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Abstract
Introduction: In early 2020, the novel SARS-CoV-2 virus be-
gan to spread around the world and claim victims. Initially, 
in the Western world, COVID-19-related mortality was due to 
illness in long-term care facilities (LTCFs). To manage the CO-
VID-19 crisis in LTCFs in Israel, the Ministry of Health estab-
lished a task force named “Senior Shield.” The task force ex-
ecuted a screening program of weekly polymerase chain re-
action (PCR) SARS-CoV-2 tests for LTCF residents and 
caregivers, and at a later stage, the task force led the Ministry 
of Health vaccination program at LTCFs. This study aimed to 
estimate the effectiveness of the BNT162b2 mRNA COVID-19 
(Comirnaty) vaccine in reducing COVID-19 morbidity and 
mortality in LTCF residents. Methods: We designed a nation-
wide cohort study utilizing data from the Senior Shield task 
force. Residents had received the vaccines starting Decem-
ber 2020. The study follow-up period was 5 months (ending 
May 2021). We defined four outcomes: (a) documented 
SARS-CoV-2 infection, defined by a positive PCR test, (b) CO-

VID-19 death, defined by a positive PCR test followed by 
death, (c) all-cause mortality, defined as death regardless of 
the result of a PCR test, and (d) a composite endpoint which 
included documented SARS-CoV-2 infection or death, the 
earliest of both. We used Kaplan-Meier curves with a log-
rank comparison and Cox regression with a time-dependent 
covariate model to estimate adjusted hazard ratios for vac-
cine effectiveness (VE). The index date was the date of the 
first vaccine dose. In unvaccinated residents, the index date 
was the first date of vaccination in their LTCF. Results: A total 
of 43,596 residents with a mean age of 83 years living in 454 
LTCFs were found eligible for this study. Ninety-one percent 
of the study population received the first vaccine dose 
(39,482) and 86% received the second vaccine dose (37,656). 
Estimated VE 28 days after the first vaccine dose (approxi-
mately 7 days after the second vaccine dose) was 81.2% for 
SARS-CoV-2 infection, 85.3% for COVID-related death, 63.7% 
for all-cause mortality, and 71.1% for the composite end-
point (SARS-CoV-2 infection or death). Conclusion: This 
study shows that the BNT162b2 mRNA COVID-19 vaccine ef-
fectively prevents SARS-CoV-2 infection, COVID-19-related 
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death, and all-cause mortality in LTCF residents. Further re-
search is warranted on the effect of the third vaccine (boost-
er) in this population. © 2022 The Author(s)

Published by S. Karger AG, Basel

Introduction

In early 2020, the novel SARS-CoV-2 virus began to 
spread around the world and claim victims. In the West-
ern world, COVID-19-related mortality occurred pri-
marily in long-term care facilities (LTCFs) [1, 2].

Elderly residents of LTCFs tend to have multiple comor-
bidities, which places them at increased risk of COVID-19 
infection [3]. In addition, high prevalence of cognitive im-
pairment also increases the risk of infection [4]. Two addi-
tional risk factors for SARS-CoV-2 infection in LTCFs are 
the crowdedness of residents in these type of facilities and a 
long-standing shortage of trained personnel [5]. These is-
sues make LTCFs particularly vulnerable to fatal COVID-19 
outbreaks. In the USA, it was estimated that LTCF residents 
represented 42% of the total number of COVID deaths [6], 
with fatality rates reaching up to one-third of residents [7].

In the first wave of the COVID-19 outbreak in Israel, 
residents of LTCFs accounted for 52.4% of all COVID-
19-related deaths in the country, despite being approxi-
mately 1% of the country’s population [8]. This triggered 
the Israeli government’s concern regarding the elderly 
population, specifically to their potential burden on the 
hospitals’ medical care abilities, up to the point of insuf-
ficiency of the entire Israeli health system. This burden 
could then impact the whole population, as medical ser-
vices for routine ailments will become less accessible.

