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ABSTRACT
Rotavirus (RV) is a leading cause of gastroenteritis in children. In Japan, Rotarix (RV1; GlaxoSmithKline), 
which is a monovalent vaccine derived from human RV (G1P[8]), has been introduced since 
November 2011, and RotaTeq (RV5; MSD) which is an pentavalent, human-bovine mono-reassortant 
vaccine (G1, G2, G3, G4, and P1A[8]), has been introduced since July 2012. Long-term follow-up on vaccine 
efficacy and RV genotypical change should be carried out in order to control RV infection. The RV 
gastroenteritis (RVGE) outbreak occurred during the 2018/2019 season in Aichi prefecture, Japan. 
Therefore, the molecular epidemiology of RV among three different groups of RVGE, which were out-
patients who received RV1, those who received RV5, and those without vaccination, was explored. Clinical 
features of RVGE patients were compared among the three patient groups. Children less than 15 years of 
age with gastroenteritis who visited any of seven pediatric practices between January and June 2019 were 
enrolled in the study. G, P, and E genotypes were determined by direct sequencing of reverse transcrip-
tion–polymerase chain reaction products amplified from stool samples. Among 110 patients, there were 
27, 28, and 55 in the RV1-vaccinated, RV5-vaccinated, and unvaccinated groups, respectively. The most 
frequent genotype was G8P[8] (92/110 patients, 83.6%). Genotype distributions did not significantly differ 
among the three patient groups (P = .125). Mean Vesikari score was significantly lower among RV1- 
vaccinated (7.1) and RV5-vaccinated patients (6.4) than among unvaccinated patients (10.2) (P < .001). 
Even in RVGE patients treated in an outpatient clinic, RV vaccine reduced the severity of the disease in this 
cohort.
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Introduction

Rotavirus (RV), a leading cause of gastroenteritis in children, 
causes substantial morbidity and mortality worldwide.1 In 
order to decrease the huge disease burden, two live attenuated 
RV vaccines have been introduced: Rotarix (RV1; 
GlaxoSmithKline) is an orally administered monovalent atte-
nuated live vaccine derived from human RV, and RotaTeq 
(RV5; MSD) is an orally administered pentavalent, live vaccine 
with a backbone derived from bovine RV. Although the con-
cept for developing the vaccines differed, both can prevent 
severe RV gastroenteritis (RVGE) caused by common RV 
genotypes, including G1–G4, G9, P[4], P[6], and P[8].2–5 

Although the vaccines are expected to cross-protect against 
other RV genotypes, several large-scale molecular epidemiolo-
gical studies have demonstrated genotypic changes of RV after 
introduction of the vaccine in several countries,6–8 suggesting 
the possibility of escape from vaccine-induced immune pres-
sure or vaccine-independent genotype variation over time. 
These observations emphasize the importance of long-term 
follow-up on vaccine efficacy and RV genotypical change in 

order to control RV infection.9 Furthermore, because different 
vaccines have been introduced in each region, molecular epi-
demiology and vaccine efficacy should be elucidated locally.

RV vaccination has been available in Japan since 
November 2011. Although RV vaccine was initially adminis-
tered on a voluntary basis, it has been included in the national 
immunization program starting in October 2020. In order to 
increase vaccine coverage, several local governments have sup-
ported the cost of the vaccination before starting the national 
immunization program. Consequently, vaccine coverage has 
gradually increased, and that has resulted in a remarkable 
decrease in the numbers of RVGE patients.10–13 Support of 
vaccination costs by Nagoya, the largest city in Aichi prefec-
ture, has resulted in a remarkable impact on the numbers of 
RVGE-related hospitalizations and outpatient visits in the 
city.12 Because vaccine administered varies across clinics 
between two different vaccines, RVGE patients fall into three 
different groups: patients who received RV1, those who 
received RV5, and unvaccinated patients. Because the RVGE 
outbreak occurred during the 2018/2019 season in several areas 
in Japan, including Aichi prefecture, we sought to compare the 
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molecular epidemiology of RV among the three different 
groups of RVGE patients. In addition, we compared the clinical 
features of RVGE patients among the three patient groups.

