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Background. Respiratory syncytial virus (RSV) is a major cause of pneumonia and bronchiolitis in children. Mortality rates
in previously healthy children hospitalized with RSV are <0.5%, but up to 37% in patients with underlying medical conditions.
The objective of this study was to characterize factors associated with deaths among children hospitalized with RSV infection in
Canadian pediatric centers.

Methods. A retrospective case series of children aged <18 years with RSV-associated deaths at centers affiliated with the Pediatric
Investigators Collaborative Network on Infections in Canada from 2003-2013, inclusive, was performed. Cases were identified using
RSV-specific International Classification of Diseases codes to capture deaths where a diagnosis of RSV infection was present.

Results.  Eleven centers reported 79 RSV-associated deaths. RSV was regarded as primarily responsible for death in 32 cases
(40.5%). Median age at death was 11 months (range, <1 month to 16 years). Thirty-nine patients (49.4%) were male. Fourteen
patients (17.7%) had no known risk factors for severe RSV infection. Healthcare-associated RSV infections (HAIs) accounted for 29
deaths (36.7%), with RSV judged to be the primary cause of death in 9 of these cases.

Conclusions. RSV-associated deaths were predominantly associated with chronic medical conditions and immunocompro-
mised states among infants; however, 1 in 5 deaths occurred among patients with no known risk factors for severe RSV. Mortality
associated with HATI accounted for over a third of cases. These findings highlight patient groups that should be targeted for RSV

prevention strategies such as infection control practices, immunoprophylaxis, and future vaccination programs.
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Respiratory syncytial virus (RSV) is a major cause of pneumo-
nia and bronchiolitis in childhood, with an estimated incidence
of >33 million annual cases worldwide in children <5 years of
age; 3.2 million children <5 years of age have severe disease
necessitating hospital admission [1].

Mortality from RSV is uncommon, but such cases do occur.
Among deaths caused by lower respiratory tract infections glob-
ally in 2010, RSV was estimated to account for 2.3% of these
deaths in neonates, 6.7% in infants (excluding neonates), and
1.6% in children aged 1-4 years [2]. In infants, RSV-associated
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mortality exceeds influenza-associated mortality by 2-3 times
[2]. The vast majority of deaths occur in developing countries
[1]. In developed countries, the case-fatality rate of hospitalized
children with RSV is estimated to be <0.5%, with higher rates
(up to 37% in some studies) in children at risk for more severe
disease, such as those who are immunocompromised, have
chronic lung disease, or have congenital heart disease [3-6].
Interestingly, mortality rates have remained generally stable
over time despite advances in medical care [3].

Data are lacking on risk factors associated with mortality from
RSV infection among children. These factors may provide insight
into host susceptibility profiles and, subsequently, which patients
should be targeted for preventive strategies such as maternal
immunization during pregnancy, infant immunization, and
passive immunoprophylaxis. The objective of this study was to
characterize the factors associated with deaths among children
hospitalized with RSV infection in Canadian pediatric centers.
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METHODS

A retrospective review of health records was performed of all
RSV-associated deaths from Canadian pediatric centers affil-
iated with the Pediatric Investigators Collaborative Network
on Infections in Canada over the period 2003-2013, inclusive.
Patients included were aged <18 years. Cases were identified
using International Classification of Diseases, Tenth Revision
(ICD-10) codes to capture all deaths where a diagnosis of RSV
infection was present. These ICD-10 codes were J121 (RSV
pneumonia), B974 (RSV), J205 (bronchitis due to RSV), and
J210 (bronchiolitis due to RSV).

Health records of identified patients with relevant ICD codes
were retrieved for review in this case series. Data were collected
using a standardized data collection sheet. Information obtained
was basic demographics (age at admission, age at death, month
of death, sex, ethnicity), risk factors for severe RSV disease
(see below), mode of RSV acquisition (community- vs health-
care-associated RSV infection [HAI], with HAI defined as symp-
toms beginning >72 hours after admission or <72 hours after
hospital discharge from previous admission [7]), level of care
required (intensive care unit [ICU] length of stay, ventilation
requirements, extracorporeal membrane oxygenation [ECMO]
requirements), pharmacologic treatments (palivizumab, RSV
immunoglobulin, intravenous immunoglobulin [IVIG], riba-
virin), prophylaxis given (palivizumab, RSV immunoglobulin,
IVIG), and laboratory-confirmed coinfections (bacterial or
viral).

