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IMPORTANCE Randomized clinical trials have provided estimates of the effectiveness of
the BNT162b2 vaccine against symptomatic SARS-CoV-2 infection, but its effect on
asymptomatic infections remains unclear.

OBJECTIVE To estimate the association of vaccination with the Pfizer-BioNTech
BNT162b2 vaccine with symptomatic and asymptomatic SARS-CoV-2 infections among
health care workers.

DESIGN, SETTING, AND PARTICIPANTS This was a single-center, retrospective cohort study
conducted at a tertiary medical center in Tel Aviv, Israel. Data were collected on symptomatic
and asymptomatic SARS-CoV-2 infections confirmed via polymerase chain reaction (PCR)
tests in health care workers undergoing regular screening with nasopharyngeal swabs
between December 20, 2020, and February 25, 2021. Logistic regression was used to
calculate incidence rate ratios (IRRs) comparing the incidence of infection between fully
vaccinated and unvaccinated participants, controlling for demographics and the number of
PCR tests performed.

EXPOSURES Vaccination with the BNT162b2 vaccine vs unvaccinated status was ascertained
from the employee health database. Full vaccination was defined as more than 7 days after
receipt of the second vaccine dose.

MAIN OUTCOMES AND MEASURES The primary outcome was the regression-adjusted IRR for
symptomatic and asymptomatic SARS-CoV-2 infection of fully vaccinated vs unvaccinated
health care workers. The secondary outcomes included IRRs for partially vaccinated health
care workers (days 7-28 after first dose) and for those considered as late fully vaccinated (>21
days after second dose).

RESULTS A total of 6710 health care workers (mean [SD] age, 44.3 [12.5] years; 4465 [66.5%]
women) were followed up for a median period of 63 days; 5953 health care workers (88.7%)
received at least 1 dose of the BNT162b2 vaccine, 5517 (82.2%) received 2 doses, and 757
(11.3%) were not vaccinated. Vaccination was associated with older age compared with those
who were not vaccinated (mean age, 44.8 vs 40.7 years, respectively) and male sex (31.4% vs
17.7%). Symptomatic SARS-CoV-2 infection occurred in 8 fully vaccinated health care workers
and 38 unvaccinated health care workers (incidence rate, 4.7 vs 149.8 per 100 000
person-days, respectively, adjusted IRR, 0.03 [95% CI, 0.01-0.06]). Asymptomatic
SARS-CoV-2 infection occurred in 19 fully vaccinated health care workers and 17 unvaccinated
health care workers (incidence rate, 11.3 vs 67.0 per 100 000 person-days, respectively,
adjusted IRR, 0.14 [95% CI, 0.07-0.31]). The results were qualitatively unchanged by the
propensity score sensitivity analysis.

CONCLUSIONS AND RELEVANCE Among health care workers at a single center in Tel Aviv, Israel,
receipt of the BNT162b2 vaccine compared with no vaccine was associated with a
significantly lower incidence of symptomatic and asymptomatic SARS-CoV-2 infection more
than 7 days after the second dose. Findings are limited by the observational design.
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T he BNT162b2 COVID-19 vaccine manufactured by Pfizer
and BioNTech demonstrated 95% efficacy in prevent-
ing symptomatic SARS-CoV-2 infection in a phase 3, pla-

cebo-controlled randomized clinical trial,1 and became the first
COVID-19 vaccine to receive Emergency Use Authorization by
the US Food and Drug Administration.2 On December 19, 2020,
8 days after the US Food and Drug Administration authoriza-
tion, a large-scale campaign was launched in Israel to vacci-
nate its population.3 Health care workers were among the first
eligible for vaccination, along with individuals at risk of
COVID-19 complications and death. Concurrently with the vac-
cination campaign, the number of new COVID-19 cases surged
in Israel, with up to 10 000 new cases per day (eFigure 1 in the
Supplement),4,5 possibly due to the spread of the B.1.1.7 SARS-
CoV-2 variant.6,7

Analysis of uncontrolled data from the Israeli vaccina-
tion campaign has been consistent with the results from the
phase 3 randomized clinical trial. The risk ratio for sympto-
matic disease, estimated from a cohort of more than 500 000
vaccinated adults and matched unvaccinated controls, was
0.06.8 However, the association of BNT162b2 vaccination with
asymptomatic infection and transmission remains unclear,
with important implications for public health policy. Data on
vaccine effectiveness for health care workers, who are fre-
quently at risk of exposure to SARS-CoV-2, are also limited.
Asymptomatically infected individuals are estimated to ac-
count for 40% to 45% of all SARS-CoV-2 infections and may
silently spread the virus for extended periods.9 Asymptom-
atic infections have been proposed as a major barrier to con-
trolling the spread of SARS-CoV-2 infection and are a possible
explanation for the rapid evolution of the COVID-19 pandemic.9

