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Objectives: In this study, we aimed to investigate vaccine effectiveness (VE) against SARS-CoV-2 infec-
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tions among adolescents aged 12 to 17 years in Malaysia and examine potential VE differences after full
vaccination.

Methods: We consolidated data on COVID-19 testing, vaccination, and outcomes for all public school-
going adolescents in Malaysia from September 1, 2021, to December 31, 2021, and estimated the VE
against SARS-CoV-2 infections during this period. Cases were defined as positive tests, either by reverse
transcriptase- PCR (RT-PCR) or rapid antigen (RTK-Ag) testing, while controls were negative tests. Secon-
darily, we restricted the analysis to all tests performed in December 2021 and compared VE by month of
full vaccination.

Results: A total of 175,880 eligible tests (53.4% or 93,995 RT-PCR tests) were included. After full vacci-
nation with BNT162b2, VE against SARS-CoV-2 infections was 65.7% (95% confidence interval [CI] 64.4,
66.9) over the study period. When restricted to tests in December 2021, VEs for those fully vaccinated
in September 2021, October 2021, and November 2021 were comparable (60.6% [95% CI 23.7, 81.5], 56.9%
[95% CI 51.1, 62.0], and 65.7% [95% CI 59.8, 70.7] respectively).

Conclusions: Among adolescents, full vaccination with BNT162b2 offered considerable protection against

SARS-CoV-2 infections over at least three months without substantial evidence of waning.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Vaccinating against the SARS-CoV-2 virus to achieve high
population immunity is essential to realise health and socio-
economic goals driving the global COVID-19 vaccination strategy
(World Health Organization. Strategy to achieve global COVID-19
vaccination by mid-2022.). In Malaysia, the national vaccination
programme for COVID-19 began in February 2021 using a diverse
platform of vaccines (Suah et al.,, 2021). It was demonstrated that
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they offer considerable protection, particularly against severe out-
comes (Suah et al, 2022, 2021). Beginning September 2021, the
vaccination roll-out was extended nationwide to cover adolescents
(=12 years old) with primarily the BNT162b2 vaccine. By the end
of 2021, 89.4% of Malaysia’s adolescents were fully vaccinated. In
a phase 3 clinical trial for BNT162b2, high efficacy was observed
in adolescents aged 12 to 15 years (Frenck Jr et al., 2021). An ini-
tial real-world study from Israel (Reis et al., 2021) reported 90%
vaccine effectiveness (VE) against documented SARS-CoV-2 infec-
tion on days 7 to 21 after the second dose, while another study
from the United States (Olson et al., 2022) demonstrated >90%
VE against hospitalisation and intensive care unit (ICU) admis-
sion. Subsequently, however, a study from Singapore estimated VE
against confirmed SARS-CoV-2 infection at only 59% and observed
a gradual waning of immunity over 4 months from completion of
the second dose (Chiew et al., 2022). Notably, real-world evidence
in low- and middle-income countries is lacking. We aimed to ad-
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All public school-going adolescents, aged 12 - 17 years:
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Figure 1. Study participants for the overall vaccine effectiveness and the vaccine effectiveness by time since vaccination against SARS-CoV-2 infection
Individuals who were tested by reverse transcriptase-PCR(RT-PCR) or rapid antigen (RTK-Ag) or RT-PCR only, between September 1, 2021, to December 31, 2021, and fully
vaccinated with homologous BNT162b2 or unvaccinated between September 1, 2021, and November 30, 2021, aged 12 to 17 years and had no confirmed SARS-CoV-2

infections before the outcomes observed.

dress this by evaluating VE against SARS-CoV-2 infections among
adolescents in Malaysia (which is a low- and middle-income coun-
try) using a test-negative design.

Methods

The study population comprised all public school-going ado-
lescents (aged 12 to 17 years) registered under the Ministry of
Education Malaysia. From this school registry, we conducted a
test-negative design by deterministically linking databases for:
(i) supervised and approved reverse transcriptase-PCR (RT-PCR)
and antigen rapid tests (RTK-Ag), (ii) COVID-19 vaccination recip-
ients, and (iii) confirmed COVID-19 cases, including their eventual
clinical outcomes. All RT-PCR and RTK-Ag tests conducted from
September 1, 2021, until December 31, 2021, were included in the
primary analysis, with cases defined as positive tests for SARS-CoV-
2 infection (RT-PCR or RTK-Ag), whereas controls were negative
tests. Further details on the test-negative design are provided in
the Supplementary Material.

VE was calculated from 100 x (1- incidence rate ratio), where
incidence rate ratio is the adjusted odds ratio of full vaccination
(=14 days after the second dose) in cases over controls, estimated
in a logistic regression. Secondarily, we limited the analysis to all
tests performed in December 2021 and compared VE by month of
full vaccination to examine potential VE difference(s) after full vac-
cination. All analyses were executed in R Software Version 4.1.2. A
significance level of 5% was used for inference.

