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Background. Vaccine effectiveness against the severe acute respiratory syndrome coronavirus 2 Omicron BA.2 sublineage in
Japan is unknown. We assessed the effectiveness of a third dose of COVID-19 mRNA vaccine compared with that of 2 doses.

Methods. We performed a population-based cohort study using a municipality database located in the Chubu region of Japan
during the Omicron BA.1- and BA.2-predominant periods (January 1-March 31, 2022 and April 1-27, 2022, respectively). We
included residents aged >16 years who received a second vaccine dose at >14 days before the start of each period, regardless of
the third dose. We compared the data at 14 days after the second and third dose and at 2-week intervals from 14 days to
10 weeks after the third dose using a Cox regression model. Vaccine effectiveness was defined as (1 - hazard ratio) X 100 (%).

Results. In total, 295705 and 288 184 individuals were included in the BA.1- and BA.2-predominant periods, respectively. The
effectiveness of a third dose against infection was 62.4% and 48.1% in the BA.1- and BA.2-predominant periods, respectively.
Vaccine effectiveness at 2-3 weeks and >10 weeks after the third dose decreased from 63.6% (95% confidence interval [CI],
56.4-69.5%) to 52.9% (95% CI, 41.1-62.3%) and from 54.5% (95% CI, 3.0-78.7%) to 40.1% (95% CI, 15.1-57.7%) in the BA.1-

and BA.2-predominant periods, respectively.
Conclusions.

A third dose was moderately effective against BA.1 and BA.2 sublineages, but its effectiveness decreased by

approximately 10% age points from 2-3 weeks to >10 weeks after the third vaccination.
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The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Omicron variant (B.1.1.529) rapidly spread
worldwide after first being reported in South Africa [1-3].
The Omicron variant was first detected in late November
2021 in Japan, and the Omicron BA.1. sublineage replaced
the Delta variant, as the predominant variant in Japan in late
December 2021 [4]. The wave of infection caused by the
Omicron variant was larger than past waves caused by the
Alpha and Delta variants. The daily coronavirus disease 2019
(COVID-19) reporting rate increased from approximately 5
cases per 100 000 individuals in January 2022 to 505 cases per
100000 individuals in February 2022 [4, 5]. Moreover, the
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Omicron BA.2 sublineage replaced the BA.1 sublineage in
April 2022 [6]. Despite the higher transmissibility of the
Omicron variant, the risk of severe COVID-19 was lower
than that with the Delta variant [7, 8]. In addition, the
Omicron sublineage BA.2 had a higher effective reproduction
number than that of the BA.1 sublineage [9, 10].

By April 2022, the BNT162b2 (Pfizer, New York, NY;
BioNTech, Mainz, Germany), mRNA-1273 (Moderna,
Cambridge, MA), ChAdOx1 nCoV-19 (Oxford-AstraZeneca,
Cambridge, UK), and NVX-CoV2373 (Novavax, Gaithersburg,
MD) COVID-19 vaccines were approved in Japan [11]. In
Japan, vaccinations of the general population began on 12
April 2021, and administration of a third (booster) dose started
on December 1, 2021. The vaccination campaign for the third
dose initially prioritized healthcare workers and older adults.
As of April 25, 2022, vaccination coverage of the second dose
and third dose of vaccine in the older adult population, was
80.0% and 50.8%, respectively [12].

The effectiveness of the primary 2-dose mRNA series against
the Omicron variant was lower than that against the Delta and
Alpha variants because of its high transmissibility and immune
evasion [13-16]. The effectiveness of a primary series against
the symptomatic Omicron variant infection waned rapidly. In
a recent study, researchers found that the effectiveness of a
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primary series 20-24 weeks after the second vaccination was
11.5% (95% confidence interval [CI], 10.1-12.9%) and 15.0%
(95% CI, 11.6-18.2%) by BNT162b2 and mRNA-1273, respec-
tively [16]. In addition, in a study conducted in Qatar, research-
ers found no effect 7 months after a second mRNA vaccine
dose [17]. However, the administration of 3 doses of vaccine
was moderately effective at preventing infection and highly ef-
fective against hospitalization or death compared to individuals
who were unvaccinated and individuals who had completed the
primary vaccination series [16-26]. In addition, the immuno-
genicity and effectiveness of a third dose, against sublineage
BA.2 and BA.1, were comparable [27, 28]. A few studies have
reported more rapid waning of vaccine effectiveness with the
Omicron BA.1 and BA.2 sublineages than with earlier variants
[17-21]. In Japan, some studies have estimated the effectiveness
of 3 doses of vaccine against the Delta and Omicron BA.1 var-
iants; however, no study has estimated the effectiveness of 3
doses of vaccine against the BA.2 variant [26, 29-31].
Therefore, this study aimed to evaluate mRNA vaccine effec-
tiveness and duration during the periods of Omicron BA.1
and BA.2 predominance in Japan from the Vaccine
Effectiveness, Networking, and Universal Safety (VENUS)
Study.

