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Summary

Background Nursing home (NH) residents have borne a disproportionate share of SARS-CoV-2 morbidity and mor-  eBioMedicine 2022;80:

tality. Vaccines have limited hospitalisation and death from earlier variants in this vulnerable population. With the 104066

rise of Omicron and future variants, it is vital to sustain and broaden vaccine-induced protection. We examined the
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effect of boosting with BNT162b2 mRNA vaccine on humoral immunity and Omicron-specific neutralising activity httpsy/doi.org/10.1016/j
among NH residents and healthcare workers (HCWs). ebiom 2072.104066

Methods We longitudinally enrolled 85 NH residents (median age 177) and 48 HCWs (median age 51), and sampled
them after the initial vaccination series; and just before and 2 weeks after booster vaccination. Anti-spike, anti-recep-
tor binding domain (RBD) and neutralisation titres to the original Wuhan strain and neutralisation to the Omicron
strain were obtained.

Findings Booster vaccination significantly increased vaccine-specific anti-spike, anti-RBD, and neutralisation levels
above the pre-booster levels in NH residents and HCWs, both in those with and without prior SARS-CoV-2 infection.
Omicron-specific neutralisation activity was low after the initial 2 dose series with only 28% of NH residents’ and
28% HCWs’ titres above the assay’s lower limit of detection. Omicron neutralising activity following the booster
lifted 86% of NH residents and 93% of HCWs to the detectable range.

Interpretation With boosting, the vast majority of HCWs and NH residents developed detectable Omicron-specific
neutralising activity. These data provide immunologic evidence that strongly supports booster vaccination to broaden
neutralising activity and counter waning immunity in the hope it will better protect this vulnerable, high-risk popula-
tion against the Omicron variant.
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Introduction Omicron strain is reportedly less virulent, resulting in

The SARS-CoV-2 Omicron variant has rapidly become  less severe illness and hospitalisation than previous

the dominant variant worldwide. Illness from the  strains, but more transmissible.”* As has been seen in
the overall population, US nursing homes (NH) have

experienced a significant increase in infections among
*Corresponding author. residents and staff due to Omicron.> Much of the
E-mail address: dxc44@case.edu (D.H. Canaday).
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Research in context

Evidence before this study

Pre-print and published data in PubMed, medRxiv, bio-
Rxiv concerning COVID-19 vaccine boosting in general
and also specific to the nursing home space were
reviewed. The authors determined that there is limited
longitudinal data concerning immunologic response to
COVID-19 vaccine boosting in the nursing home
population.

Added value of this study

These findings illustrate in detail the Omicron-specific
response to boosters in nursing home residents, a frail
and vulnerable population. These findings also inform
our understanding of how tens of millions of commu-
nity-dwelling frail older adults with similar clinical and
functional limitations may respond to boosters.

Implications of all the available evidence

Currently, with widespread vaccine breakthrough infec-
tions and outbreaks in nursing homes, these novel Omi-
cron-specific data strongly support a campaign to
increase vaccine booster administration in nursing
homes. These data also indicate that a three-dose
COVID-19 mRNA vaccine series against wild-type virus
may be needed to obtain adequate serologic response
to Omicron and potentially other variants. These data
provide strong rationale for further clinical studies to
determine the optimal timing of the third dose that
could lead to changes in the practice patterns and
guidelines.

enormous morbidity and mortality experienced at the
start of the pandemic occurred in NHs, and that was sig-
nificantly mitigated by early and widespread vaccination
of NH residents and staff.*> How to optimally vaccinate
this population and maintain immunity in the face of
new SARS-CoV-2 variants remains a critical question.
Vaccine-induced antibody levels and neutralisation
titres in NH residents completing the two-dose
BNT162b2 mRNA vaccine series fell by more than 80%
in the 6 months following vaccination, and neutralisa-
tion antibodies became undetectable in 57% of resi-
dents.® In the same paper, healthcare workers (HCWs)
experienced a similar decline in antibody levels, even if
they had prior infection. The increasing incidence of
breakthrough SARS-CoV-2 infections in vaccinated
individuals coincident with the marked post-vaccination
antibody decline,”"® especially among frail older adults,
helped inform the decision by the Centers for Disease
Control and Prevention (CDC) to recommend booster
doses. This was prescient given the emergence of the
highly infectious Omicron variant, notable for its muta-
tions conferring potential immune evasion.""* Current
reports on post-booster vaccination titres are limited to

healthier older adults where higher titres were elicited
with a third dose™'* and one cross sectional nursing
home study showing a 3rd dose increase neutralisation
to wild type and beta variant.” Recent studies in primar-
ily younger populations have shown initial poor neutral-
isation titres to Omicron following a two-dose mRNA
vaccine series, but significant increases with boost-
ing."®"® This study sought to determine if the booster
dose of vaccine afforded a similar increase in antibody
levels to spike and receptor binding domain (RBD) as
well as neutralising antibody titres to Wuhan and Omi-
cron variants in the NH population.

Methods

Ethics

Study approval was obtained from the WCG institu-
tional review board, study numbers 1316159 and
1283160. All participants or their legally authorised rep-
resentatives provided informed consent.

