RESEARCH

Effectiveness of BNT162b2 Vaccine
Booster against SARS-CoV-2
Infection and Breakthrough

Complications, Israel

Aharona Glatman-Freedman, Michal Bromberg, Yael Hershkovitz,
Hanna Sefty, Zalman Kaufman, Rita Dichtiar, Lital Keinan-Boker

We estimated vaccine effectiveness (VE) of the BNT162b2
(Pfizer-BioNTech, https://www.pfizer.com) booster dose
against SARS-CoV-2 infection and reduction of complica-
tions (hospitalization, severe disease, and death) among
breakthrough cases in persons in Israel >16 years of
age for <20 weeks. VE estimates reached 96.8% (95%
Cl 96.0%-97.5%) for persons 16-59 years of age and
93.1% (95% CI 91.8%—94.2%) for persons >60 years of
age on week 3. VE estimates remained at these levels for
8 weeks in the 16-59 age group and 11 weeks in those
>60. A slow decline followed, becoming more pronounced
in the last 2—3 weeks of evaluation. Estimates in the last
week of evaluation were 77.6% (95% CI 68.4%—-84.2%)
and 61.3% (52.5%—-68.4%) for persons 1659 years and
>60 years , respectively. The more pronounced VE decline
coincided with rapid increase in Omicron variant activity.
Rate reduction of breakthrough complications remained
moderate to high throughout the evaluation.

he mass severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) BNT162b2 (Pfizer-
BioNTech, https://www.pfizer.com) vaccination
campaign in Israel was associated with a decline in
the number of SARS-CoV-2 infections, hospitaliza-
tions, and deaths, reaching a nadir by mid-May 2021
(1). However, beginning the third week of June 2021,
a new rise in the number of SARS-CoV-2 cases was
observed, including cases among fully vaccinated
persons (1,2). Waning humoral immune response
after the second vaccine dose was then found to be
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associated with increased incidence of SARS-CoV-2-
related infections, hospitalizations, and deaths
caused primarily by the B.1.617.2 (Delta) variant (3).
In response to the increasing illness and deaths, the
Israel Ministry of Health (MOH) recommended a
third (booster) BNT162b2 vaccine dose for persons
for whom at least 5 months had passed after receiv-
ing the second vaccine dose (4). The elderly and other
high-risk groups were prioritized at first (4), and oth-
er age groups were added rapidly thereafter (5). We
estimated the booster dose vaccine effectiveness (VE)
against SARS-CoV-2 infection and the rate reduction
of complications in breakthrough coronavirus disease
(COVID-19) cases after the BNT162b2 booster dose in
persons >16 years of age, by age group, for up to 20
weeks after receipt of the booster dose.

Methods

Study Design

We conducted a retrospective longitudinal co-
hort study using 2 MOH national repositories: the
COVID-19 vaccine repository and the SARS-CoV-2
test repository. The national COVID-19 vaccine re-
pository includes vaccine type, vaccine lot number,
and date of dose administration for each person vac-
cinated in Israel. The national SARS-CoV-2 PCR test
database includes the results of each test performed,
the date of testing, and the date results were ob-
tained for each person. It also includes the date of
hospitalization, severity of illness, and date of death
of persons with COVID-19, if applicable. Personal
identifiers such as unique personal identity number,
age, and sex of each person registered in the reposi-
tories (because of PCR testing or vaccination) are in-
cluded in both databases. We retrieved individual
deidentified data from both databases and matched
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Figure 1. Estimations of effectiveness of BNT162b2 vaccine booster (Pfizer, https://www.pfizer.com) against SARS-CoV-2 infection
and breakthrough complications, Israel. A) Epidemic curve of new PCR-confirmed SARS-CoV-2—positive persons, June 1, 2021—
January 1, 2022. Index dates are highlighted in orange (for persons >60 years of age) and light blue (for persons 16-59 years of
age). B) Daily booster dose recipients by age group. C) Graphic illustration of the booster dose vaccine effectiveness evaluation
method for a single cohort of persons >60 years of age that received the booster dose on August 1, 2021. Orange bars represent
the number of persons who received the booster dose each day; light blue asterisk represents the date persons >60 years of age
included in cohort 1 received the booster dose. D) Graphic illustration of the booster dose vaccine effectiveness evaluation method
for a single cohort of persons 16—-59 years of age who received the booster dose on August 29, 2021. Light blue bars represent
the number of persons who received the booster dose each day; orange asterisk represents the date persons 16-59 years of age

included in cohort 1 received the booster dose.

persons by using twice-encrypted unique personal
identity numbers.

