S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Articles

Initial protection against SARS-CoV-2 omicron lineage
infection in children and adolescents by BNT162b2 in Israel:
an observational study

Ofra Amir*, Yair Goldberg*, Micha Mandel, Yinon M Bar-On, Omri Bodenheimer, Laurence Freedman, Nachman Ash, Sharon Alroy-Preis,
Amit Huppertt, Ron Milot

Summary
Background The BNT162b2 (Pfizer-BioNTech) two-dose vaccine regiment for children and the BNT162b2 third dose
for adolescents were approved shortly before the SARS-CoV-2 omicron (B.1.1.529) outbreak in Israel. We aimed to
estimate the effects of these vaccines on the rates of confirmed infection against the omicron variant in children and
adolescents.

Methods In this observational cohort study, we extracted data for the omicron-dominated (sublineage BA.1) period.
We compared rates of confirmed SARS-CoV-2 infection between children aged 5-10 years 14-35 days after receiving
the second vaccine dose with an internal control group of children 3-7 days after receiving the first dose (when the
vaccine is not yet effective). Similarly, we compared confirmed infection rates in adolescents aged 12-15 years
14-60 days after receiving a booster dose with an internal control group of adolescents 3-7 days after receiving the
booster dose. We used Poisson regression, adjusting for age, sex, socioeconomic status, calendar week, and exposure.

Findings Between Dec 26, 2021, and Jan 8, 2022, we included 1158 289 participants. In children aged 5-10 years, the
adjusted rate of confirmed infection was 2-3 times (95% CI 2-0-2-5) lower in children who received a second dose
than in the internal control group. The adjusted infection rate in children who received a second dose was
102 infections per 100000 risk-days (94-110) compared with 231 infections per 100000 risk-days (215-248) in the
corresponding internal control cohort. In adolescents aged 12-15 years, the booster dose decreased confirmed
infection rates by 3-3 times (2-8-4-0) compared with in the internal control group. The adjusted infection rate of the
booster cohort was 70 per 100 000 risk-days (60-81) compared with 232 per 100 000 risk-days (212-254) in the internal
control cohort.

Interpretation A recent two-dose vaccination regimen with BNT162b2 and a recent booster dose in adolescents
substantially reduced the rate of confirmed infection compared with the internal control groups. Future studies are
needed to assess the duration of this protection and protection against other outcomes such as paediatric inflammatory
multisystem syndrome temporally associated with SARS-CoV-2 and long-COVID.

Funding None.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction For children, studies from the USA estimated vaccine

The effectiveness of the BNT162b2 (Pfizer-BioNTech)
vaccine has been shown to be poorer against the
omicron (B.1.1.529) variant than against the delta
(B.1.617.2) variant and other variants in terms of
infection and hospitalisation.! However, little evidence
supports the real-world effectiveness of the BNT162b2
vaccine against the omicron variant in children and
adolescents.

In Israel, the two-dose BNT162b2 vaccine regimen was
approved for adolescents aged 12-15 years on June 2, 2021,
and a booster dose was approved starting Aug 29, 2021,
for individuals who received the second dose at least
5 months previously. For children aged 5-11 years, the
two-dose vaccination (using a third of the dosage given
for individuals aged =12 years) was administered starting
Nov 23, 2021.

effectiveness against confirmed SARS-CoV-2 infection of
65% in the first 2 weeks after vaccination, followed by
rapid waning.”* The vaccine effectiveness was lower for
children aged 5-11 years than for those aged 12-15 years.
A report from the US Centers for Disease Control and
Prevention (CDC)’ that was based on a cohort of about
1000 children aged 5-11 years estimated vaccine
effectiveness against SARS-CoV-2 infection to be 31% up
to 82 days from the date of vaccination. In adolescents
aged 16-18 years, a booster dose was shown to lower the
confirmed infection rate by 3.7 times compared with
two doses during the delta wave.® For adolescents aged
12-15 years, a booster dose was shown to improve
protection against omicron infection by 2-9 times
compared with two doses. In this study, we estimated
(1) the adjusted rates of confirmed infection following
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See Online for appendix

