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Summary
Background Bivalent SARS-CoV-2 vaccines were developed to counter increasing susceptibility to emerging SARS-
CoV-2 variants. We evaluated the durability of immunity and protection following first bivalent vaccination among
nursing home residents.

Methods We evaluated anti-spike and neutralization titers from blood in 653 community nursing home residents
before and after each monovalent booster, and a bivalent vaccine. Concurrent clinical outcomes were evaluated
using electronic health record data from a separate cohort of 3783 residents of Veterans Affairs (VA) nursing
homes who had received at least the primary series monovalent vaccination. Using target trial emulation, we
compared VA residents who did and did not receive the bivalent vaccine to measure vaccine effectiveness against
infection, hospitalization, and death.

Findings In the community cohort, Omicron BA.5 neutralization activity rose after each monovalent and bivalent
booster vaccination regardless of prior infection history. Titers declined over time but six months post-bivalent
vaccination, BA.5 neutralization persisted at detectable levels in 75% of infection-naive and 98% of prior-infected
individuals. In the VA nursing home cohort, bivalent vaccine added effectiveness to monovalent booster
vaccination by 18.5% for infection (95% confidence interval (CI) −5.6, 34.0%), and 29.2% for hospitalization or
death (95% CI −14.2, 56.2%) over five months.

Interpretation The level of protection declined after bivalent vaccination over a 6 month period and may open a
window of added vulnerability before the next updated vaccine becomes available, suggesting a subset of nursing
home residents may benefit from an additional vaccination booster.
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Introduction
SARS-CoV-2 continues to cause disproportionately
higher morbidity and mortality in older adults.1 Although
vaccines effectively reduce this burden, immunity wanes
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in the months following vaccination2,3 and the virus
continues to evolve to escape population immunity.4,5 As
newer versions of vaccines are adapted to recent
SARS-CoV-2 variants (i.e., bivalent vaccines and
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Research in context

Evidence before this study
Little is known about durability of response to bivalent SARS-
CoV-2 vaccine and clinical protection for vulnerable
populations like nursing home residents. We evaluated two
cohorts of nursing home residents following bivalent SARS-
CoV-2 vaccination: 1) a community nursing home population
of 653 residents with and without evidence of prior infection
for production of antibodies and neutralizing activity to
vaccine strains of SARS-CoV-2; and, 2) a clinical cohort for
evidence of infection and severe outcomes using electronic
health records.

Added value of this study
Most nursing home residents generate an immune response
to a single dose of the bivalent SARS-CoV-2 vaccine that
includes substantial functional antibody that persists for up to
six months after vaccination. Nursing home residents also
have a lower but not statistically significant reduced risk of
infection and severe outcomes over 20 weeks following
vaccination.

Implications of all the available evidence
The bivalent SARS-CoV-2 vaccine can benefit many nursing
home residents by reducing near term consequences of
exposure to SARS-CoV-2 infection during the early Omicron
period.
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XBB1.5),6 we must continue to determine how effective
these vaccines are over time against emerging variants
and especially in vulnerable populations.

Nursing home residents are a particularly vulnerable
population in which it is important to monitor ongoing
immunologic and clinical response to the SARS-CoV-2
vaccines. Nursing home residents and staff have suf-
fered among the most significant morbidity and mor-
tality from SARS-CoV-2 infection.7 The close proximity
of living arrangements and significant care needs that
increase person-to-person contact and transmission
risk, coupled with the inherent vulnerability of residents
due to multiple comorbidities, frailty, and senescent
immunity make this population highly susceptible to
adverse outcomes.8 It is therefore critical to evaluate
both immunologic correlates of immunity and clinical
outcomes such as infection, hospitalization and death
following vaccination in this population.

Our cross-institution collaboration has provided a
unique opportunity to evaluate these outcomes concur-
rently in two separate populations: first, a cohort of
residents from community nursing homes in two U.S.
states who have consented to serial blood draws to
monitor immunologic response; and second, a
nationally-representative cohort of residents from Vet-
erans Affairs (VA) nursing homes for whom we have
complete electronic health record data to monitor clin-
ical outcomes. Our objective is to report on durability of
protection following the first bivalent SARS-CoV-2 vac-
cine initially offered in September 2022, as measured by
immunity in the community nursing home cohort, and
by clinical outcomes in the VA cohort.
Methods
Ethical approval
The immunology study (Study #1316159) was approved
by the Western Copernicus Group national institutional
review board (IRB). All participants or their legally
authorized representatives provided informed consent.
Verbal consenting was IRB approved for this minimal
risk study to facilitate recruitment. The Providence VA
Healthcare System IRB approved the effectiveness
evaluations using VA nursing home data (RDC-2020-
017-E) and waived informed consent as the protocol met
criteria for minimal harm.

