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Effectiveness of a third dose of the BNT162b2 mRNA
COVID-19 vaccine for preventing severe outcomes in Israel:
an observational study
Noam Barda*, Noa Dagan*, Cyrille Cohen, Miguel A Hernán, Marc Lipsitch, Isaac S Kohane, Ben Y Reis†, Ran D Balicer†

Summary

Background Many countries are experiencing a resurgence of COVID-19, driven predominantly by the delta (B.1.617.2)
variant of SARS-CoV-2. In response, these countries are considering the administration of a third dose of mRNA
COVID-19 vaccine as a booster dose to address potential waning immunity over time and reduced effectiveness
against the delta variant. We aimed to use the data repositories of Israel’s largest health-care organisation to evaluate
the effectiveness of a third dose of the BNT162b2 mRNA vaccine for preventing severe COVID-19 outcomes.
Methods Using data from Clalit Health Services, which provides mandatory health-care coverage for over half of the
Israeli population, individuals receiving a third vaccine dose between July 30, 2020, and Sept 23, 2021, were matched
(1:1) to demographically and clinically similar controls who did not receive a third dose. Eligible participants had
received the second vaccine dose at least 5 months before the recruitment date, had no previous documented
SARS-CoV-2 infection, and had no contact with the health-care system in the 3 days before recruitment. Individuals
who are health-care workers, live in long-term care facilities, or are medically confined to their homes were excluded.
Primary outcomes were COVID-19-related admission to hospital, severe disease, and COVID-19-related death. The
third dose effectiveness for each outcome was estimated as 1 – risk ratio using the Kaplan-Meier estimator.
Findings 1 158 269 individuals were eligible to be included in the third dose group. Following matching, the third dose
and control groups each included 728 321 individuals. Participants had a median age of 52 years (IQR 37–68) and
51% were female. The median follow-up time was 13 days (IQR 6–21) in both groups. Vaccine effectiveness evaluated
at least 7 days after receipt of the third dose, compared with receiving only two doses at least 5 months ago, was
estimated to be 93% (231 events for two doses vs 29 events for three doses; 95% CI 88–97) for admission to hospital,
92% (157 vs 17 events; 82–97) for severe disease, and 81% (44 vs seven events; 59–97) for COVID-19-related death.
Interpretation Our findings suggest that a third dose of the BNT162b2 mRNA vaccine is effective in protecting
individuals against severe COVID-19-related outcomes, compared with receiving only two doses at least 5 months
ago.
Funding The Ivan and Francesca Berkowitz Family Living Laboratory Collaboration at Harvard Medical School and
Clalit Research Institute.
Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Despite the initially promising results of nationwide
vaccination campaigns, many countries are currently
experiencing a resurgence of COVID-19, dominated by
the delta (B.1.617.2) variant of SARS-CoV-2. After
several months of low pandemic activity in early 2021,
Israel is experiencing its fourth pandemic wave, despite
over 55% of the population having been vaccinated with
two doses of the BNT162b2 mRNA COVID-19 vaccine.
First and second doses were given 21 days apart, as per
the pre-approval randomised trials. The increase in
infections and hospitalisations of vaccinated individuals
likely stems from a combination of waning vaccine
immunity over time,1–3 given that many people in Israel
were vaccinated 5–7 months ago, and from potentially
reduced effectiveness of the vaccine against the delta
variant.4

