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There is a notable lack of vaccine effectiveness studies using test-negative case-controlled approach in
low- and middle-income countries which have different logistic, demographic and socio-economic con-
ditions from high-income countries. We aimed to estimate the effectiveness of BNT162b2 vaccine against
COVID-19 infection over time, intensive care unit admission, severe or critical disease and death due to
COVID-19. This study was conducted in the resident population of Labuan aged �18 years who had been
tested for SARS-CoV-2 by Reverse-Transcriptase Polymerase Chain Reaction between 1 March 2021 and
31 October 2021. We used a test-negative case-control design where 2644 pairs of cases and controls
were matched by age, sex, testing date, nationality and testing reason. Analysis was stratified by age
group to estimate age effect (<60 years and �60 years). Of 22217 individuals tested by Reverse-
Transcriptase Polymerase Chain Reaction, 5100 were positive for SARS-CoV-2 and aged 18 years and
above. Overall vaccine effectiveness � 14 days after the second dose was 65.2% (95% CI: 59.8–69.9%)
against COVID-19 infection, 92.5% (95% CI: 72.3–98.8%) against intensive care unit admission, and
96.5% (95% CI: 82.3–99.8%) against COVID-19 deaths. Among infected individuals, vaccine effectiveness
was 79.2% (95% CI: 42.3–94.1%) in preventing severe or critical disease due to COVID-19. Vaccine effec-
tiveness for �60 years was 72.3% (95% CI: 53.4–83.9%) in fully vaccinated individuals, higher than 64.8%
(95% CI: 49.3–59.1%) for those <60 years. Two doses of BNT162b2 were highly effective against COVID-19
infection, severe or critical disease, intensive care unit admission and death due to COVID-19. This study
addresses a gap in literature on BNT162b2 vaccine effectiveness in low- and middle-income populations
and demonstrates the feasibility of such a study design in a resource limited setting while supporting evi-
dence of waning immunity.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The coronavirus disease-2019 (COVID-19) pandemic has
evolved into a health, socioeconomic and humanitarian crises of
unprecedented scale and impact has taken a significant toll glob-
ally. This resulted in rapid development of vaccines against SARS-
CoV-2, the virus that causes COVID-19, and the subsequent autho-
risation of the vaccines for emergency use accelerated access to the
vaccine for distribution to the population [1]. In Malaysia, the mass
vaccination campaign against COVID-19 commenced in February
2021 with the mRNA-based BNT162b2 (Pfizer-BioNTech) vaccine
being among the first to receive conditional registration approval
by the local health authorities [2,3].

Approval for BNT162b2 was granted on the basis of immuno-
genicity, efficacy, and safety data from clinical trials [4]. Monitor-
ing of vaccine effectiveness (VE) post-licensure to confirm
continued effectiveness among the population in the real-world
setting is an essential component of vaccination programs. Several
observational studies of BNT162b2 reported that the VE estimate
against SARS-CoV-2 infection ranged from 57% to 92% following
administration of one or two doses at various time points [5 6 7
8 9]. Nevertheless, a steady decline in antibody levels among vac-
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cinated individuals have been documented in several studies,
which suggest that the immune protection may diminish over time
[10 11–15]. Long-term follow-up of vaccine-trial participants has
revealed a gradual and modest decline in efficacy [14,16]. Further-
more, the emergence of variants of concern with mutation of the
SARS-CoV-2 virus highlights the need for continuous monitoring
of COVID-19 vaccine effectiveness [17].

Post-licensure evaluation of vaccine effectiveness is often asso-
ciated with methodological challenges in countries with low
resource settings [18]. For most low- and middle-income countries
(LMICs), the data gap is an important consideration for selection of
study design that is feasible to implement in their respective set-
tings to conduct real-world VE studies [19]. The test-negative
design has been routinely applied to estimate VE of various vacci-
nes including COVID-19 vaccines. Despite its convenient and effi-
cient approach, the use of test-negative design to estimate VE is
subject to the availability of appropriate data elements to meet a
clear and specific definitions of cases and controls, and ascertain-
ment of exposure status. To date, there were only few studies from
LMICs that has adopted this approach to study VE and waning
immunity following COVID-19 vaccination [14,15].