Research in context

Evidence before this study

We searched PubMed, Google Scholar, medRxiv and relevant
journals for studies of COVID-19 vaccine effectiveness in
children and adolescents, using search terms such as “COVID-19
vaccine effectiveness” and search terms that included the
younger age groups, including “COVID-19 vaccine effectiveness
children”, and “"COVID-19 vaccine effectiveness adolescents”,
without any language restrictions. The search was done on
June 20, 2022. For each relevant paper, we further looked at its
references and papers that cited it. Because vaccinations for
children were only approved on Oct 29, 2021, we only searched
for studies from Dec 1, 2021, or later. We found three highly
relevant papers—one analysing New York (USA) data, and two
reports by the US Centers for Disease Control and Prevention
(CDC). These reports showed that a two-dose BNT162b2
vaccine regimen in children aged 5-11 years reduced confirmed
infection rates of the omicron variant (B.1.1.529) by around

2 times in the first weeks after vaccination, and that a booster
dose in adolescents aged 12-15 years reduced confirmed
infection rates by around 3 times compared with a second dose.

Added value of this study
Our findings add to the existing evidence on the vaccine
effectiveness of BNT162b2 against confirmed SARS-CoV-2

two doses of the BNT162b2 vaccine in children aged
5-10 years up to 35 days from the second dose, and (2)
the adjusted rates of confirmed infections following a
third dose of the BNT162b2 vaccine in adolescents aged
12-15 years up to 60 days from this dose.

Methods

Study design and participants

In this observational study, we analysed observational
data on SARS-CoV-2 infections collected during Israel’s
fifth wave of infection, during which omicron
(BA.1 sublineage) was dominant.> We used the Israeli
Ministry of Health database (appendix p 2) that includes
information on all vaccinations and tests that had been
done in Israel.

The study population included children aged
5-10 years and adolescents aged 12-15 years who were
either vaccinated or took at least one SARS-CoV-2 test
(PCR or state-regulated antigen) before Dec 1, 2021. We
excluded individuals aged 11 years because our data
included age in years only (according to each individual’s
age on June 1, 2021), and vaccination eligibility dates
differed between 11-year-olds and 12-year-olds. Thus,
some individuals in the 1l-year-old group turned
12 years old before or during the study period and
became eligible to receive the vaccine. We excluded
individuals who had documented positive PCR or state-
regulated antigen results before the study period; had
stayed abroad during the entire study period; had

infection in young age groups, which is scarce. Our results show
that the BNT162b2 vaccine provided an initial increased
protection of around 2 times against infection in children aged
5-10 years. The estimated protection is in line with the vaccine
effectiveness results estimated in the USA for a similar study
period and time from receipt of the vaccine. Vaccine
effectiveness in our study was somewhat higher than that
reported by the CDC, possibly because of waning immunity,
because more time had passed since vaccination in the CDC
study. Our analysis further showed that a recent booster dose in
adolescents decreased infections by around 3-4 times
compared with in the internal control, which is similar to
estimates from the reported by the CDC.

Implications of all the available evidence

The findings of the current study join existing evidence of the
BNT162b2 vaccine in children and adolescents against
confirmed SARS-CoV-2 infection while omicron was dominant
and can support policy making decisions regarding vaccination
regimes for young age groups. Future studies are needed to
assess the duration of this protection and protection against
other outcomes such as paediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2 and long-
COVID.

missing data regarding sex, demographic group, or
socioeconomic status; or had received a vaccine different
from BNT162b2 before the end of the study period
(figure 1).

Procedures

We compared the confirmed SARS-CoV-2 infection rates
in different cohorts during a 2-week study period
(Dec 26, 2021, to Jan 8, 2022) in which national
surveillance testing was functioning well and before
home antigen testing became common. Because of
policy changes in testing and isolation of contacts and
quarantine in schools, reliable estimates of effectiveness
are difficult to obtain for the period after Jan 8, 2022.

