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The COVID-19 pandemic has changed routine care practice for older persons, especially in those with
frailty living in long term care (LTC) facilities. Due to the high mortality rates of Nursing home (NH) res-
idents during the first wave of the COVID-19 pandemic, priority for COVID-19 vaccinations was given to
this vulnerable population. However, the safety and efficacy of such vaccines in older frail elders remains
questionable due to the fact that initial randomized clinical trials (RCTs) for such vaccines did not include
this population. This type of discrimination in patient participation in RCTs continues and has been rec-
ognized in the literature. Nevertheless, in the context of a worldwide emergency, COVID-19 vaccination
in older persons living in LTC facilities may provide a solid basis to protect against negative outcomes,
such as COVID-19 infection and death. In this report, we present the protocol of the GeroCovid Vax study,
an Italian study that began in February 2021 which is aimed at investigating the safety and efficacy of the
anti-SARS-CoV-2 vaccinations in older persons living in LTCs. This protocol specially aims to continuously
and closely monitor events related to- and following- the anti-SARS-CoV-2 vaccination in elderly living in
LTC facilities. In this report, we will provide information related to the study protocol and describe base-
line characteristics of the sample.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction meta-analysis using worldwide data in approximately 50 studies
The impact of COVID-19 pandemic has held high mortality rates
in older Long Term Care (LTC) residents worldwide. In a recent
on four continents, age care facility residents showed an attack rate
of 45% for SARS-CoV-2 infection, with a death rate of 23% [1]. Italy
was one of the first countries to embrace the impact of COVID-19
infection in older persons. In fact, in the first epidemic rate, in
March 2020, death rate reached 33.4% in nursing home (NH) resi-
dents with symptoms compatible with COVID-19 [2]. Common
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comorbidities were shown to have a relevant impact on survival of
patients with COVID-19 and older adults had the highest case-
fatality rate [3–4]. LTC facilities not only host vulnerable individu-
als with advanced age and high comorbidity burden, but also rep-
resent living environments (group gatherings, more than one
person per room, etc.) that can facilitate the spread of COVID-19
infection. Indeed, LTC facilities continuously adapt protective mea-
sures against the pandemic war of SARS-CoV-2 (limiting family
visits, group gatherings, constant swab testing for infection, use
of personal protection equipment). The American Geriatrics
Society has indicated four recommendations in regards to elderly
living in long term care environments: i) defense against
infection, ii) COVID-19 testing and contact tracing, iii) safe transi-
tions of COVID-19 patients, iv) infection control [5]. The European
Geriatric Medicine Society (EuGMS) has already launched an
interim guidance program aiming to prevent the entrance and
spread of COVID-19 into long-term care facilities (LTCFs) [6]. At
the moment, there is an urgent priority to assess safety and
effectiveness of vaccines especially in comorbid elderly living in
LTCF environments.

It is not known to which extent anti-SARS-CoV-2 vaccination
protects LTC residents, who are generally frail, older, and have
more comorbidities than the general adult population. At the
moment, available literature regarding the efficacy and vaccine
protection in LTC residents is limited, which may be due to the lack
of anti-SARS-CoV-2 vaccine clinical trials in this vulnerable group.
Therefore, there is limited knowledge regarding immune response
following such vaccines in older frail individuals. A suboptimal
response has been suggested in the response to the BNT162b2
mRNA vaccine compared to a control group in the same facility
[7]. However, it still remains unclear if there is added immune pro-
tection following vaccination in those that had a previous COVID-
19 infection.

Currently, the use of second and booster doses remains an
important question in the strategy for preventing COVID-19 infec-
tion in this population on a worldwide scale. Further investigations
are needed to emphasize the absolute necessity of a booster dose
as larger sample sizes become available.

Based on this lack of evidence, the Italian Medicines Agency
(AIFA) sponsored the GeroCovid Vax study, which is aimed at
investigating the safety and effectiveness (including immunity
protection duration) of anti-SARS-CoV-2 vaccines, as well as mon-
itoring clinical changes over a 1-year observational period at speci-
fic timed intervals in a large population of Italian LTC residents. The
study began in February 2021 and in this report, we describe the
study protocol and present baseline characteristics of the study
sample.

