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ABSTRACT

Introduction: Respiratory syncytial virus (RSV)
is associated with significant morbidity world-
wide, especially among infants. We evaluated
the potential impact of prophylactic nirse-
vimab, a monoclonal antibody, in infants
experiencing their first RSV season, and the
number of medically-attended lower respiratory
tract infection episodes caused by RSV (RSV-
MALRTI) in the USA.

Methods: We developed an age-structured,
dynamic, deterministic compartmental model
reflecting RSV natural history, incorporating
USA demographic data and an age-specific
contact matrix. We assumed either no effect of
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nirsevimab on transmission (scenario 1) or a
50% reduction of viral shedding (scenario 2).
Model outcomes were RSV-MALRTIs, ICD-9
coded in the Marketscan® database by month.
We focused on age groups corresponding to the
first 2 years of life, during seven RSV seasons
(2008-2015).

Results: Scenario 1 illustrated the direct indi-
vidual benefit when a universal immunization
strategy is applied to all infants. In scenario 2,
herd protection was observed across age groups,
with 15.5% of all avoided cases due to reduced
transmission; the greatest impact was in the
youngest age group and a benefit was observed
in those aged 65+ years.

Conclusion: These preliminary data suggest
that single-dose nirsevimab will benefit infants
experiencing their first RSV season, with a
potential increase in effectiveness dependent on
nirsevimab’s mechanism of action.

Keywords: Disease transmission model;
Immunization/prophylaxis strategy; Medically
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Nirsevimab is a monoclonal antibody
developed as a passive immunization
strategy to prevent lower respiratory tract
infection (LRTI) caused by respiratory
syncytial virus (RSV) in all infants
experiencing their first RSV season

Dynamic mathematical models can
provide initial insights into the direct and
indirect effects of nirsevimab on RSV
transmission, taking into account the
uncertainties surrounding its mechanism
of action

We used a deterministic, age-structured,
compartmental RSV transmission model
to assess the potential impact of
nirsevimab on the prevention of
medically attended LRTI caused by RSV in
the overall population in the USA, with an
unprecedented level of granularity in age
groups < 2 years

The model showed significant benefit of
prophylactic nirsevimab on RSV when
administered to all infants during their
first season; this benefit increased upon
assumption of an effect of nirsevimab on
viral shedding

These preliminary data suggest that single-
dose nirsevimab may provide considerable
benefit to infants experiencing their first
RSV season

INTRODUCTION

Respiratory syncytial virus (RSV) is a leading
cause of lower respiratory tract illness (LRTI) in
infants and young children, with an estimated
33.1 million annual cases of RSV-associated
LRTI in children <5 years old worldwide [1].
RSV is seasonal, with the timing of epidemics
varying by region. In Europe and the USA, RSV

disease burden generally occurs from November
to March [2, 3].

Approximately 70% of infants <1 year old
become infected by RSV, and almost all chil-
dren < 2 years old become infected at least once
[4]. RSV-related healthcare utilization is highest
for infants aged < 1 year in the USA [5, 6]; hos-
pitalization rates due to RSV are 17 times higher
than for flu in this age group [7]. Preterm
infants and infants with underlying conditions
such as chronic lung disease, cardiovascular
disease, immunosuppression or neuromuscular
disorders are at high risk of severe RSV episodes
[8]. However, the disease mostly affects healthy
infants, with 76% of RSV hospitalized infants
being otherwise healthy and born at term [9].

With no specific treatment available, current
therapeutic strategies aim to provide supportive
care. The only approved prophylactic agent
against RSV, palivizumab, is recommended in
the USA for infants at high risk of significant
morbidity or mortality [10]. This represents a
small fraction of the USA birth cohort (< 3% of
infants born each year within the Medicaid and
commercially-insured populations) [11].
Among prophylactic approaches under devel-
opment [12], nirsevimab is the most advanced.
Nirsevimab is a monoclonal antibody devel-
oped as a passive immunization strategy to
prevent LRTI caused by RSV in all infants
experiencing their first RSV season [13]. Avail-
able data support the safety and efficacy of a
single intramuscular dose of nirsevimab in pre-
venting medically-attended LRTI (MALRTI) and
hospitalizations for healthy preterm infants
[14]; the evaluation of nirsevimab in healthy
late preterm and term infants is ongoing (clin-
icaltrial.gov, NCT03979313) [15, 16].