On each day of the follow-up, children aged 5-10 years
were divided into three cohorts: those unvaccinated,
those who received the second dose of vaccine at least
14 days previously (with respect to each day of the study
period), and an internal control cohort of those who
received their first dose 3-7 days previously. Adolescents
aged 12-15 years were divided into six cohorts: those
unvaccinated, those who received two doses of the
vaccine only (divided according to time since the second
dose [14-59, 60-119, and =120 days]), those who received
a booster (third) dose at least 14 days previously, and an
internal control cohort of those who received the booster
dose 3-7 days previously. Cohort membership was
dynamic—ie, during the study period an individual could
leave one cohort and join another.
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Differences in behavioural and exposure charac-
teristics,”® and possibly in the proportion of undocu-
mented previous infections,” might bias comparisons
between the two-dose and the unvaccinated cohorts in
children and between the booster-dose cohorts and other
cohorts in adolescents. To mitigate such biases, our main
analysis focused on comparisons with the internal
control cohorts that had received the vaccine, but before
the vaccine was expected to affect their risk of confirmed
infection.” We designed the internal control groups to be
similar to the reference group to which the protection
conferred by the vaccine is being compared—ie, to
unvaccinated individuals in the case of children aged
5-10 years (who have received two doses) and to second
dose (=5 months) in the case of adolescents aged
12-15 years (who would be receiving a third booster
dose). Therefore, for children aged 5-10 years, the
internal control cohort included children on days 3-7
since receiving the first dose, when their protection was
similar to that of wunvaccinated individuals. For
adolescents aged 1215 years, the internal control cohort
included adolescents on days 3-7 since receiving the
booster dose because they were expected to have similar
protection to that of individuals who received their
second dose several months earlier (those with waned
protection).

Because the two age groups became eligible to receive
either the two-dose vaccination or the third dose not long
before the study period, we estimated only the short-term
protection conferred by these vaccinations (appendix p 3).
The main analysis of adolescents focused on assessing
the relative protection conferred by the third dose
compared with that of the second dose because a small
proportion of individuals in this age group received the
second dose during the relevant time period. The main
analysis included only the general Jewish population, as
vaccination rates were very low in the Arab and Jewish
ultra-orthodox populations (appendix p 2).

The study was approved by the Institutional Review
Board of the Sheba Medical Center, Helsinki approval
number SMC-8228-21. The requirement for consent was
waived. The investigators did not have access to
de-anonymised information.

Our primary measure was the adjusted rate of
confirmed infection in each of the cohorts, adjusted for
age (by year), sex, socioeconomic group, calendar week,
and an exposure risk measure.

Statistical analysis

We analysed the data using methodology similar to that
used in our previous studies." We counted the number of
confirmed infections and the number of days at risk
during the study period for each cohort. For each age
group, we used a separate Poisson regression model to
estimate the adjusted rate of confirmed infections per
100000 risk days, adjusting for age (I-year categories),
sex, socioeconomic status (low, medium, or high),

1187648 participants aged 5-10 years or
12-15 years who did not test positive for
SARS-CoV-2 before the study period

29359 excluded
21869 missing data regarding
sex, socioeconomic
status, and demographic
group
3130 had not been abroad
during the whole study
| period
4307 had not been vaccinated
before the eligibility
cutoff
53 had received a COVID-19
vaccine other than

BNT162b2 before the
study period
4
| 1158289 included |
| 701381 aged 5-10 years | | 456908 aged 12-15 years

Figure 1: Study population

The study population included individuals aged 5-10 years or 12-15 years, who
had no documented positive PCR for SARS-CoV-2 infection or a positive state-
regulated antigen result before the study period, had not stayed abroad during
the whole study period, had not been vaccinated before their age-group
eligibility time, and had not been vaccinated with a vaccine other than
BNT162b2 before the beginning of the study period.