2. Methods

GeroCovid VAX study is promoted by the Italian Society of
Gerontology and Geriatrics (SIGG) (Florence, Italy) and the Italian
National Institute of Health (Istituto Superiore di Sanità (ISS))
(Rome, Italy) and sponsored by AIFA. GeroCovid Vax study began
in February 2021 and is an ongoing multicenter prospective study
investigating effects of anti-SARS-CoV-2 vaccine use in elderly res-
idents living in Italian LTC centers, specifically NHs and Assisted
living centers [8]. Main study objectives include: i) evaluating effi-
cacy and safety of the vaccine in representative sample of elderly
NH residents, and ii) evaluate humoral and cellular immune
response in a large subpopulation of study participants. Following
the 1st dose of anti-SARS-CoV-2 vaccine, protocol also assesses: i)
clinical and functional changes over time following the 1st dose of
vaccination, ii) negative clinical outcomes (adverse effects related
to vaccination, death, hospitalization, COVID-19 infection). As
previously mentioned, the study began in February 2021, and
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participant enrollment ended on June 30th, 2021. Clinical and
immune response, clinical observations and negative health out-
comes are still under current collection. Any adverse events from
anti-SARS-CoV-2 vaccines are also being registered, as well as
any changes in routine blood parameters.

2.1. Study population

The inclusion criteria included: age� 60 years, life expectancy�
3 months, expected Long term care residency � 3 months, under-
gone at least one dose of any type of anti-SARS-CoV-2 vaccination.
Exclusion criteria included: age < 60 years, life expectancy <
3 months, ongoing positive COVID-19 infection, and nursing home
discharge planned < 3 months. A signed informed consent form by
the participant or his/her proxy was necessary before enrolling in
the study, which was approved by the Ethical Committee at the
Spallanzani Institute (Rome, Italy (protocol 264_2021).

2.2. Data collection

Data collection includes demographic characteristics, lifestyle,
mobility function, physical activity, chronic comorbidities, regular
pharmacological treatments, nutritional status, frailty status,
previous COVID-19 infection, previous anti-influenza,
-pneumococcal, and –herpes zoster vaccinations. In particular, data
regarding the Activities of Daily Living (ADL) [9], Instrumental
Activities of Daily Living (IADL) [10], global cognitive performance
with the Mini Mental State Examination (MMSE) [11], Frailty Syn-
drome (using the Anamnestic modified version) [12], Depression
with the Geriatric Depression Scale (GDS) [13] and chronic comor-
bidities with Cumulative Illness Rating Scale (CIRS) scores [14], as
well as routine laboratory analyses are under evaluation (Fig. 2a).
We also collected data regarding mobility function (walk indepen-
dently, walk with a cane, walk with a walker, move around in a
wheelchair, is accompanied in a wheelchair, mostly bedridden
however sometimes sits in a wheelchair, completely bedridden).
Data regarding negative clinical outcomes (adverse effects follow-
ing vaccination, COVID-19 infection, death and hospitalization)
and changes in clinical and biological parameters following the
first dose of COVID-19 vaccination are also currently under collec-
tion. The GeroCovid VAX study is based on dedicated e-data collec-
tion quality (see ahead). Trained physicians or staff use an e-
registry platform for data entry completion.

2.3. Timeline for data collection

The initial study observation period is planned to last at least
12 months. Data collection includes demographical, clinical, and
routine laboratory data if available before and after vaccination
doses. The study timeline is specifically aimed at studying all clin-
ical and blood/urine parameters at baseline at timed intervals
(Fig. 1). In particular, clinical data were collected at baseline (7 days
prior to the first dose of vaccine). Follow-up data collections
include 7 days following the first dose, 2-, 6- and 12- month inter-
vals following the first dose (Fig. 2a).