During the first stage of our study, we deter-
mined VE for booster dose vaccine recipients against
SARS-CoV-2 infection by using unvaccinated persons
as controls. During the second stage, we determined
the rate reduction for hospitalizations, severe or criti-
cal disease, and deaths among persons who tested
positive for SARS-CoV-2 after the booster dose (i.e.,
breakthrough cases).

We defined as index dates the dates on which
third-dose vaccine recipients in our study received
the booster dose (Figure 1, panel A). Booster dose re-
cipients and unvaccinated controls included in each
index date represented a single cohort. We performed
analyses for persons 16-59 years of age across 14
consecutive cohorts with the index dates August 29,
2021-September 11, 2021. These dates were selected
because, by that period, persons 16-59 years of age
had already been approved by the MOH to receive
the booster dose (Appendix Figure 1). Analyses for
persons >60 years of age were performed across 14
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consecutive cohorts with index dates occurring dur-
ing August 1, 2021-August 14, 2021. These dates were
chosen for this age group because this group was the
first to receive the booster dose (Figure 1, panel B) and
because most persons >60 years of age received the
third dose before August 29, 2021 (Appendix Figure
1). We followed each cohort through January 1, 2022.

Estimation of VE

We excluded residents of Israel who tested positive
for SARS-CoV-2 by PCR before the evaluation peri-
ods from the analyses (Appendix Table 1, Figures 2,
3). We estimated VE for the 16-59-year and >60-year
age groups, as well as for age groups 16-29 years,
30-39 years, 40-49 years, and 50-59 years (Appendix
Figures 2, 3). We first estimated VE for each cohort
starting week 2 after the index date. We then estimat-
ed VE for all 14 cohorts combined. Because of the dif-
ferent index dates for these age groups, we followed
persons 16-59 years of age for 16 weeks and persons
>60 years of age for 20 weeks (Figure 1, panels C, D;
Appendix Table 2).
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Hospitalizations, Severe Disease,

and Death among SARS-CoV-2-Positive

Booster Dose Recipients

We determined rates of SARS-CoV-2-related hospi-
talizations, severe or critical disease, and deaths for
booster-dose recipients and for unvaccinated per-
sons who tested positive for SARS-CoV-2 by PCR
during the evaluation period described previously
(breakthrough cases). The time allotted for the oc-
currence of hospitalization and severe or critical
disease after the first positive PCR test was 14 days
(6). We did not set a time limit for death after the
first positive PCR test. We determined disease se-
verity in accordance with US National Institutes of
Health guidelines (7).

Statistics

We determined VE and 95% CI using the formula
(1 - incidence rate ratio [IRR]) x 100. The IRR repre-
sents the ratio of PCR-confirmed SARS-CoV-2 infec-
tion rate in the group of booster-dose recipients to
the corresponding rate in the unvaccinated control
group. For persons who tested positive for SARS-
CoV-2 by PCR several times during the evaluation
period, we included only the first positive test result
in the analysis.

We excluded persons who had a positive SARS-
CoV-2 PCR test before the evaluation periods from
the analysis, regardless of their vaccination status.
Unvaccinated persons included in the study who
were vaccinated during the cohort evaluation period
were censored (removed from the study) on their vac-
cination dates.

We computed the number of unvaccinated con-
trols by age and sex for each cohort by subtracting
the number of residents of Israel, by age and sex,
who were vaccinated with any number of BNT162b2
vaccine doses before or on the cohort vaccination
date (index date) from the number of residents who
did not have a recorded positive SARS-CoV-2 PCR
test by that date. We calculated the number of per-
son-days each person contributed as unvaccinated
during each evaluation period. The number of resi-
dents (total, by age and by sex) was based on the
2021 Central Bureau of Statistics statistical abstract
(8). We took into account unvaccinated participants
who were included in >1 cohort when calculating
VEs and Cls.

