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a b s t r a c t
Objectives: We aimed to investigate and compare waning vaccine effectiveness (VE) against COVID-19 infection, COVID-19 related ICU admission, and COVID-19-related death for BNT162b2 and CoronaVac vaccines.
Methods: We consolidated national data on COVID-19 vaccination and outcomes, and used cases from
September 1st –30th , 2021 to compare VE between the ‘early’ (fully vaccinated in April–June 2021) and
‘late’ (July–August 2021) groups. We estimated VE against COVID-19 infection with a negative binomial
regression and VE against ICU admission and death among conﬁrmed COVID-19 cases with a logistic
regression.
Results: For BNT162b2, VE against COVID-19 infections declined from 90.8% (95% CI 89.4, 92.1) in the
‘late’ group to 79.3% (95% CI 76.1, 82.1) in the ‘early’ group. VE for BNT162b2 against ICU admission and
death were stable. For CoronaVac, VE waned against COVID-19 infections from 74.5% (95% CI 70.6, 78.0)
to 30.4% (95% CI 18.8, 40.3). Effectiveness against ICU admission waned from 56.0% (95% CI 51.2, 60.2) to
28.7% (95% CI 12.2, 42.1). CoronaVac’s effectiveness against death remained stable.
Conclusion: VE against COVID-19 infection waned after 3–5 months of full vaccination for both BNT162b2
and CoronaVac vaccines in Malaysia. For CoronaVac, protection against ICU admission also declined.
© 2022 The Authors. 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
Since early 2021, clinical trials (Falsey et al., 2021;
Tanriover et al., 2021; Thomas et al., 2021) and real-world
studies on vaccine effectiveness (Jara et al., 2021; Lopez Bernal
et al., 2021; Suah et al., 2021) have demonstrated eﬃcacy and
effectiveness measures well above the World Health Organization
(WHO)’s benchmark of 50% (WHO 2020). This led to regulatory
approval and widespread global use of an increasing number of
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vaccines. Vaccination also appeared to be substantially protective
against severe disease from all main variants, including the Delta
(B.1.617.2) variant (Krause et al., 2021; Lopez Bernal et al., 2021).
However, although booster doses are being rolled out globally,
uncertainty over the scale and pace in the waning of immunity
underscores consideration over the timing for booster doses in the
future.
Concerns over possible waning of the protective immunity conferred by the vaccines emerged when breakthrough infections
and disease were increasingly documented among fully vaccinated persons. In the United States, although still largely protective against hospital admissions, the effectiveness of the BNT162b2
vaccine against SARS-CoV-2 infections declined from 88% during the ﬁrst month after full vaccination to 47% after 5 months
(Tartof et al., 2021). A similar pattern of waning in the effectiveness of the BNT162b2 vaccine against SARS-CoV-2 infec-
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tions was observed in Qatar (Chemaitelly et al., 2021) and Israel (Goldberg et al., 2021). In the United Kingdom, vaccine effectiveness against symptomatic disease fell after 20 weeks against
the Delta variant among both BNT162b2 and AZD1222 vaccine
recipients (Andrews et al., 2021). Evidence on the protection of
COVID-19 vaccines against severe outcomes over time is mixed
(Andrews et al., 2021; Chemaitelly et al., 2021; Goldberg et al.,
2021; Tartof et al., 2021). Although immunogenicity studies
showed that adaptive immune responses, such as memory B cells,
remain in the circulation over time after full vaccination, ﬁndings were limited to 6–8 weeks of follow-up (Chen et al., 2021).
Moreover, evidence on the association between these adaptive responses and protection against severe disease and fatality in the
real-world remains scarce, especially for the CoronaVac vaccine,
despite its dominant use in many low to middle-income countries
(LMICs) (VIPER Group COVID19 Vaccine Tracker Team, 2021)
Malaysia’s nationwide mass COVID-19 immunization rollout, the
National COVID-19 Immunisation Programme (Program Imunisasi
COVID-19 Kebangsaan; PICK), began on February 24th , 2021. As of
August 31st , 2021, 65.4% of the adult population has been fully vaccinated (COVID-19 Immunisation Task Force Malaysia, 2021). PICK
used a diverse set-up of predominantly BNT162b2, CoronaVac, and
AZD1222 vaccines, owing to global vaccine inequity and broadly
lower supply to LMICs. This led to widespread use of CoronaVac,
then approved for usage among individuals aged 18 years and
older, including the elderly. CoronaVac accounted for 49.9% of all
completed vaccinations as of August 31st , 2021. The usage breakdowns of the 3 vaccines by phases of PICK are provided in Table S1 of the Supplementary Appendix. The chronology of PICK’s
phases and the effectiveness of the vaccines were described previously (Suah et al., 2021). However, breakthrough COVID-19 cases
started to increase since late July 2021, with a cumulative rate of
1.09% up to August 31st , 2021. Additionally, breakthrough ICU admission and death rates were both close to 0.01% (Figures S1, S2,
and S3 of the Supplementary Appendix). Hence, there is an imminent need to investigate whether the protective immunity wanes
over time, which underpins policy decisions on the need, and timing for booster doses of COVID-19 vaccination. Given that Malaysia
and other LMICs are faced with limited supply and potentially increased hesitancy, research on waning effectiveness will directly
impact the dynamic planning and redistribution of boosters.
Given the lack of immunogenicity studies in Malaysia, our study
is instead grounded on real-world data consolidated from nationally representative data on COVID-19 vaccination and patient outcomes. We investigated the presence and scale of waning vaccine
effectiveness against COVID-19 infection, COVID-19-related ICU admission, and COVID-19-related death for BNT162b2 and CoronaVac
vaccines among adults in Malaysia.

