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General population studies have shown strong humoral
response following severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) vaccination with subsequent
waning of anti-spike antibody levels. Vaccine-induced
immune responses are often attenuated in frail and older
populations, but published data are scarce. We measured
SARS-CoV-2 anti-spike antibody levels in long-term care
facility residents and staff following a second vaccination
dose with Oxford-AstraZeneca or Pfizer-BioNTech.
Vaccination elicited robust antibody responses in older
residents, suggesting comparable levels of vaccine-induced
immunity to that in the general population. Antibody levels
are higher after Pfizer-BioNTech vaccination but fall more
rapidly compared to Oxford-AstraZeneca recipients and are
enhanced by prior infection in both groups.
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Residents of long-term care facilities (LTCF) have experienced
extremely high rates of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection and mortality [1]. Since
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December 2020, LTCF staff and residents in England have
been prioritized for vaccination against SARS-CoV-2, with ini-
tial rollout primarily using the messenger RNA-based
BNT162b2 (Pfizer-BioNTech) and adenoviral vector-based
ChAdOx1 (Oxford-AstraZeneca [Oxford-AZ]) vaccines [2].

Vaccine effectiveness in the general population has been
demonstrated for at least 6 months following second dose ad-
ministration [3, 4]. However, data are limited on the duration
and magnitude of protection afforded by vaccination in
LTCF residents. Furthermore, LTCF residents are especially
vulnerable to severe outcomes following infection due to frailty,
high rates of comorbidity, poorer nutritional status, and
age-related dampening of immune responses (immunosenes-
cence), which impact vaccine-induced immunity [5].

Current SARS-CoV-2 vaccines target the viral spike protein,
and anti-spike antibody levels are an important correlate of
vaccine efficacy [6]. Early studies are encouraging and suggest
robust cellular and humoral responses in the initial months fol-
lowing vaccination among LTCF residents, particularly in pre-
viously infected individuals [6, 7]. However, studies from the
general population have reported waning of antibody titers in
the 6 months following vaccination, particularly in people older
than 65 years [8-10]. We investigated quantitative anti-spike
antibody titers among LTCF staff and residents in England
over the first 9 months following second vaccination dose.

METHODS

XXX (VIVALDI; ISRCTN 14447421) is a prospective cohort
study of residents and staff of LTCFs in England [11].
Eligible individuals from participating LTCFs provide written
informed consent for study participation and consultees are
sought for residents lacking capacity to consent. Participants
have undergone up to 5 rounds of blood sampling at 8-week in-
tervals between 11 June 2020 and 22 October 2021. As part of
the national pandemic response, all LTCF staff and residents
regularly submit nasopharyngeal swabs for SARS-CoV-2 poly-
merase chain reaction (PCR) testing (monthly in residents,
weekly in staff) with additional testing during outbreaks [12].

Blood samples undergo SARS-CoV-2 nucleocapsid immuno-
globulin G (IgG) testing using the Abbott ARCHITECT semi-
quantitative immunoassay (Maidenhead, United Kingdom).
Quantitative antibody titers against SARS-CoV-2 spike and nu-
cleocapsid IgG are measured using the Meso Scale Diagnostics
(MSD) V-PLEX COVID-19 (coronavirus disease 2019)
Respiratory Panel 2 kit (Rockville, Maryland).
Anti-nucleocapsid antibodies are used to identify immune re-
sponses stimulated by prior infection. MSD observations were in-
cluded from >21 days after second vaccine dose administration,
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corresponding to peak antibody response [4], up until date of
third vaccine dose where recorded. Only individuals with data
on demographic characteristics and vaccinations were included
in this analysis and most could also be linked to full testing his-
tory (Supplementary Appendix 1).

To model postvaccination MSD assay anti-spike antibody
levels, individuals were categorized as either having no evidence
of prior infection or evidence of prior infection. The latter group
included individuals with at least 1 record of an active infection
defined by PCR or point-of-care lateral flow test positivity or
hospitalization with COVID-19 prior to second vaccine dose,
and those with presence of anti-nucleocapsid antibodies on ei-
ther Abbott or MSD assay. To exclude breakthrough infections,
which may have boosted antibody levels, observations with ac-
tive infection recorded after second vaccine dose but prior to in-
dex date were dropped from analysis, as were observations
following postvaccination anti-nucleocapsid seroconversion.

An index value >0.8 defined the Abbott anti-nucleocapsid
assay positivity [13]. A threshold of 1200 AU/mL was used
for the MSD anti-nucleocapsid assay, which had a specificity
of 96% (48/50) using prepandemic blood samples.

VIVALDI has been granted research ethics approval by the
South Central-Hampshire B Research Ethics Committee (refer-
ence number 20/SC/0238).

Statistical Analysis

Log;o-transformed MSD anti-spike levels were modeled using
linear mixed-effects models. Time was centered at 21 days after
second vaccine dose, with random intercept and slope terms for
each participant. This approach allows for the analysis of all
available data within a single statistical model and can accom-
modate irregular numbers and timings of measurements for
each participant. Intercept terms from the model correspond
to estimated peak antibody levels, and slope terms correspond
to rate of decline over time on the log scale.