VE was first calculated for each age group daily
cohort by week starting the second week after the
booster dose. VE was estimated separately for each
week that passed since the index date. For the com-
bined VE estimate (for all 14 cohorts together), we
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took several steps. First, we summed the number of
booster-vaccinated and unvaccinated SARS-CoV-2-
positive cases for the evaluation period. Second, we
counted the days at risk for each age-group cohort on
the basis of the number of person-days for each boost-
er-vaccinated and unvaccinated person from the start
of the study until the person became SARS-CoV-2-
positive or until the end of follow-up, whichever date
was earlier. Third, we summed the days at risk for
each age group cohort during the evaluation period
to provide the total number of person-days at risk in
the booster-vaccinated or unvaccinated status for all
age group cohorts. Finally, we calculated IRR for the
age group cohorts combined.

We evaluated the reduction in SARS-CoV-2-re-
lated hospitalizations, illness severity during hos-
pitalizations, and death in persons who received 3
BNT162b2 vaccine doses compared with unvaccinat-
ed persons using the formula (1 - IRR) x 100. We per-
formed adjustment of IRR and 95% CI for age group
(16-29, 30-39, 40-49, and 50-59 years for persons 16—
59 years of age; 60-79 and >80 years for persons >60
years of age), sex and epidemiologic week, provided
the data sizes were sufficiently large, by using Pois-
son regression. Statistical analysis was performed us-
ing SAS Enterprise Guide 7.1 software (SAS Institute,
https:/ /www .sas.com). The study was approved by
the superior ethical committee of the Israel MOH
(protocol no. CoR-MOH-081-2021) with exemption
from informed consent.

Results

Booster Dose Vaccination Campaign

By October 31, 2021, persons 260 years of age reached
a vaccination rate of *80% (Appendix Figure 1). Vac-
cination rates by that date were 70.2% for the 50-59-
year age group, 62.4% for the 40-49-year age group,
53.1% for the 30-39-year age group, and 44.7% for the
16-29-year age group (Appendix Figure 1).

Booster Dose VE in Persons 16-59 Years of Age

Adjusted VE point estimates reached 92.8% (95% CI
91.3%-94.0%) in week 2 of the evaluation period and
96.8% (95% C196.0%-97.5%) by week 3 (Figure 2, pan-
el A; Appendix Table 3). The adjusted VE remained
above 95% until week 10 and thereafter started to
slowly decline, reaching VE of 89.6% (95% CI 85.4%-
92.7%) in week 14. In weeks 15 and 16, VE point es-
timates declined by 12%, reaching a point estimate
of 77.6% (95% CI 68.4%-84.2%) (Figure 2, panel A;
Appendix Table 3). The evaluation dates of weeks 15
and 16 occurred during December 2021 (Appendix
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Table 2), when the percentage of the B.1.1.529
(Omicron) variant among reported sequenced sam-
ples in Israel rapidly increased (Figure 3) (9). VE
estimation by age groups demonstrated similar pat-
terns (Appendix Figure 4).

Booster Dose VE in Persons >60 Years of Age

Adjusted VE point estimates reached 76.4% (95% CI
70.9%-80.9%) on week 2 of the evaluation period and
93.1% (95% CI191.8%-94.2%) by week 3 (Figure 2, panel
B; Appendix Table 3). The adjusted VE remained above
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93% until week 13, and thereafter started to slowly de-
cline, reaching VE of 90.6% (95% CI 87.2%-93.1%) at
week 17. In weeks 18 and 19, VE point estimates declined
by 7% and in week 20, VE declined by 21.6%, reaching
a point estimate of 61.3% (95% CI 52.5%-68.4%) (Figure
2, panel B; Appendix Table 3). The evaluation dates of
weeks 19 and 20 occurred during December 2021 (Ap-
pendix Table 2), when the percentage of the B.1.1.529
(Omicron) variant among reported sequenced samples
in Israel rapidly increased (Figure 3) (9).

