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BACKGROUND
After promising initial results from the administration of a third (booster) dose of 
the BNT162b2 messenger RNA vaccine (Pfizer–BioNTech) to persons 60 years of 
age or older, the booster campaign in Israel was gradually expanded to persons in 
younger age groups who had received a second dose at least 5 months earlier.

METHODS
We extracted data for the period from July 30 to October 10, 2021, from the Israel 
Ministry of Health database regarding 4,696,865 persons 16 years of age or older 
who had received two doses of BNT162b2 at least 5 months earlier. In the pri-
mary analysis, we compared the rates of confirmed coronavirus disease 2019 
(Covid-19), severe illness, and death among those who had received a booster dose 
at least 12 days earlier (booster group) with the rates among those who had not 
received a booster (nonbooster group). In a secondary analysis, we compared the 
rates in the booster group with the rates among those who had received a booster 
3 to 7 days earlier (early postbooster group). We used Poisson regression models 
to estimate rate ratios after adjusting for possible confounding factors.

RESULTS
The rate of confirmed infection was lower in the booster group than in the non-
booster group by a factor of approximately 10 (range across five age groups, 9.0 to 
17.2) and was lower in the booster group than in the early postbooster group by a 
factor of 4.9 to 10.8. The adjusted rate difference ranged from 57.0 to 89.5 infections 
per 100,000 person-days in the primary analysis and from 34.4 to 38.3 in the second-
ary analysis. The rates of severe illness in the primary and secondary analyses were 
lower in the booster group by a factor of 17.9 (95% confidence interval [CI], 15.1 to 
21.2) and 6.5 (95% CI, 5.1 to 8.2), respectively, among those 60 years of age or 
older and by a factor of 21.7 (95% CI, 10.6 to 44.2) and 3.7 (95% CI, 1.3 to 10.2) 
among those 40 to 59 years of age. The adjusted rate difference in the primary and 
secondary analyses was 5.4 and 1.9 cases of severe illness per 100,000 person-days 
among those 60 years of age or older and 0.6 and 0.1 among those 40 to 59 years 
of age. Among those 60 years of age or older, mortality was lower by a factor of 
14.7 (95% CI, 10.0 to 21.4) in the primary analysis and 4.9 (95% CI, 3.1 to 7.9) in 
the secondary analysis. The adjusted rate difference in the primary and secondary 
analyses was 2.1 and 0.8 deaths per 100,000 person-days.

CONCLUSIONS
Across the age groups studied, rates of confirmed Covid-19 and severe illness were 
substantially lower among participants who received a booster dose of the BNT162b2 
vaccine than among those who did not.
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After a resurgence of confirmed 
severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infections and severe 

coronavirus disease 2019 (Covid-19) illness in 
Israel,1 Israeli authorities approved on July 30, 
2021, the administration of a booster dose of the 
BNT162b2 messenger RNA vaccine (Pfizer–BioN-
Tech) for persons 60 years of age or older who had 
received a second dose of vaccine at least 5 months 
earlier. Initial reports have indicated that the 
booster dose was effective in reducing the rates of 
confirmed infection and severe disease against 
the currently dominant B.1.617.2 (delta) variant in 
the elderly population.2,3 Consequently, the boost-
er campaign was extended to younger age groups 
in a stepwise manner: on August 13 for those 50 
to 59 years of age, on August 20 for those 40 to 
49 years of age, on August 24 for those 30 to 39 
years of age, and on August 29 for all persons 12 
years of age or older.

Although observational studies suggest that the 
booster dose is effective against both confirmed 
infection and severe disease in the elderly popu-
lation, the extent of protection of an additional 
dose in younger age groups requires further clari-
fication. Here, we quantified the booster effect on 
the adult population (≥16 years of age) relying on 
the analytical framework used to estimate the ef-
fectiveness of the booster dose in the population 
60 years of age or older.2 The results also extend 
our previous analysis of the effect of the booster 
dose among those 60 years of age or older with 
a longer follow-up time and with Covid-19–asso-
ciated death as an outcome.

Me thods

General Approach

Our methods are similar to those applied by 
Bar-On et al.2 with minor modifications. Full de-
tails are provided in the Methods section in Bar-On 
et al.2 and in the protocol of that study, available 
with the full text of that article at NEJM.org.

