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BACKGROUND AND OBJECTIVES: Respiratory syncytial virus (RSV) is the most common cause of lower
respiratory tract disease (LRTD) in infants and young children. In 2023, the Advisory
Committee on Immunization Practices recommended nirsevimab for US infants to prevent
RSV-associated LRTD. We assessed nirsevimab effectiveness against polymerase chain reac-
tion (PCR)-confirmed RSV LRTD and RSV-associated health care utilization at Kaiser
Permanente Northern California during the 2023-2024 RSV season.

MEeTHODS: All nirsevimab-eligible, healthy term infants born April 2023 or later were included.
Infants of RSV-vaccinated mothers or with high-risk conditions were excluded. We assessed
nirsevimab effectiveness against RSV LRTD by Cox regression on a calendar timeline condi-
tioned on birth month, adjusting for sex and race and/or ethnicity. Nirsevimab effectiveness
was calculated as (1 — adjusted hazard ratio) x 100%. We estimated nirsevimab impact on the
number of medical encounters per RSV LRTD by linear regression and odds of hospitalization
by logistic regression.

results: The study included 31 900 infants; 15 647 (49.1%) received nirsevimab. There were
35 RSV LRTD episodes (6.10/1000 person-years) among nirsevimab-immunized infants vs
462 (58.51/1000 person-years) among nonimmunized infants. Nirsevimab effectiveness
was 87.2% (CI, 81.7%-91.1%) against RSV LRTD, 98.0% (CI, 85.1%-99.7%) against hospital-
ized RSV LRTD, and 71.0% (CI, 65.3%-75.8%) against PCR-confirmed RSV. Nirsevimab-immu-
nized infants with RSV LRTD had fewer encounters (adjusted means difference —0.86;
P=.001) and lower odds of hospitalization (odds ratio, 0.11; CI, 0.01-0.85) than nonimmu-
nized infants.

concLusions: Nirsevimab was highly effective in protecting infants against RSV-associated LRTD
as well as against milder RSV infection. Nirsevimab-immunized infants with RSV LRTD had
significantly fewer medical encounters and were less likely to be hospitalized than were non-
immunized infants. @

WHAT’S KNOWN ON THIS SUBJECT: Respiratory syncytial
virus (RSV) is the most common cause of lower
respiratory tract disease (LRTD) in infants and young
children. In real-world studies, immunization with the
long-acting monoclonal antibody nirsevimab has
demonstrated effectiveness against hospitalized RSV LRTD.

WHAT THIS STUDY ADDS: Nirsevimab significantly
reduced incidence of RSV LRTD, hospitalized RSV LRTD,
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INTRODUCTION

Respiratory syncytial virus (RSV) is the most common cause
of lower respiratory tract disease (LRTD) among infants and
young children, resulting in annual epidemics worldwide.'™
Nearly all children aged under 2 years are infected with RSV,
with up to 40% having an LRTD (predominantly bronchio-
litis or pneumonia).*"® All children, including healthy full-
term infants, are at risk for severe RSV with LRTD, which
is the leading cause of hospitalization in infants aged under
1 year.>®°"'! Most medically attended health care visits for
RSV-associated disease, however, occur in outpatient clinics,
especially in healthy infants.>?71*

Until recently, the only approved prophylaxis for pre-
venting serious LRTD caused by RSV was the monoclonal
antibody palivizumab, which requires monthly dosing dur-
ing the RSV season and is only indicated for infants at high
risk for RSV'® (ie, infants born < 35 weeks gestational age,
those with bronchopulmonary dysplasia or hemodynami-
cally significant congenital heart disease).’® In July 2023,
the US Food and Drug Administration approved nirsevimab,
a long-acting monoclonal antibody, for the prevention of
RSV-associated LRTD (RSV LRTD) in infants.!” The
Advisory Committee on Immunization Practices sub-
sequently recommended nirsevimab for all infants aged
< 8 months born during or entering their first RSV season
and for children aged 8 to 19 months at high risk of severe
RSV entering their second RSV season.'”

Pooled estimates from the phase 2b and 3 MELODY trials
in healthy infants born > 29 weeks found that nirsevimab
efficacy was 79.5% (CI, 65.9%-87.7%) against medically
attended RSV lower respiratory tract infection (LRTI),
77.3% (CI, 50.3%-89.7%) against hospitalized RSV LRT],
and 86.0% (CI, 62.5%-94.8%) against RSV LRTI requiring
intensive care unit (ICU) care.'®?° The phase 3b
HARMONIE randomized control trial demonstrated similar
efficacy against hospitalized RSV-associated LRTI (83.2%;
Cl, 67.8%-92.0%) and very severe RSV-associated LRTI
(75.7%; CI, 32.8%—92.9%).21 Limited data are available
on its effectiveness in the outpatient setting.??

To evaluate the real-world effectiveness of routinely
administered nirsevimab, we conducted an observational
cohort study in healthy term infants during the 2023-2024
RSV season at Kaiser Permanente Northern California
(KPNC). Here, we report on nirsevimab effectiveness
against the coprimary and select secondary outcomes from
the Beyfortus (nirsevimab) Effectiveness Against Medically-
Attended RSV Events in Infants Study (BEAR Study).**

METHODS

Setting

KPNC is an integrated health care delivery system with an
annual membership of approximately 4.6 million and an
annual birth cohort of approximately 40000 infants.
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KPNC members are fully insured and receive nearly all
health care at KPNC facilities, which include 259 medical
clinics and 21 hospitals. KPNC’s comprehensive electronic
medical record captures all medical services, including
immunizations, diagnoses, and laboratory tests. KPNC
members comprise approximately one-third of Northern
California’s population and broadly represent insured indi-
viduals in Northern California with regard to racial, ethnic,
and socioeconomic demographics, although those at the
very lowest incomes are somewhat underrepresented.**

Routine nirsevimab administration at KPNC began
October 19, 2023.17 KPNC offered nirsevimab to all eligible
infants born on or after this date prior to discharge, at
urgent care, or at outpatient well-child visits. KPNC also
contacted eligible infants born prior to this date for catchup
dosing in outpatient clinics as part of routine care.

Since 2006, KPNC has used a multiplex reverse transcrip-
tion polymerase chain reaction (PCR) assay (Cepheid
GeneXpert PCR assay) to simultaneously test for RSV and
influenza, with the addition of SARS-CoV-2 in recent years.
For the 2023-2024 respiratory season, routine PCR testing
began on October 1, 2023, to April 30, 2024. Pediatricians
routinely order PCR testing in all health care settings,
including outpatient clinics, based on clinical judgement.

