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ABSTRACT

Background: Evaluating COVID-19 vaccine effectiveness (VE) domestically is crucial for assessing and
determining national vaccination policy. This study aimed to evaluate VE of mRNA COVID-19 vaccines in
Japan.

Methods: We conducted a multicenter test-negative case-control study. The study comprised indivi-
duals aged =16 visiting medical facilities with COVID-19-related signs or symptoms from 1 January to 26
June 2022, when Omicron BA.1 and BA.2 were dominant nationwide. We evaluated VE of primary and
booster vaccination against symptomatic SARS-CoV-2 infections and relative VE of booster compared
with primary.

Results: We enrolled 7,931 episodes, including 3,055 test positive. The median age was 39, 48.0% were
male, and 20.5% had underlying medical conditions. In individuals aged 16 to 64, VE of primary
vaccination within 90 days was 35.6% (95% Cl, 19.0-48.8%). After booster, VE increased to 68.7%
(60.6-75.1%). In individuals aged =65, VE of primary and booster was 31.2% (—44.0-67.1%) and 76.5%
(46.7-89.7%), respectively. Relative VE of booster compared with primary vaccination was 52.9% (41.0—
62.5%) in individuals aged 16 to 64 and 65.9% (35.7-81.9%) in individuals aged >65.

Conclusions: During BA.1 and BA.2 epidemic in Japan, mRNA COVID-19 primary vaccination provided
modest protection. Booster vaccination was necessary to protect against symptomatic infections.
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1. Introduction Japanese government introduced a third (booster) dose in

In February 2021, the Japanese government approved and
introduced coronavirus disease 2019 (COVID-19) vaccines [1].
The effectiveness of messenger RNA (mRNA) COVID-19 vac-
cines was estimated to be high against symptomatic severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tions in Japan during the Delta (B.1617.2) variant epidemic [2].
However, the waning of immunity has been observed over
time since the last vaccination in many countries [3-5]. The

December 2021, following the primary series of two doses [6].

The Omicron (B.1.1.529) variant was reported to exhibit
marked transmissibility and immune evasion after two-dose-
vaccination and infection [7]. A reduced neutralizing antibody
response to the Omicron variant in two-dose-vaccinated indi-
viduals compared with the previous variants was observed [8].
Real-world data also showed that the effectiveness of two
doses of mMRNA COVID-19 vaccines against symptomatic
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SARS-CoV-2 infections due to the Omicron variant was esti-
mated to decline compared with that of the Delta variant
[9,10]. However, the first booster dose (third dose) was
reported to strengthen protection against symptomatic
SARS-CoV-2 infections of the Omicron variant [9-12].

In Japan, the first infection with the Omicron variant was
identified at the end of November 2021 [13]. Initially, Omicron
cases involved travelers from abroad or their close contacts.
Thereafter, community transmission occurred, and infections
of the Omicron variant increased rapidly from the beginning
of January 2022, leading to the sixth epidemic wave
(Supplementary Figure 1) [14]. Finally, during the sixth wave,
from January to June 2022, most of the circulating variants
were SARS-CoV-2 Omicron BA.1 and BA.2 (Supplementary
Figure 2) [15].

Assessing the effectiveness of COVID-19 vaccines domesti-
cally is essential when evaluating the national vaccination
policy and determining future optimal vaccination policy.
Accordingly, from 1 July 2021, we started surveillance activity
to monitor the vaccine effectiveness of COVID-19 vaccines
against symptomatic SARS-CoV-2 infections in Japan, named
Vaccine Effectiveness Real-time Surveillance for SARS-CoV-2
(VERSUS) [2,16]. In this study, we aimed to evaluate the vac-
cine effectiveness of two doses (primary vaccination) and the
first booster vaccination (third dose) of mRNA COVID-19 vac-
cines (BNT162b2 and mRNA-1273) as well as the relative vac-
cine effectiveness of booster compared with the primary
vaccination vaccines against symptomatic SARS-CoV-2 infec-
tions during the SARS-CoV-2 Omicron BA.1 and BA.2 epidemic
in Japan.

2. Methods
2.1. Study design

We used the data from our surveillance to monitor the vaccine
effectiveness of COVID-19 vaccines against symptomatic SARS-
CoV-2 infections in Japan [16]. This surveillance included epi-
sodes involving individuals aged =16 years visiting participat-
ing hospitals or clinics with one or more COVID-19-related
signs or symptoms and tested for SARS-CoV-2. We defined
the following signs or symptoms as COVID-19-related signs
or symptoms: fever (=37 - 5°C), cough, fatigue, shortness of
breath, myalgia, sore throat, nasal congestion, headache, diar-
rhea, taste disorder, and olfactory dysfunction. Episodes invol-
ving individuals tested from 1 January to 26 June 2022, when
most of circulation variants were SARS-CoV-2 Omicron BA.1
and BA.2 (Supplementary Figure 2) [15], were included in this
present study.

A test-negative case-control study was applied to estimate
vaccine effectiveness. This study design has been widely
applied when evaluating vaccine effectiveness of COVID-19
vaccines [17]. A case was defined as an episode with an
individual with signs or symptoms and a positive test result
for SARS-CoV-2, and a control was defined as an episode with
an individual with signs or symptoms but a negative result for
SARS-CoV-2. All SARS-CoV-2 tests were conducted in partici-
pating hospitals or clinics as standard clinical practice. We
included the following test methods, which are commonly

EXPERT REVIEW OF VACCINES e 289

employed for the diagnosis of SARS-CoV-2 infection in Japan
[18]: nucleic acid amplification test, including polymerase
chain reaction (PCR), loop-medical isothermal ampilification
(LAMP) [19,20], nicking endonuclease amplification reaction
(NEAR) [21], and transcription-mediated amplification (TMA)
[22]; and antigen quantification test [23,24]. We excluded
results generated by the rapid antigen test. Test methods
used as clinical practice in each medical facility were
employed, and SARS-CoV-2 genome sequencing was not con-
ducted for test-positive specimens in this study.