RSV-attributable mortality was determined from the med-
ical records, with the initial determination done according
to the ICD coding definitions. This coding assigned the most
responsible diagnosis (primary cause) and different categories
of comorbidities or secondary diagnoses (secondary causes). In
Canada, ICD coding is done by trained coders and therefore not
expected to result in much misclassification. The investigators
reviewed each medical record to ensure that the ICD coding was
consistent with their assessment of attribution in the unlikely
event that there were errors in ICD coding. The role that RSV
played in death was then classified as one of the following: pri-
mary cause of death, contributed to death but was not the pri-
mary cause, role undetermined (RSV might have contributed to
death), or unrelated to death (would have died during this hos-
pitalization even if they did not have RSV). Patients whose RSV
infection was deemed to be unrelated to death (eg, if the RSV
infection occurred many months prior to death) were excluded.
If there was uncertainty whether RSV played a role in death, the
case was included as “role undetermined.”

Non-immunodeficiency-related risk factors for severe RSV
disease were prematurity (defined as <37 weeks, 0 days of ges-
tational age [GA]), chronic lung disease of prematurity, other
symptomatic chronic lung disease (eg, cystic fibrosis, ciliary
defects), airway anomalies, asthma or reactive airway disease,
neuromuscular disease, congenital heart defects, or trisomy 21.

Chronic lung disease was defined as oxygen requirement at 36
weeks of GA or at discharge (whichever comes first) in infants
<32 weeks of GA, or oxygen requirement at age >28 days or at
discharge (whichever comes first) in infants >32 weeks of GA.
Immunodeficiency risk factors were hematopoietic stem cell
transplant, solid organ transplant, long-term immunosuppres-
sion with medication, chemotherapy within the past 6 months,
or congenital immunodeficiency.

Descriptive statistics were used to summarize patient demo-
graphics, risk factors, modes of RSV acquisition, level of care,
treatment received, prophylaxis given, presence of coinfections,
and role of RSV in death. Patient characteristics were compared
between those with known risk factors for severe disease vs
those without known risk factors, those <2 years old vs those
=2 years old, and those who died during the typical RSV season
vs those who died outside the typical RSV season. The Mann-
Whitney U test was used for nonparametric comparisons of
continuous variables, and the Fisher exact test was used for
categorical variable comparisons. Statistical significance was
defined as P < .05 on a 2-tailed test of hypothesis. No adjust-
ment was made for multiple comparisons.

Research ethics board approval was obtained from each par-
ticipating institution.

RESULTS

Ninety cases were identified across 11 pediatric centers
(Table 1). This represents 69% (11/16) of the pediatric insti-
tutions in Canada and 100% and 75% of the centers from the
largest Canadian provinces (Ontario and Quebec, respectively).
Eleven deaths judged to be unrelated to RSV infection were
excluded, leaving 79 cases for further analysis. RSV was judged
to be the primary cause of death in 40.5% of children, a con-
tributor to death in 39.2%, and played an undetermined role in
20.3% of deaths. All cases had laboratory confirmation of RSV
by viral culture, direct fluorescent antibody, enzyme immuno-
assay, or polymerase chain reaction testing.

Patient characteristics are illustrated in Table 2. The median
age at death was 11 months (range, <1 month to 16 years; inter-
quartile range [IQR], 5-37 months) (Figure 1). Two age groups
commonly examined in previous literature on RSV-associated
mortality are children <2 years old and children <5 years old;
the median ages at death when considering these age groups
in our case series were 7 months and 9 months, respectively.
Twenty-seven cases (34.2%) occurred in those >2 years or age,
with 14 cases occurring where RSV was judged to be the pri-
mary cause of death. Those who were >2 years old had shorter
durations of admission (median, 13 vs 39 days; P = .048) and
fewer days in the ICU (median, 6 vs 14 days; P = .014) prior to
death, but were not more likely to have risk factors for severe
RSV disease compared to those <2 years old (85.2% vs 80.8%,
respectively; P = .761). There were no trends in the number of
cases that occurred per year over the time period examined.
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Table 1. Number of Deaths With Detection of Respiratory
Syncytial Virus During Final Hospitalization in Canadian Tertiary
Care Pediatric Hospitals

