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Abstract
Background Respiratory syncytial virus (RSV) is a major cause of acute respiratory infection (ARI), with high morbidity and 
mortality worldwide. RSV costing and burden estimates can highlight the potential benefits of future vaccination programs 
and are essential for economic evaluations.
Objective We aimed to determine RSV healthcare costs across age groups and the overall disease burden of medically 
attended RSV in Canada.
Methods We conducted a retrospective case–control study to estimate the attributable healthcare costs per RSV case in 
Alberta. We used two case definitions to capture diversity in case severity: laboratory-confirmed RSV and ARI attributable to 
RSV. Matching occurred on five criteria: (1) age, (2) urban/rural status, (3) sex, (4) prematurity and (5) Charlson Comorbidity 
Index score. We calculated the age-specific burden of medically attended RSV in Canada from 2010 to 2019 by multiplying 
the weekly age-specific incidence of medically attended ARI with the RSV positivity rate.
Results Costs per laboratory-confirmed RSV case were (in Canadian dollars [CAD], year 2020 values) $CAD12,713 and 
40,028 in the first 30 and 365 days following diagnosis, respectively, whereas a case of ARI potentially attributable to RSV 
cost $CAD316 and 915, in 30 and 365 days, respectively. Older (aged ≥ 65 years) and younger (aged < 90 days) age groups 
had the highest case costs. The average medically attended RSV incidence rate across nine seasons was 1743 cases per 
100,000 people per year.
Conclusions RSV is a common and expensive infection at the extremes of life, and the development of immunization pro-
grams targeting older and younger ages may be important for the reduction of RSV burden and cost.
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1 Introduction

Respiratory syncytial virus (RSV) is the most common cause 
of acute lower respiratory infection in infants and children 
worldwide. By the age of 2 years, almost all children have 
had at least one RSV infection, and half have had two [1]. 
Following initial infection, RSV protection is incomplete, 
and reinfection occurs throughout an individual’s life. RSV 
typically manifests as an upper respiratory or an asympto-
matic infection in healthy adults; however, infants born at 
preterm gestation, young infants (< 6 months) and those 
with comorbidities (e.g., congenital heart disease, chronic 
lung disease) are at high risk of severe infection, such as 

bronchiolitis. In the USA and Canada, RSV remains the 
leading cause of hospitalization for children aged < 1 year. 
More recently, research identified older adults as a high-risk 
group for severe RSV infection. A US review estimated that 
12% of medically attended acute respiratory infection (ARI) 
in individuals aged > 50 years was due to RSV [2].

To date, the only way to prevent RSV is through passive 
immunization with the monoclonal antibody palivizumab, 
which is used in high-risk children. However, a large number 
of novel RSV vaccines and long-acting monoclonal antibod-
ies are in clinical trials that target a wide diversity of at-risk 
groups, including pregnant, pediatric, and older populations 
[3]. Estimates of healthcare costs associated with RSV can 
help researchers and policy makers identify populations at 
highest risk for severe infection and those who cost the most 
to treat, which can help set immunization program priorities 
across age groups. Furthermore, identifying trends in RSV 
costs allows researchers to identify the biggest cost drivers 
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Key Points for Decision Makers 

Very few studies have evaluated the costs and burden 
of disease associated with a respiratory syncytial virus 
(RSV) case, and this is one of the first studies to analyze 
RSV case costs across multiple years and age groups.

Estimates of healthcare costs associated with RSV can 
help researchers and policy makers identify populations 
at highest risk for costly infection, which can help set 
immunization program priorities and conduct economic 
evaluations.

Our study findings show that, although RSV costing 
studies have largely focused on infants and children, 
RSV remains a common and expensive infection 
throughout life, with older adults having some of the 
highest costs and burden of RSV disease.

2  Methods

2.1  Setting and Data Sources

Our study took place in Alberta, a Canadian province with 
approximately 4.3 million residents, the vast majority of 
whom (> 99%) are registered with the province’s univer-
sal publicly funded health insurance plan. Each member of 
the provincial health insurance system is captured in the 
Population Registry, which includes general demographic 
information (e.g., date of birth, sex) and information on the 
date and reason for insurance cancellations (e.g., emigrated 
from Alberta or died). Each individual in our databases had 
a unique lifetime identifier, which allowed us to determinis-
tically link between various health administrative datasets.

In Alberta, all interactions with the health system are cap-
tured in one or more health administrative datasets, includ-
ing hospitalization and ambulatory care/emergency depart-
ment (ED) visits (Morbidity and Ambulatory Care Abstract 
Reporting System [MACARS]) as well as physician visits 
(Physician Claim Database). Healthcare costs are also cap-
tured in these databases. Individual-level data on labora-
tory-confirmed RSV cases in Alberta were obtained from 
the Alberta Precision Laboratory databases, which capture 
the results of most respiratory tests performed in Alberta. 
Specifically, Albertans with a respiratory illness who are 
seen by a health professional can be tested with a respira-
tory laboratory panel that includes an RSV test. In recent 
years, RSV testing in Alberta has been primarily conducted 
on inpatients and in EDs, with limited testing in outpatient 
settings. Moreover, we obtained data on the national posi-
tivity rate for RSV (i.e., of all the tests for RSV, the percent 
that are positive) per week from the Public Health Agency 
of Canada [13].

