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Abstract
Background: Many previous studies have reported that COVID-19 vaccine effectiveness decreased over time and declined with newly
emerging variants. However, there are few such studies in Japan. Using data from a community-based retrospective study, we aimed to
assess the association between vaccination status and severe COVID-19 outcomes caused by the Omicron variant, considering the
length of time since the last vaccination dose.
Methods: We included all persons aged ²12 diagnosed with COVID-19 by a doctor and notified to the Chuwa Public Health Center of
Nara Prefectural Government during the Omicron BA.1/BA.2 and BA.5-predominant periods in Japan (January 1 to September 25,
2022). The outcome variable was severe health consequences (SHC) (i.e., COVID-19-related hospitalization or death). The explanatory
variable was vaccination status of the individuals (i.e., the number of vaccinations and length of time since last dose). Covariates
included gender, age, risk factors for aggravation, and the number of hospital beds per population. Using the generalized estimating
equations of the multivariable Poisson regression models, we estimated the cumulative incidence ratio (CIR) and 95% confidence
interval (CI) for SHC, with stratified analyses by period (BA.1/BA.2 or BA.5) and age (65 and older or 12–64 years).
Results: Of the 69,827 participants, 2,224 (3.2%) had SHC, 12,154 (17.4%) were unvaccinated, and 29,032 (41.6%) received ²3
vaccine doses. Regardless of period or age, there was a significant dose-response relationship in which adjusted CIR for SHC decreased
with an increased number of vaccinations and a longer time since the last vaccination. On the one hand, in the BA.5 period, those with
²175 days after the third dose had no significant difference in people aged 65 and older (CIR 0.77; 95% CI, 0.53–1.12), but
significantly lower CIR for SHC in people aged 12–64 (CIR 0.47; 95% CI, 0.26–0.84), compared with those with ²14 days after the
second dose.
Conclusion: A higher number of vaccinations were associated with lower risk of SHC against both BA.1/BA.2 and BA.5 sublineages.
Our findings suggest that increasing the number of doses of COVID-19 vaccine can prevent severe COVID-19 outcomes, and that a
biannual vaccination is recommended for older people.
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Background

Since the WHO declared a public health emergency of
international concern on January 30, 2020, the Coronavirus
disease 2019 (COVID-19) has become a global pandemic,
but the spread of COVID-19 in Japan remained at a rela-
tively low level in comparison to other countries [1]. How-
ever, since the outbreak of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) Omicron sublineage
BA.1 in January 2022, the number of infected people in
Japan has increased rapidly, becoming the highest in the
world in late July 2022 [2]. Because vaccine effectiveness

(VE) against COVID-19 in Japan was unknown, using data
from COVID-19 patients during the Delta variant and
Omicron sublineage (BA.1 and BA.2) predominance, we
previously reported that higher vaccination doses were as-
sociated with prevention of COVID-19-related health out-
comes not only in the Delta variant, but also in Omicron
BA.1 and BA.2 sublineages [3]. After that, the Omicron
BA.1 and BA.2 sublineages were replaced with the Omi-
cron BA.5 sublineage, which accounts for the majority of
COVID-19 cases in Japan since July 2022 [4]. The SARS-
CoV-2 continues to change, and even if it is the same
Omicron variant, different sublineages may vary in the
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degree to which they can evade vaccine-induced immunity
and in the severity of infection [5, 6]. Notably, previous
studies have reported that Omicron BA.5 sublineage is
more capable of escaping vaccine-induced immunity than
Omicron BA.1 and BA.2 sublineages [6, 7]. Therefore, it is
necessary to evaluate the association between vaccination
status and severe COVID-19 caused by Omicron BA.5
sublineage among the Japanese population. In addition, in
our previous study [3], only the number of vaccinations
could be evaluated regarding vaccination status. Future
research is needed to assess how long the vaccine will
continue to prevent severe disease from COVID19.
In this study, using the same target area and the same

data source as our previous study [3], we investigated the
association between vaccination status and severe health
outcomes during the period from January to September
2022 when the Omicron BA.1/BA.2 and BA.5 sublineages
were predominant in Japan, considering not only the num-
ber of vaccinations, but also the interval between last vac-
cination dose and COVID-19 onset.

