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ABSTRACT
Rotavirus (RV) vaccines were first introduced in 2011 and adopted for universal vaccination in 2020 in 
Japan. However, the effectiveness of RV vaccines after being adopted for universal vaccination in 2020 
has not been reported. Because of the easy accessibility of clinics in Japan, many children are not usually 
hospitalized for RV gastroenteritis (RVGE). Therefore, in order to evaluate the impact of the RV vaccine 
since 2008, we investigated the incidence of hospitalization for RVGE as well as the frequency of children 
aged < 5 years who received medical treatment for severe RVGE at clinics in Shibata City, Japan. The RV 
vaccine coverage rate was 94.0% (1,046/1,113) in Shibata City after universal vaccination in 2020; this was 
a significant increase from previous rates. The incidence per 1000 person – years for RVGE hospitalization 
and severe RVGE at clinics were significantly higher among children aged < 3 years than in previous time 
periods. The incidence in children with all acute gastroenteritis (AGE) decreased significantly after 
universal vaccination during the COVID-19 pandemic. The proportion of severe RVGE among all AGE 
cases also decreased significantly after universal vaccination among children aged < 3 years (0.0%) and 
those aged 3–4 years (0.6%). There were significant differences in the distribution of RV genotypes 
isolated from the feces of children with RVGE between different eras divided by RV vaccination rates, 
especially G1P[8], which was the major genotype before it recently almost disappeared. Further studies 
are warranted to assess the impact of the COVID-19 pandemic.
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Introduction

Rotavirus (RV) is one of the pathogens responsible for acute 
severe gastroenteritis (GE), especially in children younger than 
5 years of age. RV causes many deaths among children 
globally.1 There are fewer fatalities among children with RV 
in Japan than in fewer countries; however, almost all children 
under 5 years of age have had RV infection causing GE 
(RVGE) in Japan, similar to the situation in other countries.1,2

To prevent RVGE, four RV vaccines, RotarixⓇ (RV1; 
GlaxoSmithKline; Rixensart, Belgium), RotaTeqⓇ (RV5; 
Merck & Co., Inc., Rahway, NJ, USA), ROTAVACⓇ (Bharat 
Biotech, Hyderabad, India), and Rotasiil (Serum Institute of 
India, Pune, India) have been approved in more than 100 
countries.3 In Japan, these vaccines were first introduced in 
2011 and 2012, and several reports have indicated the effec
tiveness of the RV vaccine in lowering the incidence of RVGE 
hospitalizations among children <5 years old in Japan.4–7

However, there are some differences in access to medical centers 
between Japan and other countries. In Japan, many children with 
RVGE receive outpatient fluid transfusion at clinics, which helps 

prevent hospitalization. We analyzed data from children with 
RVGE who were admitted to hospitals since 2008 and those treated 
with outpatient fluid transfusion at clinics since 2011.8

In our previous report, we studied Japanese children aged 
<3 years, which was considered the target age in reports on the 
effectiveness of RV vaccination.9–11 However, many children 
aged <5 years, including those aged 3 years and 4 years, 
develop RVGE. The RV vaccine was adopted as part of the 
universal vaccination schedule in October 2020 in Japan, after 
our last report.12 No similar studies have been conducted in 
children under 5 years of age. Therefore, we investigated the 
impact of the RV vaccine in children <5 years of age after 
universal vaccination in Japan.

Materials and methods

Study participants

This prospective, observational study was conducted in 
Shibata City, which has a population of approximately 
100,000, and approximately 600 births annually. We 
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collaborated with pediatricians at four primary health care 
pediatric clinics and one hospital in Shibata City. We enrolled 
children <5 years of age with acute AGE who (1) visited the 
four pediatric clinics most visited by children in Shibata City 
from February 2012 to May 2022 or (2) were admitted to 
Niigata Prefectural Shibata Hospital from 2008 to 2022. 
Niigata Prefectural Shibata Hospital is the only hospital 
with a pediatric ward in Shibata city, and all children in the 
city are usually admitted there.

Since these outpatient clinics cater to almost the entire popu
lation of Shibata City, we made the assumption that all cases of 
AGE among children were covered during the study duration.