In this study, we aim to estimate the VE following administra-
tion of one or two doses of BNT162b2 vaccine in Labuan, a state
in Malaysia. Labuan provides a unique setting where approxi-
mately 90% of the population were inoculated with BNT162b2 vac-
cine and being one of the first states within Malaysia that achieved
80% vaccination coverage within five months since the initiation of
the Malaysia’s national COVID-19 immunisation program. The VE
was measured against the following outcomes: SARS-CoV-2 infec-
tion, admission to intensive care unit (ICU), and death related to
COVID-19.
2. Methods

This study is reported according to the STrengthening the
Reporting of OBservational studies in Epidemiology (STROBE)
checklist (Supplementary Table 1).
2.1. Study population, setting and design

This study was conducted in the resident population of Labuan
aged � 18 years who had been tested for SARS-CoV-2 by RT-PCR
between 1 March 2021 and 31 October 2021. Details regarding
Labuan population and setting are provided in Supplementary Data
1. Anyone in Labuan who underwent testing during the study per-
iod and had complete and consistent information between data
sources on age, sex, vaccination status, reason for testing, testing
status and date were included. ICU admissions and deaths not
attributable to COVID-19 were excluded. Individuals with multiple
positive test results more than 90 days apart were considered as
reinfection cases [20]. Reinfection cases were not included the
analysis as natural immunity provided by previous infection would
bias VE. Individuals with previous infections were also excluded as
controls. Individuals who had received COVID-19 vaccine other
than BNT162b2 vaccine were excluded.

A matched test-negative case control study design was used to
estimate VE against outcomes of interest. This study design has
been used extensively for assessment of VE including COVID-19
[21,22]. Cases and controls from the study population were
matched one-to-one by sex, age, nationality, reason for SARS-
CoV-2 testing and week of testing. Matching of cases and controls
was performed to control for known differences in risk of exposure
to infection and health seeking behaviour. Age of cases and con-
trols were matched in order to control for potential confounding
arising due to age being a known determinant of COVID-19 out-
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comes. A total of four matched case-control sets were constructed
for each outcome. Vaccination status of cases and controls was
compared. Characteristics of matched case-control sets for
COVID-19 infection are provided in Table 1 while characteristics
of matched case-control sets for ICU admission, death and severe
or critical disease are provided in Supplementary Table 2.

2.2. Data sources and definitions

Data on SARS-CoV-2 laboratory testing, vaccination, infection,
clinical outcomes, and related demographic details were retrieved
from state-level databases as described in Supplementary Table 3.
Laboratory tests results, infections, and clinical admission related
to COVID-19 are subject to clinical audit and is part of mandatory
reporting in Malaysia within the national COVID-19 surveillance.
The vaccination register of the Federal Territory of Labuan (here-
inafter referred to as Labuan) was combined with the national vac-
cination register (MyVas) for determination of vaccination status of
individuals who received vaccines outside the island.

A COVID-19 positive case was defined as a person with RT-PCR
confirmation of infection with SARS-CoV-2 irrespective of clinical
signs or symptoms. COVID-19 ICU admissions referred to con-
firmed COVID-19 cases that were admitted to ICU based on clinical
judgement due to disease progression to severe disease, such as
category 4 (requiring oxygen therapy) or category 5 (requiring
mechanical ventilation). A COVID-19 death was defined as any
‘‘death attributable to COVID-19”. For COVID-19 cases that require
ICU admission and fatal cases, the database contained the classifi-
cation of cases into the following categories according to the clin-
ical audit requirement: ‘‘ICU admission with COVID-19”, ‘‘ICU
admission due to COVID-19”, ‘‘death with COVID-19”, and ‘‘death
due to COVID-19”.

Individual-level data of all SARS-CoV-2 test conducted in
Labuan was linked to the vaccination database and clinical admis-
sion register to establish the status of COVID-19 vaccination,
COVID-19 infection, ICU admission and death associated with
COVID-19. Data linkage was performed using a unique, common
patient identifier (citizen registration number) via deterministic
matching.

2.3. Vaccination status

Exposure of interest was receipt of at least one dose of
BNT162b2 vaccine. Patients were considered to be fully vaccinated
14 days after the second dose of the BNT162b2 vaccine, whereas
partial vaccinated patients include those who had received their
first dose of BNT162b2 vaccine and those who were in 1–13 days
post second dose of vaccination [8]. Vaccination status was further
narrowed down to fortnightly intervals after full vaccination to
ascertain VE over elapsed time.