Methods

Data and study participants
We analyzed data from the Health Center Real-time Infor-
mation-sharing System on COVID-19 (HER-SYS) [8].
The details of the HER-SYS are explained elsewhere [3].
Briefly, HER-SYS is an online system to capture and man-
age information on COVID-19 patients, such as past med-
ical history and progress of health outcomes. The target
area for this study was the jurisdiction of the Chuwa Public

Health Center of the Nara Prefectural Government in
Japan, which includes 18 municipalities (7 cities, 8 towns,
and 3 villages) in the northern part of Nara Prefecture.
Potential research subjects were all patients (n = 91,589)
who were notified by a doctor to the Chuwa Public Health
Center as COVID-19, in accordance with the Infectious
Diseases Control Law, between January 1, 2022 and Sep-
tember 25, 2022. The details of the study population are
explained elsewhere [3]. In this study, 69,827 persons
were analyzed, excluding those under the age of 12, those
whose number of vaccinations was unknown, and those
whose age/gender was unknown (Fig. 1). That is, persons
with missing values were excluded from the analysis. We
compared the basic attributes of those who had data on
vaccination status and those who had missing data on
vaccination status (Additional file 1). Compared to people
without missing data, people with missing data on the
number of vaccinations were more likely to have severe
health consequences, and people with missing data on the
last vaccination date were more likely to be younger age,
male gender, the BA.5-predominant period, and residents
of municipalities with a higher number of hospital beds per
population.

Period of spread of each SARS-CoV-2 Omicron
sublineage
Based on the COVID-19 genome analyses published by
the National Institute of Infectious Diseases [4], January to
June 2022, when Omicron sublineages BA.1 and BA.2
were predominant, was defined as the BA.1/BA.2 period,
and July to September 2022, when Omicron sublineage

Potential study participants,
N = 91,589

Excluded: N = 21,762
• Age <12, N = 17,418
• Missing data on the number of vaccinations, N = 4,341
• Missing data on age/gender, N = 3

Analyzed, N = 69,827 COVID-19 patients aged 12 years or older with an identifiable number of 
vaccinations on the date of COVID-19 onset

Excluded: N = 23,182
• Missing data on the latest vaccination date, N = 9,542
• Unvaccinated, N = 12,154
• Dose 1, N = 533
• <14 days after 2-dose vaccination or <7 days after 3 or 

more doses, N = 953

Subgroup analyzed, 
N = 46,645

All persons diagnosed with COVID-19 by a doctor and notified to the 
Chuwa Public Health Center between January 1 and September 25, 2022

Individuals who had 14 days after receiving two doses of the COVID-19
vaccine (N = 23,168) and those who received at least three doses of the 
COVID-19 vaccine with 7 days after last vaccination (N = 23,477)

Fig. 1 Flow chart of study participants.
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BA.5 accounted for more than 80% of COVID-19 posi-
tives, was defined as the BA.5 period. In Japan, the system
of reporting all cases of COVID-19 was reviewed, and
from September 26, 2022, mandatory notification was lim-
ited to those at high risk of severe illness, such as older
people [9]. Therefore, because it is difficult to capture all
cases of COVID-19 patients after September 26, the BA.5-
dominated period was set until September 25, 2022.

Explanatory variable
The explanatory variable was vaccination status. Based
on data available from 30,357 of the study participants
on the type of COVID-19 vaccine, BNT162b2 from
Pfizer-BioNTech accounted for 71.7%, mRNA-1273 from
Moderna for 28.1%, and others for 0.2%. In Japan, bivalent
vaccine against the Omicron variant started after Septem-
ber 20, 2022 [10], but in the target area of this research, the
Omicron variant-specific vaccine was scheduled to start in
October 2022 [11]. Therefore, the COVID-19 vaccine for
participants in this study can be assumed to be the original
monovalent mRNA-based vaccine.
First, we assessed the number of vaccinations against