The KPNC Institutional Review Board approved the study
protocol with a waiver of written informed consent.

Study Population

This was a retrospective cohort study that included
“healthy” infants born between April 1, 2023, and April
30, 2024.%3 Follow-up began on October 19, 2023, or date
of birth, whichever was later. For study population inclu-
sion, we required that infants be born at KPNC to mothers
who received prenatal care at KPNC to ascertain maternal
RSV vaccination status.

Infants met the “healthy” criteria for inclusion in the
study population if they were born at >37 weeks gesta-
tional age without any high-risk diagnoses that would
increase their risk of severe RSV disease (Supplemental
Materials Table S1). Since higher-risk infants may have
been more likely to receive nirsevimab, to seek care (and
have their care escalated), and to be tested, infants with
underlying medical conditions and those born preterm
were excluded from the analysis to reduce bias.

We excluded infants whose mothers were vaccinated
against RSV during pregnancy and infants with a record
of a positive RSV PCR test result prior to October 19,
2023 (ie, a PCR-confirmed RSV infection between April 1,
2023, to October 18, 2023, prior to the start of follow-up).

Outcomes

The primary outcome was a first episode of PCR-confirmed
RSV infection during follow-up with an LRTD diagnosis. An
episode was defined as having at least 1 medical encounter
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with an LRTD diagnosis in any setting in the 7 days before
and up to 10 days after the positive RSV PCR test
(Supplemental Materials Table S2). The episode start date
was the date of the first medical encounter in this time
range. We used International Classification of Diseases,
Tenth Revision codes to identify all diagnoses. Episodes that
included at least 1 hospitalization were considered a hospi-
talized RSV LRTD.

As a coprimary outcome, we counted the number of
medical encounters within an episode of RSV LRTD. Each
medical encounter was categorized as outpatient, emer-
gency department (ED), inpatient, or ICU care. Inpatient
stays were counted as a single encounter, regardless of
length of stay, unless an infant was admitted more than
once in the episode window. If an infant first had an ED visit
followed by an inpatient stay on the same calendar date, the
visits were considered the same encounter and categorized
as an inpatient encounter, since infants who require hospi-
talization would first be triaged at the ED.

A secondary outcome was any PCR-confirmed RSV (with
or without an LRTD diagnosis).

We also examined PCR-confirmed influenza as a negative
control outcome because we hypothesized it would be
unrelated to nirsevimab immunization.

We included all outcomes that occurred from October 19,
2023, to April 30, 2024.

Statistical Analysis

To examine the effectiveness of nirsevimab immunization
against the primary outcome, we compared nirsevimab-
immunized vs nonimmunized infants with respect to the
hazard of RSV LRTD. We used Cox regression analysis to
estimate the adjusted hazard ratio (HR,g;) of a first episode
of RSV LRTD. Nirsevimab effectiveness was estimated as 1
minus HR,g4;, expressed as a percentage, and interpreted as
the percent difference in risk of the outcome in nirsevimab-
immunized vs nonimmunized infants.

Nirsevimab immunization status could vary during fol-
low-up. Follow-up began on October 19, 2023, or the
infant’s date of birth (whichever came later). Infants who
received nirsevimab during follow-up were considered
nonimmunized through the day of nirsevimab receipt and
immunized thereafter. The Cox model used a calendar time
scale; risk sets were conditioned on birth month and calen-
dar day. As prespecified, the model included covariates
adjusting for sex, and race and/or ethnicity (guardian
reported, per the electronic medical record). Sex was
included, as studies have reported an association between
male sex and hospitalization for RSV.%?>?¢ Race and/or eth-
nicity as a social construct was included because RSV rates
are higher for infants of Black, Hispanic, and other races
when compared with non-Hispanic white infants.?”~%°
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Similar Cox models were used for the secondary outcome
of all PCR-confirmed RSV and a post hoc analysis of hospi-
talized RSV LRTD.

We censored infants who received nirsevimab aged
> 8 months.” Infants who did not receive nirsevimab were
not censored and continued contributing nonimmunized
follow-up time after age 8 months.

We examined the association of nirsevimab immuniza-
tion with the number of medical encounters during an RSV
LRTD episode (coprimary outcome) using linear regression.
In post hoc analyses, we separately estimated the associa-
tion of nirsevimab receipt with the odds of hospitaliza-
tion and odds of an ED visit among infants with an RSV
LRTD episode. Both linear and logistic regression analyses
were adjusted for birth month, sex, and race and/or
ethnicity.

To explore the number of days (if any) required to reach
peak antibody concentrations after nirsevimab receipt, we
conducted 2 sensitivity analyses in which we excluded
cases that occurred < 2 days and < 7 days after immuniza-
tion.?° We also conducted a sensitivity analysis in which we
did not censor infants who received nirsevimab aged
> 8 months.

To assess residual confounding, we similarly examined
the association of nirsevimab with PCR-confirmed influ-
enza. KPNC uses a multiplex PCR test that simultaneously
tests for RSV and influenza. If present, we would expect
residual confounders to have a similar effect on the nirse-
vimab-influenza association as on the nirsevimab-RSV asso-
ciation but that nirsevimab would not protect against
influenza.

All data analyses were performed using SAS software
version 9.4. Missing data were not imputed. Confidence
intervals are 95% intervals.

RESULTS

Of the 49 680 infants born at KPNC between April 1, 2023,
to April 30,2024, 31 900 healthy term infants met the inclu-
sion criteria, of whom 15 647 (49.1%) received nirsevimab
(Figure 1). Nearly half of the study population were female
(49.2%), and most were Hispanic (31.1%), white (30.4%),
or Asian (23.2%).

