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Abstract

Background/Objectives: The safety and immunogenicity of the BNT162b2
coronavirus disease 2019 (COVID-19) vaccine in older adults with different
frailty and disability profiles have not been well determined. Our objective was
to analyze immunogenicity of the BNT162b2 mRNA COVID-19 vaccine in
older adults across frailty and disability profiles.

Design: Multicenter longitudinal cohort study.

Setting and participants: A total of 134 residents aged >65 years with differ-
ent frailty and disability profiles in five long-term care facilities (LTCFs) in
Albacete, Spain.

Intervention and measurements: Residents were administered two vaccine
doses as per the label, and antibody levels were determined 21.9 days (SD 9.3)
after both the first and second dose. Functional variables were assessed using
activities of daily living (Barthel Index), and frailty status was determined with
the FRAIL instrument. Cognitive status and comorbidity were also evaluated.
Results: Mean age was 82.9 years (range 65-99), and 71.6% were female. The
mean antibody titers in residents with and without previous COVID-19 infec-
tion were 49,878 AU/ml and 15,274 AU/ml, respectively (mean difference
34,604; 95% confidence interval [CI]: 27,699-41,509). No severe adverse reac-
tions were observed, after either vaccine dose. Those with prevaccination
COVID-19 had an increased antibody level after the vaccine (B = 31,337; 95%
CIL: 22,725-39,950; p < 0.001). Frailty, disability, older age, sex, cognitive
impairment, or comorbidities were not associated with different antibody
titers.
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INTRODUCTION

Older adults, mainly those living in nursing homes and
long-term care facilities (LTCFs), are the most vulnerable
population group and are well known to have been dis-
proportionately affected by coronavirus disease 2019
(COVID-19)."* Specifically, this population experiences
high COVID-19-related mortality rates with older age,
frailty, dementia, and multimorbidity being additional
risk factors.”” For these reasons, older adults in LTCFs
have been the first group to receive COVID-19 vaccines
in many locations.®

Vaccines against influenza, pneumococcal infection,
and herpes zoster have demonstrated persistence of
immunity and efficacy for preventing morbidity and mor-
tality among older adults. However, immunogenicity of
traditional vaccines is suboptimal in populations aged
70 and older, likely due to a combination of factors most
notably immunosenescence.” Although functional status
and frailty may predispose to both infection risk and vac-
cine responsiveness and may be more important than res-
ident age,'® it has been described that older adults
seroconvert after influenza vaccination across frailty
strata, indicating that frail individuals may also benefit
from this vaccine.!!

Currently four SARS-CoV-2 vaccines are available,
two nucleic acid-based vaccines—BNT162b2 by Pfizer-
BioNTech and mRNA-1273 from Moderna—and two
adenovirus vector-based vaccines—Ad26.COV2.S from
Janssen/Johnson & Johnson and ChAdOx1 nCoV-19
from Oxford-AstraZeneca. There have, however, been a
lack of individuals with frailty or disability in these and
other randomized clinical trials.'>'* Recent data from
Israel suggest that immunogenicity of BNT162b2
decreases with age, highlighting the importance of moni-
toring populations not included in clinical trials like very
old adults, those in care facilities, with frailty or disabil-
ity, the most vulnerable to COVID-19.*

Here, we report immunogenicity of BNT162b2 in
older adults in LTCFs with different frailty and disability

Conclusions: The BNT162b2 mRNA COVID-19 vaccine in older adults is safe
and produces immunogenicity, independently of the frailty and disability pro-
files. Older adults in LTCFs should receive a COVID-19 vaccine.

BNT162b2 vaccine, COVID-19, disability, frailty, immunogenicity, older adults

Key Points

« The BNT162b2 coronavirus disease 2019
(COVID-19) vaccine in older adults is safe and
produces immunogenicity, independent of the
frailty and disability profile

« Age, sex, comorbidity, and cognitive status do
not affect BNT162b2 vaccine immunogenicity

« Only prevaccination COVID-19 status is an
independent predictor of immunogenicity

Why Does this Paper Matter?