calendar week, and an exposure risk measure. We
calculated the exposure risk measure for each person on
each follow-up day according to the proportion of new
confirmed infections during the past 7 days in their area
of residence; the measure was then divided into
five categories according to quintiles (see Bar-On et al"
for details). A national mean risk was imputed to
individuals with missing data on residency (only
25 individuals were missing this data). The population
(general Jewish, ultra-orthodox Jewish, and Arab) and
socioeconomic status (SES) were determined by the
Israel Central Bureau of Statistics on the basis of the
statistical area of residence (similar to a census block).
Specifically, the Central Bureau of Statistic classified
municipalities into ten clusters of SES on the basis of
information such as demographics, education, and
employment. Our analysis considers clusters 1-3 as low,
clusters 4-6 as medium. and clusters 7-10 as high SES.
We did a secondary statistical analysis using a matching
approach, similar to that used by Dagan and colleagues.”
In this approach, individuals who received the vaccine
were matched with individuals who did not. Specifically,
on each day of the study period, each individual aged
5-10 years who became vaccinated (14 days after the second
dose) was matched with another individual from that age
group who had not yet received any vaccine dose. Similarly,
each individual aged 12-15 years who received the booster
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Ages 5-10 years (second-dose effect) Ages 12-15 years (third-dose effect)
Internal control (3-7 days from Second dose (14-35 days from Internal control (3-7 days from Third dose (14-60 days from
first dose); 367168 person-days  second dose) 366 364 person- third dose); 190 139 person- third dose); 178 780 person-
at risk; 71703 individuals days at risk; 56 819 individuals days at risk; 43 375 individuals days at risk; 24 393 individuals
Person-days at Infections,n  Person-days at Infections,n  Person-days at Infections,n  Person-days at Infections, n
risk (%) risk (%) risk (%) risk (%)
Sex
Female 178174 (48:5%) 411 177130 (483%) 287 92113 (48:4%) 265 87392 (48:9%) 99
Male 188994 (51:5%) 411 189234 (51.7%) 315 98026 (51-6%) 253 91388 (511%) 80
Population
General Jewish 318513 (86:7%) 743 347726 (94-9%) 576 180100 (94-7%) 494 171281(95-8%) 166
Ultra-orthodox 24140 (6:6%) 69 11871 (32%) 21 5979 (31%) 20 4875 (27%) 13
Arab 24515 (6:7%) 10 6767 (1-8%) 5 4060 (21%) 4 2624 (1-5%) 0
Socioeconomic status
Low 54804 (14-9%) 83 25641 (7-0%) 31 12513 (6:6%) 36 9473 (53%) 13
Medium 84710 (231%) 220 80857 (221%) 119 38293 (20-1%) 107 33186 (18-6%) 28
High 227654 (62:0%) 519 259866 (70-9%) 452 139333 (733%) 375 136121 (761%) 138
Table shows the proportion of person-days at risk instead of the proportion of individuals. Values are presented for the study period, Dec 26, 2021, to Jan 8, 2022.
Table 1: Characteristics of the study groups included in the main analysis

Second dose internal control
(3-7 days from first dose)

Second dose
(14-35 days from second dose)

Third dose internal control

(3-7 days from third dose)

Third dose
(14-60 days from third dose)

Second dose effect (ages 5-10 years)

H

2-3 times decrease
(95% C12.0-2:5)

Third dose effect (ages 12-15 years)

3-3 times decrease
(95% C12-8-4-0)

T T T 1 T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Confirmed infection rate per 100000 risk-days

Figure 2: Adjusted rate of confirmed infections for the main study cohorts
Adjusted rate of confirmed infections per 100 000 risk-days obtained from a Poisson regression analysis for the
study period Dec 26, 2021, to Jan 8, 2022, adjusted for age category, sex, socioeconomic status (low, medium,
or high), calendar week, and exposure. Wings represent 95% Cls, which were not adjusted for multiplicity.

Confirmed Adjusted rate per  Adjusted

infections (at-risk 100000 at-risk rate ratio vs

days), n days (95% Cl) second dose
Unvaccinated 10048 (4420027) 239 (235-244)  2:4(22-2:6)
Internal control 743 (318 513) 232 (215-248) 2:3(2:0-2:5)
Second dose 576 (347726) 102 (94-110) Ref

(14-35 days)

Adjusted for age category, sex, socioeco

nomic status (low, medium, or high),

calendar week, and an exposure risk measure, for the study period, Dec 26, 2021,

to Jan 8, 2022. Results are shown for the main study population and thus include

only the general Jewish population.