The potential impact of nirsevimab on RSV
circulation among infants requires examina-
tion. While effectiveness and real-life data will
emerge in the years following potential licen-
sure, dynamic mathematical models can pro-
vide initial insights into direct and indirect
effects on RSV transmission. Monoclonal anti-
body RSV strategies have been previously eval-
uated using static modeling approaches [17, 18].
Here, we used a deterministic, age-structured,
compartmental RSV transmission model to
assess the potential impact of nirsevimab on the
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prevention of MALRTI caused by RSV in the
overall population in the USA, with an
unprecedented level of granularity in age
groups < 2 years.

METHODS

Mathematical Model

We implemented a deterministic age-structured
compartmental model reflecting RSV natural
history, with similar structure as described

Table 1 Model parameters

elsewhere [19, 20]. We focused on the first
2 years of life by including 1-month age inter-
vals between birth and 24 months of age. We
additionally included the age groups, 2-4, 5-9,
10-19, 20-39, 40-59, 60-64, 65-74,
and > 75 years.

The mathematical model is presented in
Supplementary Material (Supplementary Meth-
ods; Supplementary Figures S1 and S2). Model
parameters are presented in Table 1.

Parameters Symbol Average value Range References
Duration of maternal antibody 1/w 2 months 1-3 months [21, 22]
protection
Duration of infectious period of 1/y1,5 10, 7, 5 days - (23, 24]
Ist, 2nd and subsequent
infections
Duration of short-term 1/p 18.7 months (half-life: 7.4 months) Estimated  [25, 26]
immunity of recovered
individuals
Reduction of infectiousness for p;, 75%, 51% - (4, 24, 27-30]
2nd and subsequent
infections
Reduction of susceptibility after 5 76%, 60%, 40% - (4, 24, 27-30]
Ist, 2nd, and subsequent
infections
Proportion of infections leading 53 A}, 0-6 months: 0-5, A1, 7_12 months: 04, d], - Adapted from
to lower respiratory tract 13-18 months* 0-3> 41, 19-24 months: 0-2, 41, (4, 26, 28, 31]
infection by age groups 2-4 years: 015, dy s_9 years: 0.15, d,
10-59 years: 01) dl, 60-64 ycars: 015) dl,
65-74 years* 0.25, dl, 75+ years 0.4
dz == 05 X dl
d3 = 025 X dl
Seasonality parameters b, 0.141, — 2.831 Estimated
Per contact transmission B0 0.0054 Estimated
probability
Healthcare system use b 0.396 Estimated
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Assumptions Related to the Impact
of Nirsevimab

The following assumptions were based on the
target product profile of nirsevimab, confirmed
by phase 2 clinical trial results [14]. Expected
phase 3 results will allow further refinement of
the set of assumptions related to the profile of
nirsevimab.  Single-dose  nirsevimab  was
assumed to be administered to all infants with
immediate and season-long (5 months) protec-
tion against severe RSV-LRTI, with a constant
efficacy of 70% over the window of protection.
We modeled a universal immunization strategy
whereby nirsevimab is given to all infants aged
0-7 months entering their first RSV epidemic
season or born during the epidemic season (1
November-31 March; Fig. 1). This strategy
allows for protection of all infants experiencing
their first RSV season, when the force of infec-
tion is higher, and through 12 months of age,
when the risk of severe disease is higher. We
assumed 71% coverage, as used in a recent
impact model published by the USA Centers for
Disease Control and Prevention [32].
Nirsevimab provides protection through
passive immunization, by reducing viral load in