In MACARS, healthcare costs associated with inpatient 
visits are estimated using Resource Intensity Weight (RIW) 
methodology, as described by  the Canadian Institute of 
Health Information [14], which multiplies the individual 
case RIW based on age and case mix group by the average 
provincial cost per weighted case. Similarly, the costs asso-
ciated with ambulatory care and ED visits are calculated 
using RIW based on age and the Comprehensive Ambula-
tory Classification System [15], which classifies individuals 
who received ambulatory care (i.e., ED visits, day surgeries) 
by a number of data elements, including diagnosis, interven-
tions, mode of visit, and visit disposition, which determine 
their RIW [15, 16]. To estimate physician costs, we used 
the Physician Claims Database, which captures all physician 
billing claims in the province, including those from outpa-
tient and inpatient visits. We did not estimate laboratory or 
prescription and over-the-counter drug costs, as these costs 
are not captured in the health administrative datasets.

for RSV and how changes in policy and testing may impact 
RSV costs over time. Context-specific cost and burden 
data are also needed for appropriate economic evaluation 
of future RSV immunization programs to truly understand 
the benefits of immunization programs with the availabil-
ity of newer products. Moreover, to evaluate the impact of 
immunization programs, researchers need infectious disease 
models calibrated to empirical incidence data such as age-
specific incidence rates, for which there are no estimates in 
Canada.

Very few studies have evaluated the costs and burden of 
disease associated with an RSV case [4–6]. Globally, the 
majority of RSV burden of disease and costing studies have 
focused on infants or young children and hospitalized cases 
[7–10]. These studies can overestimate the average costs 
associated with medically attended RSV, as the infection is 
typically more severe in these populations, yet simultane-
ously underestimate the overall burden of disease by not 
capturing the impact of RSV in other age groups (e.g., older 
adults). Estimating RSV burden of disease and associated 
costs across age groups remains a priority. Moreover, many 
of the RSV cost estimates are out of date [11, 12], and—
given that costs vary by location and structure of health sys-
tems—it is important to have up-to-date and local evidence 
available.

Therefore, the objectives of this study were to

1. determine the case costs associated with a medically 
attended RSV infection across age groups and by risk 
factors and

2. determine the overall disease burden of medically 
attended RSV.
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2.2  Study Population and Design

2.2.1  Objective 1: Respiratory Syncytial Virus (RSV) Case 
Cost

We used a retrospective case–control design to estimate 
the attributable healthcare costs per RSV case in Alberta. 
We measured costs from the healthcare perspective and did 
not consider societal or personal costs associated with RSV 
infection. We assumed healthcare costs attributable to RSV 
equaled the mean differences in all-cause healthcare costs 
between cases and controls. We chose all-cause healthcare 
because very little is known about the long-term effects of 
RSV on health costs and outcomes, and an RSV case’s con-
tacts with the healthcare system are often not captured under 
an RSV diagnostic code. The index date for cases was the 
date of their first interaction with the health system for an 
RSV-associated event or the order date for their laboratory 
test; matched controls were given the same index date.

We used two different case definitions to identify RSV 
in the health administrative data. Case definition one (i.e., 
laboratory-confirmed RSV) was defined as any individual 
who had a laboratory-positive RSV test. The date the RSV 
laboratory test was ordered was considered the index date 
for these cases. We enrolled laboratory-confirmed cases 
from 1 September 2014 to 31 August 2018, with costing 
follow-up occurring until 31 August 2019. The purpose of 
this case definition was to capture RSV cases with a high 
level of specificity. However, children and hospitalized cases 
are tested at a much higher rate than other populations in 
Alberta and generally have more serious outcomes, so this 
case definition likely overestimates the cost per case.

Therefore, our second case definition, “ARI attributed to 
RSV,” sought to capture possible RSV cases (i.e., not labora-
tory confirmed) by defining a case as a medically attended 
visit for ARI where the most responsible diagnosis could be 
attributed to an RSV infection. “Most responsible diagno-
sis” was defined as the first diagnosis classification by the 
Canadian International Classification of Diseases, Ninth 
(ICD-9) or Tenth Revision (ICD-10-CA) codes. Relevant 
ICD codes were based on a review of the literature [17, 18] 
and the expert opinion of two infectious disease physicians 
(see Appendix A in the electronic supplementary material 
[ESM]). Moreover, for case definition two, the event had 
to occur during RSV season (1 November–30 April) [19, 
20]. Although a wide variety of infections can cause ARI, 
the methods to treat them, and therefore the costs, are gen-
erally independent of the causative agent, particularly for 
nonhospitalized cases. Since case definition two identified 
many cases (>3,000,000), we used the simple random sam-
pling function in  SAS© to select 10% of the population for 
the final costing analysis. The index date for these cases 
was the date of their first medically attended ARI event. For 

ARI attributed to RSV, we captured costs from 1 November 
2010 through 30 April 2018, with costing follow-up until 
30 April 2019.

