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Objectives: Older nursing home residents make up the population at greatest risk of morbidity and
mortality from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. No studies have
examined the determinants of long-term antibody responses post vaccination in this group.
Design: Longitudinal cohort study.
Setting and Participants: Residents from 5 nursing homes assessed before vaccination, and 5 weeks and
6 months post vaccination, with the BNT162b2 messenger RNA SARS-CoV-2 vaccine.
Methods: Comprehensive clinical assessment was performed, including assessment for comorbidity,
frailty, and SARS-CoV-2 infection history. Serum nucleocapsid and anti-spike receptor binding domain
(RBD) antibodies were analyzed at all timepoints. An in vitro angiotensin-converting enzyme (ACE2)
receptor-spike RBD neutralization assay assessed serum neutralization capacity.
Results: Of 86 participants (81.1 � 10.8 years; 65% female), just under half (45.4%; 39 of 86) had evidence
of previous SARS-CoV-2 infection. All participants demonstrated a significant antibody response to
vaccination at 5 weeks and a significant decline in this response by 6 months. SARS-CoV-2 infection
history was the strongest predictor of antibody titer (log-transformed) at both 5 weeks [b: 3.00; 95%
confidence interval (CI): 2.32e3.70; P < .001] and 6 months (b: 3.59; 95% CI: 2.89e4.28; P < .001). In-
dependent of SARS-CoV-2 infection history, both age in years (b: �0.05; 95% CI: �0.08 to �0.02; P < .001)
and frailty (b: �0.22; 95% CI: �0.33 to �0.11; P < .001) were associated with a significantly lower
antibody titer at 6 months. Anti-spike antibody titers at both 5 weeks and 6 months significantly
correlated with in vitro neutralization capacity.
Conclusions and Implications: In older nursing home residents, SARS-CoV-2 infection history was the
strongest predictor of anti-spike antibody titers at 6 months, whereas age and frailty were independently
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associated with lower titers at 6 months. Antibody titers significantly correlated with in vitro neutrali-
zation capacity. Although older SARS-CoV-2 naïve nursing home residents may be particularly vulnerable
to breakthrough SARS-CoV-2 infection, the relationship between antibody titers, SARS-CoV-2 infection,
and clinical outcomes remains to be fully elucidated in this vulnerable population.

� 2021 AMDA e The Society for Post-Acute and Long-Term Care Medicine.
Older adults and those living with frailty are at greatest risk from
infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), exemplified in older adults resident in nursing
homes.1e3 In the United States, nursing home deaths have represented
nearly one-third of all deaths from SARS-CoV-2 infection, which has
been mirrored internationally.4e7 Nursing home residents are typi-
cally older, with higher levels of frailty and medical comorbidity and
vaccinations are typically less efficacious in this group than in their
community-dwelling counterparts.8e10 Recent studies have sup-
ported the clinical efficacy of SARS-CoV-2 vaccination in older nursing
home residents.11,12

Of note, early studies demonstrating the persistence of antibodies
against the receptor binding domain (RBD) of the SARS-CoV-2 Spike
protein at 6months after vaccination did not include older adults with
frailty or those resident in nursing homes.13,14 Although a small
number of studies have supported the immunogenicity of the
BNT162b2 vaccine to induce an initial antibody response after vacci-
nation in nursing home residents, this response is significantly lower
than community-dwelling younger adults, particularly in SARS-CoV-
2-naïve residents.15e19 In addition, longer-term data have recently
suggested that nursing home residents experience a faster decline in
humoral response after vaccine than younger community-dwelling
adults.20,21 Importantly, emerging evidence also suggests that anti-
Spike immunoglobulin (Ig)G levels correlate with vaccine-induced
protection in nursing homes experiencing SARS-CoV-2 outbreaks.22

Despite this, no studies have examined the determinants of long-
term vaccine-indued humoral immune responses in nursing home
residents. This is particularly important in the context of breakthrough
infections and the current vaccine booster programs that have
demonstrated clinical efficacy in older adults.23,24
Methods