METHODS

Study Design, Data Source, and Setting

In this population-based cohort study, we identified the resi-
dents between January 1, 2019 and April 13, 2022, using the
VENUS Study data from 1 municipality in the Chubu region
of Japan [32]. The Chubu region is located in the middle of
island. The VENUS Study constructed 2
municipality-based databases: the Health Center Real-Time
Information-Sharing System on COVID-19 (HER-SYS) and
the Vaccination Record System (VRS) [33]. Records in the 2
databases were linked individually. The HER-SYS included in-
formation on COVID-19 cases (date of testing, type of speci-

the main

mens, type of testing, results of testing, and symptoms), and
the VRS included COVID-19 vaccination records (vaccine
type and date of vaccination). The data were anonymized,
and the Kyushu University Institutional Review Board for
Clinical Research approved the study (No. 2021-399) and
waived the requirement for informed consent.

This study comprised 2 cohorts to assess the effectiveness
against the Omicron BA.1 and BA.2 sublineages. The study
cohorts were the BA.1- (January 1-March 31, 2022) and
BA.2- (April 1-27, 2022) predominant periods [34, 35].
Several vaccines for COVID-19 were approved in Japan before
the start of the study period, with mRNA vaccines being the
predominant type. Thus, we aimed to assess the effectiveness
of mRNA vaccines. We included individuals who met the fol-
lowing 2 criteria: (1) individuals aged >16 years at the start of

the 2 study periods (January 1, 2022 and April 1, 2022, for the
BA.1 and BA.2 cohorts, respectively) and (2) individuals who
had received at least 2 doses of mRNA vaccine >14 days be-
fore the start of each study period, regardless of the third
dose. We excluded the following individuals: (1) those with
a history of COVID-19 before the start of each study period;
(2) those with missing data on the first dose of vaccine; (3)
those vaccinated before 12 April 2021; (4) those vaccinated
with the ChAdOx1 nCoV-19 (Oxford-AstraZeneca) vaccine;
(5) those with first and second doses <19 days apart before
the start of each period; or (6) those with second and third
doses <150 days apart before the start of each period.

The vaccination status changed during the follow-up period;
for example, some individuals received a third dose of vaccine
after the cohort entry. In the primary analysis, the vaccination
status was categorized as that at >14 days after the second dose
to 13 days after the third dose and that at >14 days after the
third dose. In the secondary analysis, to evaluate the change
in immunity over time since the third dose, vaccination status
was categorized as follows: 14 days after the second dose to
13 days after the third dose, 2-3 weeks after the third dose,
4-5 weeks after the third dose, 6-7 weeks after the third dose,
8-9 weeks after the third dose, and >10 weeks after the third
dose.

Infection was defined as a positive SARS-CoV-2 nucleic acid
amplification test or antigen test result, regardless of symptoms.
Symptomatic infection was defined as a positive SARS-CoV-2
nucleic acid amplification test or antigen test, with symptoms
related to COVID-19.

Statistical Analysis

We described the characteristics of the individuals in the 2 co-
horts (sex, age at the entry, the vaccination series through the
study period, and the month of the second dose). In this cohort
study, we followed up the individuals from the start of each co-
hort (January 1, 2022 and April 1, 2022). Follow up was cen-
sored at the end of the study period, death, moving to a
different locale, or no longer being a resident for other reasons.
In the primary analysis, for assessing the vaccine effectiveness
of the third dose in each cohort, effectiveness at >14 days after
the third dose was compared with that at >14 days after the sec-
ond dose to 13 days after the third dose. In the secondary anal-
ysis, for assessing the waning immunity after the third dose,
effectiveness at 2-3 weeks after the third dose, 4-5 weeks after
the third dose, 6-7 weeks after the third dose, 8-9 weeks after
the third dose, and >10 weeks after the third dose were com-
pared with that at >14 days after the second dose to 13 days af-
ter the third dose. We used a Cox proportional hazards model
considering a time-varying vaccination status to estimate the
hazard ratios and 95% confidence intervals. To estimate the ad-
justed hazard ratios, age at the cohort entry date, sex, and the
month of the second dose were added as fixed covariates in
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the model. Vaccine effectiveness was calculated as follows: 1 —
hazard ratio (X100%). In addition, we conducted a subgroup
analysis with the stratified by age (<65 and >65 years) to assess
the effect of age as a potential effect modifier. All statistical
analyses were performed using R version 4.1.2 (R Foundation
for Statistical Computing, Vienna, Austria).