Controls for both case definitions were drawn from Alber-
ta’s publicly funded health insurance plan over the year of 
analysis (i.e., did not emigrate or die within 1 year of the 
index date). For laboratory-confirmed RSV, each case was 
matched 1:5 to a non-RSV control; we selected a high ratio 
to account for variability in control costs. For ARI attributed 
to RSV, the cases were matched 1:1 to a non-ARI control. 
In both analyses, controls were defined as no RSV or ARI 
code within the year of analysis. Controls were randomly 
selected from all possible matches. For both case defini-
tions, matching of cases to controls was based on five cri-
teria: (1) age in months for cases aged < 1 year and age in 
years for cases aged ≥ 1 year, (2) urban/rural status (living in 
urban [≥ 25,000 population] vs. rural [< 25,000 population] 
areas according to postal code and census data), (3) sex, 
(4) prematurity (gestational age < 36 weeks) for cases aged 
< 1 year, and (5) Charlson Comorbidity Index (CCI) score 
[21, 22] for cases aged ≥ 1 year. Matching was done using 
a macro program coded in  SAS©. The CCI is a measure 
of the number and intensity of an individual’s comorbidi-
ties; a higher number signifies more comorbidities. Previ-
ous research has demonstrated that CCI score is a reliable 
predictor of costs [21]. Moreover, by using the same index 
date for cases and their controls, we accounted for time of 
year and RSV season [19, 20]. Individuals could be an RSV 
case and/or control more than once (since they could acquire 
RSV multiple times); however, to allow for full cost follow-
up, they had to have at least 365 days following their initial 
identification as a case or control prior to being considered 
a new case/control. Each laboratory-confirmed RSV case 
had at least one exact match, but 127 did not have five exact 
matches. They were retained in the analysis to capture the 
costs associated with these populations, as they were gener-
ally part of smaller demographic groups (e.g., children who 
were premature).

2.2.2  Objective 2: RSV Burden

To estimate the burden of RSV, we calculated the incidence 
of medically attended RSV from 1 September 2010 to 31 
August 2019 (nine complete RSV seasons) in Alberta. We 
multiplied the weekly age-specific incidence of medically 
attended ARI by the national RSV laboratory test positivity 
rate. ARI was defined as a physician visit with a relevant 
ICD-9 code or a hospitalization or ED visit with a relevant 
ICD-10 code (Appendix A in the ESM). However, for the 
RSV burden analysis, the case did not have to occur during 
the RSV season, and a case was considered incident if the 
individual did not have an ARI-relevant ICD code in the 
preceding 30 days. We did not include any date limits so we 
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could capture RSV cases throughout the calendar year and 
observe the seasonality of RSV infections. To determine the 
percentage of total RSV tests that were positive for RSV 
infection each week from 2010 to 2019, we used aggregated 
national data from the Public Health Agency of Canada [13].

2.3  Data Analysis

2.3.1  Objective 1: RSV Case Cost

We tracked both case and control costs using the phase-of-
care method [23], where costs were calculated over two dif-
ferent phases: (1) acute infection (30 days’ follow-up) and 
(2) continuing care (365 days’ follow-up). We selected 30 
days to capture the majority of costs associated with an acute 
RSV infection, and our hospitalization data showed length of 
stays ranging from 0 to 22 days for 99% of cases. A continu-
ing care phase of 365 days is consistent with other studies, 
allowing us to account for the long-term morbidity associ-
ated with RSV [24, 25] without becoming too far removed 
from the initial infection. We calculated the mean and stand-
ard deviation for the attributable RSV case costs stratified 
by RSV season, age, prematurity, CCI score, and sex and 
tested for significant differences in case and control costs 
using the Wilcoxon signed rank test. We selected a matched 
samples nonparametric test to account for non-normal distri-
bution in costing data. We applied the Bonferroni adjustment 
as a multiple testing correction to account for the multiple 
subgroup analyses. Moreover, we calculated the mean and 
standard deviation of RSV-attributable case costs associ-
ated with hospitalization, ED visits and physician billing. 
All costs were inflated to Canadian dollars ($CAD), year 
2020 values, using the healthcare consumer price index as 
reported by Statistics Canada [26].

2.3.2  Objective 2: RSV Burden

The age-specific weekly rate of RSV was calculated as the 
number of incident ARIs per week and age group, divided 
by the total age-specific population in that week in Alberta, 
multiplied by the percent of total RSV laboratory tests posi-
tive for RSV by week (Fig. 1).

RSV incidence rates are presented as RSV cases per 
100,000 people per week and per year by age group. As 
our ARI incidence rates were derived from the total Alberta 
population, we did not weigh the outcomes by age and sex 
distributions.

3  Results

3.1  Demographics

There were 12,478 positive tests for RSV across four RSV 
seasons in the approximately 4.26 million individuals 
enrolled per year in Alberta’s publicly funded health insur-
ance plan. Following exclusions for loss to follow-up and 
duplication, 8484 laboratory-confirmed cases of RSV were 
included in our analysis, with 42,083 matched controls 
(Table 1). The majority of laboratory-confirmed RSV cases 
were male, lived in an urban environment and had a CCI 
score of 0 or 1. Over 59% of the cases occurred in children 
aged < 2 years. The number of laboratory-confirmed RSV 
cases varied widely by season, ranging from 1144 cases in 
2015–2016 to 2765 in 2016–2017.

We also identified 3,456,562 unique cases of medically 
attended ARI between November and April across eight 
RSV seasons. Following random selection and exclusions 
for cases without a full year of follow-up or without a con-
trol match, we included a sample of 345,284 ARI attrib-
uted to RSV cases in our analysis (Table 1). Most of these 
cases were identified in physician billing (86.5%), with 
13.5 and 0.08% identified in ambulatory/ED and inpatient 
care, respectively. The highest number of cases occurred 
in December (65,789) and January (65,025). Cases were 
matched to 345,284 controls. Cases and controls had a 
mean age of 32 years, with cases spread relatively evenly 
across the eight RSV seasons. The majority of cases lived 
in an urban environment, had a CCI of 0 and were female 
(Table 1).