COVID-19 on the date of COVID-19 onset. The number
of days from the last vaccination to onset of COVID-19
was then assessed for a total of 46,645 residents with an
identifiable date of last vaccination (i.e., 23,168 individuals
who had 14 or more days after receiving two doses of the
COVID-19 vaccine and 23,477 individuals who received at
least three doses of the COVID-19 vaccine with at least 7
days after the last vaccination) (Fig. 1). The reason for
limiting the participants to those who passed 14 days or
more after 2-dose vaccination or those who passed 7 days
or more after ²3 doses was that, in previous studies, the
period until the acquisition of effective immunity after vac-
cination with the mRNA-based vaccine was 14 days after
the second dose and 7 days after the booster doses [12–14].
Previous studies examining the durability of mRNA-

based vaccines against Omicron sublineages divided the
time since the last vaccine dose into 4-week [15], 2-month
[5], 2/3-month [16], and 120-day [7] intervals, or irregular
pattern [17, 18]. Following previous studies, we also con-
sidered a method of classifying participants by a certain
number of days, but this method was not able to prevent
unstable values in groups with a small number because
these groups were of unequal size. Therefore, to examine
whether the risk of severe health consequences would tend
to increase or decrease with increasing interval, we divid-
ed the interval from the last vaccination to the onset of
COVID-19 equally by the number of participants in each
period: the 3-dose recipients were grouped into quartiles
during the BA.1/BA.2 period and into quintiles during the
BA.5 period. The 4-dose recipients had only the BA.5
period and were divided equally by the median.

Outcome
The outcome was severe health consequences, i.e.,
COVID-19-related hospitalization or death. Hospitalized

cases were those who were hospitalized between the time
they were diagnosed with COVID-19 and the end of the
isolation period. Deceased cases were those who were
positive for COVID-19 and died during the isolation peri-
od. Cases for which HER-SYS data were available indicat-
ing that the cause of death was not COVID-19 were ex-
cluded from deaths in this study.

Covariates
Referring to previous studies [19–22], the following vari-
ables were identified as potential confounding factors in
the association between vaccination status and severe
health consequences: gender, age, the number of risk fac-
tors for aggravation, and the number of hospital beds per
population in the municipality in which the patient resided
(hereafter, the number of hospital beds per population).
For age, study participants were classified into 4 age
groups, 12–59 years, 60–69 years, 70–79 years, and 80
years or older, based on the age at the onset date. Regard-
ing risk factors for aggravation, the following factors were
adopted with reference to the COVID-19 medical treat-
ment guidelines [23] and previous studies [20, 22]: chronic
respiratory disease, diabetes, chronic kidney disease, hy-
pertension, dyslipidemia, cardiovascular disease, cerebro-
vascular disease, malignant tumors, smoking, obesity
(body mass index ²30), and pregnancy. The number of
risk factors that corresponded to these 11 factors was cal-
culated and classified into three groups: none, one, and two
or more. For the number of hospital beds per population,
previous studies used the number of hospital beds per
population as a healthcare capacity associated with region-
al variation in the COVID-19 case-fatality ratio [24, 25].
Participants were classified into quartile groups based on
the number of hospital beds per population. The number of
hospital beds per population was taken from the 2020
Survey of Medical Institutions [26]. Moreover, there was
no variable with a variance inflation factor value >2.0,
confirming no multicollinearity issues.

Statistical analysis
Using the generalized estimating equations of the multi-
variable Poisson regression models after simultaneously
adjusting for all covariates, we estimated the adjusted cu-
mulative incidence ratio (CIR) with 95% confidence inter-
val (CI) for severe health consequences. First, we inves-
tigated the association between the number of vaccinations
and severe health consequences by Omicron sublineage
period, with the unvaccinated group as the reference. Next,
we assessed the risk of developing severe health conse-
quences in 3- and 4-dose vaccines relative to the 2-dose
vaccine by Omicron sublineage period, taking into account
the time from the last vaccination to the onset of COVID-
19. Moreover, because age is an important confounding
factor in the association between vaccination status and
severe health outcomes, these analyses were performed
separately by age group (i.e., aged 65 and older and aged
12–64 years).
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Statistical analyses were performed using the IBM SPSS
Statistics Ver. 27 for Windows (Armonk, New York, US),
and a significant level was set at 0.05 (two-tailed test).

