
RESEARCH ARTICLE

Health economic evaluation of implementing a universal immunization program 
with nirsevimab compared to standard of care for the prevention of respiratory 
syncytial virus disease in Canadian infants
Thomas Shina,b, Jason Kh Leea,c*, Alexia Kieffera, Michael Greenberga, and Jianhong Wub

aMedical Affairs, Sanofi, US; bDepartment of Mathematics and Statistics, York University, Toronto, ON, Canada; cLeslie Dan School of Pharmacy, 
University of Toronto, Toronto, ON, Canada

ABSTRACT
Respiratory syncytial virus (RSV) is a highly contagious pathogen and a leading cause of severe lower 
respiratory tract illness (LRTI) in infants and young children, irrespective of risk factors. Nirsevimab, an 
extended half-life monoclonal antibody, was approved in Canada in 2023 as a passive immunizing agent 
for the prevention of RSV LRTI. This study evaluated the optimal price per dose (PPD) at commonly 
accepted willingness-to-pay (WTP) thresholds among Canadian infants compared to the current standard 
of care (i.e. palivizumab for preterm infants and those with specific medical conditions). A static decision 
tree model was developed to assess the impact of nirsevimab on RSV-related health and economic 
outcomes among Canadian infants – including outpatient physician and emergency department visits, 
inpatient hospitalizations including intensive care unit (ICU) admissions and mechanical ventilation, and 
the associated healthcare costs of these outcomes. The model utilized Canadian epidemiological and cost 
inputs where possible, adopting a societal perspective. Compared to the standard of care, nirsevimab was 
expected to prevent 47,609 RSV-related health events, including 2,296 hospitalizations and a reduction of 
approximately $45 million in direct healthcare costs. At a WTP threshold of $50,000 per quality-adjusted 
life-year (QALY), the estimated base case PPD was $536, based on average cost assumptions across 
several costing scenarios. These findings suggest that universal immunization with nirsevimab could 
significantly reduce the health and economic burden of RSV among Canadian Infants.
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Introduction

Respiratory syncytial virus (RSV) is a highly contagious seaso
nal pathogen and a leading cause of medically attended lower 
respiratory tract illness (MA-LRTI) in infants.1,2 While typi
cally mild, RSV can progress to bronchiolitis and pneumonia, 
particularly in vulnerable populations such as infants and 
young children.3,4 In Canada, RSV is the primary cause of 
hospitalization among children under two, with 80% of cases 
occurring in full-term infants without underlying 
conditions.5,6 Although preterm infants, especially those with 
congenital or chronic health conditions, are at the highest risk 
for RSV MA-LRTI, healthy full-term infants bear the most 
significant disease burden due to their larger population 
size.7 Early RSV infection has also been linked to long-term 
respiratory issues, including recurrent wheezing and asthma.8 

Nearly all children contract RSV by age two, and the highest 
risk of severe disease occurs during their first RSV season.9,10 

Given its high prevalence, severity, and potential long-term 
impact, effective prevention is critical.

Until recently, palivizumab (Synagis®, AstraZeneca) was the 
only available RSV prophylaxis, limited to high-risk infants.11 

Nirsevimab (Beyfortus®, Sanofi), an extended half-life mono
clonal antibody, was developed to protect all infants from RSV 
disease. It neutralizes RSV by binding to the fusion protein, 

preventing viral entry.12 Clinical trials and real-world studies 
have shown that nirsevimab significantly reduces RSV-related 
hospitalizations and severe LRTI.13–15 Griffin et al. reported 
that, among healthy preterm infants (29–34 weeks gestation), 
nirsevimab reduced RSV MA-LRTI by 70.1% (95% CI: 52.3%, 
81.2%) and RSV LRTI hospitalizations by 78.4% (95% CI: 
51.9%, 90.3%).14 Hammitt et al. found 74.5% efficacy (95% 
CI: 49.6%, 87.1%) against MA-LRTI in late preterm and term 
infants (≥35 weeks gestation).13 Post-pandemic follow-up 
demonstrated continued efficacy: 76.4% (95% CI: 62.3%, 
85.2%) for MA-LRTI, 76.8% (95% CI: 49.4%, 89.4%) for hos
pitalizations, and 78.6% (95% CI: 48.8%, 91%) for severe MA- 
LRTI.16 A European pragmatic trial reported 83.2% efficacy 
(95% CI: 67.8%, 92%) against RSV LRTI hospitalizations.15 

Since 2023, real-world studies from France, Spain, and the 
US have reinforced these findings.17–25

In Canada, the National Advisory Committee on 
Immunization (NACI) recommended building toward 
a universal RSV immunization program for all infants.26 

Note that the recommendation is to build towards universal 
programs based on supply, cost effectiveness and affordability. 
The recommendation over RSVpreF was based on efficacy, 
safety and duration of protection.26 Similarly, the US 
Advisory Committee on Immunization Practices (ACIP) 
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recommended nirsevimab for all infants <8 months and high- 
risk infants 8–19 months entering their second RSV season.27

Given RSV’s burden and seasonality, evaluating cost- 
effectiveness across implementation strategies is essential. 
This study employed an externally validated economic model 
to compare nirsevimab to the standard of care in Canada, 
estimating the optimized price per dose (PPD) based on will
ingness-to-pay (WTP) thresholds for reducing medically 
attended RSV infections and hospitalizations.

Methods

Overview

A static decision tree model of the Canadian infant birth cohort is 
split into three subgroups based on risks for severe RSV disease: 1) 
palivizumab-eligible infants (as defined by Canadian-specific 
criteria;28 see Appendix Figure A1); 2) preterm infants (born 
between 29 weeks gestational age (wGA) and 34 weeks 6 days 
GA, not eligible for palivizumab; 3) term or late preterm infants 
(≥35 wGA). Based on Canadian RSV surveillance data, the RSV 
season was assumed to increase in activity from November to the 
end of the following March.26 In the base case scenario, all infants 
born outside and inside the RSV season were administered nirse
vimab during their first RSV season in the treatment arm, with 
a portion of preterm infants who remained at increased risk of 
RSV receiving follow-up treatment in the subsequent season. The 
comparator arm was the standard of care (i.e., palivizumab), 
which only applied to a small proportion of infants meeting 
Canada’s strict eligibility criteria.28 The model simulated the 
patient trajectory of RSV infection with health outcomes, includ
ing RSV-related hospitalization, intensive care admission (ICU), 
mechanical ventilation (MV), emergency room and general prac
titioner admissions (ER, GP), and RSV-related mortality. Direct 
and indirect costs associated with RSV MA-LRTI were integrated 
into the model, adopting a societal perspective. All mortality- 
related costs and outcomes were discounted at a rate of 1.5%, as 
recommended by national guidelines.29