2.2. COVID-19 vaccination strategy in Japan

The Japanese government started the national COVID-19 vac-
cination campaign in February 2021 with primary courses of
two doses of BNT162b2, mRNA-1273, or AZD1222
(Supplementary Figure 3) (1). AZD1222 was optional for
those aged =40 years. Booster vaccination with either
BNT162b2 or mRNA-1273 was introduced in December 2021
for adults =18 years (Supplementary Figure 3) (6). NVX-
CoV2373 was also approved and used from 27 May 2022, as
a booster dose [25]. By the end of June 2022, approximately
90 and 70% of the Japanese population aged =65 years and
212 years had received booster vaccination, respectively
(Supplementary Figure 1) [26]. Uses of AZD1222 and NVX-
CoV2373 were limited to less than 0.1% of COVID-19 vaccines
administered in Japan (Supplementary Table 3) [26].

2.3. Data collection

Demographic and clinical information included age, sex, place
of residence, underlying medical conditions (i.e. chronic heart
disease, chronic respiratory disease, obesity [body mass index
>30 kg/m?], malignancy [including solid or hematological
malignancy], diabetes mellitus, chronic kidney disease, receiv-
ing dialysis, liver cirrhosis, use of immunosuppressive medi-
cines, and pregnancy), smoking history, history of contact with
COVID-19 patients within the last 14 days, healthcare employ-
ment status, past history of COVID-19, clinical symptoms, and
COVID-19 vaccination history. Date of vaccination, types of
vaccine product, and vaccination frequency were obtained
from medical charts, vaccination cards, or interviews with the
patients or family members.

2.4. Definition of vaccination status

We defined the vaccination status as follows, based on the
number of vaccine doses received before the symptom onset
date and number of days between the receipt of the last vacci-
nation and symptom onset date: (1) no vaccination, individuals
had received no vaccine dose before symptom onsets; (2) pri-
mary vaccination, individuals had received two doses =14 days
before symptom onset; (3) booster vaccination, individuals had
received the booster dose >14 days before symptom onset. For
episodes with an unknown onset date, the vaccination status
was defined based on number of days between the receipt of the
last vaccination and test date. Completion of vaccination was
defined as 14 days after the receipt of the last vaccination. When
we evaluated vaccine effectiveness separated by the days after
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vaccination, the number of days is shown starting from the
completion of vaccination.

2.5. Statistical analysis

Vaccine effectiveness was defined as one minus an adjusted
odds ratio, expressed as a percentage. A mixed-effects logistic
regression model was used to calculate the adjusted OR.
Adjusted ORs were calculated by comparing the odds of
antecedent COVID-19 vaccination in test-positive versus test-
negative episodes. We applied age, sex, underlying medical
conditions, calendar week of test, history of contact with
COVID-19 patients within the last 14 days, and healthcare
employment status as fixed effects, and medical facilities as a
random effect. Since the possibility of confounding was pre-
sent due to the difference in COVID-19 vaccination strategy by
age group, we evaluated vaccine effectiveness separately in
individuals aged 16 to 64 and those aged >65. For the analysis
of individuals aged 16 to 64 years, vaccine effectiveness was
assessed separately within 90 days, at 91 to 180 days, and
more than 180 days after the completion of vaccination. For
analysis of individuals aged =65 years, vaccine effectiveness
was evaluated regardless of the days after vaccine receipt due
to the small sample size.

We evaluated vaccine effectiveness of either BNT162b2 or
MRNA-1273, and the effectiveness of BNT162b2 and mRNA-
1273 was assessed separately as well. Bivalent mRNA COVID-
19 vaccines had not been approved in Japan by the end of the
study period, and so monovalent vaccines with the ancestral
strain were solely evaluated in this study. We excluded epi-
sodes involving individuals receiving COVID-19 vaccines other
than BNA162b2 and mRNA-1273. Episodes involving an
unknown type of vaccine product were considered to be
BNT162b2 or mRNA-1273 and included in BNT162b2 or
mRNA-1273 analysis, referring to the COVID-19 vaccination
situation in Japan (Supplementary Table 3) [26]. We analyzed
relative vaccine effectiveness of booster vaccination: for indi-
viduals aged 16 to 64 years, the comparator was primary
vaccination at more than 180 days; for individuals aged
>65 years, the comparator was primary vaccination regardless
of days after the receipt of vaccines due to the small sample
size. Only for individuals aged 16 to 64, we conducted sub-
group analyses stratified by sex, presence of underlying med-
ical conditions, or test period. To evaluate vaccine
effectiveness during SARS-CoV-2 Omicron BA.1- or BA.2-domi-
nant period separately, we assessed vaccine effectiveness in
two separate periods, as follows: (1) between 1 January 2022,
and 13 March 2022, when more than 78% of the circulating
variant was BA.1; and (2) between 11 April 2022, and 26 June
2022, when more than 80% was BA.2.

Episodes tested 15 days or more after symptom onset were
excluded because of the potential inaccuracy of test results
[27]. We applied criteria to exclude episodes involving indivi-
duals with multiple episodes: (1) episodes with multiple nega-
tive test results and identical symptom onset date; (2)
episodes with negative test results within seven days after a
previous negative result; (3) episodes with negative test results
within three weeks before or after a positive test result; (4) for
multiple positive episodes during the study period, only the

first episode was included; and (5) we included a maximum of
three negative test results for each individual.

This study included individuals whose precise vaccination
date was not documented. In the primary analysis, we used
the following criteria: for individuals whose precise vaccination
date was not documented (for example, only the vaccination
month was reported), the midpoint between the two possible
dates was set as the vaccination date; and individuals for
whom only the number of vaccine doses was recorded were
included in the primary- or booster-vaccinated group, depend-
ing on the number of vaccine doses.