To improve the country’s ability to deal with such a cat-
astrophic scenario, and in line with the European Center for 
Disease Prevention and Control (ECDC) [9] and the Center 
for Disease Control and Prevention in the USA (CDC) [10], 
the government decided to establish a dedicated task force 
to protect roughly 123,000 caregivers and residents of 
LTCFs against the COVID-19 epidemic [11]. This task 
force was named “Senior Shield” and was led by experi-
enced medical personnel. Starting July 2020, the task force 
implemented weekly polymerase chain reaction (PCR) 
SARS-CoV-2 testing for all residents and caregivers [12]. 
Following the systematic weekly screening approach, LTCF 
residents’ mortality and morbidity decreased during the 
second wave of infection, starting in August 2020 [12].

In the first half of 2021, large-scale campaigns to ad-
minister COVID-19 vaccines to the population began 
worldwide, with Israel at the forefront [13–15]. Clinical 

studies conducted to test the efficacy of the mRNA-based 
vaccine showed disease prevention at approximately 95% 
[16]. In spite of this reassuring rate, very limited data were 
available about the vaccines’ effectiveness on the geriatric 
population, as this population was not included in the 
BNT162b2 vaccine clinical trials [17]. Studies conducted 
later found that the vaccines’ immunogenicity in the el-
derly population was lower than the general population, 
yet a certain level of protection was acquired [18–21]. 
Starting December 2020, the Senior Shield task force be-
gan vaccinating the residents and caregivers of LTCFs in 
Israel. This study aimed to estimate the effectiveness of 
the BNT162b2 vaccine given to residents of LTCFs in Is-
rael in reducing COVID-19 morbidity and mortality.

Materials and Methods

Study Design and Setting
We designed a nationwide cohort study using data from the 

Senior Shield task force. All LTCF residents aged 65 years or older 
were included in the study. Residents began receiving the vaccines 
in December 2020. The study follow-up period ended in May 2021 
(a total of 5 months). Residents who were diagnosed with a SARS-
CoV-2 infection prior to receiving the first vaccine dose were ex-
cluded from the analysis. The BNT162b2 vaccine was given ac-
cording to the manufacturer’s recommendations in two doses 21 
days apart. The Local Ethics Committee (IRB) of the Soroka Med-
ical Center approved this study (0429-20-SOR).

We recorded the dates of positive PCR tests if the resident had 
documented SARS-CoV-2 infection and the date of death if the 
resident died during the study and follow-up period. COVID-
19-related death was defined as cases in which death occurred fol-
lowing a positive result on a SARS-CoV-2 PCR test, and the hos-
pitalizing institute gave a report to the Israeli Ministry of Health, 
via official death certificate, that the cause of death was a CO-
VID-19 infection. The index date for each vaccinated subject was 
the date of the first dose. In unvaccinated residents, the index date 
was the first date of vaccination provided to the other residents in 
their LTCF. The endpoint was defined as death, SARS-CoV-2 in-
fection, or the last day of the follow-up period (May 19, 2021).

Study Outcomes
Four outcomes were defined: (a) documented SARS-CoV-2 in-

fection, defined by a positive PCR test, (b) COVID-19-related 
death, defined by a positive PCR test prior to the death of the pa-
tient, (c) all-cause mortality, defined as death regardless of the re-
sult of a PCR test, and (d) a composite endpoint which included 
documented SARS-CoV-2 infection or death, the earliest of both.

Statistical Analysis
We measured the time from the index date to SARS-Cov-2 in-

fection, COVID-19 death, all-cause mortality, and the composite 
endpoint using Kaplan-Meier curves with a log-rank comparison. 
We used a cumulative incidence plot. Risk differences between the 
two groups were measured at the end of the follow-up. We used a 
Cox regression with a time-dependent covariate model to estimate 
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adjusted hazard ratios for vaccine effectiveness (VE), 10 days after 
the first dose and 7 days after second dose, controlling for age and 
stratified by institution. These periods were defined due to the vac-
cine effectiveness evident approximately 10 days after the first 
dose, with maximal response 7 days after the second dose (which 
is given 21 days after the first dose) [16].

We performed an age-dependent analysis primarily by mon-
itoring if the effect of age was linear, and then used the age vari-
able as a continuous variable with increments of 5 years. For the 
age-dependent analysis, we removed all patients aged 105 or old-

er since results revealed outcomes not linear with all other age 
groups. This may have occurred due to incorrect age documen-
tation of part of the patients when they immigrated to Israel 
without any official document at the beginning of the last cen-
tury [22, 23].