Hospitalizations among SARS-CoV-2—-Positive

Booster Dose Vaccine Recipients

We analyzed rate reductions of hospitalizations
among persons who became SARS-CoV-2-positive by
week and for all evaluation weeks combined (Table
1). The hospitalization rate reduction by week for
persons 16-59 years of age was between 62.8% (95%

CI -0.6% to 86.2%) and 100.0%. The combined rate
reduction for weeks 2-16 was 89.2% (95% CI 79.1%-
94.4%) (Table 1).

The hospitalization rate reduction by week for
persons >60 years of age was between 54.9% (95% CI
—-35.9t085.1%) and 95.0% (95% CI172.1%-99.1%). The
combined rate reduction for weeks 2-20 was 75.1%
(95% CI171.3%-78.5%) (Table 1).

Severe Disease among SARS-CoV-2—-Positive

Booster Dose Vaccine Recipients

The severe or critical disease rate reduction for per-
sons 16-59 years of age was 92.0% (95% CI 70.0%-
97.9%) on week 2 (Table 2). No cases of severe or
critical disease were recorded among booster-
dose recipients for weeks 3-16. The combined rate
reduction for weeks 2-16 was 97.3% (95% CI1 89.7 %~
99.3%) (Table 2).

Table 1. Rate reduction of hospitalizations among SARS-CoV-2—positive persons who received the BNT162b2 COVID-19 vaccine

booster dose, Israel*

Time of first positive
SARS-CoV-2 PCR test

Unvaccinated SARS-CoV-2—
positive persons

Vaccinated SARS-CoV-2—

positive persons Adjusted 1 - IRR, %

Age group, y after index date, wk Hospitalized Total Hospitalized Total (95% Cht

16-59 2 889 22,545 4 1,343 92.2 (77.9-97.3)
3 770 18,232 3 455 83.9 (46.7-95.1)
4 590 12,962 2 293 84.6 (47.1-95.5)
5 414 8,555 1 210 90.1 (44.5-98.2)
6 259 5,631 1 138 84.3 (15.1-97.1)
7 175 3,573 0 131 100.0
8 120 2,626 1 83 74.0 (-52.5 to 95.6)
9 92 2,013 0 54 100.0
10 72 1,714 0 57 100.0
11 69 1,401 0 66 100.0
12 68 1,385 0 90 100.0
13 72 1,442 0 118 100.0
14 62 1,569 1 154 84.4 (5.9-97.4)
15 64 2,145 4 351 62.8 (0.6 to 86.2)
16 71 4,088 1 884 94.0 (47.9-99.3)

2-16 combined 1,662 41,135 18 4,427 89.2 (79.1-94.4)

>60 2 644 1,985 98 1,314 77.5(71.5-82.3)
3 666 2,200 39 464 73.0 (64.4-79.5)
4 647 2,160 36 375 68.2 (52.7-78.6)
5 619 2,164 25 319 73.2 (48.2-86.2)
6 593 2,033 20 296 77.3 (62.5-86.3)
7 501 1,724 29 271 64.5 (50.2-74.7)
8 375 1,276 23 221 65.3 (40.2-79.9)
9 254 869 6 147 86.7 (72.6-93.6)
10 163 577 10 86 64.1 (27.1-82.3)
11 108 376 9 63 54.9 (-35.9to 85.1)
12 80 258 4 44 71.0 (21.5-89.3)
13 56 208 3 52 80.2 (54.4-91.4)
14 56 183 3 49 81.9 (45.8-94.0)
15 58 170 6 47 67.5 (32.6-84.4)
16 53 162 5 44 65.7 (23.4-84.6)
17 46 151 1 56 94.4 (57.3-99.2)
18 42 147 1 69 95.0 (72.1-99.1)
19 38 184 5 125 82.6 (57.7-92.8)
20 46 305 13 432 81.4 (67.0-89.5)

2-20 combined 1,976 6,673 336 4,474 75.1 (71.3-78.5)

*COVID-19, coronavirus disease; IRR, incidence rate ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