As previously indicated, a subsample group will undergo both
humoral and cellular immune response at timed intervals
(Fig. 2b) from the first dose and all sample testing will be per-
formed at a centralized laboratory. In a subsample of LTC residents,
in addition to clinical data collections, blood samples are being
analyzed for humoral response at baseline, 2-, 6- and 12 months
following the first dose (Fig. 2b). All blood samples are properly
stored and shipped to a centralized laboratory of the Infective Dis-
ease Department at the ISS (Rome, Italy). Anti-S IgG levels will be
quantified using a commercial CLIA assay (Liaison SARS-CoV-2 tri-
meric S IgG assay; Diasorin, Italy). This assay was chosen since it



Fig. 1. Participant recruitment and follow-up flow diagram.
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displays a high concordance with neutralizing antibodies titers. In
order to check for exposition to SARS-CoV-2, the presence or
absence of anti-Nucleocapsid (N) IgG will be checked at each
time-point by every peripheral center at time of serum collection.
Vaccine-induced cellular immune response will be assessed in a
subsample of forty individuals twelve months after the vaccination
(T3). The sample population will include 20 individuals who dis-
played high anti-S IgG levels at T2 and 20 who were anti-S IgG neg-
ative/low responders. PBMCs will be purified from peripheral
blood, frozen and shipped to the ISS laboratory. A standardized
intracellular staining protocol will be used to measure anti-S and
anti-N specific cytokines (IFN-g, TNF-a, IL-2) produced by T CD4
and T CD8 cells.
2.4. E-Registry of clinical data collection

Clinical data collection of GeroCovid VAX uses the same plat-
form as the GeroCovid Observational study provided by the Blue-
companion company (France) and has been previously described
in the literature [15]. In particular, the GeroCovid e-Registry was
adapted from an existing electronic platform that Bluecompanion
developed in 2018 for a project called e-Trajectories. In March
2020, in conjunction with the COVID-19 pandemic, Bluecompanion
provided their health data collection system for the GeroCovid
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initiative. E-Trajectories and GeroCovid adaptation are based on
the CleanWeb engine produced by Telemedicine Technologies
(Boulogne-Billancourt, France), embedded in a dedicated web plat-
form designed for integrating data from different sources [16]. All
data for GeroCovid VAX are recorded on web servers located
throughout Italy. ICT operations are compliant with the European
General Data Protection Regulation (GDPR) and with the relevant
international standards for clinical trials (ISO 9001 certification
and FDA CFR 21 part 11). The platform was developed in collabora-
tion with technical-scientific team of Bluecompanion and the Ger-
oCovid coordinators with the goal of capturing the complexity of
the geriatric patient. In addition, Bluecompanion continuously pro-
vides training sessions for investigators from each investigational
site, as well as technical support. Data collection is under constant
quality control and investigators are required, when necessary to
verify data entry. All individual clinical data are anonymized before
data entry.
2.5. Sample size calculation for immune response and statistical
analysis

For the humoral response study protocol, we aimed to compare
data collected in the present study with those collected in a sample
of healthy adults aged < 65 years collected in a national project as



Fig. 2a. Timeline description for Clinical GeroCovid Vax data collection and parameters at each observation follow up.

Fig. 2b. Timeline description.
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an ancillary part of the study. Sample size calculation performed
with an a = 0.05% and a b = 0.80 was found to be at least 292 par-
ticipants in order to prove a significant difference in antibody
response of 15% between the two samples. Considering a drop
out rated of 55% in the LTC sample, we considered a sample size
2327
of at least 649 LTC residents to be enrolled. Such a relevant drop
out rate is due to the high 1-year mortality rate observed in LTC
residents in Italy [17] and to the fact that LTC residents are often
transferred in other settings (hospital or home). Overall, 685 par-
ticipants were enrolled for this ancillary study.



Table 1
Distribution of Covid vaccines in the Gerocovid Vax Study population (n = 3004).

