoV-2) virus continues to circulate, and as
we prepare for the annual winter surge in pediatric viral illness,
there remains a need to understand the impact of respiratory virus
co-infection in SARS-CoV-2 infected individuals.! This is a par-
ticularly important pediatric concern as children are more likely
to have respiratory viral co-infection.2? Pre-coronavirus disease
2019 (COVID-19) pandemic data are inconsistent about whether
viral respiratory pathogen co-infection is associated with increased
disease severity.* A meta-analysis assessing clinical disease sever-
ity among hospitalized individuals comparing detection of single
versus multiple viruses was hampered by the presence of signifi-
cant heterogeneity across almost all outcomes.? However, hospital-
ized children with bronchiolitis and viral co-infections had reduced
lengths of stay,® while a single study reported higher mortality in
Cambodian preschool children with viral co-infections.> More
recently, the co-infection of respiratory syncytial virus (RSV) and
rhinovirus/enterovirus has been associated with increased illness
severity among children <5 years of age hospitalized with SARS-
CoV-2.6

The reported prevalence of co-infection in SARS-CoV-2-
infected individuals is inconsistent. Although a study from 2020
reported that among a predominantly adult population, evaluated
in clinics, EDs and inpatient wards, the co-infection rate was 21%,’
a study completed in 2022 reported that co-infections occurred
in only 5% of symptomatic school-age, SARS-CoV-2-infected
children who participated in a community surveillance study.® In
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contrast to the latter study, in a large US cohort of hospitalized
SARS-CoV-2-infected children evaluated between March 2020
and February 2022, 21% had respiratory viral co-infection.® In this
study, co-infected children were more likely to be <5 years old,
receive oxygen support and be admitted to the intensive care unit.6
Although other studies have evaluated this association among hos-
pitalized children,® and in a mixed hospital-based population [ie,
emergency department (ED), intensive care unit, inpatient, outpa-
tient and operating room],! none were restricted to children seeking
ED care.

To better understand the impact of respiratory viral
co-infection in SARS-CoV-2-infected children seeking ED care,
we conducted a secondary analysis of a multinational database that
combined two prospective cohort studies. We sought to determine
the proportion of SARS-CoV-2-positive participants with respira-
tory viral co-infection and if co-infection is associated with the
development of severe disease. Additionally, we sought to identify
factors associated with SARS-CoV-2 viral co-infection.

MATERIALS AND METHODS

Design and Setting

This study combined data from 2 prospective cohort stud-
ies: the (1) Pediatric Emergency Research Network® (PERN)-
COVID-19 study that recruited participants in 41 pediatric EDs
between March 7, 2020 and June 15, 2021 and (2) Pediatric Emer-
gency Research Canada (PERC)! COVID-19 study that recruited
participants in 14 Canadian pediatric EDs between August 4, 2020,
and February 22, 2022. In the PERN study, eligible participants
were enrolled in EDs in 10 countries (Argentina, Australia, Canada,
Costa Rica, Italy, New Zealand, Paraguay, Singapore, Spain and the
United States).!" In both studies, participating sites obtained local
ethics review board approval or established a reliance agreement
with the Cincinnati Children’s Hospital Medical Center institu-
tional review board. The legal guardians of all participants provided
informed consent, and children provided assent, as appropriate.

Participants and Recruitment

In the parent study, eligible study participants were <18
years old and had specimens obtained for SARS-CoV-2 nucleic
acid testing because of symptoms or epidemiologic risk factors.
In this secondary analysis, we required patients to have a respira-
tory multiplex panel test performed. Children were eligible for
study participation regardless of the result of SARS-CoV-2 testing.
Exclusion criteria included: (1) duplicate enrollment (ie, enrolled
in both the PERN and PERC-COVID-19 studies as some institu-
tions contributed data to both studies); (2) declined permission for
secondary use of data; (3) no SARS-CoV-2 test result available and
(4) absence of symptoms potentially associated with SARS-CoV-2
infection or known exposure. Recruitment aimed for consecutive
enrollment, but modifications were required to balance test-positive
and negative participants as has been described.!!'2 Testing indica-
tions varied by institution and country and were modified as the
pandemic evolved.