interest: admission into ICU (using the ICU admissions register)
and deaths (using the COVID-19 deaths line listing). Details on the
deﬁnition of outcomes and data sources have been described previously (Suah et al., 2021). Additionally, 3 administrative data sets
were used to measure exposure risk, testing behaviour, and occupational risk, respectively: register of all ‘contacts’ identiﬁed by
Malaysia’s check-in-based automated contact tracing system, register of all supervised and approved reverse transcription polymerase chain reaction (RT-PCR) and rapid antigen (RTK-Ag) tests
taken at all testing facilities and register of all healthcare ‘frontliners’.
Study Design, and Comparator Groups
The study period spanned September 1st , 2021–September 30th ,
2021, during which the Delta variant was predominant in Malaysia
(Hodcroft 2021). All individuals with conﬁrmed SARS-CoV-2 infections occurring outside of this period or have received vaccines
other than homologous CoronaVac and BNT162b2 were excluded.
Individuals with conﬁrmed SARS-CoV-2 infections before September 1st , 2021 were excluded to avert potential biases in the effectiveness estimates due to infection-acquired immunity. Although
AZD1222 was the third most predominant vaccine in PICK, the ﬁrst
individual was fully vaccinated with AZD1222 on July 21st , 2021,
resulting in an insuﬃcient follow-up period to evaluate the waning of vaccine effectiveness at the point of analysis. Full vaccination
status is deﬁned as ≥14 days after the receipt of the second dose
of any of the 2 vaccines (BNT162b2 and CoronaVac) in this study.
Our study compared 3 groups: (i) those vaccinated in April–
June 2021 (‘early’ group), corresponding to Phases 1 and 2 of PICK;
(ii) those vaccinated in July–August 2021 (‘late’ group), corresponding to Phase 3 of PICK; and (iii) those unvaccinated in September 2021. This grouping enabled estimation of vaccine effectiveness
at 1–2 months, and 3–5 months after vaccination. Due to insuﬃcient granularity on individual-level data for those who tested negative, we could not infer waning effectiveness as in a traditional
cohort or case-control study, which includes uninfected individuals. Hence, we investigated whether the period of vaccination affected the rate of conﬁrmed SARS-CoV-2 infection using a retrospective population cohort approach. We subsequently investigated
the rates of COVID-19-related ICU admission and death using a retrospective cohort of conﬁrmed COVID-19 cases, which exploited
granular data to adjust for confounders.
Retrospective Population Cohort using Census Data: Study Design,
Methodology, and Statistical Analysis
We constructed a uniﬁed population cohort by merging data
on vaccination, conﬁrmed COVID-19 cases, and the Department of
Statistics Malaysia’s Current Population Estimates (Department of
Statistics Malaysia, 2021) for year 2021 to compare the rates of
infection for individuals vaccinated in different periods relative
to those who are unvaccinated. This analysis included individuals ≥aged 15, which reﬂects the age groups for whom censusbased population estimates were available; whereas estimates for
the cutoff of ≥18 years were unavailable.
We calculated the number of events for outcomes in the study
period, excluding those with conﬁrmed SARS-CoV-2 infections before September 1st , 2021 and reinfections and number of individuals vaccinated, indexed to the timing of vaccination (for those who
were vaccinated), age groups, sex, and states of vaccination. We
calculated the size of the unvaccinated population over time from
the number of vaccinated individuals and the census data. Vaccine effectiveness by vaccine types for both ‘early’ and ‘late’ groups
are estimated with a negative binomial regression, adjusting for