For the burden of disease analysis, we identified 
10,706,843 cases that met our definition of ARI from 1 Sep-
tember 2010 through 31 August 2019. The average RSV 
test positivity rate from September 2010 to September 2018 

Fig. 1  Equation for age-specific 
weekly incidence rate of 
respiratory syncytial virus in 
Alberta, Canada
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was 4% in Canada, whereas the in-season positivity rate 
(November–April) for those eight RSV seasons was 7% [13] 
(Appendix B in the ESM).

3.2  Objective 1: RSV Case Cost

RSV-attributable costs for laboratory-confirmed cases was 
$CAD12,713 at 30 days and $CAD40,028 at 365 days fol-
lowing diagnosis (Fig. 2a). For laboratory-confirmed RSV 
cases, inpatient costs accounted for 70 and 64% of total 
costs at 30 and 365 days, respectively. The proportion of 
case costs by care type stayed consistent across age groups 
for laboratory-confirmed RSV (Fig. 3a). For ARI attributed 
to RSV, the average attributable cost per case was much 
lower at $CAD315 at 30 days and $CAD898 at 365 days 
(Fig. 2b). Inpatient costs accounted for a smaller percentage 
of total ARI attributed to RSV case costs (compared with 
laboratory-confirmed RSV cases), but it remained the big-
gest cost driver, at 41% of costs over both time periods. For 
ARI attributed to RSV, physician costs accounted for 36% 
(30 days) and 38% (365 days) of total costs, and ambulatory/
ED care represented 23% (30 days) and 21% (365 days) of 
overall costs. The proportion of case costs by care type var-
ied by age group for ARI attributed to RSV (Fig. 3b), with 
younger and older age groups having higher inpatient costs 
and individuals aged 2–49 years having higher physician 
costs. 

For both case definitions, costs varied with age, sex, 
comorbid conditions, prematurity (for children aged < 1 
year), RSV season and location of residence (Tables 2 and 
3). Individuals with a CCI score of 5 had an RSV-attribut-
able cost between 3 and 13 times that of individuals with a 
CCI score of 0. Being born premature was also associated 
with high RSV treatment costs. For ARI attributed to RSV 
cases, attributable costs were higher in the youngest and old-
est age groups and lowest in those aged 6–17 years. In com-
parison, costs for the laboratory-confirmed RSV cases were 
high in adult populations. In conjunction with increases in 
the overall costs of RSV over time, the percent of cases with 
inpatient and ambulatory costs within 30 days increased, 
with RSV laboratory-confirmed cases with inpatient costs 
within 30 days increasing from 11% in 2014–2015 to 31% in 
2017–2018. In every category, for both laboratory-confirmed 
RSV and ARI attributed to RSV and at both time points, the 
cases had significantly higher costs than their matched con-
trols, even following the Bonferroni adjustment (p < 0.0001 
< α = 0.00044) (Tables 2 and 3). 

3.3  Objective 2: RSV Burden

Based on the ARI incident cases and the percent positive of 
RSV test estimates, the incidence rate of medically attended 
RSV in Alberta from 2010 through 2019 was estimated at 

61 cases per 100,000 people per week in RSV season or an 
average of 1743 cases per 100,000 people per year. RSV 
incidence rate varied dramatically by season and month, 
with the highest rate occurring annually in January and Feb-
ruary (Fig. 4; Appendix B in the ESM). The 2017–2018 sea-
son had the lowest yearly rate (1022 per 100,000 per year), 
and the 2011–2012 season had the highest rate (2390 per 
100,000 per year). RSV rates varied by age group, with the 
highest incidence rate in children aged 6 months to < 1 year 
(6461 per 100,000 per year) and the lowest rates in adults 
aged 50–64 years (1330 per 100,000 per year) (Appendix B 
in the ESM).

4  Discussion

This is one of the first studies to analyze RSV case costs 
across multiple years and age groups. For laboratory-con-
firmed RSV, older adults (aged >65 years) had one of the 
highest RSV-attributable costs, particularly at 365 days 
following infection. One potential explanation for the high 
costs in older adults is the potential for RSV to trigger other 
costly healthcare visits, which is supported by the observa-
tion that the 365-day cost estimates were so much higher 
than the 30-day estimates, although more research in this 
area is needed. Of note, the costs in younger adults (aged 
50–64 years) with laboratory-confirmed RSV were also 
high. The breakdown of the costs demonstrated that this 
group had high physician costs and, perhaps surprisingly, 
the second highest inpatient costs. Because RSV infection is 
not well recognized in this age group, only the most severe 
cases (e.g., inpatient) may be tested compared with cases in 
young children and older adults, who are tested on a more 
regular basis, leading to a high average cost of disease for 
those aged 50–64 years. Capturing costs across age groups 
is essential to the evaluation of a range of potential RSV 
immunization programs.

In one of the only other studies to look at total healthcare 
case costs of RSV across age groups, Amand et al. [29] esti-
mated substantially higher RSV costs in the USA than our 
ARI attributed to RSV costs but lower costs than our RSV 
laboratory-confirmed costs. One key difference between the 
current study and Amand et al. [29] is that they included 
only individuals with RSV-specific ICD codes, which is nei-
ther as specific as our laboratory-confirmed case definition 
nor as sensitive as our ARI case definition, thereby giving 
an intermediate estimate of RSV costs. Although studies 
have validated RSV-specific ICD codes for children aged < 3 
years [30], they are generally considered to be less accurate 
for adults. This is likely because adults are less likely to 
be hospitalized and therefore tested for RSV. Having more 
specific and more sensitive RSV case definitions allowed 
us to capture a range of RSV costs. Moreover, Amand et al. 