Since some episodes involved unclear vaccination dates or
unknown vaccination history, we conducted sensitivity ana-
lyses of vaccine effectiveness and relative vaccine effective-
ness analysis using four scenarios, as follows: (1) we set the
vaccination date as the most recent possible date from symp-
tom onset when the precise vaccination date was uncertain;
(2) we set the vaccination date as the earliest possible date
from symptom onset when the precise vaccination date was
uncertain; (3) we excluded episodes involving an unknown
vaccination status; and (4) we excluded episodes with no
information on the vaccination date. Additionally, we
employed two other scenarios for sensitivity analyses, as fol-
lows: (5) we included episodes restricted to respiratory symp-
toms, including fever, cough, shortness of breath, or sore
throat; and (6) we excluded episodes involving individuals
with previous COVID-19 histories (Supplementary Section 1).
All analyses were performed using Stata version 16.0 (Stata
Corp., College Station, Texas, USA)

2.6. Ethical consideration

This study was conducted following the principles of the
Declaration of Helsinki, the Ethical Guidelines for Medical
Research Involving Human Subjects of Japan, and the Act on
the Protection of Personal Information of Japan. This study
was approved by the Institutional Review Board (IRB) of the
Institute of Tropical Medicine, Nagasaki University (approval
no. : 210225257) and the participating hospital and clinics. A
centralized IRB review process was applied to the medical
facilities without IRBs, and the IRB of the Institute of Tropical
Medicine approved the study at those medical facilities. Since
this study did not involve intervention and did not use speci-
mens collected from the human body, the requirement for
obtaining consent from individual patients was waived by the
IRBs with reference to the Ethical Guidelines for Medical
Research Involving Human Subjects of Japan.

3. Results
3.1. Patient characteristics

Between 1 January 2022, and 26 June 2022, 8,283 episodes
were registered in our surveillance. We excluded 143 episodes
with tests =15 days after symptom onset, 191 with multiple
test occasions, and 18 involving individuals receiving vaccines
other than BNT162b2 or mRNA-1273. Subsequently, 7,931
episodes (3,055 test-positive, 4,876 test-negative) were
included in the analysis (Figure 1) from 14 medical facilities
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8,283 episodes with signs or symptoms
and evidence of tests for SARS-CoV-2

334 excluded

* 143 with tests =15 days after symptom onset
* 191 with multiple test occasions

18 excluded

* 11 vaccinated with AZD1222
* 7 vaccinated with COVID-19 vaccines other
than BNT162b2 or mRNA-1273 or AZD1222

| 7,931 eligible for inclusion

| 3,055 (38.5%) test-positive |

| 4,876 (61.5%) test-negative

Figure 1. This study included individuals aged >16 years visiting participating hospitals or clinics with one or more of the following signs or symptoms: fever (=37.5°C), cough,
fatigue, shortness of breath, myalgia, sore throat, nasal congestion, headache, diarrhea, taste disorder, or olfactory dysfunction, and tested for SARS-CoV-2 in Japan between 1
January 2022, and 26 June 2022. Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, coronavirus disease 2019.

in 11 prefectures on three islands of Japan (Supplementary
Figure 4). Three medical facilities registered only episodes
involving patients who visited medical facilities between
January and March, and one medical facility between April
and May. Overall, the median age was 39 years (interquartile
range, 27-53); 3,810 (48.0%) were male; 1,628 (20.5%) had one
or more underlying medical conditions; and 142 (1.8%) had a
past history of COVID-19 (Table 1). Among the study popula-
tion, 13.8% were not vaccinated, 60.1% were primary-vacci-
nated, and 20.1% were booster-vaccinated. Among individuals
aged =65 years, 5.8% were not vaccinated, 49.7% were pri-
mary-vaccinated, and 34.8% were booster-vaccinated. The per-
centages of test-positive cases were 52.7, 42.2, and 20.3% in
the non-, primary-, and booster- vaccinated individuals,
respectively.

3.2. Vaccine effectiveness of mRNA COVID-19 vaccines

Figure 2 shows vaccine effectiveness of primary and booster
vaccinations of mMRNA COVID-19 vaccines against symptomatic
SARS-CoV-2 infections during the study period. For BNT162b2
or mRNA-1273 analysis among individuals aged 16 to 64 years,
vaccine effectiveness of primary vaccination was 35.6% (95%
confidence interval [Cl], 19.0-48.8%) within 90 days, 32.3%
(95% Cl, 20.7-42.2%) at 91 to 180 days, and 33.6% (95% Cl,
18.5-45.8%) at more than 180 days after the completion of
primary vaccination, respectively. After booster vaccination,
vaccine effectiveness increased to 68.7% (95% Cl, 60.6—
75.1%) within 90 days. At 91 to 180 days, the point estimate
of vaccine effectiveness of booster vaccination declined to
59.1% (95% Cl, 37.5-73.3%). Point estimates were higher for
MRNA-1273 than for BNT162b2 for both primary and booster
vaccination; however, there was no significant difference. For
BNT162b2 or mRNA-1273 analysis among individuals aged

=65 years, vaccine effectiveness of primary vaccination was
31.2% (95% Cl, —44.0-67.1%). After booster vaccination, vac-
cine effectiveness increased to 76.5% (95% Cl, 46.7-89.7%).

Figure 3 shows the relative vaccine effectiveness of booster
vaccination compared with primary vaccination against symp-
tomatic SAR-CoV-2 infections. Among individuals aged 16 to
64 years, compared with primary vaccination at more than
180 days, relative vaccine effectiveness of booster vaccination
was 52.9% (95% Cl, 41.0-62.5%) and 38.5% (95% Cl, 6.9-
59.3%) within 90 days and at 91 to 180 days, respectively; for
individuals aged =65 years, relative vaccine effectiveness of
booster vaccination was 65.9% (95% Cl, 35.7-81.9%) compared
with primary vaccination.

In subgroup analyses, there was no difference by sex in
vaccine effectiveness of either primary or booster vaccination
(Figure 4). On comparing BA.1- and BA.2-dominant periods,
vaccine effectiveness of booster vaccination were similar, with
overlapping confidence intervals.