This study was conducted to assess the association be-
tween vaccination with the BNT162b2 vaccine and SARS-
CoV-2 infections among health care workers at a tertiary medi-
cal center in Tel Aviv, Israel. Periodic screening for SARS-
CoV-2 infection, coupled with detailed investigation of each
infection confirmed via polymerase chain reaction (PCR) tests,
allowed reliable estimation of symptomatic and asymptom-
atic infection rates.

Methods
Study Design
This was a retrospective cohort study designed to estimate
the association between vaccination with the BNT162b2 vac-
cine and SARS-CoV-2 infections among health care workers.
The study was conducted at the Tel Aviv Sourasky Medical
Center, a tertiary medical center that employs approximately
7500 health care workers and close to 4000 nonsalaried
health care workers (eg, students, volunteers). The hospital
has implemented since May 2020 a policy of routinely
screening health care workers with potential exposure to
SARS-CoV-2 using nasopharyngeal swabs and PCR-based
virus detection. In addition, each case of SARS-CoV-2 infec-
tion in a health care worker triggered an epidemiological
investigation that included the collection and recording of
clinical and virological data.

All health care workers were eligible to receive the vac-
cine from the first day of the vaccination campaign and
throughout the study period. Data were retrieved from the hos-
pital information system database, which aggregates data from
multiple sources including personnel files, vaccination re-
ports, laboratory databases, digitized epidemiological ques-
tionnaires, and external reports from health authorities.

Ethics approval and review were performed according
to the Declaration of Helsinki10 and were obtained from the
institutional review board along with a waiver of written in-
formed consent.

Group Assignment and Definition of the Follow-up Period
Health care workers who received at least 1 vaccine dose be-
tween December 20, 2020, and February 25, 2021, were as-
signed to the vaccinated group. The control group was com-
posed of health care workers who did not receive any doses
of the BNT162b2 vaccine during this period. This partition of
the groups was used throughout the analysis unless explic-
itly mentioned otherwise.

The PCR tests were performed according to the screening
policy of the hospital. The screening policy changed during
the course of the study period as follows: from December 20,
2020, to January 2, 2021 (period 1), health care workers were
screened monthly or biweekly depending on their risk of
SARS-CoV-2 exposure; from January 3 to 14, 2021 (period 2),
hospital-wide screening was done including all health care
workers regardless of vaccination status; and from January
15, 2021-onward (period 3), health care workers with medium
to high exposure risk (defined below) and non–fully vacci-
nated health care workers were screened monthly to weekly
in accordance with evolving hospital directives (Figure 1A
and eMethods in the Supplement). All health care workers
had open and free access to same-day PCR testing at their
own discretion. Health care workers who did not undergo at
least 1 PCR test during the study period, had incomplete data
pertaining to vaccination dates, or contracted SARS-CoV-2
infection prior to the study period were excluded from the
analysis (Figure 2).

Key Points
Question What is the association between receipt of the
Pfizer-BioNTech BNT162b2 vaccine and the incidence of
symptomatic and asymptomatic SARS-CoV-2 infection among
health care workers?

Findings In this retrospective cohort study conducted in Tel Aviv,
Israel, that included 6710 health care workers who underwent
periodic testing for SARS-CoV-2 infection, vaccination with the
BNT162b2 vaccine was associated with an adjusted incidence rate
ratio of 0.03 for symptomatic infection and 0.14 for asymptomatic
infection more than 7 days after the second dose. Both incidence
rate ratios were statistically significant.

Meaning Receipt of the BNT162b2 vaccine was significantly
associated with lower incidence of symptomatic and
asymptomatic SARS-CoV-2 infection among health care workers.
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The follow-up period for each health care worker was de-
fined as starting either on the day of receiving the first vac-
cine dose for vaccinated health care workers or on December
20, 2020, for unvaccinated health care workers. Participants
were censored at the first positive PCR test result or on February
25, 2021.

Definitions
The risk of exposure to a SARS-CoV-2–positive person was clas-
sified as high (for persons working in the emergency depart-
ment or dedicated COVID-19 units), medium (for persons work-
ing in internal medicine departments or who performed high-
risk procedures), or low (for other population subgroups). If
several levels of exposure were listed for a given health care
worker over the course of the study period (eg, worked in a
dedicated COVID-19 unit for part of the study period), the high-
est risk level of exposure was used.