Methods

Subjects and sampling

Children less than 15 years of age with acute gastroenteritis 
who visited any of seven pediatric practices around our institu-
tion between January and June 2019 were eligible for the study. 
Eligible children were invited and study staff administered 
written informed consent to parents of those who enrolled. 
Rotavirus infection was confirmed by each doctor at the time of 
clinic visit using an immunochromatographic test (Dipstick 
‘Eiken’ Rota kit: Eiken Chemical, Tokyo, Japan), which detects 
RV antigen in stool. Demographic and clinical information, 
including age, gender, maximum number of diarrheal and 
vomiting episodes per day, duration of diarrhea and vomiting, 
presence of fever, maximum fever level, and presence of drip 
infusion were collected by each practitioner; this clinical infor-
mation was collected retrospectively from the medical record. 
Vesikari scores were calculated based on the collected clinical 
information.14 This study was approved by the review board of 
our university (No. 19–046).

RNA extraction and G, P, and E genotyping

Ten percent suspensions (1 mL) of each stool sample were 
prepared in physiological saline solution; alternatively, swab 
samples were immersed in 200 μL of physiological saline 
solution.15 Suspensions were clarified by centrifugation for 
20 min at 4000 g, and 140 μL of the supernatant was used for 
RNA extraction. RNA was extracted from samples using the 
QIAamp viral RNA Mini kit (QIAGEN, Chatsworth, CA, 
USA). In order to determine the G, P, and E genotypes, we 
performed reverse transcription–polymerase chain reaction 
(RT-PCR) using the SuperScript III One-Step RT-PCR 
System with Platinum Taq High-Fidelity DNA Polymerase 
Kit (Invitrogen, Carlsbad, CA, USA). Primers for the target 
genes were designed to amplify the common sequences of RVA 
strains.16–18 The BigDye Terminator V3.1 Cycle Sequencing 
Reaction Kit (Applied Biosystems, Foster City, CA, USA) was 
used for Sanger sequencing of each PCR product. Sequencing 
products were analyzed on an ABI 3130 Genetic Analyzer 
(Applied Biosystems). Finally, G, P, and E genotyping of the 
obtained sequences was performed using the Rota C v2.0 auto-
mated genotyping tool (http://rotac.regatools.be/). It is out of 
order. The ViPR-tool ((https://www.viprbrc.org/brc/ 
rvaGenotyper.spg?method=ShowCleanInputPage&decorator= 
reo) can be used as an alternative.).19

Statistical analysis

Patients‘ characteristics (age and gender) and clinical symp-
toms (fever, maximum fever level, maximum number of diar-
rheal or vomiting episodes per day, duration of diarrhea or 
vomiting, drip infusion, hospitalization, and Vesikari score) 
were compared between each pair of groups (RV1-vaccinated 

patients, RV5-vaccinated patients, and unvaccinated patients) 
using the Steel–Dwass test or Pearson‘s chi-square test with 
Bonferroni correction. Distributions of genotypes were com-
pared among the three groups using Pearson‘s chi-square test. 
P < .05 was considered to be statistically significant. Statistical 
analysis was performed with JMP version 12.2.0 software (SAS 
Institute, Cary, NC, USA).

Results

Study subjects and age distribution of RVGE patients

A total of 123 RVGE patients were enrolled in this study 
(Figure 1). Thirteen patients were excluded because RV 
genomes were not detected in rectal swabs by RT-PCR. 
Among the remaining 110 patients, 27 were RV1- 
vaccinated, 28 were RV5-vaccinated, and 55 were unvacci-
nated. Distribution of RVGE patient by age and vaccine 
status is shown in Figure 2 The median age of the patients 
was 4.8 years (range, 4 months to 11 years). Patients aged 1  
year old or younger, 2–4 years, 5–7 years, and 8–11 years 
accounted for 18%, 44%, 25%, and 12% of all patients, 
respectively. In patients 4 years or younger (n = 69), the 
total number of vaccinated patients (n = 44) was almost 
double the number of unvaccinated patients (n = 25). By 
contrast, the number of unvaccinated patients (n = 30) was 
much higher than vaccinated patients (n = 11) among 
patients 5 years and older. The two vaccinated patients 
older than 8 years had been vaccinated abroad.