The sensitivity analysis results are shown in Supplementary
Tables 1 and 2. The results are similar to those of primary
analysis (Supplementary Section 1).

4. Discussion

Here, we evaluated primary and booster vaccine effectiveness
of mRNA COVID-19 vaccines against symptomatic SARS-CoV-2
infections in Japan between 1 January 2022, and 26 June
2022, when the SARS-CoV-2 Omicron BA.1 and BA.2 were
dominant (Supplementary Figure 2) [15]. For individuals aged
16 to 64 years, vaccine effectiveness of primary vaccination
provided only modest protection of 35.6% (95% Cl, 19.0-
48.8%) even within 90 days. After booster vaccination, vaccine
effectiveness increased to 68.7% (95% Cl, 60.6-75.1%) within
90 days and then declined to 59.1% (95% Cl, 37.5-73.3%),
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Table 1. Demographics and characteristics of test-positive cases and test-negative controls: VERSUS study, Japan, 1 January to 26 June 2022.

Total Test-positive cases Test-negative controls
(n=7,931) (n = 3,055) (n = 4,876)
Median age (IQR), year 39 (27-53) 37 (27-48) 40 (28-59)
Age category in years, no. (%)
16-29 2,389 (30.1) 1,021 (33.4) 1,368 (28.1)
30-39 1,686 (21.3) 697 (22.8) 989 (20.3)
40-49 1,468 (18.5) 643 (21.1) 825 (16.9)
50-59 893 (11.3) 379 (12.4) 514 (10.5)
60-69 570 (7.2) 180 (5.9) 390 (8.0)
70-79 504 (6.4) 85 (2.8) 419 (8.6)
80-89 315 (4.0) 41 (1.3) 274 (5.6)
>90 106 (1.3) 9 (0.3) 97 (2.0)
Male sex, no. (%) 3,810 (48.0) 1,492 (48.8) 2,318 (47.5)
Living at home, no. (%) 7,664 (96.6) 3,037 (99.4) 4,627 (94.9)
Living at a long-term care facility, no. (%) 106 (1.3) 5(0.2) 101 (2.1)
Underlying medical conditions, no. (%)
Any 1,628 (20.5) 424 (13.9) 1,204 (24.7)
Chronic heart disease 398 (5.0) 79 (2.6) 319 (6.5)
Chronic respiratory disease 444 (5.6) 109 (3.6) 335 (6.9)
Obesity 129 (1.6) 53 (1.7) 76 (1.6)
Malignancy 330 (4.2) 50 (1.6) 280 (5.7)
Diabetes mellitus 441 (5.6) 124 (4.1) 317 (6.5)
Chronic kidney disease 177 (2.2) 35 (1.1) 142 (2.9)
Dialysis 47 (0.6) 7 (0.2) 40 (0.8)
Liver cirrhosis 12 (0.2) 1 (0.03) 11 (0.2)
Immunocompromising therapy 116 (1.5) 30 (1.0) 86 (1.8)
Pregnancy 68 (0.9) 27 (0.9) 41 (0.8)
Smoking history, no. (%) 2,489 (31.4) 932 (30.5) 1,557 (31.9)
Healthcare workers, no. (%) 853 (10.8) 221 (7.2) 632 (13.0)
Past history of COVID-19, no. (%) 142 (1.8) 28 (0.9) 114 (2.3)
History of contact with a COVID-19 patient within the last 14 days, no. (%)
Yes 2,232 (28.2) 1,374 (45.0) 858 (17.6)
No 5,256 (66.3) 1,485 (48.6) 3,771 (77.3)
Unknown 443 (5.6) 196 (6.4) 247 (5.1)
Test method
PCR 3,183 (40.1) 1,570 (51.4) 1,613 (33.1)
LAMP 723 (9.1) 247 (8.1) 476 (9.8)
Antigen quantification test 3,965 (50.0) 1,201 (39.3) 2,764 (56.7)
Other nucleic acid amplification tests® 60 (0.8) 37 (1.2) 23 (0.5)
COVID-19 vaccination status®, no. (%)
No vaccination 1,097 (13.8) 578 (18.9) 519 (10.6)
First vaccine dose within 0-13 days 5(0.1) 3(0.1) 2 (0.04)
First vaccine dose after > 14 days 76 (1.0) 39 (1.3) 37 (0.8)
Second vaccine dose within 0-13 days 10 (0.1) 3(0.1) 7 (0.1)

Primary vaccination
(Second vaccine dose after >14 days)

Third vaccine dose within 0-13 days
Booster vaccination

(Third vaccine dose after > 14 days)

Unknown vaccination status

Episodes involving individuals with primary vaccination (n = 4,769)

Vaccine product received, no. (%)
BNT162b2
mRNA-1273
Heterogeneous
Unknown
Days after primary vaccination, no. (%)
Within 90 days
90-180 days
More than 180 days
Unknown

4,769 (60.1)

307 (3.9)
1,592 (20.1)

75 (0.9)

3,041 (63.8)
1,211 (25.4)
6(0.1)
511 (10.7)

596 (12.5)

2,659 (55.8)

1,070 (22.4)
444 (9.3)

2,011 (65.8)

78 (2.6)
323 (10.6)

20 (0.7)

1,266 (63.0)
538 (26.8)
3(0.1)
204 (10.1)

233 (11.6)

1,188 (59.1)
432 (21.5)
158 (7.9)

2,758 (56.6)

229 (4.7)
1,268 (26.0)

55 (1.1)

1,775 (64.4)
673 (24.4)
3(0.1)
307 (11.1)

363 (13.2)
1,471 (53.3)
638 (23.1)
286 (10.4)

