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ABSTRACT

Introduction: Respiratory syncytial virus
(RSV) protein subunit vaccines reduce the risk
of severe outcomes such as hospitalization and
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emergency department (ED) visits for at least
two RSV seasons following vaccination. No data
have been published on real-world RSV vaccine
effectiveness (VE) beyond the second season
after vaccination. This study evaluates bivalent
RSVpreF VE against RSV-related respiratory dis-
ease hospitalizations/ED visits throughout three
seasons after vaccination.

Methods: This retrospective test-negative
case—control study evaluates bivalent RSVpreF
VE among adults aged >60 years at Kaiser Per-
manente Southern California, USA, with lower
respiratory tract disease (LRTD) or acute res-
piratory illness (ARI) over three RSV seasons
(11/24/2023-4/18/2026). Cases were RSV-posi-
tive without coinfection. Controls were negative
for RSV, hMPYV, influenza, SARS-CoV-2, and posi-
tive for a non-vaccine preventable disease patho-
gen. Exposure was bivalent RSVpreF (Abrysvo)
receipt > 21 days before LRTD/ARI. Adjusted VE
was estimated using odds ratios from multivari-
able logistic regression or generalized estimating
equations.

Results: Overall adjusted VE against RSV-
related LRTD hospitalization/ED visits was 80%
(95% CI 68-87), 70% (95% CI 53-81), and 51%
(95% CI —12-78) in the first, second, and third
season after vaccination, respectively. Overall
adjusted VE against RSV-related ARI hospitali-
zation/ED visits was 81% (71-87), 64% (48-75),
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and 60% (15-81), respectively. Adjusted VE
among non-immunocompromised individuals
trended 4-7% higher than corresponding overall
estimates. Overall adjusted VE across the three
combined seasons was 73% (95% CI 64-80) and
73% (95% CI 65-79) against RSV-related LRTD
and ARI, respectively.

Conclusion: Bivalent RSVpreF provides protec-
tion against RSV-related respiratory hospitaliza-
tion/ED visits for at least three seasons after vac-
cination in this population of older adults with
a high prevalence of comorbidities. Estimates
in the third season for ARI were more defini-
tive, while those for LRTD were imprecise due
to limited event numbers. This suggests bivalent
RSVpreF vaccination results in substantial indi-
vidual and public health benefit.

Trial Registration: ClinicalTrials.gov ID:
NCT06077968

Keywords: Respiratorysyncytial virus; Bivalent
RSVpreF; Lower respiratory tract disease; Acute
respiratory illness; Vaccine effectiveness; Test-
negative; Hospitalization

Why carry out this study?

Protein subunit respiratory syncytial virus
(RSV) vaccines reduce the risk of severe out-
comes such as hospitalization and emergency
department (ED) visits for at least 2 RSV
seasons after vaccination.

Real-world RSV vaccine effectiveness (VE)
beyond the second season after vaccination
is currently unknown.

This study evaluates bivalent RSVpreF VE
against RSV-related respiratory disease hospi-
talizations/ED visits throughout three sea-
sons after vaccination.

What was learned from the study?

VE against RSV-related lower respiratory tract
disease hospitalization/ED visits was 80%
(95% CI 68-87), 70% (95% CI 53-81), and
51% (95% CI —12-78) in the first, second,
and third season after vaccination, respec-
tively, and 73% (95% CI 64-80) across the 3
combined seasons.

VE against RSV-related acute respiratory ill-
ness hospitalization/ED visits was 81% (95%
CI 71-87), 64% (95% CI 48-75), and 60%
(95% CI 15-81) in the first, second, and third
season after vaccination, respectively, and
73% (95% CI 65-79) across the three com-
bined seasons.

Bivalent RSVpreF provides protection against
RSV-related respiratory disease hospitaliza-
tion/ED visits for at least three seasons after
vaccination in this population of older adults
with a high prevalence of comorbidities.

Bivalent RSVpreF vaccination results in sub-
stantial individual and public health benefit.

