
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Vaccine 40 (2022) 512–520
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Early effectiveness of BNT162b2 Covid-19 vaccine in preventing SARS-
CoV-2 infection in healthcare personnel in six Israeli hospitals (CoVEHPI)
https://doi.org/10.1016/j.vaccine.2021.11.092
0264-410X/� 2021 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Clalit Research Institute, Innovation Division, Clalit Health Services, Arlozorov St 101, Tel Aviv, Israel.
E-mail address: Rbalicer@clalit.org.il (R.D. Balicer).

1 These authors contributed equally to the study.
Mark A. Katz a,b,c, Efrat Bron Harlev d,1, Bibiana Chazan e,f,1, Michal Chowers g,h,1, David Greenberg i,j,1,
Alon Peretz k,1, Sagi Tshori l,m,1, Joseph Levy a, Mili Yacobi a, Avital Hirsch a, Doron Amichay j,n,
Ronit Weinberger n, Anat Ben Dor n, Elena Keren Taraday n, Dana Reznik d, Chen Barazani Chayat o,
Dana Sagas p, Haim Ben Zvi q, Rita Berdinsteinm,r, Gloria Rashid s, Yonat Shemer Avni t,
Michal Mandelboimu,v, Neta Zuckerman u, Nir Rainyw, Amichay Akriv a, Noa Dagan a,x,y,z, Eldad Kepten a,
Noam Barda a,x,y,z, Ran D. Balicer a,b,⇑
aClalit Research Institute, Innovation Division, Clalit Health Services, Ramat Gan, Israel
b School of Public Health, Faculty of Health Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel
cUniversity of Michigan, School of Public Health, Ann Arbor, MI, USA
d Schneider Children’s Medical Center of Israel, Petach Tikvah, Israel
e Infectious Diseases and Infection Control Unit, Ha’Emek Medical Center, Afula, Israel
fRappaport Faculty of Medicine, Technion, Haifa, Israel
g Infectious Diseases, Meir Medical Center, Kfar Saba, Israel
h Sackler School of Medicine, Tel-Aviv University, Tel Aviv, Israel
iPediatric Infectious Disease Unit the Pediatric Division, Soroka University Medical Center, Beer Sheva, Israel
j Faculty of Health Sciences, Ben Gurion University of the Negev, Beer Sheva, Israel
kOccupational Medicine Clinic, Rabin Medical Center, Petah Tikva, Israel
lResearch Authority, Kaplan Medical Center, Rehovot, Israel
m The Faculty of Medicine, Hebrew University of Jerusalem, Jerusalem, Israel
nClalit Central Laboratory, Clalit Health Services, Tel Aviv, Israel
oMultidisciplinary Laboratory, Schneider Children’s Medical Center of Israel, Petach Tikvah, Israel
pClinical Microbiology Laboratory, Ha’Emek Medical Center, Afula, Israel
qMicrobiology Department, Rabin Medical Center, Petah Tikva, Israel
rMicrobiology Department, Kaplan Medical Center, Rehovot, Israel
sDepartment of Clinical Laboratories, Meir Medical Center, Kfar Saba, Israel
tVirology, Soroka University Medical Center, Beer Sheva, Israel
uCentral Virology Laboratory, Chaim Sheba Medical Center, Ministry of Health, Ramat Gan, Israel
vDepartment of Epidemiology and Preventive Medicine, Sackler Faculty of Medicine, School of Public Health, Tel Aviv University, Tel Aviv, Israel
w Laboratory Division, Shamir Medical Center, Zerifin, Israel
x Software and Information Systems Engineering, Ben Gurion University, Beer Sheva, Israel
yDepartment of Biomedical Informatics, Harvard Medical School, Boston, MA, USA
z Ivan and Francesca Berkowitz Family Living Laboratory at Harvard Medical School, Boston, MA, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 9 August 2021
Received in revised form 24 November 2021
Accepted 29 November 2021
Available online 10 December 2021
Background: Methodologically rigorous studies on Covid-19 vaccine effectiveness (VE) in preventing
SARS-CoV-2 infection are critically needed to inform national and global policy on Covid-19 vaccine
use. In Israel, healthcare personnel (HCP) were initially prioritized for Covid-19 vaccination, creating
an ideal setting to evaluate early real-world VE in a closely monitored population.
Methods: We conducted a prospective study among HCP in 6 hospitals to estimate the effectiveness of
the BNT162b2 mRNA Covid-19 vaccine in preventing SARS-CoV-2 infection. Participants filled out weekly
symptom questionnaires, provided weekly nasal specimens, and three serology samples – at enrollment,
30 days and 90 days. We estimated VE against PCR-confirmed SARS-CoV-2 infection using the Cox
Proportional Hazards model and against a combined PCR/serology endpoint using Fisher’s exact test.
Results: Of the 1567 HCP enrolled between December 27, 2020 and February 15, 2021, 1250 previously
uninfected participants were included in the primary analysis; 998 (79.8%) were vaccinated with their
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first dose prior to or at enrollment, all with Pfizer BNT162b2 mRNA vaccine. There were four PCR-positive
events among vaccinated participants, and nine among unvaccinated participants. Adjusted two-dose VE
against any PCR-confirmed infection was 94.5% (95% CI: 82.6%-98.2%); adjusted two-dose VE against a
combined endpoint of PCR and seroconversion for a 60-day follow-up period was 94.5% (95% CI:
63.0%-99.0%). Five PCR-positive samples from study participants were sequenced; all were alpha variant.
Conclusions: Our prospective VE study of HCP in Israel with rigorous weekly surveillance found very high
VE for two doses of Pfizer BNT162b2 mRNA vaccine against SARS-CoV-2 infection in recently vaccinated
HCP during a period of predominant alpha variant circulation.
Funding: Clalit Health Services.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Mass vaccination is considered the most important strategy to
achieve sustained mitigation of the threat posed by Covid-19, by
preventing morbidity and mortality and reducing SARS CoV-2
transmission [1]. While clinical trials [2] and real-world effective-
ness studies [3] have demonstrated the effectiveness of Covid-19
vaccines in preventing SARS-CoV-2 infections, most of these stud-
ies were not designed to accurately assess the extent by which vac-
cines reduce asymptomatic infection, a modality that has been
shown to play an important role in virus transmission [4].