Participants infected with SARS-CoV-2 were defined as
symptomatic if they had any of the following: temperature
greater than 37.6 °C, headache, sore throat, cough, dyspnea,
rhinorrhea, diarrhea, myalgia, malaise, or loss of sense of taste
or smell. Symptoms were obtained from postinfection epide-
miological interviews performed by the hospital’s infection pre-
vention and control unit. Participants were considered fully
vaccinated more than 7 days after the second dose of the vac-
cine, late fully vaccinated more than 21 days after the second
dose of the vaccine, and partially vaccinated 7 to 28 days af-
ter the first dose of the vaccine.

Study Outcomes
The primary outcome was incidence of SARS-CoV-2 infection
among fully vaccinated health care workers compared with un-
vaccinated health care workers who did not test positive for
SARS-CoV-2 infection within the first 28 days of follow-up.

Figure 1. Institutional Screening Policies, Vaccine Uptake in the Vaccinated Group, and the Daily Proportion of Vaccinated and Unvaccinated
Participants Tested for SARS-CoV-2
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PCR indicates polymerase chain reaction.
a A detailed description of the study periods appears in the eMethods in the

Supplement.
b Regardless of vaccination status.

c Unadjusted for propensity score.
d Adjusted for propensity score.
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Secondary outcomes were the incidence of SARS-CoV-2 in-
fection for partially vaccinated participants and for late fully
vaccinated participants, as defined above, compared with un-
vaccinated participants. Outcomes were also analyzed for pre-
defined subgroups according to age, sex, employment sector,
and estimated level of exposure to SARS-CoV-2.

Statistical Analysis
Continuous variables are expressed as mean (SD) for normally
distributed variables and as median (interquartile range) for non–
normally distributed variables. Categorical variables are ex-
pressed as number (percentage) of health care workers within
each group. The groups were compared using t tests for nor-
mally distributed continuous variables and χ2 tests for categori-
cal variables. Missing values for categorical variables were con-
sidered as a separate category. All reported tests were 2-sided
and a P value of less than .05 was considered significant.

Incidence Rate Ratio Analysis
The incidence rate ratio (IRR) was used as an estimate of vac-
cine effectiveness between vaccinated and unvaccinated health
care workers and was calculated for each of the outcomes de-
fined above.

The unadjusted IRR (uIRR) was computed directly from
the incidence rates of the 2 groups as

uIRR = incidence ratevaccinated

incidence rateunvaccinated
.

The incidence rates were defined for each of the 2 groups as
the number of positive SARS-CoV-2 cases divided by the

cumulative follow-up time of the health care workers in the
group within the examined time frame. The 95% CI was cal-
culated as (eln(IRR)–1.96×SE, eln(IRR)+1.96×SE). The standard error
(SE) of the ln(IRR) was defined as

SE =√ 1
V

1
U

+

where V and U represent the number of SARS-CoV-2–positive
cases confirmed via PCR tests in the vaccinated and unvacci-
nated groups, respectively.

The adjusted IRR was estimated using a multivariable
Poisson regression model with confirmed cases as a
response variable and group assignment (vaccinated vs
unvaccinated), age, sex, employment sector, exposure risk,
and number of PCR tests for each health care worker in the
time frame under observation as explanatory variables.
The IRRs were computed by exponentiating the group
assignment coefficient from the final regression model
and the 95% CIs and P values were estimated from the
model. Because of the potential for type I error, the results
from the secondary outcomes and the subgroup analyses
should be interpreted as exploratory. Tests of interaction
between subgroups were not conducted because of inad-
equate power.

Cumulative incidence curves for the vaccinated and un-
vaccinated groups were estimated using the Kaplan-Meier
method and the 95% CIs for each curve were estimated using
the percentile bootstrap method. Full details of estimation for
the IRRs and the bootstrap method appear in the eMethods in
the Supplement.