Patient Consent Statement

The Kyushu University Institutional Review Board for Clinical
Research approved this study (No. 2021-399) and allowed the
researchers to waive the requirement for obtaining informed
consent because of the retrospective nature of the study and
the use of anonymized data.

RESULTS

During the study period, 462 864 residents were identified in
the municipality’s VENUS data system (Figure 1). Of these,
295705 and 288 184 individuals were included in the study dur-
ing the BA.1- and BA.2-predominant periods, respectively. The
median age was 56.0 years and 46.5% were male (Table 1) in
both cohorts. The median follow-up periods were 89 days
and 26 days in BA.1 cohort and BA.2 cohort, respectively;
thus, almost all individuals were followed through the study pe-
riod. In the BA.1 cohort, 2720 (0.92%) residents moved out;
1095 (0.37%) died during the study period. In the BA.2 cohort,
335 (0.12%) moved out; 118 (0.04%) died during the study pe-
riod. The period from June to October 2021 was a common
timing of the second dose. In the 2 cohorts, 57.9% and 69.7%
of individuals had received a third dose by the end of the
follow-up period. In the BA.1-predominant cohort, almost all
individuals (295 695 of 295705) had received only 2 doses of
vaccine on cohort entry (January 1, 2022). They received the

second dose of vaccine a median of 144 days (interquartile
range [IQR], 95-181 days) before cohort entry. In contrast,
145942 (44.2%) of individuals in the BA.2-predominant cohort
had received only 2 doses of vaccine on cohort entry (April 1,
2022). They received the second dose of vaccine a median of
185days (IQR, 161-212 days)
Heterologous booster vaccinations were common. Of the

before cohort entry.
BA.2-predominant cohort members who received the third
dose after a 2-dose BNT162b2 primary series, 44.3% received
the mRNA-1273 vaccine as the third dose. Of the
BA.2-predominant cohort members who received the third
dose after a 2-dose mRNA-1273 primary series, 12.5% received
the BNT162b2 vaccine as the third dose.

In the primary analysis, the effectiveness of mRNA vaccine
against infection at 14 days after the third dose during the
BA.1- and BA.2-predominant periods was 62.4% (95% CI,
56.9-67.2%) and 48.1% (95% CI, 39.2-55.7%), respectively
(Table 2). In the secondary analysis, the effectiveness decreased
from 63.6% (56.4-69.5%) at 2-3 weeks to 54.5% (95% CI, 3.0-
78.7%) at >10weeks after the third dose during the
BA.l1-predominant period (Figure 2A and Supplementary
Table 1). The effectiveness decreased from 52.9% (95% CI,
41.1-62.3%) at 2-3 weeks to 40.1% (95% CI, 15.1-57.7%) at
>10 weeks after the third dose during the BA.2-predominant
period (Figure 2B and Supplementary Table 1). In the population
aged 16-64 years, the effectiveness against infection was 46.2%
(95% CI, 37.4-53.8%) and 42.9% (95% CI, 33.1-51.3%) during
the BA.1-
(Supplementary Table 2). In the population aged >65 years,
the effectiveness against infection was 61.3% (95% CI, 50.7-
69.6%) and 58.4% (95% CI, 39.3-71.5%) during the BA.1- and
BA.2-predominant periods, respectively.

and BA.2-predominant periods, respectively)

Residents between
r—1 January 1, 2019 and April 13, 2022 —
N =462,846

353,443 aged =16 years
on January 1, 2022

348,744 aged >16 years

on April 1, 2022

49,892 unvaccinated or with <14 days
since second dose

on January 1, 2022

46,716 unvaccinated or with <14 days
since second dose
on April 1, 2022

303,551 with =14 days after
second dose or received third dose
by January 1, 2022

7,756 excluded:

