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A BS T R AC T
BACKGROUND

On July 30, 2021, the administration of a third (booster) dose of the BNT162b2
messenger RNA vaccine (Pfizer–BioNTech) was approved in Israel for persons who
were 60 years of age or older and who had received a second dose of vaccine at
least 5 months earlier. Data are needed regarding the effect of the booster dose
on the rate of confirmed coronavirus 2019 disease (Covid-19) and the rate of severe
illness.
METHODS

We extracted data for the period from July 30 through August 31, 2021, from the
Israeli Ministry of Health database regarding 1,137,804 persons who were 60 years
of age or older and had been fully vaccinated (i.e., had received two doses of
BNT162b2) at least 5 months earlier. In the primary analysis, we compared the
rate of confirmed Covid-19 and the rate of severe illness between those who had
received a booster injection at least 12 days earlier (booster group) and those who
had not received a booster injection (nonbooster group). In a secondary analysis,
we evaluated the rate of infection 4 to 6 days after the booster dose as compared
with the rate at least 12 days after the booster. In all the analyses, we used Poisson
regression after adjusting for possible confounding factors.
RESULTS

At least 12 days after the booster dose, the rate of confirmed infection was lower
in the booster group than in the nonbooster group by a factor of 11.3 (95% confidence interval [CI], 10.4 to 12.3); the rate of severe illness was lower by a factor
of 19.5 (95% CI, 12.9 to 29.5). In a secondary analysis, the rate of confirmed infection at least 12 days after vaccination was lower than the rate after 4 to 6 days by
a factor of 5.4 (95% CI, 4.8 to 6.1).
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CONCLUSIONS

In this study involving participants who were 60 years of age or older and had
received two doses of the BNT162b2 vaccine at least 5 months earlier, we found
that the rates of confirmed Covid-19 and severe illness were substantially lower
among those who received a booster (third) dose of the BNT162b2 vaccine.
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combination of rapid development
of effective vaccines against severe acute
respiratory syndrome coronavirus 2 (SARSCoV-2) infection and their deployment in the
general population has proved to be a highly
successful strategy for reducing both viral transmission and disease burden. In Israel, the early
initiation of a nationwide campaign resulted in
the full vaccination (i.e., receipt of two vaccine
doses) in more than half the population by the
end of March 2021.1 Consequently, the incidence
of coronavirus 2019 disease (Covid-19) dropped
from approximately 900 cases per million per
day in mid-January 2021 to fewer than 2 cases
per million per day by June 2021.1 Nevertheless,
the emergence of new variants of concern (specifically, the delta variant) has led to a recent
resurgence in both confirmed infection and severe illness.2 In early June, fewer than 20 cases
of Covid-19 were confirmed on polymerase-chainreaction (PCR) assay per day, and approximately
half of those cases were diagnosed in persons
who were returning from abroad. At that time,
the number of active severe cases reached approximately 20. By the end of August, more than
10,000 PCR-confirmed cases were being detected daily, and more than 600 persons with severe
cases were hospitalized.
Several causes are possible for the high levels
of transmission of the delta variant, including the
increased infectiousness of the variant,3 waning
vaccine-elicited immunity,2,4 and heightened immune evasion by the variant.5 Of these causes,
the latter two directly contribute to a decrease in
vaccine efficacy. An analysis of the Israeli data
with respect to the outbreak of the delta variant
indicated a high degree of waning immunity.2,4
In an effort to address the challenge presented
by the delta variant and to reduce the load on the
health care system, Israeli authorities approved
the administration of a booster dose, first to
high-risk populations, on July 12, 2021, and then
to persons who were 60 years of age or older, on
July 30, 2021. Initial studies have suggested that
a BNT162b2 booster dose increases the antibody
neutralization level by a factor of approximately
10, on average, as compared with the level after
a second dose.6 It is thought that an increased
neutralization titer could lead to increased protection against infection and severe illness.7 However, in terms of real-world effectiveness, the
size of such an effect remains unclear. Here, we
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used initial data from the Israeli Ministry of
Health database to evaluate the rates of confirmed infection and severe illness among participants who were 60 years of age or older and
who had received a third booster dose (booster
group) as compared with those who had received
only two vaccine doses. We used the data to
quantify by how much the booster dose reduced
the rates of confirmed SARS-CoV-2 infection and
severe Covid-19 illness.