(Continued)
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Total Test-positive cases Test-negative controls
(n =7931) (n = 3,055) (n = 4,876)
Episodes involving individuals with booster vaccination (n = 1,592)
Vaccine product received, no. (%)
BNT162b2, all three doses 1,027 (64.5) 221 (68.4) 806 (63.5)
mRNA-1273, all three doses 127 (8.0) 26 (8.0) 101 (8.0)
BNT162b2 for the primary vaccination and mRNA-1273 for the booster dose 205 (12.9) 39 (12.1) 166 (13.1)
mRNA-1273 for the primary vaccination and BNT162b2 for the booster dose 49 (3.1) 9 (2.8) 40 (3.2)
At least one of the three doses unknown 184 (11.6) 28 (8.7) 156 (12.3)
Days after booster vaccination®, no. (%)
Within 90 days 1,211 (76.1) 260 (80.5) 951 (74.9)
90-180 days 251 (15.8) 46 (14.2) 205 (16.2)
Unknown 130 (8.2) 17 (5.3) 113 (8.9)

Abbreviations: VERSUS, Vaccine Effectiveness Real-time Surveillance for SARS-CoV-2; IQR, interquartile range; COVID-19, coronavirus disease 2019; PCR, polymerase

chain reaction; LAMP, loop-medical isothermal amplification.

Other nucleic acid amplification tests included nicking endonuclease amplification reaction (NEAR) and transcription mediated amplification (TMA).

PCOVID-19 vaccination status was classified based on the number of COVID-19 vaccine doses received before symptom onset. No vaccination: individuals had
received no COVID-19 vaccine dose before symptom onset. Primary vaccination: individuals had received two COVID-19 vaccines =14 days before symptom onset.
Booster vaccination: individuals had received three COVID-19 vaccines =14 days before symptom onset.

“Days after booster vaccination was the interval between the onset or test date and the day of completion of vaccination. Completion of vaccination was defined as

14 days after receipt of the last vaccination.

Vaccination status

No. test-positive cases/total no. (%)

Adjusted VE (%) (95% Cl)

Aged 16-64 years

No vaccination 562/1027 (54.7) Reference
BNT162b2 or mRNA-1273

Primary vaccination (within 90 days) 230/574 (40.1) —— 35.6% (19.0%, 48.8%)

Primary vaccination (91 to 180 days) 1146/2431 (47.1) —a— 32.3% (20.7%, 42.2%)

Primary vaccination (more than 180 days) 361/799 (45.2) —a— 33.6% (18.5%, 45.8%)

Booster vaccination (within 90 days) 224/890 (25.2) — 68.7% (60.6%, 75.1%)

Booster vaccination (91 to 180 days) 45/211 (21.3) —a 59.1% (37.5%, 73.3%)
Two doses of BNT162b2 with a booster dose of BNT162b2 or mRNA-1273

Primary vaccination (within 90 days) 167/412 (40.5) —a— 36.7% (18.0%, 51.1%)

Primary vaccination (91 to 180 days) 708/1479 (47.9) —a— 29.5% (16.1%, 40.8%)

Primary vaccination (more than 180 days) 209/479 (43.6) —a 31.2% (12.2%, 46.1%)

Booster vaccination with BNT162b2 (within 90 days) 146/590 (24.7) —a— 67.1% (56.6%, 75.1%)

Booster vaccination with BNT162b2 (91 to 180 days) 40/175 (22.9) —_— 53.6% (25.2%, 71.2%)

Booster vaccination with mRNA-1273 (within 90 days) 25/96 (26.0) —— 69.9% (49.3%, 82.2%)
Two doses of mMRNA-1273 with a booster dose of mMRNA-1273

Primary vaccination (within 90 days) 37/101 (36.6) — 48.6% (18.4%, 67.6%)

Primary vaccination (91 to 180 days) 345/752 (45.9) —.— 43.9% (30.6%, 54.6%)

Primary vaccination (more than 180 days) 130/274 (47.4) —_— 39.4% (18.2%, 55.2%)

Booster vaccination (within 90 days) 23/96 (24.0) . 75.7% (57.7%, 86.0%)
Aged >65 years

No vaccination 16/70 (22.9) Reference
BNT162b2 or mRNA-1273

Primary vaccination 132/596 (22.1) 31.2% (-44.0%, 67.1%)

Booster vaccination 37/418 (8.9) —a 76.5% (46.7%, 89.7%)
Two doses of BNT162b2 with a booster dose of BNT162b2 or mRNA-1273

Primary vaccination 109/482 (22.9) L 40.1% (-33.8%, 73.2%)

Booster vaccination with BNT162b2 23/214 (10.7) —_— 77.1% (41.3%, 91.0%)

Booster vaccination with mRNA-1273 10/96 (10.4) _— 75.3% (15.1%, 92.8%)

0 50 100

Figure 2. Vaccine effectiveness of messenger RNA COVID-19 vaccines against symptomatic SARS-CoV-2 infections among individuals aged 16 to 64 years and aged
=65 years, VERSUS study, Japan, 1 January-26 June 2022. The analysis included test-positive cases with signs or symptoms that tested positive for SARS-CoV-2, and
test-negative controls with signs or symptoms that tested negative for SARS-CoV-2. Vaccine effectiveness was adjusted for age, sex, underlying medical conditions,
calendar week of test, history of contact with COVID-19 patients within 14 days, healthcare professional status, and medical facilities. The vaccination status was
classified into three statuses based on the number of vaccine doses received before symptom onset and the number of days between the last vaccination date and
symptom onset: no vaccination, individuals had received no vaccine dose before symptom onset; primary vaccination, individuals had received the second dose
>14 days before symptom onset; and booster vaccination, individuals had received the third dose >14 days before symptom onset. Completion of vaccination was
defined as 14 days after receiving the last vaccine. When evaluating vaccine effectiveness separated by days after vaccination, the number of days is shown from

completion of vaccination. Abbreviation: VE, vaccine effectiveness.