Study Population

Our analysis is based on data from the Israel Min-
istry of Health database; details about the database 
are provided in the Supplementary Methods 1 sec-
tion in the Supplementary Appendix, available with 
the full text of this article at NEJM.org. Following 
the methods of Bar-On et al.,2 we extracted on 
October 12, 2021, data regarding Israeli residents 

16 years of age or older who had been fully vac-
cinated (i.e., received two doses of BNT162b2) at 
least 5 months before the end of the study and 
were alive on the date that their age group be-
came eligible for the booster dose, totaling 
5,065,502 persons. Similarly to Bar-On et al.,2 we 
excluded from the analysis persons whose data 
did not include information regarding sex or 
area of residence; who had tested positive for 
SARS-CoV-2 on a polymerase-chain-reaction (PCR) 
assay before the date that their age group be-
came eligible; who had received a booster dose 
before July 30, 2021; who had been abroad during 
the entire study period (persons were considered 
as being abroad in the period from 10 days before 
to 10 days after their return to Israel); or who had 
been fully vaccinated before January 16, 2021. A 
total of 4,696,865 persons met the inclusion crite-
ria for the analysis (Fig. 1).

The extracted data included vaccination dates 
(first, second, and third doses); information re-
garding PCR testing (sampling dates and results); 
the date of any Covid-19–related hospitalization; 
demographic variables, such as age, sex, and area 
of residence; demographic group (general Jewish, 
Arab, or ultra-Orthodox Jewish population), as 
determined by the participant’s statistical area 
of residence (similar to a census block)4; clinical 
status (mild or severe disease); and vital status. 
Severe disease was defined according to the Na-
tional Institutes of Health Covid-19 treatment 
guidelines5 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 300.6

Study Design

Each participant’s study period started on the 
date of becoming eligible to receive the booster 
dose — that is, when the booster became avail-
able for that participant’s age group and more 
than 5 months had passed since receipt of the 
second dose (the latter of these two events). The 
end dates were chosen as October 10, 2021, for 
confirmed infection; October 5, 2021, for severe 
illness; and September 7, 2021, for death. The dates 
for confirmed infection, severe illness, and death 
were chosen to allow at least 2 days for the PCR 
result, 7 days for the development of severe ill-
ness, and 35 days for death. For participants who 
were abroad during part of the study period, we 
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excluded days at risk and Covid-19 outcomes 
during the period from 10 days before to 10 days 
after their return to Israel.

As in our previous study,2 we calculated the 
rates of confirmed infection, severe illness, and 
death due to Covid-19 per person-days at risk in 
different dynamic groups: participants who had 
received a booster dose at least 12 days earlier 
(booster group) were compared with those who 
had not yet received the booster dose (nonbooster 
group) and, in a secondary analysis, with partici-
pants who had received a booster dose 3 to 7 days 
earlier (early postbooster group). The times of on-
set of severe Covid-19 and death were designated 
as the test date of confirmed infection.

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 Israel Ministry of Health and 
Pfizer have a data-sharing agreement, but only the 
final results of this study were shared with Pfizer.

Statistical Analysis

We used the methods implemented by Bar-On 
et al.2 with several modifications (details and 
comparisons with the original methods are pro-
vided in the Supplementary Analysis 2 section in 
the Supplementary Appendix). Briefly, we per-
formed Poisson regression to estimate the rate of 
a specific outcome in a specific vaccination group, 
using the function for fitting generalized linear 
models in R statistical software.7 These analyses 
were adjusted for the following covariates: sex, 
age group (16 to 29 years, 30 to 39 years, 40 to 
49 years, 50 to 59 years, 60 to 69 years, 70 to 79 
years, and ≥80 years), demographic group (gen-
eral Jewish, Arab, and ultra-Orthodox Jewish popu-
lation),4 and the date of the second vaccine dose 

Figure 1. Study Population Derived from the Israel Ministry of Health Database.

5,065,502 (100%, 105,616 infected) Persons ≥16 yr of age
were fully vaccinated at least 5 mo before October 10, 2021

5,060,859 (99.9%, 105,532 infected) Had data available
regarding sex

4,921,001 (97.1%, 105,380 infected) Had data available
regarding municipality

4,804,096 (94.8%, 105,380 infected) Had not been infected
before July 30, 2021

4,699,314 (92.8%, 104,380 infected) Had not received
a booster dose or had received a booster dose after it was

available for age group

4,696,865 (92.7%, 104,380 infected) Had been in Israel for
at least part of the study period

1,129,585 
(25,351 infected)

Were 16–29 yr
of age

796,963 
(24,709 infected)

Were 30–39 yr
of age

787,290 
(20,952 infected)

Were 40–49 yr
of age

670,970 
(13,751 infected)

Were 50–59 yr
of age

617,006 
(10,421 infected)

Were 60–69 yr
of age

452,844 
(5818 infected)
Were 70–79 yr

of age

242,207
(3378 infected)

Were ≥80 yr
of age
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(in half-month intervals). In addition, we account-
ed for environmental risk by including, as a time-
varying covariate, a daily exposure risk index simi-
lar to that used by Goldberg et al.8 based on the 
number of confirmed infections in the partici-
pant’s area of residence during the past 7 days 
per 1000 residents. We categorized this quantity 
into 10 risk groups using the deciles of the vari-
able. The 7-day moving average was chosen be-
cause the number of PCR tests typically drops on 
weekends.