N (%) M/F Age men yrs (mean (SD)) Age women yrs (mean (SD))

BNT162b2
(BioNTech-Pfizer)

2796 (92.8) 866/2138 79 (9) 85 (9)

mRNA-1273
(Moderna)

207 (7.2) 55/152 80 (9) 86 (8)

ChAdOx1/nCoV-19
(Vaxrevia)

1 (0) 1/0 73

Race
White 2940 (97.9) 849/2091
Black 18 (0.6) 1/17
Asian 4 (0.1) 2/2
Other/unknown 42 (1.4) 14/28

Table 2
Baseline Clinical Characteristics of GeroCovid Vax study participants according to age group (n = 3004).

Clinical characteristics Total 60–75 yrs 76–85 yrs �86 yrs p
(n = 3004) (n = 626) (n = 1000) (n = 1378)

Age, mean (SD) 83.1 (9.2) 68.9 (4.6) 81.3 (2.7) 91.0 (3.6)
M/F 866/2138 314/312 285/715 267/1111 0.001
Previous COVID-19 infection (n,%) 833, 27.7 153, 24.4 271, 27.1 409, 29.7 0.001
Seasonal Flu vaccine (n,%) 1900, 63.2 403, 64.4 619, 61.9 878, 63.7 0.341
Pneumococcal vaccine (n,%) 783, 26.1 176, 28.1 257, 25.7 350, 25.4 0.010
Number of comorbidities, *% 0.012
1–2 23.7 26.6 22.0 23.5
3–4 32.6 36.8 33.0 30.3
�5 43.7 36.6 45.0 46.2

Mobility function* (n, %) <0.001
Walk 1140, 41.4 329, 55.7 399, 42.9 412, 33.3
Does not walk 1210, 43.9 182, 30.8 379, 40.8 649, 52.5
Bedridden 406, 14.7 80, 13.5 151, 16.3 175, 14.2

Frailty syndrome*, % 18.80% 11.80% 19.50% 21.70% <0.001

(* = valid percent reported excluding missing variables).
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Descriptive results of variables are presented as means ±
standard deviation (SD) or percentages. Analysis of variance
(ANOVA) and v2 test were performed to evaluate differences in
clinical characteristics among groups defined according to age
(60–75, 76–85, 86 + years). Statistical analyses were performed
using SPSS software (SPSS, Inc., Chicago, IL).

3. Results

At the moment, data entry has been collected in 76 LTC centers
over Italy and baseline data has been completed in 3014 partici-
pants. 10 participants were excluded due to the lack of undergoing
the first dose of vaccination. In the present report, descriptive anal-
yses have been performed using available baseline data as of
September 12, 2021 and consisted of 3004 participants (Fig. 1);
however, data entry related to patients’ enrollment is still under-
going and therefore baseline numbers may change over the next
few months. In addition, of the 3004 study participants, 685 have
undergone blood tests for immune response analyses (Fig. 1). As
of June 30th 2021, 92.8% of the older population living in LTCF
has been vaccinated with BNT162b2 and 7.2% with mRNA-1273
(Table 1). Clinical characteristics according to age groups are
shown in Table 2. We found that in the younger age groups, there
was a significantly higher prevalence of the anti-pneumococcal
vaccination compared to the other two age groups. There was
not difference in the prevalence of the use of the seasonal flu vac-
cine across age groups. Chronic comorbidities and frailty syndrome
were found to be significantly more prevalent in the oldest age
group (Table 2). Potential adverse events related to anti-SARS-
CoV-2 vaccines and measured during the study follow-up are listed
in Box 1.
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4. Discussion

The GeroCovid Vax study will provide a solid response to the
efficacy and safety of the anti-SARS-CoV-2 vaccine implementation
in older persons living in LTC facilities. This unique protocol com-
prises a large representative population of older LTC residents
(n = 3004). Baseline data underline over 90% use of the BNT162b2
vaccine compared to the mRNA-1273 or ChAdOx1/nCoV-19 in the
study population. In addition, baseline data show that older resi-
dents (over 86 years) were more likely to be frail, to have higher
number of comorbidities and to have had a previous infection for
COVID-19 before vaccination.