2.4. Outcomes

All individuals who developed outcomes of interests were con-
sidered as cases. The primary outcome was COVID-19 infection
ascertained by RT-PCR tests for SARS-CoV-2 on respiratory speci-
mens, comprising of samples from the nasopharynx and saliva.
Secondary outcomes were COVID-19-related ICU admission and
death. Controls were defined as individuals with negative RT-PCR
test and without a positive test in the previous 90 days or the fol-
lowing 14 days. If an individual had multiple negative test results
during the study period, only one test date was selected randomly.

For analysis among those who had COVID-19 infection, out-
come was measured in terms of progression to severe or critical
disease. Classification of COVID-19 case severity was in accordance
with WHO guidelines [23], based on assessment during hospitali-



Table 1
Demographic characteristics of (1) study population by SARS-CoV-2 status (2) RT-PCR cases (positive) and controls (negative).

Characteristics SARS-CoV-2 status Matched sets for COVID-19 infection

Test positive
(n = 5100) (%)

Test negative
(n = 9099) (%)

Cases
(n = 2644) (%)

Controls
(n = 2644) (%)

Sex
Female 2418 (47.4) 3550 (39.0) 1193 (45.1) 1193 (45.1)
Male 2682 (52.6) 5549 (61.0) 1451 (54.9) 1451 (54.9)

Age Groups
18–39 3283 (64.4) 5897 (64.8) 1851 (70.0) 1851 (70.0)
40–59 1389 (27.2) 2368 (26.0) 616 (23.3) 616 (23.3)
>60 428 (8.4) 834 (9.2) 177 (6.7) 177 (6.7)

Nationality
Malaysian 4661 (91.4) 8713 (95.8) 2554 (96.6) 2554 (96.6)
Non-Malaysian 439 (8.6) 386 (4.2) 90 (3.4) 90 (3.4)

Reason for testing
Contact tracing 2226 (43.6) 965 (10.6) 790 (29.9) 790 (29.9)
Mandatory testing 2317 (45.4) 7705 (84.7) 1567 (59.3) 1567 (59.3)
Symptomatic 527 (10.3) 429 (4.7) 287 (10.9) 287 (10.9)

Vaccination status*
1 dose BNT-162b2 vaccine 4393 (86.1) 8276 (91.0) 2194 (83.0) 2362 (89.3)
2 doses BNT-162b2 vaccine 3882 (76.1) 7917 (87.0) 1983 (75.0) 2233 (84.5)
Unvaccinated 707 (13.9) 823 (9.0) 450 (17.0) 282 (10.7)

Clinical staging (Category)
1 4201 (82.4) – 1988 (75.2) –
2 276 (5.4) – 183 (6.9) –
3 65 (1.3) – 34 (1.3) –
4 28 (0.5) – 19 (0.7) –
5 139 (2.7) – 92 (3.5) –
Missing 391 (7.7) – – –

Week of testing
Week 1–5 86 693 75 75
Week 6–10 50 493 45 45
Week 11–15 2593 1759 1362 1362
Week 16–20 2039 1351 876 876
Week 21–25 168 1459 133 133
Week 26–30 100 2193 96 96
Week 31–35 64 1133 57 57

* Vaccination status does not take into account 14 days after second dose for fully vaccinated.
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sation for COVID-19 where the worst outcome category was
recorded. Severe or critical disease referred to those in category
3, 4, and 5 of COVID-19 infection clinical staging.

In addition, VE was measured against COVID-19 infection over
time according to time elapsed between second dose of the vaccine
and RT-PCR test.

2.5. Covariates

Details of age, sex, nationality, reason for testing and testing
dates were obtained from the testing database. Nationality was
used as a proxy for occupational risk as occupational details were
not completely available. Reason for testing was categorised into
three categories: symptomatic testing, contact tracing, and manda-
tory testing (i.e., testing is compulsory due to requirements for
work, travel, education etc.).

2.6. Statistical analysis

Descriptive analyses were conducted to compare characteristics
between test positive cases and test-negative controls. A 7-day
moving average of COVID-19 infections was also plotted against
the proportion of population vaccinated to give an overall view
of the situation during the study period (Supplementary Data 1).