INTRODUCTION

Severe respiratory illness due to respiratory syn-
cytial virus (RSV) causes hundreds of thousands
of hospitalizations and tens of thousands of
deaths in older adults annually in high-income
countries [1, 2]. RSV protein subunit vaccines
reduce the risk of severe outcomes such as hospi-
talization and emergency department (ED) visits
for at least 2 RSV seasons following vaccination
[3-6]. No data have been published on real-
world RSV vaccine effectiveness (VE) beyond the
second season after vaccination. This study eval-
uates bivalent RSVpreF VE against RSV-related
respiratory disease hospitalizations/ED visits
throughout three seasons after vaccination.
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METHODS

This is a retrospective test-negative case-con-
trol study evaluating VE among adults aged
> 60 years at Kaiser Permanente Southern Cali-
fornia (KPSC), USA, over three RSV seasons
(11/24/2023-4/18/2026). Events were defined
as first hospitalization/ED visit in each season
with > 1 lower respiratory tract disease (LRTD)
or acute respiratory illness (ARI) ICD-10 dis-
charge code in any position and concurrent
multiplex polymerase chain reaction (PCR)
respiratory specimen testing (Roche Diagnos-
tics cobas eplex RP2) of a nasal/nasopharyn-
geal swab collected 14 days prior to 3 days after
admission. Full inclusion and exclusion criteria
have been detailed previously [1]. As RSV test-
ing is infrequent in practice among hospitalized
adults with LRTD [7], we supplemented stand-
ard-of-care (SOC) testing with study-initiated
salvage and RSV testing of swabs collected for
SARS-CoV-2 and/or influenza testing using the
same PCR assay as the SOC specimens. Cases
were RSV-positive without coinfection. Con-
trols were negative for RSV, human metapneu-
movirus (hMPV), influenza, SARS-CoV-2, and
positive for a non-vaccine preventable disease
pathogen [3, 8, 9]. Exposure was defined as biva-
lent RSVpreF (Abrysvo) receipt > 21 days before
LRTD/ARI admission date [3, 8, 9]. Adjusted VE
was estimated using odds ratios from multivari-
able logistic regression or generalized estimat-
ing equations in analyses where individuals
contributed multiple events. The pre-specified
primary analysis used individually specified
models for each season after vaccination given
each analysis contained a unique population [3].
Findings from the Phase 3 studies, expert opin-
ion, and published studies of clinical/biologic
factors were used to identify potential covari-
ates for inclusion in the models. Covariates were
assessed for completeness, distributions, and
bivariate associations with the outcome, expo-
sure, and each other. Variables were selected
based on a combination of a priori decisions and
a qualitative assessment of empirical relation-
ships. Age, sex, race/ethnicity, Charlson comor-
bidity index, encounter month, encounter facil-
ity, and prior receipt of influenza vaccination

were pre-specified as important confounders
incorporated into all models. Other model-spec-
ified covariates are listed in the Fig. 1 footnote,
with immunocompromise defined in the Supple-
mentary Material. [3, 8, 9] A separate sensitivity
analysis was conducted using a single harmo-
nized model covariate set across all VE estimates.
Analyses were performed using SAS version 9.4
(SAS Institute). KPSC's institutional review board
approved this study and waived informed con-
sent requirements (IRB #13943). This study was
performed in accordance with the Helsinki Dec-
laration of 1964 and its later amendments.

RESULTS

Of 6813 LRTD events and 10,296 ARI events
among individuals aged > 60 years with LRTD or
ARI hospitalization/ED visits at study sites dur-
ing the study period, 3131 (46.0%) LRTD and
4797 (46.6%) ARI events met inclusion criteria.
Of the included LRTD and ARI events, 2206
(70.5%) and 2722 (56.7%), respectively, were
hospitalizations (Table 1). Overall, 637 (20.3%)
LRTD and 967 (20.2%) ARI events were vacci-
nated with bivalent RSVpreF and 911 (29.1%)
LRTD and 1261 (26.3%) ARI events were RSV-
positive cases. The median age among LRTD
and ARI events was 78 years (interquartile range
(IQR) 70-85) and 77 years (IQR 69-84), respec-
tively. The median Charlson comorbidity index
was 4 (IQR 2-7) among LRTD and 4 (IQR 2-6)
among ARI, and 22.8% and 22.1% of LRTD and
AR, respectively, were immunocompromised. In
both the LRTD and ARI analyses, RSV-positive
cases were more likely to be hospitalized, female,
and non-Hispanic white (Table 1). RSV-positive
cases were more likely to be immunocompro-
mised in the LRTD analysis and more likely to
be older in the ARI analysis.