Objectives and Outcomes

We sought to determine the overall and individual virus
co-infection rates of SARS-CoV-2 along with other respiratory
viruses and to determine if viral co-infection is associated with
severe outcomes. We also sought to determine if the detection of
a non-SARS-CoV-2 virus was associated with SARS-CoV-2 test
result status (ie, positive or negative) and to identify factors asso-
ciated with viral co-infection among SARS-CoV-2-positive partic-
ipants.
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Data Collection

The PERN and PERC studies implemented harmonized
recruitment procedures and data collection tools. We collected par-
ticipant demographic, epidemiological and clinical data during the
index ED visit or shortly thereafter via interviews with participants’
caregivers. Information regarding testing and interventions per-
formed during the index ED visit and subsequent hospitalization, if
required, was extracted from the medical record. We standardized
study procedures using a manual of operations. To classify out-
comes following the ED visit we completed a medical record review
and follow-up telephone or email/text survey 14 days following
the index ED visit. Participants were considered lost to follow-up
if 5 telephone follow-up attempts were unsuccessful, even if their
medical records were reviewed.

Definitions and Microbiologic Diagnostics

SARS-CoV-2 status was classified as “positive” if a nucleic
acid test performed on a swab from the nares, nasopharynx, or oral
cavity was positive at the index ED visit or during the subsequent
14 days. As this was an observational study, we did not specify the
approach to SARS-CoV-2 detection. Moreover, local SARS-CoV-2
specimen acquisition and testing procedures evolved over time
based on access to swabs, reagents, regional epidemiology and sci-
entific advances. In accordance with accepted standards for defining
hospital-acquired infections,'? we defined co-infection as having a
positive testing result on a multiplex viral panel in a respiratory
sample collected at or within 2 days following the index ED visit.
Positive tests collected more than 2 days after the index ED visit
were considered to be secondary infections (ie, not co-infections).
We collected data regarding nucleic acid test results for influenza
A, influenza B, RSV and any other respiratory viruses included in
multiplex viral panels. As multiplex specimen testing was part of
local clinical care, testing was performed using the panels selected
by local laboratories, and therefore viral targets varied by site.

We defined a severe outcome as the occurrence of any of the
following events within 14 days after the index ED visit'2: cardiac
or cardiovascular (eg, cardiac arrest, cardiac ischemia, congestive
heart failure, endocarditis, myocarditis, pericarditis or stroke),
infectious (eg, disseminated intravascular coagulation, mastoidi-
tis, sepsis with bacteremia, septic shock or toxic shock syndrome),
neurologic (eg, encephalitis and meningitis), respiratory (eg, acute
respiratory distress syndrome, empyema, necrotizing or crypto-
genic organizing pneumonia, pleural effusion or pneumothorax or
pneumomediastinum requiring drainage or respiratory failure) and
death. Performance of any of the following interventions was also
deemed to represent a severe outcome: chest drainage, extracor-
poreal membrane oxygenation, high flow oxygen by nasal cannula,
inotropic support, positive pressure ventilation and renal replace-
ment therapy. The diagnosis of multisystem inflammatory syn-
drome in children or Kawasaki disease was reported as assigned by
the clinical care teams and was considered severe if accompanied
by one of the diagnoses or interventions.'2

Sample Size

This was a secondary analysis of the parent PERN and
PERC-COVID-19 prospective cohort studies.!!* The sample size
specification for the PERN-COVID-19 parent study included the
recruitment of up to 12,500 participants to acquire 50+ COVID-
positive children who experienced severe outcomes, the par-
ent study’s primary objective.!! When the parent study achieved
the desired number of children, recruitment was terminated. For
the PERC-COVID-19 study, data were shared in real-time with the
Public Health Agency of Canada for pandemic surveillance pur-
poses and recruitment was terminated after the funding period.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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As such, no formal sample size calculations were performed for the
current analysis.