Study Design and Setting

COVID-19 in Nursing Home Residents: Predicting Disease Severity,
Outcomes and Anti-Viral Immune Responses (NH-COVAIR) recruited
participants from 5 nursing homes in Dublin, Ireland. Full ethical
approval was granted from the local ethics committee (Reference: 20-
NREC-COV-049). In accordance with the Declaration of Helsinki, all
participants provided fully informed consent, or assent following
discussion with family members/carers if fully informed direct con-
sent was unobtainable because of cognitive impairment. Individuals
resident in nursing homes, not currently receiving systemic immu-
nosuppressive therapy/chemotherapy, without systemic autoimmune
disease, acute infections, or with a known active malignancy were
included. Participants were enrolled before receiving the BNT162b2
vaccine and were assessed at baseline, at 5 weeks, and at 6 months
after completed vaccination (second dose).
Clinical Assessment

Comprehensive clinical assessment included demographics (age,
sex, body mass index), detailed medical history (number/detail of
medical conditions and regular medications), and frailty assessment.
Frailty status was assessed using the FRAIL-NH scale, a tool specifically
designed and validated for nursing home residents.25 Those with
sarcopenia at risk of adverse outcomes were identified using the
SARC-F tool.26 Grip strength (measured in kg) was measured in both
hands and the arithmeticmean computed in kg. The Barthel Indexwas
used to assess activities of daily living.27

SARS-CoV-2 Infection History

As part of a national screening program, all residents underwent
weekly real-time polymerase chain reaction of nasopharyngeal swabs
for SARS-CoV-2. The results of these, and previous SARS-CoV-2
infection history, were collected. Individuals were classified as hav-
ing previous SARS-CoV-2 if they had a positive nasopharyngeal swab
or a positive reading on the qualitative nucleocapsid serological assay
at any timepoint during the study (see later in this article).

Measurement of SARS-CoV-2 Antibodies

Serum samples at all timepoints were analyzed using the Elecsys
anti-SARS-CoV-2 assay from Roche Diagnostics, a validated electro-
chemiluminescence assay. Samples were analyzed using (1) a quali-
tative assay against the nucleocapsid antigen of SARS-CoV-2 reporting
results as reactive (<1.0) or nonreactive (>1.0) to examine for SARS-
CoV2 exposure, and (2) a quantitative assay (in U/mL) against the
Spike RBD of SARS-CoV2 to assess antibody titer after vaccination in
nursing home residents. Both assays underwent full validation pre-
viously published.28

Neutralization Assays

A previously validated in-house neutralization assay was used to
assess the ability of serum antibodies to neutralize the angiotensin-
converting enzyme (ACE2) receptor-Spike RBD.29 Plates were coated
with recombinant RBD (aa319e541; Peak Proteins) in phosphate-
buffered saline (PBS) and blocked with 3% milk powder in PBS-0.1%
Tween (PBST). Serum samples were diluted 1:50 in 1% milk in PBST.
A commercial IgG1 anti-spike antibody containing 2% normal human
serum was used as a positive control on each plate (ThermoFisher
Scientific). Plates werewashed 3 times with PBSTand 50 mL per well of
10 mg/mL biotinylated ACE2 added to the plate and left for 1 hour. After
3 further wash steps, 100 mL per well streptavidin horseradish
peroxidase (HRP) (diluted 1:40 in PBS) was added for 20 minutes. The
streptavidin HRP was removed and plates were washed 3 times. After
washing,100 mL SigmaFast OPDwas added to each well for 10minutes
and the reaction stopped using 3M hydrochloric acid and optical
density measured using a plate reader at 492 nm. Results are pre-
sented as % neutralization in comparison with a pool of 6 pre-
pandemic controls, with a lower percentage indicating greater
neutralization capacity.29