Cases Where
Deaths With RSV Contributed
Pediatric Center City RSV Identified to Death
Hospital for Sick Children Toronto 28 27
CHU Sainte-Justine Montreal 10 10
Stollery Children’'s Hospital ~ Edmonton 12 8
Children’s Hospital of Ottawa 9 8
Eastern Ontario
Montreal Children's Hospital Montreal 9 8
University of Western London 8 6
Ontario
University of Manitoba Winnipeg 5 4
McMaster University Hamilton 5 4
IWK Health Centre Halifax 3 3
Kingston General Hospital Kingston 1 1
CIUSSS de I'Estrie-CHUS Sherbrooke 0 0
Fleurimont
Total 90 79

Abbreviations: CHU, Centre Hospitalier Universitaire; CHUS, Centre Hospitalier
Universitaire de Sherbrooke; CIUSSS, Centre Intégré Universitaire de Santé et de Services
Sociaux; RSV, respiratory syncytial virus.

Most deaths (86%) occurred during the winter respiratory sea-
son in Canada (Table 2 and Figure 2). Those who died outside
the typical RSV season had similar characteristics to those that
occurred during the typical RSV season. Most children (86.7%)
did not have viral coinfection (Table 2). Seven cases (10.9%) had
received palivizumab within the 4 weeks prior to symptom onset.

Fourteen patients (17.7%) had no recognized risk factors for
severe RSV. Five patients (6.3%) had both immunodeficiency
and non-immunodeficiency-related underlying risk factors,
49 (62.0%) had non-immunodeficiency-related risk factors

Table2. Characteristics of Children Where Respiratory Syncytial
Virus Was Associated With Death

Patient Characteristic (n = 79) No. (%)
Age at death, mo, median (range) 11 (0-197)
Male sex 39 (49.4)
Death occurred during RSV season® 68 (86.1)
Healthcare-associated RSV infection 29 (36.7)
Viral coinfection detected 10 (13.3)°
Patients with respiratory viral pathogens 6 (8.0)°
Patients with opportunistic viral pathogens 4 (5.3)°
Received palivizumab within 4 wk prior to symptom onset 7 (10.9)°

Data are presented as No. (%) unless otherwise indicated.

Abbreviation: RSV, respiratory syncytial virus.

®RSV season was defined as November through April.

®Denominator of 75 (4 values not recorded). Respiratory viral pathogens: adenovirus, coro-
navirus, enterovirus, parainfluenza (n = 3). Opportunistic viral pathogens: herpes simplex
virus type 1 (HSV-1), Epstein-Barr virus (EBV) (n = 2), cytomegalovirus (CMV) (n = 2), human
herpesvirus type 6 (HHV-6), human herpes virus type 7 (HHV-7); 1 patient had 2 viral coin-
fections isolated (HSV-1 and HHV-6) and another patient had 3 viral coinfections isolated
(EBV, CMV, and HHV-7). The presence of opportunistic viral pathogens was based on isola-
tion of the virus from blood or respiratory fluid.

°Denominator of 64 (15 values not recorded).

only, and 11 (13.9%) had immunodeficiency-related risk factors
only. The most common non-immunodeficiency-related risk
factor identified was premature birth (n = 23/68 [33.8%]) with
7 patients (10.3%) born at <29 weeks of GA, 4 patients (5.9%)
born at 29 to <33 weeks of GA, and 12 patients (17.6%) born
at 33 to <37 weeks of GA. Other non-immunodeficiency-re-
lated risk factors, in decreasing order of frequency, were con-
genital heart defect (n = 22/78 [28.2%]), neuromuscular disease
(n = 15/78 [19.2%]), chronic lung disease (n = 14/76 [18.4%]),
other symptomatic chronic lung disease (n = 10/78 [12.8%]),
airway anomaly (n = 9/79 [11.4%]), asthma/reactive airway dis-
ease (n = 6/77 [7.8%]), and trisomy 21 (n = 2/77 [2.6%]). The
most common immunodeficiency risk factor was hematopoi-
etic stem cell transplant (n = 7/79 [8.9%]), followed by chemo-
therapy within the last 6 months (n = 5/78 [6.4%]), congenital
immunodeficiency (n = 5/78 [6.4%]), long-term immunosup-
pression (n = 3/79 [3.8%]), and solid organ transplant (n = 1/79
[1.3%]). The solid organ transplant case was a lung transplant.
Thirty-five patients (44.3%) had >1 risk factor.