Among immunized infants, most received nirsevimab in
November (45.3%) or December (30.8%; Supplemental
Materials Table S3 and Figure S1). The mean age at receipt
was 2.6 months (standard deviation: 2.3 months). Except
for Asian race, infant diet, and some infant birth months,
the standardized difference in proportions of immunized
vs nonimmunized infants was < |0.2| (small effect size®’;
Table 1). Most infants received nirsevimab in outpatient
clinics (87.5%). Nirsevimab-immunized infants were fol-
lowed for up to 193 days after immunization (median,
148 days; interquartile range [IQR], 126-167). Among

Downloaded from http://publications.aap.org/pediatrics/article-pdf/156/2/e2024069510/1837407/pediatrics.2024069510.pdf
bv Centro Hosbitalar de | isboa Central user



n=49,680

KPNC infants born between
April 1, 2023, to April 30, 2024

N

Infants not born at Kaiser and/or mother did not

receive pregnancy care at KPNC }

n=44,340

n=5,340

anytime during pregnancy

Mother received maternal RSV vaccine
n=7,229

R

<

n=37,111

as a PCR-confirmed RSV test result

Received nirsevimab on the same date
n=70

L

n=37,041

Infants with high-risk conditions?
n=5,141

L

;

n=31,900

Healthy term infants

A

A 4

Nirsevimab-treated infants
n=15,647

Untreated infants
n=16,253

FIGURE 1.

KPNC study population of eligible infants. #Infants with high-risk conditions (n=5141) included 2345 infants born before 37 weeks gestation, 952
infants born before 37 weeks gestation with a high-risk condition, and 1844 infants born after or at 37 weeks with a high-risk condition.
Abbreviations: KPNC, Kaiser Permanente Northern California; RSV, respiratory syncytial virus.

20030 infants born before October 19, 2023, 48.3%
(n=9676) received nirsevimab (Supplemental Materials
Table S4). Among 11 870 infants born on or after October
19, 2023, 50.3% (n =5971) received nirsevimab.

In the study population, there were 5056 infants with at
least 1 PCR test between October 19, 2023, to April 30,
2024, of whom 1114 (22.0%) were positive for RSV. RSV
activity among the study population peaked in December
(Figure 2). Thirty infants with PCR-confirmed RSV prior
to October 19, 2023, were excluded from the analysis.

Nirsevimab Effectiveness
Coprimary Qutcome: First Episode of RSV LRTD

There were 35 first episodes (6.10 episodes per 1000 per-
son-years [PY]) of RSV LRTD among nirsevimab-immunized
infants (Table 2), occurring between 2 to 113 days (median,
40 days; IQR, 23-52 days) after nirsevimab receipt.

4

There were 462 first episodes (58.51 episodes per 1000
PY) of RSV LRTD among nonimmunized infants (Table 2),
occurring between 3 to 155 days (median, 46 days; IQR,
28-70 days) from the start of follow-up.

Nirsevimab receipt was associated with an adjusted
effectiveness of 87.2% (CI, 81.7%-91.1%; P <.0001)
against RSV LRTD when compared with no receipt
(Table 2).

Other Outcomes

There were 158 PCR-confirmed RSV episodes with or with-
outan LRTD diagnosis (27.53 episodes per 1000 PY) among
nirsevimab-immunized infants vs 956 cases (121.00 epi-
sodes per 1000 PY) among nonimmunized infants (Table 2).
When compared with no receipt, nirsevimab receipt was
associated with an adjusted effectiveness of 71.0% (CI,
65.3%-75.8%; P <.0001) against any PCR-confirmed RSV
(Table 2).
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TABLE 1. Demographic and Baseline Characteristics of Healthy Term Infant Study Population by Nirsevimab Receipt

Total N=31900, n (%)

Received Nirsevimab

N=15647, n (%)

Did Not Receive Nirsevimab
N=16253, n (%)

Standardized Difference®

Infant Month of Birth

April 2023 2878 (9.0) 238 (1.5) 2640 (16.2) —.53
May 2023 2992 (9.4) 977 (6.2) 2015 (12.4) -21
June 2023 3022 (9.5) 1365 (8.7) 1657 (10.2) -.05
July 2023 3133 (9.8) 1877 (12.0) 1256 (7.7) 14
August 2023 3211 (10.1) 1983 (12.7) 1228 (7.6) a7
September 2023 3009 (9.4) 2044 (13.1) 965 (5.9) 25
October 2023 3116 (9.8) 2142 (13.7) 974 (6.0) .26
November 2023 2807 (8.8) 2049 (13.1) 758 (4.7) .30
December 2023 1680 (5.3) 1055 (6.7) 625 (3.8) 13
January 2024 1263 (4.0) 690° (4.4) 573 (3.5) .05
February 2024 1194 (3.7) 600 (3.8) 594 (3.7) .01
March 2024 1442 (4.5) 626 (4.0) 816 (5.0) -.05
April 2024 2153 (6.7) 1(0.0) 2152 (13.2) —.55
Sex
Female 15710 (49.2) 7718 (49.3) 7992 (49.2) .003
Male 16 190 (50.8) 7929 (50.7) 8261 (50.8) —.003
Race and/or Ethnicity
Asian 7396 (23.2) 4380 (28.0) 3016 (18.6) 23
Black 1593 (5.0) 689 (4.4) 904 (5.6) -.05
Hawaiian/Pacific Islander 275 (.9) 134 (.9) 141 (.9) —.001
Hispanic 9926 (31.1) 4686 (29.9) 5240 (32.2) -.05
Multiracial 900 (2.8) 465 (3.0) 435 (2.7) 02
Native American/Alaskan 111 (3) 61 (4) 50 (.3) 01
Unknown 1995 (6.3) 787 (5.0) 1208 (7.4) -.10
White 9704 (30.4) 4445 (28.4) 5259 (32.4) —.09
5-minute Apgar Score
0-3 22 (1) 13 (1) 9 (1N 01
4-6 159 (.5) 89 (.6) 70 (4) .02
7-10 30327 (95.1) 15138 (96.7) 15189 (93.5) 15
Unknown 1392 (4.4) 407 (2.6) 985 (6.1) -17
Delivery Method
Caesarean 7967 (25.0) 4138 (26.4) 3829 (23.6) .01
Unknown 1384 (4.3) 404 (2.6) 980 (6.0) .02
Vaginal 22549 (70.7) 11105 (71.0) 11444 (70.4) 15
Infant Diet in First 6 mos of Life
Unknown 693 (2.2) 33 (2) 660 (4.1) =27
Breast milk and formula fed 16 968 (53.2) 9111 (58.2) 7857 (48.3) 20
Breast milk only 12462 (39.1) 5647 (36.1) 6815 (41.9) —12
Formula only 1777 (5.6) 856 (5.5) 921 (5.7) —.01
GA at Birth
Early term: 37%7-38%" weeks GA 9231 (28.9) 4568 (29.2) 4663 (28.7) 01
Full term: 38%7-40%" weeks GA 19743 (61.9) 9664 (61.8) 10079 (62.0) —01
Late term: 41%7-41%7 weeks GA 2848 (8.9) 1385 (8.9) 1463 (9.0) —01
Post term: > 42%7 weeks GA 78 (2) 30 (.2) 48 (3) —02

(Continued on next page)
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TABLE 1. Demographic and Baseline Characteristics of Healthy Term Infant Study Population by Nirsevimab Receipt (Continued)

Received Nirsevimab Did Not Receive Nirsevimab
Total N= 31900, n (%) N=15647, n (%) N =16 253, n (%) Standardized Difference®
Nirsevimab Administration Setting
Hospital N/A 1962 (12.5) N/A N/A
Outpatient N/A 13 685 (87.5) N/A N/A

Abbreviations: GA, gestational age; N/A, not applicable.

