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ABSTRACT
Given emerging evidence of immune escape in the SARS-CoV-2 Omicron viral variant, and its dominance, effectiveness of
heterologous and homologous boosting schedules commonly used in low-to-middle income countries needs to be re-
evaluated. We conducted a test-negative design using consolidated national administrative data in Malaysia to compare
the effectiveness of homologous and heterologous BNT162b2, CoronaVac, and AZD1222 booster vaccination against
SARS-CoV-2 infection in predominant-Delta and predominant-Omicron periods. Across both periods, homologous
CoronaVac and AZD1222 boosting demonstrated lower effectiveness than heterologous boosting for CoronaVac and
AZD1222 primary vaccination recipients and homologous BNT162b2 boosting. Broadly, marginal effectiveness was
smaller by 40–50 percentage points in the Omicron period than the Delta period. Without effective and accessible
second-generation vaccines, heterologous boosting using BNT162b2 for inactivated and vectored primary vaccination
recipients is preferred.

ARTICLE HISTORY Received 6 April 2022; Revised 28 April 2022; Accepted 28 April 2022

KEYWORDS SARS-CoV-2; COVID-19 vaccines; booster; vaccine effectiveness; heterologous booster; homologous booster

Main

Immunogenic and real-world studies documented
immune escape in Omicron amongst inactivated
and mRNA primary and booster vaccine recipients
[1–4]. Malaysia’s national immunization programme
administered a diverse portfolio of primarily
BNT162b2, CoronaVac, and AZD1222 boosters [5]
to address waning effectiveness of primary vacci-
nation [6]. The rollout prioritized healthcare “fron-
tliners,” and older individuals in an age-stepdown
manner beginning 13 October 2021. The Govern-
ment initially recommended BNT162b2 boosters.
AZD1222 was subsequently included on 28 Decem-
ber 2021 for non-BNT162b2 primary vaccination
recipients. CoronaVac boosters were available via
private purchase, before being included in the
national programme on 14 February 2022 for Coro-
naVac primary vaccination recipients. By 22 February
2022, 60.2% of the adult population received boosters.
However, Omicron’s dominance highlights the need
to re-evaluate the effectiveness of heterologous and
homologous boosting, especially CoronaVac and
AZD1222.

To address this issue, we used a test-negative design
derived from the vaccinated adult (aged≥ 18) popu-
lation from national administrative data: (i) register
of COVID-19 vaccine recipients, (ii) register of super-
vised and approved reverse transcription polymerase
chain reaction and antigen rapid tests conducted at
all testing facilities, (iii) the COVID-19 confirmed
cases line listing, (iv) register of healthcare “frontli-
ners”, and (v) “contacts” (checked in via Malaysia’s
contact tracing application within a location-specific
time window of another individual who tested positive
for COVID-19 by end of day) identified by Malaysia’s
automated contact tracing system. Vaccination status
is defined as “primary vaccinated” and “boosted” at
14 days post-dose two and three, respectively, at the
point of testing.

Absent of adequate genomic surveillance, the
Bai-Perron sequential structural break test [7] was
applied to identify the predominant-Delta and
Omicron periods by estimating trend breaks in daily
SARS-CoV-2 infections (details in supplementary
appendix). Marginal vaccine effectiveness (mVE) is
calculated from the adjusted odds ratios (AOR)
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estimated using multivariable logistic regression using
100*(1-AOR), including as covariates (i) age, (ii) sex,
(iii) presence of comorbidities, (iv) ethnicity (v) state
of residence, (vi) whether primary vaccination was
purchased privately, or received via the national pro-
gramme, (vii) “frontliners” status (private healthcare
worker, public healthcare worker, or otherwise),
(viii) month of primary vaccination, (ix) baseline
(before 27 October 2021) number of tests taken, and
(X) baseline number of times flagged as “contact”
(details in supplementary appendix).

All analyses were executed in Python 3.9, R 4.1.2,
and EViews 11. Significance level of 5% was used for
statistical inference.

The Bai-Perron sequential breakpoint test esti-
mated 5 February 2022 as the start of the predomi-
nant-Omicron period. The study population
comprises individuals aged 18 and above without
prior infections who were boosted between 27 October
2021 and 4 February 2022, or primary vaccinated
between 1 July 2021 and 30 September 2021. These
correspond to 0–3 months post-boosted, and 4–6
months post-primary vaccinated, respectively. The lat-
ter reflects that effectiveness wanes 3 months post-pri-
mary vaccination [6], and the eligibility policy for
booster doses.

Table 1 shows the estimated mVEs of booster vac-
cination relative to primary BNT162b2 vaccination
(PP). In both predominant-Delta and predominant-
Omicron periods, homologous CoronaVac and
AZD1222 boosting (SSS and AAA) are less effective
than heterologous boosting (SSP, SSA, and AAP)
and homologous BNT162b2 boosting (PPP). The
mVEs are smaller by 40–50 percentage points during
the Omicron period than the Delta period, with hom-
ologous CoronaVac boosting registering the largest
fall. Moreover, primary AZD1222 (AA) and Corona-
Vac (SS) vaccination recipients are of higher risk of
SARS-CoV-2 infection than primary BNT162b2 vacci-
nation (PP) recipients. A graphical representation can
be found in the supplementary appendix.

Discussion

This study has three strengths. Firstly, to the best of
our knowledge, this is the first comparison of hom-
ologous and heterologous booster effectiveness for
CoronaVac and AZD1222 primary vaccination reci-
pients under Delta and Omicron dominance in a
low-to-middle income country (LMIC). Secondly,
this study considers a diverse set of commonly used
homologous and heterologous vaccinations. Thirdly,
granular national administrative data underpinned
the analysis.

The main limitation is the potential undermeasure-
ment of SARS-CoV-2 infections due to the use of self-
test kits. Nevertheless, supervised test rates wereTa
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higher during the Delta and Omicron periods (aver-
aged 362 and 715 per 100,000, respectively) than
the rest of 2021 (302 per 100,000). While Malaysia
adopted a symptomatic testing strategy, asympto-
matic SARS-CoV-2 infections may be included as
there were no formal barriers to access supervised
testing. Due to the rapid rollout of boosters, and
short follow-up duration, potential waning of effec-
tiveness could not be analysed. Importantly, while
a wide range of confounders were adjusted for,
including exposure risk, health-seeking behaviour,
underlying conditions, and batch effects, residual
confounding may still be present in observational
studies such as this.

First-generation boosters were less effective against
Omicron than Delta SARS-CoV-2 infection. In both
periods, heterologous boosting was more effective
than homologous boosting for AZD1222 and Corona-
Vac primary vaccination recipients. Our analysis
complements pre-Omicron findings that homologous
boosting with AZD1222 in the United Kingdom [8]
and CoronaVac in Brazil [9], and Omicron-specific
findings in Hong Kong [1] that homologous Corona-
Vac boosting generated lower neutralizing antibodies
than mRNA boosters. Pre-Omicron evidence from
Chile [10] observed lower effectiveness for homolo-
gous than heterologous boosting in CoronaVac pri-
mary vaccination recipients. Hence, absent of
second-generation vaccines during the predominant-
Omicron period, heterologous boosting using
BNT162b2 for inactivated and vectored primary vacci-
nation recipients is preferred.
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