Statistical Analysis

Viral co-infection rates were reported using descriptive sta-
tistics. 2 or Fisher exact tests and Mann-Whitney U tests were used
for between-group univariate analyses comparing participants with
to those without co-infection. Among SARS-CoV-2-infected chil-
dren, we performed a multiple logistic regression analysis utilizing
a model fitted with a generalized estimating equation accounting
for study site, to assess if, overall, any viral co-infection is associ-
ated with severe outcomes. The following covariates were included
in the model: viral co-infection (yes vs. no), age (continuous) and
preexisting chronic medical condition (yes vs. no). We further
evaluated the associations between severe outcomes and viral co-
infection on an individual virus level using regression models with
the same model specifications.

Among children with and without SARS-CoV-2-infected
children, we assessed if SARS-CoV-2 detection was associated
with the detection of other viruses, and performed a multivaria-
ble logistic regression model fitted with generalized estimating
equation, including the following covariates: SARS-CoV-2 status
indicator (positive vs. negative), age group, sex, baseline symptom
duration, preexisting chronic medical condition, occurrence of any
severe outcome and SARS-CoV-2 testing date (grouped in 3-month
blocks). As the inclusion of sites that recruited small numbers of
children could introduce bias by providing samples of participants
that are not reflective of the presumed larger number of potentially
eligible patients, we conducted a sensitivity analysis excluding
those sites with fewer than 20 participants included in the regres-
sion models.

Study participants who did not have multiplex viral panels
performed were excluded from the final analysis. Statistical sig-
nificance was set at 0.05 for all tests. Analyses were 2-tailed and
conducted using SPSS 25.0 (Armonk, NY: IBM Corp.).

RESULTS

Between March 2020 and February 2022, 18,019 children
were enrolled, 2520 (14.0%) of whom were tested for SARS-CoV-2
and had respiratory multiplex panel performed within 2 days of
the index ED visit and were not missing data on severe outcomes
(Fig. 1). The median age was 2.0 years (IQR, 0.8-5.0), and 1375
(54.6%) were male. Fifteen percent (388/2520) of participants
tested positive for SARS-CoV-2, of whom 242 (62.4%) were clas-
sified as infected with wild-type (Table 1). Among SARS-CoV-2-
infected children, those included in this analysis compared with
ineligible participants were younger, more likely to be hospitalized
and to experience severe outcomes (see Table, Supplemental Digi-
tal Content 1, http://links.lww.com/INF/F813).

Viral Co-infection

Among 388 SARS-CoV-2-positive participants who were
also tested for other viruses, 18.3% (71/388) of participants and
16.3% (31/190) of those hospitalized, had one or more additional
viruses detected. Rhinovirus/enterovirus were the most frequently
detected viruses among SARS-CoV-2-positive children (42/388;
10.8%) (see Table, Supplemental Digital Content 2, http://links.
Iww.com/INF/F814). Ten (2.6%) of the 388 SARS-CoV-2-
positive children had 2 or more additional viruses detected. The
co-infection rate was higher during the late phase of our study
phase [March 2021-Feb 2022; 23.4% (41/175)], compared to
the early [March 2020-Feb 2021; 14.1% (30/213)] study phase
[difference 9.3%, 95% confidence interval (CI): of the difference
1.5-17.2] (see Figure, Supplemental Digital Content 3, http://links.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

Iww.com/INF/F815). Among the 2132 SARS-CoV-2-negative chil-
dren, 583 (27.3%) had at least 1 respiratory virus detected, with
rhinovirus/enterovirus being the most frequently detected viruses
(299/2132; 14.0%); 2.5% (54/2132) had more than 1 virus detected
(Fig. 2; see Table, Supplemental Digital Content 2, http://links.lww.
com/INF/F814).