RV genotypes determined by direct sequencing analysis

Distribution of G/P genotype of the 110 patients is shown 
in Figure 3 The most frequent genotype was G8P[8] (92/ 
110 patients, 83.6%), followed by G9P[8] (10/110 patients, 
9.1%), G2P[4] (4/110 patients, 3.6%), G3P[8] (3/110 
patients, 2.7%), and G3P[9] (1/110 patients, .9%). The 
frequencies of the G8P[8] genotype in RV1-vaccinated, 
RV5-vaccinated, and unvaccinated patients were 88.9% 

Figure 1. Flowchart of classification of RVGE patients based on vaccine status. The 
numbers shown above each bar indicates the number of patients.
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(24/27), 85.7% (24/28), and 80.0% (44/55 patients), respec-
tively; no significant difference in genotype distribution 
was observed among the three groups (P = .125). We also 
determined E genotype. All but 3 of the RVs in the 110 
patients (97.3%) had the E2 genotype (DS-1–like). One of 

the 10 G9P[8] and 1 of the 3 G3P[8] RVs had the E1 
genotype (Wa-like), and one G3P[9] RV had the E3 (AU- 
1–like) genotype. The G9P[8]-E1 strain was detected in 
one unvaccinated patient, and the G3P[8]-E1 and G3P[9]- 
E3 strains were detected in RV5-vaccinated patients.

Figure 2. Distribution of RVGE patients by age and vaccine status.

Figure 3. Distribution of rotavirus (RV) genotypes based on vaccine. All but 3 of the RVs in the 110 patients (97.3%) had the E2 genotype (DS-1–like). *One patient of 
these groups had the E1 genotype (Wa-like), and **G3P[9] RV had the E3 (AU-1–like) genotype.

Table 1. Comparison of demographic characteristics and clinical features, including disease severity of RVGE, based on vaccine status.

Variables RV1-vaccinated RV5-vaccinated Unvaccinated

Number of patients 27 28 55
Age, years (mean±SD) 3.3 ± 2.3a 2.7 ± 1.8a 4.9 ± 2.7
Gender (male/female) 11/16 18/10 36/19
Maximum number of diarrheal episodes per day (mean±SD) 4.3 ± 3.0 3.6 ± 1.9a 5.3 ± 2.6
Duration of diarrhea, days 3.1 ± 1.5a 3.0 ± 1.8a 4.5 ± 1.6
Maximum number of vomiting episodes per day (mean±SD) 2.3 ± 2.0a,b 1.0 ± 1.0a 5.1 ± 4.1
Duration of vomiting, days 1.4 ± 1.0b 0.8 ± 1.1a 1.9 ± 1.0
Fever (n (%)) 19 (70.4%) 26 (92.9%) 44 (80.0%)
Maximum fever level, °C 38.5 ± .6 38.7 ± .8 38.7 ± .7
Drip infusion (n, %) 2 (7.4%)a 0 (.0%)a 21 (38.2%)
Vesikari score (mean±SD) 7.1 ± 2.1a 6.4 ± 1.9a 10.2 ± 2.7

RVGE, rotavirus gastroenteritis; RV1, Rotarix; RV5, RotaTeq. a Significant difference relative to unvaccinated patients (P < .05). b Significant difference relative to RV5- 
vaccinated patients (P < .05).
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Comparison of patient‘s backgrounds and clinical features 
of RVGE

Patient‘s background and clinical characteristics, including 
disease severity of RVGE based on vaccine status, are shown 
in Table 1. Both RV1-vaccinated (P = .001) and RV5- 
vaccinated (P = .017) patients were significantly younger than 
the unvaccinated patients. There was no significant gender 
difference between RV1-vaccinated (P = .101) or RV5- 
vaccinated (P = .916) and unvaccinated patients. Duration of 
diarrhea was significantly lower in RV1-vaccinated (P = .005) 
and RV5-vaccinated patients (P < .001) than in unvaccinated 
patients. Maximum number of diarrheal episodes per day was 
significantly lower in RV5-vaccinated patients than in unvac-
cinated patients (P = .027), but no significant difference was 
observed between RV1-vaccinated and unvaccinated patients 
(P = .149). Maximum number of vomiting episodes per day 
was significantly lower in RV1-vaccinated (P = .005) and RV5- 
vaccinated patients (P < .001) than in unvaccinated patients. 
Duration of vomiting was significantly shorter in RV5- 
vaccinated than in unvaccinated patients (P < .001), but no 
significant difference was observed between RV1-vaccinated 
and unvaccinated patients (P = .077). Frequency of fever and 
maximum body temperature did not significantly differ among 
the three groups. The percentage of patients requiring drip 
infusion was significantly higher in unvaccinated patients 
than in RV1-vaccinated (P = .011) and RV5-vaccinated 
patients (P < .001). Finally, mean Vesikari score was signifi-
cantly lower in RV1-vaccinated (P < .001) and RV5-vaccinated 
patients (P < .001) than in unvaccinated patients.