Results

Of the 69,827 participants aged 12 and older, the average
observation period was 10.1 days (standard deviation, 2.3),
the average age was 42.3 (standard deviation, 19.9), the
prevalence of older people aged 65 and older was 14.9%,
and the male prevalence was 47.2%. For vaccination sta-
tus, 12,154 participants (17.4%) were unvaccinated, 533
(0.8%) received one vaccine dose, 28,108 (40.3%) re-
ceived two vaccine doses, 25,582 (36.6%) received three
vaccine doses, and 3,450 (4.9%) received four vaccine
doses. For the cumulative incidence during the survey
period, 2,224 individuals (3.2%) had severe health conse-
quences. Cumulative incidence of people with severe
health consequences was 1,139 out of 25,264 (4.5%) in
the BA.1/BA.2 period and 1,085 out of 44,563 (2.4%) in
the BA.5-predominant period, showing a significant differ-
ence (chi-squared test, P < 0.001).
Regarding characteristics of the study participants by

period (Table 1), young people were more common in the
BA.1/BA.2 period. In the BA.5 period, there were more
people with aggravation risk factors. There was no differ-
ence in gender or the number of hospital beds per popu-
lation between the BA.1/BA.2 and BA.5 periods.
Regarding the association between the number of vac-

cinations and severe health consequences (Fig. 2), during
the entire period of the Omicron variant pandemic, the ad-
justed CIR (95% CI) for severe health consequences was
1.08 (0.77–1.53) in one vaccine dose, 0.68 (0.61–0.77) in
two vaccine doses, 0.50 (0.45–0.57) in three vaccine
doses, and 0.30 (0.25–0.36) in four vaccine doses, com-
pared to the unvaccinated. Two or more doses were asso-
ciated with a reduced risk of severe health consequences,
and there was a dose-response relationship in which the

CIR of severe health consequences decreased with an in-
creasing number of vaccinations (P for trend <0.001).
After stratified analyses by period (Fig. 2), regardless of
the period of the Omicron sublineage, similar results were
observed (P for trend <0.001 in both periods). After strati-
fied analyses by age and period (Additional file 2), both a
significant association and a significant dose-response re-
lationship were observed not only at any period, but also at
any age.
Regarding the association of the number and timing of

3- and 4-dose vaccines relative to the 2-dose vaccine with
severe health consequences (Table 2), a dose-response re-
lationship was significant in both BA.1/BA.2 and BA.5
periods, in which the risk of severe health consequences
decreased with more doses and a longer time since the last
vaccination (P for trend <0.001 in both periods). On the
one hand, those with 25 to 48 days after the third dose in
the BA.1/BA.2 period (adjusted CIR = 0.81, 95% CI =
0.62–1.06), those with 7 to 104 days after the third dose
in the BA.5 period (adjusted CIR = 0.95, 95% CI = 0.70–
1.30), those with 105 to 132 days after the third dose in the
BA.5 period (adjusted CIR = 1.11, 95% CI = 0.83–1.48),
and those with 175 days or more after the third dose in the
BA.5 period (adjusted CIR = 0.76, 95% CI = 0.57–1.01)
had no significant difference with those with 14 days or
more after the second dose (i.e., the non-booster group).
After stratified analyses by age and period, a significant
dose-response relationship was observed, regardless of age
or period (P for trend <0.001 in both periods of aged 65
and older, P for trend = 0.004 in the BA.1/BA.2 period of
aged 12–64 years, and P for trend = 0.007 in the BA.5
period of aged 12–64 years). However, in the BA.5 period,
those with 175 days or more after the third dose had no
significant difference in the aged 65 and older group (ad-
justed CIR = 0.77, 95% CI = 0.53–1.12), but a signifi-
cantly reduced risk of severe health consequences in the
aged 12–64 group (adjusted CIR = 0.47, 95% CI = 0.26–
0.84), compared with the non-booster group.

Table 1 Characteristics of the study participants by period

Entire
period

Omicron sublineage period
P-valueBA.1/BA.2 BA.5

n = 69,827 n = 25,264 n = 44,563
Gender: male (%) 47.2% 47.2% 47.2% 0.969a

Age
Aged 65 and older (%) 14.9% 13.6% 15.6% <0.001a

Average (SD) 42.3 (19.9) 40.9 (19.7) 43.2 (20.0) <0.001b

Number of aggravation risk factors <0.001a

None 71.8% 73.8% 70.7%
One 19.1% 19.9% 18.7%
Two or more 9.0% 6.2% 10.6%

No. of hospital beds per 10,000 population 0.523a

1st quartile group (<80) 23.9% 24.2% 23.7%
2nd quartile group (80–90) 29.3% 29.1% 29.4%
3rd quartile group (95–150) 16.9% 16.9% 16.9%
4th quartile group (>150) 29.9% 29.9% 30.0%

