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Abstract

Purpose To compare the frequency and the severity of influenza and respiratory syncytial viruses (RSV) infections among

children <24 months hospitalized with respiratory symptoms.

Methods Data from a prospective study conducted during the peak of five influenza seasons in the Province of Quebec,

Canada were used.

Results We detected higher frequency of RSV compared to influenza viruses (55.3% vs. 16.3%). Radiologically confirmed
pneumonia was significantly more frequent in children with RSV (39%) than those with influenza (18%) and the clinical
course was more severe in RSV than influenza-infected children, especially among infants <3 months.

Conclusion Even during peak weeks of influenza season, we found a higher burden and severity of RSV compared with

influenza virus disease in hospitalized children < 24 months.

Keywords Influenza - Respiratory syncytial virus (RSV) - Detection - Hospitalization - Children

Introduction

Respiratory syncytial virus (RSV) and influenza virus infec-
tions are considered as leading cause of hospitalization
among infants and young children [1, 2]. In a recent study,
the average hospitalization rate attributable to RSV infection
has been reported to be 5.2 per 1000 children under 2 years
with seasonal variation from 2.5 to 9.9 per 1000 children
[3]. Among the same age group, a systematic review has
estimated influenza-associated hospitalization rates from 1
to 5 per 1000 children [1]. For both viruses, the highest hos-
pital admission rates were among infants <3 months with an
average rate of 17.9 and 3.3 per 1000 children, respectively,
for RSV and influenza [3, 4]. Most studies assessing the
influenza and RSV-associated hospitalization burden focus
on the entire respiratory viruses season. Little information is
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available about the role of influenza viruses relative to RSV
during periods of high influenza circulation among young
children. The aim of this study is to compare the frequency
and disease severity of influenza and RSV infections among
children <24 months hospitalized with respiratory symp-
toms during the peaks of five influenza seasons.

Methods

In the province of Quebec, Canada, a prospective surveil-
lance study with virologic assessment for influenza and
other respiratory viruses was conducted during the peak
weeks of influenza circulation among patients admitted
for acute respiratory symptoms to four acute-care hospitals
since 2012-2013. Peak weeks are defined as consecutive
weeks with > 15% of weekly specimens testing positive for
influenza as monitored by the provincial sentinel laboratory
network. All patients hospitalized for fever/feverishness or
cough or sore throat have a nasal specimen collected with a
flocked swab. Specimens are tested by the Luminex xTAG
® RVP FAST multiplex, a polymerase chain reaction (PCR)
assay which can detect 17 respiratory viruses (RV) [5].
Patients admitted for > 24 h to the hospital floor are invited
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to participate in the study; those who give their informed
consent are included. Demographic and clinical informa-
tion of patients including chronic conditions associated with
increased risk of influenza complications is collected using
a standardized questionnaire. In our study, patient’s chronic
conditions information was retrieved by nurses from medical
records and we did not ascertain diagnosis criterions of the
asthma condition identified through the chart review among
the children <2 years. As it is difficult to diagnose asthma
in these young children and confirm it as definite bronchial
asthma, we used the term “asthma-like condition”. Addi-
tional details are presented elsewhere [5]. The peak weeks
of the 2012-2013 and 2014-2015 to 2017-2018 influenza
seasons were included in the analysis. The 2013-2014 sea-
son was excluded, because only influenza viruses were tested
during this season. Proportions were compared with the
Chi-square test or the Fisher’s exact test where appropriate.
Continuous variables were compared using Wilcoxon and
Kruskal-Wallis nonparametric tests.

Results

During the peaks of five influenza seasons lasting from 8 to
10 weeks, 546 children were enrolled in the study. Nearly,
a third were infants <3 months (34%, n=188), 15% were
aged 3-5 months (#=283) and 611 months (n=284), and
35% were aged 12-23 months (n=191). Except for the
2017-2018, where the epidemic peak was characterized by
the concomitant circulation of influenza A and B, all the
other peak weeks of the study period corresponded mainly
to the influenza A peak (Fig. 1). There was annual variation
in RSV positivity over the peaks of five influenza seasons,
with RSV activity increasing (2012-2013 and 2014-2015),
declining (2015-2016), or overlapping influenza peak
weeks through 2016-2017 and 2017-2018 influenza sea-
son (Fig. 1).

