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Throughout the COVID-19 pandemic, SARS-CoV-2
evolved rapidly from the original strain.1 While COVID-
19 control measures are relaxed with country’s transi-
tion to endemicity, it is imperative to be mindful that as
SARS-CoV-2 continues to mutate and circulate. Reinfec-
tion has also become increasingly common due to the
dominance of the highly transmissible variants, immu-
nity evasion, and inadequate preventive strategies from
the public because of pandemic fatigue.2 Case surveil-
lance is underpinned by the National Testing Strategy,
and comprehensive data of the COVID-19 situation is
open access, but the reinfection rate during the Omi-
cron period warrants deeper analysis due to Malaysia’s
socio-economic, demographic, and vaccine platform
compositions that are more comparable to regional
countries. This clarifies the general assumption that
COVID-19 infection protects against future infection,
despite limited evidence on who is at higher risk and
the extent to which booster vaccination protects against
reinfection. In this study, we aim to investigate the risk
and rate of COVID-19 reinfection across different age
group, exposure level, vaccination status and vaccine
type. Our findings are expected to inform public health
messaging policies by alluding to the differential risk of
reinfection across targeted risk groups and proposing
ways to mitigate these risks.

We used consolidated national administrative data in
Malaysia from April 1, 2021 to March 31, 2022 to calcu-
late the incidence rate of SARS-CoV-2 reinfection before
and during the predominant-Omicron periods. This is a
retrospective cohort of individuals who had at least one
SARS-CoV-2 infection throughout the study period. We
followed the reinfection definition by Centres for Dis-
ease Control and Prevention to enumerate an individual
as case when the reverse transcription-polymerase chain
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reaction (RT-PCR) or rapid antigen test (RTK-Ag) con-
firmed infection occurred 90 days after the prior infec-
tion.3 Reinfection rates were stratified by period, age
group, exposure level, vaccination status and vaccine
type. Person-time at risk for reinfection was calculated
by subtracting the date of study entry (date of first infec-
tion) from date of event (date of reinfection). Individuals
with only one infection throughout the study period
were censored at the end of study period. Genomic
sequencing of COVID-19 sample is highly targeted in
Malaysia. According to GISAID database, Omicron
began dominating in January 20224 but the sequenced
samples were from entry point travellers from high-risk
countries with known Omicron outbreaks, hence were
not representative of variants circulating in the commu-
nity. To overcome this, a Malaysian study used Bai-Per-
ron sequential breakpoint test on Malaysia’s COVID-19
data to estimate the start of Omicron-dominant period
in Malaysia, which was likely in early February 2022.5

Therefore, we determined February 1, 2022 as the
breakpoint for the pre-Omicron and Omicron periods.
We excluded individuals with single-dose regime and
defined individuals to be fully vaccinated with two or
three doses at 14 days after the last vaccine date, allow-
ing immunogenicity to develop. We categorized one’s
exposure risk based on the frequency that one was
tagged as “casual contact” to a SARS-CoV-2 positive
case by the Malaysia COVID-19 mobile application con-
tact tracing system (MySejahtera). The automated
“casual contact” tracing system in MySejahtera meas-
ures exposure because (i) the tagging of contacts is loca-
tion- and time-specific, with tracing windows calibrated
to best predict post-exposure transmission at the loca-
tion-level and (ii) the positivity rate of “casual contact” is
about 10−15% according to surveillance. One becomes a
“casual contact” when present in the same premise and
time window as another individual who tested positive
by the end of the day, hence potentially exposed to
SARS-CoV-2. Low exposure is defined if a person was
not flagged as “casual contact” throughout the follow-up
period; moderate exposure if flagged 1−5 times; and
high exposure if flagged more than 5 times. All analysis
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were performed in R version 4.2.1 and Stata version 13
(Statacorp LP).

We included 3,432,651 COVID-19 positive cases that
were recorded throughout the study period. Among
these, 62,522 (1.8%) had at least one episode of reinfec-
tion. There was a drastic increase in reinfection case
during the Omicron period relative to pre-Omicron
Table 1: Reinfection incidence rate up to Omicron period, stratified by
PY, Person-years; noVax, not vaccinated; oneDose, received 1 dose of vaccine; two

booster dose. Low exposure means the individual was not flagged as “casual con

was flagged 1−5 times; high exposure means the individual was flagged more than
aP value is calculated based on the incidence rate ratio of the unvaccinated, one d

For age group <18 subgroups, the reference group is those who had fully vaccinat
period. (Supplementary Figure 1) In overall, the reinfec-
tion incidence rate was 6.6 times higher during the
Omicron period compared to the pre-Omicron period
(0.69 [95% CI 0.67 − 0.71] vs 4.55 [95% CI 4.51 − 4.58]
per 100-person years [PY]) regardless of age group and
exposure risk. (Supplementary Table 1) High expo-
sure individuals in the 18−59 age group had a
age group, exposure risk and vaccination status.
Dose, received 2 doses of vaccine; threeDose, received third dose of vaccine as

tact” throughout follow up period; moderate exposure means the individual

5 times.