although confidence intervals were wide around the point
estimates. Our findings support the effectiveness of booster
vaccination to protect against symptomatic SARS-CoV-2 infec-
tions during the SARS-CoV-2 Omicron BA.1 and BA.2 epidemic
in Japan. The Japanese government decided to introduce

booster (third dose) vaccination before SARS-CoV-2 Omicron
BA.1 and BA.2 started spreading nationwide. This study sug-
gested that the implementation of booster vaccination was
appropriate, and justified the introduction of booster vaccina-
tion as a national COVID-19 vaccination policy, including for
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Vaccination status

No. test-positive cases/total no. (%)

Relative VE (%) (95% Cl)

Aged 16-64 years
BNT162b2 or mRNA-1273
Primary vaccination (more than 180 days) 361/799 (45.2) Reference
Booster vaccination (within 90 days) 224/890 (25.2) — . 52.9% (41.0%, 62.5%)
Booster vaccination (91 to 180 days) 45/211(21.3) [ —— 38.5% (6.9%, 59.3%)
Two doses of BNT162b2 with a booster dose of BNT162b2 or mRNA-1273
Primary vaccination (more than 180 days) 209 /479 (43.6) Reference
Booster vaccination with BNTb2 (within 90 days) 146/590 (24.7) RS E— 52.2% (36.0%, 64.3%)
Booster vaccination with BNTb2 (91 to 180 days) 40/175 (22.9) - 32.5% (-7.8%, 57.8%)
Booster vaccination with mRNA-1273 (within 90 days)  25/96 (26.0) _—— 59.2% (30.6%, 76.0%)
Two doses of mMRNA-1273 with a booster dose of mMRNA-1273
Primary vaccination (more than 180 days) 130/274 (47.4) Reference
Booster vaccination (within 90 days) 23/96 (24.0) —_—— 59.9% (28.4%, 77.5%)
Aged >65 years
BNT162b2 or mRNA-1273
Primary vaccination 132/596 (22.1) Reference
Booster vaccination 37/418 (8.9) —_— 65.9% (35.7%, 81.9%)
Two doses of BNT162b2 with a booster dose of BNT162b2 or mRNA-1273
Primary vaccination 109/482 (22.6) Reference
Booster vaccination with BNTb2 23/214 (10.7) = 61.7% (15.4%, 82.7%)
Booster vaccination with mRNA-1273 10/96 (10.4) = 63.4% (-11.9%, 88.0%)
-25 0 50 100

Figure 3. Relative vaccine effectiveness of messenger RNA COVID-19 booster vaccination, compared with the primary vaccination against symptomatic SARS-CoV-2
infections among individuals aged 16 to 64 years and aged =65 years, VERSUS study, Japan, 1 January-26 June 2022. The analysis included test-positive cases with
signs or symptoms and tested positive for SARS-CoV-2 and test-negative controls with signs or symptoms and tested negative for SARS-CoV-2. Vaccine effectiveness
was adjusted for age, sex, underlying medical conditions, calendar week of test, history of contact with COVID-19 patients within the last 14 days, healthcare
professional status, and medical facilities. The vaccination status was classified into two statuses based on the number of vaccine doses received before symptom
onset and number of days between the last vaccination date and symptom onset: primary vaccination, individuals had received the second dose >14 days before
symptom onset; and booster vaccination, individuals had received the third dose =14 days before symptom onset. Completion of vaccination was defined as 14 days
after receiving the last vaccine. When evaluating vaccine effectiveness separated by days after vaccination, the number of days is shown from completion of

vaccination. Abbreviation: VE, vaccine effectiveness.

younger populations, to prevent symptomatic SARS-CoV-2
infections. In the future, an additional booster will be required
to protect against symptomatic infections if a new SARS-CoV-2
variant showing marked immune evasion emerges.

During the Delta variant epidemic, vaccine effectiveness of
primary vaccination was high against symptomatic SARS-CoV-
2 infections in Japan: 91.8% (95% Cl, 80.3-96.6%) within
90 days, 86.4% (95% Cl, 56.9-95.7%) at 91 to 180 days in
individuals aged 16 to 64 years, and 90.3% (95% Cl, 73.6-
96.4%) in individuals aged =65 years (Supplementary Figure
5) [2]. During the Omicron variant epidemic, however, primary
vaccination provided only modest protection, being lower
compared with vaccine effectiveness of primary vaccination
during the Delta variant epidemic (Supplementary Figure 5)
[2]. These findings are consistent with previous studies from
other countries [9-12,28,29]. Unlike during the Delta variant
epidemic, primary vaccination was inadequate to protect
against symptomatic SARS-CoV-2 infections, and booster vac-
cination was needed.

Our estimates of booster vaccination within 90 days were
similar to those reported from the UK (45.7-67.2% for
BNT162b; 66.3% for mRNA-1273) [9], US (64% for BNT162b2;
72.1% for mRNA-1273) [10,29], and Canada (60% for
BNT162b2; 65% for mRNA-1273) [28]. Also, we detected early
signs of the waning effectiveness of booster vaccination
against symptomatic SARS-CoV-2 infections, which were less
marked than those seen in the UK and US [9,29]. On the other
hand, our estimates of primary vaccination within 90 days
were lower or similar compared with those in the UK (48.7-
65.5% for BNT162b2; 52.8-75.1% for mRNA1273) [9], US (64%
for BNT162b2; 44.0% for mRNA127) [10,29], and Canada (36%
for either BNT162b2 or mRNA-1273) [28]. One of the possible

reasons for the differences in vaccine effectiveness was the
differential percentage of individuals with infection-induced
SARS-CoV-2 antibodies in the population. Less than 5% of
individuals had infection-induced antibodies in Japan [30],
being lower than in the UK [31] and US [32]. Infection-induced
protection is also effective against SARS-CoV-2 infections
[33,34]. There is a possibility that protection induced by both
infection and vaccination was evaluated solely as vaccine-
induced protection in the UK and US. Similarly, many unvacci-
nated individuals, who are used as a comparator group when
estimating vaccine effectiveness, could have infection-induced
antibodies in the UK and US, and this fact could also affect
vaccine effectiveness. The percentage of individuals with
infection-induced antibodies, vaccinated individuals, and indi-
viduals with protection induced by both infection and vacci-
nation in the general population varies among countries, and
this difference can affect vaccine effectiveness assessed in
those countries. Therefore, it is essential to evaluate domestic
vaccine effectiveness.