@ The standardized difference in proportions of immunized versus nonimmunized infants was calculated as the difference in the proportions divided by the standard error; imbalances
were defined as an absolute value greater than 0.20 (small effect size).

® 16 infants (5 in December 2023, 10 in January 2024, 1 in February 2024) received nirsevimab between 8 to < 12 months of age. These infants contributed follow-up time as untreated
infants and were censored in the analysis at time of nirsevimab receipt.
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FIGURE 2.

PCR testing and RSV+ results in study population, 2023-2024 influenza season. For the purposes of this figure, only 1 test per infant (n = 5056) is
captured. If an infant had multiple negative tests, the date of the first test is included in the figure. If an infant had a positive RSV result (n =1114),
the date of the first positive is included in the figure.

Abbreviations: PCR, polymerase chain reaction; RSV+, respiratory syncytial virus positive.

Table 2. Adjusted Hazard Ratio for First Occurrence of PCR-Confirmed RSV LRTD Episode and PCR-Confirmed RSV for Nirsevimab-Immunized
Versus Nonimmunized Healthy Term Infants

Received Nirsevimab . Did. Not Receive Estimated Treatment
N=15647 Nirsevimab N =16 253 Unadjusted HRag;" Effectiveness,

n (IP) IR (95% CI) n (IP) IR (95% CI) RR (95% CI) % (95% CI)® P Value®
Primary Outcome: 35 (.002) 6.10 462 (.03) 58.51 104 128 87.2 (81.7-91.1) < .001
First episode of PCR-confirmed (4.38—8.49) (53.41— (.074—147) (.089—.183)
RSV LRTD 64.09)
Secondary Outcome: 158 (.01) 27.53 956 (.08) 121.00 227 290 71.0 (65.3—75.8) < .001
PCR-confirmed RSV (23.56—-32.17) (113.60— (.192—.2697) (.242—347)

129.00)

Abbreviations: HR,g;, adjusted hazard ratio; IP, incidence proportion; IR, incidence rate per 1000 person-years; LRTD, lower respiratory tract disease; PCR, polymerase chain
reaction; RR, relative risk; RSV, respiratory syncytial virus.

@ Cox regression on a calendar timeline adjusted for sex and race and/or ethnicity stratified by birth month.

® Estimated as 1— HRaq expressed as a percentage.

¢ Test: Hy: HRag = 1; results bolded where P < .05.
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In a post hoc analysis, nirsevimab receipt was associated
with an adjusted effectiveness of 98.0% (CI, 85.1%-99.7%;
P <.0001) against hospitalized RSV LRTD when compared
with no receipt (Supplemental Materials Table S5).

Nirsevimab Impact on Health Care Utilization

Goprimary Outcome: Number of Medical Encounters
Associated with an RSV LRTD Episode

Among the 35 nirsevimab-immunized infants with RSV
LRTD, there was a total of 75 medical encounters, most
of which were in outpatient clinics (n =57; 76%) followed
by the ED (n=17; 23%; Supplemental Material Table S6).
Among the 462 nonimmunized infants with RSV LRTD,
there was a total of 1241 medical encounters. Most of these
encounters were also in outpatient clinics (n=807; 65%)
or the ED (n=367; 30%).

Among infants with RSV LRTD, nirsevimab-immunized
infants had an adjusted 0.86 fewer mean number of encoun-
ters than nonimmunized infants (P=.001; Table 3).
Post hoc analysis of RSV episodes (with or without LRTD)
also found that nirsevimab-immunized infants had 0.12
fewer mean number of encounters than nonimmunized
infants (P =.001; Supplemental Material Table S7).

Hospitalizations, ED, ICU Care (Post Hoc Analyses)

Among infants with RSV LRTD, nirsevimab-immunized
infants had lower adjusted odds of hospitalization than non-
immunized infants (odds ratio, 0.11; CI, 0.01-0.85; P =.035;
Supplemental Material Table S6 and S8). Nirsevimab-
immunized infants also had lower adjusted odds of an ED
visit than nonimmunized infants (odds ratio, 0.30; CI, 0.13-
0.67; P=.003; Supplemental Material Table S6 and S9).

Too few infants with hospitalized RSV LRTD required ICU
care to estimate the odds of ICU care (Supplemental
Material Table S6).

Sensitivity Analyses

Estimated effectiveness from sensitivity analyses that var-
ied the time required to be considered “immunized” were
consistent with the results of the main analysis (87.5%
[CI, 82.0%-91.3%] waiting 2 days; 87.7% [CI, 82.0%-
91.6%] waiting 7 days; Supplemental Material Table S5).

Estimated effectiveness did not change when we did not
censor infants who received nirsevimab aged > 8 months
(n=16; Supplemental Material Table S5).

Nirsevimab was not associated with PCR-confirmed
influenza (P=.67), a finding that suggests our analyses
were not biased by unmeasured factors that might affect
the risk of both RSV and influenza infection (Supplemental
Material Table S5).

DISCUSSION

In this large real-world study in a diverse population of
healthy term infants during the 2023-2024 RSV season,
we found that infants who received nirsevimab had an
87% reduction in the incidence of RSV LRTD and a 98%
reduction in the incidence of hospitalized RSV LRTD when
compared with infants who did not receive nirsevimab.
Immunization with nirsevimab also demonstrated a 71%
reduction in the incidence of RSV infection with or without
an LRTD diagnosis. These findings suggest that nirsevimab
was highly effective in protecting against RSV-associated
lower respiratory tract disease as well as against milder
RSV infection.