Management of patients is summarized in Table 3. More than
93% of RSV-infected children were admitted to an ICU during
this terminal illness, with mechanical ventilator support used
in 83.3%. Seven patients (8.9%) received ECMO. Treatments
for established RSV infection included ribavirin (12.7%), paliv-
izumab (8.9%), IVIG (5.1%), and/or RSV immunoglobulin
(1.3%).

Patient characteristics and management of 65 patients with
known risk factors for severe RSV were compared with 14
patients with no known risk factors for severe RSV (Table 4).
None of the characteristics were statistically significantly dif-
ferent, although those with no known risk factors had a length
of stay that was almost significantly shorter than those with
known risk factors (median, 13 days vs 27 days; P = .054). In
both groups, cases occurred throughout the entire study period
without any clear patterns or trends.

DISCUSSION

This study identified 79 cases of RSV-associated deaths at 11
Canadian pediatric tertiary centers over a 10-year period from
2003 to 2013. To put this into context, there were 33200 child-
hood deaths in Canada over the same time period, confirming
that RSV-associated deaths are relatively uncommon [8]. This is
the first study examining RSV-associated mortality in Canada.
Consistent with previous studies of children in higher-income
countries [3, 4, 9-11], most deaths occurred in infants and
patients with known risk factors for severe RSV.

Two recent studies examined RSV-associated deaths in chil-
dren <2 years old in the United States [9, 10]. Prill et al performed
a retrospective review from 2004 to 2007 using ICD-10 codes
in the United States with further characterization of mortality
cases from 4 states (California, Georgia, Michigan, and Texas);
of 275 RSV-associated deaths, RSV was the primary underlying
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Figure 1.

Age distribution of children in whom respiratory syncytial virus was associated with death in Canadian tertiary care pediatric hospitals, 2003-2013.

cause in 52.7%. From the 4 states more closely examined, the
median age at death was 3.5 months (IQR, 1-10 months) with
2-7 times more deaths among children between 1 and 2 months
of age [9]. Byington et al performed a database review using
ICD, Ninth Revision codes in the United States from 2000 to
2011 to characterize RSV-associated mortality and associated
conditions in hospitalized children <2 years old. Similar to the

study by Prill et al, most deaths occurred in those <12 months
old (77%-88% depending on the database used) and most had a
complex chronic condition, mostly cardiovascular [10].

A global retrospective case series of community-acquired
RSV-associated mortality from 1995 to 2015 in hospital-
ized patients aged <5 years was performed by Scheltema et al
[11]. This study, involving 23 countries across 6 continents,
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Figure 2.

Month of death of children in whom respiratory syncytial virus was associated with death in Canadian tertiary care pediatric hospitals, 2003-2013.
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Table3. Management of Children Prior to Respiratory Syncytial
Virus-Associated Death

Patient Outcome/Intervention (n = 79) No. (%)
Length of hospital admission, d, median (range) 25 (1-780)
ICU admission 74 (93.7)
Days in ICU, d, median (range) 10 (1-191)
In ICU for reason other than RSV 19 (24.1)
Received mechanical ventilation 65 (83.3)°
Received ECMO 7 (8.9)
Treated with palivizumab 7 (8.9)

Treated with RSV IVIG 1(1.3)
Treated with IVIG 4 (5.1)
Treated with ribavirin 10 (12.7)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit;
IVIG, intravenous immunoglobulin; RSV, respiratory syncytial virus.

“Denominator of 78 (1 value not recorded).

highlighted that patients who experience RSV-associated
mortality in low-income countries are different from those in
high-income countries. For example, patients from high-in-
come countries were more likely to have comorbidities (70% vs
28%) and were older at time of death (7 months vs 5 months).
Regardless of socioeconomic status, however, infants remained
the most affected age group.