Figure 2. Study Cohort Derivation Process

11 871 Health care workers screened
for eligibility

6710 Included in analysis (16 224 PCR tests
performed during the study period)

5161 Excluded
4721 Did not have ≥1 PCR test performed

during the study period
420 Contracted SARS-CoV-2 before

the study period began
20 Had incomplete vaccination data

5372 Fully vaccinated and included
in primary analysis

5953 Received ≥1 vaccine dose 757 Did not receive any vaccine doses

696 Not vaccinated and included
in primary analysis

581 Not fully vaccinated
356 Did not complete second

dose within study period
125 Did not complete follow-up

>7 d after second dose
100 Contracted SARS-CoV-2 before

second dose or within 7 d after
second dose

61 Contracted SARS-CoV-2 within
first 28 d of follow-up

PCR indicates polymerase chain
reaction.
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Sensitivity Analyses
To account for possible differences between the groups, in-
cluding the possibility of a detection bias due to a difference
in the number of tests carried out per group, a propensity score–
adjusted sensitivity analysis11 was performed. The propen-
sity score for each health care worker was computed using a
multivariable logistic regression model with group assign-
ment (vaccinated vs unvaccinated) as the response variable and
age, sex, employment sector, exposure risk, and the number
of PCR tests performed for each health care worker as explana-
tory variables. Each unvaccinated health care worker was
matched with 2 to 3 vaccinated health care workers with simi-
lar propensities of being vaccinated. Full details of the pro-
pensity score computation and matching procedure appear in
the eMethods in the Supplement.

To account for the possibility of bias introduced by the ar-
bitrary definition of the index date for unvaccinated individu-
als, a sensitivity analysis was performed by offsetting the be-
ginning of the follow-up period for unvaccinated participants
to each of the 28 consecutive days between December 21, 2020,

and January 18, 2021, and computing the IRR using the same
procedure described above.

All statistical analyses were performed using R software
version 4.0.3 (R Foundation for Statistical Computing).

Results
Participants
A total of 11 871 health care workers were screened for eligi-
bility. After excluding the health care workers who con-
tracted SARS-CoV-2 infection prior to the study period, those
who had incomplete data regarding vaccination dates, and
those who did not undergo any PCR testing throughout the
study period, 6710 health care workers (mean [SD] age, 44.3
[12.5] years; 4465 [66.5%] women) remained and comprised
the study cohort (Figure 2). Of this cohort, 5953 health care
workers (88.7%) received at least 1 dose of the BNT162b2
vaccine, 5517 (82.2%) received 2 doses, and 757 (11.3%) were
not vaccinated. Sixty-one percent of vaccinated health care

Table 1. Baseline Characteristics of Study Participants

Unvaccinated
Vaccinated
original cohort SMD

Propensity score–matched
vaccinated cohort SMDa

No. of participants 757 5953 2141

Received 2 doses
of vaccine, No. (%)

0 5517 (92.7) 1984 (92.7)

Age, mean (SD), y 40.7 (11.7) 44.8 (12.5) 0.337 41.0 (12.0) 0.024

Age group, No. (%)

≤39 y 381 (50.3) 2278 (38.3)

0.289

1094 (51.1)

0.04340-59 y 321 (42.4) 2840 (47.7) 872 (40.7)

≥60 y 55 (7.3) 835 (14.0) 175 (8.2)

Sex, No. (%)

Female 585 (77.3) 3880 (65.2)

0.325

1634 (76.3)

0.062Male 134 (17.7) 1869 (31.4) 419 (19.6)

Missing data 38 (5.0) 204 (3.4) 88 (4.1)

Employment sector,
No. (%)

Administration 324 (42.8) 2421 (40.7)

0.473

850 (39.7)

0.160

Nursing 263 (34.7) 1438 (24.1) 732 (34.2)

Medicine 44 (5.8) 1231 (20.7) 215 (10.0)

Other health professionsb 98 (13.0) 721 (12.1) 271 (12.7)

Missing data 28 (3.7) 142 (2.4) 73 (3.4)

Estimated exposure level
to COVID-19, No. (%)

Low 661 (87.3) 5070 (85.2)

0.064

1791 (83.7)

0.106Medium 22 (2.9) 188 (3.2) 72 (3.4)

High 74 (9.8) 695 (11.7) 278 (13.0)

Follow-up time,
median (IQR), d

66.0 (66.0-66.0) 63.0 (52.0-65.0) 0.322 62.0 (51.0-65.0) 0.412

No. of PCR tests
per person,
median (IQR)

3.0 (1.0-5.0) 2.0 (1.0-3.0) 0.551 3.0 (1.0-5.0) 0.090

Test density per 100 d
of follow-up,
median (IQR)

5.88 (2.99-8.96) 3.03 (1.56-5.97) 0.312 5.26 (2.99-8.96) 0.076

Abbreviations: IQR, interquartile range; PCR, polymerase chain reaction;
SMD, standardized mean difference.
a Compares the propensity score–matched adjusted vaccinated cohort

(n = 2141) with the unvaccinated cohort (n = 757).

b Included physiotherapists, speech therapists, phlebotomists, respiratory
technicians, and other paramedical staff.
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workers received the first dose within 5 days of the initiation
of the vaccination program and 75% within 12 days. Eighty per-
cent of first dose recipients received the second dose within
21 days of receiving the first dose and 92% within 30 days
(Figure 1B). The median overall follow-up period was 63 days.