Nirsevimab-immunized infants with RSV LRTD, as well as
RSV regardless of LRTD diagnosis (post hoc), had fewer
medical encounters than nonimmunized infants, and most
of their medical encounters were in the outpatient clinic.
Nirsevimab-immunized infants with RSV LRTD were also
less likely to be hospitalized or to have an ED visit. These
results suggest that routine use of nirsevimab may reduce
the burden of RSV-associated utilization in both the
inpatient and outpatient settings.

Our findings were similar to 2 test-negative design stud-
ies from the 2023-2024 season in the United States and
France.”>*° The first, which included 765 infants aged < 8
months with PCR-confirmed RSV recruited from 7 US pedi-
atric medical centers, estimated that nirsevimab effective-
ness was 89% (CI, 79%-94%) against RSV-associated
acute respiratory infections and 93% (CI, 82%-97%)
against RSV-associated hospitalization.*° The second study
from France, which included 883 infants aged < 12 months
with PCR-confirmed RSV and a more restrictive bronchioli-
tis diagnosis, estimated nirsevimab effectiveness as 79.7%

Nonimmunized Healthy Term Infants

TABLE 3. Adjusted Difference in Mean Number of Medical Encounters per RSV LRTD Episode Among Nirsevimab-Immunized Versus

Received Nirsevimab® Mean Number per
Episode of RSV LRTD (Total Encounters/

Did Not Receive Nirsevimab® Mean Number
per Episode of RSV LRTD (Total Encounters/

Unadjusted

Difference in Adjusted Difference

Infants With RSV LRTD) Infants With RSV LRTD) Means (95% CI) | in Means® (95% Cl) P Value®
Medical 2.14 (75/35) 2.69 (1241/462) —.54 —.86 .001
encounters (—1.04 to —.05) (—1.36 to —.36)
Abbreviations: LRTD, lower respiratory tract disease; RSV, respiratory syncytial virus.
@ Mean age at episode (interquartile range) in days; treated population: 111 (53—172); untreated population: 143 (83—205).
® Linear regression model adjusted for birth month, sex, and race and/or ethnicity.
¢ Test: Hy: no difference in the mean number of medical encounters; results bolded where P < .05.
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(CI, 67.7%-87.3%), which was consistent, although some-
what lower, than ours.??

Our post hoc estimate of 98% nirsevimab effectiveness
against hospitalized RSV LRTD had a confidence interval
(CI, 85.1%, 99.7%) that was in the range reported by other
observational studies from Spain, France, Luxembourg,
and the United States (70%-90%),°?3” which used test-
negative or other case-control designs. In contrast to our
study, these studies included high-risk infants as well as
newborns and very young infants due to nirsevimab short-
ages that led to preferential administration to infants at
higher risk of severe RSV disease.>*3°

A strength of our study was that 49% of eligible healthy
term infants at KPNC received nirsevimab during the
2023-2024 season. At KPNC, nirsevimab was available in
adequate quantities throughout the season for all eligible
infants, including healthy term infants; unlike other studies,
administration was not limited only to the youngest or high-
est-risk infants.*>*>” In our study population, we did not
find strong evidence that nirsevimab was administered
selectively or differentially based on an infant’s risk or dem-
ographic profile. The demographic characteristics of infants
who received nirsevimab were similar to those of infants
who did not receive nirsevimab, except for small differences
in the proportion of Asian infants and some infant birth
months. Since many infants were immunized before RSV
season peaked, we could estimate nirsevimab effectiveness
with much precision (narrow confidence intervals).

Our study had several other strengths. First, especially in
infants aged < 1 year, KPNC pediatricians routinely order
PCR testing during the respiratory virus season when
infants present with respiratory symptoms in all clinics
and hospitals. Therefore, identification of RSV was not lim-
ited only to more severe cases, and nirsevimab effectiveness
was less likely to be biased due to testing patterns. Second,
we made use of KPNC’s extensive data on the entire study
population by implementing a cohort design rather than a
test-negative design that would typically be limited to
tested infants in the ED or hospital. We compared immu-
nized vs nonimmunized infants in strata restricted to
infants born in the same month and at risk on the same cal-
endar date, with additional adjustment for sex and race
and/or ethnicity. Third, a sensitivity analysis found no asso-
ciation between nirsevimab receipt and PCR-confirmed
influenza, which gives us confidence that our results were

not confounded by factors such as health care-seeking
behavior that could yield a biased association between nir-
sevimab and influenza.

This study had limitations. We were unable to assess how
soon after receipt nirsevimab protection occurs because
few RSV LRTD cases occurred within 7 days. In addition,
although KPNC performs a large amount of PCR testing,
we did not quantify what proportion of infants with respi-
ratory symptoms were tested; testing biases among RSV-
positive infants were possible. Further, as an observational
study, unmeasured confounders that increase one’s risk of
RSV (eg, lower socioeconomic status,*®*3° having sib-
lings,*®*° and/or daycare attendance®®) could affect our
results. We also did not include infants born before
37 weeks or with high-risk conditions, and our findings
may not be generalizable to high-risk infants. Lastly,
although KPNC has a large, diverse population, our findings
may not be generalizable to populations elsewhere.

CONCLUSION

Nirsevimab was highly effective in protecting healthy term
infants against RSV-associated LRTD as well as against
milder RSV infection during the 2023-2024 season. These
findings support the Advisory Committee on Immunization
Practice’s recommendation for eligible infants aged < 8
months entering their first RSV season to receive nirsevi-
mab to reduce the risk of RSV infection.

ACKNOWLEDGMENTS

We would like to thank Lynn Schultz and in memory of Barbara
Courssaris at Sanofi for their writing support of the study
protocol.

ABBREVIATIONS

ED: emergency department

HRpg;: adjusted hazard ratio

ICU: intensive care unit

KPNC: Kaiser Permanente Northern California
LRTD: lower respiratory tract disease

PCR: polymerase chain reaction

PY: person-years

RSV: respiratory syncytial virus

CONFLICT OF INTEREST DISCLOSURES: Nicola P. Klein reported receiving research support from GlaxoSmithKline, Merck, Pfizer, Seqirus, Moderna, and the US
Centers for Disease Control and Prevention outside of the submitted work. Ousseny Zerbo reports receiving research support from Pfizer and Moderna outside
the submitted work. Karine Mari, Christopher Rizzo, William La Via, and Ruvim lIzikson are employed and compensated by Sanofi. The remaining authors report

nothing to disclose.

FUNDING: This study was funded by Sanofi. All nirsevimab doses given as part of this study were donated by Sanofi and AstraZeneca. The Kaiser Permanente
Vaccine Study Center did not receive direct research support for this study from AstraZeneca.