Participants
Participants who were previously evaluated over 6
months following initial SARS-CoV-2 BNT162b2

mRNA vaccination were eligible for inclusion.®® Resi-
dents and HCWs were sampled from 3 community NH
and one state Veterans Home. Additionally, HCWs
were recruited from the Cleveland Department of Veter-
ans Affairs Medical Center. All sites administered the
BNT162b2 mRNA vaccine between December 2020
and January 2021 followed by a second dose 3 weeks
later during the emergency use authorization period,
and then a booster dose with the same vaccine 6 to 9
months after primary series. The mean time from 2nd
dose to booster was 264 days and >85% of our popula-
tion was vaccinated within 7 days of this mean interval.
Minimum interval was 239 days and maximum interval
was 309 days.

At the time of initial vaccination, participants were
deemed to have a “prior infection” if they had a known
history of SARS-CoV-2 infection confirmed by PCR or
antigen test, and/or detectable antibody levels to SARS-
CoV-2 spike, RBD, and Nucleocapsid (N protein) from
serum collected prior to their first dose. Otherwise, par-
ticipants were classified as “infection-naive.” Throughout
the course of the longitudinal study, if a subject was
PCR, antigen positive and or developed anti-N protein
positivity they were removed from the analysis. Cut-off
for positive antibody response to the S, RBD and N pro-
teins are described below. In our prior study,*'® partici-
pants with prior infection achieved and sustained
higher antibody levels after vaccination than those who
were infection-naive. For this reason we have continued
to study these four groups separately: NH residents
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with and without prior infection; and HCWs with and
without prior infection.

Serum samples were obtained at three time points: 2
weeks after completion of the primary series; o-14 days
before booster (generally 8-9 months after primary
series); and 1443 days after booster.

Anti-spike, anti-RBD and anti-N assay

Immune response to the vaccine was assessed using a
bead-multiplex immunoassay using Wuhan strain.”
Anti-spike IgG generated a result of Binding Antibody
Units (BAU/ml) based on the Frederick National Labo-
ratory standard which was calibrated to the WHO 20/
136 standard, and anti-RBD generated a result in arbi-
trary units (AU). Stabilised full-length spike protein (aa
16-1230, with furin site mutated), RBD (aa 319-541), and
full length N (aai-419) were conjugated to magnetic
microbeads (Luminex) and Magpix assay system (Bio-
Rad, Inc). The mean fluorescent index was recorded
after detecting antigen-specific IgG in participant serum
using PE-conjugated Donkey F(ab)z anti-human IgG,
with Fcy (Jackson Immunological). Thresholds for
establishing infection based on seroconversion were
determined using serum samples collected from North-
east Ohio adults pre-pandemic (N=167) and serum sam-
ples collected from individuals in early 2020 prior to
significant SARS-CoV-2 infections in the area (N=161
for a total of N=328 negative controls). Cut-off for a neg-
ative response were based on values falling below the
mean plus three standard deviations of N, spike and
RBD of the Wuhan strain of the negative controls.
Using WHO standardised BAU/ml for Wuhan spike
protein, this corresponds to 3.8 BAU/ml. For RBD this
corresponds to 6.0 AU/ml. For the full-length N pro-
tein, we did not normalise values to AUs. We ran all
samples at a 1:400 dilution. If the mean fluorescent
index (MFI) is >866 for N protein we consider this a
positive response to the N protein. If a participant had
elevated antibodies to the N protein (prior exposed indi-
viduals), we considered a new SARS-CoV-2 exposure to
have at least a 2 fold rise in antibody levels to the N pro-
tein.

SARS-CoV-2 pseudovirus neutralisation assay

To determine the neutralising activity of vaccine recipi-
ents’ sera against coronaviruses, we produced lentiviral
particles pseudotyped with spike protein based on the
Wuhan and Omicron strains as  previously
described.”®*° Briefly, neutralisation assays were per-
formed using a Fluent 780 liquid handler (Tecan) in
384-well plates (Grenier). Three-fold serial dilutions
ranging from 1:12 to 1:8,748 were performed and added
to 50—250 infectious units of pseudovirus for 1 hour.
pNTs50 values were calculated by taking the inverse of
the 50% inhibitory concentration value for all samples
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with a pseudovirus neutralisation value of 80% or
higher at the highest concentration of serum. The lower
limit of detection (LLD) of this assay is 1:12 dilution.

Statistical analysis

For each of the 4 groups at each time point, we deter-
mined the anti-spike, anti-RBD, and neutralisation geo-
metric mean titres. We then assessed the geometric
mean fold rise (GMFR) from 2 weeks pre- to 2 weeks
post-booster, and from 2 weeks post-initial vaccination
to 2 weeks post-booster within each group using a two-
sided t-test on the log-transformed fold changes. The
log transformation reduces the dispersal and distribu-
tion of the log (fold rise) values. These were checked for
finite variance and extreme values towards meeting the
t-test assumptions. We present the t-test as its assump-
tions are met, it is robust to non-normality, and it pro-
vides familiar 95% confidence intervals. To assess
changes in detectable Omicron neutralising titres, we
performed McNemar's test comparing detectable titres
after the post-initial vaccination and post-booster paired
within the subject and separately for each group. All p-
values are presented without adjustment. All analyses
were performed in R version 4.0.3.