The data set was stratified by age groups to obtain: (i) the pro-
portion of the population that was vaccinated, and (ii) the propor-
tion of disease outcomes of interest occurring amongst the
vaccinated. We then estimated odds ratios using conditional logis-
tic regression models, which compares odds of vaccination in cases
against controls. VE was calculated using the following formula:
5677
Vaccine Effectiveness¼ 1�vaccinated cases�unvaccinated controls
vaccinated controls�unvaccinated cases

� �
x100%

VE against COVID-19 infection was estimated by vaccination
status and stratified by age groups. We then repeated the analyses
for ICU admission, death and severe or critical disease due to
COVID-19. All tests were two-sided and used p < 0.05 as the level
of statistical significance. All the data processing and analysis,
including data cleaning and linking were performed using R ver-
sion 4.0.5.

2.7. Additional analysis

Analysis was stratified by age group to estimate age effect
(<60 years and�60 years). Age was analysed as an interaction term
for all outcomes. In a sensitivity analysis, all eligible tested individ-
uals were included in the analysis without matching of cases and
controls. Logistic regression model was used to compute the
adjusted odds ratio, adjusting for age, sex, nationality, reason for
testing and testing dates.
3. Results

This test-negative case control vaccine effectiveness study looks
into the case of Labuan, an island of the coast of East Malaysia.
Infections went up to 1329 cases (1327 cases per 100,000) per
week at the end of May 2021, but showed a consistent drastic
decline in COVID-19 case incidence since the week of 7 to 13 June,
from a 7-day moving average of 180 cases in early June 2021 to 23
cases in August 2021. Rate of infection was at its lowest in Septem-
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ber 2021 but showed a slight increase in October (Table 1 & Sup-
plementary Data 1).
3.1. Study population

Overall, 22,217 (case = 8314; control = 13803) individuals were
tested for SARS-CoV-2 from 1 March 2021 to 31 October 2021 of
which 1889 (case = 408; control = 1481) individuals with vaccina-
tion records other than BNT162b2 were excluded. A total of 4540
(case = 2363; control = 2177) individuals < 18 years old were
excluded, while 36 (case = 14; control = 22) individuals were
excluded as they did not have complete age, nationality and gender
records. After excluding those who had multiple test results, there
were 14,199 unique individuals with test results, of which 5100
tested positive for SARS-CoV-2 (35.9%). A total of 12,669 (89.2%)
individuals had received at least one dose of BNT-162b2 vaccine,
and 11,799 (83.0%) had received two doses. The study population
had a median age of 34 years, and comprised of 5.8% non-
Malaysians. Mandatory testing was the common reason for testing
(n = 10022), followed by contact tracing (n = 3191) and symp-
tomatic testing (n = 956). Throughout the study period, there were
55 cases of reinfection (tested positive within 90 days of last pos-
itive result), 81 ICU admissions and 118 deaths (Table 1). Flow-
charts describing the population selection process for
investigation and estimation of VE are presented in Fig. 1.

RT-PCR results were matched for case and control sets in 1:1
ratio resulting in 2644 matched pairs. Table 1 shows the character-
istics of eligible participants with positive and negative RT-PCR test
results, and selected cases and matched controls. The matched sets
in Table 1 describe the demographics of the cases and controls for
the primary outcome of SARS-CoV-2 infection. Matched character-
istics were balanced for all matched covariates i.e., sex, age, nation-
ality, reason for testing and week of testing. There were more
controls who had received at least one dose of vaccine (n = 2362;
89.3%) compared to cases (n = 2194; 83.0%). Likewise, there were
Fig. 1. Flowcharts describing the population sele
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more controls who had received two doses of vaccine (n = 2233;
84.5%) compared to cases (n = 1983; 75.0%).

There were 79 matched pairs with a median age of 51 years and
only one non-Malaysian pair included in the analysis for COVID-19
associated ICU admission (Supplementary Table 3). For COVID-19
deaths, there were 105 matched pairs with a median age of
57.5 years. Matched pairs for death outcomes were more concen-
trated in the months of May - July while matched pairs for ICU
admissions were spread out over the study period. There were
179 matched pairs in testing for COVID-19 severity, with a median
age of 48.5 years.
3.2. Vaccine effectiveness against COVID-19 infection

The median age of cases and controls was 32 years, where 54.9%
(n = 1451) of each arm were male. Mandatory testing comprised of
the largest number of matches, followed by contact tracing and
symptomatic testing. Majority of the cases were asymptomatic
i.e., Category 1 (n = 1988; 75.2%). The adjusted effectiveness
against COVID-19 infection was 29.2% (95% confidence interval
17.5–39.3%) for partially vaccinated individuals and 65.2% (59.8–
69.9%) for fully vaccinated individuals (Table 2).
3.3. Vaccine effectiveness against COVID-19 associated ICU admissions,
deaths and severe COVID-19