Severe Outcomes

During the 14-day follow-up period, 11.1% (43/388) of 388
SARS-CoV-2-infected children experienced a severe outcome. In
the unadjusted analyses among the SARS-CoV-2-positive chil-
dren, we found no difference in the occurrence of severe outcomes,
hospitalization, intensive care unit admission, health care revis-
its and death within 14 days between those with versus without
co-infection (Table 2).Inthe multivariable analysis, the overall detec-
tion of viruses in addition to SARS-CoV-2 was not independently
associated with the occurrence of a severe outcome [adjusted
odds ratio (aOR): 1.74; 95% CI: 0.80-3.79). At an individual
virus level, rhinovirus/enterovirus co-infection with SARS-CoV-2,
compared to isolated SARS-CoV-2 detection, was associated with
the occurrence of a severe outcome (aOR: 3.56; 95% CI: 1.49—
8.51). In addition, older age and presence of a preexisting chronic
medical condition were also associated with the occurrence of a
severe outcome (Table 3). Among the SARS-CoV-2-negative study
participants, 4.9% (26/529) who had single virus detection and
5.6% (2/36) of the children who had rhinovirus/enterovirus and
other virus co-infection experienced a severe outcome.

Characteristics Associated with SARS-CoV-2 Viral
Co-infection

Of the 71 children with SARS-CoV-2 viral co-infection,
55 (77%) were younger than 5 years. Among the 26 children with
the SARS-CoV-2 delta variant, 10 (38%) had an additional virus
detected (Table 2). In the multivariable analysis including all eli-
gible children, SARS-CoV-2-positive children were less likely to
have another virus detected (aOR: 0.51; 95% CI: 0.36-0.70); see
Table, Supplemental Digital Content 4, http://links.lww.com/INF/
F816. In the model including only SARS-CoV-2-positive children,
age and infection with the delta variant were independently asso-
ciated with any respiratory viral co-infection. In the model eval-
uating co-infection with rhinovirus/enterovirus, it was associated
with having a severe outcome (aOR: 3.39; 95% CI: 1.42-8.10); see
Table, Supplemental Digital Content 5, http://links.Iww.com/INF/
F817. Given the small number of participants with the co-infection
of other viruses, individual virus regression analyses were not per-
formed.

Sensitivity Analysis

In the sensitivity analysis, after excluding 105 SARS-CoV-2
test-negative and 66 test-positive participants from study sites with
limited recruitment, the overall findings remained consistent, with
the exception that the association between experiencing a severe
outcome and detection of a non-SARS-CoV-2 respiratory virus was
no longer statistically significant (aOR: 1.44; 95% CI: 0.92-2.25).

DISCUSSION

Among SARS-CoV-2-infected children tested for influenza
A, influenza B, RSV, and any other respiratory viruses, 18% had
an additional virus detected, with rhinovirus/enterovirus being the
most common. Although, overall, respiratory virus co-infection was
not associated with severe outcomes, viral co-infection along with
SARS-CoV-2 was associated with severe outcomes among children
1-5 years old. SARS-CoV-2 viral co-infection was most common in
young children and most frequently occurred during the later part
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18019 Enrolled in the Emergency Departments
10598 PERN
7421 PERC

1137 Excluded

968 Duplicate participant (enrolled
in both studies)

111 Declined for data used —

56 No SARS-CoV-2 nucleic acid
test result

2 Asymptomatic and no exposure

16882 SARS-CoV-2 Tested
12567 Negative
4315 Positive

14362 Excluded

14330 No respiratory virus panel
performed within 2 days

32 Missing 14-day outcome data

2520 Included
1401 PERN

1119 PERC
I

|
388 SARS-CoV-2
Positive
1
| |

]
2132 SARS-CoV-2
Negative
_ 1
| | |

Positive for viral

Negative for viral

| Positive for viral Negative for viral

co-detection co-detection detection detection
71 (18.3%) 317 (81.7%) 583 (27.3%) | 1549 (72.7%) |
Severe Severe Severe Severe
outcome outcome outcome outcome
10 (14.1%) 33 (10.4%) 28 (4.8%) 88 (5.7%)