Role of the funding source

The funders had no role in the design and conduct of
the study; collection, management, analysis, and inter-
pretation of the data; preparation, review, or approval of
the manuscript; and decision to submit the manuscript
for publication.

Results

We sampled 85 NH residents (median age 77, 34%
female, 84% White) and 48 HCWs (median age 51,
48% female, 79% White). More detailed demographics
for each subpopulation are summarised in Table 1.
Table 2 presents the geometric mean titres (GMT) at
each timepoint for all groups and all immunologic tests,
along with the GMFR comparing levels pre vs. post-
booster, and post-initial vaccine series versus post-
booster. In all groups, the Wuhan anti-spike, anti-RBD,
and neutralisation GMT declined from 2 weeks after
the initial series to the pre-booster timepoint, with titres
being the lowest among infection-naive NH residents
(Table 2, Figurest and 2).

We previously reported loss of antibody and neutrali-
sation titers to Wuhan strain at 6 month post initial vac-
cine series of 82-95%.° The preboost samples here were
drawn 2-3 months later and as a group they still have
continued losses in antibody titers (Table 2). Two naive
HCW and 5 naive NH residents had seroreverted their
anti-spike by the pre-boost time point to below detect-
able anti-spike levels but were successfully boosted
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HCW prior SARS-CoV-2 HCW SARS-CoV-2 naive NH residents prior SARS-CoV-2 NH residents SARS-CoV-2 naive
nSubjects 18 30 36 49
Age Median (IQR) 47 (38,55) 53 (46,58) 82 (75,89) 74 (68,84)
Age Years (Range) 30-63 31-67 63-96 48-99
Male (%) 10 (56%) 15 (50%) 23 (64%) 33 (67%)
Female 8 (44%) 15 (50%) 13 (36%) 16 (33%)
Race/ethnicity
White (%) 15 (83%) 23 (77%) 27 (75%) 44 (90%)
Black (%) 3(17%) 1 (3%) 9 (25%) 5(10%)
Hispanic (%) 0 (0%) 2 (7%) 0 (0%) 0 (0%)
Asian (%) 0 (0%) 4 (13%) 0 (0%) 0 (0%)
Table 1: Subject Demographics.
while one 95 year old NH resident never achieved anti-  significant for infection-naive =~ NH  residents

spike titers even after boosting (Figure 2).

Figure 1 demonstrates the titer results of the pseudo-
virus neutralisation assay with Wuhan and Omicron
strains for individual subjects at all three time points
studied. Figure 3 reports the proportion of individuals
with a neutralising titer above the lower limit of detec-
tion of the assay. Across all four groups, Omicron neu-
tralisation GMT markedly increased following the
booster dose compared to levels after the initial 2-dose
series (t-test p<o.oor in all, Table 2 and Figure 1a). Spe-
cifically, in the infection-naive NH resident group Omi-
cron-specific neutralisation GMT increased from 12.6 to
69.5, a GMFR of 5.5 from the post-primary vaccine
series to post-booster (Table 2). This produced detect-
able Omicron neutralisation titres above the lower lim-
its of detection (LLD) in 73% of individuals, compared
to 4% after the primary series (Table 2 and Figure 3
lower right panel). In the prior infected NH resident
group, GMT increased from 44.9 to 293, a GMFR of
6.5 with 97% of individuals reaching detectable Omi-
cron neutralisation titres compared to 47% after the pri-
mary series (Table 2 and Figure 3 lower left panel). In
the infection-naive HCW group, Omicron-specific neu-
tralisation increased from a GMT of 30.6 to 173, a
GMER of 5.6 with 93% of individuals achieving detect-
able titres vs. 29% after the primary series (Table 2 and
Figure 3 upper right panel). In the prior infected HCW
group, GMT increased from 20.6 to 372, a GMFR of 18
with 94% of individuals reaching detectable Omicron
neutralisation titres vs. 28% after the primary series
(Table 2 and Figure 3 upper left panel). The proportion
of subjects with detectable Omicron neutralisation lev-
els from primary series to post-booster is significant in
all four groups (Figure 3, McNemar p < 0.001).

Across all groups, we observed the highest lifetime
neutralisation, anti-spike, and anti-RBD titres to the
Wuhan (vaccine) strain 2 weeks following booster vacci-
nation (Table 2, Figures 1 and 2). Differences in neutral-
isation levels to the Wuhan strain from 2 weeks after the
initial series to 2 weeks post-booster were statistically

(GMFR = 5.6; 95% CI 3.5-8.8; t-test p=<o.001); and
infection-naive HCWs (GMFR = 2; 95% CI 1.1-3.6;
p=0.021); but did not achieve statistical significance for
prior-infected NH residents or HCWs (Table 2,
Figure 1). Differences in anti-spike levels from 2 weeks
after the initial series to 2 weeks post-booster were sta-
tistically significant across groups: infection-naive NH
residents GMFR 9.3 (95% CI 6-14.4; p<o0.001); prior-
infected NH residents GMFR 3.1 (95% CI 1.9-5.1;
p<o.ooI); infection-naive HCWs GMFR 3.3 (95% CI
2.5-4.3; p<o.001); and prior-infected HCWs GMFR 3.3
(95% CI 1.3-8.4; p=0.015) (Table 2, Figure 2a). A similar
pattern was observed for GMFR in anti-RBD from 2
weeks after the initial series to 2 weeks post-booster
(Table 2, Figure 2b).