Immunology
Participants
For the immunology studies, residents were sampled
from 40 community nursing homes in Ohio and Rhode
Island. All sites administered the BNT162b2 or mRNA-
1273 SARS-CoV-2 vaccines, with the vast majority of
subjects receiving the former. Participants generally
received vaccines shortly after they were authorized by
the FDA and as recommended by the Centers for Dis-
ease Control and Prevention. Supplementary Figure S1
depicts the blood sampling scheme. Follow-up blood
sampling was performed two weeks after each dose for a
peak response and then three and six months following
each vaccine dose to determine how sustained the
response was. Not all participants were drawn or fol-
lowed for all time points. We also received clinical in-
formation in the follow-up intervals to assess for prior
SARS-CoV-2 infection detected either clinically or
from our serologic studies. When infection was
confirmed, we excluded subsequent antibody data until
after their next vaccine dose, and then categorized those
values in the prior infection category. After the bivalent
vaccine was approved in the U.S., it was the only booster
that any subject was able to receive.

Participants were deemed to have a “prior infection” if
they had a history of SARS-CoV-2 infection confirmed
by PCR or antigen test, and/or detectable antibody levels
to SARS-CoV-2 spike, receptor binding domain (RBD),
and nucleocapsid (N protein) prior to their first dose in
the initial study.9,10 Otherwise, participants were classi-
fied as “infection-naive.” Also, we re-classified subjects
www.thelancet.com Vol 105 July, 2024
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when we identified PCR/antigen confirmation of
infection and/or a rise outside of laboratory variance
of anti-spike, RBD, N-protein, and neutralizing assay
results not accounted for by vaccination history as
“prior infection” from that time point onward. In our
recent initial report on the bivalent vaccination, 77%
of the nursing home cohort had evidence of prior
infection.10

Immunology assays
Anti-spike was assessed with a bead-multiplex immu-
noassay using Wuhan strain and BA.5 as previously
described.10,11 Anti-N used full length Wuhan, N-protein
to assess prior infection or breakthrough as done
previously.

All SARS-CoV-2 proteins were purchased from the
Frederick National Lab. There are stabilized full-length
spike protein (aa 16-1230, with furin site mutated and
recombinant SARS-CoV-2 S (1-1208)-2P-3C-His8-
TwinStrep), and full-length N (aa1-419) from Wuhan
were conjugated to magnetic microbeads (Luminex) and
Magpix assay system (BioRad, Inc). Anti-Wuhan spike
IgG levels were in Binding Antibody Units (BAU)/mL
based on the Frederick National Laboratory standard,
and anti-spike BA.4/5 are arbitrary units (AU)/mL.
SARS-CoV-2 pseudovirus neutralization assay used
lentiviral particles pseudotyped with spike protein based
on the Wuhan and Omicron BA.5 strain as previously
described .10,12 The lentiviral pseudoviruses where
sequenced in their entirety to confirm the integrity of
the constructs. Briefly, serial dilutions of serum ranging
from lower limit of detection of 1:12 to 1:8748. pNT50
values are defined as the inverse of the 50% inhibitory
concentration value for all samples with a pseudovirus
neutralization value of 80% or higher at the highest
concentration of serum. Not all samples were tested for
pNT50 due to resource limits, samples were prioritized
from persons where multiple longitudinal samples were
available.

Immunology statistical methods
Subjects with Wuhan or BA.5 spike antibody or
neutralizing titers measured at least once from pre-first
monovalent booster to six months post-bivalent vacci-
nation were included. If sample volume permitted, BA.5
titres were measured but not all samples were tested
against BA.5. Samples collected following a break-
through infection were excluded. Demographics were
summarized overall and separately for each vaccine
dose. For each sample time, assay, and strain, the geo-
metric mean titer (GMT) was calculated among
infection-naive and prior infection participants. Given
the repeated sampling of participants over time and
differences in available time points per participant, we
employed mixed-effects modeling methods similar to
those implemented in other recent studies of longitu-
dinal serologic response to SARS-CoV-2 infection or
www.thelancet.com Vol 105 July, 2024
vaccination.13–16 Conditional means across days of
follow-up were estimated with a linear model regressing
log-transformed titers on a non-linear function of days
since vaccine dose, and normally distributed random-
intercept term for person to account for intra-
correlation due to repeated sampling. Days since last
dose was modeled as a continuous variable with a 2nd-
degree polynomial function. Each model was evaluated
separately; for vaccine dose, COVID-19 strain, assay,
and the prior versus naive infection status of the
participant at the time of draw. For all models, as-
sumptions of homoskedasticity and independence of
residual error by observation, normally distributed
random intercepts were checked. Models and contrasts
were estimated using the nlme and emmeans packages
in R Statistical Software (v4.2.2).17,18

Clinical outcomes
Participants
For the vaccine effectiveness analysis, the sample
included residents of 129 U.S. VA nursing homes who
met the study inclusion and exclusion described below.