Statistical Analysis

Data were analyzed using STATA v17.0 (StataCorp). Graphs were
prepared using GraphPad Prism V9.2 (GraphPad Software). Descrip-
tive statistics were reported as means (with SD), medians [with
interquartile range (IQR)], and proportions (with percentages) as



Table 1
Descriptive Characteristics and Antibody Titers of NH-COVAIR Study Participants

Characteristic Previous SARS-CoV-2 Infection (n ¼ 39) SARS-CoV-2 Naive (n ¼ 47)

Age, y (SD) 80.8 (10.1) 81.4 (11.5)
Gender, female (%) 23 (59.0) 33 (70.2)
Body Mass Index, m/kg2 (SD) 27.8 (5.8) 26.1 (6.9)
Cognitive Status
Mild cognitive impairment (%) 9 (23.1) 14 (29.8)
Dementia (%) 7 (17.95) 13 (27.7)

Medical history
Comorbidity count (IQR) 5 (4e7) 4 (3e6)
Diabetes (%) 7 (17.8) 11 (23.4)
Neurodegenerative disorder (%) 6 (15.4) 4 (8.5)
Solid tumor (%) 5 (15.4) 5 (10.6)
Chronic obstructive pulmonary disease (%) 7 (18.0) 8 (17.0)
Stroke (%) 10 (25.6) 9 (19.2)
Congestive cardiac failure (%) 8 (20.5) 3 (6.8)
Myocardial Infarction (%) 4 (10.3) 4 (8.5)

Medication history
Number of regular medications (IQR) 13 (10e18) 13 (11e16)
Regular inhaled steroid (%) 5 (12.8) 4 (8.5)
Regular oral steroid (%) 2 (5.1) 2 (4.3)
Regular NSAID (%) 11 (28.2) 16 (34.0)

Frailty assessment
FRAIL-NH
Nonfrail 20 (51.3) 24 (51.1)
Pre-frail 13 (13.3) 18 (38.3)
Frail 6 (15.38) 5 (10.6)

SARC-F >3 (%) 30 (76.9) 38 (80.1)
Grip strength (IQR) (kg) 11 (7e17) 14 (7.5e18.5)
Barthel index (IQR) 10 (4e14) 9 (4e14)

Anti-Spike RBD antibody titer, U/mL (SD)
Baseline (pre-vaccination) 160 (80e766) 4 (0)
5 wk after 2nd dose 22,451 (14,021e25,000) 633 (170e1848)
6 mo after 2nd dose 6332 (3372e9667) 133 (54e337)

NSAID, nonsteroidal anti-inflammatory drug.
Data are presented as means with SDs or medians with IQRs.
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appropriate. Antibody titers were analyzed using nonparametric sta-
tistics given their non-normal distribution (Wilcoxon rank-sum and
sign-rank tests). Exploratory analysis was conducted to examine po-
tential factors associated with vaccine response at 5 weeks and
durability of this response at 6 months. Stepwise linear regression
used log-transformed antibody levels as the dependent variable.
Regression results are reported as beta (b) coefficients with corre-
sponding 95% CI. We included individual predictors with a P value of
<.10 on bivariate analysis for inclusion in a multivariate model con-
taining all significant predictors. Spearman’s rho was used to assess
the correlation between antibody titer and neutralization capacity.
Results