302,028 with =14 days after
second dose or received third dose

13,844 excluded:

by April 1, 2022

- 8,684 had previous infections

- 2,489 had previous infections

- 254 missing first-dose vaccination

- 4,885 vaccinated before April 12, 2021

- 148 vaccinated with ChAdOx1 nCoV-19
- 70 vaccinated less than 19 days between

- 248 missing fist or second dose

- 4,677 vaccinated before April 12, 2021

- 163 vaccinated with ChAdOx1 nCoV-19
- 68 vaccinated less than 19 days between
first dose and second dose

295,705 included in the
cohort during BA.1-predominance
period

first dose and second dose

288,184 included in the
cohort during BA.2-predominance

- 4 vaccinated less than 150 days between
second dose and third dose

period

Figure 1.  Study flow chart.
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DISCUSSION

This population-based cohort study showed vaccine effective-
ness and waning effectiveness against the Omicron BA.1 and
BA.2 sublineages in the VENUS Study. The effectiveness of
a third dose of mRNA vaccine compared to only 2 doses against
infection and  symptomatic  infection  during the
BA.2-predominant period was slightly lower than that during
the BA.1-predominant period. Although the 95% CIs for the vac-
cine effectiveness during the BA.1- and BA.2-predominant peri-
ods overlapped considerably in the analysis of the effectiveness
every 2 weeks after the third dose, the third dose maintained
moderate effectiveness during both periods. The effectiveness
against infection and symptomatic infection gradually decreased
by approximately 10% age points from 2-3 weeks to >10 weeks
after the third dose in the BA.2-predominant period.

According to our results, the effectiveness of a third dose of
mRNA vaccine was lower in BA2- than that in
BA.l-predominate period. The US VISION Network study
found that effectiveness of a third dose of vaccine at preventing
symptomatic COVID-19 and hospitalization during the BA.2/
BA.2.12.2 period was lower than that during the BA.1 period
[20]. In contrast, in previous studies, researchers have found
no significant differences in neutralizing antibody titers against
BA.1 and BA.2 after the third dose [27, 28]. In addition, several
observational studies have not found any clinically significant
difference in the effectiveness of a third dose of mRNA vaccine
against BA.1 and BA.2 [17-19]. The wave caused by BA.l in
Japan was the largest of all the waves to date. Therefore, untested
individuals with infection might have been included in the
groups of individuals with 2 or 3 doses of infection. Moreover,
the rates of testing (and hence diagnosis of infection) may
have varied according to the study period (cohort) or the number
of doses of vaccine received. For example, hospitals and clinics
for diagnosis of COVID-19 could have been overwhelmed owing
to the drastic increase in COVID-19 cases during the
BA.1-predominant period, even though the healthcare setting
had been reinforced, like free COVID-19 testing in pharmacies.
Although the municipality in the study did not adopt the
COVID-19 diagnosis based on the symptoms without testing,
the Japanese government announced the statement to mitigate
the burden of the healthcare system [36]. Those changes during
the study period may have caused bias in the estimates of the ef-
fectiveness of a third dose of vaccine. In addition, in the
BA.1-predominant cohort, more individuals were in the early
period of 14 days after the third dose on cohort entry than in
the BA.2-predominant cohort. This may have resulted in a high-
er estimated effectiveness during the BA.1-predominant period
than during the BA.2-predominant period.

In this study, the rate of decline in the effectiveness after the
BA.1I- and
BA.2-predominant periods. The effectiveness of a third dose of

third vaccination was similar

during the

Table 1. Characteristics of the Study Cohort in Each Period

Predominant SARS-CoV-2 variant

Omicron BA.1? Omicron BA.2°

Characteristic N =295705 N=288184
Sex, n (%)
Male 137548 (46.5%) 133971 (46.5%)
Female 158157 (63.5%) 154213 (63.5%)
Age, median (IQR) 56.0 (40.0-72.0) 56.0 (41.0-72.0)

Age group, n (%)