Adjusted VE against RSV-related LRTD hos-
pitalization/ED visits was 80% (95% CI 68-87),
70% (95% CI 53-81), and 51% (95% CI —12-78)
in the first, second, and third season after vac-
cination, respectively (Fig. 1). Adjusted VE
against RSV-related ARI hospitalization/ED visits
was 81% (95% CI 71-87), 64% (95% CI 48-75),
and 60% (95% CI 15-81) in the first, second,
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Median days

. . . . Adjusted VE ° 1st season after vaccination 2nd season after vaccination
Outcome Population Time point Events since
vaccination  @3%C1 ¢ 31 season aftervaccination e Across 3 seasons
1st Season After Vax*® 2787  97(60-170) 80 (68- 87) —e—
2nd Season AfterVax™® 1762 394 (343-448) 70 (53-81) — e
3rd Season After Vax® 543  738(706-777) 51 (-12-78) &
RSV-related LRTD Across 3 Seasons®" 3131 313(110-427) 73(64-80) —e—
hospitalization/ED visit 1st Season After Vax® 2167  94(58-156) 87 (75-94) — e
2nd Season AfterVax*® 1360 385 (336-449) 76 (55-87) —_—
Immunocompromised 54 season After Vax®™ 409 739 (706-775) 58 (-21- 86) °
Across 3 Seasons®" 2416 307 (99-421) 80(69-87) —_—
1st Season After Vax*' 4271 97 (59-168) 81(71-87) ——
2nd Season AfterVax® 2735 396 (342-447) 64 (48-75) ——
3rd Season After Vax®® 860  739(702-777) 60 (15-81) — e
RSV-related AR Across 3 Seasons®! 4797 312(110-423) 73(65-79) —0—
hospitalization/ED visit 1st Season AfterVax® 3353 94 (58-156) 88 (79-93) —e
2nd Season AfterVax® 2136 387 (340-446) 68 (49- 80) —_——
Immunocompromised 3,4 5ea50n After Vax®® 660 740 (702-775) 67 (14-87)" °
Across 3Seasons® 3738 309(102-420) 79 (71-85) —e

Fig. 1 Bivalent RSVPreF vaccine effectiveness estimates
against respiratory syncytial virus (RSV)-related respira-
tory disease hospitalization and emergency department
visits across three RSV seasons. a Includes those vacci-
nated from October 2023 to March 2024 and all unvacci-
nated with events during the 2023-2024 RSV scason, those
vaccinated from April 2024 to March 2025 and all unvac-
cinated with events occurring during the 2024-2025 RSV
season, and those vaccinated from April 2025 to March
2026 and all unvaccinated with events occurring during
the 2025-2026 RSV season. b Models for LRTD 1st season
after vaccination were adjusted for age, sex, race/ethnicity,
Charlson index score, encounter month, encounter facility,
flu vaccination in the year prior to index, diabetes, smok-
ing, number of inpatient encounters in the year prior to
index, and median household income. ¢ Includes those vac-
cinated from October 2023 to March 2024 and all unvac-
cinated with events during the 2024-2025 RSV season and
those vaccinated from April 2024 to March 2025 and all
unvaccinated with events during the 2025-2026 RSV sea-
son. d Models for LRTD 2nd season after vaccination were
adjusted for age, sex, race/ethnicity, Charlson index score,
encounter month, encounter facility, flu vaccination in the
year prior to index, BMI category, diabetes, and immuno-
compromised. e Includes those vaccinated from October
2023 to March 2024 and all unvaccinated with events dur-
ing the 2025-2026 RSV scason. f Models for LRTD 3rd