The model integrated the following elements: population data 
(segmented by palivizumab-eligible, preterm, and term infants), 
seasonality of RSV, coverage and adherence rates, clinical profiles 
of therapies, RSV-related health outcomes (e.g., hospitalization, 
ICU, MV), outcome-related utility values, and outcome-specific 
costs. To accurately model RSV seasonality, subgroup-specific 
nirsevimab implementation scenarios (e.g., in-season and out-of- 
season births, stratified by palivizumab eligibility, preterm, and 
term status), and price-per-dose estimates, the economic model 
incorporated granular monthly data inputs. These inputs included 
birth rates, RSV infection probabilities, and RSV-related health 
outcomes. A comprehensive list of model parameters is provided 
in Table 1.

Health outcome parameters

The gray and peer-reviewed literature was systematically 
reviewed to identify ongoing and completed health economic, 
clinical, and epidemiological studies related to RSV and pali
vizumab. Population-based data, with the subgroups of inter
est and the monthly probability of infection, were derived from 

national statistics and surveillance data.30,32 All inputs for 
nirsevimab were derived from clinical and epidemiological 
studies, while the gray literature provided insights into palivi
zumab’s cost and clinical profile.13,14,16,28,45 Where possible, 
only up-to-date Canadian inputs were utilized to populate the 
model; however, in the complete absence of such data, US- 
specific inputs were adopted (e.g. data related to RSV-specific 
QALY loss and mortality outcomes). Data associated with 
RSV-related inpatient hospitalization, ICU admissions, and 
patients requiring MV were generated per infant subgroup, 
using a combination of average Canadian inputs and distribu
tions of monthly US data (0–36 months age of infection). 
Importantly, ICU and MV admissions were modeled as con
ditional fractions of overall hospitalizations rather than 
applied to the entire population, ensuring internal consistency 
in healthcare utilization estimates. This distinction is further 
illustrated in Table 5, where total inpatient hospitalizations 
encompass ICU and MV cases, which are also separately 
delineated for clarity. Informed by expert opinion, we assumed 
US-based monthly distributions as an acceptable proxy for 
generating “Canadianized” values per subgroup. Figure 1 illus
trates the distributional conversion formula for generating 
Canadian values, utilizing an average of Canadian-specific 
inputs (see Table 2). Furthermore, for ER and primary care 
admissions, US-based monthly percentages (0–36 months age 
of infection) were utilized without monthly data for Canada.23 

RSV-related input parameters are provided in Tables 1 and 2.

Economic parameters

All costs are outlined in Table 3 with inflation adjustments 
using the Canadian Consumer Price Index (CPI) and adjusted 
to 2023 Canadian dollars. Although the model adopts 
a national scope, most RSV-specific costs within the past 5 
years were from Ontario, Alberta, and Quebec-specific peer- 
reviewed sources attributed to availability.46–56 Furthermore, 
gray literature on the cost-effectiveness and recommended use 
of palivizumab provided overall support for model 
parametrization.28,45 Direct healthcare costs per RSV-related 
health outcome required the establishment of a costing matrix 
with an average cost per health outcome by subgroup (i.e. 
palivizumab-eligible, preterm, and term infants). ER, GP, and 
direct non-medical costs per hospitalization (i.e., travel, meals, 
childcare, and out-of-pocket expenses attributed to RSV- 
related hospitalization) were assumed to be uniform across 
subgroups and remained constant regardless of scenario ana
lysis. In contrast, inpatient hospitalization, ICU, and MV costs 
required calculations based on different sources. The primary 
costing scenario (S0) was used for base case modeling; 
intended to represent a broader Canadian costing perspective, 
it was generated by averaging all costing scenarios (S1a, S1b, 
S2, S3, and S4, as described below). For the majority of the 
scenarios, the distribution of costs per subgroup was derived 
by McLaurin et al.52 For Scenario S1a and S1b, the recent 
Canadian literature from Rafferty et al. provided average RSV- 
attributable lab-confirmed hospitalization costs within 30 days 
and 365 days post-diagnosis by age group.47 Utilizing matrix 
algebra, the case-weighted cost for infants <1 year was applied 
to the distribution from McLaurin et al.’s study to establish 
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values within the costing matrix S1a and S1b.52 In Scenario 2 
(S2), cost outcomes were based on Thampi et al. (2021), with 
cost differentials between palivizumab-eligible, preterm, and 
term infants but not across the different health outcomes (e.g., 
inpatient hospitalization, ICU, MV).46 Scenario 3 (S3), derived 
inputs from Buchan et al. (2019), applied a similar costing 

approach as S2.47 Scenario 4 (S4) utilized the detailed costs 
from Papenberg et al. (2020)’s study, where direct and indirect 
RSV-related costs were sourced from multiple Quebec-specific 
resources (e.g. the Quebec government’s health insurance 
board Régie de l’assurance maladie du Québec [RAMQ], 
McGill University Health Centre).48

Table 1. Key model inputs.