Table 2: Adjusted rate ratios of study cohort versus the vaccinated

cohorts of interest in children aged

5-10 years

dose 14 days previously was matched with an individual
who was eligible to receive the third dose but had not yet
received it. Matching was done on the basis of the following
characteristics: age (by year), sex, city, and SES. Follow-up
for matched individuals ended at the time of infection.
Both individuals in a pair were censored at the end of the
study or at the time the control matched individual received
a vaccine dose (first dose for individuals aged 5-10 years or
third dose for those aged 12-15 years). For each treatment
group, we calculated the probability of being free of
infection using the Kaplan-Meier estimator. We used the
ratio between the probabilities of the treatment group and
the control group as an estimate for the risk ratio for our
population over the study period. We generated 95% Cls
around this estimate using the percentile bootstrap
method with 400 repetitions.

We did several sensitivity analyses. To examine the effect
of including all population sectors (general Jewish, Jewish
ultra-orthodox, and Arab), we repeated the analysis on the
whole population adding the sector as a covariate in the
analysis. While our main analysis included only 2 weeks
until Jan 8, after which state-regulated tests were
supplemented by undocumented home tests for vaccinated
individuals, a second analysis extended the study period by
an additional week (to Jan 15, 2022). We also analysed the
rate of confirmed infection over a shorter study period,
including only the week of Jan 2, to Jan 8, 2022. The shorter
time period has the benefit of maintaining a similar rate of
exposure throughout the study period because the number
of cases in the second week of the main study period was
much higher than that in the first week. All analyses were
done using R (version 4.1).

Role of the funding source
There was no funding source for this study.
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Results

In the main analysis, we included 190058 individuals
(128522 aged 5-10 years and 61536 aged 12-15 years.
(table 1; details on other cohorts are given in the appendix
pp 5-7). The proportion of days at risk for female
participants was similar in all cohorts and varied between
48-3% and 48-9% (table 1), and the proportion of days at
risk for male participants varied between 51-1% and
51-7%. We found 347726 (94-9%) of 366 364 person-days
at risk in children aged 5-10 years who received their
second dose and 171281 (95-8%) of 178780 person-days
at risk in adolescents aged 12—15 years who received their
booster were from the general Jewish sector (table 1).
259866 (70-9%) of 366364 person-days at risk in
children aged 5-10 years were from the high SES group,
and 25641 (7-0%) of 366364 person-days at risk were
from the low SES group. This difference was more
pronounced in adolescents aged 12-15 years who
received their booster, among whom 136121 (76-1%) of
178780 person-days at risk were in the high SES group,
whereas only 9473 (5-3%) of 178780 person-days at risk
were in the low SES group (table 1).

We found that, for children aged 5-10 years, two doses
provided a decrease of 2- 3 times (95% CI 2-0-2-5) in the
rate of confirmed SARS-CoV-2 infection compared with
the internal control cohort (figure 2; table 2). The
estimated infection rate in children who received a
second dose was 102 infections per 100000 risk-days
(94-110), compared with 231 infections per 100000 risk-
days (215-248) in the corresponding internal control
cohort (table 2; appendix p 6). In adolescents aged
12-15 years, the third dose decreased the confirmed
SARS-CoV-2 infection rates by 3-3 times (2-8-4-0;
figure 2). The estimated infection rate in the booster
cohort was 70 per 100000 risk-days (60-81) compared
with 232 per 100000 risk-days (212-254) in the internal
control cohort (table 3; figure 2).

The estimated infection rate in unvaccinated children
was 239 infections per 100000 risk-days (235-244;
figure 3). The protection rate provided by the second
dose compared with the unvaccinated cohort was 2-4
(2-2-2-6; figure 3). These results are similar to that of
the main analysis. In adolescents aged 12-15 years, the
protection from infection of the two-dose vaccine
regimen waned quickly over time, with infection rates
rising from 155 per 100000 risk-days (95% CI 132-182)
among those who received their second dose 14-60 days
previously to 291 per 100000 risk-days (284 to 299) among
those receiving the second dose more than 120 days
previously (table 3). Protection was restored and
substantially increased with receipt of the third dose,
with an adjusted rate of confirmed infection of 70 per
100000 person-days at risk (60-81; table 2; figure 3).
Comparing the effects of the third dose with individuals
who received the second dose more than 120 days
previously yielded a protection rate of 4-2 (3-6—4-9). This
estimate is slightly higher than the protection rate