The effectiveness was calculated as 1 minus age-adjusted haz-
ard ratio. We used the Statistical Package for Social Sciences (SPSS) 
software version 27 for data analysis and R studio version 1.4.1106 
to create the figures.

Table 1. Residents’ events during the study follow-up period

Vaccinated residents, 
39,482 (90), n (%)

Unvaccinated residents, 
4,114 (10), n (%)

SARS-CoV-2 infection 2,765 (7) 977 (23.7)
COVID-19-related death 573 (1.4) 326 (7.9)
All-cause mortality 2,617 (6.6) 1,067 (25.9)
Composite endpoint (documented SARS-CoV-2 infection or 

death, the earliest of both) 4,809 (12.2) 1,718 (41.7)

Fig. 1. Documented SARS-CoV-2 infection.
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Results

Study Population
During the study period, there were 92,302 residents 

in 454 LTCFs in Israel, and 55,744 of them aged 65 years 
or older. Of those, 43,596 (78.21%) were eligible for the 
study (no positive SARS-CoV-2 PCR test or death before 
the date of the first vaccine dose), with a mean age of 83.0 
(±9.1) years.

90.6% (39,482 residents) of the study population re-
ceived the first vaccine dose, and 86.3% (37,656 patients) 
of the study population received the second vaccine dose. 
4.6% (1,826 residents) of the residents who received the 
first vaccine dose did not receive the second vaccine dose, 
due to a positive SARS-CoV-2 PCR result (81.3%, 1,486 
residents) and/or death (27.2%, 497 residents) within 21 
days after the receiving the first vaccine dose. These data 
suggest a mortality rate of 1.25% in the population of res-

idents that received the first vaccine dose, which is slight-
ly higher than the mortality rate mentioned in the litera-
ture for a period of 21 days (1.15%) [24].

Vaccine Effectiveness
During the 5-month follow-up period (150 days), a to-

tal of 3,742 SARS-CoV-2 infections were documented 
(0.60 per 1,000 person-days), 899 COVID-related deaths 
(0.14 per 1,000 person-days), and 3,684 all-cause deaths 
(0.59 per 1,000 person-days) (Table 1). The proportionate 
mortality from COVID-19 was 21.9% in the vaccinated 
population and 30.6% in the unvaccinated population. 
The cumulative incidence curves for all outcomes defined 
are shown in Figures 1–4.

The estimated VE 10 days after the first vaccine dose 
for SARS-CoV-2 infection was 61.8% (95% confidence 
interval [CI]: 58.2–65.1); COVID-19-related death, 72.3% 
(95% CI: 66.9–76.8); all-cause mortality, 66.9% (95% CI: 

Fig. 2. COVID-19-related death.
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63.8–69.8); and for the composite endpoint (SARS-
CoV-2 infection or death), 63.5% (95% CI: 60.9–65.9). 
The estimated VE 28 days after the first vaccine dose, ap-
proximately 7 days after the second vaccine dose, for 
SARS-CoV-2 infection was 81.2% (95% CI: 78.6–83.5); 
COVID related death, 85.3% (95% CI: 80.4–88.9); all-
cause mortality, 63.7% (95% CI: 59.4–67.6); and for the 
composite endpoint (SARS-CoV-2 infection or death), 
71.1% (95% CI: 68.4–73.5).

The Effect of Age
VE was affected by age. A 5-year increment in age was 

associated with decreased vaccine effectiveness; VE de-
creased in 8.2% for SARS-CoV-2 infection (95% CI: 6.1–
10.3), 23.9% for COVID-19-related death (95% CI: 19.1–
29.0), 30.1% for all-cause mortality (95% CI: 27.5–32.8), 
and 17.3% for the composite endpoint (95% CI: 15.6–
19.1).