Older adults develop immunogenicity to the
BNT162b2 coronavirus disease 2019 (COVID-19)
vaccine. Only prevaccination COVID-19 infection
seems to be associated with a higher antibody
titer. Our data support the use of BNT162b2 in
older adults, irrespective of their level of frailty,
disability, age, cognitive impairment, and
comorbidity.

profiles, thereby providing real-world observational data
in this particularly vulnerable and understudied
population.

METHODS

The COVID-A study is a cohort longitudinal study that
included 953 residents from five LTCFs in Albacete. Of
these, 297 (31.2%) died in the first three pandemic
months. From the remaining 656 (68.8%), we measured
antibody levels between days 7 and 43 after the second
dose of the BNT162b2 mRNA COVID-19 vaccine (Pfizer,
New York, United States, and BioNTech, Mainz, Ger-
many) from 134 consecutive residents of five LTCFs.


mailto:pabizanda@sescam.jccm.es

BNT162b2 VACCINE, IMMUNOGENICITY, AND FRAILTY

TAGS | 1443

Baseline characteristics were not different between the com-
plete 953 samples and the 134 residents included in this
study. Inclusion criteria for the COVID-A study were living
in one of the five LTCFs in Albacete, Spain, since the begin-
ning of the pandemic, an age of 65 years or older, and per-
mission and availability to participate in the study.’

Data regarding sociodemographics, functionality, cog-
nitive status, and clinical variables were collected before
the first vaccine dose. The first vaccine dose was adminis-
tered between December 30, 2020, and January 31, 2021,
and second dose between January 20 and February
19, 2021 (mean days 21; SD 0.8). Antibodies were deter-
mined between January 28 and March 3, 2021 (mean
days from second dose to antibody determination were
21.9; SD 9.3; range 7-42 days). Vaccines were adminis-
tered on-site at the LTCFs using standard protocols.

Samples were analyzed with the SARS-CoV-2 IgG
QUANT (Abbott®) antibody test to detect levels of IgG
antibodies that attach to the virus' spike protein on the
virus surface in serum or plasma. Data interpretation was
negative when titers were below 50 AU/ml and positive
when >50 AU/ml. Although the upper limit is
>40,000 AU/ml, it was possible to use dilution to expand
the upper limit to >80,000 AU/ml.

Functional variables assessed were disability in basic
activities of daily living measured with the Barthel
Index,'”> and frailty status determined with the FRAIL
instrument.'® The Barthel Index was categorized into four
categories: no disability (90-100 points), low disability
(60-85 points), moderate disability (40-55 points), and
severe disability (<40 points). Frailty was considered when
the FRAIL instrument score was equal or superior to three
positive criteria. Chronic diseases or comorbidities were
retrieved from the medical records, and comorbidity was
determined with the Charlson Comorbidity Index.!” High
comorbidity was defined as a Charlson Comorbidity Index
score of 3 or higher. The cognitive status of the residents
was assessed using the Global Deterioration Scale (GDS)
from Reisberg.'® The GDS was categorized into three cate-
gories: no dementia (score 1-3), mild-to-moderate demen-
tia (score 4-5), and severe dementia (score 6-7). The
diagnosis of COVID-19 infection before vaccination was
also retrieved from medical records, based on positive
SARS-CoV-2 polymerase chain reaction, positive serology,
and/or antigen rapid test.

Data are presented as means =+ standard deviation
(SD) or number of participants (%). Differences were ana-
lyzed with ;(2 tests, Student's t-tests, or analysis of vari-
ance as indicated. Linear regression models were
constructed to analyze the adjusted variables associated
with antibody titers in this population. Our research was
conducted in accordance with the Helsinki Declaration
for human medical research and approved by the local

Ethics Review Committee, record 2020/04/039. All partic-
ipants provided written informed consent before their
inclusion in the study.