An initial model was fitted with independent effects assumed
for vaccine type, sex, staff/resident status, and prior
SARS-CoV-2 infection, followed by a model with interaction
terms between vaccine type and each other variable. A further
model was considered with addition of subject age (centered at
70 years) as a linear predictor of both intercept and slope by
vaccine type. Half-life values were calculated based on estimat-
ed time to drop in mean log,, antibody level of log;,(0.5).
Formal sample size calculation was not undertaken.

RESULTS

We describe 558 anti-spike antibody (MSD) results from 402
LTCEF residents and 759 from 632 staff. A total of 774 people
had 1 observation, 237 had 2 observations, and 23 had 3 obser-
vations. Median age was 86 years (interquartile range [IQR],
78-91 vyears) for residents and 50 years (IQR, 37-58 years)

for staff. Samples included in the analysis were collected be-
tween 15 March and 22 October 2021. The median time be-
tween first and second dose was 74 days (IQR, 66-77 days)
for residents and 74 days (IQR, 63-77 days) for staff (P=.15
for difference between groups on Mann-Whitney test).
Median time from second vaccine dose to blood sample was
136 days (IQR, 104-170 days; range, 21-280 days). Four obser-
vations from 4 residents and 4 from 3 staff were dropped from
analysis as they followed detection of an active breakthrough
infection. Eight residents and 8 staff each had 1 observation ex-
cluded because of indirect evidence of breakthrough infection
(ie, appearance of anti-nucleocapsid antibodies).

The interaction model, allowing different effects by vaccine
type, was found to provide better fit to the data than the simpler
independent effects model (P = .01, likelihood ratio test [LRT]),
and a further improvement was found by adding age as linear
predictor of peak antibody levels and slope (P=.03, LRT).

Based on findings from the mixed-effects model, peak anti-
body titers were greater in Pfizer-BioNTech recipients than in
Oxford-AZ recipients (7.9 times [95% confidence interval
{CI}, 3.6-17.0]; P <.01), although we also observed a steeper
annual decline in this group (0.08 times at 12 months vs equiv-
alent decline from peak [95% CI, .01-.72]; P=.02) (Table 1,
Figure 1). Prior infection with SARS-CoV-2 was associated
with higher peak antibody levels and slower decline for both
Pfizer-BioNTech (peak, 2.8 times [95% CI, 1.9-4.1]; P<.01)
and Oxford-AZ (4.8 times [95% CI, 3.2-7.1]; P <.01) recipi-
ents. Male sex was associated with slightly higher peak in anti-
body levels for both vaccines (not statistically significant) but
steeper decline, particularly for Oxford-AZ recipients. LTCF
resident vs staff status was not associated with any statistically
significant difference in peak antibody level or slope of decline.
However, increasing age was associated with lower antibody
peak for Oxford-AZ recipients.

“Half-life” estimates of antibody decline were in the range of
60-120 days for most subgroups, with values >6 months in fe-
male Oxford-AZ recipients with prior infection, but 95% CIs
were wide (Supplementary Table 2).

DISCUSSION

We present postvaccination serological data from a large co-
hort of frail LTCF residents in England, a group in whom pub-
lished data are scarce. Our findings are broadly consistent with
longitudinal studies conducted in the general population and
healthcare workers [8, 10] which is reassuring given the vulner-
ability of LTCF residents to SARS-CoV-2 infection.
Consistent with previous studies, we find higher peak anti-
body titers following vaccination with Pfizer-BioNTech com-
pared to Oxford-AZ [9, 10]. Wei et al reported on anti-spike
antibody waning in approximately 100 000 Oxford-AZ and ap-

proximately 55000 Pfizer-BioNTech vaccine recipients,
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Table 1.
Dose, Fitted to Log,o-Transformed Data

Regression Coefficients From Final Statistical Mixed-Effects Model for Anti-Spike Antibody Levels From 21 Days Following Second Vaccine

No., No. (%9, or

PValue (Annual

Characteristic Median (IQR) Intercept® (95% CI) P Value Slope (95% ClI) Change)
Reference coefficients® 4.12 (3.86 to 4.38) —0.67 (—1.48t0 .14)
Oxford-AZ recipients 493 Difference in Intercept (95% CI)® Difference in Slope (95% CI)®
Prior infection (yes vs no) 246 (49.9) 0.68 (.5 to .85) <.01 0.50 (—.01 to 1.01) .06
LTCF resident (vs staff) 251 (50.9) 0.22 (—.14 to .69) 23 —0.45 (—1.58 to .67) 43
Male (vs female) 105 (21.3) 0.17 (—.05 to .39) 13 —0.69 (—1.32 to —.05) .03
Age (per 10 y greater than 70) 67 (48 to 87) —0.10 (—.18 to —.02) .01 0.16 (—.09 to .42) .20
Pfizer-BioNTech recipients 534
Difference vs Oxford-AZ' 0.90 (.56 to 1.23) <.01 —1.09 (—2.04 to —.14) .02
Prior infection (yes vs no) 306 (57.3) 0.44 (.27 to .61) <.01 0.43 (.01 to .85) .04
LTCF resident (vs staff) 147 (27.5) —0.05 (—.36 to .26) 74 0.06 (—.7 to .82) .87
Male (vs female) 94 (17.6) 0.11 (—.1 to .31) .31 —0.23 (-.72 to .26) .36
Age (per 10 y greater than 70) 56 (44 to 71) —0.01 (—.08 to .06) .76 —0.06 (—.23t0 .11) 49

