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Background: Rotavirus gastroenteritis accounts for significant childhood morbidity and mortality world-
wide. Vaccination using RotarixTM (GSK) and RotaTeq® (Merck) was introduced due to the tremendous
disease burden. The possibility of asymptomatic infections following vaccinations was poorly under-
stood. This study examined rotavirus cases in post-vaccinated children, their clinical manifestations and
the genotypes of isolated strains.
Methods: Stool samples of healthy, vaccinated children under 5 years of age in Surabaya were collected
monthly for 1year between January 2016 and February 2017. Episodes of gastroenteritis were reported,
and samples were collected. Rotavirus was identified using multiplex reverse transcription Polymerase
Chain Reaction (QIAGEN, Inc., Valencia, CA). Clinical manifestations were measured using the Vesikari
score. The genotype was analyzed by Applied Biosystems (Foster, CA).
Results: A total of 109 stool samples were collected from 30 subjects, of which 22 received Rotarix; 8
RotaTeq. Nine out of 109 samples were collected during diarrhea episodes of 8 subjects. Two asymp-
tomatic rotavirus infections were identified by RT-PCR. The genotypes isolated were G1P[8] and G3P[8].
Conclusions: Asymptomatic rotavirus infections can occur in post-vaccinated children. Strains identified
were homologous to serotypes eliciting gastroenteritis in unvaccinated children of the same community.
© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Rotavirus infection accounts for significant morbidity and mor-
tality in infants and young children worldwide. The World Health
Organization (WHO) estimated 215,000 rotavirus-associated
deaths among children under 5 years of age in 2013 [1]. The latest
study in Indonesia reported rotavirus as the leading cause of severe
acute gastroenteritis in children under 5 years of age, being respon-
sible for 60% of hospitalizations and 41% of clinical visits presenting
withdiarrhea|[2].So far, 12 G- (G1-G6, G8-G12,G20)and 14 P- (P[1],
P[3]-P[11], P[14], P[19], P[25], and P[28]) genotype combinations
have been identified in humans, with the global epidemiological
emphasis on G1-G4 and G9 [3].
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Rotavirus enters humans through the oral route and destroys
epithelial cells of mature villi in the small intestine, causing mal-
absorption and therefore osmotic diarrhea. Animal models also
demonstrate the role of the enteric nervous system and NSP4
enterotoxin in inducing osmotic diarrhea. The vomiting center is
simultaneously activated although its mechanism remains unclear
[4]. Mortality arises when severe dehydration is treated inade-
quately.

Rotavirus vaccine was introduced in 2006 considering the
tremendous global disease burden. Currently, the two licensed vac-
cines are RotaTeq® (Merck & Co., Inc., West Point, PA, USA) and
Rotarix” (GSK Biologicals, Belgium) [5,6].

Many studies have examined the efficacy of rotavirus vac-
cination in preventing severe gastroenteritis, ranging from 40
to 64% in developing countries [7-10] and >90% in developed
countries [11-15]. However, the relationship among rotavirus vac-
cination, the possible subsequent rotavirus infections in children
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Fig. 1. Map of the participants’ residences in Surabaya (Figure adapted from Fig. 1 of [17]).

and changes in local circulating strains are poorly understood. In
this study, rotavirus infection status post-vaccination was exam-
ined in vaccinated children in Surabaya, Indonesia.

Materials & methods

This study was approved by the Ethics Committee at the Insti-
tute of Research and Innovation (Lembaga Penelitian dan Inovasi)
Universitas Airlangga and complied with the National Health and
Medical Research Council National Statement for the Ethical Con-
duct in Research Involving Humans (1999). This was a prospective
cohort study of representative vaccinated children under 5 years of
age in Surabaya between January 2016 and February 2017. The pri-
mary outcome was to identify the presence of rotavirus in the stools
of these children and to examine their clinical manifestations.

Community setting and participant recruitment

In Indonesia, rotavirus vaccination is included in the univer-
sal immunization schedule under the optional category without
government funding [16]. There are no precise data on rotavirus
vaccine coverage in Indonesia. Until the end of the study period,
these vaccines were relatively new and remained exclusively for
those who could afford it.

A total of 30 immunocompetent children under 5 years of age
who had completed either RotaTeq® (Merck & Co., Inc., West
Point, PA, USA) or Rotarix” (GSK Biologicals, Belgium) vaccinations
were recruited from a young mothers’ community in Surabaya.
Surabaya is the capital city of East Java Province, Indonesia (Fig. 1),
and has a warm, tropical climate. The period of recruitment was
January to March 2016. Immunocompetence was defined as being
HIV negative and not undergoing immunosuppressive or other
immunomodulation therapies. The residences of these participants
are scattered throughout the city to ensure representative results
(Fig. 1).

Stool sample collection

Stool samples from each participant were collected monthly at
home in clean containers provided over the one-year study period.