Proportion of detected viruses

At least one respiratory virus was identified in 94.1% of
children. RSV was detected in more than half of children
(55.3%), and the presence of both influenza and RSV
was observed in 1.6% of cases. Despite being during the
peak weeks of the influenza epidemic, influenza viruses
were detected in one of six children (16.3%). Influenza A
(H3N2) was the predominating subtype (60%) and influ-
enza A (HIN1) pdm09 and influenza B were detected in
24% and 15% of specimens, respectively. Other respiratory
viruses (ORV) were detected in 20.9% of children: entero/
rhinoviruses (7.1%), coronaviruses (5.5%), human metap-
neumovirus (3.3%) and parainfluenza viruses (2.7%), and
other viruses (adenovirus and bocavirus) (2.2%). Among the
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young infants <3 months, the clinical course was less severe
in human metapneumovirus (n=3) than in RSV-infected
children based on the presence of radiologically confirmed
pneumonia (0% vs. 17%), length of stay (median of 3 days
vs. 4 days) and intensive care unit admission (0% vs. 8.6%),
although differences are not statistically significant due to the
small sample size. RSV was more frequently detected among
infants aged 3—-5 months (73.5%) than in those <3 months
(53.7%), 6-11 months (53.6%), and 12-23 months (49.7%)
(p=0.003). Conversely, influenza was more frequent among
older children aged 12-23 months (22.5%) than in those
< 3 months (14.4%), 3—5 months (8.4%), and 6-11 months
(14.3%) (p=0.02).

Patient’s characteristics by influenza and RSV
detection

There was no significant difference by age group in high-risk
conditions for influenza complications, consultation delay,
or influenza vaccine use between influenza and RSV-infected
children (Table 1). The distribution of the main reasons for
admission was similar between influenza and RSV infec-
tions among children aged 3—5 months and 12-23 months.
Among infants <3 months, influenza-infected cases were
more often admitted for fever than RSV patients (74% vs.
26%), while patients with confirmed RSV were more fre-
quently hospitalized for dyspnea or bronchiolitis compared
to influenza patients.

The 2014 WHO severe acute respiratory illness (SARI)
case definition for influenza surveillance was met by
more than 70% of children with influenza or RSV infec-
tions, with a higher proportion (83-89%) among children
> 6 months than youngest children and no significant dif-
ference between influenza and RSV-infected patients
(Table 1). Fever (reported or measured) and cough were
the two symptoms included in this case definition. Infants
<3 months with influenza had significantly higher rate of
fever than those with RSV (100% vs. 63%, p <0.0001) and
significantly less cough (54% vs. 99%, p <0.0001). We did
not found in our analysis any specific sign or symptom dis-
criminating between influenza and RSV infection in children
<24 months. Among these children, those with RSV had a
significantly higher proportion of radiologically confirmed
pneumonia than influenza patients (39% vs. 18%, p<0.01)
(Table 1).

Hospital course by influenza and RSV detection

The median length of stay (LOS) in <24-month-old chil-
dren was similar (3 days) for both influenza and RSV-
infected children. Among infants <6 months, median
LOS was longer for RSV (4 days) than influenza (3 days,
p<0.0001). While no child with influenza was admitted to
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the intensive care unit (ICU), 3.6% (n=11) of RSV-infected
children required it and most of them (82%, 9/11) were aged
<3 months (Table 1). No death was reported among enrolled
children.

Discussion

During peak weeks of influenza season with mostly no over-
lapping RSV peak weeks, we found a significantly higher
burden of RSV compared with influenza virus disease in
hospitalized children <24 months. Our results underline
the importance of testing young children with respiratory

symptoms for a panel of respiratory viruses and the limited
value of etiologic diagnoses based on clinical definition and
epidemiologic data. In addition, our findings of a substan-
tially greater RSV frequency among hospitalized young
children even during influenza peak weeks underscore the
need of prevention and control approaches that address RSV
infections.

To the best of our knowledge, this is the first study that
describe the role of RSV relative to influenza viruses dur-
ing the peak weeks of influenza epidemics among hospital-
ized young children. Other prospective surveillance studies
from the United States and Europe documented the burden
of influenza and RSV among enrolled children during whole
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Table 1 (continued)

3-5 Months 6—11 Months 12-23 Months

0-2 Months

Total

Flu-RSV

Flu-RSV Influenza RSV Flu-RSV Influenza RSV

Flu-RSV Influenza RSV

Flu-RSV Influenza RSV

RSV

Influenza

n=95

n=43

n=45

n=12

n=61

5

n

n=101

27

n=9

302

n

n=289

Hospital outcomes

3(1-34) 3(14)

3(2-33)

3(1-14) 5(5-5)

3(2-7)

2 (2-3) 4 (1-7)*

4 (1=11)* 3 (1-4)

3(1-34) 3(1-5) 3(2-8)

3(2-33)

Length of stay.

median (min—
max), days

0 (0.0)
0 (0.0)

0(0.0) 0(0.0)  0(0.0) 0(0.0)
0(0.0) 0(0.0) 0(0.0)

0 (0.0)

0 (0.0)
0 (0.0)

00.0) 000 989 000 000 233 -
0(0.0) 0(0.0) 0(0.0)

0 (0.0)

11 (3.6)

0 (0.0)
0 (0.0)

ICU admission

Death

0 (0.0)

0 (0.0)

0 (0.0)