We estimated adjusted rate ratios for con-
firmed infection, severe disease, and death due to 
Covid-19 between the booster group and the non-
booster group in different age groups by includ-
ing interaction terms between age category and 
study group. The age categories for estimating 
the rate ratio were 16 to 29 years, 30 to 39 years, 
40 to 49 years, 50 to 59 years, and 60 or more 
years for confirmed infection; 40 to 59 years and 
60 or more years for severe disease; and 60 or 
more years for death due to Covid-19. Grouping 
those 60 years of age or older allowed compari-
son with our previous estimates2 (see the Supple-
mentary Analysis 3 section and Tables S13 and 
S14 in the Supplementary Appendix for results 
involving a finer age subdivision). We restricted 
estimation of rate ratios to more limited age 
groups for severe disease (40 to 59 years and ≥60 
years) and death (≥60 years) owing to smaller 
numbers of cases. Besides rate ratios, adjusted rate 
differences9 were estimated between the various 
age groups (see the Supplementary Methods 2 sec-
tion in the Supplementary Appendix). Uncer-
tainty around rate ratio estimates was calculated 
by the exponent of the 95% confidence interval 
for the regression coefficient without adjustment 
for multiplicity.

In an additional analysis, we calculated the 
rate ratio of confirmed infection as a function of 
time after receipt of the booster dose. To this 
end, for each age group (16 to 29 years, 30 to 39 
years, 40 to 49 years, 50 to 59 years, and ≥60 
years), we fitted a Poisson regression that in-
cluded days after receipt of the booster dose as 
factors in the model. Each day until 12 days after 
receipt of the booster dose was considered as a 
separate factor, and days from day 12 onward 
were binned into intervals of 3 days (12 to 14 
days, 15 to 17 days, and so on). The reference 
category comprised person-days before receipt 
of the booster dose.

As a sensitivity analysis, we analyzed the data 
using an alternative statistical method that relies 
on matching, similar to the method used by 
Dagan et al.10 (see the Supplementary Analysis 1 
section and Table S15 in the Supplementary Ap-
pendix). Briefly, each person who received a 
booster dose was matched with a person who 
had not yet received the booster and who shared 
a similar risk profile (on the basis of personal 
characteristics). The probabilities of confirmed 
infection during the period from day 12 after the 
booster dose until the end of the study were es-
timated for those receiving and those not receiv-
ing the booster dose with the use of the Kaplan–
Meier method10 and were compared.

R esult s

Study Population

Table 1 presents the characteristics of the par-
ticipants in the booster, early postbooster (days 
3 to 7), and nonbooster groups in terms of per-
son-days at risk. We provide details on all model 
covariates in Table S3 and the same information 
within each age group in Tables S4 through S8.

The nonbooster group included approximate-
ly 98 million person-days, with 83,481 confirmed 
infections, 1171 cases of severe illness, and 298 
deaths. The booster group included approxi-
mately 104 million person-days, with 6160 con-
firmed infections, 175 cases of severe illness, 
and 35 deaths. The early postbooster group in-
cluded approximately 17 million person-days, 
with 8880 confirmed infections, 136 cases of 
severe illness, and 46 deaths. The percentage of 
person-days at risk was higher in the booster 
group than in the nonbooster group with re-
spect to the general Jewish population (88.8% 
vs. 70.8%), an age of 70 years or older (28.6% vs. 
11.2%), and receipt of a second vaccination dose 
in January 2021 (42.2% vs. 12.7%), and the per-
centage was lower in the booster group than in 
the nonbooster group with respect to an age 
younger than 40 years (18.5% vs. 46.9%). The 
early postbooster group was closer in its charac-
teristics to the booster group, but the percentage 
of person-days at risk was higher in the booster 
group than in the early postbooster group with 
respect to an age of 70 years or older (28.6% vs. 
18.6%) and receipt of a second vaccination dose 
in January 2021 (42.2% vs. 29.6%), and the per-
centage was lower in the booster group than in 
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the early postbooster group with respect to an 
age younger than 40 years (18.5% vs. 32.9%). We 
adjusted for these substantial between-group 
differences by including these variables as co-
variates in the Poisson regression model.