season after vaccination were adjusted for age, sex, race/

30 20 -10 0 10 20 30 40 50 60 70 80

ethnicity, Charlson index score, encounter month, encoun-
ter facility, flu vaccination in the year prior to index, dia-
betes, immunocompromise, neighborhood deprivation
index quartile, number of virtual encounters in the year
prior to index, and smoking status. g Includes those vacci-
nated from October 2023 to March 2026 and all unvacci-
nated with events during the 2023-2024, 2024-2025, and
2025-2026 RSV seasons; h Models for LRTD across three
seasons were adjusted for age, sex, race/ethnicity, Charlson
index score, encounter month, encounter facility, flu vacci-
nation in the year prior to index, and diabetes. i Models for
ARI st season after vaccination were adjusted for age, sex,
race/cthnicity, Charlson index score, encounter month,
encounter facility, and flu vaccination in the year prior to
index. j Models for ARI 2nd season after vaccination were
adjusted for age, sex, race/ethnicity, Charlson index score,
encounter month, encounter facility, flu vaccination in the
year prior to index, BMI category, and diabetes. k Mod-
els for ARI 3rd season after vaccination were adjusted for
age, sex, race/cthnicity, Charlson index score, encounter
month, encounter facility, flu vaccination in the year prior
to index, BMI, smoking, number of virtual encounters in
the year prior to index, and neighborhood deprivation
index. I Models for ARI across three seasons were adjusted
for age, sex, race/ethnicity, Charlson index score, encoun-
ter month, encounter facility, and flu vaccination in the
year prior to index. m 7 = 3 with unknown BMI excluded
to achieve model convergence
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Table 1 Characteristics of patients 260 years of age with acute respiratory illness or lower respiratory tract disease hospitali-
zation or ED visit during three respiratory syncytial virus (RSV) seasons (2023-2026)

Lower respiratory tract disease

Acute respiratory illness

Total study  Cases Controls pvalue®  Total study Cases Controls  p value®
population population
n=3131 n=911 n=2220 n=4,797 n=1261 »n=3,536
Age atindex 0.0815 0.0128
date
60-74 1243 340 (37.3%) 903 (40.7%) 2087 511 (40.5%) 1576
(39.7%) (43.5%) (44.6%)
75+ 1888 571(62.7%) 1317 2710 750 (59.5%) 1960
(60.3%) (59.3%) (56.5%) (55.4%)
Median 78 (70,85) 78(70,86) 77(70,85) 77 (69,84)  77(70,85) 76(69,84)
(interquar—
tile range)
Sex < 0.0001 < 0.0001
Female 1718 558 (61.3%) 1160 2640 (55%) 767 (60.8%) 1873
(54.9%) (52.3%) (53%)
Male 1413 353 (38.7%) 1060 2157 (45%) 494 (39.2%) 1663
(45.1%) (47.7%) (47%)
Race/eth- 0.0372 0.0109
nicity
Non- 431(13.8%) 120(13.2%) 311 (14%) 643 (13.4%) 175 (13.9%) 468
Hispanic (13.2%)
Asian/
Pacific
Islander
Non-His- 412 (13.2%) 112 (12.3%) 300 (13.5%) 675 (14.1%) 161 (12.8%) 514
panic Black (14.5%)
Hispanic 1103 296 (32.5%) 807 (36.4%) 1782 433 (34.3%) 1349
(35.2%) (37.1%) (38.2%)
Non- S3(17%)  15(1.6%) 38 (1.7%) 80 (1.7%)  20(1.6%) 60 (1.7%)
Hispanic
Multiple/
Other/
Unknown
Non- 1132 368 (40.4%) 764 (34.4%) 1617 472 (37.4%) 1145
Hispanic (36.2%) (33.7%) (32.4%)
White
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Table 1 continued