Evidence is building that Covid-19 vaccines reduce asymp-
tomatic infection and onward viral transmission. Two prospective
VE studies among healthcare personnel (HCP), from the UK [5] and
the US [6], both of which conducted routine sampling of partici-
pants, found high two-dose VE (85% and 91%, respectively) against
any infection with the Pfizer BNT162b2 mRNA vaccine. While
these studies were methodically rigorous and robust in sample
size, the UK study [5] collected PCR samples from asymptomatic
participants biweekly (although frontline workers were tested by
lateral flow device twice a week) and therefore may have missed
asymptomatic infections, which may cause viral shedding for only
a few days [7] . In addition, neither study used serology testing to
detect new infections that could have been missed by respiratory
swabbing. Studies from Israel and the US have shown that viral
RNA load is lower in infected vaccinated persons compared to
unvaccinated persons, suggesting a lower risk of transmission in
vaccinated individuals [6,8]. Studies from Scotland and England
have demonstrated a reduction in secondary infections among
families of vaccinated persons compared to families of unvacci-
nated individuals [9,10].

In Israel, a the national Covid-19 vaccination campaign began
on December 20, 2020, in which HCP were part of the first group
to be prioritized for vaccination; all HCP in the country were
offered two doses of the Pfizer BNT162b2 vaccine separated by
21 days. We aimed to evaluate early VE against any SARS-CoV-2
infection by conducting a prospective cohort study among HCP in
six hospitals in Israel in the period immediately following the start
of the vaccination campaign.
2. Methods

2.1. Setting

Clalit Health Services (CHS) is the largest of four integrated
payer/provider health care organizations in Israel, with 4.7 million
members (52% of the population). CHS operates 14 hospitals in
Israel. For this study we enrolled HCP from six CHS hospitals: four
in central Israel (Rabin Medical Center, Schneider Children’s Med-
ical Center of Israel, Meir Medical Center and Kaplan Medical Cen-
ter), one in northern Israel (Ha’Emek Medical Center) and one in
southern Israel (Soroka University Medical Center). All hospitals
are managed by CHS and mostly staffed by HCP insured by CHS.
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CHS has maintained fully digitalized electronic medical records
(EMR) for over 20 years. which contains comprehensive data on
all aspects of medical care. Data related to all COVID-19 PCR tests
and vaccine administration in Israel is collected centrally by the
Israeli Ministry of Health (MoH) and is updated daily into CHS’s
EMR system.

2.2. Study design

We conducted a prospective cohort study, designed to evaluate
the effectiveness of the Pfizer BNT162b2 mRNA Covid-19 vaccine
in preventing SARS-CoV-2 infections among HCP. The design was
based in part on a World Health Organization (WHO)/Europe VE
guidance document [11]. To optimize the chances of detecting
asymptomatic infections and identifying all symptomatic infec-
tions, we collected weekly nasal swabs from all participants,
administered weekly symptom questionnaires, and collected serol-
ogy samples at three different points during the follow-up period.