Next, we compared background and clinical features 
between 27 RV1 vaccinated and 28 RV5 vaccinated patients. 
Neither age nor gender differed significantly between the two 
groups. Maximum number (P = .007) and duration (P = .010) 
of vomiting were significantly higher in RV1-vaccinated 
patients than in RV5-vaccinated patients. However, severity 
of diarrhea (maximum number; P = .947, duration; P = .992) 
and fever (P = .092; maximum body temperature, P = .699) did 
not significantly differ between RV1-vaccinated and RV5- 
vaccinated patients. Finally, Vesikari score did not significantly 
differ between these two groups (P = .473).

Discussion

Unlike other vaccines such as those for measles, current formula-
tions of RV vaccine do not protect the host against viral infection 
but can prevent the disease from becoming severe. Therefore, 
although implementation of a population-wide RV vaccination 
program can decrease the numbers of RVGE patients, sporadic 
outbreaks of RVGE still sometimes occur.20,21 Biennial RVGE 
outbreaks have occurred in the United States after introduction 
of the RV vaccine.6 We previously reported a remarkable reduc-
tion in the numbers of RVGE-related hospital admissions and 
outpatient visits after increases in RV vaccine coverage and re- 
increase in number of RVGE patients in 2016 in Japan.12 

Subsequently, the numbers of RVGE patients were extremely 
low in 2017 and 2018, but as mentioned above, in 2019, sporadic 
RVGE outbreaks occurred again in several areas in Japan, includ-
ing Aichi prefecture. Because data comparing the molecular 

epidemiology and clinical features of RV infection based on the 
vaccination status are sparse, we thought that this RVGE out-
break represented a good opportunity to elucidate the issue.

The age of RVGE patients has gradually increased after RV 
vaccination was implemented.6,21,22 In this study, only 18% of 
patients were 1 year old or younger, and those aged 2–4 years 
and 5–7 years accounted for 44% and 25% of all patients, 
respectively. This finding is consistent with the idea that the 
age of RVGE patients in Japan is increasing, as in other coun-
tries. Furthermore, as patients get older, the proportion of 
unvaccinated patients increases, as shown in Figure 2 The 
cost of RV vaccination has been supported by several local 
governments since 2013; over the intervening time, vaccine 
coverage has increased from 40% to 80%.12 Therefore, lower 
vaccination rates among children age 6 and older without local 
government‘s support is likely to be the main reason for the 
low proportion of RV vaccinated RVGE patients in the 5–7  
years old group in this study.

Monitoring of RV genotype diversity, which can be 
induced by vaccine-related immune pressure, is important 
for controlling RVGE outbreaks. Like many other countries, 
in Japan, the main rotavirus strains circulating in pediatric 
patients were G1P[8], G2P[4], G3P[8], and G9P[8] before 
RV vaccine introduction.23 Among the five RV genotypes 
that were common before vaccine introduction, only G2P[4] 
belongs to the DS-1–like constellation. By contrast, G1P[8], 
the original strain of RV1, belongs to the Wa-like constella-
tion, similar to three other common RV genotypes (G3P[8], 
G4P[8], and G9P[8]). Therefore, there was a concern that 
the G2P[4] would become predominant after implementing 
universal immunization using the RV1 vaccine.24–26 In fact, 
G2P[4] has become prevalent in Brazil, where RV1 is used 
for universal immunization.22 On the other hand, as G2P[4] 
also increased even in neighboring Brazil, where the RV 
vaccine program was not implemented, it remains contro-
versial that the increase in G2P[4] RV strains in Brazil was 
solely due to immune pressure caused by the introduction of 
the RV1. Meanwhile, a state-based vaccine choice strategy 
was adopted for the national immunization program in 
Australia. The increased diversity and differences in geno-
type predominance have been demonstrated in states using 
RV1 (G2P[4] and equine-like G3P[8]) and RV5 (G12P[8]), 
suggesting that different types of immune pressures are 
induced by different RV vaccines.8,27 In addition, the geno-
type distribution differs between vaccinated and unvacci-
nated patients in the United States, where both RV1 and 
RV5 are used for the national immunization program.6 