METHODS
Data Environment
In Malaysia, the notiﬁcation of COVID-19 cases and deaths are
legally mandated under the provision of the Prevention and Control of Infectious Diseases Act 1988 (Act 342). At the time of writing, aggregated and granular data on COVID-19 cases, deaths, and
vaccination are available and updated continuously on the Ministry
of Health’s GitHub repository (COVID-19 Immunisation Task Force
Malasia, 2021; Ministry of Health Malaysia, 2021)
Data of all conﬁrmed COVID-19 cases were extracted from the
Malaysia national electronic COVID-19 cases register, which is the
national COVID-19 surveillance system. Using case and personal
identiﬁcation numbers, all conﬁrmed COVID-19 cases were linked
deterministically with their vaccination date and status (using the
COVID-19 vaccine recipients line listing) and clinical outcomes of
70
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Figure 1. Study participants and cohort eligibility for the retrospective population cohort using census data, and the retrospective cohort of conﬁrmed COVID-19 cases.
(a) Individuals who were fully vaccinated with homologous CoronaVac or BNT162b2 between April 1st , 2021 and August 31st , 2021, aged ≥15, had no conﬁrmed SARSCoV-2 infections prior to the outcomes observation period (September 1st , 2021 to September 30th , 2021). (b) Conﬁrmed COVID-19 cases between September 1st , 2021 and
September 30th , 2021, aged ≥18, with no prior conﬁrmed SARS-CoV-2 infections, and fully vaccinated with homologous BNT162b2 and CoronaVac fully vaccinated (14 days
after dose 2) between April 1st , 2021 and August 31st , 2021, or unvaccinated.
Table 1
Baseline characteristics of the study population by duration since full vaccination
Vaccination period

p-value
(Chi-Squared Test of
Independence)

‘Late’
(Fully Vaccinated in July to August)

‘Early’
(Fully Vaccinated in April to June)

Participants

8,570,680

1,355,681

Vaccine Type
BNT162b2
CoronaVac

3,250,182 (37.9%)
5,320,498 (62.1%)

1,107,616 (81.7%)
248,065 (18.3%)

Age Groups (in years)
15 to 39
40 to 59
≥60

3,611,111 (42.1%)
3,077,536 (35.9%)
1,882,033 (22.0%)

535,385 (39.5%)
360,542 (26.5%)
459,754 (33.9%)

Sex
Male
Female

4,221,281 (49.3%)
4,349,399 (50.7%)

669,731 (49.4%)
685,950 (50.5%)

<0.001

<0.001

<0.001

Abbreviations: COVID-19, coronavirus disease; BNT162b2, Pﬁzer-BioNTech; CoronaVac, Sinovac
The ‘Late’ group are individuals vaccinated in July to August 2021 (1 to 2 months after vaccination during the outcomes observation period in September 2021), ‘Early’ group
are individuals vaccinated in April to June 2021 (3 to 5 months after vaccination)

(i) age groups, (ii) state or region, and (iii) sex, with the cumulative person-days as the offset and the unvaccinated group as the
baseline. Further details on the negative binomial regression model
were described in the Supplementary Appendix.

number of times ﬂagged as a ‘contact’, (vii) frontliner status (general population, public healthcare, or private healthcare), and (viii)
state of residence. Further details on the logistic regression model
are in the Supplementary Appendix.

Retrospective Cohort of Conﬁrmed COVID-19 Cases: Study Design,
Methodology, and Statistical Analysis

Sensitivity Analysis
We conducted 3 sensitivity analyses. First, we redeﬁned ICU admissions and deaths as 1 outcome (‘severe’). Second, we stratiﬁed by age groups to evaluate age-speciﬁc waning of effectiveness.
Third, we inspected robustness to the inclusion and exclusion of all
combinations of confounders in the logistic regression. All sensitivity analyses are reported in the Supplementary Appendix.
All analyses were conducted with Python, version 3.9 and R,
version 4.1.2.

Waning vaccine effectiveness against severe outcomes (ICU admission and death) over time was investigated by comparing the
odds between individuals with conﬁrmed COVID-19 who were vaccinated in different periods relative to those who are unvaccinated.
The study population includes all conﬁrmed COVID-19 cases
aged ≥18, with conﬁrmatory test dates of between September 1st ,
2021 and September 30th , 2021, and excludes those with conﬁrmed
SARS-CoV-2 infections before September 1st , 2021 (reinfected in
September 2021). To account for delays in the onset of severe outcomes after the conﬁrmation of infection, the cohort records all
deaths and ICU admissions occurring in September 2021 and up to
November 2021. Vaccine effectiveness over time is estimated using
a logistic regression, adjusting for (i) age as a continuous variable,
(ii) presence of comorbidities, (iii) sex, (iv) nationality, (v) baseline (before 1 September 2021) number of tests taken, (vi) baseline