2.3. Population

We offered enrollment to all HCP who were insured by CHS,
working at the participating hospitals, and were eligible to receive
the Covid-19 vaccine according to the Ministry of Health (MoH)
guidelines [12]. At the time of enrollment, the Israeli MoH policy
of delaying vaccine in previously infected individuals had not yet
been clearly articulated, so previously infected HCP were offered
enrollment in the study. Due to concerns that enrollment antibody
testing would not be able to distinguish between previous infec-
tion and vaccination, we did not enroll HCP who had received their
first dose of the vaccine more than 21 days prior to the enrollment
date.

2.4. Recruitment

We used CHS’s EMR to generate a list of all HCP who worked at
any of the six study hospitals and were also insured by CHS.
Recruitment started on December 27, 2020 and continued through
February 15, 2021. Participants were recruited regardless of their
intention to get vaccinated.

2.5. Data collection

At enrollment all participants had a serology specimen and a
respiratory specimen collected, and completed a brief question-
naire about demographic information; occupational, community,
and household exposures; attitudes about the Covid-19 vaccine;
and symptoms in the past week. Every week, for 12 weeks follow-
ing enrollment, participants were asked to complete an electronic
symptom questionnaire with questions about whether they had
any of 16 symptoms suggestive of suspected Covid-19 illness. In
addition, participants provided weekly nasal or combined nasal
and throat specimens, regardless of whether they had symptoms.
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Participants were instructed to seek medical care when symp-
tomatic; SARS-CoV-2 testing within the Israeli healthcare system
was conducted according to Israel MoH guidelines [13].

Study staff were instructed to contact all participants who
tested positive for SARS-CoV-2 test after the positive test results
became available, regardless of the reason for the test, and admin-
ister a brief questionnaire about symptoms the participant had
experienced five days before and five days after the test was
conducted.

Participants filled out three questionnaires (enrollment, weekly,
follow-up of PCR-positive participants), which included questions
about the following symptoms (comprised mainly of symptoms
from the WHO case definition for suspected and probable Covid-
19 [14]): fever; a new or worsening cough; new or worsening
shortness of breath; chills; new or worsening muscle aches; new
loss of taste; new loss of smell; sore throat; vomiting; diarrhea;
nausea; fatigue; headache; nasal congestion or runny nose; change
in mental state.

Participants provided two additional blood samples for serology
– one at 30 days and another at 90 days after enrollment (for par-
ticipants unvaccinated at enrollment) or 30 and 90 days after the
receipt of the first vaccine dose (for participants vaccinated prior
to or at enrollment). In order to accommodate for varying HCP
work schedules, study staff were instructed to collect serology
samples within one week of the target date for the 30- and 90-
day serology draws.

We extracted data on participants’ sex, age, population sector,
socioeconomic status (SES), history of influenza vaccination in
the past five years, and Covid-19 vaccination history from the
CHS EMR, as previously described [15]. We also extracted data
on chronic medical conditions that were identified by the Centers
for Disease Control and Prevention (CDC) as risk factors for severe
Covid-19 [16], using International Classification of Diseases, Ninth
Revision (ICD-9) codes from inpatient and outpatient records and
internal patient registries [15]. We extracted EMR data on SARS-
CoV-2 PCR tests conducted before and during the study. Finally,
to evaluate disease severity, we extracted data on hospitalizations
among participants who tested positive for SARS-CoV-2 during the
study period, for the one-month period following the positive test.

2.6. Data management

Data collection and management for the study were conducted
using REDCap, a browser-based software system (Vanderbilt
University, Nashville, TN, USA). Questionnaires were designed to
be self-administered electronically through the internet, using
computers or mobile telephones.

2.7. Laboratory testing

2.7.1. RT-PCR testing
Respiratory specimens were tested by RT-PCR by the respective

laboratories in five of the six hospitals, and by the CHS central lab-
oratory (Supplementary Table 1).

2.7.2. Genomic sequencing
PCR-positive samples from participants underwent genetic

sequencing at the Israel National Virology Laboratory (NVL) and
Shamir Medical Center (SMC). (Supplemental Methods 1)

2.7.3. Serology
Enrollment serology samples underwent testing at either one of

the study hospitals or the CHS Central Laboratory for antibodies to
SARS-CoV-2 using a combination of the Abbott SARS-CoV-2 nucle-
ocapsid IgG test (Abbott Laboratories, Sligo, Ireland), the Liaison
SARS-CoV-2 spike protein S1/S2 IgG test (DiaSorin, Centralino,
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Italy), and the Abbott SARS-CoV-2 IgG II Quant test (Abbott Labora-
tories, Sligo, Ireland). Serology specimens collected at 30 days and
90 days were tested with the Abbott SARS-CoV-2 nucleocapsid IgG
test and either the Abbott SARS-CoV-2 IgG II Quant test or the Liai-
son SARS-CoV-2 spike protein S1/S2 IgG test. Because the latter
two anti-spike protein antibody tests were likely to be positive
for vaccinated participants, we only used results from the Abbott
SARS-CoV-2 nucleocapsid IgG test to determine new infections.
Supplemental Methods 2 outlines the algorithm used to determine
serology results.
2.8. Sample size considerations

Samples size considerations are described in Supplemental
Methods 3.
2.9. Assessment of vaccine effectiveness

As a primary outcome, we evaluated VE in preventing any PCR-
confirmed Covid-19 among participants who were at least
seven days after receipt of the second vaccine dose compared to
participants who had never been vaccinated.