A standard approach to overcoming waning
immunity, also known as secondary vaccine failure, is
the administration of an additional vaccine dose—
often referred to as a booster dose. Faced with rising
rates of COVID-19-related admissions to hospital, and
based on initial evidence suggesting a pronounced
humoral response to a third dose of the mRNA
vaccines,5–7 the Israeli Ministry of Health announced a
campaign to administer a third dose of the BNT162b2
mRNA COVID-19 vaccine (Pfizer–BioNTech). This
campaign began with immunocompromised patients
on July 13, 2021, and was expanded several times to
include people aged over 60 years (on July 30), 50 years
(on Aug 12), 40 years (on Aug 19), 30 years (on Aug 24),
and eventually the entire population over the age of
12 years on Aug 30. The third dose was only given to
people who had received the second dose at least
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Research in context
Evidence before this study
No formal literature review was done. Several previous
publications regarding the effectiveness of the third dose of the
BNT162b2 mRNA COVID-19 vaccine have focused on antibody
response, showing a pronounced humoral response after
administration of the booster. Two recent studies from Israel
have focused on clinical outcomes. The first reported a
reduction of 90–96% in the risk for severe disease starting from
day 12 after the booster dose, but did not adjust for preexisting clinical conditions related to the risk of severe disease
and did not evaluate the effectiveness within subgroups. The
second found a reduction of 70–84% in the probability of
testing positive for SARS-CoV-2 among vaccinated individuals,
but did not estimate effectiveness for more severe outcomes.
Added value of this study
To our knowledge, the present study is the first to estimate
the effectiveness of a third dose of an mRNA COVID-19
vaccine—BNT162b2 specifically—against severe outcomes with
adjustment for various possible confounders, including
comorbidities and behavioural factors, and within subgroups.

5 months ago. Administration of the third dose
progressed rapidly, reaching over half of the population
aged at least 60 years within the first 2 weeks. Other
countries such as the USA, the UK, Germany, and
France are planning or conducting campaigns to
provide an additional dose for elderly and vulnerable
populations,8–10 such as immunocompromised patients,
who have been shown to mount a lesser immune
response to the vaccine.11 On Aug 12, 2021, the US Food
and Drug Administration amended the authorisations
for both mRNA COVID-19 vaccines (Pfizer–BioNTech’s
BNT162b2 and Moderna’s mRNA-1273) to allow for the
use of an additional dose in immunocompromised
patients.12 On Sept 22, 2021, the authorisation was
extended to include individuals aged 65 years or older,
and younger individuals with increased medical or
occupational risk.13
We aimed to use the data repositories of Israel’s largest
health-care organisation to estimate the effectiveness of a
third dose of the BNT162b2 COVID-19 vaccine in
preventing severe COVID-19-related outcomes.

Methods

Study design and participants
This study was designed to emulate a target trial14 of the
effects of a third dose of the BNT162b2 vaccine in a
population of individuals who had already received
two doses of the vaccine at least 5 months before
recruitment. The study design is similar to our previous
vaccine effectiveness studies conducted in the same
population and setting, which have been described at
length.15
2

Our results suggest that that a third dose of the BNT162b2
vaccine is effective in preventing severe COVID-19-related
outcomes. Compared with two doses of the vaccine
administered at least 5 months ago, receiving a third dose was
estimated to have an effectiveness of 93% in preventing
COVID-19-related admission to hospital, 92% in preventing
severe disease, and 81% in preventing COVID-19-related death.
Implications of all the available evidence
As of October, 2021, many countries are experiencing a
resurgence of SARS-CoV-2 infections despite hitherto
successful vaccination campaigns. This situation has been
suggested to be caused by the greater infectiousness of the
delta (B.1.617.2) variant of SARS-CoV-2, and by waning
immunity as time passes from earlier vaccination. In the face of
the current resurgence, several countries are planning to
administer a third booster dose of mRNA COVID-19 vaccine.
Our study suggests that a third vaccine dose is effective in
reducing severe COVID-19-related outcomes for patients who
have received two vaccine doses at least 5 months ago.

Clalit Health Services is the largest of four integrated
payer-provider health-care organisations providing
mandatory health-care coverage in Israel, insuring over
half of the Israeli population. Clalit Health Services
information systems are fully digitised and feed into a
central data warehouse, covering all aspects of care,
including COVID-19. The study period was July 30, 2020,
to Sept 23, 2021.
To be included in the study, an individual had to have
received the second vaccine dose at least 5 months before
the recruitment date, and have been eligible to receive
the third vaccine dose as per the guidelines of the Israeli
Ministry of Health on at least one of the days of the
study period. For those aged 60 years or above, this
meant individuals with recruitment potential on or after
July 30, 2021; for ages 50–59 years, recruitment potential
from Aug 12, 2021; for ages 40–49 years, recruitment
potential from Aug 19, 2021; for ages 30–39 years from
Aug 24, 2021; and for those aged at least 12 years, from
Aug 30, 2021. Additional inclusion criteria were
membership in the health organisation for at least
12 months, no previous documented SARS-CoV-2
infection, and no contact with the health-care system in
the 3 days before the recruitment date.
Immunocompromised patients who received the
third dose before July 30, 2021, were not included in
the study, as the focus was on providing vaccine effective
ness estimates applicable to the general population.
Individuals who are health-care workers, live in longterm care facilities, or are medically confined to their
homes (irrespective of COVID-19) were excluded due to
concerns of residual confounding. Individuals with
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Vaccinated with Vaccinated with
two doses
three doses
(n=728 321)
(n=728 321)
Median age (IQR)