The baseline characteristics of the participants appear in
Table 1. Vaccinated health care workers were older compared
with unvaccinated health care workers (mean age, 44.8 vs
40.7 years, respectively; P < .001) and were more frequently
males (31.4% vs 17.7%; P < .001). The estimated work-related
risk of exposure to SARS-CoV-2 was similar between the
groups. Sex and employment sector data were not available
for 242 (3.6%) and 170 (2.5%) participants, respectively.

A total of 16 224 PCR tests to detect SARS-CoV-2 infection
were performed during the study period (13 615 in the vacci-
nated group and 2609 in the unvaccinated group). The daily
rate of testing in each group changed over the course of the
study period, with significantly more tests performed per par-
ticipant in the unvaccinated cohort during period 3 (defined
as January 15, 2021-onward; Figure 1A, C).

A total of 243 PCR-confirmed cases of SARS-CoV-2 infec-
tion were documented during the study period, which were
categorized after epidemiological investigation as sympto-
matic (n = 149 [61.3%]) and asymptomatic (n = 94 [38.7%];
eTable 1 in the Supplement).

Association Between Vaccination Status and Incidence
of Symptomatic SARS-CoV-2 Infection
Symptomatic SARS-CoV-2 infection was detected in 64
health care workers who received at least 1 dose of the vac-
cine (incidence rate, 19.4 per 100 000 person-days) and in 85
health care workers in the unvaccinated cohort (incidence

rate, 186.1 per 100 000 person-days) (Figure 3 and eFigure 2
in the Supplement).

For the primary outcome analysis, the incidence rate of
symptomatic SARS-CoV-2 infection was 4.7 vs 149.8 per
100 000 person-days in the fully vaccinated and unvacci-
nated cohorts, respectively, corresponding with an adjusted
IRR of 0.03 (95% CI, 0.01-0.06; Table 2). The corresponding
adjusted IRRs for the late fully vaccinated and partially vac-
cinated cohorts were 0.02 (95% CI, 0-0.06) and 0.11 (95% CI,
0.06-0.17), respectively.

Association Between Vaccination Status and Incidence
of Asymptomatic SARS-CoV-2 Infection
Asymptomatic SARS-CoV-2 infection was documented in 63
health care workers who received at least 1 dose of vaccine
(incidence rate, 19.1 per 100 000 person-days) and in 31
health care workers in the unvaccinated cohort (incidence
rate, 67.9 per 100 000 person-days; Figure 3 and eFigure 2 in
the Supplement).

For the primary outcome analysis, the incidence rate of
asymptomatic SARS-CoV-2 infection was 11.3 vs 67.0 per
100 000 person-days in the fully vaccinated and unvacci-
nated cohorts, respectively, corresponding with an adjusted
IRR of 0.14 (95% CI, 0.07-0.31; Table 2). The corresponding ad-
justed IRRs for late fully vaccinated and partially vaccinated
cohorts were 0.06 (95% CI, 0.02-0.22) and 0.64 (95% CI, 0.31-
1.51), respectively.

Sensitivity and Subgroup Analyses
The vaccinated and unvaccinated groups in the propensity
score–adjusted cohort were well-balanced with respect to the
participant demographics and the number of PCR tests

Figure 3. Cumulative Incidence of SARS-CoV-2 Infection Among Vaccinated, Propensity Score–Matched Vaccinated, and Unvaccinated Participants
Screened for SARS-CoV-2 Infection

10

12

8

6

4

2

0

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

SA
RS

-C
oV

-2
 in

fe
ct

io
n,

 %

Period after first dose, d

Participants by vaccination and symptom status
Unvaccinated

Symptomatic
Asymptomatic

Vaccinateda

Symptomatic
Asymptomatic

Propensity score–matched (PSM) vaccinated
Symptomatic
Asymptomatic

0

757
5953

0
2141

0

7

743
5790

0
2098

0

14

731
5640

0
2047

0

21

713
766

4775
310

1686

28

698
79

5370
32

1926

35

693
28

5238
9

1846

42

678
21

5093
7

1777

49

664
12

4816
4

1636

56

654
8

4322
3

1425

63

645
4

3082
1

970

Vaccinated with second dose a
PSM vaccinated with first dose
PSM vaccinated with second dose