Parameter Input Range Source

Population
Total annual births in Canada 367,684 – Statistics Canada30

Estimated number of PVZ-eligible infants 6,711 
(1.83%)

– Calculations based on Statistics Canada30 

and IQVIA31

Estimated number of preterm infants (<37 wGA) 22,497 
(6.12%)

– Calculation based on Statistics Canada30

Estimated number of term infants (≥37 wGA) 338,476 
(92.06%)

– Calculation based on Statistics Canada30

Percent of first-dose PVZ-eligible recipients who may require a subsequent dose in their 
2nd RSV season due to elevated risk of severe RSV

10% – Expert opinion

Seasonality of Disease
April 7.81% – Public Health Agency of Canada32

May 3.32% –
June 1.70% –
July 0.58% –
August 0.75% –
September 2.33% –
October 5.20% –
November 6.76% –
December 17.37% –
January 21.40% –
February 18.23% –
March 14.56% –

Clinical Profile
Nirsevimab duration of protection 5 months – Griffin et al.14 Hammitt et al.13 Muller 

et al.16 Drysdale et al.15

Efficacy of nirsevimab among PVZ-eligible preterm infants (inpatient and outpatient)1 51% – Andabaka et al.33

Efficacy of nirsevimab among preterm infants (inpatient and outpatient) 83.2%, 
86.2%3

– Drysdale et al.15 

FDA (2023)34

Efficacy of nirsevimab among term infants (inpatient and outpatient) 83.2%, 
74.5%4

Drysdale et al.15 

Hammitt et al.13

Efficacy of PVZ 51% – Andabaka et al.33

First and second-season coverage rate of PVZ among PVZ-eligible preterm infants 81%, 10% – Chan et al.35 Butt et al.36 modified with 
expert opinion (second season coverage)

First and second-season coverage rate of nirsevimab among PVZ-eligible preterm infants 81%, 10% – Assumption based on palivizumab
First season coverage rate for nirsevimab among preterm and term infants2 80% – Assumption

All-cause mortality among infants by age (per 1000)
0–5 months 0.004 Statistics Canada37

6–11 months 0.0003 Statistics Canada37

12–59 months 0.0002 Statistics Canada38

Overall risk of RSV-related mortality
Preterm infants (including those PVZ-eligible) 0.03% NACI28

Term infants 0.0024% Hansen et al.39

Lifetime QALY loss per RSV event
Inpatient hospitalizations 0.017 0.0101–0.0726 Hutton et al.40

ICU admission 0.017 0.0101–0.0726
Mechanical ventilation (MV) 0.017 0.0101–0.0726
Emergency room (ER) visit 0.0134 0.0079–0.0455
Primary care (GP) visit 0.0085 0.0049–0.0455
Parent/caregiver QALY loss 0.005

Lifetime QALY loss with Premature Death
PVZ-eligible, preterm, and term infants 41.697 – Calculation based on Guertin et al.41 

Statistics Canada,42 and Hodgson et al.43

Discount rate 1.5% – CADTH44

1PVZ refers to palivizumab; In the absence of published evidence, we assumed nirsevimab was equal in efficacy to palivizumab. 
2Assumption that first season coverage of nirsevimab among healthy preterm and term infants would mirror palivizumab given the current national recommendations 

for nirsevimab. 
3The efficacy of nirsevimab in preterm infants was sourced from a post-hoc analysis of all randomized infants in phase 2b weighing <5 kg at baseline and who received 

the recommended dose of nirsevimab. The results for Trial 03, 70.1%, were not dose-optimized based on weight-band dosing (<5 kg vs ≥5 kg). If we considered 
weight-band dosing for those <5 kg (50 mg dose), which was the proposed dose subpopulation (i.e. 50 mg dose), the efficacy of MA-RSV-LRTI was 86.2%. 

4Efficacy based on primary endpoint – medically attended lower respiratory tract infection 150 days after injection.
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Figure 1. Modification formula for health-related inputs. The formula in Figure 1 was constructed to utilize average Canadian values and generate data points specific 
to health outcome, age of infection, and sub-group of interest, assuming a similar distribution of cases to the United States.

Table 2. Health-related inputs.

Inpatient hospitalization

Age at time of infection (months) PVZ-eligible infants Preterm infants Term Infants Source

0 13.18% 3.32% 1.89% Feltes et al.49 

Hall et al.50 

IMPACT RSV Study Group51 

McLaurin et al.52 

Schanzer et al.5

1 25.28% 6.37% 3.63%
2 13.96% 3.52% 2.00%
3 10.05% 2.53% 1.44%
4 8.69% 2.19% 1.25%
5 4.68% 1.18% 0.67%
6 4.00% 1.01% 0.57%
7 5.47% 1.38% 0.78%
8 3.32% 0.84% 0.48%
9 3.71% 0.93% 0.53%
10 3.61% 0.91% 0.52%
11 2.83% 0.71% 0.41%
12–24 2.50% 0.59% 0.20%
25–36 2.50% 0.59% 0.20%
Mean 7.41% 1.86% 1.04%
Intensive Care Unit (ICU)
0 43.36% 60.35% 18.81% Arriola et al.53 

Mitchell et al.541 43.36% 60.35% 18.81%
2 43.36% 60.35% 18.81%
3 19.66% 15.43% 13.95%
4 19.66% 15.43% 13.95%
5 19.66% 15.43% 13.95%
6 11.42% 9.28% 10.31%
7 11.42% 9.28% 10.31%
8 11.42% 9.28% 10.31%
9 11.42% 9.28% 10.31%
10 11.42% 9.28% 10.31%
11 11.42% 9.28% 10.31%
12–24 18.67% 31.26% 10.92%
25–36 18.67% 31.26% 10.92%
Mean 21.06% 24.68% 13.00%
Mechanical Ventilation (MV)
0 14.62% 22.20% 8.20% Arriola et al.53 

Buchan et al.471 14.62% 22.20% 8.20%
2 14.62% 22.20% 8.20%
3 5.69% 6.80% 1.82%
4 5.69% 6.80% 1.82%
5 5.69% 6.80% 1.82%
6 5.69% 4.72% 1.82%
7 5.69% 4.72% 1.82%
8 5.69% 4.72% 1.82%
9 5.69% 4.72% 1.82%
10 5.69% 4.72% 1.82%
11 5.69% 4.72% 1.82%
12–24 1.37% 1.13% 2.73%
25–30 1.37% 1.13% 2.73%
Mean 6.99% 8.40% 3.32%

(Continued)
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Costing scenarios