[14-15[ months

the lower respiratory tract, thus preventing
LRTI. Recent unpublished data (5th ReSViNET
conference 2019, RSVVW’19) [33] shows that
nirsevimab does not provide sterilizing immu-
nity, thus the susceptibility of children to sub-
sequent RSV infection will not be affected.
However, it is unclear whether nirsevimab also
reduces viral load in the upper respiratory tract
of people, thereby affecting viral shedding from
the host and subsequent transmission. Nirse-
vimab reduced RSV viral load in the upper and
lower airways of cotton rats through its ability
to block the F protein-mediated membrane
fusion step in the viral entry process, neutral-
izing the virus [34]. We ran our model accord-
ing to two scenarios: in scenario 1, we assumed
no impact of nirsevimab on RSV transmission,
while in scenario 2, we assumed RSV viral
shedding can be reduced and assumed an arbi-
trary 50% reduction in transmission. The results
from these two scenarios were compared with
results obtained from no intervention, and the
impact of nirsevimab was calculated based on
the absolute reduction in the occurrence of
RSV-MALRTI, by age group and season. Lexis
diagrams were generated to visualize the impact

RSV epidemicseason

A

[13-14[ months
[12-13[ months
[11-12[ months
[10-11[ months
[9-10[ months
[8-9[ months
[7-8[ months
[6-7[ months
[5-6[ months
[4-5[ months
[3-4[ months
[2-3[ months
[1-2[ months
[0-1[ month
Aug Sep Oct

- Age cohorts to whom nirsevimab is administered

- Age groups assumed protected with nirsevimab (5 months in total including month of administration)

Age groups not protected by nirsevimab and potentially subject to indirect effects

Fig. 1 Universal immunization schedule and duration of
nirsevimab protection among infants aged 0-12 months
during each season. Each age cohort can be followed

diagonally from the dark blue boxes, representing the
month when nirsevimab is administered, followed by four
subsequent months of protection (light blue)
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of nirsevimab by age and by calendar month,
spanning six seasons (2009/2010 to 2014/2015).

Sensitivity Analyses

Univariate and multivariate probabilistic sensi-
tivity analyses assessed the potential impact of
the following parameters on the natural history
of the disease: the duration of maternal pro-
tective immunity between 1 and 3 months, the
duration of short-term protection between 6
and 24 months, and the transmission parameter
between f5p/2 and 1.5 x f§p in the model with no
intervention. Additionally, for the models with
interventions (scenarios 1 and 2), univariate
probabilistic sensitivity analyses were per-
formed for a coverage rate of nirsevimab vary-
ing between 0 and 100%, and for a potential
reduction in transmission varying from O to
100%. We also conducted a sensitivity analysis
for a possible overdiagnosis of RSV during RSV
inter-epidemic periods and the contact matrix
(see Supplementary Material; Supplementary
Methods).

Data Source and Definitions

RSV-MALRTIs reported between 1 January 2008
and 31 December 2015 were obtained from the
Truven Health Marketscan® Commercial
Claims and Encounters, and Medicare Supple-
mental and Coordination of Benefits databases
(Truven Health Analytics, MI, USA), which
include longitudinal records for inpatient and
outpatient services [35]. All database records
were de-identified in compliance with US
patient confidentiality requirements, including
the Health Insurance Portability and Account-
ability Act of 1996. Institutional Review Board
approval was not required as we used only de-
identified patient records (Supplementary
Material; Supplementary Methods).

RESULTS

RSV-MALRTI Burden

A seasonal pattern of RSV-MALRTIs from late
fall to early spring was observed, overall and by
age group (Supplementary Material, Figs. S3A
and S3B). There were between 547,222 and
690,520 RSV-MALRTIs per season across the
whole population (Supplementary Material,
Table S1 and Figure S4). The highest burden was
in infants aged 0-6 months and 6-12 months,
with a seasonal average of 158,435 (25.1%) and
141,237 (22.4%) RSV-MALRTIs, respectively,
and corresponding incidence rates of 71.6 and
71.1 per 1000 infants (Supplementary Material,
Table S2). For age groups 12-18 months, 18—
24 months, 24 years, 5-65 years,
and > 65 years, the incidence rates were 38.4,
25.7, 7.3, 0.3, and 0.7 per 1,000 persons, repre-
senting 13.1%, 8.1%, 14.0%, 12.8%, and 4.4%
of the overall seasonal burden, respectively.