Me thods
Study Population

Our analysis was based on medical data from
the Ministry of Health database that were extracted on September 2, 2021. At that time, a total
of 1,186,779 Israeli residents who were 60 years
of age or older had been fully vaccinated (i.e., received two doses of BNT162b2) at least 5 months
earlier (i.e., before March 1, 2021) and were alive
on July 30, 2021. We excluded from the analysis
participants who had missing data regarding sex;
were abroad in August 2021; had received a diagnosis of PCR-positive Covid-19 before July 30, 2021;
had received a booster dose before July 30, 2021; or
had been fully vaccinated before January 16, 2021.
A total of 1,137,804 participants met the inclusion criteria for the analysis (Fig. 1).
The data included vaccination dates (first, second, and third doses); information regarding PCR
testing (sampling dates and results); the date of
any Covid-19 hospitalization (if relevant); demographic variables, such as age, sex, and demographic group (general Jewish, Arab, or ultraOrthodox Jewish population), as determined by
the participant’s statistical area of residence
(similar to a census block)8; and clinical status
(mild or severe disease). Severe disease was defined as a resting respiratory rate of more than
30 breaths per minute, an oxygen saturation of
less than 94% while breathing ambient air, or a
ratio of partial pressure of arterial oxygen to
fraction of inspired oxygen of less than 300.9
Study Design

Our study period started at the beginning of the
booster vaccination campaign on July 30, 2021.
The end dates were chosen as August 31, 2021, for
confirmed infection and August 26, 2021, for severe illness. The selection of dates was designed
to minimize the effects of missing outcome data
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1,186,779 (13,478 infected) Participants ≥60 yr of age
were fully vaccinated before March 1, 2021

1,186,000 (13,474 infected) Had available data
regarding sex

1,170,638 (13,474 infected) Had not been
infected before July 30, 2021

1,167,562 (13,433 infected) Had not received booster or
had received booster dose on July 30, 2021 or later

1,137,804 (13,009 infected) Had not returned
from travel abroad in August 2021

517,531 (6602 infected) Were
60–69 yr of age

403,763 (4066 infected) Were
70–79 yr of age

216,510 (2341 infected) Were
≥80 yr of age

Figure 1. Study Population.
The participants in the study included persons who were 60 years of age or older and who had been fully vaccinated
before March 1, 2021, had available data regarding sex, had no documented positive result on polymerase-chain-
reaction assay for SARS-CoV-2 before July 30, 2021, and had not returned from travel abroad in August 2021. The
number of confirmed infections in each population is shown in parentheses.

owing to delays in the reporting of test results
and to the development of severe illness. The
protection gained by the booster shot was not
expected to reach its maximal capacity immediately after vaccination but rather to build up during the subsequent week.10,11 At the same time,
during the first days after vaccination, substantial behavioral changes in the booster-vaccinated
population are possible (Fig. S1 in the Supplementary Appendix, available with the full text of
this article at NEJM.org). One such potential
change is increased avoidance of exposure to
excess risk until the booster dose becomes effective. Another potential change is a reduced incidence of testing for Covid-19 around the time of
receipt of the booster (Fig. S2). Thus, it is preferable to assess the effect of the booster only after
a sufficient period has passed since its administration.
We considered 12 days as the interval between
the administration of a booster dose and its
likely effect on the observed number of confirmed infections. The choice of the interval of

at least 12 days after booster vaccination as the
cutoff was scientifically justified from an immunologic perspective, since studies have shown
that after the booster dose, neutralization levels
increase only after several days.6 In addition,
when confirmed infection (i.e., positivity on PCR
assay) is used as an outcome, a delay occurs
between the date of infection and the date of
PCR testing. For symptomatic cases, it is likely
that infection occurs on average 5 to 6 days before testing, similar to the incubation period for
Covid-19.12,13 Thus, our chosen interval of 12 days
included 7 days until an effective buildup of
antibodies after vaccination plus 5 days of delay
in the detection of infection.
To estimate the reduction in the rates of confirmed infection and severe disease among
booster recipients, we analyzed data on the rate
of confirmed infection and on the rate of severe
illness among fully vaccinated participants who
had received the booster dose (booster group)
and those who had received only two vaccine
doses (nonbooster group). The membership in
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these groups was dynamic, since participants
who were initially included in the nonbooster
group left it after receipt of the booster dose and
subsequently were included in the booster group
12 days later, provided that they did not have
confirmed infection during the interim period
(Fig. S3).
In each group, we calculated the rate of both
confirmed infection and severe illness per persondays at risk. In the booster group, we considered
that days at risk started 12 days after receipt of
the third dose and ended either at the time of
the occurrence of a study outcome or at the end
of the study period. In the nonbooster group,
days at risk started 12 days after the beginning
of the study period (August 10, 2021) and ended
at time of the occurrence of a study outcome, at the
end of the study period, or at the time of receipt
of a booster dose. The time of onset of severe
Covid-19 was considered to be the date of the
confirmed infection. In order to minimize the
problem of censoring, the rate of severe illness
was calculated on the basis of cases that had
been confirmed on or before August 26, 2021.
This schedule was adopted to allow for a week
of follow-up (until the date when we extracted
the data) for determining whether severe illness
had developed. The study protocol is available at
NEJM.org.
Oversight