The price per dose optimization scenarios were based on four 
WTP thresholds (incremental cost per quality-adjusted life 
years [QALY]) of $40,000, $50,000, $70,000, and 
$100,000 per QALY, which represent the commonly accepted 
thresholds by North American health technology assessment 
(HTA) bodies, such as Canada’s Drug and Technology Agency 
(CADTH), Institut national d’excellence en santé en services 
sociaux (INESSS), National Advisory Committee of 
Immunization (NACI), and Institute for Clinical and 
Economic Review (ICER).29,44,57,58 The primary costing sce
nario (S0) attempted to represent a pan-Canadian perspective 
by averaging the costing matrices of all scenarios. Scenarios 
S1a and S1b utilized the average RSV-attributable lab- 
confirmed hospitalization costs within 30 days and 365 days 
(for those <1 year of age), which we applied to the costing 
matrix provided by McLaurin et al. (see Figure 2). Two addi
tional scenarios (S2, S3) derived inputs from Ontario-specific 
sources with no assumptions regarding the underlying cost 
distributions.46,47 In S2, costs were derived from Ontario’s 
RSV-focused population-based match cohort study.46 Costs 
for inpatient hospitalization, ICU, and MV among the preterm 
infants eligible for palivizumab were calculated based on the 
weighted mean adjusted costs for congenital heart disease 
(CHD), hemodynamically significant CHD, congenital lung 
disease (CLD), and birth between 22 and 28 wGA. Similar 
calculations were applied to preterm infants (29–35 wGA) 

and term infants (36–43 wGA or full-term with no comorbid
ities). Relative to the S0, S1a, S1b, and S2, the Ontario-based 
costing data in S3 was less granular, providing two average 
costs for young children ≤59 months with and without ≥1 
comorbidity.47 S4 was based on Quebec-specific data provid
ing the granular hospitalization costs attributed to RSV (e.g. 
pediatric unit, perinatal ICU, neonatal ICU, short-stay unit, 
ER) across a wide scope of cost outcomes ranging from hospi
tal stay, administration, procedural, specialist, hospital dis
charge, outpatient resource use, productivity, and out-of- 
pocket auxiliary costs.48

Implementation scenarios

For all costing scenarios (S0, S1a, S1b, S2, S3, S4), analyses were 
conducted to explore the price per dose contingent on the scope 
of program implementation. The scope included four imple
mentation scenarios: 1) all infants (i.e. palivizumab-eligible, 
preterm, and term) born within and outside of the RSV season 
(base case scenario); 2) palivizumab-eligible and preterm infants 
born within and outside of the RSV season (with the exclusion 
of term infants); 3) palivizumab-eligible and preterm infants 
born within and outside of the RSV season, and term infants 
0–3 months entering their first RSV season and born during the 
RSV season; and 4) palivizumab-eligible and preterm infants 
born within and outside of the RSV season with term infants 
born during the RSV season (Figure 3).

Table 2. (Continued).

Inpatient hospitalization

Age at time of infection (months) PVZ-eligible infants Preterm infants Term Infants Source

Emergency Room (ER)
0 1.96% 1.96% 1.96% Lively et al.55

1 6.42% 6.42% 6.42%
2 7.24% 7.24% 7.24%
3 10.52% 10.52% 10.52%
4 11.60% 11.60% 11.60%
5 7.13% 7.13% 7.13%
6 8.18% 8.18% 8.18%
7 5.61% 5.61% 5.61%
8 5.56% 5.56% 5.56%
9 5.56% 5.56% 5.56%
10 4.04% 4.04% 4.04%
11 5.56% 5.56% 5.56%
12–24 5.30% 5.30% 5.30%
25–36 5.30% 5.30% 5.30%
Mean 6.43% 6.43% 6.43%
Primary Care (GP)
0 8.52% 8.52% 8.52% Lively et al.55

1 18.79% 18.79% 18.79%
2 23.42% 23.42% 23.42%
3 23.26% 23.26% 23.26%
4 26.50% 26.50% 26.50%
5 28.92% 28.92% 28.92%
6 26.47% 26.47% 26.47%
7 20.72% 20.72% 20.72%
8 27.78% 27.78% 27.78%
9 22.72% 22.72% 22.72%
10 24.17% 24.17% 24.17%
11 25.81% 25.81% 25.81%
12–24 18.03% 18.03% 18.03%
25–36 18.03% 18.03% 18.03%
Mean 22.37% 22.37% 22.37%

Abbreviation PVZ: palivizumab.
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Deterministic sensitivity analyses

A univariate sensitivity analysis was conducted to understand 
which variables significantly impacted the price per dose. The 
lower and upper bounds from the 95% confidence intervals 
(CI) were used where available; alternatively, we utilized 
a variance of ± 20%.

Results

Clinical and cost impact

The burden of RSV MA-LRTIs on Canadian infants under 
the current standard of care is estimated to be 184,432 
cases annually, including 138,981 primary care and 40,254 

Table 3. Cost-related inputs.

Direct Costs1

Health Outcomes Scenarios

Average cost per event (CAD)

PVZ-eligible 
infants

Preterm 
infants

Term 
infants Source1

ER visits All scenarios $836 Weighted average costs based on Thampi et al.46 and 
Papenburg et al.48

Primary care (GP) visits All scenarios $94 Papenburg et al.48

Direct non-medical costs per inpatient 
hospitalization

All scenarios $652 $652 $220 Papenburg et al.48

Inpatient hospitalization S0
2 $24,310 $11,380 $8,134 Rafferty et al.56 

Thampi et al.46 

Buchan et al.47 

Papenberg et al.48

ICU admission $48,301 $27,661 $21,238
Mechanical ventilation $130,943 $98,165 $40,601

Inpatient hospitalization S1a2 $25,918 $8,374 $5,968 Rafferty et al.56

ICU admission $54,693 $24,381 $23,326
Mechanical ventilation $89,667 $39,251 $49,039
Inpatient hospitalization S1b2 $52,333 $16,908 $12,050
ICU admission $110,434 $49,229 $47,100
Mechanical ventilation $181,052 $79,254 $99,018
Inpatient hospitalization S2 $25,529 $13,848 $9,462 Thampi et al.46

ICU admission $25,529 $13,848 $9,462
Mechanical ventilation $25,529 $13,848 $9,462
Inpatient hospitalization S3 $9,268 $9,268 $6,104 Buchan et al.47

ICU admission $9,268 $9,268 $6,104
Mechanical ventilation $9,268 $9,268 $6,104
Inpatient hospitalization S4 $8,503 $8,503 $7,086 Papenberg et al.48

ICU admission $41,581 $41,581 $20,196
Mechanical ventilation $349,202 $349,202 $39,384

Cost of Prophylaxis
PVZ All scenarios $1,599 NACI28

Indirect Costs
Average hourly earnings of all employees All scenarios $25.39 Papenburg et al.48

Number of hours per workday All scenarios 8 hours Mitchell et al.54

Lost days per RSV episode (Inpatient) All scenarios 5.35 days 2.56 days Mitchell et al.54

