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ABSTRACT
Aim: To describe the epidemiology of critically ill children admitted to a paediatric intensive

care unit (PICU) with acute respiratory disease. The association with intubation was

analysed for the three most prevalent viruses and in those with and without viral co-

infection.

Methods: Patients admitted to the PICU (2004–2014) with acute respiratory disease were

included. Analyses were performed utilising each respiratory viral infection or multiple viral

infections as an exposure.

Results: There were 1766 admissions with acute respiratory disease of which 1372 had

respiratory virus testing and 748 had one or more viruses detected. The risk of intubation

before or during the PICU stay was higher if parainfluenza virus was detected compared to

respiratory syncytial virus (RSV) (OR: 2.20; 95% CI: 1.06–4.56). Sixty-three admissions

had two or more viruses detected, and the combination of RSV and Rhinovirus/enterovirus

was the most common. No significant difference was observed in the risk of intubation

between patients with multiple and single viral infections.

Conclusion: Higher risk of intubation was found in patients with parainfluenza as compared

to RSV. The risk of intubation comparing parainfluenza virus to other viruses and for patients

with multiple versus single virus needs to be further studied.

INTRODUCTION
Acute respiratory diseases due to viral infections are
common causes of illnesses in infants and young children
around the world (1,2). The pathophysiology varies from
upper airway obstruction (e.g. croup, laryngitis and laryn-
gotracheitis) to severe lower respiratory tract illnesses (e.g.
pneumonitis, bronchiolitis and acute respiratory distress
syndrome).

The burden of respiratory viral infections in hospitalised
paediatric populations has been well described. However,
there are limited published data on the epidemiology and
outcomes among critically ill children presenting with
respiratory viral infections admitted to a paediatric inten-
sive care unit (PICU) (3–5).

Co-infection with multiple respiratory viruses is common
in hospitalised children (6–8). Contrary to what one might
predict, the severity of illness is not clearly greater with co-
infection (6,7).

During the past decade, development and implementa-
tion of molecular technologies in the field of diagnostic
virology have greatly enhanced our ability to detect respi-
ratory viruses in clinical samples (9). For example, assays

Abbreviation

DFA, Direct fluorescent antibody; HHHFNC, Heated humidified
high-flow nasal cannula; hMPV, Human metapneumovirus; IQR,
Interquartile range; LOS, Length of stay; OR, Odds Ratio; PCR,
Polymerase chain reaction; PICU, Paediatric intensive care unit;
PRISM, Pediatric risk of mortality; RSV, Respiratory syncytial
virus.

Key Notes
� The data on burden of respiratory viral infection are

limited, and there are conflicting findings on outcome
of the multiple viral infections in a critical care popu-
lation.

� Rhinovirus/enterovirus is the most common viral
pathogen, and parainfluenza virus has the highest rate
of requiring intubation in patients in paediatric inten-
sive care unit with acute respiratory diseases.

� Further studies should be conducted to clarify the
effects of multiple viral infections and their interactions
in paediatric population.
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using real-time reverse transcription polymerase chain
reaction (RT-PCR) or respiratory pathogen panel using
multiplex PCR for broad detection of viral pathogens have
been incorporated into routine diagnostic tests in many
laboratories (9–12).

It is important to delineate and understand the burden of
respiratory viral infections and the differences in the
outcomes as related to different respiratory viruses identi-
fied in critically ill children, to establish management
strategies and target future research. In this study, we
described the detection of respiratory viruses of a large
cohort of children admitted to a single PICU with acute
respiratory diseases over a ten-year period. We examined
the association between endotracheal intubation before or
during the PICU stay among the three most commonly
identified respiratory viruses. We also compared the need
for intubation between patients with multiple viruses versus
those with only one respiratory virus.

MATERIALS AND METHODS
Setting and inclusion criteria
Stollery Children’s Hospital PICU (patient age 0 to less
than 17 years) is a western Canadian reference centre
with a large catchment area, including Central and
Northern Alberta, surrounding regions in Saskatchewan
and British Columbia, as well as the Northwest Territo-
ries and Nunavut, with at least 750 000 children under
15 years of age (13). It is a mixed medical and surgical
unit, with 800–1000 admissions per year over the study
period, including 400–500 post cardiac surgery patients
annually.