638 E. Rafferty et al.

Table 1  Demographic 
information for laboratory-
confirmed respiratory syncytial 
virus cases (2014–2018), 
acute respiratory infection 
cases attributed to respiratory 
syncytial virus (2010–2018) 
and their controls in Alberta, 
Canada

Data are presented as n (%) unless otherwise indicated
ARI acute respiratory infection, CCI Charlson Comorbidity Index, d days, mo months, NA not available, 
pop population, RSV respiratory syncytial virus, wk weeks, yr year(s)
a Laboratory-confirmed RSV cases were matched 1:5 with controls. Each laboratory-confirmed RSV case 
had at least one exact match, but 127 did not have five exact matches. They were retained in the analysis to 
capture the costs associated with these groups, as they were generally part of smaller demographic groups 
(e.g., children who were premature)
b The differences in male to female ratios between laboratory-confirmed RSV and ARI attributed to RSV is 
consistent with the literature, which suggests that being male is a risk factor for severe infection and hos-
pitalization, and these are the cases most often laboratory tested for RSV [27]. In comparison, females are 
more likely to seek care for respiratory symptoms and therefore would be more highly represented in the 
ARI case definition [28]
c We had data on laboratory-confirmed RSV cases starting in the 2014–2015 season, whereas we had data 
on ARIs associated with RSV starting with the 2010–2011 season

Variable Laboratory-confirmed RSV ARI attributed to RSV

Cases Controlsa Cases Controls

Total sample size, N 8484 42,083 345,284 345,284
Sexb

 Female 4052 (47.8) 20,117 (47.8) 191,329 (55.4) 191,329 (55.4)
 Male 4432 (52.2) 21,966 (52.2) 153,955 (44.6) 153,955 (44.6)

RSV  seasonc

 2010–2011 NAb NA 55,126 (16.0) 55,126 (16.0)
 2011–2012 NA NA 42,565 (12.3) 42,565 (12.3)
 2012–2013 NA NA 43,310 (12.5) 43,310 (12.5)
 2013–2014 NA NA 39,874 (11.6) 39,874 (11.6)
 2014–2015 2499 (29.5) 12,396 (29.5) 43,644 (12.6) 43,644 (12.6)
 2015–2016 1144 (13.5) 5687 (13.5) 40,554 (11.8) 40,554 (11.8)
 2016–2017 2765 (32.6) 13,715 (32.6) 42,654 (12.4) 42,654 (12.4)
 2017–2018 2076 (24.5) 10,285 (24.4) 37,557 (10.9) 37,557 (10.9)

Age group
 < 29 d 436 (5.1) 2172 (5.2) 702 (0.2) 702 (0.2)
 29–89 d 1249 (14.7) 6213 (14.8) 2455 (0.7) 2455 (0.7)
 90 d to < 6 mo 950 (11.2) 4733 (11.3) 4116 (1.2) 4116 (1.2)
 6 mo to < 1 yr 1010 (11.9) 5041 (12.0) 8515 (2.5) 8515 (2.5)
 1 to < 2 yr 1410 (16.6) 6994 (16.6) 11,074 (3.2) 11,074 (3.2)
 2–5 yr 1227 (14.5) 6070 (14.4) 31,952 (9.3) 31,952 (9.3)
 6–17 yr 215 (2.5) 1042 (2.5) 55,492 (16.1) 55,492 (16.1)
 18–49 yr 393 (4.6) 1944 (4.6) 146,459 (42.4) 146,459 (42.4)
 50–64 yr 450 (5.3) 2228 (5.3) 52,940 (15.3) 52,940 (15.3)
 65–79 yr 544 (6.4) 2680 (6.4) 23,537 (6.8) 23,537 (6.8)
 ≥ 80 yr 600 (7.1) 2966 (7.1) 8042 (2.3) 8042 (2.3)

Gestation age at birth (for pop aged < 1 yr)
 Term (≥ 36 wk) 3081 (84.4) 15,405 (84.8) 14,006 (88.7) 14,006 (88.7)
 Preterm (< 36 wk) 525 (14.6) 2573 (14.2) 1254 (7.9) 1254 (7.9)
 Missing 39 (1.1) 181 (1.0) 528 (3.3) 528 (3.3)

CCI (for pop aged ≥ 1 yr)
 0 1495 (30.9) 7475 (31.3) 170,476 (51.7) 170,476 (51.7)
 1 1517 (31.4) 7585 (31.7) 100,622 (30.5) 100,622 (30.5)
 2 428 (8.8) 2135 (8.9) 26,617 (8.1) 26,617 (8.1)
 3 430 (8.9) 2129 (8.9) 15,948 (4.8) 15,948 (4.8)
 4 280 (5.8) 1334 (5.6) 6095 (1.9) 6095 (1.9)
 ≥ 5 689 (14.2) 3266 (13.7) 9738 (3.0) 9738 (3.0)

Location of residence
 Urban 6102 (71.9) 30,349 (72.1) 271,911 (78.8) 271,911 (78.8)
 Rural 2382 (28.1) 11,734 (27.9) 73,373 (21.3) 73,373 (21.3)
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[29] estimated costs in the USA, which typically has higher 
healthcare costs than other countries, as illustrated by the 
costs of controls in their study. Finally, Amand et al. [29] 
only studied one RSV season. It is recognized that the bur-
den of RSV varies markedly by year, as demonstrated by 
the current study.