As secondary analyses, we estimated VE in preventing asymp-
tomatic and symptomatic PCR-confirmed Covid-19 separately,
and two-dose VE 14 days after receipt of the second vaccine dose..
We defined asymptomatic infection as one in which the participant
was PCR-positive and denied symptoms in the seven days before
and five days after specimen collection.

Finally, in an additional analysis, we estimated VE in preventing
any infection as defined by a combined outcome of either PCR-
confirmed infection and/or seroconversion. For this analysis, par-
ticipants with non-negative enrollment serology or non-negative
30-day serology results (Supplemental Methods 2), those who
were vaccinated after enrollment, and those who received only
one dose of vaccine, were excluded from the analysis. All partici-
pants were followed for 60 days - from day 30 to day 90 following
their first vaccination (for participants vaccinated prior to or at
enrollment) or from day 30 to day 90 following the day of enroll-
ment (for unvaccinated participants). Participants who had a neg-
ative 30-day serology and a positive 90-day serology were
considered to have seroconverted to SARS-CoV-2 during the
follow-up period.

For our primary analyses, in order to ensure that we were eval-
uating VE in an infection-naïve population, we only included par-
ticipants who were seronegative at enrollment and did not have
PCR-confirmed SARS-CoV-2 infection at or prior to enrollment.
We also excluded fully vaccinated participants who had PCR-
confirmed SARS-CoV-2 infection prior to seven days after their sec-
ond vaccine dose (Fig. 1). For our secondary analyses, we included
less restrictive cohorts (Supplementary Methods 4).
2.10. Determination of follow-up time

We calculated follow-up time in person-days (PDs). Participants
were followed-up for 90 days from enrollment. For participants
who were unvaccinated at enrollment, the time to infection was
measured from the day of enrollment. For subjects who were
enrolled as unvaccinated and chose to get vaccinated during the
study, follow-up time was right-censored on the day the first vac-
cine dose was received. For subjects vaccinated before or at enroll-
ment, the follow-up period started from the seventh day after they
received the second vaccine dose. Participants infected during the
study were followed until the date of their first PCR-positive test.



Fig. 1. Study population and persons excluded to establish cohort for primary analysis, CoVEHPI Notes: *If participants were already vaccinated before or at enrollment, and
their enrollment serology was tested for anti-spike protein antibodies but not anti-nucleocapsid antibodies, their serology test was considered irrelevant (See Supplementary
Methods 2) ** 9 PCR infections occurred among participants who were not eligible for the primary analysis due to non-negative serology or because the infections occurred
among vaccinated participants before 7 days after they received their second vaccine dose.
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2.11. Statistical analysis

The primary analysis was based on a Cox proportional hazards
model, adjusted for the following covariates: age, sex, SES, popula-
tion sector (Arab/Jewish) and occupation (physician/nurse or
administrative/support staff). Hospital of employment was
included as a random effect. In all analyses, two methods were
used to account for fluctuations in the weekly Covid-19 infection
rates in Israel [17]. First, calendar time was used as the time scale
of the Cox model. Second, as a sensitivity analysis, time from start
of follow-up was used as the time scale of the Cox model, and a
time-varying covariate with the weekly incidence of new COVID-
19 cases in Israel was added to the model. VE was defined as one
minus the hazard ratio between the vaccinated and unvaccinated.

For the secondary analysis targeting the combined outcome of a
positive PCR test or seroconversion, we could not use a person-
time model because infection onset date is unknown for infections
only documented by seroconversion. We therefore applied Fisher’s
exact test and VE was defined as one minus the odds ratio. For the
additional analyses we employed the same modeling that we used
for the primary analysis. There were no missing data related to the
analyses.
2.12. Ethics

The study protocol was reviewed and approved by the CHS Cen-
tral Institutional Review Board All participants completed written
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informed consent in Hebrew. Small gifts (total value < $10 per par-
ticipant) were given to participants at study milestones. Partici-
pants had access to results of all laboratory tests performed
during the study.
3. Results

We enrolled 1567 HCP from the six hospitals between Decem-
ber 27, 2020 and February 15, 2021 (Supplementary Table 2). Of
the 1567 enrolled participants, 1250 (79.8%) were included in the
primary analysis (Fig. 1). Overall, 222 (14.2%) participants were
excluded in the primary analysis because they had a positive or
indeterminate enrollment serology result, did not have relevant
enrollment serology results; or had a PCR-positive test before or
at enrollment.