Admission demographics, diagnosis, severity of illness
score (Pediatric Risk of Mortality Score III; PRISM III),
treatments given during the PICU stay, and PICU and
hospital outcomes from 2004 to 2014 (except 2009 because
of lapse in data collection) have been collected in a unit-
based administrative database (PICUEs�, WA, USA). Pri-
mary diagnoses in the database were categorised into 18
categories, and the secondary diagnoses coded using a
binary scale with 21 categories (Appendices S1a and S2).

The inclusion criteria were patients admitted to the PICU
2004 through 2008 and 2010 through 2014: (1) with a
primary or secondary diagnosis of ‘asthma (reactive airway
disease)’ or ‘pneumonia/bronchiolitis’ or (2) with at least
one of the search terms which indicated the presence of
respiratory disease on admission (Appendix S1b) in the
‘other (open label)’ category of their primary or secondary
diagnoses. Cases selected using the second criteria were
included only if respiratory distress was the primary reason
for PICU admission.

Respiratory virus testing and definition of prevalence
Detection of all respiratory viruses was performed at the
Provincial Laboratory for Public Health. The temporal
changes in respiratory virus testing methods and algorithms,
thus the types of viral pathogens detected in our study
periods and the platforms used to extract the testing data

were described previously (14–16). Briefly, there were three
periods with changes in respiratory virus targets and
algorithms during the study period: (1) from 2004 to
November 2005, respiratory syncytial virus (RSV), parain-
fluenza virus, influenza A and B and adenovirus were
identified using direct fluorescent antibody (DFA) tests or
rapid respiratory culture with mixed cell lines and DFA in a
24-well plate format, (2) from November 2005 to February
2008, rapid respiratory culture was replaced by in-house
molecular diagnostic tests where human metapneumovirus
(hMPV) was also detected, (3) since February 2008, the in-
house molecular diagnostic tests were replaced by xTAG�

RVP assay (Luminex Molecular Diagnostics Inc., Ontario,
Canada) with Rhinovirus/enterovirus and four types of
coronavirus as additional targets to the original six viruses.
In addition, an in-house RT-PCR for influenza A and B with
better sensitivity for pandemic influenza A was imple-
mented in March 2009. Prior to March 2009, molecular
diagnostic tests are performed on nasopharyngeal swabs
that tested negative by DFA and all throat swabs and lower
respiratory tract samples; since March 2009, in-house RT-
PCR for influenza A and B +/� xTAG� RVP assay was
performed on all sample types regardless of DFA results.

Respiratory virus testing results from five days before to
five days after the date of admission to the PICU were
included and analysed with each PICU admission counted
as an independent event. With the changes in the respira-
tory virus testing algorithm over time, the number of
admission events used as the denominator to calculate the
overall and annual prevalence differed for various viruses
(Table 1).