Lost days per RSV episode (Outpatient) All scenarios 1.30 days 1.40 days Papenburg et al.48

Abbreviation PVZ: palivizumab. 
1All costs from each source were adjusted for inflation to 2023 based on the latest consumer price index (CPI). 
2S1a, S1b costing matrix was modeled based on the cost distribution from McLaurin et al.52 For S1a, the average case-weighted within 30 day RSV-attributable cost was 

$14,138 (6% CPI adjusted) for infants <1 year of age. For S1b, the average case-weighted within 365 day RSV-attributable cost was $28,546 (6% CPI adjusted) for 
infants <1 year of age. For each scenario, the average case-weighted costs were used to generate the costing matrix according to McLaurin et al.52

Figure 2. Modification formula for cost-related inputs [scenarios S1a, S1b based on Rafferty et al. (2023)]. The formula in Figure 2 was constructed to utilize existing 
aggregate Canadian costs and generate specific outcome and sub-group specific costing data for RSV-related hospitalization, ICU admission, and mechanical 
ventilation, assuming a similar distribution of costs to the United States.
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ER visits, and 5,532 hospital admissions – of which 1,328 
were ICU admissions, 320 cases required mechanical ven
tilation, and 16 inpatient deaths (Table 4). The direct 
health costs, including palivizumab, were estimated to be 
$171 million annually and $295 million (including societal 
costs).

Comparing the clinical and cost impact of a universal infant 
nirsevimab immunization program with ~80% uptake rate (base 
case scenario) to the standard of care, the base case implementa
tion strategy could avoid 47,609 RSV-related health outcomes, 
including 10,633 ER visits, 34,672 GP visits, 2,296 inpatient 
hospitalizations, and seven inpatient deaths (Table 4). The 

Figure 3. Model structure. The population includes infants less than 2 years of age, and it is divided into three subgroups to account for the differential individual risks 
of lower respiratory tract infection (LRTIs) and for the groups assessed in the nirsevimab clinical trials: Palivizumab-eligible infants, Preterm infants, and Late Preterm or 
Term infants. Infants experience different health events and require medical resources such as primary care (PC) and emergency room (ER) visits, as well as 
hospitalizations. During the inpatient health state, infants might be in a standard pediatric ward, admitted to an intensive care unit (ICU) and requiring mechanical 
ventilation (MV). Abbreviations: MA = medically attended; ER = emergency room; ICU = intensive care unit; LRTI = lower respiratory tract disease; MV = mechanical 
ventilation; PC = primary care; RSV = respiratory syncytial virus; wGA = week of gestational age. Figure 3 provides a visual illustration of the static model with the 
corresponding subgroups, health outcomes, and timeframe of interest

Table 4. Comparative clinical and cost outcomes between existing therapy and nirsevimab for all newborn infants (born within and outside the RSV season).

Current available standard of care1 Nirsevimab2

Total 
Difference3

PVZ-eligible 
infants

Preterm 
infants Term infants

PVZ-eligible 
infants

Preterm 
infants Term infants

Health outcomes
Inpatient hospitalizations (including ICU and 

MV)
513 564 4,455 500 325 2,410 −2,296

ICU 177 269 883 171 141 448 −569
MV 40 66 215 39 30 106 −146
ER visits 609 2,471 37,174 600 1,712 27,308 −10,633
GP visits 2,120 8,530 128,332 2,097 6,055 96,156 −34,672
Inpatient deaths 1 7 8 1 3 5 −7
Total health outcomes 3,244 11,571 169,969 3,199 8,096 125,879 −47,609

Cost outcomes based on S0 (average of all scenarios)3

Inpatient hospitalizations $8,138,909 $3,335,739 $28,971,652 $7,965,313 $2,081,645 $15,877,489 -$14,521,853
ICU $6,574,719 $5,610,191 $14,159,441 $6,360,151 $3,041,336 $7,229,300 -$9,713,564
MV $5,238,737 $6,461,737 $8,699,545 $5,048,839 $2,982,198 $4,287,090 -$8,081,891
ER visits $504,667 $2,050,234 $30,677,383 $497,209 $1,416,270 $22,478,992 -$8,839,812
GP visits $197,813 $797,013 $11,991,538 $195,689 $564,122 $8,963,150 -$3,263,402
Direct non-medical costs per inpatient 

hospitalization
$332,940 $366,068 $979,036 $324,447 $210,642 $528,433 -$614,523

Total direct costs $57,426,853 $18,620,983 $95,478,594 $25,563,448 $27,215,223 $313,921,110 $195,173,352
Total indirect costs (excluding mortality) $1,269,823 $3,494,828 $49,046,778 $1,247,342 $2,381,778 $36,025,583 -$14,156,726
Cost of inpatient death $7,415,311 $27,932,561 $33,620,971 $7,368,019 $22,653,531 $28,129,324 -$10,817,968
Total Cost $66,111,986 $50,048,371 $178,146,343 $34,178,809 $52,250,532 $378,076,018 $170,198,657

Abbreviation PVZ: palivizumab. 
1Current available standard of care is palivizumab, which is only offered, under strict criteria, to high-risk preterm infants who meet the age, comorbidity, seasonal, and/ 

or geographic community for prophylaxis. 
2In the base case scenario, nirsevimab is offered to all infants entering the RSV season born within or outside the RSV season. 
3The base case scenario represents a wide spectrum of short-term and long-term costs across Canada (i.e. Alberta, Ontario, Quebec) specific to RSV-related 

hospitalization among infants.
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reduction of health outcomes was associated with a potential 
cost-savings of approximately $70 M for both direct and non- 
direct costs (including mortality-related costs), of which 64% 
could be attributed to a reduction in direct costs, primarily 
derived from the avoidance of hospitalization and severe hospi
talization-related outcomes. The majority of total health out
comes avoided (99.9%) and resultant cost-savings (98.7%) were 
attributed to nirsevimab administered to healthy full-term and 
preterm infants who are not eligible for palivizumab.