8

www.pediatrics.org

Downloaded from http://publications.aap.org/pediatrics/article-pdf/156/2/e2024069510/1837407/pediatrics.2024069510.pdf
bv Centro Hosbitalar de | isboa Central user


www.pediatrics.org

TRIAL REGISTRATION NUMBER: ClinicalTrials.gov NCT06325332

Accepted for Publication Date: April 17, 2025

https://doi.org/10.1542/peds.2024-069510

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License which
permits noncommercial distribution and reproduction in any medium, provided the original author and source are credited.

REFERENCES

1.

Pneumonia Etiology Research for Child Health (PERCH) Study
Group. Gauses of severe pneumonia requiring hospital admission
in children without HIV infection from Africa and Asia: the PERCH
multi-country case-control study. Lancet. 2019;394(10200):757—
779. PubMed doi: 10.1016/s0140-6736(19)30721-4

. Jain S, Williams DJ, Arnold SR, et al. Community-acquired pneumo-

nia requiring hospitalization among U.S. children. N Engl J Med.
2015;372(9):835—-845. PubMed doi: 10.1056/NEJM0a1405870

. Shi T, McAllister DA, 0’Brien KL, et al; RSV Global Epidemiology

Network. Global, regional, and national disease burden estimates
of acute lower respiratory infections due to respiratory syncytial
virus in young children in 2015: a systematic review and model-
ling study. Lancet. 2017;390(10098):946—958. PubMed doi: 10.1016/
s0140-6736(17)30938-8

. Andeweg SP, Schepp RM, van de Kassteele J, Mollema L, Berbers

GAM, van Boven M. Population-based serology reveals risk factors
for RSV infection in children younger than 5 years. Sci Rep. 2021,
11(1):8953. PubMed doi: 10.1038/541598-021-88524-w

. Munro APS, Martinéon-Torres F, Drysdale SB, Faust SN. The

disease burden of respiratory syncytial virus in Infants. Curr
Opin Infect Dis. 2023;36(5):379—-384. PubMed doi: 10.1097/qgco.
0000000000000952

. Hall CB. Respiratory syncytial virus and parainfluenza virus. N

Engl J Med. 2001;344(25):1917-1928. PubMed doi: 10.1056/
nejm200106213442507

. Greenough A, Cox S, Alexander J, et al. Health care utilisation of

infants with chronic lung disease, related to hospitalisation for
RSV infection. Arch Dis Child. 2001;85(6):463—468. PubMed doi:
10.1136/adc.85.6.463

. Meissner HC. Selected populations at increased risk from respi-

ratory syncytial virus infection. Pediatr Infect Dis J. 2003;22(2
Suppl):S40-S44. PubMed doi: 10.1097/01.inf.0000053884.21238.13

. Hall CB, Weinberg GA, lwane MK, et al. The burden of respiratory

syncytial virus infection in young children. N Engl J Med. 2009;360
(6):588-598. PubMed doi: 10.1056/NEJM0a0804877

. Hall GCB, Weinberg GA, Blumkin AK, et al. Respiratory syncytial

virus-associated hospitalizations among children less than
24 months of age. Pediatrics. 2013;132(2):e341—348. PubMed
doi: 10.1542/peds.2013-0303

. Suh M, Mowva N, Jiang X, et al. Respiratory syncytial virus is the

leading cause of United States infant hospitalizations, 2009—2019:
a study of the National (Nationwide) Inpatient Sample. J Infect Dis.
2022;226(Suppl 2):5154—8163. PubMed doi: 10.1093/infdis/jiac120

. Carroll KN, Gebretsadik T, Griffin MR, et al. Increasing burden and

risk factors for bronchiolitis-related medical visits in infants

PEDIATRICS Volume 156, Issue 2, August 2025

Downloaded from http://publications.aap.org/pediatrics/article-pdf/156/2/e2024069510/1837407/pediatrics.2024069510.pdf
bv Centro Hosbitalar de | isboa Central user

20.

21.

22.

enrolled in a state health care insurance plan. Pediatrics. 2008;
122(1):58—64. PubMed doi: 10.1542/peds.2007-2087

. Hall CB. The burgeoning burden of respiratory syncytial virus

among children. Infect Disord Drug Targets. 2012;12(2):92-97.
PubMed doi: 10.2174/187152612800100099

. Paramore LC, Mahadevia PJ, Piedra PA. Outpatient RSV lower res-

piratory infections among high-risk infants and other pediatric
populations. Pediatr Pulmonol. 2010;45(6):578-584. PubMed
doi: 10.1002/ppul.21224

. US. Food and Drug Administration. SYNAGIS® (palivizumab) injec-

tion, for intramuscular use. Accessed December 11, 2024. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2014/103770s5
1851bl.pdf

. Brady MT, Byington CL, Davies HD, et al; American Academy of

Pediatrics Committee on Infectious Diseases; American Academy
of Pediatrics Bronchiolitis Guidelines Committee. Updated guid-
ance for palivizumab prophylaxis among infants and young chil-
dren at increased risk of hospitalization for respiratory syncytial
virus infection. Pediatrics. 2014;134(2):415—420. PubMed doi: 10.
1542/peds.2014-1665

. Jones JM, Fleming-Dutra KE, Prill MM, et al. Use of nirsevimab for

the prevention of respiratory syncytial virus disease among
infants and young children: recommendations of the Advisory
Committee on Immunization Practices - United States, 2023.
MMWR Morb Mortal Wkly Rep. 2023;72(34):920—925. PubMed
doi: 10.15585/mmwr.mm7234a4

. Griffin MP, Yuan Y, Takas T, et al; Nirsevimab Study Group. Single-

dose nirsevimab for prevention of rsv in preterm Infants. N Engl J
Med. 2020;383(5):415-425. PubMed doi: 10.1056/NEJMoa1913556

. Hammitt LL, Dagan R, Yuan Y, et al; MELODY Study Group.