However, that study did not compare RV genotypes among 
RV1-vaccinated, RV5-vaccinated, and unvaccinated patients. 
Although the present study analyzed a limited number of 
samples and the number of non-G8P [8] infected patients 
may have been too small for meaning statistical analysis, the 
proportions of RV genotypes did not significantly differ 
between vaccinated and unvaccinated patients (P = .125). 
Long-term RV genotyping is needed to determine whether 
vaccine type–specific genotypic changes occur in regions 
using both RV1 and RV5 simultaneously. It is also important 
for the development of the RV vaccine that are highly 
effective against newly emerged RV genotypes.
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In this study, the most prevalent genotype was DS-1–like G8P 
[8], irrespective of vaccine status and vaccine type. Previously, 
the G8 genotype was rarely detected outside of Africa. 
Subsequently, DS-1–like G8P[8] has emerged in several south-
eastern Asian countries, including Japan.28–30 Furthermore, in 
2017 in Australia, G8P[8] was the second most common RV 
genotype for all ages except in infants less than 6 months of 
age.21 Vaccine-related immune pressure is thought to play an 
important role in expanding DS-1–like G8P[8] in these coun-
tries. Meanwhile, a systematic review and meta-analysis revealed 
that no specific emerging RV genotype has been continuously 
detected over the years.31 Therefore, long-term monitoring of 
RV genotype distribution should be carried out to determine 
whether DS-1–like G8P[8] continues to predominate in Japan.

As shown in Table 1, the severity of RVGE symptoms and 
Vesikari score were significantly lower in RV1- and RV5- 
vaccinated patients than in unvaccinated patients. Although 
vaccinated patients were significantly younger than unvacci-
nated patients, it is well known that older children generally 
have milder symptoms due to repeated natural RV infection.32 

Unvaccinated older children might not have experienced 
repeated RV infections during infancy and early childhood due 
to the suppression of RVGE outbreaks after vaccine introduc-
tion. Therefore, the increase in number of RVGE patients in 
older children may be due to the attenuating herd immunity of 
them induced by RV vaccination. In any case, findings in the 
present study corroborates the large body of evidence for high 
vaccine effectiveness, even in patients with mild RVGE treated 
with outpatient clinics. To date, many studies have assessed 
efficacy of RV vaccine, and reported a marked reduction in the 
number of RVGE patients33,34 and the RV detection rate in stool 
specimens collected from acute gastroenteritis patients.6,35,36 In 
addition, a clinical study37 and a systematic review of vaccine 
effectiveness31 demonstrated that RV1 and RV5 exert similar 
vaccine effectiveness against homotypic and heterotypic RV 
genotypes. Thus, this cohort study conducted on a regional 
RVGE outbreak supports the results of previous studies,31, 37 

demonstrating a clear impact of RV vaccines regardless of vac-
cine types.

Although Vesikari score did not significantly differ 
between RV1-vaccinated and RV5-vaccinated patients, 
severity of vomiting was significantly higher in the former 
group. The reason for this difference is unclear, but it is 
important to determine whether it is real. Therefore, a large 
number of RVGE patients should be analyzed in future 
studies to answer common questions asking which RV 
vaccine is better.

In conclusion, we investigated the molecular epidemiology and 
clinical characteristics of patients during a local RVGE outbreak 
after RV vaccine national immunization program. The proportion 
of RV genotypes did not differ depending on the presence or 
absence of vaccination or the type of vaccine used. Even though 
this cohort was in an outpatient setting, we clearly observed that 
vaccination decreased disease severity. The RV vaccine reduced 
RV gastroenteritis. However, RV outbreaks may have occurred 
due to attenuated herd immunity mainly on older children in the 
future. It is necessary to analyze clinical outcomes and distribution 
of RV genotypes in as in the present study.
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