Comparing with studies in the UK [9] or US [10,29], vaccine
effectiveness of primary vaccination did not wane over time in
this study. Another study from Japan showed a similar trend:
vaccine effectiveness was maintained at a similar level, even at
six months after vaccination, and did not decline over time
[35]. One possible reason for the regional difference could be
the difference in the percentage of individuals with infection-
induced immunity between Japan and other countries. More
people without vaccination in the UK or US achieved infec-
tion-induced immunity during the SARS-CoV-2 Omicron wave.
Therefore, when evaluating vaccine effectiveness at six
months or longer after the last receipt of vaccination, many
non-vaccinated individuals already had infection-induced
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Stratified by sex

Vaccination status No. test-positive cases/total no. (%) Adjusted VE (%) (95% CI)
Men
No vaccination 291/528 (55.1) Reference
BNT162b2 or mRNA-1273
Primary vaccination (within 90 days) 118/296 (39.9) —_—— 35.6% (11.1%, 53.3%)
Primary vaccination (91 to 180 days) 592/1206 (49.1) —_— 25.2% (6.7%, 40.1%)
Primary vaccination (more than 180 days)  159/358 (44.4) —_—l 36.1% (13.7%, 52.6%)
Booster vaccination (within 90 days) 77/327 (23.5) — 69.4% (55.9%, 78.7%)
Booster vaccination (91 to 180 days) 12/64 (18.8) _ - 59.9% (13.9%, 81.3%)
Women
No vaccination 271/499 (54.4) Reference

BNT162b2 or mRNA-1273

Primary vaccination (within 90 days) 112/278 (40.3) —_— 37.4% (13.0%, 55.0%)

Primary vaccination (91 to 180 days) 554/1225 (45.2) —_— 39.7% (24.2%, 52.0%)

Primary vaccination (more than 180 days) 202/441 (45.8) B — 32.4% (10.3%, 49.0%)

Booster vaccination (within 90 days) 147/563 (26.1) —_— 69.0% (58.0%, 77.1%)

Booster vaccination (91 to 180 days) 33/147 (22.4) —_— 57.2% (27.4%, 74.8%)
0 25 50 75 100

Stratified by presence of underlying medical conditions

Vaccination status No. test-positive cases/total no. (%) Adjusted VE (%) (95% CI)

With underlying medical conditions

No vaccination 55/130 (42.3) Reference
BNT162b2 or mRNA-1273

Primary vaccination (within 90 days) 18/56 (32.1) —_—— 38.0% (-34.4%, 71.4%)

Primary vaccination (91 to 180 days) 137/328 (41.8) —_— 14.0% (-38.1%, 46.5%)

Primary vaccination (more than 180 days) 44/123 (35.8) S 27.3% (-29.5%, 59.2%)

Booster vaccination (within 90 days) 36/143 (25.2) —_— 56.6% (18.2%, 77.0%)

Booster vaccination (91 to 180 days) 8/38 (21.1) 47.6% (-61.5%, 83.0%)
Without underlying medical conditions

No vaccination 481/856 (56.2) Reference
BNT162b2 or mRNA-1273

Primary vaccination (within 90 days) 197/485 (40.6) — 36.0% (17.9%, 50.1%)

Primary vaccination (91 to 180 days) 900/1932 (46.6) — 36.3% (24.3%, 46.5%)

Primary vaccination (more than 180 days) 286/625 (45.8) — 34.4% (17.8%, 47.7%)

Booster vaccination (within 90 days) 178721 (24.7) —- 70.7% (62.1%, 77.3%)

Booster vaccination (91 to 180 days) 36/172 (20.9) e amad 61.6% (38.5%, 76.0%)

-50 50 100

Stratified by test timing

Vaccination status No. test-positive cases/total no. (%) Adjusted VE (%) (95% CI)

BA.1 dominant period

No vaccination 382/679 (56.3) Reference
BNT162b2 or mRNA-1273
Primary vaccination (within 90 days) 215/544 (39.5) —_— 38.3% (20.9%, 51.8%)
Primary vaccination (91 to 180 days) 937/1989 (47.1) —_— 35.1% (21.7%, 46.2%)
Primary vaccination (more than 180 days) 162/360 (45.0) —_— 37.2% (16.6%, 52.7%)
Booster vaccination (within 90 days) 86/341 (25.2) —_— 63.9% (47.7%, 75.1%)
Booster vaccination (91 to 180 days) N/A N/A
BA.2 dominant period
No vaccination 75/163 (46.0) Reference
BNT162b2 or mRNA-1273
Primary vaccination (within 90 days) 8/15 (53.5) N/A
Primary vaccination (91 to 180 days) 51/139 (36.7) —_—-— 42.7% (3.6%, 65.9%)
Primary vaccination (more than 180 days) 109/265 (41.1) _— 23.3% (-18.6%, 50.4%)
Booster vaccination (within 90 days) 87/370 (23.5) —_— 68.3% (50.7%, 79.7%)
Booster vaccination (91 to 180 days) 40/199 (20.1) —_— 66.0% (38.3%, 81.2%)
-25 L] 25 50 75 100