An initial stool sample from each study participant was obtained
within 2 days after the first meeting with his/her parents. The spe-
cific date of each follow-up stool sample was dependent on the day
that the parents were willing to provide a sample, ending between
December 2016 and February 2017. The majority of parents were
unable to provide samples in July and December 2016 due to Idul
Fitri and the Christmas holidays.

Participants who had diarrhea between monthly collections
were also instructed to provide the diarrhea sample. Diarrhea was
defined as at least 3 uncommonly loose or watery stools within 24 h
[18]. At the time of recruitment, two participants had diarrhea.

Stool specimens were transported promptly in refrigerated
boxes to the Viral Diarrhea Laboratory, Institute of Tropical Dis-
ease Universitas Airlangga, Surabaya, where they were frozen at
—80°C until tested for rotavirus.

Subject characteristics and clinical information

Informed consent was obtained from the parents of the par-
ticipants upon recruitment. Subject characteristics and clinical
information were attained directly from the parents of the partic-
ipants using a questionnaire developed for the study. For diarrhea
episodes, clinical severity was assessed using the Vesikari scoring
system [19].

Identification of rotavirus

All stool specimens were subsequently thawed and aliquoted.
Viral RNA was extracted using a QlIAamp Viral RNA Extraction Kit®
(QIAGEN, Inc., Valencia, CA) as described in the manufacturer’s
protocol. Identification of rotavirus was confirmed by a two-
step reverse transcription-polymerase chain reaction (RT-PCR)
assay against VP7 protein using the corresponding oligonucleotide
primer sets (Table 1) according to the WHO manual [20]. Posi-
tive controls were also used in this study. The RT-PCR is favored
due to its much lower detection threshold, whereby it can identify
more asymptomatic infections with significantly lower viral loads
[21,22].
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Table 1
Primer sets for rotavirus identification [20].

Primer Sequence (5'-3") Position Amplicon size (bp)
First amplification
Beg9 GGCTTTAAAAGAGAGAATTTCCGTCTGG nt 1-29
End9 GGTACACATCATACAATTCTAATCTAAG nt 1062-1036 1062
Second amplification
RVG9 GGTACACATCATACAATTCT nt 1062-1044
aAT8 GTCACACCATTTGTAAATTCG nt 178-198 885
aBT1 CAAGTACTCAAATCAATGATGG nt314-335 749
aCT2 CAATGATATTAACACATTTTCTGTG nt 411-435 652
aDT4 CGTTTCTGGTGAGGAGTTG nt 480-498 583
aET3 CGTTTGAAGAAGTTGCAACAG nt 689-709 374
aFT9 CTAGATGTAACTACAACTAC nt 757-776 306

Further genotyping was performed through nucleic acid
sequencing and phylogenetic analysis of the VP7 gene. The PCR
product was directly sequenced using a BigDye terminator cycle
sequencing kit and Applied Biosystems 3500XL Genetic Analyzer
(Applied Biosystems, Foster, CA). The sequencing results were then
aligned using CLUSTAL X software. The phylogenetic analysis was
conducted using Molecular Evolutionary Genetic Analysis (MEGA4)
software (http://www.megasoftware.net).

Results
Vaccine types

Eight of 30 (26.7%) study participants received RotaTeq® (Merck
& Co., Inc., West Point, PA, USA) while the remaining 22 (73.3%)
received Rotarix" (GSK Biologicals, Belgium).

Detection of rotavirus

A total of 109 stool specimens were collected from the 30 study
participants. The number of samples obtained from each partic-
ipant ranged from 1 to 12 over the study course. Rotavirus was
detected by RT-PCR in 2 stool specimens collected from 2 different
asymptomatic participants. These samples were collected on 21
and 23 February 2016, respectively. On their corresponding collec-
tion days, no symptoms of gastroenteritis were reported by these
participants. Stool passage frequency and consistency remained
normal.

During the course of the study, eight participants experienced
diarrhea at least once. One participant reported diarrhea twice,
in April and June 2016. Diarrhea episodes ranged from three to
ten days. The mean Vesikari score was 7.1. These children were
promptly presented to their individual pediatricians and received
adequate treatments. This prevented aggravating conditions as
reflected by the result of clinical severity scoring. All nine diarrhea
specimens were negative for rotavirus.

Characteristics of children with asymptomatic rotavirus infection

Both asymptomatic participants whose stools tested rotavirus-
positive were vaccinated with Rotarix” (GSK Biologicals, Belgium).
On specimen collection, these participants were 10 and 12 months
old. The first asymptomatic participant was male, overweight,
received breastmilk until 9 and a half months of age and started
formula milk since 2 months of age. He was vaccinated in June (2
months old) and August (4 months old) 2015. The second asymp-
tomatic participant was female with a normal nutritional status,
breastfed until the end of te study period (23 months old), and vac-
cinated in April 2015 (2 months old) and 15 June 2015 (4 months
old). Both also had access to safe and clean water, good sanitation
and parents with adequate education.