The median age of death in our study was 11 months. Unlike
the aforementioned studies, we included children up to 18 years
old. When only considering children <2 years old, the median
age of death was 7 months in children in our case series com-
pared with 3.5 months in Prill et al’s study [9]. When only con-
sidering children <5 years old, the median age of death was
9 months in our case series compared to 7 months in Scheltema
etal’s study [11]. Therefore, it appears that the population in our
case series was older than previous studies. Of note, more than
one-third of our identified cases occurred in those >2 years old.
RSV infection in older children may become more relevant with
medical and technological advances, enabling patients with
underlying complex medical conditions (eg, congenital heart
disease and ventilator-dependent lung disease) to live longer
while remaining vulnerable to severe RSV disease. Interestingly,
however, the patients >2 years of age did not have more known
risk factors for severe RSV infection compared to their younger
counterparts, suggesting there may be other factors predis-
posing them to RSV-associated mortality. It is unclear why
those older than 2 years had shorter durations of admission to
hospital (P = .048) and to the ICU (P = .014) prior to death.
Possibilities may include more rapid progression of disease
or more delayed presentation to hospital. Nonetheless, nearly
half of the deaths in our study occurred in infants, confirming
this population as most vulnerable among pediatric patients,
although older children may account for an increasing propor-
tion of RSV-associated mortality in the future, which definitely
warrants further study.

Table 4. Comparison of Patients With Known Risk Factors
Versus No Known Risk Factors for Severe Respiratory Syncytial
Virus (RSV) Infection Where RSV Was Associated With Death

Risk Factors®  No Risk Factors

Characteristic (n =65) (n=14) P Value

Age at death, mo, 10 (0-197) 21.5 (1-154) 922
median (range)

Male sex 33 (50.8) 7 (50.0) 1.000

Death occurred during 57 (87.7) 11 (78.6) 401
RSV season®

Healthcare-associated 24 (36.9) 5 (35.7%) 1.000
RSV infection

Viral coinfection 6(9.7)° 4(30.8)¢ .064

Received palivizumab within 7 (13.7)° 0 (0)f .329
4 wk prior

Length of admission, d, 27 (1-780) 13 (1-202) .054
median (range)

ICU admission 61 (93.8) 13(92.9) 1.000

Days in ICU, median (range) 11 (0-191) 75 (0-69) 514

Received mechanical ventilation 53 (82.8)Y 12 (85.7) 1.000

Received ECMO 4(6.2) 3(21.4) 102

Treated with palivizumab 7 (10.8) 0(0) .342

Treated with RSV IVIG 1(1.5) 0(0) 1.000

Treated with IVIG 4(6.2) 01(0) 1.000

Treated with ribavirin 9(13.8) 1(7.1) .681

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit;
IVIG, intravenous immunoglobulin; RSV, respiratory syncytial virus.

“Risk factors were defined as prematurity, congenital heart defect, chronic lung disease,
neuromuscular disease, airway anomaly, asthma/reactive airway disease, trisomy 21, other
symptomatic chronic lung disease, hematopoietic stem cell transplant, solid organ trans-
plant, long-term immunosuppression, chemotherapy within the last 6 months, congenital
immunodeficiency.

RSV season was defined as November through April.
°Denominator of 62 (3 values not recorded).
“Denominator of 13 (1 values not recorded).
°Denominator of 51 (14 values not recorded).
‘Denominator of 13 (1 values not recorded).

“Denominator of 64 (1 values not recorded).

Most deaths occurred in children with recognized risk fac-
tors for severe RSV. Reviews examining case fatality rates (CFR)
among RSV hospitalizations have consistently found higher
rates in patients with underlying medical conditions such as
prematurity (CFR range, 0-6.1%), chronic lung disease (3.5%-
23%), and congenital heart defects (2%-37%) [5, 6]. In contrast,
the CFR in those with no risk factors in high-income countries
has been found to be <1% [10, 11] and is often cited as <0.5% [3]
in more recent reviews.