Price per dose (PPD)

Table 5 illustrates the PPD of nirsevimab at the four WTP 
thresholds for all costing and implementation scenarios. Using 
a WTP threshold of $50,000 per QALY, immunizing all infants 
born in and out of season would be cost-effective from a societal 
perspective at a PPD of $536 for the primary costing scenario 
(S0) and ranged from $475 to $617 depending on the source of 
costing input; at the highest WTP threshold of 100,000/QALY, 
the PPD increased to $706 (range: $646 to $787). Of all costing 
scenarios, S3, which derived its costing input from an Ontario- 
based RSV study that calculated costs for all children <59  
months (stratified by the presence or absence of at least one 
comorbidity) rather than more granular age groups, consistently 
yielded the lowest PPDs; the highest PPDs were generated by 
S1b, a scenario that used the average RSV-attributable lab- 
confirmed hospitalization costs within one year.

Among the four implementation scenarios at the various 
WTP thresholds, immunizing only palivizumab-eligible chil
dren and those preterm born in and out of RSV season gener
ated the highest PPD for nirsevimab. At $50,000/QALY, the 

base case PPD was $2,641, ranging from 2,401 to 3,074 and 
threshold (i.e., $100,000/QALY).

Deterministic sensitivity analysis

The results of the univariate sensitivity analysis for the base 
case scenario (nirsevimab provided to all infants within and 
outside the RSV season) at the $40,000 WTP threshold are 
displayed in the Tornado diagram in Figure 4. The factors 
resulting in the most variation in PPD were the discount 
rate, the variance of the distribution of monthly RSV, the 
coverage rate of nirsevimab for infants born at term, and the 
cost of palivizumab.

Discussion

The approval of nirsevimab as an option for RSV prophylaxis 
in Canada represents a valuable source of protection for 
infants against a disease that is associated with significant 
healthcare resource utilization. Our study demonstrates that 
compared to scenarios where only specific segments of the 
infant population receive nirsevimab, administering nirsevi
mab to all infants during their first RSV season with a PPD of 
$536 at a $50,000/QALY willingness-to-pay threshold may be 
a cost-effective strategy. Compared to the current standard of 
care, the base case could avoid 47,609 RSV-related medical 
outcomes for a cost savings of approximately $70 M, factoring 
in direct and indirect costs as well as mortality. Our model 
estimates that passive immunization of all infants with nirse
vimab could prevent approximately 2,296 hospitalizations, 
with the majority of hospitalization burden avoided among 

Table 5. Scenario-based price per dose ($CAD) of nirsevimab at various willingness-to-pay (WTP) thresholds.

Costing 
Scenarios1

Willingness-to- 
pay threshold ($ 

CAD/QALY)

Implementation Scenarios

All-infants born in & 
out-season 

(BASE CASE)

PVZ-eligible & 
preterm born in & 

out-season

PVZ-eligible & preterm born in & out-season, term 
infants (0–3 months) in first season and term 

infants born in-season

PVZ-eligible & preterm born in 
& out-season, term infants 

born in-season

S0 40,000 $ 502 $ 2,559 $ 600 $ 723
S1a $ 486 $ 2,441 $ 579 $ 696
S1b $ 583 $ 2,666 $ 705 $ 849
S2 $ 470 $ 2,376 $ 554 $ 660
S3 $ 441 $ 2,320 $ 519 $ 619
S4 $ 529 $ 2,992 $ 641 $ 792
S0 50,000 $ 536 $ 2,641 $ 634 $ 756
S1a $ 520 $ 2,522 $ 614 $ 730
S1b $ 617 $ 2,748 $ 740 $ 882
S2 $ 504 $ 2,458 $ 589 $ 693
S3 $ 475 $ 2,401 $ 554 $ 653
S4 $ 563 $ 3,074 $ 676 $ 825
S0 70,000 $ 604 $ 2,804 $ 704 $ 823
S1a $ 588 $ 2,685 $ 683 $ 796
S1b $ 685 $ 2,911 $ 809 $ 949
S2 $ 572 $ 2,621 $ 658 $ 760
S3 $ 544 $ 2,565 $ 623 $ 720
S4 $ 631 $ 3,237 $ 745 $ 892
S0 100,000 $ 706 $ 3,048 $ 808 $ 924
S1a $ 690 $ 2,930 $ 787 $ 897
S1b $ 787 $ 3,156 $ 913 $ 1,049
S2 $ 674 $ 2,865 $ 762 $ 860
S3 $ 646 $ 2,809 $ 727 $ 820
S4 $ 733 $ 3,481 $ 849 $ 992

Abbreviation PVZ: palivizumab. 
1S0: costing scenario used in base case with average costs derived from S1a, S1b, S2, S3, and S4; S1a: Costs derived from Rafferty et al. (2023) representing costs within 

30 days post-RSV infection; S1b: costs derived from Rafferty et al. (2023) representing costs within 365 days post-RSV infection; S2: scenario based on costs derived 
from Thampi et al;46 S3: scenario based on costs derived from Buchan et al;47 S4: scenario based on costs derived from Papenberg et al.48
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term and healthy preterm children. While premature infants 
are at the highest risk for severe RSV-related outcomes requir
ing hospitalization,59,60 they comprise only a small percentage 
of the birth cohort (and therefore a smaller overall health and 
cost burden) compared to healthy term and preterm infants.

Our sensitivity analysis revealed that increasing the dis
count rate, variations in monthly disease incidence and risk 
of infection (particularly among term infants), duration of 
protection of nirsevimab, decreasing nirsevimab coverage 
rate (among term infants), and increasing nirsevimab’s hos
pitalization-related efficacy, would each result in a higher 
PPD (see Figure 4). Immunization programs are often sen
sitive to discounting since benefits may not be realized 
immediately, as with conventional curative therapies.61 

Instead, there are often time delays between the dose admin
istration and when the disease is averted, and discount rates 
become more impactful. Our coverage rate assumption for 
nirsevimab across the subgroups (i.e. 80%) was derived from 
the palivizumab coverage rate. As nirsevimab becomes rou
tinely administered as a prophylaxis for RSV in Canada and 
the United States, a more informed coverage rate assump
tion will be possible. Unlike many other diseases, the sea
sonality of RSV translates to a substantial variation in the 
risk of infection from month to month. Previous studies 
have demonstrated that RSV-associated hospitalizations and 
healthcare costs were the highest for children born between 
September and February, who, therefore, had early exposure 
to the virus, with rates peaking in December and declining 
into April and after.62–65 Due to this monthly change in 
viral risk combined with granularity in palivizumab and 
nirsevimab’s current indications for use in Canada, we 
strived to derive and utilize monthly data inputs for our 
Canadian model. Given the lack of such data but similar 
seasonality and potential incidence of RSV among infants in 
Canada and the United States,66,67 we opted to extrapolate 
US-based health outcomes and cost inputs and modify them 
using average Canadian values.

