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Respiratory syncytial virus (RSV) is the leading viral cause of childhood
bronchiolitis and pneumonia causing over 3 million hospitalizations and 100,000
deaths in children under Syears of age annually. Wastewater-based surveillance
(WBS) has proven an effective early warning system for high-consequence
pathogens, including SARS-CoV-2, polio, mpox, and influenza, but has yet to
be fully leveraged for RSV surveillance. A model predicated on the Canadian
province of Ontario demonstrates that implementation of a WBS system can
potentially result in significant cost savings and clinical benefits when guiding an
RSV preventive program with a long-acting monoclonal antibody. A network of
integrated WBS initiatives offers the opportunity to help minimize the devastating
global burden of RSV in children by optimizing the timing of preventive measures
and we strongly advocate that its benefits continue to be explored.
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1 Introduction

The benefits of a global, integrated wastewater-based surveillance (WBS) system was
recently reported to provide an early warning of high-consequence pathogens, such as
SARS-CoV-2, polio, mpox, and influenza (1). We unreservedly agree with this proposal
and strongly advocate for respiratory syncytial virus (RSV) to be included as a priority
pathogen in the evaluation of integrated WBS systems.

The World Health Organization has long recognized severe RSV infection as a
major health care burden, causing greater than 3 million RSV related hospitalizations
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(RSVHs) and 100,000 deaths every year in children aged less than
Syears as well as a substantial burden of illness in older adults,
greater than 60years of age (2-4). Until recently, the options to
prevent severe RSV infection have been limited to basic hygiene
measures and selective prophylaxis of the most vulnerable pediatric
with the
palivizumab. Newer preventive options that include long-acting

populations short-acting monoclonal antibody,
monoclonal antibodies, such as nirsevimab, and maternal, child and
adult vaccines (5), have the potential to profoundly impact the global
burden of RSV. Accurate knowledge on the timing of community
surges in RSV infection is essential to guide the planning,
implementation, and real-time assessment of prophylaxis and
vaccine programs, thereby ensuring maximum coverage and
protection against RSV.

A Canadian study undertaken in Ontario recently reported that
RSV-WBS resulted in a 12-day lead time in pediatric RSVH surge and
36-day lead time in defining the start to the pediatric RSV season vs.
clinical surveillance alone (CS) (6). These results suggest that WBS
may provide an important, population-level, early warning signal to
prime policy decision-makers to plan and implement timely RSV
prevention strategies.

2 Clinical and economic benefits of
wastewater-based surveillance

To explore the potential impact and costs associated with
WBS, we developed a cost-consequence model that compared

10.3389/fpubh.2023.1316531

WBS- vs. CS-guided nirsevimab prophylaxis programs for infants
in Ontario aged <6months at the start of the RSV season
(Figure 1), where RSV epidemics were traditionally seasonal
(November to March) in the pre-pandemic COVID-19 era.
Currently, the start of the RSV season is determined by CS,
typically defined as the first 2 consecutive weeks when >10% of the
total samples tested for respiratory pathogens are positive for RSV
(7). Similarly, the end of the season is defined when the proportion
of RSV-positive tests is <10% for 2 consecutive weeks (7). Testing
for RSV infection primarily occurs among children requiring
hospitalization, which inherently reflects a lag in determining the
community incidence of RSV. This form of CS also relies on timely
submission of test results to public health agencies that will
determine the start and end of the pediatric RSV season and
initiation of immunoprophylaxis.

Nirsevimab was chosen for our cost analysis as it is indicated for
all infants <8 months of age at the start of the RSV season (8-10) and
could have a dramatic impact on reducing the intensity of RSV
epidemic waves and concomitant capacity surges on pediatric acute
care systems. Based on the Canadian data, we assumed that the RSV
season was detected 1 month earlier using WBS than CS and, in both
scenarios, spanned 5months (6). Nirsevimab efficacy in the CS
scenario was adjusted by having 1 month without prophylaxis to
account for the earlier implementation of the RSV prophylaxis
program with WBS. For example, the RSVH rate was 0.6% for WBS
based on the nirsevimab registrational trial (9) vs. 0.8 and 1.6% for
CS in infants who, respectively, did or did not receive nirsevimab.
Efficacy rates for nirsevimab in the prevention of medically-attended

Overall assumptions

o 68 testing locations across Ontario (in line with current testing being
performed under the province of Ontario Wastewater Surveillance
Initiative (WSI))

Off-season sampling frequency (total of 7 months): 1 sample per
week per location

On-season sampling rate (total of 5 months): 5 samples per week
per location

o All costs are in 2022 Canadian dollars

On

o

o

Current surveillance
Cost: $0
RSVH rate*
- Nirsevimab: 0.
- No prophylaxi
MARI rate*
- Nirsevimab: 1.65% (OP only); 0.28% (OP+ED+FU); 0.03% (ED+FU)
- No prophylaxis: 4.2% (OP only); 0.72% (OP+ED+FU); 0.09% (ED+FU)
RM rate*t
- Nirsevimab: 23.03% (following RSVH); 6.72% (following MARI)
- No prophylaxis: 41.43% (following RSVH); 12.09% (following MARI)

Results
- 1 year costs vs no prophylaxis: $100,378,902
- 1-3 year costs vs no prophylaxis: $280,925,634

MARIs 1 yeal

FIGURE 1

prophylaxis programs in Ontario, Canada.