Of the 1250 participants in the primary analysis, 998 (79.8%)
were vaccinated before or at enrollment. These participants
received their second vaccine dose at a median of 22 days (in-
terquartile range [IQR]: 22–22) after the first dose. Fig. 2 shows
the weeks participants received their first and second vaccine
doses in the context of the national pandemic activity. Of the
252 participants who were unvaccinated at the time of enrollment,
201 (79.8%) received a first vaccine dose during the three-month
follow-up period and thus did not complete the full follow-up per-
iod. The median time from enrollment to vaccination among par-
ticipants who entered the study unvaccinated was 34 days (IQR:
16–51).



Fig. 2. Week of first and second vaccination for vaccinated participants, week of enrollment for unvaccinated participants, RT-PCR-confirmed cases in study participants, and
new weekly SARS-CoV-2 cases in Israel, December 2020-May 2021.

M.A. Katz, Efrat Bron Harlev, B. Chazan et al. Vaccine 40 (2022) 512–520
Most vaccinated (77.3%) and unvaccinated (90.5%) participants
were female. Vaccinated participants who were included in the pri-
mary analysis had a median age of 47 years (IQR: 38–57) compared
to 37 (IQR: 31–47) in unvaccinated participants (Table 1). Less vac-
cinated participants were Arab compared to unvaccinated partici-
pants (5.7% vs. 11.5%, p < 0.0001), and less vaccinated
participants had low SES compared to unvaccinated participants
(9.4% vs. 17.1%, P < 0.0001). There were more physicians among
vaccinated participants than unvaccinated participants (21.9% vs.
6.0%, p < 0.0001). The percentages of participants who had contact
with Covid-19 patients, had direct contact with patients and had at
least one comorbidity were similar between vaccinated and unvac-
cinated patients, but more vaccinated patients received influenza
vaccines in previous years compared to unvaccinated participants.

For the primary analysis, fully vaccinated individuals con-
tributed 68,574 PDs and unvaccinated participants contributed
10,027 PDs. Vaccinated individuals were followed up for a median
of 71 days (IQR: 67–76), while unvaccinated participants were fol-
lowed up for a median of 35 days (IQR: 15–52). Vaccinated partic-
ipants provided weekly respiratory specimens for 85.9% (standard
deviation [SD]: 19.9) of the weeks of follow-up time, while unvac-
cinated participants contributed respiratory specimens for 88.9%
(SD: 17.4) of the follow-up weeks.

There were 13 PCR-positive events during the follow-up period
for the primary analysis, including 4 among vaccinated partici-
pants (incidence: 0.58 per 10,000 PDs) and 9 among unvaccinated
participants (incidence: 8.98 per 10,000 PDs). The adjusted VE was
94.5% (95% CI: 82.6%-98.2%). Table 2 describes VE estimates, using
calendar time as the model time scale, for the primary analyses and
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the secondary analyses; Supplementary Table 3 describes the same
estimates using the time-varying analysis.

Among the 13 PCR-positive events, 11 were symptomatic and 2
were asymptomatic; none of the symptomatic participants
required hospitalization. Both asymptomatic infections were
among vaccinated participants. In the secondary analysis, adjusted
VE for symptomatic infection was 97.0% (95% CI: 72.0%-99.7%). VE
against asymptomatic infection could not be estimated due to the
low number of events during the follow-up period.

In the secondary VE analysis that used a combined outcome of
PCR and/or seroconversion, 983 vaccinated participants and 35
unvaccinated participants were included, and contributed 50,526
PDs and 1542 PDs, respectively. During the two-month follow-up
period, there were eight infections, of which five were among vac-
cinated participants (Supplementary Table 4). Unadjusted VE for
the combined endpoint was 94.5% (95% CI: 63.0%-99.0%).

Results of additional secondary analyses largely mirrored the
results of the primary VE analysis. VE against any infection among
fully vaccinated participants who were at least 14 days after their
second dose was identical to the primary analysis for vaccination
after 7 days, because all 4 cases among vaccinated participants
occurred more than 14 days after their second dose. Adjusted
two-dose VE for the Extended Cohort 1, which included partici-
pants regardless of how many weekly specimens they provided
during the follow-up period, was similar (94.8% [95% CI: 83.4%-
98.3%]). Adjusted two-dose VE for Extended Cohort 2, which also
included participants regardless of how many weekly swabs they
had provided, and added participants who had indeterminant
enrollment serology results, who had not provided an enrollment



Table 1
Demographic and clinical characteristics of participants included in primary analysis, Covid-19 vaccine effectiveness in healthcare personnel in six Clalit Health Services hospitals
in Israel (CoVEHPI), December 2020-May 2021.