The sample size limitation does not give us the
power to readily detect differences between the sexes.
We have however included a figure differentiating the
male and female subjects for all of the immunology
assays (sup. Figure 1). With this sample size there are
no differences between the sexes in any group.

Discussion

We report significant increases in Omicron neutralisa-
tion titres in NH residents following booster vaccina-
tion. This is similar to what we and others observed in
younger, healthier HCWs.'°"® Our study extends this
observation to the more frail NH population because of
their much greater risk for morbidity and mortality
from SARS-CoV-2. Previous studies have shown that
SARS-CoV-2-specific B cells persist following vaccina-
tion and/or SARS-CoV-2 infection with comparatively
little decline compared to antibody levels that continue
to undergo affinity maturation.*” Thus boosting
increases the breadth and levels of antibodies to more
effectively neutralise Omicron and potentially future
variants. There are mechanistic data showing increased
B-cell maturation and higher avidity antibodies over
time after mRNA vaccination.”*** Three exposures to
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Subjects GMT (95%) GMT (95%) GMT (95%) GMFR, (95%) GMFR, (95%)
Group Ab n 2W post pre-boost post-boost pre- to post- boost p-value 2W to post-boost p-value
HCW Spike 16 815 (351, 1891) 163 (91.7, 288) 2705 (1995, 3669) 16.6 (9.9, 28.1) < 0.001 33(1.3,84) 0.015
prior RBD 16 6817 (2842, 16352) 832 (408, 1696) 23072 (15689, 33928) 27.7 (14.8,52.1) < 0.001 34(13,87) 0.015
SARS-CoV-2 Neut 18 1073 (475, 2426) 39.6(17.7,88.3) 1095 (623, 1927) 27.7 (13.1,58.8) < 0.001 1.0 (0.6, 1.9) 0.944
Neut Omicron 18 20.6 (11.8,36.1) 28.1(16.5,47.8) 372 (202, 683) 13.2(6.0,29.3) < 0.001 18 (8.7, 37.6) < 0.001
HCW Spike 25 745 (596, 931) 50.4 (28.4,89.4) 2432 (2081, 2843) 48.2(27.1,85.9) < 0.001 33(25,4.3) < 0.001
SARS-CoV-2 naive RBD 27 5194 (3854, 7001) 292 (167, 509) 18824 (15745, 22504) 64.6 (37.3,112) < 0.001 36(25,5.2) < 0.001
Neut 28 431 (265, 699) 15.8(11.6,21.5) 870 (668, 1132) 55.1(37,81.9) < 0.001 2(1.1,3.6) 0.021
Neut Omicron 28 30.6 (16.2, 57.8) 17.8(11.9,26.5) 173 (102, 293) 9.7 (6.1,15.5) < 0.001 5.6(26,12.2) < 0.001
NH residents prior Spike 33 957 (630, 1453) 79.9 (40.7,157) 2980 (2030, 4376) 37.3(17.6,79.3) < 0.001 3.1(1.9,5.1) < 0.001
SARS-CoV-2 RBD 33 7497 (4316, 13022) 279 (105, 739) 24065 (15211, 38073) 86.2 (30.3, 246) < 0.001 32(1.7,6.2) 0.001
Neut 32 1311 (697, 2469) 346(19.2,62.1) 1159 (722, 1862) 33.5(18.7,60.2) < 0.001 0.9 (0.5, 1.6) 0.659
Neut Omicron 32 44.9 (23.8,84.8) 29.3(17.7,484) 293 (162, 529) 10 (6.1, 16.3) < 0.001 6.5(3.7,11.6) < 0.001
NH residents SARS-CoV-2 naive Spike 46 196 (114, 337) 15.6 (10.7, 22.6) 1821 (1183, 2804) 117 (79.3,172) < 0.001 9.3 (6, 14.4) < 0.001
RBD 46 1018 (600, 1730) 38.5(22.3,66.5) 12540 (6992, 22491) 326 (205, 519) < 0.001 12.3(7.3,20.7) < 0.001
Neut 43 89.7 (59.2, 136) 147 (11.1,194) 500 (305, 817) 34(20.6, 56.1) < 0.001 5.6 (3.5,8.8) < 0.001
Neut Omicron 26 12.5(11.5,13.7) 12,6 (11.7,13.6) 69.5 (36.2, 134) 5.5(2.9,10.3) < 0.001 5.5(2.8,10.9) < 0.001