Table 1 Identified viral pathogens

Viruses
Number
of cases Prevalence*

Total admission 1766

No test performed 392 222

All negative 624 353

RSV* 274 155

Rhinovirus/enterovirus (Feb 2008-) 274 225

Parainfluenza virus 86 49

hMPV (Nov 2005-) 55 37

Adenovirus 50 28

Influenza A virus 37 21

Coronavirus (Feb 2008-) 21 17

Influenza B virus 16 9

Multiple infection

RSV + Rhinovirus/enterovirus 23 19

RSV + Adenovirus 4 2

RSV + Influenza A/B virus 3 2

RSV + Parainfluenza virus 2 1

RSV + Coronavirus 2 2

RSV + hMPV 1 1

Rhinovirus/enterovirus + Parainfluenza virus 7 6

Rhinovirus/enterovirus + Coronavirus 4 3

Rhinovirus/enterovirus + hMPV 2 2

*Per 1000 admissions with respiratory distress.
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Data analysis
Each continuous variable’s distribution was described by
median and interquartile range (IQR). Differences in
treatments provided and outcomes for the PICU admis-
sions, including PICU length of stay (LOS), hospital LOS,
and PICU and hospital mortality, were also described for
each of the viruses. After identifying the three most
commonly detected viruses, logistic regression analyses
utilising the viral detection as an exposure and adjusting for
potential confounding variables, such as chronic diseases,
prematurity and other conditions, the need of endotracheal
intubation in the PICU, and endotracheal intubation before
or during the PICU stay. Linear combinations of each
parameter estimate were calculated with interaction terms
for co-infections as multiple viral detections might have a
synergistic effect on the outcomes. Linear regressions
adjusting for the same set of potential confounding factors
were performed to assess the effect of each virus on the log-
transformed continuous outcomes as PICU LOS, hospital
LOS and invasive ventilation days. Lastly, the effect of
having more than one virus was examined. Mann–Whitney
U test, Chi-Squared test and Fisher’s exact test were used to
compare the continuous and nominal demographics, and
treatment variables as appropriate, between the two groups.
Then, regression analyses adjusting for the same potential
confounding variables were repeated to compare the
outcomes between patients with a single virus and multiple
viruses. A two-sided p-value of less than 0.05 was consid-
ered to be statistically significant. All statistical analyses
were conducted with Stata version 13� (Stata Corp LP,
Texas, USA). This study was approved by the Health
Research Ethics Board of the University of Alberta.

RESULTS
Patients’ demographics
There were 1766 admissions to the PICU that met our
criteria for a primary acute respiratory disease during the
study period; respiratory virus testing was performed for
1372 (78%). One or more respiratory viruses were detected
among 748 admissions (42%) from children, with a median
age of 1.1 years (IQR: 0.3–3.1 years). Sixty-eight per cent
(N = 505) of these admissions had a primary or secondary
diagnosis of pneumonia or bronchiolitis. For the 748
admissions, the median probability of death as predicted
by PRISM III was 1.0%, and 18 (2%) of patients died during
the PICU stay (Table S1). One hundred and seventy-one
(10%) were the second or more repeated admissions during
the primary single hospital admission in each given patient.

The three most prevalent respiratory viruses were as
follows: Rhinovirus/enterovirus (N = 274; 225/1000 PICU
admissions), RSV (N = 274; 155/1000 admissions) and
parainfluenza virus (N = 86; 49/1000 admissions). The
remaining viruses included hMPV (53, 37/1000 admis-
sions), adenovirus (50, 28/1000 admissions), influenza A
virus (37, 21/1000 admissions), 4 types of coronavirus (21,
16/1000 admissions) and influenza B virus (16, 9/1000
admissions). Two or more respiratory viruses were detected

in 63 admissions (51/1000 admissions) (Table 1, Fig. S1).
The hospital outcomes in the eight viruses were addressed
in Table 2. Among all the viruses, adenovirus had a
clinically significantly higher endotracheal intubation rate
(36/50, 72%) and longer hospital LOS (19 days, IQR:
11–19).

Focusing on the three most prevalent viruses, the median
age of PICU admissions with RSV (0.3 years, IQR: 0.1–1.4)
was lower than Rhinovirus/enterovirus (1.3 years, IQR:
0.5–3.7) or parainfluenza virus (1.6 years, IQR: 0.7–4.1).
Regarding the clinical presentation, apnoea was observed
more frequently with RSV (11%) than the other two viruses.
Symptoms of upper airway obstruction (i.e. croup, laryn-
gotracheitis, laryngitis) were seen in 16% of the parain-
fluenza virus, which was significantly higher than RSV and
Rhinovirus/enterovirus.

Comparison of management strategies and outcomes
Among the treatments provided in the PICU, there was
variability in the use of steroids among Rhinovirus/
enterovirus, RSV and parainfluenza virus. Heated humidi-
fied high-flow nasal cannula (HHHFNC) was also employed
in different proportions. Although the overall mortality
was low, admissions with the detection of Rhinovirus/
enterovirus had significantly higher mortality as compared
to RSV and parainfluenza (p = 0.03 and 0.01, respectively).