16-24 27625 (9.3%) 26072 (9.0%)
25-34 27868 (9.4%) 26340 (9.1%)
35-44 36442 (12.3%) 34913 (12.1%)
45-54 52159 (17.6%) 50564 (17.5%)
55-64 43070 (14.6%) 42827 (14.9%)
65-74 49941 (16.9%) 48892 (17.0%)
75-84 39609 (13.4%) 39421 (13.7%)
85-94 17335 (5.9%) 17464 (6.1%)
>95 1656 (0.6%) 1691 (0.6%)
Vaccination series, n (%)
BNT162b2/BNT162b2/No 99602 (33.7%) 70538 (24.5%)
vaccination
BNT162b2/mRNA-1273/No 0 (0.0%) 7 (0.0%)
vaccination
BNT162b2/BNT162b2/ 82835 (28.0%) 997609 (34.6%)
BNT162b2
BNT162b2/BNT162b2/ 72634 (24.6%) 79319 (27.5%)
mRNA-1273
mRNA-1273/BNT162b2/No 79 (0.0%) 79 (0.0%)
vaccination
mRNA-1273/mRNA-1273/No 24694 (8.4%) 16636 (5.8%)
vaccination
mMRNA-1273/BNT162b2/ 0 (0.0%) 1(0.0%)
BNT162b2
mRNA-1273/BNT162b2/ 0 (0.0%) 1(0.0%)
mRNA-1273
mMRNA-1273/mRNA-1273/ 1493 (0.5%) 2729 (0.9%)
BNT162b2
mMRNA-1273/mRNA-1273/ 14368 (4.9%) 19105 (6.6%)
mMmRNA-1273
Month of second dose, n (%)
2021-05 7835 (2.6%) 7535 (2.6%)
2021-06 54138 (18.3%) 52692 (18.3%)
2021-07 67017 (22.7%) 65525 (22.7%)
2021-08 51374 (17.4%) 49416 (17.1%)
2021-09 45032 (15.2%) 43439 (15.1%)
2021-10 47452 (16.0%) 45570 (15.8%)
2021-11 22226 (7.5%) 21375 (7.4%)
2021-12 631 (0.2%) 1055 (0.4%)
2022-01 - 630 (0.2%)
2022-02 - 663 (0.2%)
2022-03 - 284 (0.1%)

Abbreviations: IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.

@January 1, 2022 to March 31, 2022.
5April 1, 2022 to April 27, 2022.

BNT162b2 vaccine against symptomatic infection in Qatar was
59.9% at <1 month after the third dose and 40.5% (30.8-
48.8%) at >1 month after the third dose against BA.1, whereas
it was 43.7% at <1 month after the third dose and 40.2% at
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Table 2. Vaccine Effectiveness Against SARS-CoV-2 Infection and Symptomatic Infection During the Omicron BA.1- and BA.2-predominant Periods

Vaccine Effectiveness (95% Confidence

No. of Events Person-Days Unadjusted Adjusted
BA.1-predominant period (January 1, 2022 to March 31, 2022)
Infection®
14 d after the second dose to 13 d after the third dose 5638 22619192 Ref. Ref.
14 d after the third dose 294 3331548 66.9 (62.6 to 70.7) 62.4 (56.9 t0 67.2)
Symptomatic Infection®
14 d after the second dose to 13 d after the third dose 4887 22646508 Ref. Ref.
14 d after the third dose 216 3337182 72.3 (68.1 to 75.9) 65.4 (59.6 to 70.4)
BA.2-predominant period (April 1, 2022 to April 27, 2022)
Infection®
14 d after the second dose to 13 d after the third dose 1143 3132999 Ref. Ref.
14 d after the third dose 513 4329470 67.7 (64.1 t0 70.9) 48.1 (39.2 to 565.7)
Symptomatic Infection®
14 d after the second dose to 13 d after the third dose 1036 3134386 Ref. Ref.
14 d after the third dose 400 4330984 72.3 (68.9 to 75.3) 52.9 (43.9 t0 60.4)

Abbreviation: d, days; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Tested positive for SARS-CoV-2 by nucleic acid amplification tests or antigen tests regardless of symptoms.

bTested positive for SARS-CoV-2 with any symptoms related to COVID-19.

>1 month after the third dose against BA.2 [17]. In a test-
negative case-control study in England, researchers found that
effectiveness against symptomatic disease with BA.1 and BA.2
was 70.6% and 74.0%, respectively, 1 week after the booster
dose, and that the effectiveness decreased to 37.4% and 43.7%,
respectively, at >15 weeks after the third dose compared to un-
vaccinated individuals [18]. Whereas there was no difference in
waning effectiveness against symptomatic infection, the effec-
tiveness of a third dose of vaccine against hospitalization ap-
peared to decrease more rapidly during the BA.2-predominant
period than during the BA.1-predominant period. It is difficult
to compare the results from these previous studies because not
only the time since the third dose, but also the time since the sec-
ond dose, which is used as a comparator, as well as regional dif-
ferences in the COVID-19 pandemic all affect the results.
However, it is worth determining the rate of waning effectiveness
of a third dose of vaccine in each setting to determine the timing
of subsequent booster vaccinations.