Table 2: Antibody and neutralisation titres.
Anti-spike in BAU/ml, Anti-RBD in AU, Neut is Wuhan (vaccine) strain Neut Omicron stain both in pNT50. Abbreviations: 2W post; 2 weeks post-primary vaccination series, pre-boost; pre-booster dose, post-boost; 14-days post-
booster dose, GMT; geometric mean titre, GMFR; geometric mean fold rise.
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Figure 1. Neutralisation titres over time pre- and post-boost with BNT162b2 mRNA vaccination in HCW and NH residents, with and
without prior SARS-CoV-2 infection. a. Wuhan (vaccine) strain, b. Omicron strain. Pseudovirus neutralisation (pNT50) values are
shown. The upper limit of detection of the assay is 1:8748 and the lower limit of detection (LLD) of the neutralisation assay is 1:12.
The centre line indicates the median and the bottom and top of the box indicate the first and third quartile, respectively. The lower
and upper whiskers extend from the first and third quartile lines, respectively, to the smallest and largest values no more than
1.5 times the interquartile range (height of box) away from the first and third quartile values with * indicating p<0.05 and xxx indi-
cating p< 0.001. 2 weeks (2W Post-vax) after primary vaccination series and Pre-boost (generally 8-9 months after the first two-dose
vaccination series) and Post-boost which is 14+3 days after vaccine boost.

SARS-CoV-2 antigen, whether all vaccines or one being
natural infection, results in higher anti-Omicron immu-
nity with a rise in antibody avidity.*

As a group, our data show a consistent drop in spike
and RBD antibody levels in naive individuals over the 6-
9 month period. The magnitude of the drop is more var-
iable, and less pronounced among participants with
prior SARS-CoV-2 infection. A few individuals’ antibody
levels rise during this period who have no other evi-
dence of SARS-CoV-2 infection. These data are consis-
tent with previous studies showing a similar rise in
antibodies without apparent new SARS-CoV-2
infection.***® This boosting might occur from cross-
reaction to endemic coronaviruses as suggested by
Ortega, et al and even by heterologous boosting to other
respiratory viruses.”” > Another possibility is that these
might represent low affinity polyclonal antibodies that
cross-react with spike and RBD.

Our data here and in a previous report on these
cohorts show that having prior infection and then being
vaccinated, even when a NH resident, induces excellent
anti-spike and Wuhan specific neutralisation titers."
Our Omicron-neutralisation focused data however show
that remote prior infection and then the prior vaccine

series is still not adequate compared to vaccine boosting
to elicit higher titres of Omicron neutralisation activity.
The ramifications of these favourable anti-Omicron
immunologic observations after boosting have some
clinical substantiation in the general population. Three
large metadata studies focused on Omicron outbreaks,
with over 70% of the study populations under age 50,
reported protection against severe disease with just a
two-dose series, but improved protection after a 3rd
dose.’*?* A recent metadata study from Israel in long-
term care residents in the pre-Omicron time window,
followed residents for 6 weeks after booster and found
reduction in both infection rates and hospitalisation.*®
In the era of Omicron with additional future variants
likely on the horizon, our data suggest that the current
mRNA vaccine formulation to Wuhan strain may most
effectively be given as a 3-dose rather than 2-dose series
in the HCW and the frail NH population. The signifi-
cant outstanding issue remains when to give the third
dose. Ours and other published studies in HCWs show
a particular boost to Omicron-specific responses follow-
ing a third dose at least 5 months after the initial 2-dose
series.”®"7 The 3rd dose timing could warrant further
examination if a regimen that gives the 3rd dose prior to
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Figure 2. Anti-spike and Anti-Receptor binding domain (RBD) levels over time pre- and post-boost with BNT162b2 mRNA vaccina-
tion in healthcare workers (HCWs) and nursing home (NH) residents, with and without prior SARS-CoV-2 infection. a. Anti-spike val-
ues depicted in the binding arbitrary units/millilitre (BAU/ml) based on the WHO standard. The cutoff for a positive anti-spike
response over pre-pandemic controls is 3.8 BAU/ml. b. Anti-RBD values depicted in the arbitrary units (AU) with * indicating p<0.05
and =+ indicating p<0.001. Both proteins are to Wuhan strain. 2 weeks (2W Post-vax) after primary vaccination series and Pre-boost
(generally 8-9 months after the first two-dose vaccination series) and Post-boost which is 14+3 days after vaccine boost.

5 months were to be considered. This type of shorter 3-
dose regimen has already been previously recom-
mended by CDC for transplant recipients and others
with chronic immune suppression and just had
expanded approval for those with higher risk conditions
Or over age 50.

Based on pre-Omicron studies that show strong cor-
relation between immune responses and protection®#*
and similar patterns of immunologic response to the
3rd dose among HCW and NH residents in our study,
we believe the much higher Omicron-specific neutralis-
ing activity will result in substantially better protection
against severe disease in the NH population as well. In
the pre-Omicron era, Feng et al estimated that an anti-
spike of 264 BAU/ml achieved 80% protection from
symptomatic infection.® Using the same WHO stan-
dard, we found that 95% of the NH residents reached
this anti-spike level after boosting, compared with only
82% 2 weeks after the initial two-dose series. After
boosting, the magnitude above this level was substantial
with anti-spike GMT increasing to 1821 BAU/ml vs
196 BAU/ml after the primary vaccine series in the
infection-naive NH residents (Table 2). These signifi-
cantly higher levels should extend the time during
which titres remain above the 264 BAU/ml “protective”

www.thelancet.com Vol 80 Month June, 2022

threshold, at least for the Wuhan strain. Neutralisation
titres had a similar GMT increase achieving much
higher levels after boosting to 500 pNT50 vs 9o pNT50
after the primary series. Similar Omicron protective
titre estimates remain unavailable to date.