RECoVaM study and Ethical Consideration
This study, commissioned by the Ministry of Health, Malaysia, is
part of The Real-World Evaluation of COVID-19 Vaccines under the
Malaysia National COVID-19 Immunisation Programme (RECoVaM)
study registered in the National Medical Research Register (NMRR21-1660-60697). This study was conducted according to guidelines
71
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Vaccine effectiveness over time against ICU admission and
death were measured using the adjusted odds ratio between different period of vaccination, relative to the unvaccinated, among conﬁrmed COVID-19 cases in September 2021 without previously conﬁrmed infections. Figure 1(b) shows the selection criteria for the
study cohort, which includes 225,298 conﬁrmed COVID-19 cases.
Table 3 presents the baseline characteristics for the 225,298
conﬁrmed COVID-19 cases according to the status of vaccination,
type of vaccination received (BNT162b2, CoronaVac) and the timing of vaccination. The crude numbers here, however, need to be
enumerated into incidence rates and adjusted for potential confounders before vaccine effectiveness can be inferred.
Table 4 shows the incidence rates for the outcomes of interest
(ICU admission and deaths) and the corresponding vaccine effectiveness estimates by vaccination status, type, and timing of vaccination. The incidence rates and effectiveness estimates are further
stratiﬁed by age groups (18–39 years, 40–59 years, and ≥60 years).
For BNT162b2, overall vaccine effectiveness against ICU admission and death were largely similar between the late and

Person-days
at risk

Table 2
Vaccine effectiveness against COVID-19 infection by vaccine type and duration since full vaccination

Retrospective Cohort of Conﬁrmed COVID-19 Cases

81,987
30,070
104,747

Total
Total

Person-days
at risk

‘Early’
(Fully Vaccinated in April to June)
‘Late’
(Fully Vaccinated in July to August)

Incidence rates/1,0 0 0
persons

VE

Figure 1(a) depicts the eligible cohort of fully vaccinated individuals. After excluding individuals with infections outside of the
study period and recipients of other vaccines, 9,926,361 individuals were fully vaccinated with homologous BNT162b2 or CoronaVac
vaccines. There were 244,731 conﬁrmed COVID-19 cases throughout the outcome observation period in September 2021, of whom
162,744 were vaccinated, and 81,987 were unvaccinated.
Table 1 presents the baseline characteristics by type of vaccine
received and the timing of vaccination (‘early’ and ‘late’ groups)
for the fully vaccinated individuals included in the cohort. Overall, there were more individuals who were fully vaccinated with
BNT162b2 in the early group, whereas the reverse is observed in
the late group. This corresponds to the composition of vaccine
platforms used across the various phases of PICK, as described previously (Suah et al., 2021).
Table 2 presents the unadjusted incidence rates for COVID-19
infection and vaccine effectiveness for both early and late groups
among recipients of both vaccines (BNT162b2 and CoronaVac).
Suppose there is no waning of effectiveness, one would expect
to observe the similar incidence rates in both groups. However,
for fully vaccinated individuals with either vaccine (BNT162b2 and
CoronaVac), the incidence rates in the early group are higher than
in the late group, indicating possible waning protection offered by
the vaccines.
For BNT162b2, vaccine effectiveness against COVID-19 infection
declined from 90.8% (95% CI 89.4, 92.1) among individuals vaccinated in the early group to 79.3% (95% CI 76.1, 82.1) in the late
group. The degree of waning was observed to be greater among
individuals in older age groups (aged ≥60 years, and 40–59 years
old) than their younger counterparts.
For CoronaVac, vaccine effectiveness against COVID-19 infection declined from 74.5% in the late group (95% CI 70.6, 78.0)
to 30.4% (95% CI 18.8, 40.3) in the early group. Similar to the
ﬁndings for BNT162b2, CoronaVac exhibits greater waning of
effectiveness against COVID-19 infections among the older age
groups.

COVID-19 Infection
Unvaccinated
BNT162b2
CoronaVac

Retrospective Population Cohort using Census Data

Overall

CI (95%)

RESULTS

ref
76.1, 82.1
18.8, 40.3

of the Declaration of Helsinki and was granted ethnical approval
by the Medical Research and Ethics Committee (MREC), Ministry
of Health, Malaysia.