No. at risk
Unvaccinated
Vaccinated with first dose a

Data are the cumulative incidence of symptomatic and asymptomatic SARS-CoV-2 cases after the first dose of the vaccine in the unvaccinated cohort (n = 757), in the
original vaccinated cohort (n = 5953), and in the propensity score–matched vaccinated cohort (n = 2141). Additional information appears in eFigure 2 in the Supplement.
a Unadjusted for propensity score.

Research Original Investigation Association Between BNT162b2 Vaccination and SARS-CoV-2 Infection Incidence Among Health Care Workers

E6 JAMA Published online May 6, 2021 (Reprinted) jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Jean Pierre LAROCHEJ on 05/07/2021



Ta
bl

e
2.

O
bs

er
ve

d
In

ci
de

nc
e

Ra
te

Ra
tio

so
fS

ym
pt

om
at

ic
an

d
As

ym
pt

om
at

ic
SA

RS
-C

oV
-2

In
fe

ct
io

na

Va
cc

in
at

io
n

st
at

us
Su

bg
ro

up

Va
cc

in
at

ed
Un

va
cc

in
at

ed
b

In
ci

de
nc

e
ra

te
ra

tio
(9

5%
CI

)c

P
va

lu
e

No
.o

f
ca

se
s

No
.

Su
rv

ei
lla

nc
e

tim
e,

pe
rs

on
-d

ay
s

In
ci

de
nc

e
ra

te
pe

r1
00

00
0

pe
rs

on
-d

ay
sc

No
.o

f
ca

se
s

No
.

Su
rv

ei
lla

nc
e

tim
e,

pe
rs

on
-d

ay
s

In
ci

de
nc

e
ra

te
pe

r1
00

00
0

pe
rs

on
-d

ay
sc

Un
ad

ju
st

ed
d

Ad
ju

st
ed

e

Or
ig

in
al

co
ho

rt

Fu
lly

va
cc

in
at

ed
f

Sy
m

pt
om

at
ic

8
53

72
16

8
57

1
4.

7
38

69
6

25
35

9
14

9.
8

0.
03

(0
.0

1-
0.

07
)

0.
03

(0
.0

1-
0.

06
)

<.
00

1

As
ym

pt
om

at
ic

19
11

.3
17

67
.0

0.
17

(0
.0

9-
0.

32
)

0.
14

(0
.0

7-
0.

31
)

<.
00

1

La
te

fu
lly

va
cc

in
at

ed
g

Sy
m

pt
om

at
ic

2
50

36
95

68
9

2.
1

23
67

5
15

72
6

14
6.

3
0.

01
(0

-0
.0

6)
0.

02
(0

-0
.0

6)
<.

00
1

As
ym

pt
om

at
ic

4
4.

2
11

69
.9

0.
06

(0
.0

2-
0.

19
)

0.
06

(0
.0

2-
0.

22
)

<.
00

1

Pa
rt

ia
lly

va
cc

in
at

ed
h

Sy
m

pt
om

at
ic

31
57

61
11

7
38

9
26

.4
37

74
1

15
09

1
24

5.
2

0.
11

(0
.0

7-
0.

17
)

0.
11

(0
.0

6-
0.

17
)

<.
00

1

As
ym

pt
om

at
ic

37
31

.5
8

53
.0

0.
59

(0
.2

8-
1.

28
)

0.
64

(0
.3

1-
1.

51
)

.2
7

Pr
op

en
sit

y
sc

or
e–

m
at

ch
ed

ad
ju

st
ed

co
ho

rt
Fu

lly
va

cc
in

at
ed

f
Sy

m
pt

om
at

ic
2

19
16

57
27

4
3.

5
38

69
6

25
35

9
14

9.
8

0.
02

(0
.0

1-
0.

10
)

0.
02

(0
-0

.0
7)

<.
00

1

As
ym

pt
om

at
ic

4
7.

0
17

67
.0

0.
10

(0
.0

4-
0.

31
)

0.
09

(0
.0

3-
0.

25
)

<.
00

1

La
te

fu
lly

va
cc

in
at

ed
g

Sy
m

pt
om

at
ic

1
17

48
31

64
5

3.
2

23
67

5
15

72
6

14
6.

3
0.

02
(0

-0
.1

6)
0.