Study items

When enrolling children <5 years old in the study, information 
on dates of visits, date of birth, sex, residence location, symp
toms such as diarrhea (loose, watery stools three or more times 
a day) and vomiting, and intravenous administration of rehy
dration fluids were collected.

We defined AGE based on the occurrence of symptoms 
such as diarrhea and vomiting lasting no more than 14 days. 
Severe AGE was defined when the patient required intrave
nous rehydration. Furthermore, we took fecal samples for RV 
antigen testing using the ImmunoCardTM ST Rotavirus (cata
log number: 750030; Fujirebio Inc., Tokyo, Japan) and 
RapidTestaⓇ ROTA-ADENO (Sekisui Medical Inc., Tokyo, 
Japan), for which the cut off was 1.1 × 10−6 mg/mL from all 
children with suspected severe AGE.

We defined severe RVGE as positive RV antigens in fecal 
samples and the need for intravenous rehydration. To 
ensure objective introduction of intravenous rehydration, 
we calculated scores on the Vesikari scale for children, 
which indicated the severity of dehydration, by collecting 
information from enrolled children.13 Oral informed con
sent was obtained from the parents/guardians of the pedia
tric patients before participation in the study. Relevant 
information was extracted from medical charts and ana
lyzed only for children who fulfilled the inclusion criteria.

The numbers of hospitalized patients with AGE and 
RVGE at the Niigata Prefectural Shibata Hospital were 
calculated retrospectively. We evaluated RV vaccine cover
age rates using vaccination records from the four pediatric 
clinics, Shibata Hospital, and Tomita gynecologic clinic, 
which are the main administrators of vaccinations for chil
dren in the area. We counted the full RV vaccination as 
one single vaccination. The researchers performing the 
laboratory examinations were blinded to participant vacci
nation statuses, which were collected after the examina
tions. The research period was divided into four eras 
based on vaccination rates as follows. First was the pre- 
vaccination era when RV vaccines had not been introduced 
yet in 2008–2011. Second was the transitional era when the 
vaccine coverage rates were increasing yearly in 2012–2014. 
Third was the popularization era when vaccine coverage 
rates almost plateaued in 2015–2020. Fourth was the uni
versal era after the RV vaccine was adopted as a universal 
vaccination in Japan in 2021–2022. However, we started 
this study in 2012 in outpatients after the introduction of 

the RV vaccine in Japan; for these outpatients, we divided 
the time into three periods, the transitional era, popular
ization era, and universal era, and we did not include the 
pre-vaccination era. For inpatients, we divided the observa
tion period into the above four eras in 2008–2022.

Fecal samples were taken at the first visit after symptom 
onset. RV genotyping was performed using fecal samples from 
patients with RVGE. Reverse transcription-polymerase chain 
reaction was performed as previously described for the sam
ples at the Niigata Prefectural Institute of Public Health and 
Environmental Sciences.14

Statistical analyses

Incidences were calculated from the number of patients 
who visited the four clinics during each observation period 
(by May 31) and the number of children who lived in 
Shibata City. Fisher’s exact or Chi-square tests were per
formed to examine the statistically significant differences in 
incidence rate and in the ratio of severe RVGE in all AGE 
among different eras. We used a Poisson model to compare 
the hospitalization rate among eras and age groups. The 
normality of the 20-point Vesikari scale data was checked 
using the Shapiro‒Wilk test, and t-tests were performed to 
compare the scores between eras.

For all analyses, two-tailed p-values <.05 were considered 
statistically significant. All statistical analyses were performed 
using STATA (v14; StataCorp, College Station, TX, USA) and 
Microsoft Excel (Microsoft Corp., Redmond, WA, USA).