FIGURE 1. Study participants and outcomes*.*A severe outcome was defined based on the occurrence of any of the
following events at or within 14 days of the index ED visit: cardiac or cardiovascular (eg, cardiac arrest, cardiac ischemia,
congestive heart failure, endocarditis, myocarditis, pericarditis and stroke), infectious (eg, disseminated intravascular
coagulation, mastoiditis, sepsis with bacteremia, septic shock and toxic shock syndrome), neurologic (eg, encephalitis
and meningitis), respiratory (eg, acute respiratory distress syndrome, empyema, necrotizing or cryptogenic organizing
pneumonia, pleural effusion or pneumothorax or pneumomediastinum requiring drainage and respiratory failure) and
death. Performance of any of the following interventions was also deemed to represent a severe outcome: chest drainage,
extracorporeal membrane oxygenation, high flow oxygen by nasal cannula, inotropic support, positive pressure ventilation
and renal replacement therapy. The diagnosis of multisystem inflammatory syndrome in children (MIS-C) and Kawasaki
disease were reported as assigned by the clinical care teams and were considered severe if accompanied by one of the
aforementioned diagnoses or interventions.'s
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TABLE 1. Baseline Characteristics of Study Participants Who Presented to Emergency Department for Care Who

Were Either Discharged or Hospitalized

All SARS-CoV-2-Negative SARS-CoV-2 Positive
n = 2520 n=2132 n = 388 P Value
Age, years, median (IQR) 2.0 (0.8-5.0) 2.0 (0.9-5.0) 1.0 (0.3-7.8) 0.03
Age, n (%) <0.001
<1 years 711 (28.2) 553 (25.9) 158 (40.72)
1 to <5 years 1085 (43.1) 986 (46.2) 99 (25.52)
5 to <12 years 469 (18.6) 385 (18.1) 84 (21.65)
>12 years 255 (10.1) 208 (9.8) 47 (12.11)
Sex male, n (%) 1375 (54.6) 1157 (54.3) 218 (56.2) 0.49
Country, n (%) <0.001
Canada 1580 (62.7) 1417 (66.5) 163 (42.01)
United States 625 (24.8) 455 (21.3) 170 (43.81)
Australia 190 (7.5) 190 (8.9) 0(0)
New Zealand 7(0.3) 7(0.3) 0 (0)
Spain 15 (0.6) 11 (0.5) 4(1.03)
Argentina 27(1.1) 21(1.0) 6(1.55)
Costa Rica 50 (2.0) 28 (1.3) 22 (5.67)
Singapore 20 (0.8) 3(0.1) 17 (4.38)
Paraguay 1(0) 0 (0) 1(0.26)
Italy 5(0.2) 0(0) 5(1.29)
Days from illness onset to ED visit, n (%) 0.02
<1 day 718 (28.5) 606 (28.4) 112 (28.866)
2-3 days 734 (29.1) 601 (28.2) 133 (34.278)
>3days 1067 (42.4) 924 (43.4) 143 (36.856)
Variants, n (%) N/A
Wild-type 242 (62.4) N/A 242 (62.4)
Alpha 31(8.0) N/A 31(8.0)
Delta 26 (6.7) N/A 26 (6.7)
Omicron 89 (22.9) N/A 89 (22.9)
Having any chronic medical conditions (%) 559 (22.2) 485 (22.8) 74 (19.1) 0.11
Hospitalized at or within 14 days of the index ED 931 (36.9) 741 (34.8) 190 (49.0) <0.001
visit, n (%)
30 -+
25 4 Any other virus MW SARS-CoV-2 Negative
P<0.001
B SARS-CoV-2 Positive
20 4
%
15 H
10 - RSV
P=0.002
Parainfluenza
5
0 .
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FIGURE 2. Detection rates of non-SARS-CoV-2 respiratory viruses in SARS-CoV-2 positive and negative groups. P values were
obtained from y2 and Fisher exact test as appropriate for the between SARS-CoV-2-positive and negative groups comparison
of the detection rates. The error bars represented 95% CI of the detection rates.
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TABLE 2. Unadjusted Analyses for Characteristics Associated with Virus Co-detection Among the 388 SARS-CoV-2-

positive Study Participants

Had Additional Virus(es)

