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Effectiveness of a Fourth Dose of COVID-19 mRNA Vaccine
Against Omicron Variant Among Elderly People in Singapore

Background: The Omicron (B.1.1.529) variant of SARS-CoV-2
and reports of waning immunity after the first vaccine booster
dose (1) have prompted numerous countries to recommend a
fourth dose for individuals at higher risk for severe disease.
Despite high vaccination and booster coverage, Singapore
experienced a resurgence of cases in July 2022 driven by
Omicron BA.5. From April 2022, persons 80 years of age and
older, living in aged care facilities, or medically susceptible to
severe COVID-19 who received their first booster 5 months prior
were invited to receive a second booster with Pfizer-BioNTech
BNT162b2 or ModernamRNA-1273.

Objective: To estimate the effectiveness of a fourth mRNA
vaccine dose against symptomatic SARS-CoV-2 infection, COVID-19-
related hospitalization, and severe COVID-19 in persons 80 years of
ageor older.

Methods: We used administrative data from the Ministry of
Health, Singapore to emulate a target trial of a fourth mRNA
vaccine dose versus placebo among persons 80 years of age or
older who received their third dose 5 months before the start of
the study. Those who received non-mRNA vaccines or had pre-
vious documented SARS-CoV-2 infection were excluded. On
each day between 6 April and 21 July 2022, persons who had
recently received a fourth dose were matched to control partici-
pants who were eligible but had not received a fourth dose in a
1:1 ratio, based on age, gender, ethnicity, and housing type (as a
socioeconomic status marker and to distinguish nursing home
residents). Each person was followed up until the earliest occur-
rence of an outcome event, receipt of the fourth dose, or study
conclusion. Study periods of individuals and their respective con-
trols were matched to account for varying force of infection over
time. Unmatched individuals were excluded from analysis.

We assessed vaccine effectiveness (VE) of the fourth dose
against symptomatic SARS-CoV-2 infection (VE-I) confirmed by
polymerase chain reaction testing or antigen rapid testing,
COVID-19-related hospitalization (VE-H), and severe COVID-19
(VE-S). Testing for SARS-CoV-2 was conducted on all persons
presenting with acute respiratory symptoms to a health care facil-
ity. Physicians assessed need for hospitalization based on clinical
presentation and risk factors. Severe COVID-19 was defined as
requiring oxygen supplementation, intensive care unit admis-
sion, or death.

To allow for sufficient immune response, individuals were
classified as having received a booster dose 8 days after vacci-
nation. Classification was dynamic, and those who had not
received their fourth dose could serve as controls for those who
had. In our secondary analysis, we estimated relative VEs at 8 to
30 days, 31 to 60 days, and more than 60 days from receiving
the fourth dose.

After matching, survival curves for both groups were esti-
mated using the Kaplan-Meier estimator, with relative VE calcu-
lated as 1 minus the risk ratio, similar to VE analyses by Dagan
et al (2) and Iaonnou et al (3). We estimated 95% CI using the
percentile bootstrap method with 500 repetitions.

The study was conducted to inform public health policy
under the Infectious Diseases Act, Singapore, with exemption
from ethics review. Data analysis was performed using Stata ver-
sion 17.0 (StataCorp).

Findings: A total of 40030 persons 80 years of age or older
who received their fourth mRNA vaccine dose were identified
and matched to 39936 control participants who were eligible
but had not received their fourth dose (0.2% unmatched).
Persons who received 4 doses had lower risk for symptomatic
SARS-CoV-2 infection, COVID-19–related hospitalization, and
severe disease, with VE estimates at 22.2% (95% CI, 19.6–24.7),
55.0% (CI, 51.8–58.3), and 63.0% (CI, 56.3–68.5), respectively
(Table). Analysis stratified by time since vaccination showed
that VE-H and VE-S remained high despite a fall in VE-I (Figure).

Discussion: Our study found that 4 doses of BNT162b2 or
mRNA-1273 reduced the risk for symptomatic SARS-CoV-2
infection, hospitalization, and severe COVID-19 illness versus 3
doses among persons 80 years of age or older, corroborating
studies in a younger cohort in Israel (4, 5). In Singapore, the risk
reductions in hospitalization and severe disease were helpful in
managing the case surge from BA.5, avoiding the need to
tighten control measures as was done for the Omicron BA.1/
BA.2 wave in January through April 2022. Consistent with find-
ings of sustained protection against severe disease from Israel
(6), we found no waning of this protection after 60 days.

Limitations of this study included residual confounding from
comorbid conditions, use of COVID-19 therapeutics and other
individual factors affecting vaccination status or disease severity,
and underdetection of cases due to persons with mild or asymp-
tomatic illness not seekingmedical attention anddue to expansion
of self-testing with antigen rapid testing. Immunocompromised
persons who received 3 primary series doses and 1 booster dose
were included under the category of those who received 4 doses.
Sequencing to identify theOmicron subvariant was not performed

Table. Vaccine Effectiveness of Fourth mRNA Vaccine Dose
Against Symptomatic SARS-CoV-2 Infection, COVID-19-
related Hospitalization, and Severe COVID-19 Disease

Variable Matched Controls*
Vaccinated With
3 Doses

Persons
Vaccinated
with 4 Doses

Persons, n 39 936 39 936
Person-days at risk, n 2 213 984 2 239 902

Symptomatic SARS-CoV-2 infection
Number of events 2527 1928
Incidence per million person-days 1141 861
Vaccine effectiveness
(95% CI)

Reference 22.2
(19.6–24.7)

COVID-19-related hospitalization
Number of events 626 252
Incidence per million person-days 283 113
Vaccine effectiveness
(95% CI), %

Reference 55.0
(51.8–58.3)

Severe COVID-19†

Number of events 115 40
Incidence per million person-days 52 18
Vaccine effectiveness
(95% CI), %

Reference 63.0
(56.3–68.5)

CI = confidence interval.
* Matched for age, gender, ethnicity, housing type, and calendar date
(to control for daily infection rate).
† Severe disease is defined as requiring oxygen supplementation,
admission to intensive care unit, or death.
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in all cases and the shift from BA.2 toward BA.5 predominance
during the study period could have contributed to the waning VE-I
observed.

This study, based on comprehensive health care adminis-
trative data, provides evidence that a fourth mRNA vaccine
dose confers additional sustained protection against hospitali-
zation and severe disease from COVID-19 in an elderly Asian
population duringOmicron variant epidemic.
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Figure. Vaccine effectiveness of fourth mRNA vaccine dose
against symptomatic SARS-CoV-2 infection, COVID-19-related
hospitalization, and severe COVID-19 disease over time, rela-
tive to participants vaccinated with 3 doses.
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* Vaccine effectiveness was calculated by taking 1 minus the risk ratio.
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