Target trial emulation methods
Because a randomized trial was infeasible, we
emulated a target trial using observational data from a
cohort of nursing home residents from the Veterans
Health Administration. We deployed a target trial
emulation approach similar to our prior vaccine
effectiveness studies of the monovalent vaccines,19,20 to
evaluate the effectiveness of bivalent SARS-CoV-2
vaccination compared to no additional vaccination in
residents with a prior monovalent vaccination series. A
series of sequential calendar dates between September
18, 2022 and November 30, 2022 were included as
index dates for assessing individual eligibility and
baseline for follow-up. From each index date follow-up
was continued until either 6 months accrued or resi-
dents were either non-adherent to their assigned
treatment strategy or otherwise loss to follow-up (died).
On each index date, we evaluated residents inclusion
eligibility. Residents were included if they resided in a
VA nursing home for at least 100 days with a non-
resident gap of no more than ten days and had
received the primary SARS-CoV-2 vaccination series.
We excluded those with test-confirmed SARS-CoV-2
infection within 90 days prior to the index date, any
SARS-CoV-2 vaccine in the 134 days prior to the index
date (4 months + 14 days as a grace period), and those
receiving hospice care. On each index date those resi-
dents receiving vaccine on that date were considered as
“assigned” to the bivalent vaccination strategy, while
those who met eligibility criteria but did not receive the
vaccine were “assigned” to the no bivalent vaccination
strategy. Individuals could be eligible on multiple days,
so we randomly selected only one date for inclu-
sion.19,20 Residents under the no vaccination strategy
3

http://www.thelancet.com


Articles

4

were censored when they received the bivalent vaccine.
Additionally, all residents were censored when they
were out of the facility for more than 10 days and thus
lost to follow-up, death (when death is not the
outcome), or the administrative end date of May 31,
2023. Clinical outcomes included a test-confirmed
SARS-CoV-2 infection (with or without symptoms),
death within 30 days of infection, hospitalization
within 14 days of infection, and a composite outcome
of death or hospitalization.

Statistical analysis
Failure time analyses are used to evaluate each outcome
using methods that are described in detail in prior
work.20 The hazard is approximated using pooled logis-
tic regression models and longitudinal person-period
datasets. Cumulative incidence curves (i.e., risk: 1
minus the probability of event-free survival at each
person trial day) for the bivalent vaccination and no
vaccination groups are estimated and relative risk dif-
ferences between groups reported as vaccine effective-
ness at weeks 12, 16, and 20. To address informative
censoring and confounding, analyses utilized probabil-
ity weighting. The first component of the probability
weights is a treatment weight estimating probability of
vaccination on the index date (i.e., inverse probability-of-
treatment weight [IPTW]). The second weight is the
probability of remaining uncensored (inverse
probability-of-censoring weight [IPCW]), and the prod-
uct of both is used to adjust results.

The weighted models are designed to emulate the
“per protocol” effect of a randomized clinical trial with
no informative censoring and no confounding. Vari-
ables included in the final models included known and
observable confounders of vaccination status and clin-
ical outcomes and predictors of the outcome not
deemed to introduce bias (e.g. via collider stratification).
The IPCW were estimated separately by treatment
group. For all comorbidities we used a one year look-
back from index for valid ICD-10 determined by the
Elixhauser comorbidity classification system.21 Refer to
Supplementary Appendix for model specification,
weights were truncated at their 99% upper quantile.
Sampling with replacement by resident (i.e., boot-
strapping) with 500 replications was used to generate
percentile-based 95th % confidence intervals accounting
for the estimated probability weights and crossover of
treatment groups by resident. A complete case analysis
was performed in all regressions. All target trial
emulation analyses were performed using R Statistical
Software (v4.2.2).

Role of funders
The funders had no role in the in study design, data
collection, data analyses, interpretation, decision to
publish, or writing of report.
Results
Immunology results
Table 1 describes the numbers and demographics of
participants in the immunology study (n = 653). The
median age of participants was 76 years, which trended
downward to 74 for those receiving the bivalent vaccine.
The proportion of men to women was evenly split 51:49,
with more women sampled for the bivalent analysis
(53%). The proportion of white participants was 80%
and remained similar across vaccination doses. Among
those receiving any bivalent vaccine (n = 340), 6 (1.7%)
had received no monovalent booster, 89 (26%) had
received one monovalent booster, and 245 (72%) had
received two. Supplementary Figure S1 and Table S1
provide details on sampling timeframes, time since
last vaccine and number of samples at each timepoint.