Model Calibration

The model provided an accurate picture of RSV-
MALRTI seasonality, in terms of amplitude and
timing of peak incidence during seasons (Fig. 2;
Supplementary Material, Figures S5 and S$6).
With no intervention, the occurrence of RSV-
MALRTIs modeled over time, by age group up to
24 months, is shown in Fig. 3A.

The Impact of Nirsevimab

Scenario 1: Assuming No Effect on Viral
Shedding or RSV Transmission

Assuming the immunization of the entire birth
cohort and considering 71% coverage rate, the
monthly number of RSV-MALRTIs prevented
with nirsevimab is presented by age group in
Fig. 3B. The average reduction of RSV-MALRTIs
during the RSV epidemic seasons was 49.7%
(~ 58,000 MALRTIS) among infants
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aged <6 months and 34.9% (~ 38,000 MAL-
RTIs) among infants aged 6-12 months
(Table 2A).

Consistent with the seasonal schedule of
nirsevimab administration and the 5-month
duration of nirsevimab efficacy, protection
persisted during RSV inter-epidemic seasons,
with a reduction of 17.5% (~ 7300) RSV-MAL-
RTIs among infants < 6 months.

Scenario 2: Assuming Reduction of RSV Viral
Shedding by 50%

In scenario 2, a reduction in RSV-MALRTIs was
predicted across age groups during the RSV
epidemic and inter-epidemic seasons. This
resulted from a direct effect on the nirsevimab-
eligible population and an indirect effect on the
overall population, including nirsevimab-eligi-
ble individuals for whom nirsevimab was not
effective (Fig. 3C; Table 2B). During the RSV
epidemic season, the average RSV-MALRTI
reduction was 51.9% (~ 61,000) and 36.8%
(~ 40,000) RSV-MALRTIs for infants aged O--
6 months and 6-12 months, respectively. RSV-

MALRTI reduction among other age groups
ranged from 2.0% for infants aged 12—
24 months to 6.4% for those> 65 years
(Table 2B).

During the RSV inter-epidemic period, the
average reduction in RSV-MALRTIs was 22.7%
(~9,500) and 5.5% (~ 2000) among infants
aged 0-6 months and 6-12 months, respec-
tively. Among other age groups, the average
reduction ranged from 4.1% for children aged
12-24 months to 8.3% for those > 65 years
(Table 2B).

Across age groups, indirect effects of nirse-
vimab during RSV seasons represented 15.5%
(~ 19,000 RSV-MALRTTISs) of all avoided cases in
scenario 2: 10.4% (~ 11,000 RSV-MALRTIs)
during RSV epidemic seasons and 51.7%
(~ 7800 RSV-MALRTIs) during RSV inter-epi-

demic seasons (Supplementary Material,
Tables S3 and S4).
The model also predicted a different

monthly distribution of RSV-MALRTI among
infants aged < 24 months, with episodes of RSV-
MALRTI observed early in the RSV season

Overall number of RSV-MALRTIs by month in the US

—— Observed number of RSV-MALRTIs

» o | e \odelled number of RSV-MALRTIs
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Fig. 2 Observed and modeled number of RSV-MALRTTs
by season in the USA. Observed data (blue line) were
based on MALRTTSs reported between 1 January 2008 and
31 December 2015, and were obtained from the Truven
Health Marketscan® Commercial Claims and Encounters,

and Medicare Supplemental and Coordination of Benefits
databases (Truven Health Analytics, Michigan, USA). The

numbers of MALRTT due to RSV were calculated for the
general US population the age-stratified US Census
population estimates and projections from 2008 to 2015.
Data from a deterministic age-structured compartmental
model were fitted to the incidence of age-specific MALRTI
by calendar month (red line)

A\ Adis



Infect Dis Ther (2022) 11:277-292

283

A RSV-MALRTIs number in model with no nirsevimab
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Fig. 3 Lexis diagrams showing the expected occurrence of
RSV-MALRTIs by age group up to 24 months and by
season, with no intervention (A), and the impact of
nirsevimab administration given the assumptions of
scenario 1 (no effect on RSV transmission (B), and
scenario 2 (50% reduction in viral shedding (C). The
graphs depict the number of RSV-MALRTIs for age
cohorts up to 24 months (age, left y-axis), followed over

time (calendar month, x-axis). In B and C, blue denotes an
absolute reduction in the number of RSV-MALRTIs,
relative to the base scenario, in A, red denotes an increase
in numbers of RSV-MALRTI relative to the base scenario.
The size of the reductions or increase in number of