The study was approved by the institutional review board of the Sheba Medical Center. All the
authors contributed to the writing and critical
review of the manuscript, approved the final version, and made the decision to submit the manuscript for publication. The Israeli Ministry of
Health and Pfizer have a data-sharing agreement, but only the final results of this study
were shared.
Statistical Analysis

We performed Poisson regression to estimate the
rate of a specific outcome, using the function for
fitting generalized linear models (glm) in R statistical software.14 These analyses were adjusted
for the following covariates: age (60 to 69 years,
70 to 79 years, and ≥80 years), sex, demographic
group (general Jewish, Arab, or ultra-Orthodox
Jewish population),8 and the date of the second
vaccine dose (in half-month intervals). We included the date of the second dose as a covariate
4
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to account for the waning effect of the earlier
vaccination and for the likely early administration of vaccine in high-risk groups.2 Since the
overall rate of both confirmed infection and severe illness increased exponentially during the
study period, days at the beginning of the study
period had lower exposure risk than days at the
end. To account for growing exposure risk, we
included the calendar date as an additional covariate. After accounting for these covariates, we
used the study group (booster or nonbooster)
as a factor in the regression model and estimated
its effect on rate. We estimated the rate ratio
comparing the nonbooster group with the booster group, a measure that is similar to relative
risk. For reporting uncertainty around our estimate, we took the exponent of the 95% confidence interval for the regression coefficient without adjustment for multiplicity. We also used the
results of the model to calculate the average
between-group difference in the rates of confirmed infection and severe illness.15
In a secondary analysis, we compared infection rates before and after the booster dose
became effective. Specifically, we repeated the
Poisson regression analysis described above but
compared the rate of confirmed infection between
4 and 6 days after the booster dose with the rate
at least 12 days after the booster dose. Our hypothesis was that the booster dose was not yet
effective during the former period.10 This analysis compares different periods after booster vaccination among persons who received the booster dose and may reduce selection bias. However,
booster recipients might have undergone less frequent PCR testing and behaved more cautiously
with regard to virus exposure soon after receiving the booster dose (Fig. S2). Thus, we hypothesize that the rate ratio could be underestimated
in this analysis.
To further examine the reduction in the rate
of confirmed infection as a function of the interval since receipt of the booster, we fitted a
Poisson regression that includes days 1 to 32 after
the booster dose as separate factors in the
model. The period before receipt of the booster
dose was used as the reference category. This
analysis was similar to the Poisson modeling
described above and produced rates for different
days after the booster vaccination.
To test for different possible biases, we performed several sensitivity analyses. First, we ana-
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Table 1. Demographic and Clinical Characteristics of the Study Population at Baseline.*
Characteristic