52 (37–68)

52 (37–68)

Female

371 435 (51·0%)

371 435 (51·0%)

Male

356 886 (49·0%) 356 886 (49·0%)

Vaccinated with
two doses

Vaccinated with
three doses

Events

Risk per
100 000
individuals

Events Risk per
100 000
individuals

Admission to hospital

231

220·8

29

Severe disease

157

158·9

17

44

31·9

7

Sex

Population sector
Jewish

612 006 (84·0%) 602 402 (82·7%)

Arab

92 656 (12·7%)

102 067 (14·0%)

Ultra-Orthodox Jewish

23 659 (3·2%)

23 852 (3·3%)

CDC risk factor count
0

340 607 (46·8%) 340 607 (46·8%)

1

175 738 (24·1%)

2

90 704 (12·5%)

90 704 (12·5%)

≥3

121 272 (16·7%)

121 272 (16·7%)

0

407 815 (56·0%)

407 815 (56·0%)

1

134 016 (18·4%)

134 016 (18·4%)

2

84 832 (11·6%)

84 832 (11·6%)

3

41 962 (5·8%)

41 962 (5·8%)

4

21 553 (3·0%)

21 553 (3·0%)

≥5

38 143 (5·2%)

38 143 (5·2%)

CDC certain risk criteria
19 773 (2·7%)

20 621 (2·8%)

Chronic kidney disease

66 886 (9·2%)

68 982 (9·5%)

Chronic obstructive
pulmonary disease

20 669 (2·8%)

22 249 (3·1%)

Heart disease

71 428 (9·8%)

71 166 (9·8%)

Solid organ transplant
Obesity (ie, BMI 30–40)
Severe obesity (ie, BMI ≥40)
Pregnancy
Sickle cell disease

431 (<0·1%)

507 (<0·1%)

147 399 (20·2%)

145 022 (19·9%)

13 438 (1·8%)

13 405 (1·8%)

4 588 (0·6%)

7 442 (1·0%)

65 (<0·1%)

85 (<0·1%)

Smoking

115 250 (15·8%)

135 202 (18·6%)

Type 2 diabetes

115 451 (15·9%)

115 713 (15·9%)

Asthma

47 187 (6·5%)

47 085 (6·5%)

Cerebrovascular disease

32 822 (4·5%)

35 262 (4·8%)

CDC possible risk criteria

Other respiratory disease
Hypertension

3 771 (0·5%)
184 317 (25·3%)

3 768 (0·5%)
181 157 (24·9%)

Immunosuppression

26 471 (3·6%)

26 395 (3·6%)

Neurological disease

45 483 (6·2%)

47 904 (6·6%)

Liver disease
Overweight (ie, BMI 25–30)

Risk difference per
100 000 individuals
(95% CI)

14·4

93% (88–97)

206·4 (146·1–275·1)

12·9

92% (82–97)

145·9 (93·1–207·7)

6·1

81% (59–97)

25·8 (13·0–38·5)

Estimates were obtained using the Kaplan-Meier estimator starting from day 7 after receipt of the third dose, in those
who received it.

Table 2: Effectiveness of the third vaccine dose versus two vaccine doses of the BNT162b2 mRNA
COVID-19 vaccine

175 738 (24·1%)

Number of SARS-CoV-2 PCR tests in the past 9 months

Cancer

Death

1 – risk ratio
(95% CI)

16 074 (2·2%)

17 283 (2·4%)

260 353 (35·7%)

255 737 (35·1%)

Thalassaemia

4085 (0·6%)

4440 (0·6%)

Type 1 diabetes

4339 (0·6%)

4176 (0·6%)

CDC=Centers for Disease Control and Prevention. BMI=body-mass index.
*198 476 individuals appear in both groups, as they were first recruited as
unvaccinated and then, following vaccination, re-recruited as vaccinated.