A fairly large proportion of infection-naive NH resi-
dents proved to be hypo-responders with low anti-spike,
anti-RBD and neutralisation levels after the initial 2-dose
vaccine series.” The booster dose increased the hypores-
ponsive group’s antibody levels closer to the median level
of the rest of the population. These data suggest that pop-
ulations who are immunologically like those living in
nursing homes might benefit from much earlier receipt
of a third “consolidating” dose, similar to the three-dose
strategy recommended by CDC for immunosuppressed
individuals. We take encouragement from the finding
that most of this frail NH population can eventually
mount a substantial antibody response to these vaccines,
even if only after three doses.

Limitations of this study include the small sample
size available from our prior cohort. Subjects we could
not re-enroll either refused booster vaccination, no lon-
ger worked (HCWs) or lived (residents) in the facility, or
were lost-to-follow-up due to non-COVID-19 interim mor-
tality. In addition, we had an atypically high proportion of
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Figure 3. Subjects with detectable Omicron neutralisation titres. Indicates the percentage of subjects in each clinical group with
detectable neutralisation titres above LLD for Wuhan (vaccine) vs Omicron strains.

males (66%) for the typical NH population due to many
being recruited from the overwhelmingly male population
living at the state Veterans home. Although one prior
study indicated higher spike antibody to SARS-CoV-2 vac-
cine in women,** another reported higher pre-fusion
spike antibody in men,** and others have not reported
significant differences in SARS-CoV-2 vaccine responses
by sex.’73® Together, these and our study leave the impor-
tance of sex differences unanswered. Also, we did not
assess T-cell contribution to vaccine-induced immunity.

In conclusion, our data provide strong immunologic
evidence that offers support for booster vaccination for
NH residents and staff to counter waning immunity
and better protect this population from complications of
SARS-CoV-2 infection. Furthermore, while there are
now several reports of booster vaccination offering
increased clinical protection in the general population
even after the emergence of Omicron,****39#' our data
provide evidence specific to the frail NH population,
and may inform decisions to boost immunologically-
similar older adults residing in other settings.

Contributiors
Drs Canaday and Gravenstein had full access to all the
data in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis. They
are co-corresponding authors on the study.

Concept and design: Canaday, Gravenstein, King,
White, Balazs

Acquisition, analysis, or interpretation of data: All
authors.

Drafting of the manuscript: Canaday, Oyebanj,
Gravenstein

Critical revision of the manuscript for important
intellectual content: Canaday, Gravenstein, King, White,
Balazs, Oyebanji

Statistical analysis: Wilson

Obtained funding: Canaday, Gravenstein, King, White

Administrative, technical, or material support: Oye-
banji, Keresztesy, Payne, Wilk, Carias, Aung, St. Denis,
Sheehan

Supervision: Canaday, Balazs, King, Gravenstein

www.thelancet.com Vol 80 Month June, 2022



Articles

Declaration of interests

S. G.and D. H. C. are recipients of investigator-initiated
grants to their universities from Pfizer to study pneu-
mococcal vaccines and Sanofi Pasteur and Seqirus to
study influenza vaccines. S. G. also does consulting for
Janssen, Merck, Moderna, Novavax, Pfizer, Sanofi, Seqi-
rus, and Vaxart; and, has served on the speaker’s
bureaus for Seqirus and Sanofi; and paid to chair data
safety monitoring boards from Longevoron and Sci-
Clone. D. H. C. has done consulting work for Seqirus.

Data sharing

The de-identified dataset and related codes for analysis
will be made available to researchers on request after
publication. Requests for data should be addressed to
the corresponding authors.

Acknowledgement

This work was supported by NIH Al129709-03S1, Uot
CA260539-01, CDC 200-2016-91773, and VA
BXooj5507-01.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at doi:to.1016/].
ebiom.2022.104066.

References

1 Sigal A. Milder disease with Omicron: is it the virus or the pre-
existing immunity? Nat Rev Immunol. 2022;22(2):69-71.

2 Viana R, Moyo S, Amoako DG, et al. Rapid epidemic expansion of
the SARS-CoV-2 Omicron variant in southern Africa. Nature.
2022.

3 Nursing Home Covid-19 Data Dashboard. 2022. https://www.cdc.
gov/nhsn/covidig/ltc-report-overview.html#anchor_1594393304.

4  White EM, Yang X, Blackman C, Feifer RA, Gravenstein S, Mor V.
Incident SARS-CoV-2 Infection among mRNA-Vaccinated and
Unvaccinated Nursing Home Residents. N Engl | Med. 2021;385
(5):474—476.

5  Mor V, Gutman R, Yang X, et al. Shortterm impact of nursing
home SARS-CoV-2 vaccinations on new infections, hospitaliza-
tions, and deaths. | Am Geriatr Soc. 2021;69(8):2063-2069.

6 Canaday DH, Oyebanji OA, Keresztesy D, et al. Significant reduc-
tion in vaccine-induced antibody levels and neutralization activity
among healthcare workers and nursing home residents 6 months
following coronavirus disease 2019 BNT162b2 mRNA vaccination.
Clin Infect Dis. 2021.