The probability of requiring endotracheal intubation
before or during the PICU stay was significantly higher in
admissions with parainfluenza virus as compared to RSV
(OR: 2.20; 95% CI: 1.06–4.56); the absolute risks of
endotracheal intubation were 129/274 (47%) in RSV,
118/274 (43%) in rhino/entero and 47/86 (55%) in
parainfluenza, respectively (Table 3). Admissions with
Rhinovirus/enterovirus detection had a slightly longer
invasive ventilation days compared to the RSV (0.8 days;
p = 0.02); there was a trend that PICU LOS and hospital
LOS were longer in Rhinovirus/enterovirus compared to
the RSV, except for hospital LOS in parainfluenza virus.

Effect of multiple viral infections
For the 63 PICU admissions where two or more respiratory
viruses were detected, the most common combination was
RSV and Rhinovirus/enterovirus (23 admissions, 19/1000
admission). The median age (0.7 years, IQR: 0.3–1.9) of the
PICU admissions with more than two respiratory viruses
detected was significantly lower than the admissions with a
single virus. A larger proportion of admissions with multiple
viruses had an admitting diagnosis of pneumonia/bronchi-
olitis (multiple viruses: 83% versus single virus: 66%,
p = 0.008). Antibiotics were used more frequently on
admissions with multiple viruses than those with single
virus (97% vs. 88%, p = 0.034), whereas there was less
steroid use in admissions with multiple viruses (33% vs.
47%, p = 0.043; Table S2). There was no significant differ-
ence in the risk of requiring endotracheal intubation before
or during the PICU stay in the patients with multiple viruses
versus single virus (1.89, 95% CI: 0.88–4.02) (Table 4).
There was no difference in the number of invasive
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ventilation days, PICU and hospital LOS, and mortality in
the PICU and hospital stay between the two groups
(Table 5).

DISCUSSION
There have been only a limited number of studies evalu-
ating the epidemiology of respiratory viral infections in
PICU population. Rhinovirus/enterovirus and RSV were
the two most prevalent viruses in critically ill children
admitted with acute respiratory disease in our PICU, which
is similar to recent studies (17,18). Although there were
minor annual fluctuations during the study period, the
overall rate of detection of adenovirus, hMPV and otherTa
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Table 3 Comparisons of risk of intubation in the three viruses

Viruses
Number of
cases (%)

Adjusted
ORs 95% CIs p-Values

Intubation in PICU

RSV 118 (43) 1.00 (Ref.)

Rhinovirus/

enterovirus

103 (38) 1.09 0.63–1.87 0.77

Parainfluenza

virus

44 (51) 1.76* 0.91–3.39 0.093

Intubation before or during PICU admission

RSV 118 (43) 1.00 (Ref.)

Rhinovirus/

enterovirus

129 (47) 1.20 0.65–2.21 0.56

Parainfluenza

virus

47 (55) 2.20* 1.06–4.56 0.034

*PICU intubation, OR: 1.62 (95% CI: 0.81–3.22, p = 0.17) when comparing

with Rhinovirus/enterovirus. Intubation before or at PICU, OR: 1.83 (95% CI:

0.85–3.93, p = 0.12) when comparing with Rhinovirus/enterovirus.

Table 4 Comparisons of risk of intubation and mortality: multiple viral infection
versus single viral infection

Viruses
Number
of cases (%)

Adjusted
ORs 95% CIs p-Values

Intubation in PICU*

Single viral infection 305 (45) 1.00 0.47–2.02 0.94

Multiple infection 27 (43) 0.97

Intubation before or during PICU admission*

Single viral infection 327 (48) 1.00 0.88–4.02 0.10

Multiple infection 34 (54) 1.89

PICU death

Single viral infection 17 (2) 0.54†

Multiple infection 1 (2)

Hospital death

Single viral infection 22 (3) 0.41†

Multiple infection 1 (2)