Characteristic All Participants no. (%) Vaccinated no. (%) Not Vaccinated no. (%) P value

Total 1250 998 (79.8%) 252 (20.2%)
Sex
Female 999 (79.9%) 771 (77.3%) 228 (90.5%) <0.0001
Male 251 (20.1%) 227 (22.7%) 24 (9.5%)

Age, Median (IQR) 45 (36–55) 47 (38–57) 37 (31–47)
Age group
18–34 266 (21.3%) 167 (16.7%) 99 (39.3%) <0.0001
35–49 497 (39.8%) 396 (39.7%) 101 (40.1%)
50–64 420 (33.6%) 372 (37.3%) 48 (19%)
65+ 67 (5.4%) 63 (6.3%) 4 (1.6%)

Population sector
Arab 86 (6.9%) 57 (5.7%) 29 (11.5%) 0.0019
Jewish 1164 (93.1%) 941 (94.3%) 223 (88.5%)

Socioeconomic status
Low 137 (11%) 94 (9.4%) 43 (17.1%) <0.0001
Middle 448 (35.8%) 337 (33.8%) 111 (44%)
High 665 (53.2%) 567 (56.8%) 98 (38.9%)

Hospital
Ha’emek 160 (12.8%) 148 (14.8%) 12 (4.8%) <0.0001
Kaplan 133 (10.6%) 120 (12%) 13 (5.2%)
Meir 218 (17.4%) 190 (19%) 28 (11.1%)
Rabin 253 (20.2%) 193 (19.3%) 60 (23.8%)
Schneider 135 (10.8%) 99 (9.9%) 36 (14.3%)
Soroka 351 (28.1%) 248 (24.8%) 103 (40.9%)

Occupation
Physician 234 (18.7%) 219 (21.9%) 15 (6%) <0.0001
Nurse 549 (43.9%) 420 (42.1%) 129 (51.2%)
Administration and support staff 467 (37.4%) 359 (36%) 108 (42.9%)

Frequency of contact with suspected or
confirmed Covid-19 patients
Always 63 (5%) 49 (4.9%) 14 (5.6%) 0.0735
Often 124 (9.9%) 98 (9.8%) 26 (10.3%)
Sometimes 232 (18.6%) 196 (19.6%) 36 (14.3%)
Seldom 328 (26.2%) 259 (26%) 69 (27.4%)
Never 488 (39%) 388 (38.9%) 100 (39.7%)
Unknown 15 (1.2%) 8 (0.8%) 7 (2.8%)

Clinical worker with direct patient contact
Yes 725 (58%) 580 (58.1%) 145 (57.5%) 0.3360
No 492 (39.4%) 395 (39.6%) 97 (38.5%)
Unknown 33 (2.6%) 23 (2.3%) 10 (4%)

No. of risk factors according to CDC criteria
0 445 (35.6%) 347 (34.8%) 98 (38.9%) 0.0151
1 473 (37.8%) 374 (37.5%) 99 (39.3%)
2 212 (17%) 167 (16.7%) 45 (17.9%)
3 76 (6.1%) 68 (6.8%) 8 (3.2%)
4+ 44 (3.5%) 42 (4.2%) 2 (0.8%)

No. of influenza vaccinations during previous 5 years
0 226 (18.1%) 110 (11%) 116 (46%) <0.0001
1–2 453 (36.2%) 364 (36.5%) 89 (35.3%)
3–4 270 (21.6%) 242 (24.2%) 28 (11.1%)
5+ 301 (24.1%) 282 (28.3%) 19 (7.5%)

CDC ‘‘certain” risk criteria
65+ years 67 (5.4%) 63 (6.3%) 4 (1.6%) 0.0048
Cancer 34 (2.7%) 29 (2.9%) 5 (2%) 0.5572
Chronic Kidney Disease 59 (4.7%) 50 (5%) 9 (3.6%) 0.4260
Chronic Obstructive 6 (0.5%) 6 (0.6%) 0 (0%) 0.4692
Pulmonary Disease
Heart Disease 30 (2.4%) 28 (2.8%) 2 (0.8%) 0.1022
Solid-Organ Transplantation 0 (0.0%) 0 (0.0%) 0 (0.0%)
Obesity: BMI, 30– 40 kg/m2 197 (15.8%) 161 (16.1%) 36 (14.3%) 0.5339
Severe obesity: BMI greater than 40 kg/m2 15 (1.2%) 9 (0.9%) 6 (2.4%) 0.1089
Pregnancy 26 (2.1%) 2 (0.2%) 24 (9.5%) <0.0001
Sickle Cell Disease 0 (0.0%) 0 (0.0%) 0 (0.0%)
Smoking 108 (8.6%) 85 (8.5%) 23 (9.1%) 0.8552
Type 2 Diabetes Mellitus 64 (5.1%) 58 (5.8%) 6 (2.4%) 0.0406

