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We report COVID-19 deaths by vaccine types (inacti-
vated whole-virion SARS-CoV-2 [hereinafter inactivated
vaccine], BNT162b2, and ChAdOx1 vaccines), and vacci-
nation status in Malaysia and further stratified the anal-
ysis by the presence of comorbidities. We used line list
data on COVID-19 deaths until 14 September 2021,
made available publicly by the Ministry of Health Malay-
sia.” We limited the analysis from 24 February 2021
onwards, after COVID-19 vaccines were introduced. For
all vaccine types, we defined individuals to be fully vacci-
nated 14 days after the final dose. We considered indi-
viduals who received only the first dose or died within
14 days after the final dose as partially vaccinated. We
calculated the age-standardised mortality rate per
100,000 population (ASMR) by the direct method of
standardisation using the Malaysian population® and
the World Health Organization (WHO) standard popu-
lation as reference’ and their corresponding 95% confi-
dence interval.

Between 24 February 2021 and 14 September 2021,
20,823 COVID-19 deaths were recorded (Supplemen-
tary Table 1). The median age of people who died of
COVID-19 was 61.0 years (interquartile range: 49—72).
Most deaths (4,946/20,823 24%) occurred in the Go-
69 years group (Supplementary Table 2). Males out-
numbered females with a ratio of 1.33:1. More deaths
occurred among Malaysians (87.5%) and those with
comorbidities (72.3%).
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In comparison with vaccinated individuals, we
observed higher mortality rates among those who were
unvaccinated. The weekly ASMRs of fully vaccinated
individuals were consistently lower than the partially
vaccinated group throughout the study (Figure 1A).
However, we found that individuals fully vaccinated
with the inactivated vaccine had higher ASMRs than
those who were partially vaccinated with the same vac-
cine after 25™ August 2021. Nevertheless, we hypothes-
ised that there was no difference between the mean
ASMRs of those who were fully and partially vaccinated
with the inactivated vaccine during the period of inter-
est. We tested the hypothesis and the mean ASMRs did
not differ significantly between the groups (Student’s t-
test, t(4)=-0.68, p>0.05).

The total ASMRs for the unvaccinated group (47.5
per 100,000 population) were 43.2 times and 12.5 times
higher than the ASMR of individuals fully vaccinated
with BNT162b2 (1.1 per 100,000) and inactivated vac-
cines (3.8 per 100,000), respectively.

Among those vaccinated (Figure 1B and Supplemen-
tary Table 3), the ASMRs of partially vaccinated individ-
uals with comorbidities were higher than those without
comorbidities across all vaccine types (BNT162b2: 3.6
times; inactivated vaccine: 2.4 times; and ChAdOxt: 3.1
times). The trends were similar for fully vaccinated indi-
viduals—the ASMRs for those with comorbidities were
8.9 times, 4.1 times, and 1.5 times higher than those
without comorbidities among recipients of BNT162bz2,
inactivated vaccine, and ChAdOx1 vaccine, respectively.
However, the difference in ASMRs of individuals fully
vaccinated with the ChAdOx1 vaccine was small (by two
deaths). Therefore, we could not conclude the effect of
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Figure 1. COVID-19 age-standardised mortality rates by vaccine types and vaccination status in Malaysia, 24 February to 14 September 2021. (A) Time series plot of age-standardised mortality
rates for unvaccinated, partially vaccinated, and fully vaccinated individuals by vaccine types. The line graphs represent the age-standardised mortality rates. The bar charts represent weekly
COVID-19 positive cases. The dashed line represents the date when the Beta variant (1 April 2021) and Delta variant (26 May 2021) was first detected in Malaysia. (B) Interval plot of age-stand-
ardised mortality rates per 100000 population with 95% confidence interval by vaccine types, vaccination status, and presence of comorbidities.
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comorbidities on the mortality rates of ChAdOx1 vaccine
recipients in this study.

While we did not analyse immunological data in this
study, the higher mortality rate among recipients of
inactivated vaccines calls for close monitoring of break-
through infections and deaths by vaccine types and fur-
ther investigations into the recipients’ immunological
profiles. Evidence from Hong Kong indicated differing
concentrations of neutralising antibodies between the
inactivated (lower) and BNT162b2 vaccine recipients
(higher),* highlighting potential differences in vaccine
effectiveness. Our study findings also concur with the
recent recommendations by the WHO to offer a third
dose to persons aged >6o0 who received inactivated
vaccines.’

In this study, we could not further describe the risk
of death by the types of comorbidities. Nevertheless,
other studies in Malaysia have reported that persons
with diabetes, hypertension, kidney diseases, heart dis-
eases, and cancer were at higher risk of COVID-19-
related deaths.®” We could not infer vaccine effective-
ness because we lack detailed information regarding
those who received the vaccine but did not get infected/
die. Vaccine allocation was not entirely random. Front
line workers and older adults with comorbidities were
prioritised for the BNT162b2 vaccine at first. However,
subsequent allocation hinged predominantly on avail-
able stocks and supplies (Supplementary Table 4). Due
to the concerns regarding the safety of the ChAdOx1
vaccine when it was introduced, Malaysia excluded it
from the national vaccination programme and allowed
voluntary opt-in through an online system. We opined
that the recipients of the ChAdOx1 vaccine were likely
to be younger and socioeconomically advantaged. There-
fore, the outcome might be biased due to the pop-
ulations’ lower risk of severe illness and death.

This study highlighted that COVID-19 mortalities
were associated with vaccination status, age, and comor-
bidities. The mortality rate among people who were vac-
cinated was consistently lower than those who were
unvaccinated. Among vaccinated individuals, the mor-
tality rate of those who received inactivated vaccines was
higher than the recipients of the BNT162b2 and ChA-
dOx1 vaccines. Vaccination coverage, monitoring break-
through hospitalisations and deaths, safeguarding
hospital capacity, and evidence-based booster strategy is
critical to prevent COVID-19 mortalities.
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