*Adjusted for confounding factors [i.e. age (days) at PICU admission,

Vasopressor use (Y/N), Arterial Line use (Y/N), Central venous Line use (Y/

N), Antibiotics use (Y/N), Steroid use (Y/N), PRISM (%), premature birth or

chronic lung disease (Y/N), neuromuscular disease or neurological disorder

(Y/N), Era: before February 2008 or after (Y/N)], †Univariate analyses with

Fishers Exact tests.
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respiratory viruses was not as high as compared to
published studies of non-PICU settings (7,19–22). The
potential reasons could be related to our inclusion criteria,
i.e. all critically ill children with acute respiratory disease. It
is worth noting that 2009, the year with the emergence of
pandemic H1N1 influenza, was excluded from our analysis
due to missing data, which provided better analyses and
comparison of respiratory virus activities for the nonpan-
demic years.

When comparing the clinical management of the differ-
ent respiratory viruses, the risk of intubation for admissions
with parainfluenza virus was significantly higher than the
admissions with RSV and Rhinovirus/enterovirus. There
have been only a few studies looking at the impact of
parainfluenza virus infection in the critically ill children
(23,24). Given that the severity of illness did not differ
significantly among the three viruses at the time of the PICU
admission, specific pathogenicity of each virus such as the
higher likelihood of laryngotracheitis with parainfluenza
virus infections might have led to the higher rate of
endotracheal intubation. There was a significant increase
in the number of invasive ventilation days with Rhinovirus/
enterovirus versus RSV. Our finding was discordant from a
previous study with a smaller-hospitalised paediatric
cohort, but the difference in invasive ventilation days was
only 0.8 day in our cohort (25).

The mortality rate was highest in PICU admissions with
detection of Rhinovirus/enterovirus. It is important to note
that the detection of Rhinovirus/enterovirus only started in
November 2008 with the use of the xTAG� RVP assay, so
there is the possibility of misclassified cases from 2004 to
November 2008. Differentiation between Rhinovirus and
enterovirus is performed only by request from the clini-
cians. Thus a positive Rhinovirus/enterovirus result
includes a broad range of viruses, which generally causes
mild upper respiratory infections in healthy populations. A
retrospective cohort study which includes all patients

admitted to PICUs with respiratory illness and Rhinovirus/
enterovirus at three urban centres reported a mortality rate
of 2.1% (11/519) which was similar to our findings of 3.3%
(18). With the retrospective design of our study, it was
difficult to delineate the immediate or direct cause of
death, which could be related to underlying disorders
predisposing the children to be sicker with a concomitant
viral infection.

We observed a trend that PICU admissions with more
than two respiratory viruses were associated with a higher
rate of requiring endotracheal intubation before or during
the PICU stay although this was not statistically signifi-
cant; it should be also noted that the disease severity
given by the PRISM III was similar between admissions
with single and multiple viruses detections. Our ability to
identify mixed virus infection was limited before the use
of molecular diagnostic tests in November 2005, and
some cases with a predominant virus detected by DFA
from their nasopharyngeal swabs might not have molec-
ular diagnostic tests performed prior to March 2009 if no
throat swabs or lower respiratory samples were submitted
for testing. Another limitation is that PRISM III only
represented the initial assessment at PICU admission. The
higher rate of antibiotic use in admissions with multiple
viruses might suggest that more of these patients pre-
sented to the PICU with a more severe clinical picture;
nonetheless, the exact antibiotic indications could not be
obtained from our database. A recently performed sys-
tematic review concluded that there was no difference in
clinical disease severity between single infection and co-
infections of respiratory viruses; however, in their sub-
group analysis, the authors found a higher mortality in
preschool children with viral co-infection as compared to
other age groups (6). A small cohort study reported that
infants with severe bronchiolitis due to co-infections had
higher odds to be admitted to the PICU than did those
with a single virus; as in our study, the most dominant
combination of the viruses was RSV and Rhinovirus (26).
A single centre-study investigating the effect of viral co-
infection in a two-year retrospective study, in which the
diagnostic panel did not include Rhinovirus/enterovirus,
reported that the most common co-infections were with
adenovirus and RSV and found a significantly higher
severity in patients with viral co-infections (7). However,
no difference in the risk of invasive ventilation require-
ment and ICU LOS was observed. The difference in
findings among those studies might be related to the
difference in demographic factors such as age and
underlying co-morbidities.