Abbreviations: CI, conﬁdence intervals; COVID-19, coronavirus disease; VE, vaccine effectiveness; BNT162b2, Pﬁzer-BioNTech; CoronaVac, Sinovac.
The estimates were adjusted for age, gender and states of residence
The analysis compared between the ‘Late’ group, individuals vaccinated in July–August 2021 (1 to 2 months after vaccination during the outcomes observation period in September 2021), and the ‘Early’ group, individuals
vaccinated in April–June 2021 (3–5 months after vaccination), and unvaccinated individuals by August 31st , 2021, who act as the baseline
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Table 3
Baseline characteristics of the retrospective cohort of conﬁrmed COVID-19 cases
Unvaccinated

BNT162b2

CoronaVac

‘Late’
(Fully Vaccinated in
July to August)

‘Early’
(Fully Vaccinated in
April to June)

‘Late’
(Fully Vaccinated in
July to August)

‘Early’
(Fully Vaccinated in
April to June)

Participants

62,506

30,088

21,906

104,746

6,052

Admitted to ICU
Death

1,238 (2.0%)
2,550 (4.1%)

101 (0.3%)
175 (0.6%)

91 (0.4%)
98 (0.4%)

830 (0.8%)
762 (0.7%)

110 (1.8%)
85 (1.4%)

Age Groups
18–39
40–59
≥60

39,846 (63.7%)
14,998 (24%)
7,662 (12.3%)

12,598 (41.9%)
9,440 (31.4%)
8,050 (26.8%)

11,784 (53.8%)
6,616 (30.2%)
3,506 (16%)

52,174 (49.8%)
34,904 (33.3%)
17,668 (16.9%)

2,197 (36.3%)
1,771 (29.3%)
2,084 (34.4%)

Nationality
Malaysian
Non-Malaysian

45,519 (72.8%)
16,987 (27.2%)

29,596 (98.4%)
492 (1.6%)

21,872 (99.8%)
34 (0.2%)

101,669 (97.1%)
3077 (2.9%)

6,027 (99.6%)
25 (0.4%)

Sex
Male
Female

37,921 (60.7%)
24,585 (39.3%)

14,255 (47.4%)
15,833 (52.6%)

11,315 (51.7%)
10,591 (48.3%)

53,977 (51.5%)
50,769 (48.5%)

3,369 (55.7%)
2,683 (44.3%)

Presence of Comorbidities
Yes
No

19,315 (30.9%)
43,191 (69.1%)

6,618 (22.0%)
23,470 (78.0%)

4,618 (21.1%)
17,288 (78.9%)

11,310 (10.8%)
93,436 (89.2%)

1,223 (20.2%)
4,829 (79.8%)

Frontliner Status
General Population
Public Healthcare
Private Healthcare

62,318 (99.7%)
83 (0.1%)
105 (0.2%)

29,411 (97.7%)
234 (0.8%)
443 (1.5%)

14,764 (67.4%)
5,169 (23.6%)
1,973 (9.0%)

103,836 (99.1%)
40 (0.0%)
870 (0.8%)

5,546 (91.6%)
68 (1.1%)
438 (7.2%)

Baseline Number of Times
Flagged as ‘Contact’
0
1
2–4
5–9
≥10
Baseline Number of
Supervised Tests Taken
0
1
2–4
5–9
≥10

p-value
(Chi-Squared Test
of Independence)

<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
59,152 (94.6%)
2,490 (4.0%)
781 (1.2%)
73 (0.1%)
10 (0.0%)

25,775 (85.7%)
3,257 (10.8%)
1,001 (3.3%)
53 (0.2%)
2 (0.0%)

18,038 (82.3%)
2,919 (13.3%)
903 (4.1%)
45 (0.2%)
1 (0.0%)

87,255 (83.3%)
12,803 (12.2%)
4,359 (4.2%)
296 (0.3%)
33 (0.0%)

5,286 (87.3%)
578 (9.6%)
173 (2.9%)
15 (0.2%)
0 (0.0%)
<0.001

48,385 (77.4%)
8,910 (14.3%)
4,781 (7.6%)
417 (0.7%)
13 (0.0%)

21,581 (71.7%)
5,228 (17.4%)
2,987 (9.9%)
252 (0.8%)
40 (0.1%)

13,549 (61.9%)
4,491 (20.5%)
3,615 (16.5%)
237 (1.1%)
14 (0.1%)

68,853 (65.7%)
20,719 (19.8%)
13,706 (13.1%)
1,305 (1.2%)
163 (0.2%)

4,181 (69.1%)
1,113 (18.4%)
710 (11.7%)
43 (0.7%)
5 (0.1%)

Abbreviations: COVID-19, coronavirus disease; ICU, intensive care unit; VE, vaccine effectiveness; BNT162b2, Pﬁzer-BioNTech; CoronaVac, Sinovac.
Breakdown by states of residence have been omitted for brevity.
Percentages in parentheses are by vaccination type and timing.
The ‘Late’ group are individuals vaccinated in July to August 2021 (1 to 2 months after vaccination during the outcomes observation period in September 2021), ‘Early’ group
are individuals vaccinated in April to June 2021 (3 to 5 months after vaccination).