The primary focus of this study was the six-month
post-bivalent vaccination time point. Fig. 1 and Table 2
summarize neutralizing and anti-spike titers to BA.5
and Wuhan, the two strains in the bivalent vaccines. At
virtually all time points, the prior-infected individuals
had higher titers than the naive group (Fig. 1). The
levels declined three and six months following all
vaccination time points (Fig. 1). The neutralizing assays
demonstrate that after each vaccine dose, from the first
two monovalent vaccinations and then the bivalent
vaccination, both BA.5 and Wuhan neutralization titers
rose in both the infection-naive and prior infection
groups. However, there is also significant long-term
decline in titres following vaccination, the ratio in
neutralizing geometric mean titres (GMT) against BA.5
six months post-bivalent vaccination versus two weeks
was 0.10 (95% Confidence Interval [95% CI]: 0.04–0.22)
and 0.14 (95% CI: 0.08–0.25) in those infection-naïve
versus with prior infection respectively. For anti-spike
titres, the relative GMT ratio was 0.32 (95% CI: 0.20,
0.53) and 0.57 (95% CI: 0.43, 0.76) for infection-naïve
and prior history of infection respectively. The re-
ductions in titers from 2 weeks to 6 months post-
bivalent vaccination were statistically significant across
all assays for both infection-naive and prior-infected
individuals (Table 2).

In Table 3, relative ratios for bivalent versus prior
vaccinations in geometric mean antibody titers are
summarized. Across time points and assays, we
observed the steepest change in BA.5 neutralization
titers following bivalent vaccination relative to 2nd
monovalent vaccination (relative change of 4.36 [95%
CI: 2.26, 8.44] in infection naïve, and 2.20 [95% CI: 1.32,
3.68] with prior history of infection). BA.5 neutralization
levels decreased by >90% (fold change = 0.098) in naive
and >85% (fold change = 0.14) in prior-infected partic-
ipants six months after the bivalent vaccination. How-
ever, 75% (15/20) of infection-naive persons and 98%
(45/46) of those with prior infection still had detectable
BA.5 neutralization activity at 6 months.
www.thelancet.com Vol 105 July, 2024
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Subjects All (n = 653) First monovalent
booster (n = 450)

Second monovalent
booster (n = 256)

Bivalent booster (n = 340)

Age

Median, IQR 76 (68, 86) 76 (69, 85) 76 (68, 86) 74 (67, 85)

Male 335 (51%) 254 (56%) 114 (45%) 161 (47%)

Female 318 (49%) 196 (44%) 142 (55%) 179 (53%)

Race

White 518 (79%) 352 (78%) 205 (80%) 268 (79%)

Black 118 (18%) 86 (19%) 43 (17%) 65 (19%)

Hispanic 8 (1%) 6 (1%) 5 (2%) 2 (1%)

Asian 2 (0%) 2 (0%) 0 (0%) 0 (0%)

Description. This table includes residents who had serology analyzed before and after vaccinations to determine immune response. The number in the Bivalent booster
column includes those who had 0+ monovalent boosters. IQR, interquartile range, SD, Standard Deviation.

Table 1: Demographics of residents participating in the immunology analysis.

Articles
A focused examination of neutralization titer decay
in the six months after each vaccine dose is shown in
Fig. 2. Those with prior-infection have more sustained
titer levels versus infection-naive individuals through
the six months after each vaccination. The decay curves
Fig. 1: Pseudovirus neutralization results pre- and post-vaccination w
nursing home residents. The blue panels are COVID-19 infection-naive r
infection. N refers to the number of samples for that group, not all subje
median (solid line), 25 and 75% quantiles (box) and 95% quantiles (tai
neutralization. The limits of detection for the assay are 1:12 to 1:8748. Se
labels.

www.thelancet.com Vol 105 July, 2024
in both groups from the three-to six-month timepoints
after bivalent vaccination have a relative flattening over
time with the anti-BA.5 spike (Table 2 and Fig. 3),
maintaining readily detectable levels that provide some
degree of BA.5-specific neutralization through at least
ith COVID-19 booster vaccinations in a convenience sample of
esidents and the red panels include those prior history of COVID-19
cts had available data for all timepoints. The boxplot represents the
ls). pNT50 = inverse of titre concentration where 50% pseudovirus
e Figure S1 for further description of sampling timepoints and x-axis
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Strain Infection status 2 weeks post 1st GMT (CI) 2 weeks post 2nd GMT (CI) 2 weeks post BV
GMT (CI)

6 months post BV
GMT (CI)

Adjusted Ratio:
6 months/2 weeks post BVa

Neutralization

BA.5 Naive 68 (43, 109) 195 (120, 318) 1107 (705, 1739) 114 (45, 290) 0.10 (0.04, 0.22)

BA.5 Prior 299 (174, 514) 1133 (806, 1592) 2026 (1483, 2767) 353 (230, 542) 0.14 (0.08, 0.25)