RESULTS

Table 1 presents the baseline characteristics of the partic-
ipants. Mean age was 82.9 years (range 65-99) and 71.6%
were female. Residents with confirmed prevaccination
COVID-19 infection were more frequently frail and with
higher comorbidities. The mean antibody titers in resi-
dents with and without previous COVID-19 measured
49,878 AU/ml and 15,274 AU/ml, respectively (mean dif-
ference 34,604, 95% confidence interval [CI]: 27,699-
41,509). Only one resident, with a prior diagnosis of
chronic lymphocytic leukemia, did not show evaluable
antibody titers (0 AU/ml).

In bivariate analysis, antibody titers correlated signifi-
cantly with the number of days from the second vaccine
dose to the blood sample collection (r = 0.395; p < 0.001)
and between antibody titers and the Charlson Index
(r = 0.205; p = 0.018). IgG titers were 10,852 AU/ml (95%
CL: 2167-19,536; p = 0.015) higher in those aged 80 years or
more (39,304 AU/ml) compared with the younger ones
(28,452 AU/ml) and 13,464 AU/ml (95% CI: 3901-23,027;
p = 0.006) higher in those with a Charlson Index >3
(44,661 AU/ml) compared with those with lower comorbid-
ity (31,197 AU/ml) (Figure 1). In contrast, no significant
correlation was found between antibody titers and sex, Bar-
thel Index, FRAIL instrument, and GDS (p > 0.05).

Multivariate analysis using a linear regression model
revealed that only prevaccination COVID-19 was an
independent predictor of immunogenicity (B = 31,337;
95% CI: 22,725-39,950; p < 0.001). In this model, by con-
trast, frailty (FRAIL instrument: B = 668; 95% CI: —3553—
4774; p = 0.748), disability (Barthel Index: B = 131; 95%
CIL: —32 to 294; p = 0.115), older age (years old: B = 299;
95% CI: =170 to 767; p = 0.209), sex (male sex: B = 4874;
95% CIL: —3553 to 13,300; p = 0.255), cognitive impair-
ment (GDS: B = 1063; 95% CI: —1075 to 3202; p = 0.327),
comorbidity (Charlson Index: B = 676; 95% CI: —1501 to
3202; p = 0.540), or days between vaccination and anti-
body sampling (days: B = 249; 95% CI: —200 to 697,
p = 0.275) were not associated with different antibody
titers. Collinearity was not present among the variables
included in the model.

DISCUSSION

No severe adverse reactions or anaphylaxis were observed
following either vaccine dose. These data demonstrate
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TABLE 1

Total sample (n = 134)

Age (mean, SD) 82.9(8.1)
>80 years (1, %) 86 (64.2)
Sex (n, %)
Female 96 (71.6)
Male 38 (28.4)
Barthel Index (mean, SD) 42 (34)
90-100 (1, %) 16 (11.9)
60-85 (1, %) 31(23.1)
40-55 (n, %) 26 (19.4)
0-35 (n, %) 61 (45.5)
FRAIL (mean, SD) 2.3(1.1)
Frail (n, %) 59 (44.0)
Disability/Frailty (n, %)
Nonfrail/no severe disability 52(38.8)
Frail/no severe disability 21 (15.7)
Severe disability 61 (45.5)
GDS (mean, SD) 4.3(2.4)
1-3 (n, %) 49 (36.6)
4-5 (n, %) 26 (19.4)
6-7 (n, %) 59 (44.0)
Charlson Index (mean, SD) 2.0(1.7)
>3 (n, %) 59 (44.0)

Antibody titers (mean, SD) 35,417 (26,612)

Abbreviation: GDS, Global Deterioration Scale from Reisberg.

that the BNT162b2 mRNA COVID-19 vaccine is safe in
older adults and it generates immunogenicity,
irrespective of frailty, disability, cognitive impairment, or
old age. The demonstration of immunogenicity after the
vaccine in older adults is important, although the preven-
tion of transmission, infection, disease presentation and
severity, hospitalization, admission to intensive care
units, and mortality are the main outcomes that will need
to be assessed in these sorts of future observational stud-
ies.'” We emphasize that these data do not allow us to
draw conclusions whether those older adults with immu-
nogenicity after the vaccine will be protected against
SARS-CoV-2 infection and COVID-19.