The adjusted effectiveness against COVID-19 associated ICU
admission was 92.5% (72.3–98.8%) for fully vaccinated individuals
(Table 2). The adjusted effectiveness against death due to COVID-
19 was 79.8% (49.8–93.9%) for partially vaccinated individuals
and 96.5% (82.3–99.8%) for fully vaccinated individuals. Among
individuals who were tested positive, full vaccination gave an
adjusted effectiveness of 79.2% (42.3–94.1%) in preventing severe
or critical disease due to COVID-19 (i.e., developing Category 3–5
COVID-19) (Table 3).
ction process to assess vaccine effectiveness.



Table 2
Odds ratio and vaccine effectiveness against COVID-19 infection, ICU admission, or death due to COVID-19.

Odds ratio
(95% CI)

Vaccine
effectiveness,
% (95% CI)

COVID-19 Infection
Unvaccinated Reference –
Fully Vaccinated 0.35 (0.30 to 0.40) 65.2 (59.8 to 69.9) ^

Partially Vaccinated 0.71 (0.61 to 0.83) 29.2 (17.5 to 39.3) ^

ICU Admission due to COVID-19
Unvaccinated Reference –
Fully Vaccinated 0.08 (0.01 to 0.28) 92.5 (72.3 to 98.8) ^

Partially Vaccinated 0.41 (0.16 to 0.99) 59.4 (1.0 to 84.2) ^

Death due to COVID-19
Unvaccinated Reference –
Fully Vaccinated 0.04 (0.00 to 0.18) 96.5 (82.3 to 99.8) ^

Partially Vaccinated 0.20 (0.07 to 0.50) 79.8 (49.8 to 93.9) ^

Severe or critical disease due to COVID-19 (Category 3–5) a

Unvaccinated Reference –
Fully Vaccinated 0.21 (0.06 to 0.58) 79.2 (42.3 to 94.1) ^

Partially Vaccinated 0.71 (0.38 to 1.32) 28.7 (–32.3 to 61.9)

Abbreviations: CI, confidence interval.
^ p � 0.05. a Compared to Category 1-2
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3.4. Vaccine effectiveness against COVID-19 infection over time

Fig. 2 shows the estimates for VE 14 or more days after the
second dose over the specified intervals. VE was the highest at
81.3% (70.9–88.5%) 28–41 days after the second dose. This was
followed by a general decline over time with VE at 31.3%
(10.8–47.2%) 98–111 days after second dose. Notably, there
was a dip in VE at day 42–55 after second dose (Fig. 2 & Supple-
mentary Table 4).

3.5. Sensitivity analysis

VE for � 60 years was 72.3% (53.4–83.9%) in fully vaccinated
individuals, higher than 64.8% for those < 60 years. Partially vacci-
nated individuals � 60 years also had higher VE at 50.4% (12.9–
71.2%) than VE of 27.4% (17.5–39.3%) in partially vaccinated
individuals < 60 years. Adjusted effectiveness against death due
to COVID-19 was 90.1% (40.4–99.5%) for partially vaccinated indi-
Fig. 2. Vaccine effectiveness against
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viduals and 92.3% (55.9–99.6%) for fully vaccinated
individuals � 60 years. The vaccine was also shown to be 92.6%
(57.9–99.6%) effective in preventing Category 3–5 COVID-19 in
individuals aged � 60 years who tested positive. There were insuf-
ficient samples to conduct a sensitivity analysis for VE against ICU
admission (Supplementary Table 5). However, when analysed as
an interaction term, age was not found to be statistically significant
with vaccination status.

A second form of sensitivity analysis was carried out using a
cohort study design that compares infection incidence in those
vaccinated with that in the cohort of those who underwent RT-
PCR testing (Supplementary Table 6). VE against COVID-19 infec-
tion was 43.0% (36.0–49.3%) for partially vaccinated individuals
and 87.9% (86.3–89.4%) in fully vaccinated individuals. Meanwhile,
for fully vaccinated individuals, VE was 97.5% (82.1–99.6%) against
COVID-19 associated ICU admission and 99.3% (96.8–100%) against
COVID-19 associated death, which was similar, albeit slightly
higher than the results in the main analysis.
COVID-19 infection over time.
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4. Discussion

This test-negative matched case-control study estimated that
two doses of BNT162b2 vaccine had an effectiveness of 65% against
COVID-19 infection in adults 18 years and older in Labuan, Malay-
sia. The VE against ICU admission and death associated with
COVID-19 was higher at 93% and 97%, respectively. Although the
vaccine may not completely prevent COVID-19 infection, it greatly
diminishes the risk of severe disease and mortality. There appears
to be a trend towards decreasing effectiveness with increase in the
time that elapsed after second dose.