early groups. Overall vaccine effectiveness against ICU admissions
dropped slightly from 86.0% (95% CI 82.8, 88.6) in the late group
to 77.5% (95% CI 71.7, 82.1) in the early group. When stratiﬁed by
age groups, the decline was stronger among cases aged ≥60 years,
for whom effectiveness fell to 57.1% (95% CI 43.2, 67.6). For deaths,
vaccine effectiveness among both early and late groups remained
at around 90%, suggesting no waning of effectiveness. When stratiﬁed by age, effectiveness against death among cases aged ≥60
years was lower than the other age groups, but similarly did not
wane.
For CoronaVac, vaccine effectiveness waned for ICU admissions
but remained stable against deaths. Moreover, CoronaVac’s effectiveness estimates were generally lower than BNT162b2. For ICU
admissions, vaccine effectiveness declined from 56.0% (95% CI 51.2,
60.2) in the late group to 28.7% (95% CI 12.2, 42.1) in the early
group. The waning of effectiveness against ICU admissions was observed in all age groups. In contrast, vaccine effectiveness against

death remained at above 75%. The age-stratiﬁed analysis shows
that CoronaVac’s effectiveness against death remained stable for
the older age groups (40–59 years old, ≥60 years); whereas for
those aged 18–39 years old, the number of deaths were too small
to estimate reliably.
Table S2 in the supplementary appendix shows that the broad
ﬁndings are robust to redeﬁning ICU admission and death as a single outcome. BNT162b2, consistent with the main analysis, showed
no waning of effectiveness. CoronaVac showed waning effectiveness and lies between that of ICU admission and death. Figure S4
further shows the distribution of vaccine effectiveness estimated,
by cycling through all combinations of covariates, against COVID19-related ICU admission and death by timing of vaccination for
both vaccine types. Although the unadjusted and partially adjusted
effectiveness estimates vary in quantum from the fully adjusted estimates presented in Table 2, the broad ﬁndings are robust to the
inclusion and exclusion of covariates.
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Table 4
Vaccine effectiveness against COVID-19-related ICU admission and death by vaccine type and duration since full vaccination
‘Late’
(Fully Vaccinated in July to August)

Age Group
(in years)
Overall

‘Early’
(Fully Vaccinated in April to June)

Total

Event

per 1,0 0 0

VE

CI (95%)

Total

Event

per 1,0 0 0

VE

CI (95%)

62,506

1,238

20

ref

ref

62,506

1,238

20

ref

ref

30,088

101

3

86.0

21,906

91

4

77.5

104,746

830

8

56.0

6,052

110

18

28.7

39,846

267

7

ref

(82.8,
88.6)
(51.2,
60.2)
ref

39,846

267

7

ref

(71.7,
82.1)
(12.2,
42.1)
ref

12,598

6

0

94.9

11,784

7

1

92.3

52,174

64

1

81.9

2,197

11

5

43.5

14,998

536

36

ref

(88.3,
97.7)
(75.1,
86.8)
ref

14,998

536

36

ref

9,440

37

4

90.2

6,616

22

3

89.9

34,904

323

9

71.2

1,771

34

19

38.3

7,662

435

57

ref

(86.2,
93.0)
(66.1,
75.5)
ref

7,662

435

57

ref

8,050

58

7

83.8

3,506

62

18

57.1

17,668

443

25

46.1

(78.5,
87.8)
(37.1,
53.8)

2,084

65

31

30.3

62,506

2,550

41

ref

ref

62,506

2,550

41

ref

ref

30,088

175

6

91.5

21,906

98

4

91.2

104,746

762

7

79.2

6,052

85

14

76.2

39,846

243

6

ref

(89.8,
92.9)
(76.8,
81.4)
ref

39,846

243

6

ref

(88.6,
93.1)
(68.8,
81.9)
ref

12,598

4

0

94.3

11,784

3

0

94.4

52,174

25

0

88.3

2,197

4

2

59.5

14,998

740

49

ref

14,998

740

49

ref

9,440

28

3

94.5

6,616

9

1

94.6

34,904

162

5

85.5

1,771

8

5

82.6

7,662

1,567

205

ref

7,662

1,567

205

ref

8,050

143

18

90.4

3,506

86

25

89.4

17,668

575

33

76.3

2,084

73

35

75.4

ICU Admission
Unvaccinated
BNT162b2
CoronaVac

18–39
Unvaccinated
BNT162b2
CoronaVac
40–59

(82.6,
96.6)
(-5.1,
69.6)
ref

Unvaccinated
BNT162b2
CoronaVac
≥60

(83.3,
93.9)
(10.9,
57.2)
ref

Unvaccinated
BNT162b2
CoronaVac
Age Group
(in years)
Overall

(43.2,
67.6)
(7.7,
47.4)