Ethical adherence

This study complied with the Ethical Guidelines for 
Epidemiological Research (Partial revision: December 1, 2008, 
The Ministry of Education, Culture, Sports, Science, and 
Technology; Ministry of Health, Labor, and Welfare), which is 
based on the guiding principles of the Declaration of Helsinki – 
Ethical for Medical Research Involving Human Participants, 
and the Ethics Guidelines for Medical Research for Humans 
(December 22, 2014, The Ministry of Education, Culture, 
Sports, Science, and Technology; Ministry of Health, Labor, 
and Welfare). Before conducting the study, the Ethical Review 
Committee of the Niigata Prefectural Shibata Hospital reviewed 
the ethical and scientific aspects of the study protocol (e.g., 
study design, population, and time period) and approved the 
proposed study (approval number: 65).

Results

RV vaccine coverage rates (RV1 and/or RV5) in Shibata 
City

As shown in Figure 1, the annual RV vaccine coverage rate in 
Shibata City increased significantly from 2011/2012, when the 
RV vaccine was first introduced, to 2014/2015. The rate gra
dually increased until 2019/2020, and it again increased sig
nificantly in 2020/2021, when it was adopted as a universal 
vaccine (p < .05). The RV vaccine coverage rates in each of the 
three periods were 47.2%, 76.1%, and 94.0%, respectively.
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Incidences of severe RVGE, severe AGE, and all AGE years
The incidences of severe RVGE and severe AGE, as well as all 
cases of AGE, per year among children aged <3 years 
(Figure 2a–c) and those aged 3–4 years were calculated 
(Figure 2d–f). The average incidences of severe RVGE and 
severe AGE in each era among children aged <3 years and 
those aged 3–4 years significantly decreased over time 
(p < .05) (Figures 2a–e). The incidence of all AGE among 
children aged 3–4 years also significantly decreased with time 

(p < .05) (Figure 2f). However, the incidence of all AGE among 
children aged <3 years at the four clinics significantly increased 
between the transitional and popularization eras (p < .05) 
(Figure 2c).

In comparisons of the incidences of severe RVGE, severe AGE, 
and all AGE between children aged <3 years and those aged 3–4  
years, there were no significant differences other than in the 
incidence of AGE between the two age groups in both the popu
larization and universal eras.

Figure 1. Vaccine coverage rates for RV1 and RV5 in Shibata City by season. Number of infants vaccinated with more than one dose of RotarixⓇ (RV1) or RotaTeqⓇ 

(RV5) in the 2011/12 season, between November 25, 2011 (vaccine introduction in Japan) and May 31, 2022. Values of coverage rates represent averages. Coverage 
rate: Proportion of infants vaccinated was calculated based on the annual number of newborn babies in Shibata City. However, the period of research was from 
November 25, 2011, to May 31, 2012, in 2011/2012 season, so we calculated the number of newborn babies calculated in this season as the half of them. *p < .05 (Chi- 
square test).

Figure 2. Incidence rates of severe RVGE (A), severe AGE (B), and AGE (C) among children younger than 3 years of age. Incidence rates of severe RVGE (D), severe AGE(E), 
and AGE (F), among children from 3 to 4 years of age. Values in graphs represent averages. The incidence rates were calculated based on the numbers of patients who 
visited the four clinics during each observation period (by May 31) and the number of children who lived in Shibata City. RVGE, rotavirus gastroenteritis; AGE, acute 
gastroenteritis *p < .05 (Fisher’s exact test).
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Comparison of the proportion of severe RVGE to all AGE 
and Vesikari scale scores of patients with severe RVGE

Table 1 presents the proportion of severe RVGE in all AGE 
and 20-point Vesikari scale scores among children aged <3  
years and those aged 3–4 years. The proportion of severe 
RVGE in all AGE was significantly reduced among children 
aged <3 years. The ratio among children aged 3–4 years was 
not significantly reduced; however, it significantly differed 
between the transitional and universal eras (p < .05). There 
was no difference in the 20-point Vesikari scale scores between 
the transitional and popularization eras among children aged 
3–4 years.

Hospitalization for RVGE and GE

The hospitalization rates per era in Shibata City (/1,000 per
son – years) and the annual number of hospitalizations at 
Shibata Hospital due to AGE and RVGE among children 
aged <3 years and those aged 3–4 years are shown in 
Figure 3.