Wuhan Naive 425 (313, 578) 818 (555,1206) 1881 (1355, 2610) 224 (98, 513) 0.13 (0.06, 0.27)

Wuhan Prior 1073 (778, 1479) 1457 (1152, 1843) 2677 (2014, 3557) 481 (330, 703) 0.17 (0.10, 0.29)

Spike

BA.5 Naive 2228 (1397, 3552) 968 (679, 1379) 1223 (950, 1574) 458 (273, 770) 0.32 (0.20, 0.53)

BA.5 Prior 3500 (2301, 5324) 2093 (1683, 2602) 1393 (1184, 1639) 850 (662, 1092) 0.57 (0.43, 0.76)

Wuhan Naive 1954 (1430, 2672) 1577 (1009, 2465) 3248 (2356, 4478) 402 (241, 669) 0.10 (0.05, 0.23)

Wuhan Prior 6429 (5210, 7934) 3655 (2984, 4475) 3251 (2713, 3896) 639 (494, 826) 0.19 (0.12, 0.29)

Description. GMT, Geometric mean titer, CI, 95% Confidence interval, 1st, First monovalent booster, 2nd, Second monovalent booster, BV, Bivalent Vaccine. aAll reports ratio statistics are statistically
significant with p-values <0.001. Adjusted Ratio of Month 6 Post BV: 2 weeks Post BV calculation will be slightly different from the crude ratios of the presented GMTs because the mixed-effects model
adjusts for correlated values within subject when >1 sample is present from the same person. The GMT columns ignore repeated sampling and consider all values as independent of each other. Infection
Status refers to a history of COVID-19 infection prior to vaccination, “Naive” means individuals who have not been infected with SARS-CoV-2 before vaccination and “Prior” had been infected before
vaccination.

Table 2: Neutralizing and spike antibody titers 2 weeks following 1st and 2nd monovalent booster vaccination; and 2 weeks and 6 months following bivalent vaccination.
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six months in most individuals, including those that are
infection-naive.

With the exception of serum from infection-naïve
individuals tested against Wuhan virus, anti-spike titers
reached a peak level after the first monovalent booster
and did not rise higher with subsequent booster doses,
in contrast to neutralization titers (Table 3). The anti-
spike binding assay titers reveal that all participants
regardless of their prior infection status had readily
detectable levels of anti-BA.5 and Wuhan spike titers
(Fig. 3).

Overall, the immunology data show significant anti-
BA.5 neutralizing and binding antibody titres present
prior to receiving the Bivalent booster regardless of prior
infection status. Significant declines in the neutralizing
and binding antibody titres of both Wuhan and BA.5
titers occur over time. The BA.5 neutralizing titers in
Comparisons by assay Relative ratio (95%

Neutralization BA.5 contrast

Post Bivalent versus 2nd monovalent booster 4.36 (2.26, 8.44)

Post 2nd versus 1st monovalent boosters 2.95 (1.56, 5.55)

Anti-Spike BA.5 contrast

Post Bivalent versus 2nd monovalent booster 0.95 (0.62, 1.46)

Post 2nd versus 1st monovalent boosters 0.54 (0.31, 0.96)

Neutralization Wuhan contrast

Post Bivalent versus 2nd monovalent booster 1.84 (1.03, 3.27)

Post 2nd versus 1st monovalent boosters 1.88 (1.16, 3.06)

Anti-Spike Wuhan contrast

Post Bivalent versus 2nd monovalent booster 1.91 (1.05, 3.50)

Post 2nd versus 1st monovalent boosters 0.75 (0.44, 1.27)

Each cell contains a ratio of the relative change in geometric mean antibody titres fro
vaccine response while lower (<1) values indicate a lower response. Ratios are computed
person to account for serial correlation of samples. “Naive”, no known infection histor

Table 3: Ratio of change in geometric mean titres relative to vaccination tim
particular drop more than binding antibody titers,
regardless of prior infection status.

Vaccine effectiveness results
The full cohort of residents in the VA nursing home
cohort eligible from September 18, 2022 to November
30, 2022 included 3374 persons with 5181 observa-
tions (person-trials), across 129 VA nursing homes.
3264 veteran-trials in our control group 1917 received
the bivalent vaccine after their trial start date.
Supplement Figure S2 describes inclusion and exclu-
sion in further detail. Table 4 presents baseline cova-
riates of the sample, and shows that most residents
had received at least one monovalent booster dose.
Disproportionately more of those who received a
bivalent vaccine also had two prior booster vaccina-
tions, and influenza vaccination (Table 4).
CI) infection Naïve Relative ratio (95% CI) Prior infection

2.20 (1.32, 3.68)

3.15 (1.71, 5.81)

0.64 (0.48, 0.84)

0.59 (0.35, 1.00)

1.89 (1.20, 2.96)