TAdjusted for sex and epidemiologic week.
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Table 2. Rate reduction of severe or critical disease among SARS-CoV-2—positive persons who received the BNT162b2 COVID-19

vaccine booster dose, Israel*

Unvaccinated SARS-CoV-2—
positive persons

Time of first positive

Vaccinated SARS-CoV-2—
positive persons

SARS-CoV-2 PCRtest Severe or critical

Severe or critical Adjusted 1 - IRR, ¢

Age group, ¥y after index date, wk disease Total disease Total (95% Chit
16-59 2 422 22,545 2 1,343 92.0 (70.0-97.9)
3 358 18,232 0 455 100.0
4 262 12,962 0 293 100.0
5 170 8,555 0 210 100.0
6 113 5,531 0 138 100.0
7 63 3,573 0 131 100.0
8 40 2,626 0 83 100.0
9 32 2,013 0 54 100.0
10 27 1,714 0 57 100.0
1" 29 1,401 0 66 100.0
12 24 1,385 0 90 100.0
13 25 1,442 0 118 100.0
14 21 1,569 0 154 100.0
15 30 2,145 0 351 100.0
16 30 4,088 0 884 100.0
2—16 combined 727 41,135 2 4,427 97.3 (89.7-99.3)
>60 2 450 1,985 56 1,314 81.9 (75.4-86.7)
3 470 2,200 27 464 73.5(61.0-82.0)
4 464 2,160 18 375 77.8 (63.1-86.8)
5 469 2,164 15 319 78.9 (66.8-86.6)
6 447 2,033 9 296 86.6 (74.2-93.0)
7 390 1,724 12 271 81.4 (63.1-90.6)
8 299 1,276 13 221 75.6 (54.1-87.0)
9 207 869 2 147 94.6 (85.3-98.0)
10 128 577 9 86 58.6 (11.1-80.7)
11 78 376 2 63 86.2 (39.1-96.9)
12 52 258 3 44 69.0 (-15.3t0 91.7
13 40 208 1 52 91.0 (63.8-97.8)
14 42 183 2 49 84.0 (44.8-95.3)
15 45 170 3 47 78.5 (49.3-90.8)
16 37 162 3 44 70.3 (30.0-87.4)
17 32 151 1 56 91.7 (43.4-98.8)
18 28 147 0 69 100.0
19 33 184 4 125 83.6 (47.0-94.9)
20 42 305 7 432 89.0 (75.8-95.0)
2-20 combined 1,465 6,673 187 4,474 81.6 (78.3-84.3)

*COVID-19, coronavirus disease; IRR, incidence rate ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

TAdjusted for sex and epidemiologic week.

The rate reduction of severe or critical disease by
week for persons >60 years of age was between 58.6%
(95% CI 11.1%-80.7%) and 100%. The combined rate
reduction for weeks 2-20 was 81.6% (95% CI 78.3%-
84.3%) (Table 2).

Deaths among SARS-CoV-2-Positive Booster

Dose Vaccine Recipients

No deaths were recorded among booster-dose recipi-
ents 16-59 years of age during the evaluation weeks,
compared with 1-45 deaths per week in the unvac-
cinated group, a rate reduction of 100% (Table 3). The
death rate reduction by week for persons >60 years of
age was between 49.1% (95% CI —44.3% to 82.1%) and
100%. The combined rate reduction for weeks 2-20
was 77.1% (95% CI 71.2%-81.8%) (Table 3). Analy-
sis of death rate reduction by using only deaths that
were highlighted by hospitals as deaths caused by

Emerging Infectious Diseases *« www.cdc.gov/eid * Vol. 28, No. 5, May 2022

COVID-19 and limiting the time from positive PCR
test to death by up to 28 days yielded similar results
(Appendix Tables 4, 5).

Discussion

Our results demonstrate that, after the BNT16b2 boost-
er dose, VE against SARS-CoV-2 infection reached lev-
els that were observed shortly after the second vaccine
dose (6). VE point estimates of >90% were observed in
week 2 in persons 16-59 years of age and in week 3
in persons >60 years of age. Similar delay in achieving
high VE among elderly persons was also shown after
the second BNT162b2 vaccine dose (6). Highest-level
VE was maintained for up to 11 weeks, as shown in
persons >60 years of age included in our study. The de-
cline in VE that occurred afterward was initially mild,
still maintaining VE point estimates >90% for up to
week 17 of the evaluation period in persons >60 years
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of age. The decline in VE became steeper during the
last 2 weeks of the evaluation period.