Population

rio:

15,007,816

/yr to r
nirsevimab:

kg an
injection: $14.37

RM episode/annum: $1,116

Current vs WBS

Cost savings with WBS
1 year: -$3,513,233 (-3.5%)
[-$2,116,513 {-2.1%}]
1-3 years: -$16,581,198 (-5.9%)
[-$13,717,038 {-4.9%}
Events avoided with WBS

RSVHs 1 year: -249
-950
RSVHs 1-3 yeal
MARIs 1-3 yea

<6 months at RSV season start

WBS assumptions

Costs associated with RSV-WBS built upon an existing WBS program

o Cost of laboratory analyses of samples: Off season sampling rate
(total of 7 months): $9/sample. On season sampling rate (total of 5
months): $4/sample

o Cost of data verification and reporting: For all samples: $3/sample

Costs associated with RSV-WBS that will monitor solely RSV, and no

other disease targets

Cost of collection and transport of samples: For all samples:

$35/sample

Cost of laboratory analyses of samples: Off-season sampling rate

(total of 7 months): $55/sample. On season sampling rate (total of 5

months): $45/sample

o

o

o Cost of data veri and For all samples: $3, pl
o Capital cost associated with initiating WBS in new locations in
Ontario
o Cost of autosampler: For all locations, a one-time capital cost of
$9000/location
o Cost of autosampler installation: For all locations, a one-time capital
for 100mg cost of $400/location

Cost of coolers and sampling bottles: For all locations, a one-time

100mg for =5kg infants
capital cost of $350/location

o

WBS surveillance
Cost: $76,840/year [first year: $1.47m; subsequent years: $810,560]
RSVH rate

MARI rate
- Nirsevimab: 1.01% (OP only); 0.1
- No prophylaxis: 4.2% (OP only);
* RM rate®
- Nirsevimab: 18.43% (following RSVH); 5.38% (following MARI)
- No prophylaxis: 41.43% (following RSVH); 12.09% (following MARI)

% (OP+ED+FU); 0.02% (ED+FU)
.72% (OP+ED+FU); 0.09% (ED+FU)

Results
- 1 year costs vs no prophylaxis: $96,865,669 [$98,262,389]
- 1-3 year costs vs no prophylaxis: $264,344,436 [$267,208,596]

*Nirsevimab efficacy adjusted for 1 month delay in prophylaxis. TAssumed to be
equivalent to that reported for palivi: Costs are not . [] Assumes.
setup of new wastewater surveillance system

ED: emergency department; FU: follow-up; ICU: intensive care unit; MARI: medically-
attended (ED/OP) RSV infection; OP: outpatients; RM: respiratory morbidity; RSVH:
RSV-related hospitalization; WBS: based
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Cost-consequence model comparing wastewater-based surveillance (WBS)- vs. clinical surveillance (CS)-guided respiratory syncytial virus (RSV)
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emergency room/outpatient RSV infections (MARI) and subsequent
respiratory morbidity were similarly adjusted.

It was assumed, based on current WBS systems, that off-season
sampling would take place at a frequency of one sample per week
per location (CAN 9/sample) for a total of 7months, increasing to
five samples per week (CAN 4/sample) during the RSV season,
across 68 testing locations in Ontario. When RSV testing was added
to an existing WBS system, we calculated that the costs incurred
would be CAN 76,840 in the first year, which increased to CAN
1.47 m when considering the capital costs associated with setting-up
a new provincial WBS system. Once established, the cost of a new
system decreased to CAN 810,560 in subsequent years. No
additional costs were assumed for current CS. Other costs included
in the analysis were for nirsevimab (infants <5kg: CAN 952.28 for
50 mg; infants >5kg: CAN 952.28 for 100 mg), RSVHs (CAN 8,353/
episode), intensive care unit stays (CAN 5,747/episode), MARIs
(CAN 175-$337/episode), and respiratory morbidity (CAN 1,116/
annum/episode) (11), all of which were equivalent for both WBS
and CS. Costs in the model were calculated based on 136,571
annual live births in Ontario, of which 124,728 infants were aged
<6months at the start of the RSV season and thereby eligible
for prophylaxis.

The results of the model found that WBS was associated with
savings of CAN 2.1-3.5m in the first year and CAN 13.7-16.6 m
over 3years, with larger savings accrued when RSV testing was
added to an existing WBS system. These savings translate into a
benefit-cost ratio of 45.7 in the first year and 71.9 over 3 years,
when RSV is added to an existing WBS system. This implies that for
every CAN 1 spent on RSV-WBS, there is CAN 45.7-71.9 return on
investment. The corresponding ratios for a new RSV-WBS are 1.4
for year 1 and 4.4 over 3years (CAN 1.4-4.4 return for every CAN
1 invested). Importantly, WBS-guided prophylaxis resulted in 249
RSVHs and 950 fewer MARIs per
CS-guided prophylaxis.

fewer year Vs.

In a sensitivity analysis, the advantage of WBS over CS was
shortened to a 2-week earlier detection of the RSV season, which
resulted in a saving of CAN 321k-1.7m in the first year and CAN
5.3-8.2m over 3 years. Under this scenario, WBS-guided prophylaxis
resulted in 125 fewer RSVHs and 475 fewer MARIs per year versus
CS-guided prophylaxis.

3 Discussion

This simple model, covering one Canadian province and one
preventive strategy, highlights the substantial benefit that WBS can
confer in this new era of RSV prevention once the strategy is proven to
be reproducible and valid throughout sequential RSV seasons and
generalizable across communities. A fully integrated and publicly-funded
network of WBS initiatives across high-, middle-, and low-income
countries, affords a real opportunity for policy decision makers and
public health agencies to intervene early and substantially reduce the
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