Our analysis was also unique in that it looked at how RSV 
costs change based on a variety of factors, including comor-
bidities and location of residence. Specifically, our study 
highlighted the overall impact of comorbidities on case costs 

across all age groups, with CCI score having a substantial 
impact on RSV-attributed costs. McLaurin et al. [9] found 
that RSV hospitalization costs for children born premature 
were at least double the costs for children born at term. This 
evidence is consistent with our findings for both ARI attrib-
uted to RSV and laboratory-confirmed RSV healthcare costs 
for children born prematurely.

We observed large differences in the incremental health-
care RSV cost estimates for the two case definitions, which 
is unsurprising considering the testing criteria for RSV 

Table 2  Stratification of the average laboratory-confirmed respiratory syncytial virus case and control costs at 30 and 365 days following diag-
nosis

Data are presented as Canadian dollars ± standard deviation unless otherwise indicated
d days, mo months, RSV respiratory syncytial virus, wk weeks, yr year(s)
a Results of the Wilcoxon signed rank test to determine whether there was a significant difference in case and control costs

Characteristics Within 30 days Within 365 days

RSV cases Matched controls Attributable costs p-Valuea RSV cases Matched controls Attributable costs p-Value

Sex
 Female 12,713 ± 37,272 199 ± 1187 12,514 < 0.0001 44,038 ± 118,438 2678 ± 11,386 41,360 < 0.0001
 Male 13,124 ± 38,565 230 ± 1669 12,895 < 0.0001 41,385 ± 124,481 2575 ± 15,160 38,810 < 0.0001

Age group
 <29 d 19,423 ± 39,279 555 ± 2240 18,868 < 0.0001 27,878 ± 49,428 2191 ± 10,684 25,686 < 0.0001
 29 to 89 d 16,076 ± 52,902 199 ± 1183 15,876 < 0.0001 27,122 ± 84,994 1937 ± 16,277 25,186 < 0.0001
 90 d to <6 mo 9696 ± 33,016 158 ± 1254 9538 < 0.0001 28,493 ± 106,548 1613 ± 11,778 26,880 < 0.0001
 6 mo to <1 yr 11,432 ± 34,306 135 ± 855 11,298 < 0.0001 30,763 ± 114,101 1265 ± 5582 29,498 < 0.0001
 1 to <2 yr 9665 ± 34,741 142 ± 1020 9523 < 0.0001 25,288 ± 70,019 1460 ± 6777 23,828 < 0.0001
 2 to 5 yr 8962 ± 27,006 119 ± 1722 8843 < 0.0001 29,626 ± 80,278 1424 ± 12,906 28,202 < 0.0001
 6 to 17 yr 12,073 ± 33,080 106 ± 988 11,967 < 0.0001 67,308 ± 171,674 2056 ± 14,664 65,252 < 0.0001
 18 to 49 yr 15,194 ± 40,285 204 ± 1093 14,990 < 0.0001 73,523 ± 201,796 2984 ± 14,753 70,539 < 0.0001
 50 to 64 yr 19,915 ± 50,892 330 ± 2207 19,586 < 0.0001 85,417 ± 149,343 5010 ± 17,405 80,408 < 0.0001
 65 to 79 yr 17,857 ± 36,024 351 ± 1652 17,507 < 0.0001 103,239 ± 220,933 6968 ± 18,952 96,271 < 0.0001
 > 80 yr 14,178 ± 25,327 433 ± 1965 13,746 < 0.0001 79,532 ± 143,944 7759 ± 19,736 71,773 < 0.0001

RSV season
 2014–2015 7112 ± 26,846 194 ± 1340 6917 < 0.0001 34,791 ± 109,672 2494 ± 12,972 32,297 < 0.0001
 2015–2016 13,766 ± 43,565 181 ± 1218 13,585 < 0.0001 45,471 ± 137,744 2661 ± 17,699 42,809 < 0.0001
 2016–2017 13,218 ± 42,009 228 ± 1327 12,989 < 0.0001 48,564 ± 141,894 3088 ± 14,377 45,476 < 0.0001
 2017–2018 19,081 ± 39,311 242 ± 1836 18,840 < 0.0001 42,688 ± 92,771 2143 ± 9603 40,545 < 0.0001

Location of residence
 Urban 14,248 ± 39,470 218 ± 1525 14,030 < 0.0001 46,066 ± 126,675 2694 ± 14,097 43,371 < 0.0001
 Rural 9545 ± 33,521 207 ± 1272 9338 < 0.0001 33,908 ± 107,171 2444 ± 11,766 31,464 < 0.0001

Gestation age at birth
 ≥ 36 wk 12,237 ± 39,075 185 ± 1086 12,053 < 0.0001 25,319 ± 90,596 1369 ± 7390 23,950 < 0.0001
 < 36 wk 21,180 ± 55,658 392 ± 2222 20,788 < 0.0001 47,456 ± 125,311 3684 ± 26,828 43,772 < 0.0001