Among children aged <3 years, the hospitalization rate 
for AGE significantly decreased with the eras except for 
between the pre-vaccination and transitional eras and 
between pre-vaccination and popularization eras. Among 
children aged 3–4 years, the hospitalization rate for AGE 
decreased significantly only between the transitional and 
universal eras. For both age groups, the hospitalization 
rate for RVGE was significantly reduced between eras 

except for between the pre-vaccination and transitional 
eras and between the pre-vaccination and popularization 
eras.

Comparing the hospitalization rates for RVGE and AGE 
between children aged <3 years and those aged 3–4 years, there 
were significant differences in the incidence of RVGE in the 
pre-vaccination era and in the incidence of AGE in the pre- 
vaccination, transitional, and popularization eras between the 
two age groups.

Comparison of the proportion of hospitalization for RVGE 
to the hospitalization for all AGE by eras

Table 2 presents the comparison of the proportion of RVGE in 
all AGE hospitalizations among children aged <3 years and 
those aged 3–4 years by era. In children <3 years of age, there 
were significant differences in the proportion of RVGE in all 
AGE hospitalizations between any two eras except between the 
popularization and universal eras. There were significant dif
ferences between the pre-vaccination and popularization eras, 
pre-vaccination and universal eras, and transitional and popu
larization eras in those aged 3–4 years.

Comparison of the distribution of RV genotypes detected 
among three eras

Comparisons of the distribution of RV genotypes in samples 
isolated from participants are indicated in Figure 4. The pre
dominant RV genotype combination in the transitional era 

Table 1. Proportion of severe RVGE to all AGE per 1000 person-years and mean scores of Vesikari scales for patients with severe RVGE according to the era.

severe RVGE/all AGE

Transitional

(2012–2014)

Popularization

(2015–2020)

Universal

(2021–2022)

A. aged <3 years

5.5% (26/470) 1.6% (9/556) 0.0% (0/307)

p=0.001*

p=0.031*

p<0.001*

B. aged 3 to 4 years

6.3% (30/480) 3.5% (14/391) 0.6% (1/182)

p=0.088

p=0.045*

p=0.001*

20-point Vesikari scales

Transitional Popularization Universal

A. aged <3 years
11.58(n=38) 9.46(n=13) -

p<0.01*

B. aged 3 to 4 years
10.24(n=25) 9.25(n=12) -

NS

The proportion of severe RVGE to all AGE decreased significantly after universal vaccination among children aged <3 years and those aged 3 to 4 years. 
*p < .05 (Fisher’s exact test, t-test). 
RVGE, rotavirus gastroenteritis; AGE, acute gastroenteritis.
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Figure 3. Hospitalization rates and annual number of hospitalizations for RVGE and AGE in Shibata City (/1,000 person-years) among children younger than 3 years of 
age (a) and those aged 3 to 4 years (b). *p < .05 (Poisson regression analysis). RVGE, rotavirus gastroenteritis; AGE, acute gastroenteritis.

Table 2. Proportion of hospitalization for RVGE to all AGE according to the era.

Hospitalization for RVGE/for all AGE

Pre-vaccination

(2008–2011)

Transitional

(2012–2014)

Popularization

(2015–2020)

Universal

(2021–2022)

A. aged <3 years

44.7% (38/85) 26.6% (21/79) 12.6% (11/87) 0.0% (0/14)

p=0.022*

p=0.030*

p=0.354

p<0.001*

p=0.034*

p=0.001*

B. aged 3 to 4 
years

41.7% (10/24) 34.4% (11/32) 7.5% (3/40) 0.0% (0/8)

p=0.591

p=0.006*

p=0.99

p=0.003*

p=0.080

p=0.035*

The proportion of hospitalization for RVGE to all AGE decreased significantly after universal vaccination among children aged 
<3 years and those aged 3 to 4 years. 

*p < .05 (Fisher’s exact test). 
RVGE, rotavirus gastroenteritis; AGE, acute gastroenteritis.
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was G1P[8], while G9P[8] dominated in the popularization 
and universal eras. There were significant differences in the 
distribution of RV genotypes between eras.