Second dose effect (ages 5-10 years)

|

Unvaccinated*

Second dose internal control
(3-7 days from first dose)

Second dose
(14-35 days from second dose)

Third dose effect (ages 12-15 years)

Second dose
(120+ days)
(3-7 days from third dose)
Third dose
(14-60 days from third dose)
T T T T T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Confirmed infection rate per 100000 risk-days

Second dose
(14-60 days)

Second dose
(60-120 days)

Figure 3: Adjusted rate of confirmed infections including the unvaccinated cohort

Adjusted rate of confirmed infections per 100 000 risk-days obtained from a Poisson regression analysis for the
study period Dec 26, 2021, to Jan 8, 2022, stratified by age groups and adjusted for age category, sex,
socioeconomic status (low, medium, or high), calendar week, and an exposure risk measure. Wings represent
95% Cls, which were not adjusted for multiplicity. *All groups, and in particular the unvaccinated group, probably
had proportions of individuals with undocumented previous infections. Therefore, the adjusted confirmed
infection rates are likely to be underestimated.

Confirmed Adjusted rate per  Adjusted rate
infections (at- 100 000 at-risk ratio vs third
risk days), n days (95% Cl) dose (95% Cl)
Unvaccinated 2684 (834149) 349 (336-363) 5-0 (43-5-9)
Second dose 153(115371)  155(132-182) 22(1:8-2:8)
(14-60 days)
Seconddose 1999 (815036) 267 (257-280) 3-8 (3:3-45)
(60-120 days)
Second dose 5983(2003011) 291 (284-299) 42 (3-6-4-9)
(>120 days)
Internal 494 (180100) 232 (212-254) 3-3(2:8-4-0)
control
Third dose 166 (171281) 70 (60-81) Ref
(14-60 days)
Adjusted for age category, sex, socioeconomic status (low, medium, or high),
calendar week, and an exposure risk measure, for the study period, Dec 26, 2021,
to Jan 8, 2022. Results are shown for the main study population and thus include
only the general Jewish population.
Table 3: Adjusted rate ratios of study cohort versus the vaccinated
cohorts of interest in adolescents aged 12-15 years

compared with the internal control group, which was 3-3
(2-8—4-0; table 3)

The secondary analysis yielded similar results (table 4).
Confirmed SARS-CoV-2 infection rates decreased by
2.2 times (95% CI 2-0-2-4) in children aged 5-10 years
and by 4-0 times (3-5-4-5) in adolescents aged 12-15 years
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Ages 5-10 years (second-dose effect)

Ages 12-15 years (third-dose effect)

Second dose Internal control Adjusted rate ratio  Third dose Internal control Adjusted rate ratio
confirmed confirmed internal controlvs  confirmed confirmed internal control vs
infections infections second dose infections infections third dose
(at-risk days), n (at-risk days), n (95% Cl) (at-risk days), n (at-risk days), n (95% Cl)
Main analysis 576 (347726) 743 (318513) 2:3(2:0-2:5) 166 (171281) 494 (180100) 3:3(2:8-4-0)
All population groups 602 (366364) 822 (367168) 2:3(2:1-2:6) 179 (178780) 518 (190139) 32(2:7-3:8)
Longer study period 3142 (840479) 1699 (430094) 1.9 (1-8-2.0) 911 (410 853) 1379 (285267) 2.9(2:6-3-1)
Shorter study period 530 (286144) 524 (148127) 2-2(2-:0-2'5) 148 (120433) 395(103922) 3-2(27-3:9)
Matching 22(2:0-2:4) 4.0 (3:5-4-5)

(Jan 2, 2022, to Jan 8, 2022) study periods.