Our results indicate that fully vaccinated individuals are 79.2%
protected against developing Category 3, 4 or 5 COVID-19 disease,
should they develop an infection. This is an important point for
healthcare capacity as Category 3 and above COVID-19 infections
are more likely to require hospitalization. In this case, 4 out 5 fully
vaccinated individuals infected with SARS-CoV-2 would not
require hospitalization. As such, a reduction in the severity to this
extent will reduce the short-term burden on the healthcare
system.

The quality of VE studies depends on the data available, partic-
ularly in LMIC where disease burdens may be high with subopti-
mal systems for routine data collection [24]. For our study, the
setting within Labuan allowed for robust data collection as it had
one centralised healthcare facility and only two RT-PCR testing
centres servicing the entire population. Testing strategy employed
was sufficiently accurate where only 8.1% of individuals with mul-
tiple tests within 7 days had RT-PCR negative results developing
into positive cases. RT-PCR tests were readily available to the pub-
lic for free at the two government-run testing centres. We also lim-
ited bias due to false negative results from testing by removing
individuals who were classified as cases from the pool of possible
controls. This study establishes the feasibility of proper and neces-
sary data collection for test-negative case-control study design in a
LMICs. Previous studies have indicated difficulty in recruiting suf-
ficient controls [25], especially in the case of using PCR-testing in
LMIC where large numbers of testing may be costly.

The overall VE estimated in our study is slightly lower com-
pared to the earlier study from Malaysia with larger, nationwide
population (RECoVaM study) [2], which reported effectiveness of
88% against COVID-19 infection in fully vaccinated. The difference
is likely due to the different study designs employed to measure VE
estimate. While RECoVaM used a mixed-method of screening
method and cohort study design, our study used the matched
test-negative case control design to measure VE for all outcomes.
All observational studies are subject to bias and the different study
designs have its own strengths and limitations in measuring VE
[22]. Besides, our study was restricted to BNT162b2 vaccine recip-
ients whereas the VE estimate for COVID-19 infection from the
RECoVaM study was for population fully vaccinated with any
COVID-19 vaccine. Thus, our findings complement the current evi-
dence in demonstrating the effectiveness of the vaccine in the local
population by using an approach widely used in evaluation of VE.
The longer study period of our study (8 months) compared to the
RECoVaM study (5.5 months) may be another reason for the lower
overall VE in our study as we have demonstrated that VE decreases
over time (Fig. 2).

A test-negative case-control study by Lopez Bernal et al.
reported VE of 61% against the Delta variant in England [7] which
is similar to the results of our main analysis. Our study was con-
ducted during a time when a variant of concern (Delta) was pre-
sent and rampant on the island [26]. Comparing with VE studies
against the Delta variant, VE of 65.2% against COVID-19 infection
observed in fully vaccinated individuals was in the middle of the
range of VE by other studies [8,15,27]. Our results for VE of 92.6%
against ICU admission was also similar to that reported at 90%
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using data from seven network hospitals [5]. This, in addition to
96.5% VE against death due to COVID-19, is in line with 93.4% VE
against Delta-induced severe, critical or fatal disease found in a
previous study [8]. A study in Canada also reported similar VE of
98% against hospital admission or death [6]. Our results indicate
that fully vaccinated individuals are 79.2% protected against devel-
oping Category 3, 4 or 5 COVID-19 disease, should they develop an
infection. This is an important point for healthcare capacity as Cat-
egory 3 and above COVID-19 infections would require hospitaliza-
tion. In this case, 4 out 5 fully vaccinated individuals infected with
SARS-CoV-2 would not require hospitalization. As such, a reduction
in the severity to this extent will reduce the short-term burden of
COVID-19 on the healthcare system.

The decrease in VE over time supports emerging evidence of
waning immunity [9,12,13]. Although our results showed lower
VE at each time point compared to studies is Qatar [9] and the Uni-
ted Kingdom [13], the rate of decrease was similar. These findings
demonstrate the need for more follow-up of vaccinated cohorts to
investigate waning of vaccine immunity and for studies on the
need for booster doses. The dip in VE on days 42–55 after second
dose is likely due to higher infectivity rate (Rt) during the time
when matched pairs were tested [28] as it occurred during the
height of the Delta wave in Labuan.