No Additional Virus Detected Detected
n=2317 n="71 P Value
Age, years, median (IQR) 1.0 (0.3-8.0) 1.0 (0.3-4.0) 0.38
Age, n (%) 0.02
<1 years 131 (41.3) 27 (38.03)
1 to <5 years 71(22.4) 28 (39.44)
5 to <12 years 72 (22.7) 12 (16.90)
>12 years 43 (13.6) 4(5.63)
Sex male, n (%) 174 (54.9) 44 (62.0) 0.28
Days from illness onset to ED visit, n (%) 0.28
<1 day 86 (27.1) 26 (36.6)
2-3 days 111 (35.0) 22 (31.0)
>4 days 120 (37.9) 23 (32.4)
Chronic medical condition, yes (%) 63 (19.9) 11 (15.5) 0.40
Variants 0.03
Wild type 205/317 (64.7) 37/71 (52.1)
Alpha 23/317 (7.3) 8/71 (11.3)
Delta 16/317 (5.0) 10/71 (14.1)
Omicron 73/317 (23.0) 16/71 (22.5)
SARS-CoV-2 testing date (seasonality) 0.05
2020 March-May 33(10.41) 2(2.82)
2020 June-August 49 (15.46) 6(8.45)
2020 September—November 46 (14.51) 12 (16.90)
2020 December—2021 February 55 (17.35) 10 (14.08)
2021 March-May 44 (13.88) 14 (19.72)
2021 June—-August 3(0.946) 1(1.41)
2021 September—November 11(3.47) 7(9.86)
2021 December—2022 February 76 (23.974) 19 (26.76)
Outcomes
Hospitalization 159 (50.2) 31(43.7) 0.32
Health care revisit 83 (30.7) 22 (33.8) 0.63
Emergency department revisit 36 (11.4) 10 (14.1) 0.52
Intensive care unit admission 36 (11.4) 7(9.9) 0.84
Mechanical ventilation 14 (4.4) 3(4.2) >0.99
Death 1(0.3) 0 (0) >0.99
Severe outcome*
Any 33(10.4) 10 (14.1) 0.37
Intensive intervention/treatments 21 (6.6) 3(4.2) 0.59
Respiratory 12 (3.8) 4 (5.6) 0.51
High flow nasal cannula 12 (3.8) 5(7.0) 0.21
Kawasaki disease or MIS-C needing intensive intervention or treatments 8(2.5) 1(1.4) >0.99
Cardiac or cardiovascular 5(1.6) 0(0) 0.59
Infectious disease 3(0.9) 1(1.4) 0.56
Neurologic 3(0.9) 0 (0) >0.99

*Composite outcome including the following: cardiac or cardiovascular (cardiac arrest, cardiac ischemia, congestive heart failure, endocarditis, myocarditis, pericarditis and
stroke), infectious (disseminated intravascular coagulation, mastoiditis, sepsis with bacteremia, septic shock and shock syndrome), neurologic (encephalitis and meningitis), respira-
tory (acute respiratory distress syndrome, empyema, necrotizing or cryptogenic organizing pneumonia, pleural effusion or pneumothorax or pneumomediastinum requiring drainage
and respiratory failure), any intensive intervention/treatment [chest drainage, extracorporeal membrane oxygenation, inotropic support, positive pressure ventilation (invasive or
noninvasive) and renal replacement therapy| or death. One participant in the SARS-CoV-2 positive and 1 in the SARS-CoV-2-negative group had missing data.

of our study (March 2021-Feb 2022), suggesting that co-infection
became more common as public health measures were removed.

In a US study that analyzed data collected between March
2020 and February 2022, among 2659 hospitalized SARS-CoV-2
infected children, 21% had a respiratory virus co-detected.¢ That
study also found that viral co-infection increased during the delta
period. During that same time period, a co-infection rate of just
5.3% was reported among SARS-CoV-2-positive outpatient chil-
dren in Wisconsin.® In a study of children hospitalized in a Turk-
ish hospital between March 2020 and March 2021, only 3.5%
of SARS-CoV-2-positive children had an additional respiratory
virus detected,'s while in a primarily outpatient pediatric popula-
tion (88%) in Switzerland, 11.7% of SARS-CoV-2-positive chil-
dren had an additional respiratory virus detected.!s These lower
co-infection rates may reflect the impact that early pandemic public
health restrictions had on controlling the spread of typical seasonal
respiratory viruses.!s!71* Our co-detection rate (18%) aligns with
Westbrook et al’s! report of 17% among their subset of children
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tested in EDs. Interestingly, this rate exceeded that among chil-
dren tested in other locations, including the operating room, inten-
sive care unit and outpatient and inpatient floors. The varied viral
co-infection rates reported likely also reflect the impact of study
population, sampling strategy and laboratory testing methodologies
employed.