Effect of the Booster Dose across Age 
Groups

The detailed results of the Poisson regression 
analysis for confirmed infection, severe illness, 
and death are provided in Tables S9 through S12 
and are summarized in Tables 2 and 3. The rate 
of confirmed infection was lower in the booster 
group than in the nonbooster group by a similar 
factor across age groups: 12.3 (95% confidence 
interval [CI], 11.8 to 12.8) among those 60 years 
of age or older, 12.2 (95% CI, 11.4 to 13.0) among 
those 50 to 59 years of age, 9.7 (95% CI, 9.2 to 
10.3) among those 40 to 49 years of age, 9.0 
(95% CI, 8.4 to 9.7) among those 30 to 39 years 
of age, and 17.2 (95% CI, 15.4 to 19.2) among 
those 16 to 29 years of age. The adjusted differ-
ence in the rate of confirmed infection between 
the nonbooster group and the booster group was 
57.0 infections per 100,000 person-days among 
those 60 years of age or older, 69.0 among those 
50 to 59 years of age, 81.7 among those 40 to 49 
years of age, 89.5 among those 30 to 39 years of 
age, and 72.2 among those 16 to 29 years of age. 
The rate of confirmed infection at least 12 days 
after receipt of the booster dose was also substan-
tially lower than the rate 3 to 7 days after receipt 
of the booster. The infection rate was lower by a 
factor of 7.4 (95% CI, 7.0 to 7.8) among those 60 
years of age or older, by 7.2 (95% CI, 6.7 to 7.9) 
among those 50 to 59 years of age, by 5.4 (95% 
CI, 5.0 to 5.8) among those 40 to 49 years of age, 
by 4.9 (95% CI, 4.5 to 5.3) among those 30 to 39 
years of age, and by 10.8 (95% CI, 9.6 to 12.2) 
among those 16 to 29 years of age.

The rate of severe illness was lower in the 
booster group than in the nonbooster group 
across the two age groups studied: by a factor of 
17.9 (95% CI, 15.1 to 21.2) among those 60 years 
of age or older and by a factor of 21.7 (95% CI, 
10.6 to 44.2) among those 40 to 59 years of age. 
The adjusted difference in the rate of severe ill-
ness between the nonbooster group and the 
booster group was 5.4 cases per 100,000 person-
days among those 60 years of age or older and 
0.6 cases per 100,000 person-days among those 
40 to 59 years of age. In the secondary analysis, Ta
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the rate of severe illness 12 or more days after 
the booster was lower than the rate 3 to 7 days 
after the booster by a factor of 6.5 (95% CI, 5.1 
to 8.2) among those 60 years of age or older and 
by a factor of 3.7 (95% CI, 1.3 to 10.2) among 
those 40 to 59 years of age. The rate of severe 
disease in the youngest age groups (16 to 29 and 
30 to 39 years of age) was very low, and there 
were not enough cases to estimate the rate ratio 
reliably (26 cases in the nonbooster group, 1 case 
in the booster group, and no cases in the early 
postbooster group).

Among participants 60 years of age or older, 
the rate of Covid-19–associated death in the boost-
er group was lower than in the nonbooster group 
by a factor of 14.7 (95% CI, 10.0 to 21.4). The 
adjusted rate difference between the nonbooster 
group and the booster group was 2.1 cases per 
100,000 person-days. The rate of Covid-19–associ-
ated death 12 or more days after receipt of the 
booster dose was lower than the rate 3 to 7 days 
after receipt of the booster by a factor of 4.9 
(95% CI, 3.1 to 7.9).

We also estimated the reduction in the rate of 
confirmed infection in the booster group as com-
pared with the nonbooster group as a function 
of time after booster vaccination across the dif-
ferent age groups. As shown in Figure 2, a similar 
temporal pattern was seen in the different age 
groups: the rate of confirmed infection was lower 
in the booster group than in the nonbooster 
group by a factor of approximately 10. Of note, 
in all age groups, the rate of confirmed infection 
was lower in the early postbooster group than in 
the nonbooster group. We provide details on the 
possible source for this effect in the Discussion 
section.