MALRTIs are reflected by the tone of color (right y-axis)
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(September/October), and an increase in the age
at first infection (Fig. 3C). This shift in age for
the first infection mainly affected infants aged
12-24 months of age (Supplementary Material,
Fig. S7).

Sensitivity Analyses

The model without nirsevimab was most sensi-
tive to the contact transmission probability, fo;
short-term protection and maternal antibody
protection had very limited effect on model
outputs (Supplementary Material, Fig. S8).

A possible overdiagnosis of RSV during the
RSV inter-epidemic period was accounted for by
a five-fold correction (i.e., reduction) of RSV-
MALRTI incidence between April and October
each RSV season. The correction did not change
the overall observed impact (Supplementary
Material, Fig. S9).

Contact matrix sensitivity analysis provided
similar results and did not change the potential
impact of nirsevimab (Supplementary Material,
Table S5).

Further sensitivity analyses per age group
were performed to analyze the extent that the
disease burden shifted to different age groups.
The analysis of the effect of vaccine coverage,
ranging from 100 to 0%, (Supplementary
Material, Fig. S10), and the multivariate sensi-
tivity analyses on duration of maternal protec-
tive immunity, duration of short-term
protection and transmission probability con-
ducted in each age group, confirmed that the
shift of disease was limited to the 12-24 month
age group (Supplementary Material, Fig. S11).

DISCUSSION

Our findings suggest that, compared to no
intervention, single-dose nirsevimab adminis-
tered to all infants entering or born during their
first RSV season may confer a significant benefit.
Using this universal immunization strategy,
based on these preliminary data, we can expect
a reduction of MALRTIs among infants aged
0-6 months during the RSV epidemic season
(November-March; scenario 1: — 50%, scenario
2: —51.9%) and during RSV inter-epidemic
seasons (scenario 1: — 18%, scenario

2: —22.7%), and among infants aged 6—
12 months during the RSV epidemic season
(scenario 1: — 35%, scenario 2: — 36.8%). The
smaller reduction during the RSV season in this
age group is explained by the fact that only a
proportion of infants born within the season
(from December to March) receive nirsevimab
at birth (during their first RSV season), benefit-
ing from its protection. However, they experi-
ence a second RSV season prior to their first year
of age, when no prevention is planned. Results
from scenario 1, comparable to a static model,
are consistent with previous findings (ranging
between 48.2 and 54.7% depending on the type
of health care resource utilizations) [32]. Our
slightly lower estimates are due to different
assumptions on efficacy.

Considering scenario 2, based on the
assumption that viral shedding is reduced by
50%, with a consequent reduction in transmis-
sion, herd protection can be expected across age
groups during the RSV epidemic and inter-epi-
demic seasons. This indirect effect of nirse-
vimab could account for 16% of all avoided
cases. Additionally, the onset of an epidemic
among infants aged <24 months could be
expected to shift from October/November to
September/October, albeit with an expected
reduction in the number of MALRTIs overall
compared to no intervention. Moreover, an
increase in the age at first infection during the
next RSV epidemic season could be expected,
with a shift mainly towards the 12-24 month
age group between September and October.
Multivariate sensitivity analyses on the dura-
tion of maternal protective immunity, duration
of short-term protection, and transmission
probability in each age group, as well as sensi-
tivity analysis on coverage rate, confirmed that
this effect was limited to the 12-24 month age
group, with a few additional cases each season.
These two effects result from two well-known
epidemiological mechanisms. Firstly, due to the
reduced force of infection during the first RSV
season, a pool of infants remain fully suscepti-
ble and experience their first exposure to RSV
during their second season; however, such
children would be older and thus would present
improved lung maturity and be less likely to
develop a severe event. Secondly, this
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additional pool of susceptible infants becoming
infected at the beginning of the second season
results in increased exposure of younger age
groups, explaining the earlier onset in Septem-
ber/October in infants aged <24 months.
Despite this shift and increase of cases in the
second RSV season, the balance of indirect
effect remains positive, with a higher level of
reduction overall.