Results from sensitivity analyses including all population groups (general Jewish, ultra-orthodox Jewish, and Arab), longer (Dec 26, 2021, to Jan 15, 2022), and shorter

Table 4: Results from sensitivity analyses

(table 4). The sensitivity analyses that considered different
study periods and population groups yielded similar
results (table 4). To ensure that the lower confirmed
infection rates in the vaccinated cohorts compared with
the unvaccinated cohorts were not explained by different
testing behaviour, we further compared testing rates in
the different cohorts (appendix p 4). In children aged
5-10 years, the testing rate in the unvaccinated cohort
(approximately 19000 individuals who tested at least once
per 100000 people) was lower than that in both the
internal control group (approximately 30000) and the
vaccinated cohort (approximately 23000). In adolescents,
the testing rates behaved similarly in the corresponding
cohorts with rates of around 16000 for the unvaccinated,
26000 in the internal control group and 30000 in the
booster cohort.

Discussion

Our results show that the BNT162b2 vaccine provided an
initial increased protection of around two times against
SARS-CoV-2 infection in children aged 5-10 years old.
The estimated protection is in line with the results of
vaccine effectiveness against infection estimated in the
USA for a similar study period and time from receipt of
the vaccine.** Vaccine effectiveness was somewhat higher
than that reported by the CDC,” possibly because of
waning immunity, because more time had passed since
vaccination in the CDC study. Our analysis further
showed that a recent booster dose in adolescents
decreased the proportion of infections by 3—4 times
compared with in the internal control, which is similar to
estimates from the USA.*

We note that the lower confirmed SARS-CoV-2
infection rates in the vaccinated cohorts compared with
in the unvaccinated cohorts are not explained by different
testing behaviour. Specifically, the proportion of
individuals who were tested at least once was smaller in
the unvaccinated cohorts in both age groups than in the
vaccinated cohorts, suggesting that the estimated
protection compared with that of unvaccinated
individuals might be underestimated. Although the
unvaccinated cohorts had lower testing rates than the

vaccinated cohorts did, in children aged 5-10 years, the
internal control group had a somewhat higher testing
rate than those who received a second dose did, which
might lead to an overestimation of the protection
conferred by the vaccine. In vaccinated adolescents aged
12-15 vyears, the internal control group had a lower
testing rate than the booster cohort did, which might
suggest a higher level of protection conferred by the
booster than that estimated in our analysis. We also note
that in adolescents aged 12-15 years, the internal control
cohort (who received the second dose >150 days
previously) had a lower infection rate than did the
two cohorts who received the vaccine more than 60 days
previously. This finding might be related to the so-called
healthy vaccinee bias,"* when people who feel ill tend not
to get vaccinated in the following days, or to other
behavioural biases (eg, adhering to social distancing or
mask wearing.).

The study had several limitations. Our results only
provide an estimate of the short-term protection against
confirmed SARS-CoV-2 infection conferred by the
BNT162b2 vaccine. Extending the study period and
obtaining reliable estimates for a longer follow-up time
was not possible for several reasons. First, from
Jan 6, 2022, changes were made to the testing and
isolation policies in Israel. These changes, which included
the extended use of home testing, make estimating the
rate of confirmed infection in children and adolescents
difficult. Second, using the internal control cohorts in
later time periods might lead to biases because rates of
vaccination declined. Moreover, individuals who enter
these internal control cohorts after the study period might
have higher rates of undocumented previous infections
compared with those who were vaccinated earlier because
the high exposure during the omicron wave. Additionally,
the vaccination rates for the two-dose vaccine in children
aged 5-10 years and for the third dose in adolescents aged
12-15 years were fairly low, making the vaccinated
individuals a fairly selected group. This selection bias is
addressed through the comparisons with the internal
control groups; the absolute number of individuals in
each cohort was sufficient for obtaining robust estimates.
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Although we estimated protection against confirmed
SARS-CoV-2 infection, the effect of the vaccine on other
outcomes in these age groups remains unclear. In
particular, estimation of the protection against paediatric
inflammatory multisystem syndrome temporally asso-
ciated with SARS-CoV-2" and long-COVID, as well as
vaccine side-effects can provide additional important
information for policy making regarding vaccination in
these age groups.
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