Death

Unvaccinated
BNT162b2
CoronaVac
18–39
Unvaccinated
(84.3,
97.9)
(81.1,
92.7)
ref

BNT162b2
CoronaVac
40–59

(80.3,
98.4)
(-11.5,
85.3)
ref

Unvaccinated
(91.7,
96.3)
(82.1,
88.3)
ref

BNT162b2
CoronaVac
≥60

(89.0,
97.4)
(63.6,
91.7)
ref

Unvaccinated
(88.2,
92.3)
(72.7,
79.4)

BNT162b2
CoronaVac

(86.0,
92.0)
(66.7,
81.9)

Abbreviations: CI, conﬁdence intervals; COVID-19, coronavirus disease; ICU, intensive care unit; VE, vaccine effectiveness; BNT162b2, Pﬁzer-BioNTech; CoronaVac, Sinovac.
The estimates were adjusted for age, gender, presence of comorbidities, nationality, and states of residence.
The analysis compares between the ‘Late’ group, individuals vaccinated in July–August 2021 (1–2 months after vaccination during the outcomes observation period in
September 2021), and the ‘Early’ group, individuals vaccinated in April–June 2021 (3–5 months after vaccination), and unvaccinated individuals who act as the baseline

DISCUSSION

but the decline in effectiveness against ICU admission warrants
critical deliberation and, to the best of our knowledge, is among
the ﬁrst evidence of its kind for CoronaVac.
The magnitude of waning vaccine effectiveness against infection was observed to be greater among older recipients, particularly those aged ≥60 years old, in this retrospective population cohort. For BNT162b2, although effectiveness declined, it remained
above WHO’s 50% primary eﬃcacy endpoint (WHO, 2020). In contrast, our study observed signiﬁcant declines in CoronaVac’s vaccine effectiveness against COVID-19 infections, particularly in the

Overall, our study ﬁndings suggest signiﬁcant waning of vaccine effectiveness against COVID-19 infections for both BNT162b2
and CoronaVac. Moreover, for CoronaVac, we found evidence of
waning vaccine effectiveness against COVID-19-related ICU admissions but not for COVID-19-related deaths. The decline in vaccine effectiveness against COVID-19 infections was in accordance
with trends observed in previous studies (Andrews et al., 2021;
Chemaitelly et al., 2021; Goldberg et al., 2021; Tartof et al., 2021),
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older age groups (40–59 years old, ≥60 years), among whom the
COVID-19 infection incidence rates after 3–5 months of being fully
vaccinated were similar to that of the unvaccinated.
We then estimated the vaccine effectiveness for severe outcomes in a retrospective cohort of conﬁrmed COVID-19 cases. Overall, we found that BNT162b2 vaccine remained highly protective
against ICU admission and deaths over time. Studies elsewhere
also demonstrated that BNT162b2 retained high effectiveness rates
against severe outcomes for up to 6 months (Chemaitelly et al.,
2021; Tartof et al., 2021). There is, however, a small decline in effectiveness over time against ICU admission among individuals ≥60
years in our study. This is in line with ﬁndings in the United States
where effectiveness of BNT162b2 against hospitalisation declined
slightly after 120 days for the elderly (Tenforde et al., 2021).
For CoronaVac vaccine recipients, our study observed signiﬁcant
declines in vaccine effectiveness against ICU admission. Older age
groups also registered lower effectiveness. This could be partly due
to greater use of CoronaVac than BNT162b2 vaccines in the older
and comorbid population who are at the greatest risk of developing severe illness, and hence were prioritised in the early phases of
PICK amid vaccine supply constraints (Sim et al., 2020), which our
analysis attempted to control for. The lower effectiveness observed
among older age groups is consistent with emerging evidence that
older persons mount a lower immune response after a standard
primary series of the CoronaVac vaccine than younger individuals
and BNT162b2 recipients (Li et al., 2021; (WHO, 2021). This lower
immune response was similarly observed among recipients who
were immunocompromised compared to healthy adult recipients
(Medeiros-Ribeiro et al., 2021). Findings from a study in Hong Kong
SAR concluded that vaccination with BNT162b2 induced stronger
humoral responses than CoronaVac (Mok et al., 2021). CoronaVac’s
neutralizing antibody levels have also been reported to fall by 7fold within 6 months of vaccination (Mok et al., 2021; Pan et al.,
2021). In addition, low effectiveness may also be attributed to the
immunologic escape in the CoronaVac recipients against the Delta
variant as the neutralisation property of this inactivated vaccine
reduced by 31.6-fold compared to ancestral lineage, whereas the
BNT162b2 was reduced by only 3- to 5-fold (Planas et al., 2021;
Vacharathit et al., 2021).
Although CoronaVac’s effectiveness against ICU admissions declined over time, our study showed that it retained substantial
protection against death. Early reception of ICU care may have
contributed towards better survival. In Malaysia, daily COVID-19related ICU occupancy eased from an average of 1400 in July–
August 2021 to an average of 1166 in September 2021 (Ministry of
Health, Malaysia 2021)). This allowed more COVID-19 cases to receive ICU care when necessary. Nevertheless, the waning of effectiveness against ICU admissions after 3–5 months of full vaccination with the CoronaVac vaccine warrants concern and motivates
consideration for the timing and need for booster doses among its
recipients. The lower vaccine effectiveness and subsequent waning
suggests that CoronaVac primary vaccination series may require 3
doses, as the protection from the current 2-dose regime appears
inadequate, as per WHO recommendation (WHO, 2021). In Singapore, recipients of the CoronaVac vaccine are now required to complete a 3-dose primary vaccination series (Ministry of Health Singapore, 2021).
Our study has important policy implications. In Malaysia, at
the point of writing, boosters are offered to all CoronaVac vaccine
recipients who had been fully vaccinated for at least 3 months
before, consistent with our ﬁndings that CoronaVac’s vaccine effectiveness signiﬁcantly waned after at least 3 months. On the
other hand, recipients of the BNT162b2 vaccine were initially offered boosters after 6 months of being fully vaccinated, before
being reduced to 3 months beginning December 28th , 2021. The
rollout of booster doses prioritised the elderly (≥60 years) before