02
(0

-0
.1

0)
<.

00
1

As
ym

pt
om

at
ic

2
6.

3
11

69
.6

0.
09

(0
.0

2-
0.

41
)

0.
09

(0
.0

1-
0.

35
)

.0
02

Pa
rt

ia
lly

va
cc

in
at

ed
h

Sy
m

pt
om

at
ic

4
20

85
42

41
4

9.
4

37
74

1
15

09
1

24
5.

2
0.

04
(0

.0
1-

0.
11

)
0.

03
(0

.0
1-

0.
09

)
<.

00
1

As
ym

pt
om

at
ic

11
25

.9
8

53
.0

0.
49

(0
.2

0-
1.

22
)

0.
48

(0
.1

9-
1.

26
)

.1
2

a
Pa

rt
ici

pa
nt

sw
ith

fe
w

er
th

an
7

da
ys

of
fo

llo
w

-u
p

or
w

ho
co

nt
ra

ct
ed

SA
RS

-C
oV

-2
le

ss
th

an
7

da
ys

af
te

rt
he

fir
st

va
cc

in
e

do
se

w
er

e
no

ti
nc

lu
de

d
in

th
is

an
al

ys
is

(F
ig

ur
e

2)
.

b
Th

e
su

rv
ei

lla
nc

e
pe

rio
d

us
ed

co
rr

es
po

nd
ed

to
th

e
pe

rio
d

us
ed

fo
rt

he
va

cc
in

at
ed

pa
rt

ici
pa

nt
s(

ie
,2

8,
42

,o
r7

-2
8

da
ys

af
te

rt
he

be
gi

nn
in

g
of

fo
llo

w
-u

p,
w

hi
ch

w
as

se
ta

sD
ec

em
be

r2
0,

20
20

).
c

W
he

n
es

tim
at

in
g

in
cid

en
ce

ra
te

sa
nd

in
cid

en
ce

ra
te

ra
tio

so
fs

ym
pt

om
at

ic
in

fe
ct

io
n,

as
ym

pt
om

at
ic

ca
se

sw
er

e
ce

ns
or

ed
on

th
e

da
y

of
ca

se
co

nf
irm

at
io

n
(a

nd
vi

ce
ve

rs
a)

.

d
In

di
ca

te
st

he
ra

tio
of

in
cid

en
ce

ra
te

si
n

ea
ch

gr
ou

p.
e

Ca
lcu

la
te

d
us

in
g

Po
iss

on
re

gr
es

sio
n

as
de

ta
ile

d
in

th
e

M
et

ho
ds

se
ct

io
n.

f
In

clu
de

d
th

os
e

w
ith

da
ta

fo
rl

on
ge

rt
ha

n
7

da
ys

af
te

rt
he

se
co

nd
do

se
to

th
e

en
d

of
fo

llo
w

-u
p.

g
In

clu
de

d
th

os
e

w
ith

da
ta

fo
rl

on
ge

rt
ha

n
21

da
ys

af
te

rt
he

se
co

nd
do

se
to

th
e

en
d

of
fo

llo
w

-u
p.

h
In

clu
de

d
th

os
e

w
ith

da
ta

fo
rd

ay
s7

to
28

af
te

rf
irs

td
os

e.

Association Between BNT162b2 Vaccination and SARS-CoV-2 Infection Incidence Among Health Care Workers Original Investigation Research

jama.com (Reprinted) JAMA Published online May 6, 2021 E7

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Jean Pierre LAROCHEJ on 05/07/2021



performed throughout the study period (Table 1 and
Figure 1C). The primary outcome for symptomatic and
asymptomatic SARS-CoV-2 infections remained significantly
lower in the propensity score–matched cohort of fully vacci-
nated health care workers vs those unvaccinated, with IRRs
similar to those from the primary analysis (Figure 3 and
Table 2). The results were similar for the partially vaccinated
and late fully vaccinated cohorts (Table 2).

The overall estimations of the adjusted IRR for sympto-
matic and asymptomatic SARS-CoV-2 infection in the sub-
group analyses were consistent with the results of the pri-
mary analysis. However, the results were not statistically
significant for certain health care worker populations (asymp-
tomatic infections in males as well as all infections in persons
aged >60 years and in those with medium or high SARS-
CoV-2 exposure) (eTable 2 in the Supplement).

The use of offsetting in the sensitivity analysis for the be-
ginning of the follow-up period for the unvaccinated cohort
resulted in shorter follow-up periods but did not affect the ob-
served adjusted IRR for symptomatic and asymptomatic in-
fection (eFigure 3 in the Supplement).