The B.1.617.2 (Delta) variant was the most
prevalent variant in Israel through November 2021.
However, the last 2 evaluation weeks, which oc-
curred in December 2021 (Appendix Table 2), coin-
cided with the beginning of a new wave of illness
and the sharp rise in the B.1.1.529 (Omicron) vari-
ant in Israel. Waning immunity was shown several
months after the second BNT162b2 vaccine dose
(2,3,10) and was temporarily associated with the rise
of the B.1.617.2 (Delta) variant in Israel. However,
a fresh 2-dose BNT162b2 vaccination regimen was
found to be highly effective against the B.1.617.2
(Delta) variant (1).

Early evaluations suggest that VE of 2 doses of the
BNT162b2 against B.1.1.529 (Omicron) variant-related
infection, symptomatic disease, and hospitalizations
was reduced compared with VE against the B.1.617.2

(Delta) variant (11,12; C.H. Hansen et al., unpub. data,
https:/ /www.medrxiv.org/content/10.1101/2021.12.2
0.21267966v3; N. Andrews et al., unpub. data, https://
www.medrxiv.org/content/10.1101/2021.12.14.212676
15v1). VE of the BNT162b2 booster dose against infec-
tion and symptomatic disease caused by the B.1.1.529
(Omicron) variant was also lower than for the B.1.617.2
(Delta) variant (11; C.H. Hansen et al., unpub. data;
N. Andrews et al., unpub. data). The difference in VE
against the B.1.1.529 (Omicron) and B.1.617.2 (Delta)
variants increased as time passed from booster dose
administration (11). Therefore, the steeper decrease in
the 3-dose VE in the last 2 weeks of our study period
could be caused, at least in part, by the rapid spread of
the B.1.1.529 (Omicron) variant in Israel.

Several studies have evaluated the shorter-term
effect of the BNT162b2 booster dose on SARS-CoV-2
infection and complications (13-17; N. Andrews et al.,
unpub. data, https://www.medrxiv.org/content/

Table 3. Rate reduction of deaths among SARS-CoV-2—positive persons who received the BNT162b2 COVID-19 vaccine booster

dose, Israel*
Time of first positive Unvaccinated SARS-CoV-2— Vaccinated SARS-CoV-2—
SARS-CoV-2 PCR test positive persons positive persons Adjusted 1 - IRR, %
Age group, y after index date, wk Deaths Total Deaths Total (95% CI)t
16-59 2 45 22,545 0 1,343 100
3 36 18,232 0 455 100
4 27 12,962 0 293 100
5 17 8,555 0 210 100
6 11 5,531 0 138 100
7 6 3,573 0 131 100
8 5 2,626 0 83 100
9 4 2,013 0 54 100
10 3 1,714 0 57 100
11 3 1,401 0 66 100
12 3 1,385 0 90 100
13 2 1,442 0 118 100
14 1 1,569 0 154 100
15 1 2,145 0 351 100
16 1 4,088 0 884 100
2-16 combined 72 41,135 0 4,427 100
>60 2 243 1,985 31 1,314 81.9 (70.4-88.9)
3 246 2,200 13 464 76.0 (565.3-87.2)
4 226 2,160 13 375 68.1 (49.6-79.8)
5 229 2,164 11 319 68.7 (42.7-82.9)
6 201 2,033 7 296 76.5 (55.9-87.4)
7 166 1,724 8 271 70.5 (29.4-87.7)
8 122 1,276 8 221 63.1 (29.4-80.7)
9 89 869 2 147 87.6 (53.7-96.7)
10 59 577 5 86 49.1 (-44.3 t0 82.1)
11 30 376 0 63 100.0
12 19 258 1 44 67.7 (-189.8 to 96.4)
13 19 208 1 52 78.7 (-89.9 to 97.6)
14 22 183 1 49 85.0 (8.5-97.5)
15 21 170 1 47 85.3 (-21.310 98.2)
16 17 162 0 44 100.0
17 11 151 1 56 74.6 (—225.9 t0 98.0)
18 10 147 0 69 100.0
19 7 184 2 125 56.5 (-144.3 t0 92.3)
20 8 305 3 432 70.7 (-2.7 10 91.7)
2-20 combined 686 6,673 108 4,474 77.1(71.2-81.8)