7 Team CC-VBCI. COVID-19 vaccine breakthrough infections
reported to CDC - United States, January 1-April 30, 2021. MMWR
Morbid Mortal Week Rept. 2021;70(21):792-793.

8 Teran RA, Walblay KA, Shane EL, et al. Postvaccination SARS-
CoV-2 infections among skilled nursing facility residents and staff
members - Chicago, Illinois, December 2020-March 2021. MMWR
Morbid Mortal Week Rept. 2021;70(17):632—638.

9 Nanduri S, Pilishvili T, Derado G, et al. Effectiveness of Pfizer-
BioNTech and Moderna vaccines in preventing SARS-CoV-2 infec-
tion among nursing home residents before and during widespread
circulation of the SARS-CoV-2 B.1.617.2 (Delta) variant - national
healthcare safety network, March 1-August 1, 2021. MMWR Mor-
bidity and mortality weekly report. 2021;70(34):1163-1166.

10 Britton A, Jacobs Slifka KM, Edens C, et al. Effectiveness of the
Pfizer-BioNTech COVID-19 vaccine among residents of two skilled
nursing facilities experiencing COVID-19 outbreaks - connecticut,

www.thelancet.com Vol 80 Month June, 2022

II

12

3

14

5

16

17

18

9

20

21

22

23

24

25

26

27
28

29

30

31

32

December 2020-February 2021. MMWR Morbid Morta Week Rep.
2021;70(11):396-401.

Hu J, Peng P, Cao X, et al. Increased immune escape of the new
SARS-CoV-2 variant of concern Omicron. Cell Mol Immunol.
2022;19(2):293-295.

Cao Y, Wang ], Jian F, et al. Omicron escapes the majority of exist-
ing SARS-CoV-2 neutralizing antibodies. Nature. 2022;602
(7898):657-663.

Eliakim-Raz N, Leibovici-Weisman Y, Stemmer A, et al. Antibody
titers before and after a third dose of the SARS-CoV-2 BNT162b2
vaccine in Adults Aged >/=60 Years. JAMA. 2021;326(21):2203—
2204.

Falsey AR, Frenck Jr. RW, Walsh EE, et al. SARS-CoV-2 Neutraliza-
tion with BNT162b2 vaccine Dose 3. N Engl | Med. 2021;385
(17):1627-1629.

Zhang A, Breznik JA, Clare R, et al. Antibody responses to third-
dose mRNA vaccines in nursing home and assisted living resi-
dents. | Am Med Directors Assoc. 2022.

Garcia-Beltran WF, St Denis KJ, Hoelzemer A, et al. mRNA-based
COVID-19 vaccine boosters induce neutralizing immunity against
SARS-CoV-2 Omicron variant. Cell. 2022;185(3). 457-66 e4.

Nemet I, Kliker L, Lustig Y, et al. Third BNT162b2 Vaccination
Neutralization of SARS-CoV-2 Omicron Infection. N Engl ] Med.
2022;386(5):492-494-

Wu M, Wall EC, Carr EJ, et al. Three-dose vaccination elicits neutral-
ising antibodies against omicron. Lancet. 2022;399(103206):715-717.
Canaday DH, Carias L, Oyebanji OA, et al. Reduced BNT162b2
messenger RNA vaccine response in severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)-naive nursing home residents.
Clin Infect Dis. 2021;73(11):2112—2115.

Garcia-Beltran WF, Lam EC, Astudillo MG, et al. COVID-19-neu-
tralizing antibodies predict disease severity and survival. Cell.
2021;184(2). 476-88 e11.

Gaebler C, Wang Z, Lorenzi JCC, et al. Evolution of antibody
immunity to SARS-CoV-2. Nature. 2021;591(7851):639-644.

Sokal A, Barba-Spaeth G, Fernandez I, et al. mRNA vaccination of
naive and COVID-19-recovered individuals elicits potent memory
B cells that recognize SARS-CoV-2 variants. Immunity. 2021;54(12).
2893-907 es.

Cho A, Muecksch F, Schaefer-Babajew D, et al. Anti-SARS-CoV-2
receptor-binding domain antibody evolution after mRNA vaccina-
tion. Nature. 2021;,600(7889):517-522.

Tang J, Grubbs G, Lee Y, et al. Antibody affinity maturation and
cross-variant activity following SARS-CoV-2 mRNA vaccination:
impact of prior exposure and sex. EBioMedicine. 2021;74: 103748.
Wratil PR, Stern M, Priller A, et al. Three exposures to the spike
protein of SARS-CoV-2 by either infection or vaccination elicit
superior neutralizing immunity to all variants of concern. Nat Med.
2022.

Ortega N, Ribes M, Vidal M, et al. Seven-month kinetics of SARS-
CoV-2 antibodies and role of pre-existing antibodies to human
coronaviruses. Nat Commun. 2021;12(1):4740.

Agrawal B. Heterologous immunity: role in natural and vaccine-
induced resistance to infections. Front Immunol. 2019;10:2631.
Stoddard CI, Galloway ], Chu HY, et al. Epitope profiling reveals
binding signatures of SARS-CoV-2 immune response in natural
infection and cross-reactivity with endemic human CoVs. Cell Rep.
2021;35:(8) 109164.