Lower respiratory tract disease

Acute respiratory illness

Total study  Cases Controls pvalue®  Totalstudy Cases Controls  p value®
population population
n=3131 n=911 n=2220 n=4,797 n=1.261 n=3,536
Encounter 0.001 < 0.0001
Setting
Hospital® 2206 680 (74.6%) 1526 2722 786 (62.3%) 1936
(70.5%) (68.7%) (56.7%) (54.8%)
Emergency  925(29.5%) 231(25.4%) 694 (31.3%) 2075 475 (37.7%) 1600
Depart- (43.3%) (45.2%)
ment
Charlson 0.7585 0.8535
Index
Score
0 179 (5.7%) 53 (5.8%)  126(5.7%) 413 (8.6%) 101(8%) 312 (8.8%)
1 283 (9%)  89(9.8%) 194 (8.7%) 495 (10.3%) 135 (10.7%) 360
(10.2%)
2 379 (12.1%) 106 (11.6%) 273 (12.3%) 603 (12.6%) 165 (13.1%) 438
(12.4%)
3 345 (11%) 107 (11.7%) 238 (10.7%) 558 (11.6%) 146 (11.6%) 412
(11.7%)
4 1945 556 (61%) 1389 2728 714 (56.6%) 2014
(62.1%) (62.6%) (56.9%) (57%)
Median 4(2,7) 5(2,7) 4(2,7) 4(2,6) 4(2,6) 4(2,6)
(interquar-
tile range)
High-risk 0.4947 0.7862
chronic
medical
conditions®
No 172 (5.5%) 54(5.9%)  118(5.3%) 389 (8.1%) 100 (7.9%) 289 (8.2%)
Yes 2959 857 (94.1%) 2102 4408 1161 3247
(94.5%) (94.7%) (91.9%) (92.1%) (91.8%)
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Table 1 continued

Lower respiratory tract disease

Acute respiratory illness

Total study  Cases Controls pvalue®  Totalstudy Cases Controls  p value®
population population
n=3131 n=911 n=2220 n=4,797 n=1.261 n=3,536
Immuno- 0.0247 0.2168
compro-
mising
conditions
and medi-
cations
No 2416 679 (74.5%) 1737 3738 967 (76.7%) 2771
(77.2%) (78.2%) (77.9%) (78.4%)
Yes 715 (22.8%) 232 (25.5%) 483 (21.8%) 1059 294 (23.3%) 765
(22.1%) (21.6%)
Abrysvo vac- <0.0001 <0.0001
cination
No 2494 854 (93.7%) 1640 3830 1184 2646
(79.7%) (73.9%) (79.8%) (93.9%) (74.8%)
Yes 637 (20.3%) 57 (6.3%) 580 (26.1%) 967 (20.2%) 77 (6.1%) 890
(25.2%)

*p value calculated using chi-square, compares characteristics of RSV cases versus strict controls negative for RSV, human
metapneumovirus (hMPV), and other vaccine preventable diseases (VPD) (influenza and SARS-CoV-2), and positive for
2 1 non-VPD pathogen, [i.c., adenovirus, coronavirus (229E, HKU1, NL63, OC43), human rhinovirus/enterovirus, Parain-

fluenza 1-4, Chlamydia pneumoniae, Mycoplasma pneumoniae))

®Hospital encounters include < 24-h hospital stays

igh-risk conditions include asthma, S , coronary artery disease, other chronic lung disease, cardiac, renal, liver
¢ High-risk condit lude asthma, COPD, CHE y artery d ther chronic lung d d L1

diseases, diabetes mellitus, neurological conditions, stroke, autoimmune disorders, immunocompromising conditions and

medications (e.g., HIV, AIDS, cancers, organ transplant, and blood disorders, etc.)

and third season after vaccination, respectively
(Fig. 1). Among non-immunocompromised indi-
viduals, adjusted VE against RSV-related LRTD
and ARI trended 4-7% higher than correspond-
ing overall VE estimate (Fig. 1). Adjusted VE
across three seasons was similar for both LRTD
and ARI at 73% (95% CI 64-80) and 73% (95%
CI 65-79), respectively. Adjusted VE estimates
from the sensitivity analysis using harmonized
adjustment models were consistent with the
primary analysis, though trended lower for the
third season VE estimate for LRTD and ARI as
compared to the primary analysis; for example,

overall ARI third season VE was 52% (95% CI
1-77) versus 60% (95% CI 15-81) for the pri-
mary analysis. (Table S1).