Discussion

Since RV vaccines were adopted as a universal vaccination in 
Japan in October 2020, there have been few reports on the 
effectiveness of RV vaccines in Japan. The RV vaccine was 
introduced in 118 countries as of the end of 2021.15 Among the 
70 countries that adopted national immunization programs for 
the RV vaccine, the average RV coverage rate was 82% in 
2016.16 Therefore, the 94% vaccine coverage rate in the uni
versal era in our study was very high compared with other 
countries. The global coverage RV vaccination is 49%,15 which 
is similar to the average coverage rate in the transitional era in 
Japan.

The incidence of severe RVGE significantly decreased over 
time not only among children <3 years of age but also among 
children aged 3–4 years, including those who were unable to 
receive vaccinations and those for whom vaccine effectiveness 
may have waned. Thus, the RV vaccine seems to have a strong 
impact on vaccinated as well as unvaccinated children,17 and 
its popularization has reduced the incidence of severe RVGE 
among vaccinated and unvaccinated children in Japan.

Strict preventive measures for infections due to the 
COVID-19 pandemic reduced the incidence of AGE, including 
severe RVGE.18–20 In our research, the incidence of severe 
RVGE in the popularization era was significantly lower than 
that in other eras in both age groups (Figure 2a-d). 
Furthermore, the proportion of severe RVGE in all AGE also 
significantly decreased in both age groups except for between 
the transitional and popularization eras in children aged 3–4  
years (Table 1). This suggests that RV vaccinations were more 
effective in the popularization era than in the previous era. The 
incidence of all AGE among children aged <3 years increased 
significantly during the popularization era (Figure 2c); this can 
be attributed to the prevalence of GE types other than RVGE in 
this age group. Hospitalization rates for RVGE were signifi
cantly higher in the pre-vaccination and transitional eras than 
in the other eras.

Some studies have analyzed hospitalization rates after the 
introduction of RV vaccines in Japan, and the number of 
hospitalizations for RVGE has decreased since 2014 in these 
studies.4–7 RV vaccine coverage rates ranged from 37.9% to 
67.2% at the time. The coverage rate in the present study was 
56.5%, which is within this range, as shown in Figure 1. The 
hospitalization rates for RVGE in the popularization era (after 
2014) were significantly lower than those in the previous years. 
Therefore, the trends in hospitalization for RVGE are similar 
in Japan. Between the two age groups, there was a significant 
difference in the hospitalization rate for RVGE in the pre- 
vaccination era; however, there was no difference in other 
eras. It is suggested that there was more hospitalization for 
RVGE among children aged <3 years and those aged 3–4 years 
in the pre-vaccination era; however, we believe the reason for 
this is the rapid decrease in the number of hospitalizations for 
children aged <3 years and the gradual decrease in the number 
of hospitalizations for children aged 3–4 years after the intro
duction of RV vaccinations. Therefore, the difference in hos
pitalization rates for RVGE between the two age groups 
became smaller in each era, exhibiting no significance.

Although there was a significant reduction of the incidence 
of severe RVGE between the popularization and universal eras, 
there were no significant differences in hospitalization rates for 
RVGE and for all AGE (Table 2). This is possibly because the 
total number of hospitalizations for all AGE during the 
COVID-19 pandemic was very small compared with the total 
number of visitors at clinics.

The distribution of RV genotypes was also significantly 
different among the eras. It was described in the report on 
the distributions of RV genotypes in Sapporo, Japan that the 
dominant GP genotype has changed after the introduction of 
RV. Specifically, the five major GP genotypes, including G1P 
[8], G2P[4], G3P[8], G4P[8], and G9P[8] decreased after 2012, 
and new GP genotypes have emerged.21 However, there are 
some reports on the reemergence of G9P[8], including 
reassortants.22–24 Therefore, we should continue to observe 
genotype transitions in the future.