SD: standard deviation.
aP-value based on the chi-squared test. bP-value based on the t test.
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Discussion

Among COVID-19 patients aged 12 years and older dur-
ing BA.1/BA.2 and BA.5 predominant periods of SARS-
CoV-2 Omicron variants in Japan, people who received
two or more doses of the COVID-19 vaccine were at lower
risk of severe health consequences than those who were

not vaccinated, and a dose-response relationship between
an increasing number of vaccinations and lower risk of
severe health consequences was observed, regardless of
the sublineage of the Omicron variant or age group. An
analysis based on the time since the last dose showed a
trend toward a lower risk of severe health consequences
with a longer time since the last dose.
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No. at risk 12,154 533 28,108 25,582 3,450 4,587 201 16,655 3,821 7,567 332 11,453 21,761 3,450
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Fig. 2 Association of the number of vaccinations with severe health consequences by Omicron sublineage type.
CIR: cumulative incidence ratio. **P < 0.001, *P < 0.05. Error bars display 95% confidence intervals. Severe health consequences were
COVID-19-related hospitalization or death. CIR in entire period was adjusted for gender, age, the number of risk factors for aggravation, the
number of hospital beds per population, and period. CIR by period was adjusted for gender, age, the number of risk factors for aggravation,
and the number of hospital beds per population. Vaccination status was based on the number of vaccinations on the day of COVID-19
onset.

Table 2 Association of vaccination status with severe health consequences, considering number and timing of last vaccination

Period
No. of
doses

Days since
last dose

All Aged 65 and older Aged 12–64 years
n CIRa (95% CI) P n CIRa (95% CI) P n CIRa (95% CI) P

BA.1/BA.2 period
2 doses ²14 15,303 1.00 1,788 1.00 13,515 1.00
3 dosesb 7–24 810 0.72 (0.56–0.91) 0.006 293 0.72 (0.56–0.93) 0.010 517 0.67 (0.31–1.43) 0.298

25–48 853 0.81 (0.62–1.06) 0.123 217 0.79 (0.59–1.05) 0.105 636 0.81 (0.43–1.53) 0.517
49–77 803 0.63 (0.48–0.84) 0.001 194 0.65 (0.48–0.87) 0.004 609 0.55 (0.26–1.17) 0.123
²78 833 0.43 (0.31–0.60) <0.001 266 0.45 (0.31–0.63) <0.001 567 0.31 (0.12–0.85) 0.022

P for trend <0.001 P for trend <0.001 P for trend = 0.004
BA.5 period

2 doses ²14 7,865 1.00 216 1.00 7,649 1.00
3 dosesc 7–104 3,444 0.95 (0.70–1.30) 0.757 212 0.98 (0.63–1.54) 0.939 3,232 0.90 (0.57–1.40) 0.630

105–132 3,445 1.11 (0.83–1.48) 0.480 383 1.19 (0.79–1.78) 0.409 3,062 0.97 (0.63–1.49) 0.871
133–152 3,497 0.72 (0.53–0.97) 0.029 858 0.67 (0.45–0.99) 0.044 2,639 0.79 (0.48–1.28) 0.334
153–174 3,449 0.61 (0.46–0.82) 0.001 1,141 0.55 (0.38–0.81) 0.002 2,308 0.68 (0.40–1.16) 0.151
²175 3,491 0.76 (0.57–1.01) 0.056 679 0.77 (0.53–1.12) 0.175 2,812 0.47 (0.26–0.84) 0.010

4 dosesd 7–24 1,407 0.63 (0.46–0.85) 0.003 1,005 0.57 (0.39–0.82) 0.003 402 0.97 (0.43–2.22) 0.948
²25 1,445 0.34 (0.24–0.48) <0.001 1,176 0.33 (0.22–0.50) <0.001 269 0.18 (0.03–1.33) 0.093