Throughout the process of modeling the PPD for nirsevimab 
(relative to standard or care; palivizumab), we utilized numerous 
Canadian-based RSV-related economic models to help inform 
our analysis. The analysis by Rafferty et al. – rooted in healthcare 
data specific to Alberta, Canada – provided 30 and 365-day 
RSV-related costs. Thampi et al. examined direct medical costs 
in Ontario, Canada, among infants <24 months over 12 months, 
incorporating attributable costs ranging from ER visits, inpati
ent hospitalizations, inpatient rehabilitation, same-day surgery, 
physician services, and outpatient diagnostics. Similar to 
Thampi et al., Buchan et al. examined hospitalization costs in 
Ontario, Canada, among children under 5 years of age hospita
lized with lab-confirmed influenza or RSV from 2009 to 2014. In 
Quebec, Papenburg et al. focused on infants under 6 months at 
the start of or born during the RSV season, assessing costs up to 
30 days post-discharge. Given the variation in model inputs, 
based on age and geography (i.e. provinces) across Canada, 
our base case analysis utilized an average of these costing sce
narios to provide a comprehensive, pan-Canadian perspective.

We calculated the optimal PPD of nirsevimab at various 
WTP thresholds, as Canada does not adhere to one official 
cost-effectiveness threshold to inform national and provincial 
recommendations and decisions. While our model generated 
a base case PPD of $536 CAD (range: $475 to $617), the 
current public CDC vaccine price list (per dose) indicates 
a $395 USD public price and a $519.75 USD private list 
price, regardless of the dose concentration.68 Costing models 
from the United States Centers for Disease Control (CDC) and 
Prevention’s Advisory Committee on Immunization Practices 
(ACIP) have utilized a list price of $445 USD (i.e. $600 to $618 
CAD depending on conversion rate) per dose of nirsevimab.68 

The Sanofi US health economic model for nirsevimab vs. 
standard of care assumed a price of $500 USD,68 which is the 
approximate current private market list price in the U.S.69 To 
note, the lowest price of $395 USD (i.e. CDC public price) is 
approximately $553 CAD. Given the emerging health eco
nomic literature on nirsevimab, we recognize that our findings 

Figure 4. Deterministic sensitivity analysis for price per dose (PPD). Abbreviations PPD: price per dose; DSA: deterministic sensitivity analysis The DSA was executed for 
all scenarios. Since each scenario only applies variations in the costing matrix, providing one DSA (base case) was considered appropriate to understand how each 
parameter affects the price per dose. Figure 3 was provided to illustrate the base case scenario for all infants within and outside the RSV season at the $40,000 cost per 
QALY threshold
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differ from other recent economic analyses.40,43,70–72 These 
discrepancies reflect key methodological variations, as each 
analysis incorporated different perspectives (i.e. healthcare, 
societal, or both), target populations, cost inputs, and assump
tions about effectiveness and duration of protection. 
Compared to other models, our model was unique in several 
ways. First, we were solely focused on price per dose (PPD) 
optimization for nirsevimab and different permutations of 
program implementation compared to one sole comparator 
(i.e. palivizumab for high-risk infants). Furthermore, the PPD 
analysis was provided in three dimensions – underlying cost 
assumptions, infant subgrouping, and willingness-to-pay 
threshold (see Table 5). Second, we combined both US and 
Canadian epidemiological data inputs to derive granular dis
tributions of health outcomes by age at risk of infection. This 
provided the ability to surgically adjust the timing of program 
implementation based on our nirsevimab strategies. Third, our 
team thoroughly vetted and derived costs per outcome per at- 
risk infant subgroup from a pan-Canadian perspective. This 
may be a limitation or a strength; however, our team wanted to 
differentiate the costs associated with general and severe RSV- 
related hospital admissions. Finally, based on the nirsevimab 
published literature on duration of protection, we did not 
adopt a sigmoidal nor exponential waning curve. Altogether 
these characteristics are unique to our model and may con
tributed to the outcome disparities. Shoukat et al., for instance, 
examined individual and combined approaches for nirsevimab 
and RSVpreF programs in Canada, incorporating various 
modeling nuances such as (1) perspectives (healthcare vs. 
societal), (2) efficacy profiles (sigmoidal vs. constant), (3) 
product uptake rates (100% vs. 80%), and (4) monetary loss 
due to infant mortality. In the main text of their analysis, the 
PPD was stated as $285–$290 PPD from a societal perspective 
for combined infant and maternal immunization with 
a $50,000/QALY WTP threshold. When adjusted to reflect 
a standalone nirsevimab program incorporating the societal 
costs of RSV-related infant mortality, the PPD was aligned 
with our base case analysis, ranging from $575 CAD to $595 
CAD at coverage rates of 100% and 80%, as reported in the 
supplementary materials in Shoukat et al.70 Since Shoukat et al. 
used a no-vaccination comparator, the PPD would likely 
increase if the standard of care for palivizumab-eligible infants 
was utilized in the comparator arm. In the UK, Hodgson et al. 
utilized a dynamic transmission model spanning 10 years, with 
a 3.5% discount rate, to establish a two-dimensional cost- 
effectiveness frontier to evaluate nirsevimab and RSVpreF. 
Hodgson et al. introduced a time-varying factor for waning 
immunity, with efficacy decreasing exponentially from day 0 
to day 300. This diverged from our methodological approach 
on multiple levels, which assumed constant efficacy over the 
first 5 months, followed by linear waning. Hodgson et al.’s 
findings were further influenced by a Bayesian framework that 
incorporated the price per dose (PPD) of RSVpreF in tandem 
with nirsevimab, producing optimal strategies based on incre
mental net monetary benefit (NMB) rather than the incremen
tal cost-effectiveness ratio (ICERs). As a result of the stark 
differences in context, modeling approach, interventions, and 
costing inputs, it would be challenging to draw comparisons 
with our study results.