Table 1: Baseline characteristics

missing body-mass index or residential area data were
also excluded. A complete definition of the study
variables is provided in the appendix (pp 12–19).

This study was approved by the Clalit Health Services
institutional review board and was exempt from requiring
written informed consent. The protocol is included in the
appendix (pp 3–11).

Procedures
The target trial for this study would compare two
treatment strategies: administration of the third dose at
recruitment (third dose group) and no administration of
the third dose at any time during follow-up (control
group). To emulate this target trial, each day during the
study period, eligible individuals who received the third
dose on that day were matched to eligible controls who
were previously vaccinated with two vaccine doses but
had not yet received the third dose. Controls matched on
a given day who received the third dose on a future date
would become newly eligible to be recruited into the
third dose group on that future date.
Individuals in the third dose group and the control
group were exactly matched on a set of potential
confounders: age (categorised into 2-year bins), sex
(male or female), place of residence, number of preexisting chronic conditions considered to be risk factors
for severe COVID-19 by the US Centers for Disease
Control as of Dec 20, 2020 (divided into four bins),16
calendar month in which each person received the
second vaccine dose, and number of SARS-CoV-2 PCR
tests performed in the 9 months before the index date
(divided into six bins). The latter two matching variables
were included as markers of health-seeking behaviour
specifically related to vaccination against COVID-19,
given that individuals who are more health conscious or
concerned about the pandemic chose to be vaccinated
sooner and did more PCR tests.

Outcomes
Primary outcomes were hospital admission for
COVID-19, severe COVID-19 disease (according to US
National Institutes of Health criteria17), and COVID-19related death. Each of these outcomes include the
outcomes that precede it. These severe outcomes were
chosen because of their greater public health importance,
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A

COVID-19-related admission to hospital
Two doses
Three doses

Cumulative incidence (%)

100
0·4
0·3
0·2
0·1
0

+++++
+++++
+++
+
+
+++++
++++++++
++
++
++
++
+
++++++ ++++++++++++++++++++++++++++++++++++
++++++
+++++++++
++++++++
+++++
+++

0
Number at risk
Two doses 728321
Three doses 728321
Cumulative number
of events
0
Two doses
0
Three doses

B

7

14

21

28

35

42

49

471082
471181

301296
301542

202547
202900

107638
108036

47619
48018

21759
22071

6368
6502

··
··

91
31

167
46

229
51

259
54

282
56

299
57

303
57

··
··

Severe COVID-19

Cumulative incidence (%)

100
0·4
0·3
0·2
0·1
0

++++++++
++++++
+++
+
++++++
++
+++++++++++++ +++++++++++++++++++++++++
+++++++++++++++
+++++++++++++++
++++++++++++++++

0
Number at risk
Two doses 728321
Three doses 728321
Cumulative number
of events
Two doses
0
0
Three doses

C

7

14

21

28

35

42

49

471147
471200

301395
301561

202655
202919

107748
108050

47709
48025

21839
22076

6400
6504

··
··

12
10

71
14

116
18

135
20

149
22

158
22

165
23

··
··

COVID-19-related death

Cumulative incidence (%)

100
0·06
0·04
0·02
0

Statistical analysis
We used the Kaplan-Meier estimator18 to construct
cumulative incidence curves and to estimate the risk for
each outcome. The risks were compared via ratios and
differences. We estimated the risk ratio for each outcome
using only matched pairs in which both individuals were
still at risk 7 days after receipt of the third vaccine dose in
those vaccinated. We analysed outcomes in the full
population and in subgroups defined by strata of age,
sex, and number of comorbidities. 95% CIs were
calculated using the nonparametric percentile bootstrap
method with 1000 repetitions. The effectiveness of the
third dose was estimated as 1 – risk ratio. As a sensitivity
analysis, vaccine effectiveness was also estimated as
1 – incidence rate ratio derived from a Poisson regression
using the same dataset, with no further adjustment.
Analyses were done using R software (version 4.0.4).
We conducted an ecological analysis in which we
plotted daily incidence proportions of SARS-CoV-2
infection (ie, positive PCR test) among the at-risk
population by age group around the time the third dose
vaccination campaign started.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