*COVID-19, coronavirus disease; IRR, incidence rate ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

tAdiusted for sex and epidemiologic week.
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10.1101/2021.11.15.21266341v1) and found that a
high degree of protection was achieved. Some of these
studies used booster-eligible 2-dose vaccine recipients
as controls (13-15,17), but our study evaluated VE by
using unvaccinated persons as controls. Booster dose
VE analysis using unvaccinated persons as controls
is paramount, because the baseline VE against SARS-
CoV-2 for booster dose recipient is >0%, and time to
eligibility for a booster dose might vary among coun-
tries. Furthermore, our analysis shows the magnitude
of protection offered by the booster dose in a manner
that enables easy comparison with other VE studies.

Analyzing the reduction in complications among
SARS-CoV-2 vaccine recipients is crucial for public
health policy. Our results demonstrated substantial
protection from complications among booster-dose
vaccine recipients throughout the evaluation period
and, further, suggest that this protection may be
higher than the protection found shortly after the re-
ceipt of the second dose (6). Although a study from
a health maintenance organization in Israel dem-
onstrated VE estimates of 93% against hospitaliza-
tions, 92% against severe disease, and 81% against
death (15), such analysis cannot distinguish between
complications averted because of reductions in
SARS-CoV-2 infections and reduction of complica-
tions among breakthrough cases. Further analysis is
necessary to determine whether rate reductions of
complications in booster-dose recipients are affected
by the spread of the B.1.1.529 (Omicron) variant and
whether those rate reductions are waning over time.

Our study’s first limitation is that the size of
the unvaccinated control study group was calculat-
ed on the basis of Israel Central Bureau of Statistics
data. Nevertheless, these data included population
size by sex and age, which enables statistical adjust-
ment. Furthermore, data concerning hospitalizations,
disease severity, and deaths were available in the
SARS-CoV-2 PCR test repository for unvaccinated
SARS-CoV-2-positive persons. The lack of informa-
tion regarding the presence of comorbidities consti-
tutes another limitation. However, the use of multiple
cohorts, the size of the population included in our
study, the consistent VE estimates among various age
groups, and the successful use of similar methodol-
ogy in previous SARS-CoV-2 VE studies (1,6) support
the validity of our results.

In this evaluation, we did not estimate VE against
symptomatic disease. When the number of PCR-posi-
tive persons increases, the ability to conduct epidemio-
logic investigation and determine whether symptoms
were present greatly diminishes. A further limita-
tion was the low number of weekly complications in
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SARS-CoV-2-positive persons, particularly in weeks
of lower SARS-CoV-2 circulation (Tables 1-3). How-
ever, this limitation was less evident among persons
>60 years of age, for whom the number of weekly com-
plications is higher than for persons 16-59 years of age.

SARS-CoV-2 PCR testing and vaccination prac-
tices could vary among persons. Such differences
can stem from behavior, occupation (such as being
a healthcare worker), or health factors (such as hav-
ing symptoms or risk factors or residing in a nursing
home) and can potentially affect VE estimates against
infection. Because SARS-CoV-2 PCR testing has been
commonly performed among hospitalized patients,
determination of reductions in hospitalizations, se-
vere or critical disease, and death rate were probably
not affected by factors that might affect testing prac-
tices of nonhospitalized patients.

No distinction was available in the MOH
SARS-CoV-2 data repository between persons who
were hospitalized because of COVID-19 and those
who were hospitalized because of other reasons and
were SARS-CoV-2-positive. However, the severity
status that is registered in the repository is given to
COVID-19 patients on the basis of National Institutes
of Health guidelines (7).

In conclusion, our results showing high VE of
the BNT162b2 booster dose against SARS-CoV-2
cases and the maintenance of positive effects among
breakthrough cases demonstrate the duration of
the booster-dose effect during a period in which
the Delta variant was predominant. However, the
reduced VE in an Omicron-variant setting indicates
that additional tools are required to combat new
variants of concern.
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