Abbreviations: AZ, AstraZeneca; Cl, confidence interval; IQR, interquartile range; LTCF, long-term care facility.

#Percentage calculated using number with same vaccine type as denominator.

Representing average peak value at 21 days after second vaccine dose.

“Values for Oxford-AZ recipient female staff member at 70 years of age without prior infection.

910” gives multiplicative difference in intercept associated with each factor.

©10* gives multiplicative difference in value at 12 months from peak level.

fTaken alone, represents the difference for female staff member at 70 years of age without prior infection.

sampled through the Coronavirus Infection Survey (CIS) [10].
For Oxford-AZ, they found that peak antibody levels were
higher in those with prior infection, and slightly lower in males
and younger ages. Peak antibody levels were greater in
Pfizer-BioNTech recipients compared with Oxford-AZ but
were lower at older ages and for males [10].

The collection of samples up to 9 months after vaccination
allowed us to assess the rate of spike-specific antibody decline
from peak value. The mean half-life of antibody decline was re-
ported as 85 days (95% CI, 84-86 days) after Oxford-AZ in the
CIS study, and this was increased to 131 days in those with pri-
or infection. They found a comparable mean half-life after
Pfizer-BioNTech of 101 days (95% CI, 100-102), which was ex-
tended to 188 days in those with prior infection [10]. Our data
also revealed a mean half-life in the range of 60-120 days but
did not uncover significant variation in the rate of antibody de-
cline between LTCF staff and residents. Analysis of >8500
community-dwelling infection-naive adults also found no dif-
ference in rates of waning in donors aged >65 years, although
peak titers declined with age [9].

Our study is consistent in finding higher peak levels and lon-
ger half-life associated with prior infection for both vaccine
types, and higher peak levels following Pfizer-BioNTech vacci-
nation. However, we find no difference between staff and resi-
dents besides a lower peak antibody response in older
Oxford-AZ recipients. The level of exposure to infection was
much greater in LTCFs than in the community [1], and those
residents who survived infection are likely to have more robust
their
community-dwelling peers who are included in studies of the

immunological responses to vaccination than

general population. Overall, our results are encouraging and
add to a body of evidence suggesting strong humoral and cellu-
lar responses to vaccination among LTCF residents [14].

Our study is limited by a modest sample size, so there is uncer-
tainty regarding the presence and magnitude of observed effects. It
is also possible that some individuals labeled as infection-naive
may have waned below the positivity threshold following infection
early in the pandemic [15]. To account for this, we used a lower
Abbott positivity threshold and included MSD results in defining
prior exposure, but we cannot determine the chronology of infec-
tion in anti-nucleocapsid antibody-positive participants. As the
analysis was carried out over a period of relatively low community
transmission, it is unlikely that antibody titers had been boosted
by undetected breakthrough infections following second-dose
vaccination. Finally, we have only described humoral responses
to vaccination; analyses in LTCF staff and residents of
vaccine-induced cellular immune responses and functional mea-
sures of immunity such as neutralization antibody titers are un-
derway by our group and others.

Insights into the magnitude and duration of vaccine-induced
immune responses are crucial to inform the timing of booster
vaccination, particularly with the emergence of novel variants
such as Omicron. Our findings reveal that current
COVID-19 vaccines retain high immunogenicity in the LTCF
setting but factors such as peak antibody response and rate of
antibody waning, which will be used to guide the need for fu-
ture vaccinations, are strongly influenced by vaccine regimen
and prior infection status. Ongoing assessment of humoral im-
munity will be important to guide introduction of optimal

booster regimens that maintain immunity over the longer term.
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Figure 1.

Log-transformed Meso Scale Diagnostics (MSD) values for anti-spike antibody levels in relation to the time from second vaccine dose, divided by vaccine type and

staff/resident status, and color-coded by prior infection category (orange: evidence of prior infection; blue: no evidence of prior infection). Individual observations are shown as
dots, with those from the same person linked by lines. The bold straight lines show regression fits from a statistical model (omitting age and sex) to estimate trends in each

group.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious
Supplementary materials consist of data provided by the author

Diseases online (http://jid.oxfordjournals.org/).
that are published to benefit the reader. The posted materials
are not copyedited. The contents of all supplementary data
are the sole responsibility of the authors. Questions or messages

regarding errors should be addressed to the author.
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