CDC ‘‘possible” risk criteria
Asthma 77 (6.2%) 63 (6.3%) 14 (5.6%) 0.7642
Cerebrovascular Disease 18 (1.4%) 18 (1.8%) 0 (0%) 0.0641
Other Respiratory Disease 1 (0.1%) 1 (0.1%) 0 (0%) 0.9999
Hypertension 111 (8.9%) 105 (10.5%) 6 (2.4%) 0.0001
Immunosuppression 37 (3%) 34 (3.4%) 3 (1.2%) 0.0996
Neurologic Disease 51 (4.1%) 43 (4.3%) 8 (3.2%) 0.5255

(continued on next page)
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Table 1 (continued)

Characteristic All Participants no. (%) Vaccinated no. (%) Not Vaccinated no. (%) P value

Liver Disease 25 (2%) 20 (2%) 5 (2%) 0.9999
Overweight: BMI, 25–30 kg/m2 380 (30.4%) 313 (31.4%) 67 (26.6%) 0.1627
Thalassemia 10 (0.8%) 9 (0.9%) 1 (0.4%) 0.6830
Type 1 Diabetes mellitus 5 (0.4%) 3 (0.3%) 2 (0.8%) 0.5826

Abbreviations: IQR, interquartile range; CDC, Centers for Disease Control and Prevention; BMI, body mass index; kg, kilograms; m2, meters squared.

Table 2
Covid-19 vaccine effectiveness for primary and secondary analyses, with calendar time as the model time-scale.*

Analysis Vaccinated Unvaccinated VE

Person-
days

Positive
cases

Incidence rate
per 10,000
person-days

Person-
days

Positive
cases

Incidence rate
per 10,000
person-days

Unadjusted
(1-HR)

Adjusted
(1-HR)

Two-dose VE against any infection 68,574 4 0.58 10,027 9 8.98 95.4%
(84.8%-
98.6%)

94.5%
(82.6%-
98.2%)

Two-dose VE against symptomatic infection 68,605 2 0.29 10,027 9 8.98 97.4%
(88%-
99.4%)

97%
(72%-
99.7%)

Two-dose VE against any infection (14 days after second dose) 61,620 4 0.65 10,027 9 8.98 95.4%
(84.8%-
98.6%)

94.5%
(82.5%-
98.2%)

Two-dose VE against any infection including participants
regardless of how many weekly specimens they provided
(Extended Cohort 1)**

67,230 4 0.59 9229 9 9.75 95.6%
(85.6%-
98.7%)

94.8%
(83.4%-
98.4%)

Two-dose VE against any infection, excluding only
participants who were seropositive at enrollment and/or
PCR-positive before or at enrollment (Extended Cohort 2)

75,388 6 0.80 10,888 10 9.18 94%
(83.3%-
97.8%)

92.3%
(80.5%-
96.9%)

Notes: *All VE analyses were performed for two-dose vaccination with follow-up beginning 7 days after second vaccine unless specified otherwise.
**Extended Cohort 1 included participants who had a negative enrollment serology and were not previously infected by PCR, regardless of how many weekly specimens they
provided during the follow-up period.
Abbreviations VE, vaccine effectiveness HR, hazards ratio PCR, polymerase chain reaction
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serology, or whose serology sample was not tested with a reliable
test to exclude previous infection, was 89.5% (95% CI: 72.8%-95.9%).

Three samples from infections identified in the primary analy-
sis, and two samples from infections identified among vaccinated
participants in the period between the first and the second dose,
underwent genetic sequencing and were determined to be alpha
variant (B.1.1.7). During the study period, the NVL sequenced
11,452 samples from across Israel, of which 8116 (70.9%) were
alpha variant; 2552 (22.3%) were wild-type virus; the remainder
were a mix of variants, including beta (268[2.3%]) and those from
the B.1.617 family [39(0.3%)] (personal communication, Michal
Mandelboim and Neta Zuckerman, Israel NVL).
4. Discussion