Discussion/Conclusion

Main Results
This study examined the effectiveness of the BNT162b2 

mRNA COVID-19 (Comirnaty) vaccine in a large sample 
(43,596) of elderly patients living in LTCFs in Israel who 
received one and two vaccine doses with 90% and 85.9% 
vaccination rates, respectively. Thus, this study is one of 
the largest cohorts carried out in the elderly population 
vaccinated with the BNT162b2 mRNA COVID-19 vac-
cine. Estimated VE during the 5-month follow-up period, 
10 days after the first vaccine dose and 7 days after second 
vaccine dose, was 61.8 and 81.2% for SARS-CoV-2 infec-
tion, 72.3 and 85.3% for COVID-related death, 66.9 and 
63.7% for all-cause mortality, and 63.5 and 71.1% for the 
composite endpoint (SARS-CoV-2 infection or death), 
respectively. As age increased, the VE decreased. For each 
5-year increment in age, VE decreased in 8.2% for SARS-

Fig. 3. All-cause mortality.
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CoV-2 infection, 23.9% for COVID-19-related death, 
30.1% for all-cause mortality, and 17.3% for the compos-
ite endpoint.

Comparison with the Existing Literature
Our results align with other studies that showed the 

BNT162b2 mRNA COVID-19 vaccine effectively reduces 
the incidence of SARS-Cov-2 infection and COVID-related 
deaths [25–29]. The effectiveness of the BNT162b2 mRNA 
COVID-19 vaccine in reducing SARS-CoV-2 infection 28 
days after the first dose, approximately 7 days after the sec-
ond vaccine dose, was 81.2%. This VE was at the high end 
of VE found in previous studies (56–86.5%) [19, 22, 28–30]. 
The effectiveness of the BNT162b2 mRNA COVID-19 vac-
cine in preventing COVID-related 28 days after the first 
vaccine dose, approximately 7 days after the second vaccine 
dose, was 85.3%, lower than the effectiveness as reported by 
Cavanaugh et al. [30] (94% >14 days after the second vac-
cine dose), Mazagatos et al. [31] (97%), and Starrfelt et al. 
[32] (93.1% 7 days after the second vaccine dose).

The discussion regarding vaccine effectiveness can-
not be addressed without attending to nonvaccination 
and its underlying motives. In the current study, 10% of 
the study population was not vaccinated. Previous stud-
ies have shown an association between COVID-19 vac-
cination hesitancy in older population to low income 
and a low level of education, which is often due to vul-
nerability to misinformation and personal medical mis-
trust [33]. In addition, two minority groups in Israel, 
the ultra-Orthodox Jews and Israeli Arabs, have low im-
munization rates. This may be related to lack of trust in 
the government [34]. These factors may cause a selec-
tion bias and impact the VE results, as these popula-
tions may be more prone to medical illnesses and mor-
tality.

Strengths and Limitations
The database which was used in this study did not in-

clude information about gender or comorbidities of the 
residents, so we could not examine the effect of these vari-

Fig. 4. Composite endpoint – documented SARS-CoV-2 infection or death.
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ables. However, Mousstsen-Helms et al. [19] showed that 
adjustments for age, sex, and comorbidities did not affect 
the VE significantly. Another limitation is a potential se-
lection bias, as we compared a group of vaccinated and 
unvaccinated residents. The unvaccinated group might 
have suffered from more comorbidities, leading them to 
be more susceptible to SARS-CoV-2 infection and death, 
thus making the vaccine’s effectiveness seem higher than 
it actually is.

The strengths of this study include its nationwide 
coverage of all residents in all the LTCFs in Israel, its 
size (43,596 residents), and the stratification by LTCF. 
In addition, all residents were examined regularly for 
SARS-CoV-2 infection, so it can be assumed that the 
vast majority of infections have been identified and 
documented.

Conclusion

During the COVID-19 pandemic in Israel, LTCF resi-
dents were the most vulnerable population. A lack of of-
ficial guidelines, a shortage of personal protective equip-
ment, and the poor physical and mental status of resi-
dents contributed to this problematic situation. This 
study shows the effectiveness of the BNT162b2 mRNA 
COVID-19 vaccine in this population to prevent SARS-2 
infection, COVID-19 related death, and all-cause mortal-
ity. Further research is warranted on the effect of the third 
vaccine (booster) in this population.
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