P for trend <0.001 P for trend <0.001 P for trend = 0.007

CI: confidence interval; CIR: cumulative incidence ratio. Analyzed persons are those who have received 2 vaccinations with 14 days or more since the
last vaccination and those who have received 3 or more vaccinations with 7 days or more since the last vaccination.
aAdjusted for gender, age, the number of risk factors for aggravation, and the number of hospital beds per population. bQuartile groups according to the
number of days elapsed from the vaccination date among those who received 3 doses. cQuintile groups according to the number of days elapsed from the
vaccination date among those who received 3 doses. dTwo groups at the median number of days elapsed from the vaccination date in 4-dose recipients.
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Omicron sublineage VE was previously studied in mul-
tiple countries. Some studies have reported that VE against
hospitalization wanes about 3–4 months after the third
vaccine dose [5, 7], and that VE against BA.5 is lower
and wanes more rapidly than earlier Omicron sublineages
[6, 7]. Two recent studies demonstrated that the VE of 3
doses against hospitalization or death due to Omicron in-
fections remained durable over time. First, in a study of
community residents aged 18 years and older in Hong
Kong [27], the effectiveness of the BNT162b2 vaccine
was 84% within 3 months after 3 doses and 85% at 4 to 6
months after 3 doses. Second, a test-negative, case-control
study in Qatar [28] found that the effectiveness of mRNA
COVID-19 vaccines was greater than 90% in ²7 weeks
after 3 doses. Our results are consistent with the results of
studies in Hong Kong and Qatar.
Previous studies [6, 28, 29] have pointed out that VE

against infection wanes several months after vaccination,
while mRNA vaccines provide durable protection against
severe outcomes. The reason why the infection-preventing
effect weakens after a certain period of time is that mu-
cosal immunity plays a prominent role in defense against
respiratory infections, and the nasal IgA responses return
to pre-COVID-19 levels after 9 months and are minimally
boosted by vaccination [30]. In contrast, systemic immun-
ity plays an important role in preventing progression to
severe COVID-19, and plasma IgA and IgG responses
remain elevated for at least 12 months and are enhanced
by vaccination [30]. This study evaluated the risk of severe
health consequences in COVID-19 patients, not the risk of
infection. The increased plasma antibody responses after
the third dose are maintained over time, which may have
reduced the risk of severe health consequence from Omi-
cron infection. In addition, this study used the original
monovalent vaccines rather than a bivalent vaccine for
Omicron variants. A previous study evaluating the neutral-
izing activity of bivalent vaccines against each sublineage
of the Omicron variants reported that the bivalent vaccine
induced higher neutralizing activity against the Omicron
BA.5 than the monovalent vaccine [31]. Therefore, be-
cause it takes time for the neutralization activity against
Omicron BA.5 induced by the monovalent vaccine to
reach a high level, the risk of severe health consequences
within 132 days after three doses may not have decreased.
Future studies are needed to assess the risk of severe out-
comes based on bivalent vaccination in Japan.
We discuss below why there was no significant differ-

ence between the 3rd and 2nd vaccinations in the Omicron
BA.5 period. First, there was only a small number of peo-
ple aged 65 and older with 132 days or less and 175 days
or more after 3 doses. This suggests that insufficient sam-
ple power may have led to no significant difference. Sec-
ond, there was no significant difference in the risk of se-
vere health consequences in older people with 175 days or
more after the third dose compared with those who re-
ceived 2 doses, while younger people had a significant
difference between 175 days or more after the third dose

and the second dose. Previous studies found that older age
was a disadvantage in maintaining humoral immunity [27,
32], suggesting the possibility that the protection against
severe COVID-19 is more likely to wane as time passes
after the last vaccination in older people than in younger
people. Our results support a booster vaccination every six
months for older people.
This study has several strengths. First, we assessed the

risk of serious health consequences for all infected indi-
viduals in the target community. Second, we showed that
the COVID-19 vaccine was effective, regardless of the
sublineage of the Omicron variant or age. Third, we were
able to consider important risk factors for severe COVID-
19, including age, comorbidities, smoking, and obesity.
Our study has several limitations. First, although this