Recruitment of older participants in vaccine trials is
challenging despite the high burden of infectious diseases
in this population.”® For this reason, the inclusion of
older adults in RCTs has been limited. It is important to
proactively enhance the enrolment of older participants
in COVID-19 vaccine trials through different strategies

Baseline characteristics and antibody titers of residents in long-term care facilities studied here

Prevaccine COVID-19

Yes (n = 78) No (n = 56) p
83.6 (7.6) 82.0 (8.8) 0.257
53 (67.9) 33(58.9) 0.283
56 (71.8) 40 (71.4) 0.963
22 (28.2) 16 (28.6)
40 (31) 46 (37) 0.302
6 (7.7) 10 (17.9) 0.318
18 (23.1) 13 (23.2)
17 (21.8) 9(16.1)
37 (47.4) 24 (42.9)

2.5(1.1) 2.0(1.1) 0.012
42 (53.8) 17 (30.4) 0.007
24 (30.8) 28 (50.0) 0.021
17 (21.8) 4(7.1)

37 (47.4) 24 (42.9)

4.4 (2.3) 41 (24) 0.478
26 (33.3) 23 (41.1) 0.656
16 (20.5) 10 (17.9)

26 (46.2) 23 (41.1)

2.4(1.8) 1.5 (1.4) 0.002

32(41.0) 46 (17.9) 0.004

49,878 (21,687) 15,274 (18,557) <0.001

like targeted engagement, facilitation programs, and pro-
active sharing of study results.”” In the meantime, data
from observational real-life studies like ours are relevant
to understand the vaccination response of this vulnerable
population. A recent study in Israel has described immu-
nogenicity 21 days after first vaccine dose among
514 healthcare workers, adjusted by age, ethnicity, sex,
and prior COVID-19 infection. Immunogenicity was sim-
ilar by ethnicity and sex but decreased with age. Those
with prior infection had antibody titers one magnitude
order higher than naive individuals regardless of the
presence of detectable IgG antibodies prevaccination.'*
Although we did not compare our sample with young or
old participants from the community, antibody titers are
high enough to conclude that the vaccine resulted in
good immunogenicity.

It has been proposed that immunosenescence of
innate and adaptive immunity together with chronic low-
grade inflammatory phenotype (CLIP) or inflammaging
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Disab/Frailty Gbs

Age Sex ¥ 501 Charlson Frail Disab/Frailty GDS
e # NF/NSD 8 1-3
B <80 8 Male B 60-85 B <3 8 No & F/NSD & 4.5
B >=80 8 Female B 40-55 B >=3 B Yes 8 SD 8 67
8 0-35
FIGURE 1 SARS-CoV-2 IgG antibody titers depending on older adults’ profiles. Disab/Frailty, composite variable of disability in basic

activities of daily living and frailty; NF/NSD, nonfrail/no severe disability; F/NSD, frail/no severe disability; SD, severe disability; GDS,

Global Deteriorating Scale from Reisberg. *p < 0.05; **p < 0.01

may be the reasons for poor responses to immunization
in older adults.*® These mechanisms have also been
implicated in the pathogenesis of frailty,?* but the immu-
nogenic response in frail and nonfrail residents was simi-
lar in our sample. In acute severe COVID-19 infections,
there is impaired cellular immunity, although residents
develop  positive  SARS-CoV-2-specific  antibody
responses.”® These findings support the idea that cellular
immunity may be more important than humoral immu-
nity in the frailty-associated immunosenescence process,
data that require validation in larger studies.**

CONCLUSIONS AND IMPLICATIONS

Older adults in LTCFs develop immunogenicity to the
BNT162b2 mRNA COVID-19 vaccine with a minimum of
toxicity. Only prevaccination COVID-19 was associated
with a higher antibody titer. As such, our data support
the use of BNT162b2 in geriatric cohorts, irrespective of
their level of frailty, disability, age, cognitive impairment,
and comorbidity.
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