We found that two doses of Pfizer BNT162b2 mRNA vaccine
were 94.5% effective in preventing PCR-confirmed SARS-CoV-2
infection in an infection-naïve cohort of recently vaccinated
hospital-based HCP in Israel. Our findings provide further evidence
to results from previous studies in Israel [18], the UK [19] and the
US [20] that have demonstrated the high early effectiveness of two
doses of the Pfizer BNT162b2 mRNA vaccine in preventing infec-
tion among HCP and frontline workers. While our study population
was smaller than similar prospective VE studies among HCP and
essential workers in the UK and the US, respectively [6,19,20],
we collected respiratory samples weekly, with high compliance
among both vaccinated and unvaccinated participants. Addition-
ally, we collected baseline, one-month and 3-month serology,
which we used to both to exclude individuals who had previous
infection and to identify individuals who were infected during
the study period. Neither the UK nor the US studies used serology
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to identify new infections, and while the UK study conducted twice
weekly asymptomatic testing of frontline HCP using a lateral flow
device, routine PCR testing of all participants was conducted once
every two weeks.

Asymptomatic infection is likely an important driver of virus
transmission in the current pandemic [23]. Asymptomatic infec-
tions have been shown to account for one-quarter to one-third of
all SARS-CoV-2 infections, although the proportion of asymp-
tomatic infections in published studies has varied considerably
[21,22]. In our study, despite rigorous weekly collection of respira-
tory specimens from all participants during the three-month
follow-up period, with over 85% compliance, we identified only 2
PCR-positive asymptomatic cases, and therefore we were not able
to perform a stratified analysis to evaluate PCR-confirmed asymp-
tomatic infection. The relatively low percentage of asymptomatic
cases among all cases [2/13 (15%)] may reflect the fact that we fol-
lowed up on participants’ symptoms more thoroughly than in
other studies [22], in which symptom screening was often admin-
istered only at the time of testing; in addition to our weekly symp-
tom questionnaire, we contacted all PCR-positive participants after
their confirmed infection to ask them whether they had symptoms
before or after their positive test. Viral shedding can be as short as
a few days in asymptomatically infected individuals [7], and there-
fore our weekly sampling scheme may have missed transient
asymptomatic infections. The direction of bias from this possible
misclassification is unknown; such a bias may have led to an
over-estimation or an under-estimation of VE due to relative
under-detection of brief asymptomatic infections among vacci-
nated or unvaccinated participants. However, by including sero-
conversion in our secondary analysis, we were likely to identify
any cases that were missed by weekly PCR testing. The fact that
only one participant without a positive RT-PCR test seroconverted
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during the study period, and the VE for the joint serology/PCR end-
point was 94.5%, is further reassuring about the effectiveness of
two doses of vaccine against asymptomatic infection, and provides
confidence in the utility of routine specimen collection and PCR
testing to capture nearly all infections.

In our study, the five PCR-confirmed SARS-CoV-2 cases that were
sequenced were alpha variant, and during the study period, based
on sequencing data from over 11,000 samples from across Israel,
over 70% of viruses in the country were alpha variant. Our study,
therefore, largely addresses VE against the alpha variant, and adds
more evidence to previous studies that have demonstrated high
two-dose VE for the Pfizer BNT162b2 mRNA against the alpha vari-
ant in the initial months following vaccination [15,24,25].

Strengths of our study include the weekly collection of respira-
tory specimens, use of serology testing to identify both previous
infection and new infections, and the use of the CHS EMR charac-
terize participants’ demographic and clinical history, Covid-19
and influenza vaccine history, and to identify prior and new
SARS-CoV-2 infections.

Our study has a number of limitations. First, because participa-
tion was voluntary, it may suffer from selection bias, which may
limit its generalizability; participants who chose to participate
likely differed from the broader HCP population and the overall
Israeli population in quantifiable and unquantifiable ways. Second,
vaccinated and unvaccinated participants differed with respect to a
number of demographic characteristics. We did, however, adjust
for many of these differences, such as sex, SES and occupation in
our analyses. Third, we used different combinations of serology
testing to determine enrollment serological status. Differences in
sensitivities of different test combinations may have created
inconsistencies in serological status determination. In addition,
while the serological test (Abbott SARS-CoV-2 nucleocapsid IgG
test) we used to determine new infections during the 30- to 90-
day follow-up window has been shown to be over 90% sensitive
in identifying PCR infections in mildly symptomatic individuals
[26], it may be less sensitive in capturing asymptomatic individu-
als, and if so we may have missed some asymptomatic cases.

In conclusion, in our prospective study of HCP across six hospi-
tals in Israel with rigorous weekly surveillance, we found very high
VE following two doses of Pfizer BNT162b2 mRNA vaccine against
SARS-CoV-2 infection in recently vaccinated HCP during a period of
predominant alpha variant circulation. While these results are
encouraging, continued monitoring of Covid-19 VE in Israel and
globally is critical to monitor the duration of VE, to evaluate VE
against emerging variants of concern, and to inform decision-
making about the need for booster doses.
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