Gebretekle et al. conducted a health economic analysis, 
focusing on nirsevimab and RSVPreF, ranking vaccine strate
gies from lowest to highest cost, and calculating the ICER by 
comparing each strategy to the next least costly alternative.71 

Their analysis established a cost-effectiveness PPD for an all- 
infant nirsevimab program ranging from $110 to $190. Upon 
comparison to the results of our base case PPD (i.e. $536 at 
$50,000 per QALY), the difference may have been attributed to 
variations in both model structure and inputs. For example, in 
our current analysis, we attempted to utilize granular 
Canadian-specific costs, with stratifications for gestational 
age and RSV severity, while Gebretekle et al. assumed broader 
(lower) hospitalization rates and cost offsets. Additionally, we 
assumed constant efficacy for five months, followed by linear 
waning, whereas Gebretekle et al. applied an exponential decay 
in efficacy over 300 days, signaling a more rapid decline in 
protection. Furthermore, our analysis compared nirsevimab- 
specific strategies to a common comparator (i.e., standard of 
care). In contrast, Gebretekle et al. did not anchor their RSV 
strategies to a single reference intervention, as they ranked 
multiple prevention strategies in a stepwise fashion. In their 
analysis of seasonal nirsevimab for all infants with catch-up, 
Gebretekle et al. compared this nirsevimab strategy with year- 
round RSV PreF for infants at high risk.

In the US, the ACIP model applied aggregated hospitaliza
tion rates for children under two, adopted a broader RSV 
seasonality pattern based on CDC data from 2016 to 2019, 
and assumed a sigmoid decay in efficacy over 10 months. In 
contrast, our analysis incorporated age-specific hospitalization 
rates, granular Canadian cost inputs stratified by preterm and 
term subgroups and outcome severity, an RSV seasonality 
assumption ending in February, and a constant nirsevimab 
efficacy for the first 5 months, followed by linear waning. 
Differences in assumptions – such as age-specific data, season
ality, and duration of protection – led to divergent outcomes. 
Multiple study comparisons reveal common elements which 
can contribute to the variability among the studies and pose 
challenges for direct comparisons: 1) complexity in modeling, 
including the granularity of analysis; 2) assumptions around 
duration of protection of nirsevimab; 3) variable costing 
assumptions; 4) co-analysis of multiple interventions (nirsevi
mab and RSVPreF); 5) disparities in the baseline comparator 
(no intervention, palivizumab); 6) multiple nirsevimab-based 
strategies; and 7) differing modeling perspectives (e.g. health
care, societal, inclusion or exclusion of infant mortality).

Compared to other models, our model was unique in sev
eral ways. First, we were solely focused on price per dose (PPD) 
optimization for nirsevimab and different permutations of 
program implementation compared to one sole comparator 
(i.e. palivizumab for high-risk infants). Furthermore, the PPD 
analysis was provided in three dimensions – underlying cost 
assumptions, infant subgrouping, and willingness-to-pay 
threshold (see Table 5 in manuscript). Second, we combined 
both US and Canadian epidemiological data inputs to derive 
granular distributions of health outcomes by age at risk of 
infection. This provided the ability to surgically adjust the 
timing of program implementation windows based on our 
nirsevimab strategies. Third, our team thoroughly vetted and 
derived costs per outcome per at-risk infant subgroup from 
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a pan-Canadian perspective. This may be a limitation or 
a strength; however, our team wanted to differentiate the 
costs associated with general and severe RSV-related hospital 
admissions. Finally, based on the nirsevimab published litera
ture on duration of protection, we did not adopt a sigmoidal or 
exponential waning curve.

Our analysis had several strengths, including incorpor
ating a broad range of hospitalization cost data, a costing 
matrix to account for hospitalization-related costs by RSV 
risk level, and the assessment of multiple immunization 
scenarios. Additionally, our model stratified the infant 
population by gestational age at birth and included various 
medically attended health outcomes and mortality. The 
basis of our analysis, which focused solely on the PPD of 
nirsevimab relative to standard of care, can make the 
results more intuitive for decision-makers versus ICER 
values.

However, our model also possessed several limitations. 
As stated earlier, we assumed that Canadian RSV health- 
related inputs would follow a US-based distribution; while 
this assumption was supported by the similar incidence 
rates of RSV in both countries, differences in healthcare 
delivery, practice patterns and healthcare-seeking behavior 
may have led to variations that we did not consider. We 
also assumed that healthcare costs would differ between 
subgroups and adjusted our model’s hospitalization- 
related inputs according to the costing matrix; using US 
data to inform the matrix may have introduced differences 
in our model. However, Canadian literature suggests that 
hospitalization length of stay, need for ICU stay, and use of 
mechanical ventilation vary considerably based on wGA 
and underlying conditions, with the implication of signifi
cant differences in cost between risk subgroups by 
province.48 Based on our guidance from external experts, 
we deemed that integrating this into our model would 
enhance its accuracy. In the event that data was being 
pulled from tertiary care hospitalization data, it would be 
important to highlight the potential biases toward severe 
hospitalizations. Our model assumed that infants with RSV 
infection would be immune for the rest of the study period 
and did not account for reinfection; the impact is likely 
low, given that previous studies report that reinfection is 
typically mild.10 Our model did not include the RSV- 
related costs associated with long-term sequelae such as 
asthma, wheezing, otitis media, and reduced pulmonary 
function incurred after hospitalization, which has been 
linked to RSV.73

Overall, relative to the current nirsevimab-related health 
economic literature, our analysis attempted to provide 
a Canada-specific, price-optimized assessment of nirsevimab’s 
PPD relative to the standard of care. By incorporating granular 
pan-Canadian epidemiological data, costing inputs, and pro
duct data, our objective was to provide a range of economically 
justifiable prices at multiple willingness-to-pay thresholds to 
help provide insights regarding nirsevimab’s health economic 
value. As such, our study demonstrates that a passive immu
nization strategy for all infants with nirsevimab could be cost- 
effective at a WTP threshold of $50,000/QALY, provided the 
nirsevimab PPD is less than $536. Most importantly, an all- 

infant program may lead to significant reductions in the health 
and economic burden of RSV in Canada compared to the 
current standard of care (i.e. palivizumab administered to 
certain at-risk infants only).
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Appendix

Figure A1. The national advisory committee on immunization (NACI) recommended use of palivizumab to reduce complications of respiratory syncytial virus in infants.
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