Discussion
In this retrospective cohort study of regularly screened health
care workers, vaccination with 2 doses of the BNT162b2 mes-
senger RNA vaccine was associated with significantly lower in-
cidence rates for both symptomatic and asymptomatic SARS-
CoV-2 infection. The adjusted IRR for the primary outcome was
0.03 for symptomatic infection and 0.14 for asymptomatic in-
fection, corresponding to an estimated vaccine effectiveness
(1−IRR) of 97% and 86%, respectively.

The association between vaccination status and sympto-
matic SARS-CoV-2 infection is similar to the 95% efficacy re-
ported in the phase 3 randomized clinical trial1 and the risk ra-
tio of 0.06 observed in a study of the nationwide vaccination
campaign in Israel.8 The risk ratio for the asymptomatic infec-
tion proxy in the nationwide vaccination study8 was some-
what lower than the results of this study (risk ratio of 0.10 vs IRR
of 0.14), which may be due to a difference in study methods or
may reflect more stringent classification of symptomatic cases
in the current analysis. Separation of cumulative incidence
curves occurred later for asymptomatic than for symptomatic
SARS-CoV-2 infections, with the adjusted IRR for asymptom-
atic SARS-CoV-2 infections reaching 0.06 (estimated vaccine ef-
fectiveness of 94%) 21 days after the second vaccine dose.

Asymptomatic infections accounted for 38.7% of all cases
of PCR-confirmed SARS-CoV-2 infection in this cohort, which
is similar to the results reported in other cross-sectional
studies.9 Asymptomatically infected individuals can harbor
high titers of culturable virus in their upper airways, similar
to those of symptomatic patients,12,13 and may have clinically
silent pulmonary infiltrates on chest imaging,14 making them
a potential source of transmissible SARS-CoV-2 infection in the
community and within hospitals.13,15

Vaccine effectiveness for symptomatic and asymptom-
atic infections among health care workers is the subject of

ongoing research. Health care workers were excluded from
many studies including the Israeli nationwide mass vaccina-
tion study8 because of the high variability of exposure among
health care workers. Amit et al16 reported a rate reduction of
85% for SARS-CoV-2 infection among vaccinated compared
with unvaccinated health care workers within 15 to 28 days
of the first vaccine dose, with a shorter mean follow-up
period than the current study. Benenson et al17 found a lower
incidence of COVID-19 among vaccinated health care workers
compared with unvaccinated health care workers that was
apparent 4 weeks after the first vaccine dose and remained
lower throughout the follow-up time; however, vaccinated
individuals were not regularly screened. Neither of these
studies specifically assessed rates of asymptomatic SARS-
CoV-2 infection.

The strengths of this data set include the availability of
systematically collected PCR data and clinical symptoms on a
well characterized cohort of health care workers, allowing
relatively robust assessment of asymptomatic infections. The
potential implications of the observed reduction in asymp-
tomatic infections on SARS-CoV-2 transmission require fur-
ther study. Given the potential role of asymptomatically
infected persons in driving the COVID-19 pandemic,15,18 the
effect of this reduction on the silent spread of SARS-CoV-2
infection likely has important public health consequences.

Limitations
This study has several limitations. First, the inherent charac-
teristics of a single-center, retrospective cohort study might
limit the generalizability of the findings.

Second, the vaccinated and unvaccinated cohorts dif-
fered in size and in some individual characteristics. Unvacci-
nated health care workers were younger and were more fre-
quently females. However, the primary outcome was stable in
the propensity score–matched cohort, which was well-
balanced with regard to sex and age.

Third, vaccinated health care workers underwent fewer
PCR tests for SARS-CoV-2 infection than unvaccinated
health care workers after January 15, 2021, potentially bias-
ing toward more observed infections in the unvaccinated
cohort, although the analyses attempted to account for this
possible imbalance.

Fourth, other confounders may be present that were un-
accounted for in the regression analyses and in the adjust-
ments for propensity score. For example, a healthy vaccinee
bias, referring to an association between adherence to vacci-
nation recommendations and general health status and be-
havior, cannot be excluded.

Conclusions
Among health care workers at a single center in Tel Aviv, Israel,
receipt of the BNT162b2 vaccine compared with no vaccine was
associated with a significantly lower incidence of sympto-
matic and asymptomatic SARS-CoV-2 infection more than 7
days after the second dose. Findings are limited by the obser-
vational design.
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