Nirsevimab for prevention of RSV in healthy late-preterm and
term infants. N Engl J Med. 2022;386(9):837—846. PubMed doi:
10.1056/NEJMo0a2110275

Simdes EAF, Madhi SA, Muller WJ, et al. Efficacy of nirsevimab
against respiratory syncytial virus lower respiratory tract infec-
tions in preterm and term infants, and pharmacokinetic extrapo-
lation to infants with congenital heart disease and chronic lung
disease: a pooled analysis of randomised controlled trials. Lancet
Child Adolesc Health. 2023;7(3):180—189. PubMed doi: 10.1016/
$2352-4642(22)00321-2

Drysdale SB, Cathie K, Flamein F, et al; HARMONIE Study Group.
Nirsevimab for prevention of hospitalizations due to RSV in
infants. N Engl J Med. 2023;389(26):2425—2435. PubMed doi: 10.
1056/NEJM0a2309189

Lassoued Y, Levy C, Werner A, et al. Effectiveness of nirsevimab
against RSV-bronchiolitis in paediatric ambulatory care:


ClinicalTrials.gov
https://doi.org/10.1542/peds.2024-069510
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://pubmed.ncbi.nlm.nih.gov/31257127/
https://doi.org/10.1016/s0140-6736(19)30721-4
https://pubmed.ncbi.nlm.nih.gov/25714161/
https://doi.org/10.1056/NEJMoa1405870
https://pubmed.ncbi.nlm.nih.gov/28689664/
https://doi.org/10.1016/s0140-6736(17)30938-8
https://doi.org/10.1016/s0140-6736(17)30938-8
https://pubmed.ncbi.nlm.nih.gov/33903695/
https://doi.org/10.1038/s41598-021-88524-w
https://pubmed.ncbi.nlm.nih.gov/37610444/
https://doi.org/10.1097/qco.0000000000000952
https://doi.org/10.1097/qco.0000000000000952
https://pubmed.ncbi.nlm.nih.gov/11419430/
https://doi.org/10.1056/nejm200106213442507
https://doi.org/10.1056/nejm200106213442507
https://pubmed.ncbi.nlm.nih.gov/11719328/
https://doi.org/10.1136/adc.85.6.463
https://pubmed.ncbi.nlm.nih.gov/12671451/
https://doi.org/10.1097/01.inf.0000053884.21238.13
https://pubmed.ncbi.nlm.nih.gov/19196675/
https://doi.org/10.1056/NEJMoa0804877
https://pubmed.ncbi.nlm.nih.gov/23878043/
https://doi.org/10.1542/peds.2013-0303
https://pubmed.ncbi.nlm.nih.gov/35968878/
https://doi.org/10.1093/infdis/jiac120
https://pubmed.ncbi.nlm.nih.gov/18595987/
https://doi.org/10.1542/peds.2007-2087
https://pubmed.ncbi.nlm.nih.gov/22335498/
https://doi.org/10.2174/187152612800100099
https://pubmed.ncbi.nlm.nih.gov/20503283/
https://doi.org/10.1002/ppul.21224
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/103770s5185lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/103770s5185lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/103770s5185lbl.pdf
https://pubmed.ncbi.nlm.nih.gov/25070315
https://doi.org/10.1542/peds.2014-1665
https://doi.org/10.1542/peds.2014-1665
https://pubmed.ncbi.nlm.nih.gov/37616235/
https://doi.org/10.15585/mmwr.mm7234a4
https://pubmed.ncbi.nlm.nih.gov/32726528/
https://doi.org/10.1056/NEJMoa1913556
https://pubmed.ncbi.nlm.nih.gov/35235726/
https://doi.org/10.1056/NEJMoa2110275
https://pubmed.ncbi.nlm.nih.gov/36634694/
https://doi.org/10.1016/s2352-4642(22)00321-2
https://doi.org/10.1016/s2352-4642(22)00321-2
https://pubmed.ncbi.nlm.nih.gov/38157500/
https://doi.org/10.1056/NEJMoa2309189
https://doi.org/10.1056/NEJMoa2309189

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

10

atest-negative case-control study. Lancet Reg Health Eur. 2024;44:
101007. PubMed doi: 10.1016/j.1anepe.2024.101007

National Library of Medicine. BEYFORTUS™ (Nirsevimab)
Effectiveness Against Medically-Attended RSV Events in Infants
(BEAR Study). ClinicalTrials.gov. Accessed May 26, 2025. https://
clinicaltrials.gov/study/NCT06325332

Gordon N. Similarity of adult Kaiser Permanente members to the
adult population in Kaiser Permanente’s Northern California ser-
vice area: comparisons based on the 2017/2018 cycle of the
California Health Interview Survey. Published November 8, 2020.
https://doi.org/10.13140/RG.2.2.21338.35524

Suss RJ, Simdes EAF. Respiratory syncytial virus hospital-based
burden of disease in children younger than 5 years, 2015—
2022. JAMA Netw Open. 2024;7(4):e247125. PubMed doi: 10.1001/
jamanetworkopen.2024.7125

Tan Y, Shilts MH, Rosas-Salazar C, et al. Influence of sex on respi-
ratory syncytial virus genotype infection frequency and nasopha-
ryngeal microbiome. J Virol. 2023;97(3):e0147222. PubMed doi: 10.
1128/jvi.01472-22

Curns AT, Rha B, Lively JY, et al. Respiratory syncytial virus-
associated hospitalizations among children <5 years old: 2016
to 2020. Pediatrics. 2024;153(3):¢2023062574. PubMed doi: 10.
1542/peds.2023-062574

Iwane MK, Chaves SS, Szilagyi PG, et al. Disparities between black
and white children in hospitalizations associated with acute res-
piratory illness and laboratory-confirmed influenza and respira-
tory syncytial virus in 3 US counties—2002—2009. Am J Epidemiol.
2013;177(7):656—665. PubMed doi: 10.1093/aje/kws299

Rha B, Curns AT, Lively JY, et al. Respiratory syncytial virus-
associated hospitalizations among young children: 2015-2016.
Pediatrics. 2020;146(1):e20193611. PubMed doi: 10.1542/peds.
2019-3611

Moline HL, Toepfer AP, Tannis A, et al. Respiratory syncytial virus
disease burden and nirsevimab effectiveness in young children
from 2023-2024. JAMA Pediatr. 2024;179(2):179-187 PubMed
doi: 10.1001/jamapediatrics.2024.5572

Sawilowsky SS. New effect size rules of thumb. J Mod Appl Stat
Methods. 2009;8(2):597-599. doi: 10.22237/jmasm/1257035100

Ares-Gomez S, Mallah N, Santiago-Pérez M-l, et al; NIRSE-GAL study
group. Effectiveness and impact of universal prophylaxis with nir-
sevimab in infants against hospitalisation for respiratory

33.

34.

35.

36.

37.

38.

39.