+++++++++++++++++
++++
+++
++++
+++++++
++
+++++++++++++++++++
+
++++
++++++++++++
+++++
+++++++++++++
++++++++
+++++++++++

0

Number at risk
Two doses 728321
Three doses 728321
Cumulative number
of events
0
Two doses
0
Three doses

7

14

21
28
35
Time since third dose (days)

471153
471205

301443
301567

202735
202924

107836
108056

2
0

13
2

29
3

36
5

Results

42

49

47796
48030

21911
22078

6435
6505

··
··

44
6

46
7

46
7

··
··

Figure 1: Cumulative incidence curves comparing COVID-19-related admission to hospital (A), severe
disease (B), and death (C) in individuals who received two versus three doses of the BNT162b2 mRNA
COVID-19 vaccine
The dashed vertical line indicates day 7, on which the main analysis period begins.

and because they are less likely to be affected by biases
stemming from a differential tendency to be tested that
is expected to exist between the study groups.
Secondary outcomes were less severe: documented
SARS-CoV-2 infection confirmed by positive PCR test
and symptomatic infection.
4

For each outcome, matched pairs of individuals were
followed from the start of follow-up until the earliest of:
documentation of the outcome, end of the study calendar
period (Sept 26, 2021), or death. We also ended the followup of a matched pair if the control individual received the
third dose. Outcomes were ascertained in the period
starting 7 days after receipt of the third dose in the
vaccinated, similar to the period used to determine full
vaccination after the second dose, and until the end of
follow-up.

Between July 30, 2020, and Sept 23, 2021, 1 158 269 indi
viduals were eligible to be included in the third dose group
(appendix pp 20–21, 23). After matching, the third dose
and control groups each included 728 321 individuals, with
a median age of 52 years (IQR 37–68) and 51% were
female (table 1). Baseline demographics were similar
between the eligible population (ie, 1 158 269 individuals)
and the matched population included in the study. Total
follow-up time was 12 632 473 days, with a median followup time of 13 days (IQR 6–21) after the first 7 days in both
groups, and a maximum follow-up time of 55 days.
Effectiveness of the third vaccine dose, compared with
two doses only, was estimated to be 93% (95% CI 88–97;
231 events for two doses vs 29 events for three doses)
against admission to hospital, 92% (82–97; 157 vs
17 events) against severe disease, and 81% (59–97; 44 vs
seven events) against COVID-19-related death (table 2).

www.thelancet.com Published online October 29, 2021 https://doi.org/10.1016/S0140-6736(21)02249-2

Articles

Total number in Vaccinated with two doses
analysis (both
study groups
combined)
Events

Risk per 100 000
individuals

Vaccinated with three doses 1 – risk ratio (95% CI)

Events

Risk per 100 000
individuals

Risk difference per
100 000 individuals
(95% CI)

Admissions to hospital
Sex
Male

458 552

140

321·6

21

25·2

92% (85 to 97)

296·4 (177·2 to 443·2)

Female

483 548

91

132·1

8

5·0

96% (93 to 99)

127·1 (87·2 to 175·9)

Age group, years
16–39

288 072

6

7·0

1

2·1

70% (–70 to 100)

40–69

448 366

73

104·9

10

8·1

92% (83 to 97)

96·7 (60·1 to 148·7)

4·9 (–2·1 to 12·3)

≥70

162 958

140

574·3

16

41·3

93% (87 to 97)

533·0 (390·1 to 675·3)

Number of coexisting conditions
0

462 690

14

13·4

2

1·5

89% (60 to 100)

11·9 (4·3 to 22·3)

1–2

336 850

61

111·5

7

9·7

91% (80 to 98)

101·9 (61·9 to 145·9)

≥3

142 560

156

689·7

20

56·3

92% (87 to 96)

633·4 (456·4 to 847·7)

Male

458 652

103

233·0

13

24·8

89% (73 to 98)

208·2 (109·7 to 343·9)