There are several limitations to our study. Admission
events with respiratory disease were selected based on a
retrospective review of PICU admission diagnosis; thus,
the population is likely to be heterogeneous, with a risk
of some patients being misclassified. Some misclassifica-
tions would have occurred with the changes in respira-
tory virus testing algorithm overtime and the fact that not
all patients were subjected to the same molecular diag-
nostic tests should be noted. A small number of patients

Table 5 Comparisons of other outcomes: multiple viral infection versus single viral
infection

Medians (IQRs)
Adjusted
differences p-Values

Invasive ventilation days: Days*

Single viral infection 6 (4–11) Ref. 0.86

Multiple infection 7 (4–9) 1

PICU LOS: Days*

Single viral infection 4.4 (2.1–8.7) Ref. 0.86

Multiple infection 4.9 (3.0–8.7) 1.0

Hospital LOS: Days*

Single viral infection 12 (7–25) Ref. 0.69

Multiple infection 11 (8–20) 1

*Adjusted for confounding factors [i.e. age (days) at PICU admission,

Vasopressor use (Y/N), Arterial Line use (Y/N), Central venous Line use (Y/

N), Antibiotics use (Y/N), Steroid use (Y/N), PRISM (%), premature birth or

chronic lung disease (Y/N), neuromuscular disease or neurological disorder

(Y/N), Era: before February 2008 or after (Y/N)].
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might have multiple PICU admissions due to the same
illness; each new admission was counted as a separate
event in the analyses. The detection of a viral pathogen
around the time of admission does not necessarily
represent a causal relationship with the respiratory
symptoms as some of the virus detected on the PICU
admission could be a result of chronic viral shedding
from a prior infection. A study reported that only
Rhinovirus-A and Rhinovirus-C were associated with
acute respiratory illness, hospitalisation, and subsequent
serious illness among the subtypes (27). However, an
enterovirus containing many species of virus from the
same picornaviridae family was grouped together by the
diagnostic test in our study. Similarly, RSV A versus RSV
B, parainfluenza virus 1–4 and various adenoviruses,
influenza A and B viral strains were not differentiated.
Other important contributors to disease severity such as
secondary or concomitant bacterial infection, existing
immune-compromised condition, were not considered in
the data analysis (28,29). To minimise this potential bias,
antibiotic usage was used as a proxy, but some of the
antibiotics would have been started just as empiric
treatment. Finally, even though our study had one of
the largest cohorts in the PICU setting, it was underpow-
ered to evaluate the specific effects of interactions among
the various viruses. It is possible that only certain
combinations of co-infections are associated with worse
outcomes. A case-control study of hospitalised children
with acute respiratory infection in Vietnam showed 9.5%
of the cohort had multiple viral infections (8), with RSV
increasing the risk of hospitalisation when co-infected
with Rhinovirus, hMPV and parainfluenza virus, but not
with influenza A virus. These types of interactions should
be further investigated in specific populations such as
PICU patients in a multicentre study with a larger sample
size.

CONCLUSIONS
Rhinovirus/enterovirus was the most common respiratory
viral pathogen detected in a large cohort of children
presented with acute respiratory disease during admissions
to a PICU, surpassing RSV as the main culprit. The risk of
endotracheal intubation in the PICU and before or during
the PICU stay was higher for admissions with parainfluenza
virus detection as compared to RSV and Rhinovirus/
enterovirus; however, there was no significant difference
in the risk of needing endotracheal intubation before or
during the PICU stay in the patients with multiple viruses
versus single virus. Further studies should be conducted to
clarify the effects of multiple viral infections, their interac-
tions and the role of bacterial co-infection in paediatric
population.

FUNDING
AK is supported by a Graduate Studentship Award from the
Women and Children’s Health Research Institute.

CONFLICT OF INTERESTS
None of the authors have any relevant conflict of interest to
declare.

CLINICAL TRIAL REGISTRATION
None.