younger age groups in age de-escalation manner. This follows our
ﬁnding that waning of effectiveness was observed more strongly
among older age groups. The narrative here highlights the rollout
of booster doses in Malaysia as an example of evidence-based policymaking.
Our ﬁndings on waning effectiveness for CoronaVac may guide
policies in LMICs that used CoronaVac in respective rollouts. The
decline in effectiveness against ICU admissions, especially among
individuals aged ≥60 years, signals caution towards its continued usage contingent on country-speciﬁc context. In Malaysia, because of vaccine inequity and supply challenges, CoronaVac was
used in all individuals aged ≥18 years, including the elderly, in
the early phases of PICK. When data emerged that the effectiveness of CoronaVac against ICU admissions waned, booster doses
were offered promptly. Nevertheless, due to its continued protection against deaths, CoronaVac was retained in PICK. For policymakers in LMICs, future use of the CoronaVac vaccine should consider carefully its waning effectiveness over time, especially against
ICU admission. Any targeted rollouts of CoronaVac should further
consider its age-speciﬁc protection over time.
Our study has 4 strengths. First, we used a rich, consolidated
database from multiple oﬃcial and granular data sources, which
are nationally representative of Malaysia. Second, by restricting the
outcome observation period to September 2021 when lockdown
measures were harmonised nationwide and when testing remained
high, we were able to estimate vaccine effectiveness and compare
the different timing of vaccination with minimal potential unobserved confounders. Third, the effectiveness estimates on COVID19-related ICU admissions and deaths were able to account for
prior testing behaviour, exposure risk, as well as occupational risk.
Finally, our ﬁndings on CoronaVac’s effectiveness over time, to our
best knowledge, is among the ﬁrst investigated and made available.
This may have important implications on the future monitoring of
this vaccine, as it is one of the most widely used vaccine worldwide (VIPER Group COVID-19 Vaccine Tracker Team)
However, our study is not without limitations. First, in our estimation of VE against SARS-CoV-2 infection, aggregated population census data were used; thus we were unable to adjust for covariates other than age groups, state (region), and sex. Second, in
the absence of a national testing strategy during the study period
(September 2021), the capturing of COVID-19 infections may not be
standardised nationally, although testing remained high. Third, the
lack of adequate genomic surveillance in Malaysia rendered impossible to ascertain variant-speciﬁc vaccine effectiveness and their
variation, if any, over time. Our study period also preceded the detection of the Omicron variant of concern.
Moving forward, we recommend that the monitoring of vaccine effectiveness over time remains prioritised to guide policy
decisions on the rollout of booster doses. To build on our study
ﬁndings, monitoring of effectiveness for other vaccine platforms
used in Malaysia and among adolescents, which were ﬁrst offered
the COVID-19 vaccines in September 2021, should be initiated. Genomic surveillance efforts should also be strengthened to enable
investigation into variant-speciﬁc vaccine effectiveness. Finally, as
booster doses are rolled out, the performance and safety of the
booster doses should be assessed to furnish data needs for policy
calibration. In several studies conducted elsewhere, early ﬁndings
on booster doses have been encouraging (Barda et al., 2021; BarOn et al., 2021).
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