Charlson Comorbidity Index score
 0 5637 ± 14,172 76 ± 657 5561 < 0.0001 13,568 ± 30,263 765 ± 3220 12,803 < 0.0001
 1 11,097 ± 39,103 146 ± 723 10,951 < 0.0001 30,881 ± 70,276 1675 ± 5299 29,206 < 0.0001
 2 16,990 ± 44,222 209 ± 1197 16,780 < 0.0001 89,895 ± 174,295 3436 ± 11,888 86,459 < 0.0001
 3 21,267 ± 40,822 322 ± 3025 20,945 < 0.0001 95,352 ± 189,594 4267 ± 14,418 91,086 < 0.0001
 4 17,746 ± 36,085 436 ± 2090 17,310 < 0.0001 88,141 ± 191,898 8676 ± 26,434 79,466 < 0.0001
 5 19,925 ± 39,919 551 ± 2616 19,375 < 0.0001 125,407 ± 223,409 10,172 ± 28,705 115,234 < 0.0001
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in Alberta, which is generally focused on inpatients and 
severe cases. These differences in costs are particularly 
important to consider when estimating the cost effective-
ness of RSV interventions, as costing studies that use solely 

laboratory-confirmed cases or even RSV-specific ICD 
codes may overestimate the costs of the majority of medi-
cally attended RSV infections. Capturing the costs of ARI 
attributed to RSV is important, as these individuals may use 

Table 3  Stratification of the average acute respiratory infection attributed to respiratory syncytial virus case and control costs at 30 and 365 days 
following diagnosis

Data are presented as Canadian dollars ± standard deviation unless otherwise indicated
ARI acute respiratory infection, d days, mo months, RSV respiratory syncytial virus, wk weeks, yr year(s)
a Results of the Wilcoxon Signed Rank test to determine whether there was a significant difference in case and control costs

Characteristics 30 days’ follow-up 365 days’ follow-up

ARI cases Matched controls Attrib-
utable 
costs

p-Valuea ARI cases Matched controls Attributable costs p-Value

Sex
 Female 415 ± 2131 129 ± 963 286 < 0.0001 2700 ± 9737 1808 ± 7319 892 < 0.0001
 Male 454 ± 2448 102 ± 957 352 < 0.0001 2394 ± 10,191 1489 ± 8210 905 < 0.0001

Age group
 <29 d 2136 ± 6048 448 ± 1649 1688 < 0.0001 3774 ± 8353 3913 ± 35,053 − 139 < 0.0001
 29 to 89 d 1349 ± 5777 160 ± 1132 1189 < 0.0001 3196 ± 9822 1423 ± 6541 1774 < 0.0001
 90 d to <6 mo 507 ± 1845 108 ± 1021 399 < 0.0001 2312 ± 9881 1221 ± 5445 1092 < 0.0001
 6 mo to <1 yr 428 ± 1583 75 ± 894 353 < 0.0001 1838 ± 9363 915 ± 4200 923 < 0.0001
 1 to <2 yr 397 ± 2453 67 ± 566 330 < 0.0001 1344 ± 5032 911 ± 6025 433 < 0.0001
 2 to 5 yr 254 ± 1011 48 ± 515 205 < 0.0001 997 ± 3618 592 ± 3434 406 < 0.0001
 6 to 17 yr 201 ± 940 44 ± 439 157 < 0.0001 1060 ± 4373 647 ± 3645 412 < 0.0001
 18 to 49 yr 313 ± 1738 108 ± 800 205 < 0.0001 2088 ± 7379 1443 ± 6184 645 < 0.0001
 50 to 64 yr 531 ± 2852 166 ± 1207 365 < 0.0001 3451 ± 12,688 2410 ± 10,095 1040 < 0.0001
 65 to 79 yr 1052 ± 4005 273 ± 1789 779 < 0.0001 6775 ± 18,730 4234 ± 13,152 2541 < 0.0001
 ≥ 80 yr 2031 ± 5102 352 ± 1982 1679 < 0.0001 11,939 ± 24,340 6543 ± 16,991 5396 < 0.0001

RSV season
 2010–2011 366 ± 1908 106 ± 927 260 < 0.0001 2407 ± 9777 1563 ± 7117 844 < 0.0001
 2011–2012 412 ± 2323 120 ± 1014 292 < 0.0001 2455 ± 9878 1686 ± 8504 769 < 0.0001
 2012–2013 414 ± 2294 108 ± 837 306 < 0.0001 2400 ± 9598 1663 ± 8359 738 < 0.0001
 2013–2014 440 ± 2500 113 ± 943 327 < 0.0001 2604 ± 10,405 1606 ± 6896 998 < 0.0001
 2014–2015 440 ± 2352 127 ± 1083 313 < 0.0001 2709 ± 10,606 1790 ± 7853 919 < 0.0001
 2015–2016 459 ± 2179 128 ± 1020 331 < 0.0001 2806 ± 10,763 1820 ± 8763 986 < 0.0001
 2016–2017 477 ± 2524 117 ± 831 361 < 0.0001 2918 ± 10,831 1786 ± 7904 1132 < 0.0001
 2017–2018 477 ± 2179 123 ± 1013 355 < 0.0001 2227 ± 6887 1415 ± 6036 812 < 0.0001

Location of residence
 Urban 387 ± 2143 113 ± 933 274 < 0.0001 2391 ± 9404 1609 ± 7694 783 < 0.0001
 Rural 599 ± 2714 130 ± 1054 468 < 0.0001 3202 ± 11,706 1879 ± 7861 1323 < 0.0001

Gestation age at birth
 ≥ 36 wk 608 ± 2417 101 ± 920 507 < 0.0001 2066 ± 8746 1119 ± 8687 947 < 0.0001
 < 36 wk 1356 ± 6493 282 ± 1858 1074 < 0.0001 4540 ± 16,263 2433 ± 12,119 2107 < 0.0001