Reference

1. Nair H, Simoes EA, Rudan I, Gessner BD, Azziz-Baumgartner
E, Zhang JS, et al. Global and regional burden of hospital
admissions for severe acute lower respiratory infections in
young children in 2010: a systematic analysis. Lancet 2013;
381: 1380–90.

2. Lees EA, Carrol ED, Gerrard C, Hardiman F, Howel G,
Timmis A, et al. Characterisation of acute respiratory
infections at a United Kingdom paediatric teaching hospital:
observational study assessing the impact of influenza A (2009
pdmH1N1) on predominant viral pathogens. BMC Infect Dis
2014; 14: 343.

3. Cai XY, Lu XD, Lin GY, Cai ZW, Lin CX, Chen PZ, et al.
Monitoring of viral pathogens in pediatric intensive care unit
and analysis of clinical significance. Zhonghua Er Ke Za Zhi
2013; 51: 453–9.

4. Spaeder MC, Fackler JC. Time series model to predict burden of
viral respiratory illness on a pediatric intensive care unit. Med
Decis Making 2011; 31: 494–9.

5. Randolph AG, Agan AA, Flanagan RF, Meece JK, Fitzgerald JC,
Loftis LL, et al. Optimizing virus identification in critically ill
children suspected of having an acute severe viral infection.
Pediatr Crit Care Med 2016; 17: 279–86.

6. Asner SA, Science ME, Tran D, Smieja M, Merglen A, Mertz D.
Clinical disease severity of respiratory viral co-infection versus
single viral infection: a systematic review and meta-analysis.
PLoS One 2014; 9: e99392.

7. Rehder KJ, Wilson EA, Zimmerman KO, Cunningham CK,
Turner DA. Detection of multiple respiratory viruses associated
with mortality and severity of illness in children. Pediatr Crit
Care Med 2015; 16: e201–6.

8. Yoshida LM, Suzuki M, Nguyen HA, Le MN, Dinh VuT,
Yoshino H, et al. Respiratory syncytial virus: co-infection and
paediatric lower respiratory tract infections. Eur Respir J 2013;
42: 461–9.

9. Rhedin S, Lindstrand A, Rotzen-Ostlund M, Tolfvenstam T,
Ohrmalm L, Rinder MR, et al. Clinical utility of PCR for
common viruses in acute respiratory illness. Pediatrics 2014;
133: e538–45.

10. Fathima S, Simmonds K, Invik J, Scott ANDrews S. 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; 11: 402.

11. Ellis C, Misir A, Hui C, Jabbour M, Barrowman N, Langill J,
et al. Detection of respiratory viruses and bacteria in children
using a twenty-two target reverse-transcription real-time PCR
(RT-qPCR) panel. World J Pediatr 2016; 12: 183–9.

12. Rogers BB, Shankar P, Jerris RC, Kotzbauer D, Anderson EJ,
Watson JR, et al. Impact of a rapid respiratory panel test on
patient outcomes. Arch Pathol Lab Med 2015; 139: 636–41.

13. Statistics Canada. Available at: http://www.statcan.gc.ca/eng/
startStatistics Canada (accessed on January 20, 2017).

14. Fathima S, Lee BE, May-Hadford J, Mukhi S, Drews SJ. Use of
an innovative web-based laboratory surveillance platform to
analyze mixed infections between human metapneumovirus

©2017 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd 2018 107, pp. 504–510 509

Kawaguchi et al. Viral respiratory infection in children in PICU

http://www.statcan.gc.ca/eng/startStatistics Canada 
http://www.statcan.gc.ca/eng/startStatistics Canada 


(hMPV) and other respiratory viruses circulating in Alberta
(AB), Canada (2009-2012). Viruses 2012; 4: 2754–65.

15. Lee BE, Mukhi SN, May-Hadford J, Plitt S, Louie M, Drews SJ.
Determination of the relative economic impact of different
molecular-based laboratory algorithms for respiratory viral
pathogen detection, including Pandemic (H1N1), using a
secure web based platform. Virol J 2011; 8: 277.