Nonbooster Group
Confirmed Infection

Booster Group
Severe Illness

Confirmed Infection

Severe Illness

% person-days
at risk

no. of
cases

no. of
cases

% person-days
at risk

no. of
cases

no. of
cases

Female

57.8

2414

116

51.2

402

11

Male

42.2

2025

178

48.8

532

18

Sex

Age distribution
60–69 yr

53.6

2522

73

41.7

373

5

70–79 yr

28.8

1206

91

38.7

323

5

≥80 yr

17.6

711

130

19.6

238

19

General Jewish

81.4

3752

254

92.4

851

26

Arab

14.0

335

25

4.1

36

2

4.6

352

15

3.5

47

1

January 16–31

38.2

1882

139

74.0

663

22

February 1–15

46.6

1972

128

23.6

248

7

February 16–28

15.2

585

27

2.4

23

0

Population

Ultra-Orthodox Jewish
Vaccination period in 2021

*	Since the two study groups had dynamic membership and participants could contribute data to both groups, the table presents the percentage
of person-days at risk rather than the number of individual participants. Person-days and events that are presented are for the main analysis
and cover the study period from July 30 to August 31, 2021, for confirmed infection and from July 30 to August 26, 2021, for severe illness.
In the nonbooster group, the number of person-days at risk was 5,193,825 for confirmed infection and 4,574,439 for severe illness. In the
booster group, the number of person-days at risk was 10,603,410 for confirmed infection and 6,265,361 for severe illness.

lyzed the data using alternative statistical methods relying on matching and weighting. These
analyses are described in detail in the Methods
section in the Supplementary Appendix. Second,
we tested the effect of a specific study period by
splitting the data into different study periods and
performing the same analysis on each. Third, we
performed the same analyses using data only
from the general Jewish population, since the
participants in that cohort dominated the boostervaccinated population.

analysis. The nonbooster group included approximately 5.2 million person-days (4.6 million
for the analysis of severe illness), with 4439
confirmed infections and 294 cases of severe
illness. The booster group included approximately 10.6 million person-days (6.3 million for
the analysis of severe illness), with 934 confirmed infections and 29 cases of severe illness.
The booster group, as compared with the nonbooster group, had more men (49% vs. 42%),
more participants from the general Jewish population (92% vs. 81%), more participants who were
70 years of age or older (58% vs. 46%), and more
R e sult s
participants who had received vaccination in
Study Population
January 2021 (74% vs. 38%). The estimates of
We compared the characteristics of the partici- rate ratios have been adjusted to account for
pants in the two groups according to person- these substantial between-group differences.
days at risk, since the primary analysis was adjusted for person-days at risk and the participants Effect of the Booster Dose
contributed days to both groups, as specified in The results of the full Poisson regression analysis
the study design (Table 1). The table summa- for confirmed infection and severe illness are
rizes data only for person-days used in the main provided in Tables S1 and S2, respectively, and
n engl j med  nejm.org
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Table 2. Primary Outcomes of Confirmed Infection and Severe Illness.*
Outcome

Nonbooster Group

Booster Group

4439

934

5,193,825

10,603,410

Confirmed infection
No. of cases
No. of person-days at risk

11.3 (10.4 to 12.3)

Severe illness
No. of cases
No. of person-days at risk

Adjusted Rate Ratio
(95% CI)†

19.5 (12.9 to 29.5)
294

29

4,574,439

6,265,361

*	Listed are the results of the Poisson regression analysis in participants who received a booster vaccine and in those
who did not receive a booster. The booster group includes data that were obtained at least 12 days after receipt of the
booster dose.
†	The rate ratio is the estimated factor reduction in the rate in the booster group as compared with the rate in the non
booster group.

are summarized in Table 2. The rate of confirmed infection was lower in the booster group
than in the nonbooster group by a factor of 11.3
(95% confidence interval [CI], 10.4 to 12.3). The
absolute between-group difference in the rate
of confirmed infection was 86.6 infections per
100,000 person-days. The rate of severe illness
was lower in the booster group than in the
nonbooster group by a factor of 19.5 (95% CI,
12.9 to 29.5). The absolute between-group difference in the rate of severe illness was 7.5 cases
per 100,000 person-days. In the secondary analysis, the rate of confirmed infection at least 12
days after receipt of the vaccine was substantially lower than the rate 4 to 6 days after receipt
(rate ratio, 5.4; 95% CI, 4.8 to 6.1).
Figure 2 presents the results of the Poisson
regression analysis with the number of days after booster vaccination as additional covariates,
showing the reduction in the rate of confirmed
infection over time as compared with the non
booster group. On each day during the period
from 12 to 25 days after receipt of the booster
dose, the booster group had a rate of confirmed
infection that was lower than that in the nonbooster group by a factor of 7 to 20, a finding
that was similar to the primary results. Immediately after vaccination, the rate of confirmed
infection in the booster cohort was lower than
that in the nonbooster group, a difference that
is probably the result of the aforementioned behavioral changes that often follow vaccination.