Charlson Comorbidity Index
 0 236 ± 1169 62 ± 533 174 < 0.0001 1327 ± 4281 829 ± 3175 499 < 0.0001
 1 352 ± 1815 107 ± 790 246 < 0.0001 2117 ± 6473 1469 ± 5146 649 < 0.0001
 2 652 ± 2978 215 ± 1347 437 < 0.0001 4153 ± 12,383 2977 ± 10,824 1176 < 0.0001
 3 938 ± 3876 268 ± 1752 670 < 0.0001 5724 ± 15,928 4066 ± 13,474 1658 < 0.0001
 4 1531 ± 5101 463 ± 2332 1069 < 0.0001 10,281 ± 24,777 6907 ± 20,734 3373 < 0.0001
 5 2203 ± 6374 464 ± 2430 1739 < 0.0001 14,956 ± 33,798 8306 ± 23,797 6650 < 0.0001
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healthcare resources, but these costs often go unreported 
as testing is generally not recommended for uncomplicated 
cases.

Furthermore, this study measured the overall incidence of 
medically attended RSV over multiple years and age groups. 
Many of the previous studies of the burden of RSV illness in 
Canada and the USA have focused on children and hospital-
ized cases [18, 30]. Our RSV incidence estimates established 
a baseline of disease incidence. Our incidence estimates for 
RSV in children aged < 5 years are generally consistent with 
those of Hall et al. [4], although ours were slightly lower in 
the youngest age groups. Moreover, our findings were in line 
with previous studies that demonstrated that the highest rates 
of medically attended RSV were in young children, with 
cases decreasing in adults before rising again in the oldest 
age groups [6, 31].

The rate of medically attended RSV incidence changed 
dramatically from year to year, as is consistent with previ-
ous findings. For example, Pitzer et al. [32] highlighted a 
biennial pattern of RSV rates, alternating between small and 
large epidemics. Although our RSV incidence rates changed 
from season to season, the last two RSV seasons had notably 
lower incidence rates, which was largely due to a decrease 
in the percentage of RSV-positive rates in those years. We 
hypothesize that this is related to changes in laboratory 
testing criteria, which Canadian research has shown are 
inconsistent, even for hospitalized children [33]. Although 
evidence indicated that costs for both laboratory-confirmed 
RSV and ARI attributable to RSV were increasing over time, 
we did not observe a substantial increase or decrease in 
costs in the 2017–2018 season, when the incidence of RSV 
decreased. However, more research is needed on how RSV 
testing criteria in Canada have changed over time to accu-
rately depict how these changes could affect RSV positivity 

rates and healthcare costs associated with RSV, particularly 
laboratory-confirmed RSV.

Although the RSV healthcare costs we present in this 
analysis were estimated using Alberta data, they were 
derived using Canadian Institute of Health Information 
methods, which are applied across Canada and therefore may 
be applicable outside of Alberta. Moreover, the relationships 
and factors associated with higher costs were consistent with 
other findings in the literature and are unlikely to be prov-
ince specific. We also used national positivity estimates to 
estimate RSV incidence, which makes our findings more 
nationally relevant, especially as positivity rates are more 
likely to change across provinces because of diverse testing 
strategies.

Our study has some limitations. First, we chose to use 
a broader range of ARI ICD codes, instead of using RSV-
specific ICD codes, so some of the ARI cases were likely 
not caused by RSV. We did this to keep the ARI definition 
as sensitive as possible to capture all levels of RSV severity; 
we accounted for the potential misclassification by using 
a very specific laboratory-confirmed RSV definition. Sec-
ond, we did not include pharmaceutical costs or laboratory 
costs, as they are not captured in the MACARS database, 
and we therefore underestimated case costs of RSV. Previous 
research has demonstrated that, although prescriptions are 
not a large cost driver, they still contribute to 5–16% of total 
costs, depending on age group [29]. Third, we did not have 
Alberta-specific laboratory data for all respiratory tests for 
2010 through 2019; as such, we used national estimates to 
calculate the RSV test positivity rate. Moreover, as noted, 
changes and inconsistencies in laboratory testing strategies 
can have a substantial impact on our estimates of RSV inci-
dence rates, and more research is needed in this area. Finally, 
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national RSV test rates were not age specific and so we could 
not capture differences in positivity rate by age group.

5  Conclusions

While RSV costing studies have largely focused on infants 
and hospitalized cases, this study demonstrates that older 
adults have some of the highest costs associated with RSV 
disease, both for laboratory-confirmed cases and ARI associ-
ated with RSV. Therefore, immunization programs targeting 
infants and/or older populations may be important for the 
reduction of the overall health and economic impact of RSV 
infection. Our findings further suggest that, if vaccine alloca-
tion decisions are needed, a viable strategy would be to focus 
on older adults with multiple comorbidities, as they have 
some of the highest RSV-attributable costs per case. In chil-
dren, since the youngest age groups have some of the highest 
RSV-attributable costs, a maternal vaccine may be a worth-
while strategy to prevent these cases and their associated 
costs. However, given the timing of maternal vaccination, it 
may not offer full protection against RSV in very premature 
infants, in which case there may be a role for monoclonal 
antibody products. In addition, although RSV infection rates 
are undeniably high in infants and young children, we found 
that RSV remains a relatively common infection in all age 
groups and is associated with high healthcare costs. These 
findings together suggest we need to look at the burden of 
disease beyond the youngest age groups to appropriately tar-
get future immunization programs.
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