These results rely on several assumptions
related to modeling and data. Regarding RSV
infection and disease, our model structure is
similar to other deterministic age-structured
compartmental models aimed at reflecting RSV
natural history [19, 20], particularly with
regards to the successive phases of susceptibility
(SO, S1, S2) depicting immature immune sys-
tems in younger infants (aged <12 months)
who are more affected by severe and fatal out-
comes [36]. One strength of our model was a
more detailed analysis by age group than pre-
vious models by incorporating 32 age classes
that covered the whole population, including
an unprecedented level of granularity for
those < 24 months. Also, consistent with previ-
ous reports fitting models to RSV epidemiolog-
ical data, we successfully captured seasonal
patterns of RSV epidemics and disease burden
for each age group, with a good level of agree-
ment between model outputs and observed data
[19, 20, 30]. As in other models, variability of
the peak amplitude of seasonal epidemics was
not captured as well. This may be, at least
partly, due to the fact that our model is not
built on viral group structure and thus does not
take into account potential differences between
the circulating viral groups (A or B) in trans-
mission dynamics and the susceptibility of
individuals [37]. As we considered averages over
multiple seasons, this is unlikely to affect the
interpretation of our data in relation to the
objective of the study; this does, however,
remain an important factor to be addressed in
future work.

Uncertainties around specific parameters led
us to conduct sensitivity analyses. The uncer-
tainty around maternal protection and short-
term protection did not affect RSV transmission
dynamics. Probability of transmission sensitiv-
ity analysis showed, not surprisingly, that this is

a main driver of amplitude of seasonal RSV
epidemics, validating our choice to estimate it
during the calibration process. We used a pre-
viously published synthetic contact matrix [38],
to our knowledge the only available material for
the USA that could be used in our model. Data
on contact structures for children <5 years old
are lacking, and contact matrices have not been
estimated at the same level of granularity as
used in our model. We therefore extended and
rearranged the published USA contact matrix to
fit our model age structure, assuming homo-
geneity of contacts within age groups < 5 years.
We nevertheless assessed whether an increase in
contact rates within age groups up to 5 years
would affect the results, and concluded simi-
larly about the potential impact of nirsevimab.
However, since most contacts occur in per-
sons > 5 years old, the contact matrix used may
underlie the small size of the effects observed in
the current analysis. Further knowledge on
contact structures at young ages would enable
such a contact matrix to be adapted more pre-
cisely to our model. Finally, the 50% reduction
of transmission was arbitrarily chosen to
exemplify the potential impact of the effect of
nirsevimab on transmission. Additional data
from clinical trials, translational research, and
real-world evidence will help to refine this fig-
ure and improve understanding of the broader
value of nirsevimab.

Regarding the data used as input, under base
scenario assumptions (no intervention), our
model estimated, consistently with observed
data, incidence rates of RSV-MALRTIs of 0.8-1.3
per 1000 persons per season for the whole
population, with the highest burden of RSV-
MALRTIs occurring in infants
aged < 12 months. The burden remained sig-
nificant up to S years of age, with a decreasing
trend as children grow older. The lowest rate
was observed in the age group 5-65 years, with
RSV-MALRTI incidence appearing to increase
again after 65 years of age. It should be noted
that the data were limited to working-age indi-
viduals and their families with commercial
health coverage or private Medicare Supple-
ment coverage, and excluded those who are
uninsured or affiliated to Medicaid. Therefore,
these data do not necessarily accurately reflect
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Table 3 Comparison of RSV hospitalization rates (per 1000)

Prospective studies

Claims database

Study Rha Atrriola Hall McLaurin  McLaurin Stockman
finding  (2020) (2019) [43] (2013) Medicaid Commercial (2016) (2012) [5]
[42] [9] (2016) [44]
[44]
0-11 months 7.46 9.75% 9.98* 8.84" 17.8 9.98 26.0