1.11 (0.69, 1.77)

0.91 (0.62, 1.33)

0.54 (0.36, 0.80)

m pre vaccination to post-vaccination. Higher (>1) ratio values indicate a greater
from the conditional mean estimates of linear models with a random intercept for
y, “Prior”, infection history before vaccination.

ing and infection history.
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Fig. 2: Decline of COVID-19 pseudovirus neutralization titers after vaccination with COVID-19 boosters. pNT50 neutralization titers of BA.5
(top) and Wuhan (bottom) plotted by days from a COVID-19 booster vaccination. COVID-19 infection naive (blue) and prior history of infection
(red) are graphed separately. The lines represent conditional means of the log-transformed neutralization response adjusted for days since last
vaccination and random intercepts for each included subject. Shaded regions represent the 95% confidence interval of the linear model
prediction fixed effects.
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Fig. 3: Anti-spike titer results pre- and post- COVID-19 booster vaccination in a convenience sample of nursing home residents. This
figure illustrates anti-spike for BA.5 (top) in AU/ml and Wuhan (bottom) in BAU/ml in nursing home residents before and after COVID-19
booster vaccinations. COVID-19 infection naive (blue) and prior history of infection (red) are graphed separately. N refers to the number of
samples for that group, not all subjects had available data for all timepoints. The boxplot represents the median (solid line), 25 and 75%
quantiles (box) and 95% quantiles (tails). See Figure S1 for further description of sampling timepoints and x-axis labels.
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Fig. 4 and Table 5 summarize the 6-month risk of
infection, hospitalization, and death among residents
who did and did not receive the bivalent vaccine. Among
“treated” individuals (those receiving bivalent vaccina-
tion) the follow-up time was 39,906 weeks, while among
controls (no bivalent vaccination) it was 18,751 weeks.
Censoring limited the number of observations beyond
week 20 (Supplement 1). Compared to no bivalent vac-
cine by week 20, bivalent vaccination had a vaccine
effectiveness of 18.5% against infection (95% confi-
dence interval [CI] −5.6, 34.0), 29.2% against hospitali-
zation (95% CI −14.2, 56.2), and 32.6% against the
composite outcome of hospitalization or death (95%
CI −7.7, 58.4). The risk of death was similar among
residents who did and did not receive the bivalent vac-
cine, but this effect was imprecisely estimated due to
small sample size and event rates.
Discussion
This study evaluates immunity and clinical protection of
the bivalent SARS-CoV-2 vaccination among nursing
home residents. We show immunologic and clinical
evidence of protection from two separate nursing home
populations. Immunologically, we show evidence of
sustained if also waning antibody and neutralizing ac-
tivity over the six months following the administration
of a SARS-CoV-2 bivalent vaccine. The target trial
emulation analysis indicates a modest, non-statistically
significant reduction in infection and the composite
outcome of hospitalization or death over 5 months. The
observational evidence lacks statistical power to defini-
tively show adding bivalent vaccination further increases
protection to those with a prior monovalent vaccination
series. Because of the timing of vaccinations and avail-
ability, the specific benefit of a bivalent vaccination
versus yet another monovalent vaccine dose cannot be
determined. The immunologic data provide evidence for
protection lasting four to six months after bivalent
vaccination administration, but we do prove reductions
in clinical endpoints in an observational study.

Although there is yet to be a definitely established
immune correlate of protection against SARS-CoV-2 of
the immune assays, it is generally held that higher titers
indicate better protection.22,23 We show a continued rise
in peak neutralization titers with each boost that wanes
www.thelancet.com Vol 105 July, 2024
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Variable No bivalent (n = 3264) Bivalent (n = 1917) SMD Weighted SMDa

Male, % 3121 (95.6%) 1831 (95.5%) 0.01 0.02

White, % 2121 (65.0%) 1193 (62.2%) 0.06 0.04

Black, % 855 (26.2%) 539 (28.1%) 0.04 0.05

Race (other), % 288 (8.8%) 185 (9.7%) 0.03 0.01

Age, mean (SD) in years 74.56 (10.1) 74.60 (9.4) 0.00 0.00

Time since last vaccination 162 (144, 214) 169 (155, 187) 0.09 0.14

SARS-CoV-2 monovalent booster:

[9] [10] At least 1, %a 2917 (89.4%) 1842 (96.1%) 0.26 0.20

[11] [12] At least 2, %a 2210 (67.7%) 1522 (79.4%) 0.27 0.27

[13] [14] Influenza vaccine last year, %a 2975 (91.2%) 1841 (96.0%) 0.20 0.11

Comorbidities

Diabetes mellitus, %a 1237 (37.9%) 797 (41.6%) 0.08 0.07

Major adverse cardiovascular events, % 847 (26.0%) 515 (26.9%) 0.02 0.07

Pulmonary disease, % 693 (21.2%) 463 (24.2%) 0.07 0.01

Hypertension, % 1632 (50.0%) 1056 (55.1%) 0.10 0.08

Neurologic, % 1229 (37.7%) 782 (40.8%) 0.06 0.02

Psychoses, % 980 (30.0%) 688 (35.9%) 0.13 0.06

Immunocompromised, % 450 (13.8%) 285 (14.9%) 0.03 0.05

ADRD, % 1650 (50.6%) 1047 (54.6%) 0.08 0.04

Current smoker, % 376 (11.5%) 198 (10.3%) 0.04 0.04

SARS-CoV-2 testing

Per resident, in prior 14 days

Median (IQR) 2 (0, 4) 2 (1, 4) – –

Per resident, in prior 90 days

Median (IQR) 15 (7, 22) 17 (8, 23) – –

Per facility, in prior 14 days

Median (IQR) 99 (30, 203) 109 (29, 211) – –

(+) SARS-CoV-2 tests in facility, prior 14 days

Mean (SD) 1.4 (2.8) 1.2 (2.2) 0.07 0.07

Median (IQR) 0 (0, 2) 0 (0, 2) – –

ADRD, Alzheimer’s and related dementias; SMD, standardized mean difference, IQR, intraquartile range. SD, standard deviation. aAdjusted with weights for probability of
treatment and censoring.

Table 4: Baseline characteristics of a cohort of Veteran nursing home residents included in a target trial emulation of 2022–2023 Bivalent COVID-19
vaccination.
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between booster doses. In our recent initial report on
the bivalent vaccination, 77% of the nursing home
cohort had evidence of prior infection.10 The current
study also included a group of residents that appeared to
have never been infected, allowing us to perform a
subgroup analysis of naive and prior infected residents.
Those without prior SARS-CoV-2 infection get a larger
relative titer rise with each boost than those with prior
infection, but the previously infected achieve even
higher peak titers. The neutralization assay is a more
functional assay. Interestingly even though anti-spike
levels did not rise appreciably, the neutralization titer
still rises with each vaccine dose. Also, the relative dif-
ference between the naive and prior infected group in
anti-spike titers is small compared to the differences
noted in neutralization titers.

Even from the prior two monovalent boosters, the
BA.5 neutralization activity increases with each boost
suggesting a further broadening of immunity to
www.thelancet.com Vol 105 July, 2024
Omicron strains. In the period of the study, September
through July 2022 the circulating US strains were Om-
icron, transitioning from lineages BA.1 to XBB. Qu et al.
show that those persons who received bivalent vaccine
had more cross reactivity and anti-XBB activity than
those who only received monovalent vaccine.24 Thus, we
find no evidence that another vaccination similarly
spaced will undermine further broadening neutraliza-
tion activity.

The observational data emulating a target trial of
vaccination suggest protective benefits, with lower rates
of infection, hospitalization and/or death, but we cannot
rule out chance findings with significant statistical pre-
cision. Follow-up time and event rates allowed assess-
ment of vaccine effectiveness up to 20 weeks following
the bivalent vaccination. Several other studies have
initial effectiveness data after the bivalent vaccination.
Lin et al. published in the general population25 and Arbel
et al. and Johnson et al. in persons over age 6526,27 and
9
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Fig. 4: Differences in cumulative incidence by bivalent vaccination for SARS-CoV-2 clinical outcomes up to 26 weeks. Each solid blue line
represents the difference in cumulative incidences by vaccination status with a corresponding 95% confidence interval (light blue shading)
across weeks of follow-up. A vertical dashed line at 0 for reference.
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10
both found significant benefit from bivalent vaccina-
tions. Arbel et al.‘s study population was data from one
of Israel’s large public health services and Johnson’s
data used mortality rates across the US and neither
specifically focused on long-term care residents. Wong
et al., published on nursing home residents in the US
and showed a modest prevention of infection after
bivalent boosting but was only able to focus only on
infection and not specifically on severe outcomes.28 Our
data focuses on long stay nursing home residents with
outcomes of infection, hospitalization and death but has
limited generalizability due to few women represented
in the Veteran population.

This is important to people living in close proximity
and receiving frequent contact from caregivers. One
problem with vaccine effectiveness estimates in the
community is that vaccination status influences SARS-
CoV-2 testing patterns. However, the nursing home
population lives in a closed setting with more frequent
testing that is not driven solely by symptom
presentation. This reduces the probability that many
asymptomatic or symptomatic infections were missed.