Data are no. (%) of patients

Flu-RSV influenza and RSV co-infection

*p <0.05 for the association between influenza vs. RSV group and selected characteristic/whole distribution of the reasons for admission /outcome

#Percentages based on data without missing values

YVaccination rates based on children > 6 months

“SARI defined as “an acute respiratory illness with history of fever or measured fever of >38 °C and cough, with onset < 10 days, requiring hospitalization”

77, 268 and 8 for all children, respectively, among influenza, RSV, and influenza—RSV group)

dPercentages based on cases who had a chest X-ray (n

influenza seasons or calendar years [6—8]. Conducted mainly
among children <5 years in early 2000s, these studies
reported similar patterns of high RSV detection (20-38%)
relative to influenza (3—15%). A recent study from South
Africa reported that during a 5-year period (2011-2016),
RSV was more often detected (24%) than influenza viruses
(6%) in children <5 years [9]. We found the highest rate of
RSV among infants aged 3—-5 months with RSV detection in
nearly three over four patients (73.5%) followed by infants
< 3 months (53.7%). Similar to our results, other reports
found that infants aged 3—5 months had the highest pro-
portion of RSV detection [3, 10], while the highest RSV
frequency in the South African study was among infants
<3 months [9].

The clinical presentation of RSV infection in our study
revealed the predominance of cough over the fever in par-
ticular among infants <3 months. Conversely, young infants
infected with influenza had a significantly higher rate of
fever than children with RSV infection. These results are
consistent with previous reports on the RSV and influenza
clinical features in young children [8, 9]. We also found that
a radiologically confirmed pneumonia was more frequent
in RSV infection than in influenza infection, which is in
line with other publications [7, 8]. There was no difference
in the median hospital duration (3 days) between RSV and
influenza-infected children < 2 years, a finding similar to the
South African study that reported a non-significantly dif-
ferent median LOS (4 days) for RSV and influenza-infected
children <5 years [9]. However, there were differences by
age group in our study: infants <6 months hospitalized
with RSV infection had significantly longer hospital stay
compared to those with influenza infection (median LOS of
4 days vs. 3 days). A longer average duration of hospitaliza-
tion among RSV-infected infants has also been previously
reported [7, 11].

In this study, RSV infection was associated with higher
but not significantly different ICU admission rates than
influenza infection (3.6% vs. 0%, p=0.07) among children
<2 years. A comparable rate of 3.1-4.3% of ICU admissions
associated with RSV has been reported in other prospec-
tive studies [6, 9]. There were no deaths among children
included in our analysis, which is consistent with recent
studies reporting the relatively low case-fatality rate (< 1%)
associated with pediatric influenza or RSV infections [12,
13].

There are several limitations to this study. First, RSV
seasonal epidemics overlapped differently with epidemic
curves of influenza during the study period. Both adults
and children contribute to the Quebec provincial sentinel
data for respiratory viral surveillance. It is likely that chil-
dren disproportionately drive RSV findings in the com-
munity and conversely that adults predominate influenza
circulation data. Even if RSV and influenza circulation in
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both adults and children may not coincide exactly with
that of children, the overall RSV circulation relative to
that of influenza is likely to be reflected in the sentinel
surveillance curves we have presented. Second, we defined
influenza peak weeks as those during which the percentage
of positive specimens tested was > 15% as monitored by
the provincial sentinel laboratory network. This definition
was based on provincial data indicating that weeks with
>15% of influenza-positive specimens represented more
than 74% of total influenza-positive tests during entire
influenza season, and this peak week definition was used in
line with previously published works [14, 15]. During the
peak influenza weeks of the 5 year study period, RSV and
influenza had varying degree of seasonal overlap (Fig. 1).
Relatively complete RSV and influenza peak weeks’ over-
lap was evident during the two last seasons (2016-2017
and 2017-2018), with more than half (56%) of the total
of RSV positive tests during the peak influenza included
in our study. However, after excluding these two seasons,
we found similar results of higher frequency of RSV com-
pared to influenza infections (data not presented). Third,
there was no information about RSV risk factors for hos-
pitalization such as history of prematurity, specific comor-
bidity (cystic fibrosis, neuromuscular diseases, etc.) as our
original data focused on depicting the epidemiology of
influenza infections. The low frequency of influenza detec-
tion is unlikely due to vaccination given the low rate of
influenza vaccination among pregnant women (~ 16%) and
children <2 years (17-19%) in Quebec [16, 17], and little
evidence is available on effectiveness of current influenza
vaccines for children <2 years [18]. Finally, influenza
antiviral treatment data were not recorded systematically
all seasons, preventing us from analyzing its impact on
influenza duration of hospitalization.

In conclusion, even during the peak weeks of influenza,
more than half of hospitalizations for respiratory infec-
tions in children <2 years of age was due to RSV, with a
clinical course more severe than influenza notably among
infants <3 months.
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