Figure 4. Vaccine effectiveness of messenger RNA COVID-19 vaccines against symptomatic SARS-CoV-2 infections stratified by subgroups among individuals aged 16 to
64 years, VERSUS study, Japan, 1 January-26 June 2022. The analysis included test-positive cases with signs or symptoms and tested positive for SARS-CoV-2 and test-
negative controls with signs or symptoms and tested negative for SARS-CoV-2. Vaccine effectiveness was adjusted for age, sex, underlying medical conditions, calendar
week of test, history of contact with COVID-19 patients within the last 14 days, and medical facilities. The vaccination status was classified into three statuses based on the
number of vaccine doses received before symptom onset and number of days between the last vaccination date and symptom onset: no vaccination, individuals had
received no vaccine dose before symptom onset; primary vaccination, individuals had received one dose >14 days before symptom onset; and booster vaccination,
individuals had received two doses =14 days before symptom onset. Completion of vaccination was defined as 14 days after receiving the last vaccine. When evaluating
vaccine effectiveness separated by days after vaccination, the number of days is shown from completion of vaccination. Underlying medical conditions included chronic
heart disease, chronic respiratory disease, obesity (body mass index =30 kg/m?), malignancy (including solid or hematological malignancy), diabetes, chronic kidney
disease, receiving dialysis, liver cirrhosis, use of immunosuppressive medicines, and pregnancy. We assessed VE in two separate periods, as follows: (1) BA.1-dominant
period defined as between 1 January 2022, and 13 March 2022, when more than 78% of the circulating variant was BA.1; and (2) BA.2-dominant period defined as between
11 April 2022, and 26 June 2022, when more than 80% was BA.2. Abbreviation: VE, vaccine effectiveness.
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immunity, which would have had a negative impact on vac-
cine effectiveness, as it was calculated by comparison of vac-
cinated and non-vaccinated populations. On the other hand,
in Japan, the number of infections was lower than that in
other countries, and the percentage of individuals with infec-
tion-induced immunity among non-vaccinated individuals
could have been low even after the spread of Omicron BA.1
and BA.2. Therefore, no decline in vaccine effectiveness over
time was seen.

In our vaccine effectiveness analysis, the comparator group
was an unvaccinated population, which comprised 14% of the
total study population. This unvaccinated population could
potentially have differed from the vaccinated population by
showing characteristics that could be unknown confounders.
Therefore, we also assessed relative vaccine effectiveness
against symptomatic SARS-CoV-2 infections. Our estimates
were consistent with previous studies [11,36,37].

There is limited knowledge about the difference between
vaccine effectiveness against BA.1 and that against BA.2.
Neutralizing antibody titers induced by vaccines were almost
the same against BA.1 and BA.2 [38]. Additionally, real-world
data also showed that vaccine effectiveness of mMRNA COVID-19
vaccines against BA.1 and BA.2 was almost the same [39,40],
while vaccine effectiveness against BA.2.12.1 was estimated to
be lower than that against BA.1 or BA.2 [41]. In the present
study, we assessed vaccine effectiveness stratified by the study
period to evaluate the difference for each variant. The results
were almost the same in the BA.1 and BA.2 epidemic period.

The sample size of individuals aged =65 years was limited
in this study. One of the possible reasons was the way the
study population was collected. The characteristics of the
study population were dictated by the patients who visited
medical facilities included in this study, even though the facil-
ities were community-based hospitals or clinics, and the same
inclusion criteria were applied in each of them. Another pos-
sible reason was that the number of SARS-CoV-2 tests for
individuals aged =65 years with signs or symptoms could
have been originally lower compared with that for individuals
aged 16 to 64 years nationwide. From the national data, the
number of COVID-19 patients aged 20 to 59 years was about
five times higher than that of those aged =60 years during the
study period [14]. Therefore, it is possible that the number of
SARS-CoV-2 tests for those aged =65 years was originally
lower compared with that for those aged 16 to 64 years, and
the study population simply reflected this, and not a collec-
tion-based problem.

This study had several limitations. First, since our study was
observational, there could be another confounder that has yet
to be identified. Second, recall bias may be present regarding
vaccination histories. In Japan, medical professionals and
researchers are generally not allowed to access governmental
vaccination records. Additionally, medical services and vacci-
nation are covered by different systems, and no system inte-
grates both records at present. Therefore, studies conducted
in clinical fields must partially rely on vaccination histories
disclosed by patients or their family members. Some vaccina-
tion histories included in this study were obtained through
interviews with patients or family members. To strengthen our
results, we conducted several sensitivity analyses

(Supplementary Section 2, Supplementary Tables 1 and 2)
and the results were similar to those of the primary analysis,
meaning that our results were robust. Third, since SARS-CoV-2
genome sequencing was not conducted for test-positive
patients, it was impossible to obtain an accurate vaccine
effectiveness of mRNA COVID-19 vaccines against BA.1 and
BA.2. Even though most of the circulating SARS-CoV-2 variants
were Omicron BA.1 and BA.2, a possibility exists that some of
the episodes were caused by other SARS-CoV-2 variants.
Fourth, the possibility of misclassification of outcomes cannot
be ruled out. Since SARS-CoV-2 testing methods do not show
100% sensitivity or specificity, there could be false-positive
and false-negative test results, possibly leading to the misclas-
sification of outcomes. Fifth, there is a possibility that some
patients may have had protection induced by infections with-
out realizing it because SARS-CoV-2 infections caused by the
Omicron variant tended to be asymptomatic or cause very
mild disease. However, as mentioned above, the percentage
of individuals with infection-induced antibodies was less than
5% in Japan [30], being lower than those in the UK [31] and US
[32]. Therefore, our analysis identified vaccine effectiveness
among a mostly COVID-19-naive population. Sixth, the sample
size of individuals aged =65 years was limited as we have
already discussed. Seventh, this study did not assess vaccine
effectiveness against Omicron BA.5, which has been dominant
worldwide, including Japan. Also, this study did not evaluate
vaccine effectiveness against hospitalization or severe dis-
eases. Thus, further studies are warranted.

5. Conclusions

During the SARS-CoV-2 Omicron BA.1 and BA.2 epidemic,
primary vaccination with mRNA COVID-19 vaccines provided
only modest protection against symptomatic SARS-CoV-2
infections. After booster vaccination, vaccine effectiveness
increased to more than 65% effectiveness against sympto-
matic SARS-CoV-2 infection. Our findings support that booster
vaccination was effective to protect against symptomatic
SARS-CoV-2 infections during the SARS-CoV-2 Omicron variant
BA.1 and BA.2 epidemic in Japan.
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