Results

From September 1, 2021 until December 31, 2021, there were
175,880 eligible tests (53.4% or 93,995 RT-PCR tests, 46.6% or
81,885 RTK-Ag tests) by adolescents aged between 12 and 17 years
(Figure 1), of which 79,484 (45.2%) were fully vaccinated.
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Table 1 lists the VE estimates. Overall, VE against SARS-CoV-2
infections was 65.7% (95% CI 64.4, 66.9). When restricted to only
RT-PCR tests, VE was 63.4% (95% CI 64.4, 66.9). Among eligible
study participants, there were 48 ICU admissions (49.8/100,000
persons-tested) and 11 COVID-19-related deaths (11.4/100,000
persons-tested) among unvaccinated adolescents, compared to 8
ICU admissions (10.1/100,000 persons-tested) and no COVID-19 re-
lated deaths among those fully vaccinated.

In the secondary analysis (limited to all tests performed in De-
cember 2021), VEs against SARS-CoV-2 infections over time were
comparable (60.6% [95% CI 23.7, 81.5], 56.9% [95% CI 51.1, 62.0],
65.7% [95% CI 59.8, 70.7] for those fully vaccinated in Septem-
ber, October, and November, respectively). When restricted to only
RT-PCR tests, VE estimates were also comparable (76.2% [95% CI
41.5, 92.1], 62.8% [95% CI 56.4, 68.3], 70.2% [95% CI 64.0, 75.3] for
those fully vaccinated in September, October, and November, re-
spectively).

Discussion

Our study observed a VE of 65.7% (95% CI 64.4, 66.9) against
SARS-CoV-2 infections among fully vaccinated adolescents over at
least three months duration. There was no evidence of waning VE
in an analysis restricted to tests in December 2021. SARS-CoV-2
infections in this study were predominantly of the Delta variant.
Although unable to capture data from all adolescents, the cohort
of public school-going adolescents represents approximately 80% of
this age group’s population and has a similar risk environment for
SARS-CoV-2 infections.

Limitations include under-testing because of the increasing use
of unsupervised self-test kits, although supervised testing rates
with RT-PCR and RTK-Ag remain high. We included all supervised
testing during the study period for analysis but could not distin-
guish between the reasons for testing. The waning of VE against in-
fection among adolescents after three to five months (Chiew et al.,
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Overall BNT162b2 Vaccine effectiveness against SARS-CoV-2 infection among adolescents and by time since vaccination

Tested by RT-PCR or RTK-Ag
(September 1, 2021 -December 31, 2021)

Tested by RT-PCR
(September 1, 2021 -December 31, 2021)

Total Test-positive VE CI (95%) Total Test-positive VE CI (95%)
Overall vaccine
effectiveness
Unvaccinated 96,396 41,928 ref ref 65,292 38,893 ref ref
Fully Vaccinated 79,484 8,312 65.7 64.4, 66.9 28,703 7,056 63.4 64.4, 66.9
Tested by RT-PCR or RTK-Ag Tested by RT-PCR
(December 1, 2021 - December 31, 2021) (December 1, 2021 - December 31, 2021)
Month fully
vaccinated
Unvaccinated 1,563 363 ref ref 700 337 ref ref
September 192 10 60.6 23.7, 81.5 46 5 76.2 41.5, 92.1
October 31,972 3,606 56.9 51.1, 62.0 12,581 3,292 62.8 56.4, 68.3
November 4,256 390 65.7 59.8, 70.7 1,745 372 70.2 64.0, 75.3

The estimates were adjusted for (i) age, (ii) sex, (iii) states of residence, (iv) strata (urban/rural), (v) school types (daily schools, boarding schools, special needs schools), and
(vi) number of baseline (before September 1, 2021) tests. The analysis for the overall vaccine effectiveness was compared between the individuals tested between September
1, 2021, to December 31, 2021, and fully vaccinated between September 1, 2021, to November 30, 2021, and the unvaccinated group. The analysis for the waning effectiveness
compared between individuals tested in December 2021 and fully vaccinated in September 2021 (3 to 4 months post-vaccination during the outcomes observation period
in December), October 2021 (2 to 3 months post-vaccination during the outcomes observation period in December), November 2021 (1 to 2 months post-vaccination during

the outcomes observation period in December 2021), and the unvaccinated group.
Abbreviations:

BNT162b2 = Pfizer-BioNTech; CI = confidence intervals; RT-PCR = reverse transcriptase-PCR; RTK-Ag = rapid antigen; VE = vaccine effectiveness.

2022; Prunas et al., 2022) and lower VE against the Omicron vari-
ant (Dorabawila et al., 2022; Klein et al., 2022) were described
elsewhere, but not investigated here because of the limited study
period. Further inspection is therefore prudent.
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