40.

syncytial virus in Galicia, Spain: initial results of a population-
based longitudinal study. Lancet Infect Dis. 2024;24(8):817-828.
PubMed doi: 10.1016/S1473-3099(24)00215-9

Assad Z, Romain AS, Aupiais G, et al. Nirsevimab and hospitali-
zation for RSV bronchiolitis. N Engl J Med. 2024;391(2):144—154.
PubMed doi: 10.1056/NEJM0a2314885

Ernst C, Bejko D, Gaasch L, et al. Impact of nirsevimab prophylaxis
on paediatric respiratory syncytial virus (RSV)-related hospital-
isations during the initial 2023/24 season in Luxembourg. Euro
Surveill. 2024;29(4):2400033. PubMed doi: 10.2807/1560-7917 Es.
2024.29.4.2400033

Lopez-Lacort M, Mufioz-Quiles G, Mira-Iglesias A, et al. Early esti-
mates of nirsevimab immunoprophylaxis effectiveness against
hospital admission for respiratory syncytial virus lower respira-
tory tract infections in infants, Spain, October 2023 to January
2024. Euro Surveill. 2024;29(6):2400046. PubMed doi: 10.2807/
1560-7917.Es.2024.29.6.2400046

Moline HL, Tannis A, Toepfer AP, et al; New Vaccine Surveillance
Network Product Effectiveness Collaborators. Early estimate of
nirsevimab effectiveness for prevention of respiratory syncytial
virus-associated hospitalization among infants entering their first
respiratory syncytial virus season - New Vaccine Surveillance
Network, October 2023-February 2024. MMWR Morb Mortal
Wkly Rep. 2024;73(9):209-214. PubMed doi: 10.15585/mmwr.
mm7309a4

Xu H, Aparicio G, Wats A, et al. Real-world effectiveness of nirse-
vimab against respiratory syncytial virus: a test-negative case-
control study. medRxiv. Preprint posted online September 12,
2024. doi: 10.1101/2024.09.12.24313545

Cacho F, Gebretsadik T, Anderson LJ, et al. Respiratory syncytial
virus prevalence and risk factors among healthy term infants,
United States. Emerg Infect Dis. 2024;30(10):2199-2202. PubMed
doi: 10.3201/eid3010.240609

Koivisto KM, Nieminen T, Hermunen T, Rantanen M, Saxén H,
Madanat-Harjuoja L. Parental socioeconomic status and an
infant’s risk of hospital admission for respiratory syncytial virus.
J Pediatric Infect Dis Soc. 2024;13(11):568-575. PubMed doi: 10.
1093/jpids/piae101

Heikkinen T, Valkonen H, Waris M, Ruuskanen 0. Transmission of
respiratory syncytial virus infection within families. Open Forum
Infect Dis. 2015;2(1):0fu118. PubMed doi: 10.1093/0fid/ofu118

www.pediatrics.org

Downloaded from http://publications.aap.org/pediatrics/article-pdf/156/2/e2024069510/1837407/pediatrics.2024069510.pdf
bv Centro Hosbitalar de | isboa Central user


https://pubmed.ncbi.nlm.nih.gov/39139197/
https://doi.org/10.1016/j.lanepe.2024.101007
https://clinicaltrials.gov/study/NCT06325332
https://clinicaltrials.gov/study/NCT06325332
https://doi.org/10.13140/RG.2.2.21338.35524
https://pubmed.ncbi.nlm.nih.gov/38635270
https://doi.org/10.1001/jamanetworkopen.2024.7125
https://doi.org/10.1001/jamanetworkopen.2024.7125
https://pubmed.ncbi.nlm.nih.gov/36815771/
https://doi.org/10.1128/jvi.01472-22
https://doi.org/10.1128/jvi.01472-22
https://pubmed.ncbi.nlm.nih.gov/38298053
https://doi.org/10.1542/peds.2023-062574
https://doi.org/10.1542/peds.2023-062574
https://pubmed.ncbi.nlm.nih.gov/23436899/
https://doi.org/10.1093/aje/kws299
https://pubmed.ncbi.nlm.nih.gov/32546583/
https://doi.org/10.1542/peds.2019-3611
https://doi.org/10.1542/peds.2019-3611
https://pubmed.ncbi.nlm.nih.gov/39652359
https://doi.org/10.1001/jamapediatrics.2024.5572
https://doi.org/10.22237/jmasm/1257035100
https://pubmed.ncbi.nlm.nih.gov/38701823
https://doi.org/10.1016/S1473-3099(24)00215-9
https://pubmed.ncbi.nlm.nih.gov/38986058/
https://doi.org/10.1056/NEJMoa2314885
https://pubmed.ncbi.nlm.nih.gov/38275017/
https://doi.org/10.2807/1560-7917.Es.2024.29.4.2400033
https://doi.org/10.2807/1560-7917.Es.2024.29.4.2400033
https://pubmed.ncbi.nlm.nih.gov/38333937/
https://doi.org/10.2807/1560-7917.Es.2024.29.6.2400046
https://doi.org/10.2807/1560-7917.Es.2024.29.6.2400046
https://pubmed.ncbi.nlm.nih.gov/38457312/
https://doi.org/10.15585/mmwr.mm7309a4
https://doi.org/10.15585/mmwr.mm7309a4
https://doi.org/10.1101/2024.09.12.24313545
https://pubmed.ncbi.nlm.nih.gov/39320243/
https://doi.org/10.3201/eid3010.240609
https://pubmed.ncbi.nlm.nih.gov/39302123/
https://doi.org/10.1093/jpids/piae101
https://doi.org/10.1093/jpids/piae101
https://pubmed.ncbi.nlm.nih.gov/25884006/
https://doi.org/10.1093/ofid/ofu118
www.pediatrics.org

	Effectiveness of Nirsevimab Against RSV and RSV-Related Events in Infants
	Introduction
	Methods
	Setting
	Study Population
	Outcomes
	Statistical Analysis

	Results
	Nirsevimab Effectiveness
	Coprimary Outcome: First Episode of RSV LRTD
	Other Outcomes

	Nirsevimab Impact on Health Care Utilization
	Coprimary Outcome: Number of Medical Encounters Associated with an RSV LRTD Episode
	Hospitalizations, ED, ICU Care (Post Hoc Analyses)

	Sensitivity Analyses

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Web Preset MSA update'] for MSA website and GeoscienceWorld)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (CenveoFlattener_Preset)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 20.879999
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