The use of test-negative design for VE have been evaluated in
several studies that support its use as an appropriate epidemio-
logic study design to measure VE in low-income settings as well
as confirm the accuracy and precision of its estimates compared
to the gold standard of classic per-protocol randomised control tri-
als analysis [29–31]. This has policy implications as there are
increasingly more COVID-19 VE studies with various study designs.
Policymakers should take into account the study design of VE
when evaluating the need for subsequent or booster doses. The
key strength of test-negative case-control design is the control of
bias arising from misclassification of infection and differences in
healthcare-seeking behaviour between vaccinated and unvacci-
nated individuals [32,33]. A case control study design would be
less ideal in the case of COVID-19 VE studies due to difficulty in
selection of correct controls [34]. The lack of test-negative subjects
may result in possible misclassification and biased control group
[35]. Furthermore, only 36 individuals were excluded due to
incomplete records. Our study also demonstrated a difference in
VE when using different methods i.e. test-negative case control
vs retrospective cohort of tested individuals. This difference is
due to the lack of matching of test cases and controls in the retro-
spective cohort where the matching criteria reduces bias arising
from differences in health seeking behaviour.

Confounding variables that influence both the receipt of vaccine
and the occurrence of medically attended COVID-19 (e.g. exposure
to the virus, risk of severe disease associated with infection, and
access to or uptake to care) were addressed by matching of five
covariates i.e., sex, age, nationality, reason for testing, and date of
testing. It is essential to consider that non-Malaysians, illegal
immigrants, and undocumented workers will have higher thresh-
olds for seeking health care and will generally be at higher risk
for serious illness than other persons, regardless of vaccination sta-
tus [36,37]. As such, we attempted to address this by matching for
citizenship status to reduce possible bias. Nevertheless, we also
acknowledge the possible residual confounding due to differential
exposure or susceptibility to infection and symptoms among vacci-
nated and unvaccinated individuals [38].

This study presents results on VE on an island with containment
measures in place. As such, this study presents real world VE in an
ideal situation with non-pharmaceutical interventions in place.
Although generalizability beyond that population cannot be
assessed with the study data alone, severe medical outcomes
(e.g., hospitalization and ICU admission) are considered to be less
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sensitive to differences in care seeking [16]. The rapid mutation of
the SARS-CoV-2 virus may require further VE estimates as these
results may not be applicable to variants other than Delta. In
addressing policy concerns, new VE estimates for the current dom-
inant variant, Omicron.

One of the limitations of this study is the lack of complete data
on comorbidities of the individuals tested. Data on comorbidities
were only available for those who tested positive or were vacci-
nated, leaving those who tested negative or were unvaccinated
with missing comorbidities data. The use of comorbidities in the
analysis will give rise to bias and overestimate the effect of comor-
bidities on VE. Another limitation is possible misclassification of
cases and controls. Imperfect specificity substantially affects test-
negative and case-control studies [39]. Analytic validation studies
for SARS-CoV-2 RT-PCR assays indicate that among persons who
may have severe COVID-19, sensitivity has ranged from 33% to
80% due to factors such as delayed presentation when virus shed-
ding is lower, inadequate swabbing, and site of sampling (nasal,
oral, nasopharyngeal, tracheal) [40].

Moreover, clinical findings of severe COVID-19 overlap with
common causes of severe respiratory illness, such as influenza,
pulmonary oedema, and asthma exacerbation. Patients with these
conditions may coincidentally have test results positive for SARS-
CoV-2 due to a concurrent mild infection or recovered infection
with prolonged RNA shedding. This scenario is more common
when community prevalence of SARS-CoV-2 is high, which was
the case during our study period. Although misclassifying such
individuals is problematic for any study design when vaccines
attenuate disease severity, bias may potentially be greater in
test-negative studies [41]. However, we minimised this risk of bias
by only including the first positive test result for individuals with
multiple positive results.

5. Conclusion

In conclusion, the BNT162b2 vaccine is highly effective in pre-
venting COVID-19 infection, ICU admission and death due to
COVID-19 and severe or critical disease in infected individuals.
However, VE was seen to decline over time, indicating waning of
vaccine protection. This study establishes the feasibility of test-
negative case-control design for VE studies in LMIC.
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