In our study, almost 1 in 5 patients had no known underlying
risk factors for severe RSV disease. Prill et al also revealed a simi-
lar finding, with 19% of children with RSV-associated death hav-
ing no risk factor for severe disease [9]. When we compared the
group with known risk factors to those with no known risk fac-
tors, the latter had a trend toward shorter duration of admission
prior to death (13 days vs 27 days; P = .054). Again, it is unclear
whether this is due to more rapid progression of disease or more
delayed presentation to hospital. Patients with no known risk
factors also tended to have more viral coinfections (30.8% vs
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9.7%; P = .064), be older (median age of death, 21.5 months vs
10 months; P = .922), have infections outside of the typical RSV
season (21.4% vs 12.3%; P = .401), and receive ECMO (21.4% vs
6.2%; P = .102). Other investigators have found that, in children
with RSV-associated mortality, previously healthy children
were younger than those with comorbidities (3.8-4 months vs
11 months) and occur more commonly within the RSV season
(91%-97% vs 39%), in contrast to what we observed in our
study [11]. Factors associated with severe disease outcomes
such as mortality in previously healthy patients are largely
undetermined. While overall small numbers of patients make it
difficult to draw any concrete conclusions regarding these com-
parative findings at this point, it would be worthwhile to explore
this further in future studies. Possible factors that have been
considered include, but are not limited to: viral load [12, 13],
viral coinfections [14], and immune response-related genetic
susceptibility markers [15-18].

A prospective surveillance study across 8 Canadian pediat-
ric centers in 2005 found that viral pathogens were the most
common cause of healthcare-acquired febrile respiratory infec-
tions, with RSV being the most frequently identified agent [19].
One-third of our cases were deemed to have been acquired in
hospital (HAIs). Our study may have overestimated the number
of HAIs, as the incubation period of RSV is 2-8 days, but we
used a cutoff of >72 hours into hospital admission. Nonetheless,
minimizing transmission of RSV within healthcare facilities is
important, as nosocomially acquired RSV can clearly lead to
fatal outcomes.

Limitations of our study include the absence of a control
group and the retrospective study design, which meant that only
characteristics present in the health record could be identified.
Many factors, such as environmental exposures (overcrowding,
daycare attendance, smokers in the household, number of sib-
lings, or breastfeeding) or family history could not be captured.
Another limitation is that the causative role of RSV in death was
based solely on retrospective chart review; the direction of this
bias could either be an overestimation or underestimation of
RSV-associated deaths. The use of ICD codes to identify cases
may underestimate the number of RSV-associated deaths. In
this study, this would be unlikely, especially if RSV was thought
to play a major role in the death. Such cases would have been
captured by the ICD coding and reviewed by the study team.
Also, our study sample was limited to those admitted to 1 of
the 11 study sites, so population-based estimates could not be
made. However, we expect that it is unlikely that many RSV-
associated deaths occur in the community, due to universally
accessible healthcare.

This study provides a snapshot of the population with RSV-
associated mortality admitted to Canadian children’s hospitals.
While our findings confirm that mortality from RSV is rela-
tively low, characterization of these deaths may have strategic
implications for the use of preventive measures such as future

RSV vaccine programs [20] and RSV antivirals [21], as well as
existing RSV immunoprophylaxis and infection control pro-
grams. For instance, infants and those with premature birth,
chronic medical conditions (such as congenital heart defects),
and immunodeficiencies (such as following hematopoietic stem
cell transplants) would likely benefit most from such preventive
programs. The precise impact of these strategies on RSV mor-
tality, however, requires further study. Further studies are also
needed to examine individual immunogenetic predispositions
to RSV mortality, in view of the documented cases of mortality
in children with none of the traditional identifiable risk factors
for severe RSV disease.

CONCLUSIONS

RSV-associated deaths were predominantly associated with
chronic medical conditions and immunocompromised states
among infants. Mortality associated with HAI was observed,
highlighting the need for continued improvement on infection
control measures. One out of every 5 deaths, however, occurred
among patients with no known risk factors for severe RSV.
Thus, further research on the underlying reasons for severe
disease and mortality in otherwise healthy children with RSV
infection (eg, immunogenetic causes) remains pertinent.
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