study was based on patient information reported by the
physician who diagnosed COVID-19, if the physician did
not administer the vaccine to the patient, the vaccination
history was based on information obtained by questioning
the patient (or the patient’s family). Therefore, vaccination
status may be affected by recall bias, leading to the possi-
bility of misclassification. Second, those with missing data
on the number of vaccinations comprised significantly
more people with severe health consequences than those
whose vaccination status could be identified (Additional
file 1). If people who were both unvaccinated and had
severe health consequences are selectively excluded from
our analyses, our findings may underestimate the associa-
tion between vaccination status and severe health conse-
quences. Third, although those with a history of COVID-
19 acquire immunity to COVID-19 [33, 34], data on the
presence or absence of previous infection were lacking in
this study. Therefore, our results cannot consider previous
infection. If many of the unvaccinated individuals had pre-
vious COVID-19 infection, our observed association may
have been underestimated. Fourth, hospitalization may be
indicated for immunosuppressed post-organ transplant pa-
tients and cancer patients undergoing treatment, regardless
of the severity of COVID-19 [35]. People unable to man-
age at home by themselves, such as persons requiring on-
going home care and hemodialysis patients, may also be
hospitalized, regardless of the severity of COVID-19 [36].
It should be noted that this study included such hospital-
izations not related to the severity of COVID-19. Fifth,
unadjusted confounders should be considered. For exam-
ple, previous studies have reported that the health literacy
of the individual is related to COVID-19 vaccine accept-
ance [37], and that socioeconomic factors (e.g., education-
al attainment and income) are associated with vaccine hes-
itancy [38]. However, due to the lack of individual data
among the existing data, we were unable to include health
literacy and socioeconomic factors as covariates. It is un-
clear whether the observed associations are overestimated
or underestimated by the effects of unadjusted confound-
ers. Sixth, this study has many missing values. In order to
avoid under-analysis due to missing values, the multiple
imputation method could be used. However, in this study,
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as shown in Additional file 1, because many of those with
an unknown number of vaccinations developed severe
health consequences, it was difficult to accept the “missing
at random” assumption, which is the premise of the multi-
ple imputation method [39]. Therefore, multiple imputa-
tions were not performed in this study, and those with
missing values were excluded from the analysis. Given
that only those participants without missing values were
included in the final analyzed dataset, the association be-
tween vaccination status and severe health consequences
may have been underestimated. Seventh, during the spread
of the Omicron variant, there were cases where patients
who were originally eligible for hospitalization were re-
covering at home because of a shortage of hospital beds
[36, 40]. In addition, due to rules on the intervals between
vaccinations [10], some people were unable to receive a
booster vaccination when the Omicron variant spread.
That is, indications for hospitalization may have varied de-
pending on social conditions and the time of year. There-
fore, we need to acknowledge that factors other than vac-
cine effectiveness may have influenced the reduction in the
risk of severe disease. Eighth, because genome analyses of
COVID-19 patients were not performed in this study, we
were unable to accurately estimate the association between
vaccination and prevention of severe COVID-19 for each
SARS-CoV-2 Omicron sublineage. Ninth, because the tar-
get area was limited to 18 municipalities in Nara Prefec-
ture in Japan, caution is required in generalizing to other
areas. Finally, the effectiveness of vaccines needs to be
judged comprehensively by considering the advantages
and disadvantages [41]. However, because the HER-SYS,
the data source in this study, did not include information
on side effects, we were unable to assess the disadvantages
of COVID-19 vaccines. In future research, it is necessary
to evaluate the effectiveness of COVID-19 vaccines com-
prehensively based on both the merits such as the effect of
preventing severe disease and the demerits such as side
effects.
Despite the above limitations, this study is valuable as

the first to demonstrate the protective effect of monovalent
COVID-19 vaccines against severe health consequences
caused by Omicron sublineage BA.5 infection in Japan.
Our findings suggest that increasing the number of doses
of COVID-19 vaccine can help prevent severe health con-
sequences in infected people aged 12 years and older.
Policy makers should continue to push national programs
to increase the number of vaccinations to prevent deaths
and hospitalizations from COVID-19. Physicians should
encourage patients, especially people at higher risk of de-
veloping severe illness, such as older adults, to get addi-
tional vaccinations to reduce their risk of severe health
consequences from COVID-19.
In conclusion, we found a dose-response relationship

between a higher number of vaccinations and lower risk of
COVID-19-related hospitalization or death not only during
the Omicron BA.1/BA.2-predominant period, but also dur-
ing the Omicron BA.5-predominant period. Although vac-

cines have adverse effects as well as positive, our results
indicate that increasing the number of vaccinations can
reduce the severity of COVID-19, and that a biannual vac-
cination is recommended for older people.
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