The sensitivity analysis that used matching 
resulted in the following estimates (summarized 
in Table S15) for the factor by which the rate of 
confirmed infection in the booster group was 
lower than that in the nonbooster group: 9.5 
(95% CI, 7.8 to 11.4) among those 60 years of 
age or older, 9.4 (95% CI, 5.2 to 13.0) among 
those 50 to 59 years of age, 8.4 (95% CI, 6.2 to 
10.6) among those 40 to 49 years of age, 7.3 
(95% CI, 5.7 to 8.7) among those 30 to 39 years 
of age, and 13.3 (95% CI, 5.9 to 18.8) among 
those 16 to 29 years of age. For severe illness, 
this approach yielded an estimated factor of 12.4 
(95% CI, 4.3 to 30.4) among those 60 years of 
age or older.Ta
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Figure 2. Reduction in Rate of Confirmed Infection in the Booster Group as Compared with the 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 num-
ber of days after the administration of the booster dose, for different age groups. The I bars represent 95% confi-
dence intervals, which have not been corrected for multiplicity.
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Discussion

We sought to determine whether the booster dose 
had a similar effect across different age groups 
and have indeed found that the booster dose 
reduced the rate of confirmed infection and se-
vere illness by a similar factor in the age groups 
studied (although in the youngest age group, a 
larger reduction factor against confirmed infec-
tions was observed). The temporal pattern of the 
rate ratio between the booster group and the non-
booster group after booster vaccination was also 
similar across age groups. These findings are 
consistent with those of the phase 2–3 clinical 
trial of the BNT162b2 vaccine,11 in which vaccine 
efficacy was similar across age groups.

Although in our primary analysis we attempt-
ed to address confounding and detection bias, 
some sources of bias may not have been measured 
or corrected adequately. These biases might in-
clude differences between booster recipients and 
those who chose not to receive the booster with 
respect to risk-avoidance behaviors and coexist-
ing conditions, neither of which are recorded in 
the national database. Moreover, participants’ risk-
avoidance behavior and propensity to perform PCR 
tests are probably modified after receipt of the 
booster dose. In our secondary analysis, we tried 
to reduce the extent of confounding bias between 
the booster group and the nonbooster group by 
focusing solely on persons who received the 
booster dose and comparing rates during a pe-
riod in which the booster was expected to have 
a small effect (days 3 to 7 after vaccination) with 
those during a period in which it had become 
effective (≥12 days after vaccination).

Although this type of analysis reduces con-
founding bias, because all participants poten-
tially contribute days at risk to both groups, es-
timates of the rate ratio during the first days after 
vaccination could include the effect of transient 
biases. These potential biases include the “healthy 
vaccinee” bias,12 in which people who feel ill 
tend not to get vaccinated in the following days, 
leading to a lower number of infections in the 
booster group during the first days after vacci-
nation. Moreover, one would expect that detection 
bias due to behavioral changes such as the ten-
dency to perform fewer PCR tests after booster 

vaccination is more pronounced just after receiv-
ing the dose (days 3 to 7) and that this bias de-
clines over time. Thus, potential behavioral biases 
under this approach are expected to underestimate 
the true rate ratio. The secondary analysis showed 
a decrease in the rate of confirmed infection 
across age groups by a factor of approximately 5. 
Although the primary and secondary analyses 
were exposed to different biases and resulted in 
somewhat different estimates, both suggested a 
notable reduction in the rate of confirmed infec-
tions. With respect to severe illness in the boost-
er group as compared with the nonbooster group 
(Table 3), the analysis shows decreased rates of 
severe Covid-19 in both age groups considered, 
but with wider confidence intervals owing to the 
lower number of cases of severe illness in those 
40 to 59 years of age.

As compared with our previous analysis of 
the elderly population,2 we made two methodo-
logic modifications in the current analysis. First, 
instead of including indicators for calendar dates 
in order to adjust for exposure risk, we calculated 
a spatial–temporal index of risk according to the 
number of infections in each area of residence. 
This method better measures the exposure risk 
for each participant. Second, in our secondary 
analysis, we compared the rates 12 or more days 
after receipt of the booster with the rates 3 to 7 
days after its receipt, instead of 4 to 6 days. This 
change was made to increase the number of 
person-days at risk in the early postbooster group 
and enabled us to apply the secondary analysis to 
severe Covid-19 as well.

Understanding the protective effect of the 
booster dose in younger age groups is key for 
forming public health policy. Booster vaccination 
programs may provide a way to control transmis-
sion without costly social-distancing measures 
and quarantines. Our findings provide evidence 
for the short-term effectiveness of the booster 
dose against the currently dominant delta vari-
ant in persons 16 years of age or older. Future 
studies will help determine the longer-term ef-
fectiveness of the booster dose against current 
and emerging variants.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank Ronen Fluss for productive feedback on an earlier 
version of the manuscript.
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