Female

483 614

54

93·2

4

2·8

97% (93 to 99)

90·4 (57·4 to 137·8)

Severe disease
Sex

Age group, years
16–39

288 086

2

2·5

0

0·0

NA

40–69

448 410

38

57·9

5

3·5

94% (85 to 99)

54·4 (28·0 to 87·6)

2·5 (0·7 to 7·5)

≥70

163 054

108

447·5

10

35·8

92% (83 to 98)

411·7 (285·9 to 548·7)

Number of coexisting conditions
0

462 706

5

3·1

0

0·0

NA

1–2

336 902

39

82·0

2

3·2

96% (85 to 100)

78·8 (39·3 to 126·8)

3·1 (0·7 to 6·0)

≥3

142 658

113

503·5

15

51·6

90% (80 to 96)

451·9 (322·3 to 605·2)

Estimates were obtained using the Kaplan-Meier estimator starting from day 7 after receipt of the third dose in those who received it. Data are listed as NA when one or both
of the study groups do not have any events. NA=not available.

Table 3: Subgroup analysis of the effectiveness of the third vaccine dose versus two vaccine doses of the BNT162b2 mRNA COVID-19 vaccine

Cumulative incidence curves for COVID-19-related
admission to hospital began to diverge around 6 days
after vaccination; for severe disease and COVID-19related death, divergence was seen at around 8–9 days
after vaccination (figure 1). The estimated third-dose
vaccine effectiveness against admission to hospital and
severe disease was similar between males and females,
and between individuals aged 40–69 years and those aged
at least 70 years (table 3).
Third-dose vaccine effectiveness against documented
SARS-CoV-2 infection was estimated to be 88% (95% CI
87–90; 6131 events for two doses vs 1135 events for three
doses) and against symptomatic infection was 91% (89–92;
3345 vs 514 events; table 4). Individuals who received the
third dose were tested less frequently for SARS-CoV-2
infection during follow-up than those who did not.
A sensitivity analysis defining booster effectiveness
as 1 – incidence rate ratio yielded similar results: 87%
(95% CI 82–92) against admission to hospital, 89%
(83–94) against severe disease, and 84% (67–93) against
COVID-19-related death (appendix p 22).

Our ecological analysis showed that, shortly after the
third-dose vaccination campaign was initiated in each
age group, the incidence trend began to decline in the
respective age groups when compared with that of age
groups not yet eligible (figure 2).

Discussion
In this large observational study conducted using
nationwide mass vaccination data in Israel, we estimated
that a third dose of the BNT162b2 mRNA COVID-19
vaccine is effective in preventing severe COVID-19-related
outcomes. Compared with two doses of the vaccine
administered at least 5 months before, adding a third dose
was estimated to be 93% effective in preventing COVID19-related admission to hospital, 92% in preventing severe
disease, and 81% in preventing COVID-19-related death,
as of 7 or more days after the third dose.
Third-dose vaccine effectiveness against admission to
hospital and severe disease was estimated to be similar
between males and females, and between individuals
aged 40–69 years and at least 70 years. In those aged
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Vaccinated with two doses

Vaccinated with three doses

1 – risk ratio
(95% CI)

Risk difference per
100 000 people (95% CI)

Tests

Events

Risk per
100 000
people

Tests

Events

Documented infection

93 566

6131

3662·3

77 184

1135

422·9

88% (87–90)

3239·4 (3014·6–3468·6)

Symptomatic infection

95 934

3345

1909·6

78 507

514

178·9

91% (89–92)

1730·7 (1587·6–1923·7)

Risk per
100 000
people

Estimates were obtained starting from day 7 after receipt of the third dose in those who received it. Tests were counted during the study follow-up period for each patient.