Our study is unique in that it focused on children seeking ED
care, among whom 37% were hospitalized. It also was not subject
to the limitations of many other studies that were performed retro-
spectively or are database-derived!; we conducted interviews with
all participants to confirm that they either had symptomatic illness
or recent direct SARS-CoV-2 exposure. In addition, most prior
studies were conducted in a single healthcare system, geographic
jurisdiction or country, while ours included sites in 10 countries.
In addition, our evaluation of the likelihood of co-infection was
able to integrate clinical variables, such as duration of symptoms,
that are unavailable or inaccurately recorded in retrospective and
database studies.
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TABLE 3. Regression Analysis Evaluating the Adjusted Association Between Viral Detection and Occurrence of
Severe Outcomes Among the SARS-CoV-2-positive Children

Model 1 Model 2
aOR (95% CI) P Value aOR (95% CI) P Value
Type of viral detection Type of viral detection
Had SARS-CoV-2 and at least one 1.74 (0.80-3.79) 0.16 Had SARS-CoV-2 and rhinovirus/enterovi- 3.56 (1.49-8.51) 0.004
other virus detected rus SARS-CoV-2 detected
Only SARS-CoV-2 detected reference Only SARS-CoV-2 detected reference
Age, per year older 1.09 (1.03-1.15) 0.002 Age, per year older 1.10 (1.04-1.17) <0.001
Presence of chronic medical condition Presence of chronic medical condition
Yes 2.05 (1.02—4.14) 0.05 Yes 2.15 (1.06—4.36) 0.03
No Reference No Reference

Models included the 43 study participants who had severe outcomes and 345 study participants who did not have severe outcomes.

In general, respiratory viral co-infections are more common
in children, especially those <5 years of age, compared to adults.2
Importantly, many pairings occur at a higher frequency than is
expected, suggesting that direct or indirect interactions occur
between specific viral pathogens.? Similarly, SARS-CoV-2-infected
children are more likely to have viral respiratory co-infections than
their SARS-CoV-2-infected adult household contacts.®!6 As sea-
sonal respiratory pathogens reemerged, the association between
co-infection and severe outcomes has become increasingly impor-
tant, particularly among those hospitalized.®2* However, the eco-
nomic and clinical value of multiplex respiratory pathogen panel
testing remains a topic of debate, with rapid multiplex pathogen
panel testing on ED and inpatient children with respiratory tract
infections being inconsistently associated with reductions in anti-
biotic use and length of stay.2'2* As measures designed to reduce
the spread of SARS-CoV-2 are no longer being implemented, clar-
ifying indications for using multiplex pathogen panels has become
increasingly important.

In our study, rhinovirus/enterovirus were the most commonly
co-detected respiratory viruses. This is in keeping with previous
reports,®8151620 which suggest that rhinovirus/enterovirus circula-
tion did not decrease as much as other respiratory viruses during
the early phase of the pandemic and that it surged earlier than other
viruses.!® This is supported by a surveillance study showing that
rhinoviruses/enteroviruses were the most frequently detected virus
in the prepandemic and pandemic periods, across all pediatric age
groups, in both the ED and inpatient settings.2* Moreover, while
detection of rhinovirus/enterovirus was less likely between April
2020 and September 2021, detection of these viruses occurred at
similar or higher rates between October 2020 and February 2021
than in the prepandemic period.?* The frequency of rhinovirus/
enterovirus detection may be explained by evidence that children
are a major reservoir for rhinovirus infection and are a key driver of
transmission to adults.?s Additionally, it is more transmissible than
other viruses (eg, influenza and SARS-CoV-2), even when surgical
masks are worn.2