DISCUSSION

In this population of older adults with a high
prevalence of comorbidities, our results sug-
gest bivalent RSVpreF provides clinically rel-
evant protection against RSV-related hospitali-
zation and ED visits across three seasons after
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vaccination. These data are the first available
real-world RSV VE for the third season after vac-
cination. The consistency of findings across ARI
and LRTD is notable, as these outcomes reflect a
similarly meaningful clinical construct, as LRTD
is a subset of ARI. Overall, VE waned modestly
across three seasons. For LRTD, the absolute VE
decrease was 10% in the first year and 19% in
the second. For ARI, 17% in the first year and
4% in the second year. Similar declines were
observed among non-immunocompromised
persons but VE trended 4—7% higher than the
overall estimates.

The only other available third season RSV
vaccine effectiveness is from RSVpreF3’s rand-
omized phase 3 trial, which showed 48% effi-
cacy against symptomatic RSV-LRTD [3]. These
trial data are limited by exclusion of immuno-
compromised persons and lack of statistical
power to assess events requiring hospitaliza-
tion or ED visit [10]. Our findings expand on
this by examining bivalent RSVpreF, focusing
on a clinically meaningful measure of severe
disease, RSV-related hospitalization/ED visit,
and including a diverse real-world population
at risk for severe disease, including those with
immunocompromise.

Confidence intervals for third season after
vaccination estimates were wide and crossed the
null for the LRTD analysis, and the small immu-
nocompromised population’s estimate was not
reported because it was too imprecise to allow
meaningful interpretation. Further data are
needed to more conclusively determine duration
of protection amongst different populations,
including immunocompromised individuals,
to inform potential revaccination intervals. As
the study is ongoing, this will be re-evaluated
in future seasons.

The sensitivity analysis using a harmonized
model across all estimates showed identical esti-
mates for the first and second seasons after vac-
cination compared to the prespecified primary
analysis, but slightly lower VE and less precision
for both LRTD/ARI endpoints in the third season
after vaccination. This may be due to inherent
differences in the early adopters who contrib-
uted events to the third season estimates, and
who followed the original Advisory Committee
on Immunization Practices recommendations

[11], meriting further assessment in future
analyses.

Study strengths include minimal exposure
misclassification with vaccination defined
by electronic health record augmented by bi-
directional data exchange with the California
Immunization Registry, specimen salvage and
RSV-testing to boost power and generalizability
of RSV case detection, a multi-pathogen PCR to
define a control group which minimizes bias,
and a socio-demographically diverse study popu-
lation. Limitations include lower RSV vaccine
uptake in the first season after vaccine availabil-
ity, decreasing number of available events for
each additional season post-vaccination limiting
statistical power, reliance on data from a single
health system, and possible residual confound-
ing. Exclusion of 48 LRTD and 59 ARI RSV coin-
fections may also limit generalizability, though
previously published data from this study and
others showed similar VE with and without
coinfections included [9, 12]. The purpose of
this exclusion is to remove cases for which the
primary cause of hospitalization may have been
the co-infecting pathogen. Although the strict
control definition requiring a positive test for
a non-vaccine preventable disease pathogen
reduces bias from limited sensitivity of single
specimen RSV testing and correlated respira-
tory virus vaccine uptake [13, 14], seasonality
of some of the non-vaccine preventable patho-
gens may not overlap with RSV. Our previous
work has shown VE derived from strict-control
analyses is similar to VE from traditional RSV-
negative control analyses but it remains possible
that the non-VPD seasonality could influence VE
estimates [3, 8, 9].

CONCLUSION

Bivalent RSVpreF provides protection against
RSV-related respiratory disease hospitalization/
ED visits for at least three seasons after vaccina-
tion, resulting in substantial individual and pub-
lic health benefit. While estimates in the third
season for ARI were more definitive, those for
LRTD were imprecise due to limited event num-
bers. Additional studies and analyses are needed
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to further define durability of protection in spe-
cific population subgroups.
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