At the present, anti-SARS-CoV-2 vaccines remain essential to
protecting against COVID-19 infection and mortality. However,
older frail NH residents may be less immunogenic to such vaccines
and there is a lack of clinical trial data regarding their use in such a
vulnerable population. One report tested for antibody levels after
the BNT162b2 mRNA vaccine to spike, receptor bindging domain
(RBD) and virus neutralization in 149 older NH residents [7]. Over-
all, they found a significantly lower immune response to the
BNT162b2 mRNA vaccine compared to health care workers (con-
trol group). Another report tested for both humoral (antibodies
against the S1 subunit of spike protein) and cellular (SARS-CoV-2
antigen) immune responses in 64 NH residents with antibodies
against SARS-CoV-2 nucleocapsid and 46 residents without anti-
bodies four weeks following the first vaccine dose [18]. This study
also indicated a suboptimal response to the BNT162b2 mRNA vac-
cine in COVID-19 naïve NH residents compared to controls (COVID-
19 naïve healthcare workers). Interestingly, their findings indi-
cated a similar response in COVID-19 experienced residents and
COVID-19 naïve healthcare workers. Longer prospective studies
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with large study populations are necessary to reveal if there is only
a delay or a quantitative lower immune response in order to adapt
vaccination approaches in this frail population. Findings from a ret-
rospective cohort analysis demonstrated that partial vaccination
with the BNT162b2 vaccine was associated with a significant
reduction in the risk for SARS-CoV-2 infection among NH residents
[19]. Another study reported more robust protection after the sec-
ond dose of the same vaccine in a comparable older adult popula-
tion [20], thus indicating that complete 2-dose vaccination is an
important strategy for preventing COVID-19 in this disproportion-
ately affected population. Further study of this population should
continue as larger sample sizes become available.

Correlates of protection against SARS-CoV-2 infection in
humans are not yet established, however it has been shown that
the cellular immunity persists in recovered individuals but the sig-
nificance for protection and susceptibility, respectively, remains
unclear [21–22]. Moreover, considering an expected decline in
serum antibody levels, the assessment of cellular immunity twelve
months after the vaccination will provide important clues on the
persistence of vaccine-induced immunity. The design will also
allow to test for longitudinal measurement of anti-N IgG, which
are not induced by Spike-containing vaccines, to monitor for possi-
ble infection during the study period, and thus provide important
data on vaccine efficacy in frail elders in LTC settings during the
post-vaccine period.

NH residents accounted for a disproportionate share of COVID-
19 deaths worldwide since the beginning of the pandemic. Thirty-
day mortality rates from COVID 19 in a large study population of
NH residents (n = 12,271) significantly declined from 20.9% to
11.2% (March – November 2020) which may be due to improved
clinical management within NHs, as well as improved personal
protective equipment supplies [23]. Interestingly, a recent Italian
case control study compared older NH patients with a previous
COVID-19 infection (n = 76) to controls (n = 76) and found an accel-
erated age-related deterioration of approximately 20% in physical
performance and frailty status of previously infected NH residents
compared to controls [24]. The recent call for booster doses
remains questionable for all age groups. However, government
health organizations are rapidly underlining that such dose seems
to be essential in maintaining lower COVID-19 infection rates for
frail elders.

One important study limitation concerns the potential hetero-
geneity of e-data registration due to the large number of study
sites. However, the study uses a unique electronic platform that
is continuously monitored for correct data entry and allows for
immediate statistical response to the predictive role of anti-
SARS-CoV-2 vaccines on clinical outcomes (including SARS-CoV-2
infection (vaccine failure), adverse events following vaccine doses,
hospitalization and death) and changes in biological measures of
cellular immunity over time.

In conclusion, the GeroCovid Vax study will provide essential
knowledge and practical implications for an optimal use of anti-
SARS-CoV-2 vaccines in frail elders, especially those living in LTC
environments.
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