ose or two doses against the reference group booster dose in each subgroup.

ed with two doses.
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Vaccine platformsa Case Population PY at risk Incidence rate per 100 PY (95% CI) P valueb

Overall 2,914 650,100 57,397 5.08 (4.90−5.26) -

PPP 910 251,271 22,153 4.11 (3.85−4.38) ref

SSS 165 45,435 4,016 4.11 (3.53−4.79) 0.99

AAA 215 55,429 4,859 4.42 (3.87−5.06) 0.33

Heterologous with P booster 1,441 270,900 24,092 5.98 (5.68−6.30) <0.001

Heterologous with A booster 183 27,065 2,278 8.03 (6.95−9.29) <0.001

Table 2: Reinfection incidence rate of people who received booster vaccination, stratified by vaccine platforms.
a PPP, three doses of Pfizer-BioNTech mRNA vaccine; SSS, three doses of Sinovac inactivated virus vaccine; AAA, three doses of AstraZeneca viral vector

vaccine; Heterologous with A booster includes Pfizer-Pfizer-AstraZeneca (PPA) combination and Sinovac-Sinovac-Astrazeneca (SSA) combination; Heterolo-

gous with P booster includes AstraZeneca-AstraZeneca-Pfizer (AAP) combination and Sinovac-Sinovac-Pfizer (SSP) combination.
b P value is calculated based on the incidence rate ratio of the corresponding vaccine combination with PPP as the reference group.
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remarkably higher incidence rate and the rates were
significantly different in two periods (13.26 [95% CI
13.07−13.45] during Omicron vs 1.34 [95% CI 1.27
−1.42] during pre-Omicron per 100-PY). (Supple-
mentary Table 1).

Booster vaccination was highly advocated in Malaysia’s
national vaccination campaign and is eligible from October
2021 onwards for those aged 18 years and above. The dif-
ferent regimes of vaccine combinations are shown in Sup-
plement Figure 2. Briefly, Pfizer-BioNTech mRNA vaccine
and AstraZeneca viral vector vaccine were the main recom-
mendations by Ministry of Health for booster vaccination,
whereas Sinovac inactivated virus vaccine were only offered
for homologous boosting or to those who cannot tolerate
the former.6 We found that the third dose vaccination
reduced the reinfection rate for all adults with moderate
and high exposure risk (Table 1). The reinfection rate was
significantly lower among the high exposure, 18−59 years
old, boosted adults than the unvaccinated and two-dose
group (8.21 [95% CI 7.75 − 8.71] vs 13.04 [95% CI 12.75 −
13.35] and 13¢76 [95% CI 13.43 − 14.09] per 100 PY)
(Table 1). Among those who received booster dose, homolo-
gous regimes and heterologous regime with Pfizer vaccine
have significantly lower reinfection rates than heterologous
regimes with AstraZeneca (Table 2). For individuals with
low exposure risk, reinfection incidence rate was not signif-
icantly different by vaccination status (Table 1).

We have three main messages. First, reinfection
has become more common in Malaysia during the
Omicron period. This trend is consistent with other
countries,7,8 some with evidence of multiple reinfec-
tions.9 The mutated and highly transmissible strain
circulating in the community leads to higher infec-
tion rate and hence higher chance for reinfection to
occur. Second, reinfection rates were higher among
adults 18−59 years of age and those with high expo-
sure. People naturally have increased exposure when
they regain pre-pandemic mobility and start fre-
quenting public places as the society reopened. It is
important to raise this awareness and maintain per-
sistent efforts to remind the public to remain vigilant
because the risk of reinfection still lurks if
www.thelancet.com Vol 26 Month , 2022
cautionary steps are not followed. Up to the point of
analysis, homologous regimes and heterologous
booster with Pfizer conferred better protection
against reinfection for this risk group and should be
encouraged. Lastly, booster vaccine, however, does
not further reduce the reinfection rate in low expo-
sure group. This poses the questions whether a sec-
ond booster will be of additional benefit to those
with low exposure. There may be residual confound-
ing factors that are masking the benefit of vaccina-
tion among this group, such as underlying
comorbidities (people with comorbidities and the
elderly tend to stay home to avoid exposure) and
more relaxed preventive measures among household
members. Members living in the same household as
COVID-19 case are susceptible to infection, even if
not tagged as “casual contact” by MySejahtera,
because of close proximity and caring duties for
infected member.

In conclusion, the surge in reinfection rate was con-
sistent with the emergence of the Omicron variant and
the reinfection risk was higher among high exposure,
18−59 years old and unboosted group. As more eco-
nomic sectors reopen, the SAR-CoV-2 viruses are
expected to continue mutating and circulating. The
existing COVID-19 surveillance system may need to be
appropriately adapted to detect the epidemiological sig-
nals of (re)infection cases and immunity evasion by
newer variants for any alarming surge. Apart from
booster vaccination, public health messaging should
convey the reinfection risk to the general public and
advocate for risk mitigation measures supported by the
social and behavioural sciences.
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