Table 4: Infection outcomes in those who received a third vaccine dose versus two vaccine doses of the BNT162b2 mRNA COVID-19 vaccine

100

Age group (years)
30–39
40–49
50–59
≥60

10000

7500

75
5000
50

Daily number of new cases

Daily incidence proportion per 100000 population (%)

125

2500
25

0
July 5

July 12 July 19 July 26 Aug 2

0
Aug 9 Aug 16 Aug 23 Aug 30 Sept 6 Sept 13 Sept 20
Date

Figure 2: Daily incidence of SARS-CoV-2 infection for different age groups around initiation of third dose
vaccination
Daily incidence proportions of SARS-CoV-2 infection (ie, positive PCR-test) among the at-risk population by age
group around the time the third dose vaccination was initiated (left Y axis). For each age group, the vertical dashed
line with the same colour is the day that age group became eligible for the third dose. The epidemic curve (daily
incidence counts) is shown shaded in the background (right Y axis). All curves were smoothed by using a moving
7-day mean, assigning for each day the value of the mean of the 7 days ending on that day.

16–39 years, the rate of these severe outcomes was
too small for meaningful estimation of the booster
effectiveness. Effectiveness was also similar among
groups defined by the number of comorbidities.
Most previous studies on this topic have focused on the
antibody response elicited by the third dose of mRNA
vaccines.5–7 Two recent studies from Israel reported on
the effectiveness of the third dose in preventing clinical
outcomes. The first study estimated a reduction of
92–97% in the risk for severe disease starting from day 12
after receipt of the third dose,19 but did not adjust for preexisting clinical conditions related to the risk of severe
disease, and did not evaluate the effectiveness within
subgroups. A second study, which adjusted for various
confounders and used a test-negative design, estimated a
reduction of 70–84% in the probability of testing positive
for SARS-CoV-2 among the vaccinated,20 but did not
consider more severe outcomes.
6

The optimal time to achieve maximum protection
against SARS-CoV-2-related outcomes after a third
vaccine is unknown. In this study, we estimated effective
ness starting from day 7 after the third dose, which is
similar to the period used to define full vaccination after
the second dose.21 Our choice is supported by high
concentrations of antibodies in individuals 7 days after
administration of the third dose.6 It is possible, however,
that some degree of protection begins earlier. Although
an increase in antibody production can be identified
on days 3–5 after administration of the second dose of
SARS-CoV-2 mRNA vaccines,22 for other vaccines (eg,
influenza), antibodies and antibody-secreting cells are
detected as early as day 2 after a booster dose.23,24
Moreover, a rapid response of the immune system can
potentially prevent infections in individuals even if they
were exposed to the virus shortly before the third dose.
Such protection is termed the post-exposure effect25 and
is well established in vaccinations for other pathogens,
such as varicella,26 measles,27 and hepatitis A.28
Our study has several limitations. First, differing
testing frequencies between the groups do not allow
unbiased estimates for the less severe secondary
outcomes of documented infection and symptomatic
infection. Second, as in any observational study,
unmeasured confounding might exist. However, this
concern is mitigated because our analysis was adjusted
for various important possible confounders, including
sociodemographic factors, clinical factors, and behav
ioural factors related to COVID-19. In addition, this study
focuses on severe outcomes, which are less likely to be
affected by differences in health-seeking behaviours or
testing rates between groups. Third, due to the relative
scarcity of events in individuals younger than 40 years,
we could not evaluate vaccine effectiveness in this age
group. Fourth, this vaccine effectiveness study did not
explore potential adverse clinical events and excess
health-care utilisation associated with the administration
of a third dose. Finally, we excluded populations (healthcare workers, those living in long-term care facilities, and
those medically confined to their homes) that are likely to
be targeted early to receive the booster dose.
There is an active debate surrounding the
administration of third doses to individuals in some
countries while other countries suffer from vaccine
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shortages.29 It is outside the scope of this epidemiological
analysis to address the complex ethical issues involved in
this debate, but there is an urgent need for increased
vaccine production, distribution, and access worldwide.
The present study was designed to use existing
observational health data to study vaccine effectiveness
in preventing specific COVID-19 outcomes, aiming to
expand the scientific evidence base that might be useful
in informing this broader discussion.
At the time of writing, many countries are experiencing
a resurgence of SARS-CoV-2 infections despite hitherto
successful vaccination campaigns, the cause of which is
suggested to be the greater infectiousness of the delta
variant and waning immunity as time passes from earlier
vaccination. Regardless of the cause, these early findings
suggest that a third dose of mRNA vaccine is effective in
reducing severe COVID-19-related outcomes for patients
who have received two doses at least 5 months before.
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