Rotavirus genotypes

On gel electrophoresis, the migration pattern of the first posi-
tive sample corresponds to the G1 genotype. However, the second
positive sample had shorter RNA migration patterns in both the
first and second amplification products, which did not correspond
to any G-type. Therefore, further genotyping was conducted.

Sequencing of the VP7 gene confirmed that the rotavirus geno-
types were G1P[8] and G3P[8]. Phylogenetic analysis revealed that
isolated strains were closely related to genotypes reported in Japan
and Spain, respectively (Fig. 2).

Discussion

Rotavirus remains the global leading cause of childhood hospi-
talizations and deaths from severe gastroenteritis. Approximately
37% of diarrheal deaths in children under 5 years old is attributed
to this infection [1]. As of 2016, 81 countries have included
rotavirus vaccines in their national immunization schedules [23].
Indonesia has not been registered in the list due to the optionality
of rotavirus vaccine, available only through the private mar-
ket.

The analysis of stool specimens from post-vaccinated children
in the community enabled us to evaluate subsequent rotavirus
infections in individuals with rotavirus-specific protection, which
has not been performed before. Indonesia is a suitable location to
conduct this analysis because given the uneven vaccine coverage
setting, the vaccinated population is more likely to be exposed to
rotavirus.

In this study, asymptomatic rotavirus infections occurred in
two vaccinated children. There are no available comparison data
on rotavirus asymptomatic infection in vaccinated children. How-
ever, previous studies showed that the prevalence of asymptomatic
rotavirus infections in the general population varied from 3% to 30%
[24-27] according to community setting and age composition.

Contrastingly, stool samples from diarrhea episodes in this
study tested negative for rotavirus. These findings are not con-
sistent with previous studies which demonstrated that severe
rotavirus gastroenteritis could occur in 3.7% [7] and 1.9% [10] of
post-vaccinated children. A possible explanation for this might be
the differences in number of samples used.

Recruitment of study participants was done before knowing
their rotavirus infection status, whereas the duration of rotavirus
shedding in asymptomatic infection can range from 8 to 25 days
[28]. Hence, some children who were potentially infected dur-
ing the period between specimen collections may not have been
detected.

The genotypes of rotavirus identified in this study suggest
that these asymptomatic infections were prevalent infections.
G1P[8] is the most common dominant genotype worldwide with
a prevalence of 52% from 1994 to 2003 [29]. A multi-center study
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Fig. 2. Neighbor-joining Maximum Composite Likelihood (MCL) Phylogenetic Tree of Human Rotavirus VP7 sequences and other G representative genotypes recognized thus
far (partial and/or complete). Numbers on the nodes represent the bootstrap support from 1000 replications. Strains from asymptomatic infection in the present study are

denoted by an asterisk.

conducted in Indonesia reported 11% G1P[8] distribution in 2006
[2]. Similarly, G1P[8] accounted for 11.4% of cases in the 2013 one-
year-surveillance in Surabaya [30].

In accordance with previous studies, we found a uniquely short
RNA migration pattern which, upon further analysis, revealed geno-
type G3P[8] that is closely related to Spanish equine-like G3P[8]
[31]. This finding supports a recent study by Utsumi et al. on the
predominance of G3 strains with an equine-like VP7 gene and a
DS-1-like genetic backbone in Indonesia between 2015-2016 [32].
However, the relationship between these vaccinated children with
asymptomatic infection and unvaccinated children with intestinal
infectious disease in the aforementioned study is a complex causal-
ity dilemma. Nonetheless, it is likely that asymptomatic infections

are responsible for the continuing circulation of strains within a
community.

These findings suggest that rotavirus infections could still hap-
pen in post-vaccinated children. While the number of samples
in this study is too small to analyze, it is presumable that both
rotavirus vaccines are beneficial in preventing severe gastroen-
teritis. Former studies showed that the efficacy for both RotaTeq®
(Merck & Co., Inc., West Point, PA, USA) and Rotarix” (GSK Biologi-
cals, Belgium) is similar in developing countries [7-10]. Moreover,
Rotarix” apparently provides cross-protection for other rotavirus
serotypes, despite its monovalent G1P[8] content [33].

In asymptomatic infections, rotavirus could still be excreted in
formed stools, although in lower quantities [28], thereby facilitat-
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ing its spread within local communities or to other communities
when the host travels. With uneven vaccine coverage, unvaccinated
children would become more susceptible to severe rotavirus-
associated diseases. This study result emphasizes the importance
of rotavirus vaccination for children across the globe.

Conclusion

Our study reports asymptomatic rotavirus infections in vacci-
nated children whose serotypes are homologous to the prevalent
serotypes eliciting severe clinical manifestations in unvaccinated
children. Complementary to previous studies, our findings empha-
size the importance of rotavirus vaccination for all children.
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