Study Population and Characteristics

Eighty-six (81.1 � 10.8 years; 65% female) participants were
recruited. Just fewer than half (45.4%; 39/86) had evidence of previous
SARS-CoV-2 (n ¼ 32 with previous positive nasopharyngeal swab, n ¼
7 with negative swabs but a reactive nucleocapsid antibody result at
baseline). All underwent clinical assessment at baseline and had
repeat blood samples at 5 weeks (median 34 days; IQR: 27e35 days)
and 6 months (median 182 days; IQR: 180e184 days). No SARS-CoV-
2enaïve individuals at baseline subsequently had a reactive
nucleocapsid result or positive swab at either the 5-week or 6-month
follow-up. Over the 6-month follow-up, 8 residents died (age 84 �
10 years; 2 of 8 were women), 2 of whom had previous COVID-19. No
nursing homes reported incident outbreaks, and incident deaths were
not caused by acute COVID-19 illness. Clinical characteristics are
provided in Table 1.
All participants received 2 doses of the Pfizer BioNTech BNT162b2
messenger RNA (mRNA) vaccine. Side effects after either dose, re-
ported by half of participants (50%; 43 of 86), were limited to local
injection site reactions, muscle pain, and tiredness.
Post-Vaccine Antibody Response in Nursing Home Residents

All participants mounted a significant anti-Spike RBD antibody
response at 5 weeks after vaccination (median: 3258 U/mL; IQR:
455e22,755 U/mL) (z ¼ �7.6, P < .001). This response was much
greater in individuals with previous SARS-CoV-2 (median: 22,451;
IQR: 14,021e25,000 U/mL) (z ¼ �6.5, P < .001) than in SARS-CoV-
2enaïve participants (median: 633 U/mL; IQR: 170e1848 U/mL).

By 6 months, all participants experienced a significant decline in
SARS-CoV-2 anti-Spike antibodies (from 3258 U/mL; 455e22,755
U/mL at 5 weeks to 560 U/mL; 114e6345 U/mL at 6 months). This was
seen in both previously infected (22,451 U/mL; IQR: 14,021e25,000
U/mL at 5 weeks to 6332 U/mL; IQR: 3372e9667 U/mL at 6 months;
z ¼ 4.7, P < .001) and uninfected (632.5 U/mL; IQR: 170e1848 U/mL at
5 weeks to 133; IQR: 54e337 U/mL at 6 months; z ¼ 5.0, P < .001)
individuals. Data are presented graphically in Figure 1.

On exploratory bivariate analysis, previous SARS-CoV-2 was
strongly associated with log-transformed antibody titer at 5 weeks (b:
3.00; 95% CI: 2.32e3.70; P < .001) and 6 months (b: 3.59; 95% CI:
2.89e4.28; P < .001). In addition, both age (b: �0.08; 95% CI: �0.13
to �0.02; P ¼ .004) and frailty (b: �0.20; 95% CI: �0.40 to �0.01; P ¼
.004) were associated with lower antibody levels at 6 months. No
other predictors were associatedwith antibody response at 5weeks or
6 months on bivariate analysis. On multivariate analysis, previous
SARS-CoV-2 (b: 3.43; 95% CI: 2.83e4.04; P < .001), increasing age
(b: �0.05; 95% CI: �0.08 to �0.02; P < .001) and frailty



Fig. 1. Antibody response to SARS-CoV-2 mRNA vaccine in older nursing home residents. (A) Antibody responses in all participants (N ¼ 86) at baseline, 5 weeks, and 6 months after
vaccination (top). (B) Antibody responses in SARS-CoV-2enaïve individuals (bottom left). (C) Antibody responses in participants with previous SARS-CoV-2 infection (bottom right).
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(b: �0.22; �0.33 to �0.11; P < .001) all remained significantly asso-
ciated with antibody titer at 6 months. Comorbidity count, number of
regular medications, use of steroid medication or nonsteroidal anti-
inflammatory drugs, SARC-F score, grip strength, and Barthel Index
were not associatedwith antibody titers at either follow-up timepoint.

In Vitro Neutralization Capacity

To assess the in vitro neutralization capacity of the vaccine
response in nursing home residents, an in vitro ACE2 receptor-Spike
RBD neutralization assay was used. Serum from a subsample of par-
ticipants representative of the overall study population (n¼ 24; n¼ 12
with previous SARS-CoV-2 infection and n ¼ 12 SARS-CoV-2enaïve
participants) were analyzed. There were significant correlations be-
tween neutralization capacity at 5 weeks (Spearman’s rho: �0.85, P <

.001) and 6 months (Spearman’s rho: �0.55, P ¼ .006). Results of
neutralization assays are presented visually in Figure 2.