Aydillo T, Rombauts A, Stadlbauer D, et al. Immunological
imprinting of the antibody response in COVID-19 patients. Nat
Commun. 2021;12(1):3781.

Accorsi EK, Britton A, Fleming-Dutra KE, et al. Association
between 3 doses of mRNA COVID-19 vaccine and symptomatic
infection caused by the SARS-CoV-2 Omicron and Delta Variants.
JAMA. 2022;327(7):639-0651.

Johnson AG, Amin AB, Ali AR, et al. COVID-19 incidence and
death rates among unvaccinated and fully vaccinated adults with
and without booster doses during periods of delta and omicron var-
iant Emergence - 25 U.S. Jurisdictions, April 4-December 25, 2021.
MMWR Morbid Mortal Weekly Rep. 2022;71(4):132-138.

Thompson MG, Natarajan K, Irving SA, et al. Effectiveness of a
third dose of mRNA Vaccines Against COVID-19-Associated emer-
gency department and urgent care encounters and hospitalizations
among adults during periods of delta and omicron variant predom-
inance - VISION Network, 1o States, August 2021-January 2022.
MMWR Morbid.Mortal Weekly Rep. 2022;71(4):139-145.


https://doi.org/10.1016/j.ebiom.2022.104066
https://doi.org/10.1016/j.ebiom.2022.104066
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0001
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0001
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0002
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0002
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0002
https://www.cdc.gov/nhsn/covid19/ltc-report-overview.html#anchor_1594393304
https://www.cdc.gov/nhsn/covid19/ltc-report-overview.html#anchor_1594393304
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0004
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0005
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0005
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0005
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0006
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0007
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0007
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0007
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0008
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0008
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0008
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0008
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0009
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0009
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0009
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0009
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0009
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0009
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0010
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0011
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0011
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0011
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0012
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0013
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0014
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0015
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0015
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0015
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0016
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0017
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0017
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0017
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0018
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0018
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0019
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0019
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0019
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0019
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0020
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0020
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0020
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0021
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0021
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0022
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0023
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0023
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0023
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0024
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0024
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0024
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0025
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0026
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0026
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0026
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0027
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0027
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0028
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0029
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0029
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0029
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0030
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0031
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0032
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0032

Articles

10

33

34

35

36

Muhsen K, Maimon N, Mizrahi A, et al. Effects of BNT162b2
Covid-19 vaccine booster in long-term care facilities in Israel. N
Engl ] Med. 2022;386(4):399—401.

Gilbert PB, Montefiori DC, McDermott AB, et al. Immune corre-
lates analysis of the mRNA-12773 COVID-19 vaccine efficacy clinical
trial. Science. 2022;375(6576):43-50.

Feng S, Phillips DJ, White T, et al. Correlates of protection against
symptomatic and asymptomatic SARS-CoV-2 infection. Nat Med.
2021;27(11):2032—2040.

Uwamino Y, Kurafuji T, Sato Y, et al. Young age, female sex, and
presence of systemic adverse reactions are associated with high
post-vaccination antibody titer after two doses of BNT162b2 mRNA
SARS-CoV-2 vaccination: An observational study of 646 Japanese
healthcare workers and university staff. Vaccine. 2022;40(7):1019—
1025.

37

38

39

40

41

Polack FP, Thomas SJ, Kitchin N, et al. Safety and Efficacy of the
BNT162b2 mRNA Covid-1g Vaccine. N Engl | Med. 2020;383
(27):2603-26715.

Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the
mRNA-1273 SARS-CoV-2 vaccine. N Engl ] Med. 2021;384(5):403—416.
Patalon T, Gazit S, Pitzer VE, Prunas O, Warren JL, Weinberger
DM. Odds of testing positive for SARS-CoV-2 following receipt of
3 vs 2 doses of the BNT162b2 mRNA vaccine. JAMA Intern Med.
2022;182(2):179-184.

Barda N, Dagan N, Cohen C, et al. Effectiveness of a third dose of
the BNT162b2 mRNA COVID-19 vaccine for preventing severe
outcomes in Israel: an observational study. Lancet. 2021.

Bar-On YM, Goldberg Y, Mandel M, et al. Protection of BNT162b2
VACCINE booster against Covid-19 in Israel. N Engl | Med.

2021;385(15):1393-1400.

www.thelancet.com Vol 80 Month June, 2022


http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0033
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0033
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0033
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0034
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0034
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0034
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0035
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0035
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0035
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0036
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0037
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0037
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0037
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0038
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0038
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0039
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0040
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0041
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0041
http://refhub.elsevier.com/S2352-3964(22)00247-X/sbref0041

	COVID-19 vaccine booster dose needed to achieve Omicron-specific neutralisation in nursing home residents
	Introduction
	Methods
	Ethics
	Participants
	Anti-spike, anti-RBD and anti-N assay
	SARS-CoV-2 pseudovirus neutralisation assay
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Contributiors
	Declaration of interests
	Data sharing
	Acknowledgement
	Supplementary materials
	References