Our study had some limitations. First, there were no data 
form the pre-vaccination era at clinics. We obtained data 
from children <3 years of age from only one year, 2011. The 

Figure 4. Distributions of detected RV genotypes in three eras. There were significant differences in the distribution of RV genotypes isolated from the feces of children 
with RVGE between different eras divided by RV vaccination rates. *p < .05 (Chi-square test). RV, rotavirus; RVGE, rotavirus gastroenteritis.
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incidence of severe RVGE was 77.1 (per 1,000 children – 
years) at clinics.12 As shown in Figure 3, there were some 
differences in the number of hospitalizations for RVGE 
between the pre-vaccination eras. Therefore, it is difficult to 
assert whether there was a difference in the incidence rate of 
severe RVGE at clinics between the pre-vaccination and 
transient eras using only the 2011 data. Second, as previously 
mentioned, our study might have been affected by the 
COVID-19 pandemic. However, the ratio of severe RVGE 
cases to all AGE cases also decreased significantly between 
before and after the COVID-19 pandemic (Table 1). This 
suggests that the real incidence rate of severe RVGE also 
decreased significantly in the universal era compared with 
that in the popularization era. Third, children with RVGE 
who were treated with outpatient fluid transfusion at clinics 
were considered as having severe RVGE. There could be 
some differences among such children because of subjective 
evaluations by the clinician. However, we also checked the 
Vesikari scales for each patient with severe RVGE, and there 
was no significant difference among the eras (Table 1). 
Therefore, the evaluation for severe RVGE at clinics is 
thought to be reasonable. Whereas there were no scales for 
severe AGE other than RVGE. Therefore, it was not able to 
deny that there might be some bias for the diagnosis of severe 
AGE among clinicians. However, we make a guess that there 
might be not so much difference among them from the 
points of view that there was no significant difference in 
severe RVGE. Fourth, we also investigated RV serotypes, 
but not enough stool was collected from patients with severe 
RVGE for genotyping, and we could not take samples from 
all patients with severe RVGE. Therefore, we could not check 
the severity of RVGE for children from whom samples for 
RV serotypes were collected. Therefore, the correlation 
between serotypes and severity is unclear. Furthermore, the 
number of samples was too small, especially in the universal 
vaccination era because of rapid decreasing the children with 
RVGE. Therefore, we need to take more samples to clarify if 
there are any differences or not in RV serotypes between 
before and after universal vaccinations in the future. In addi
tion to the conventional binary classification system, an 
extended RV genotyping system was established in 2008 
based on the sequences of all 11 genome segments to clarify 
RV epidemiology and evolution.25 Based on this classifica
tion, an unusual strain, DS-1-like G1P[8], was detected in 
Japan.26,27 This strain is thought to be a double-reassortant 
strain derived from the recombination of the human Wa-like 
G1P[8] and human DS-1-like backbone strains.27 

Furthermore, the other RV vaccine genotype including the 
equine-like G3 and Unusual G9P[8] were reported even after 
RV vaccine introduction in Japan.28,29 Therefore, we will 
investigate the serotypes including the sequences of all 11 
genome segments in the future. Lastly, intussusception (IS) 
is a major side effect of the RV vaccine, but we did not 
choose to investigate the frequency of IS in our study. 
Based on the report on IS in Japan, the incidence rates of 

patients with IS aged <1 year (susceptible age) were 102.8 per 
100,000 person-years in the pre-vaccination era (2007‒2011) 
and 94.0 in the post-vaccination era (2012‒2014), 
respectively.30 That is, the incidence of IS did not increase 
after the introduction of RV vaccine. The number of births 
was 570 in Shibata City in 2022. Therefore, if we adopt the 
incidence rates of patients aged <1 year with IS in Japan,30 

those in Shibata City are expected to be almost zero through 
the pre- and post-vaccination eras. Therefore, the effect of IS 
was not investigated in this study.

We investigated the changes in vaccine coverage and AGE 
incidence, including severe RVGE, over different periods 
among Japanese children <5 years of age until the establish
ment of universal RV vaccination in Japan. The RV vaccine 
coverage rate was > 90% after universal vaccination. The inci
dences for hospitalization for RVGE and severe RVGE at 
clinics, and that of all AGE, were significantly reduced after 
universal vaccination during the COVID-19 pandemic. The 
ratio of cases of severe RVGE to all AGE at clinics significantly 
decreased after universal vaccination among children <3 years 
of age and those aged 3–4 years. Further follow-up studies are 
needed after the COVID-19 pandemic.
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