Discussion

In the current study, we found that past infectionwas the strongest
determinant of 6-month vaccine-induced anti-Spike antibody titer in
older nursing home residents. Further, both age and frailty were
independently associated with significantly lower antibody titers at
6 months. Although our data may suggest that older SARS-CoV-
2enaïve residents are at greater risk of breakthrough infection, the
complex relationship among antibody levels, breakthrough infection,
and clinical outcomes is yet to be fully elucidated.

The most striking finding is the large difference in 6-month anti-
body titer between SARS-CoV-2enaïve and previously infected in-
dividuals. There may be several reasons for this. In the first instance,
this may be because of more potent immunological memory during
SARS-CoV-2 infection than post vaccination.21 Further, infection with
SARS-CoV-2 may result in a greater number of polyfunctional anti-
bodies against viral antigens than vaccination against the Spike pro-
tein alone. Future research should aim to elucidate whether
vaccinationwith the same antigen (Spike) or alternative antigens may
result in a stronger long-term induction of antibodies, particularly
with the commencement of booster programs. Further, we demon-
strated that antibody titers were significantly correlated with in vitro
neutralization capacity, hinting that the more robust antibody
response in those previously infected may have more neutralization
capacity against SARS-CoV-2 in vivo.

Our findings are particularly relevant in the context of ongoing
booster programs commenced in several jurisdictions.24,30 Given the
significantly higher antibody levels in individuals with past SARS-
CoV-2 infection, our data suggest that SARS-CoV-2enaïve nursing
home residents may be capable of inducing higher antibody titers
with additional exposure to viral antigen. Of note, early clinical data
suggest that a third dose of BNT162b2 vaccine is well tolerated in older
adults.30 Taken together, the current data support these booster pro-
grams by demonstrating that additional doses could be beneficial if
they are to boost antibody responses in this vulnerable population,
particularly in those with no history of SARS-CoV-2 infection.

Importantly, our study only measured the humoral immune
response to SARS-CoV-2 Spike protein and by design did not assess the
cellular immune responses to SARS-CoV-2. Determining the differ-
ences in T-cell response between those previously infected and SARS-
CoV-2enaïve nursing home residents is a crucial area for future
research. Although our findings demonstrate a sharp decline in the
humoral response at 6 months, the clinical correlates of this in terms
of breakthrough SARS-CoV-2 infection, infection severity, and mor-
tality are yet to be determined. A further limitation of the current
study is the relatively small sample size; however, wewere still able to
demonstrate the striking effects of past COVID-19 illness on 6-month
vaccine-induced antibody titers.



Fig. 2. Neutralization capacity of the antibody response to SARS-CoV-2 vaccination. (A) Correlation between neutralization capacity and anti-Spike antibody titer (n ¼ 24) (top left).
(B) Neutralization capacity at baseline, 5 weeks, and 6 months post vaccination with a SARS-CoV-2 mRNA vaccine (top right). (C) Neutralization capacity over time in SARS-CoV-
2enaïve participants. (D) Neutralization capacity over time in participants previously infected with SARS-CoV-2. Note: Neutralization values are presented as a percentage of a pool
of 6 pre-pandemic controls, with greater. Note: Neutralization values are presented as a percentage of a pool of 6 pre-pandemic controls, with greater values indicating poorer
neutralization capacity.
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Conclusions and Implications

We demonstrated a significant association between SARS-CoV-2
infection history, age, frailty, and antibody responses in older
nursing home residents at 6 months post vaccination. Our findings
suggest that SARS-CoV-2enaïve nursing home residents may benefit
from ongoing vaccine booster programs. Our findings call for further
research into the complex relationship among SARS-CoV-2 antibody
titers, breakthrough SARS-CoV-2 infection, and clinical outcomes in
older nursing home residents.
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