Although rhinovirus usually causes mild upper respiratory
tract symptoms and can be detected in asymptomatic children,?’
some studies have reported that isolated pediatric rhinovirus/enter-
ovirus infection can be severe,?® even more severe than RSV and
influenza infections.23° Rhinovirus is the second most commonly
identified virus in children with bronchiolitis, and it is the virus
most commonly co-detected alongside RSV3' Our finding that
the detection of rhinovirus/enterovirus in children with SARS-
CoV-2 was associated with an increased odds of severe outcomes
supports the similar finding reported by Agathis et al.>20 These find-
ings highlight the importance of ongoing monitoring of viral infec-
tions and co-infection in children to inform strategies to prevent
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and mitigate the impact on children and the health care system.
Moreover, enhanced respiratory virus surveillance in children,
particularly those who are severely unwell, is crucial. Our findings
should inform infection control practices in healthcare settings,
by highlighting the importance of stringent isolation protocols to
prevent the spread of respiratory viruses and the development of
nosocomial co-infections. Finally, public health strategies should
prioritize vaccination efforts for preventable respiratory infections
(eg, influenza, SARS-CoV-2 and RSV) in children.

Currently, we have a limited understanding of the mecha-
nism by which SARS-CoV-2 and concomitant viral co-infections
lead to more severe outcomes. An in vitro study suggested the
delta variant upregulated o-2-3-linked sialic acid, while influenza
upregulated angiotensin-converting enzyme 2 and transmembrane
serine protease 2.32 In the same model, SARS-CoV-2 and influenza
co-infection caused greater hyperactivation of proinflammatory and
immune-related signaling pathways and cellular damage compared
to single virus infection. In addition, preinfection with influenza
strongly enhances the infectivity of SARS-CoV-2 by boosting viral
entry into cells and co-infection leads to elevated SARS-CoV-2
viral loads and more severe lung damage in infected mice.?

Limitations

Our study has several limitations that should be considered
when interpreting the findings. First and most importantly, as has
been reported by others,®3 testing for viral co-infection and the
multiplex panels employed were based on physician decision-
making and institutional practice and policies. This introduced
selection bias as hospitalized children and those with more severe
illnesses were more likely to undergo expanded multiplex testing.
Overrepresentation of more severe cases with a higher likelihood
of detecting viruses such as rhinovirus/enterovirus, which may be
less prevalent in less severely ill children, may have led to an over-
estimate of the association between viral co-infection and severe
outcomes. Additionally, at institutions where multiplex assays are
limited to SARS-CoV-2, influenza and RSV, other viruses would
not have been detected, potentially leading to different clinical con-
clusions. We unfortunately do not have documentation of which
participants were tested for which viruses.

Although our analysis was restricted to children who had
additional viral testing performed, residual biases may remain. As
has been reported by others,5 we do not know the timing of the
infections and cannot attribute, with certainty, the viruses identified
to the clinical outcomes observed. Due to the low detection rate of
viruses other than rhinovirus/enterovirus, we were underpowered
to study the impact that co-infection of these viruses had on patient
outcomes. In addition, as nucleic acid amplification tests can detect
SARS-CoV-2 RNA weeks to months after initial infection,?s in
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some participants, a positive SARS-CoV-2 test may represent shed-
ding from recent infection and may not be etiologic of presenting
symptoms. As such, when viruses are co-detected, we cannot state
with certainty that they are both causal of the symptoms or clinical
outcomes. Finally, as SARS-CoV-2 variants evolve over time, the
findings may not be generalizable to emerging variants. Thus, while
our findings contribute to understanding the clinical impact of viral
co-infections in SARS-CoV-2-infected children, they should be
interpreted with caution.

CONCLUSIONS

We found that although the detection of additional respira-
tory viruses in SARS-CoV-2-infected children was not uncommon,
those with rhinovirus/enterovirus co-infections were more likely
to experience severe outcomes. Thus, viral co-infection should be
considered in children with SARS-CoV-2 infection who present
with severe illness requiring hospitalization, with rhinovirus/enter-
ovirus being the most commonly co-detected respiratory viruses.
As the co-infection of SARS-CoV-2 and other respiratory viruses
has increased, it remains important to monitor the clinical impact of
co-infections to inform clinical decision-making and public health
measures.
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