16. Lee BE, Robinson JL, Khurana V, Pang XL, Preiksaitis JK,
Fox JD. Enhanced identification of viral and atypical
bacterial pathogens in lower respiratory tract samples with
nucleic acid amplification tests. J Med Virol 2006; 78:
702–10.

17. Mathew JL, Singhi S. Rhino/enteroviral infections in the PICU:
the uncertainty of diagnosis and interpretation of clinical
significance. Pediatr Crit Care Med 2015; 16: 186–8.

18. Spaeder MC, Custer JW, Miles AH, Ngo L, Morin NP, Scafidi
S, et al. A multicenter outcomes analysis of children with
severe rhino/enteroviral respiratory infection. Pediatr Crit Care
Med 2015; 16: 119–23.

19. Carroll CL, Faustino EV, Pinto MG, Sala KA, Canarie MF,
Li S, et al. A regional cohort study of the treatment of
critically ill children with bronchiolitis. J Asthma 2016; 53:
1006–11.

20. Mathew JL, Singhi S, Ray P, Hagel E, Saghafian-Hedengren S,
Bansal A, et al. Etiology of community acquired pneumonia
among children in India: prospective, cohort study. J Glob
Health 2015; 5: 050418.

21. Zhu R, Song Q, Qian Y, Zhao L, Deng J, Wang F, et al. Virus
profile in children with acute respiratory infections with
various severities in Beijing, China. Chin Med J (Engl) 2014;
127: 3706–11.

22. Soilly AL, Ferdynus C, Desplanches O, Grimaldi M, Gouyon
JB. Paediatric intensive care admissions for respiratory
syncytial virus bronchiolitis in France: results of a retrospective
survey and evaluation of the validity of a medical information
system programme. Epidemiol Infect 2012; 140: 608–16.

23. Tantawy AA, Barakat MM, Adly AA, Ebeid FS, Shamaa MF,
Yassin M. One-year Prospective Study of Community Acquired
influenza and parainfluenza Viral Infections in Hospitalized
Egyptian Children with Malignancy: single Center Experience.
Pediatr Hematol Oncol 2015; 32: 304–14.

24. Hon KL, Leung TF, Cheung KL, Ng PC, Chan PK. Influenza
and parainfluenza associated pediatric ICU morbidity. Indian
J Pediatr 2010; 77: 1097–101.

25. Adams O, Weis J, Jasinska K, Vogel M, Tenenbaum T.
Comparison of human metapneumovirus, respiratory
syncytial virus and rhinovirus respiratory tract infections in
young children admitted to hospital. J Med Virol 2015; 87:
275–80.

26. Richard N, Komurian-Pradel F, Javouhey E, Perret M,
Rajoharison A, Bagnaud A, et al. The impact of dual viral
infection in infants admitted to a pediatric intensive care unit
associated with severe bronchiolitis. Pediatr Infect Dis J 2008;
27: 213–7.

27. Iwane MK, Prill MM, Lu X, Miller EK, Edwards KM, Hall CB,
et al. Human rhinovirus species associated with
hospitalizations for acute respiratory illness in young US
children. J Infect Dis 2011; 204: 1702–10.

28. Resch B, Gusenleitner W, Mueller WD. Risk of concurrent
bacterial infection in preterm infants hospitalized due to
respiratory syncytial virus infection. Acta Paediatr 2007; 96:
495–8.

29. Thorburn K, Harigopal S, Reddy V, Taylor N, van Saene HK.
High incidence of pulmonary bacterial co-infection in children
with severe respiratory syncytial virus (RSV) bronchiolitis.
Thorax 2006; 61: 611–5.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:

Figure S1 The trend of proportions in eight virus groups.
Table S1 Patient demographics for those with the eight
respiratory viruses detected.
Table S2 Comparisons of demographics and outcomes:
multiple viral infection versus single viral infection.
Appendix S1a Primary diagnosis.
Appendix S1b Search terms for ‘Others’.
Appendix S2 Secondary diagnosis.

510 ©2017 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd 2018 107, pp. 504–510

Viral respiratory infection in children in PICU Kawaguchi et al.