The target trial emulation approach provides a useful
tool for addressing major concerns of immortal time
bias to estimate vaccine effectiveness. Probability
weighting is used to account for confounding by indi-
cation, and censoring weights adjust for informative
censoring. Causal interpretation of these results re-
quires strong assumptions about consistency of treat-
ment effects of a well-defined intervention, and no
residual confounding or informative censoring after
adjustment. If we failed to adjust for all relevant factors,
those factors were not measured properly (e.g. smoking
history), or incorrectly weighted estimates, then results
may be biased. Also, the use of community nursing
home and Veteran nursing home populations in the
same paper could mislead readers into directly con-
trasting results from one to the other. Broadly similar
findings of vaccine effectiveness in community and
Veteran populations may be expected but the Veteran
www.thelancet.com Vol 105 July, 2024
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Outcome Cumulative incidence per 1000 residents (95% CI) Relative vaccine effectiveness,
% (95% CI)*

Risk difference in cumulative
incidence (95% CI)

Bivalent vaccination No bivalent vaccination

Infection

Week 12 128.5 (112.6, 144.5) 156.5 (126.7, 200.6) 17.9 (−4.4, 38.0) −28.0 (−74.1, 5.9)

Week 16 189.7 (170.2, 209.3) 223.3 (179.3, 278.7) 15.1 (−7.8, 34.3) −34 (−93.1, 14.3)

Week 20 230.1 (208.6, 252.9) 282.2 (225.6, 337.3) 18.5 (−5.6, 34.0) −52.1 (−113, 13.4)

Hospitalization

Week 12 37.8 (27.3, 50.6) 42.3 (29.5, 64.7) 10.6 (−43.7, 49.2) −4.5 (−30.6, 13.2)

Week 16 54.2 (41.9, 67.9) 75.0 (49.2, 114.1) 27.7 (−12.8, 54.6) −20.8 (−59.8, 7.2)

Week 20 65.3 (51.1, 80.1) 92.2 (60.3, 134.0) 29.2 (−14.2, 56.2) −26.9 (−73.2, 9.2)

Death

Week 12 2.4 (0.5, 5.1) 13.5 (0.7, 34.7) 82.4 (−414.6, 97.6) −11.1 (−33.4, 2.5)

Week 16 3.2 (1.0, 6.1) 14.2 (0.8, 35.3) 77.2 (−271.0, 95.0) −11.0 (−32.7, 2.5)

Week 20 3.7 (1.4, 7.0) 14.2 (0.8, 35.3) 74.0 (−286.7, 93.7) −10.5 (−32.3, 3.0)

Composite

Week 12 39.1 (28.8, 51.8) 49.6 (32.7, 76.1) 21.1 (−32.9, 55.0) −10.5 (−39.2, 10.4)

Week 16 55.9 (43.2, 70.1) 82.9 (54.7, 124.3) 32.6 (−7.8, 56.4) −27.1 (−67.5, 4.4)

Week 20 67.4 (53.6, 82.8) 100.0 (66.5, 145.3) 32.6 (−7.7, 58.4) −32.6 (−82.8, 4.9)

*Relative Vaccine Effectiveness is 1 minus the Cumulative Incidence Ratio Multiplied by 100.
Cumulative risk differences persist to week 20 for the outcome of infection and composite outcome of hospitalization or death.

Table 5: Estimated vaccine effectiveness among VA nursing home residents who did versus did not receive a bivalent vaccine.
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population is a distinctly separate healthcare system,
with a differing distribution of confounders (e.g.
gender, chronic conditions). Therefore the same target
trial emulation in a community cohort may yield
somewhat different effectiveness estimates.

As of September 11, 2023, the bivalent Pfizer-
BioNTech and Moderna COVID-19 vaccines are no
longer available for use in the United States. The current
vaccine is a monovalent Omicron XBB1.5 vaccine that
was recommended for the Fall 2023. On March 7, 2024
CDC recommended that persons over age 65 should
receive 1 additional dose of the XBB1.5 vaccine if they
are at least 4 months after the previous updated dose.29

Our current and prior studies on nursing home resi-
dents including published work and one recent preprint
also support this recommendation.2,3,9–11,30 Both natural
infection and vaccinations have continued to raise the
lowest titers in the population over time. Yet, we will still
need to confront new variants with immune-evasive
properties as they continue to arise. Also, SARS-CoV-
2, unlike other beta coronaviruses and influenza, has
circulated widely throughout warmer months outside of
the typical respiratory viral season. This complicates any
decision to recommend waiting for a seasonal SARS-
CoV-2 vaccine update in the fall using the seasonal
influenza model for vaccination.

In summary, we report three findings. First, a
monovalent or bivalent boost, both increased antibody
and neutralization titers against omicron independent
of prior infection history. Second, titers to vaccine and
infection decay over time, but less with each boost.
Third, VA nursing home residents evaluated in a similar
www.thelancet.com Vol 105 July, 2024
timeframe may have benefited clinically from bivalent
boost, but statistical analysis does not rule out observed
differences are due to random chance.
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