*Calculated based on rates given per age groups

the general population. Furthermore, the ICD-
9-CM codes used to identify RSV cases may be
wrongly or not assigned in claims records,
leading to a probable underestimation of the
burden of MALRTI. Compared to existing liter-
ature, our figures seem to underestimate the
burden of RSV-MALRTIs [39]. Indeed, the case
definition for RSV-MALRTIs here differs from
the definition used in other epidemiological
studies, but was chosen to fit with the clinical
primary endpoints studied in the Phase 2b [14]
and Phase 3 [15] trials assessing nirsevimab.
This approach may be considered conservative,
but it remains internally valid as our objective
was to understand the impact of nirsevimab
with universal use, considering the uncertain-
ties surrounding the mechanism of action. A
recent study modeling the burden of RSV-
MALRTIs in the USA found 587,780 cases in
infants aged 0-1 year [32]. We estimated a sea-
sonal average of 299,672 RSV-MALRTIs in this
birth cohort, a potential underestimation of
almost 50%. This limitation may be linked to
factors independent of the RSV transmission
dynamics, and thus would not necessarily affect
our estimation of the positive impact of nirse-
vimab. Additionally, we were concerned by an
unexpected observed occurrence of RSV-MAL-
RTIs between epidemic seasons. This may be
explained by varying incidence patterns
between different states (e.g., a longer RSV epi-
demic season in Florida, compared to other
states) [40] or by inappropriate coding of respi-
ratory symptoms as RSV episodes in the Mazr-
ketScan databases. We assessed whether a
possible overdiagnosis of RSV during RSV inter-
epidemic periods modified the results, but no
changes were observed on the impact of nirse-
vimab. Finally, we observed an apparent

overdiagnosis for the 2-4years age group,
potentially due to an imbalance in the assign-
ment of ICD codes. However, the model gave
similar results overall, regardless of whether this
age group was considered during the calibration
process.

Given these limitations, we attempted to
validate our approach using RSV hospitaliza-
tions, which are considered to be exclusively
related to lower respiratory tract infection [32],
thus facilitating comparisons with other sour-
ces. In a MarketScan research analysis in the
USA from 2008 to 2014, hospitalizations repre-
sented 9.9% of RSV-related healthcare resource
utilization among infants aged < 12 months.
This value was 7.2% in the whole population
[41]. Applying these figures to our data gives an
estimated hospitalization rate in our study of
7.46 per 1000 infants. Table 3 shows a com-
parison between this and published rates of
hospitalizations in infants in the USA. The RSV
hospitalization rate in our model is consistent
with those in published prospective studies,
reinforcing our approach. This is expected since
hospital utilization most likely leads to a more
accurate RSV case ascertainment, as it is gener-
ally confirmed by virologic testing.

CONCLUSIONS

These preliminary investigations provide a
deeper insight into the potential benefits of
administering single-dose nirsevimab in infants
during their first RSV season. Our model pro-
vides an in-depth analysis of RSV-associated
MALRTI claims data by age group, with a par-
ticularly high level of granularity over the first
24 months of life. Such observations could help

I\ Adis



290

Infect Dis Ther (2022) 11:277-292

to inform authorities on the appropriate timing
of nirsevimab regimens. Our data, which were
based on different assumptions about the
mechanism of action of nirsevimab, predicted a
shift in susceptibility to RSV-MALRTIs towards
older age groups among children. Nevertheless,
the predicted net impact on the occurrence of
seasonal RSV-MALRTIs remained positive, both
overall and when analyzed by age group. The
successful implementation of a nirsevimab reg-
imen will depend on the actual coverage
achieved, the duration of nirsevimab protec-
tion, and the potential effects of RSV antibodies
on the infectiousness of the virus and the sus-
ceptibility of infants and children to infection.
These uncertainties will be addressed through
phase 3 clinical trials and future analysis of real-
world data following potential licensure of nir-
sevimab. Our model may be a useful tool to
perform sensitivity analyses, further analyze
implementation strategies for RSV illness pro-
phylaxis in the future, and assess the economic
impact of these strategies.
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