performed several sensitivity analyses. The rate
ratios that were calculated in two different sensitivity analyses were similar to those calculated
for the primary analysis (Supplementary Methods section). Figure S4 presents the results of
the same analysis that is shown in Figure 2 restricted to participants who received the booster
dose at different time periods (August 1 to 4,
August 5 to 8, and August 9 to 12). The same
U shape for the rate ratio is observed during the
three periods, with similar values. Finally, when
the primary analysis was restricted to the general Jewish population, the rate ratio was 10.8
(95% CI, 9.9 to 11.7) for confirmed infection
and 21.7 (95% CI, 14.1 to 33.6) for severe illness,
with corresponding estimates for the average rate
differences of 83.4 and 8.2 events, respectively,
per 100,000 person-days.

Discussion

In our study, we found that a booster dose of the
BNT162b2 vaccine reduced the rates of both
confirmed infection and severe Covid-19 illness
in a large Israeli population of participants who
were 60 years of age or older. Our findings can
be understood through the following example.
Suppose, first, that the combined effect of waning immunity and the increased prevalence of the
delta variant decreases the efficacy of a vaccine
that had been administered 6 months earlier to
approximately 50% relative to the susceptibility
in an unvaccinated person, as recent reports
Sensitivity Analyses
have suggested.2,16,17 Then suppose that, as sugTo test the robustness of the results obtained gested by our results, the booster dose reduces
from the primary and secondary analyses, we the rate of infection for such vaccine recipients
6
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Days since Booster Vaccination

Figure 2. Reduction in Rate of Confirmed Infection in Booster Group as Compared with Nonbooster Group.
Shown is the factor reduction in the rate of confirmed infection among participants who received a third (booster)
dose of the BNT162b2 vaccine as compared with those who did not receive a booster dose, according to the number
of days after the administration of the booster dose. Because of wide confidence intervals, only days 1 through 25
are shown. The dashed horizontal line represents the level at which the booster dose provided no added protection.
The I bars represent 95% confidence intervals, which have not been corrected for multiplicity.

by a factor of 10. This would mean that the susceptibility of a person who receives a booster
dose would decrease to approximately 5% (i.e.,
50% divided by 10) relative to that in an unvaccinated person and would bring the vaccine efficacy among booster recipients to approximately
95%, a value similar to the original vaccine efficacy reported against the alpha variant.9,18
Although our analysis attempted to address
possible biases in the source data, such as the
effects of confounders and behavioral changes
after vaccination, some sources of bias may not
have been measured or corrected adequately.
These biases include differences between the
booster recipients and those who did not receive
the booster with respect to care-seeking behaviors and cautiousness, along with differences in
coexisting illnesses that are not recorded in the
national database. Some of these possible biases
are transient and fade with time after the booster
vaccination, as schematically shown in Figure S1.
This suggests that the real effectiveness of vaccination can be estimated by comparing infection rates before receipt of the booster dose and
after a suitable time period (e.g., 12 days) follow-

ing vaccination. Although independent research
is required to fully understand this behavioral
model, several indications suggest that our 12-day
cutoff is reasonable. First, persons tend to undergo fewer PCR tests on the day of vaccination and
during the subsequent few days, which is a potential source for detection bias. Consistent with
such behavioral change is the pattern shown in
Figure 2, which indicates a large reduction in
infection rate on the first day after vaccination,
a decrease that is attenuated during the subsequent days before starting to increase as the
booster dose becomes effective.
Confounding and detection bias may contribute to the observed reduction in the infection
rate. We can put a lower boundary on the effect
of the booster dose by focusing on persons who
received the booster dose and comparing rates
during a period in which the booster effect was
expected to be small with rates during a period
in which the booster had become effective. We
therefore compared the rates at least 12 days
after receipt of the booster with rates during
days 4 to 6, when the booster effect was expected to be small and behavioral changes after
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vaccination were less marked. In this secondary
analysis, the rate of confirmed infection was
lower starting at 12 days after receipt of the
booster than during days 4 to 6 after receipt by
an estimated factor of 5.4. Even under this conservative analysis, the demonstrated rate reduction highlights the important role that a booster
dose could play in mitigating the effects of waning immunity and immune evasion, especially
during the emergence of variants of concern,
such as the delta variant.
Understanding the protection gained by a
booster dose is critical for public health policy.
On July 30, 2021, Israel was the first country in
the world to make available a third dose of the
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