The effectiveness of a third dose of mRNA vaccine compared
with 2 doses of vaccine during the BA.1-predominant period
was higher than that in previous studies with a test-negative de-
sign conducted in Japan; however, the effectiveness after sub-
group analyses stratified by age was comparable to that of
previous studies. In a previous study (median age, 35 years), re-
searchers found that the effectiveness of a third dose compared
to 2 doses was 51% during the Omicron period [26]. Moreover,
in another study, researchers showed that the effectiveness of a
third dose of vaccine in individuals aged 16-64 years was
51.0%, while the corresponding effectiveness in individuals
aged >65 years was 80.5% [29]. Our subgroup analyses accord-
ing to age (<65 and >65 years) during the BA.1-predominant

period indicated that the effectiveness of a third dose against
symptomatic infection was 53.6% and 64.8%, respectively.
Higher vaccine effectiveness in the older than in the younger
population would be affected by the time since the second
dose vaccination. The older population tend to have a longer
time since the second vaccination dose than the younger pop-
ulation due to high priority in the third-dose vaccination
program.

Vaccination with 3 doses of vaccine among younger adults in
Japan did not proceed as smoothly as for older adults. In April
2022, the vaccination coverage was approximately 90% among
older adults, but among younger adults, the overall coverage
plateaued at approximately 50%-60% from April until July
2022 [37, 38]. The prevalence of hesitancy against a third
dose of vaccine was higher in young adults, especially among
young men [39]. The most common reasons were concerns re-
garding the adverse reactions; however, some participants ex-
pressed the opinion that 2 doses were enough and that there
was a lack of information on the effectiveness of vaccination
[40]. The effectiveness at 20-24 weeks after the second dose
was approximately 10%, and it waned progressively over time
[16, 17, 20]. In our study cohort, the median time since the sec-
ond vaccination among participants who had not received a
third dose of vaccine by April 1, 2022 was 185.0 days. This
study provides information concerning the effectiveness of a
third dose of mRNA vaccine in Japan. Thus, the results can
be used to promote uptake of a third dose of vaccine in young
adults.

There were some limitations to this study. First, we did not
have information on the Omicron sublineage that infected
the individuals in the study. However, we set study periods of
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Figure 2. Waning vaccine effectiveness against infection and symptomatic infection during BA.1- and BA.2-predominant period. (A) BA.1-predominant period: January 1,

2022 to March 31, 2022; (B) BA.2-predominant period: April 1, 2022 to April 27, 2022.

BA.1 and BA.2 predominance, based on national reports.
Second, there are potential confounding factors, although we
used the data from one municipality and controlled for age
and sex. For example, it was possible that there were testing
propensity differences depending on the number of vaccines.
However, the study population consisted of individuals who
had received at least 2 doses of mRNA vaccine; therefore, the
healthcare-seeking behavior in our study population was likely
to be more similar between individuals who have received 3 or
2 doses of vaccine than among individuals who have received 3
doses of vaccine and unvaccinated individuals. Third, we could
not assess the effectiveness during the BA.5 sublineage-
predominant period because we only had data up to the end
of April 2022, and the BA.5 sublineage became predominant
in July 2022 [41]. We plan to assess the vaccine effectiveness
of further doses of vaccine during the period of BA.5 predom-
inance as soon as the data become available.

CONCLUSIONS

In conclusion, we showed waning vaccine effectiveness during
the BA.1- and BA.2-predominant periods. The effectiveness of

a third dose of mRNA vaccine against the BA.1 and BA.2 sub-
lineages decreased over time since the third dose. However, this
study confirmed that 3 doses of mRNA vaccine have moderate
effectiveness compared to only 2 doses of vaccine. A BA.5 sub-
lineage has emerged and rapidly replaced the BA.2 sublineage.
Further lineages are likely to follow. Timely assessments are
needed to determine the effectiveness of a third dose of vaccine
against severe COVID-19 and death and to determine the rate
of waning of immunity. More importantly, the results show the
importance of a third dose of vaccine. These results will con-
tribute toward decision making on public health policies and
vaccination campaigns in the Japanese setting.
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