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Abstract

Rotaviruses are major causative agents of acute diarrhea in children under 5 years of age in Malaysia. However, a rotavi-
rus vaccine has not been included in the national vaccination program. To date, only two studies have been carried out in
the state of Sabah, Malaysia, although children in this state are at risk of diarrheal diseases. Previous studies showed that
16%—17% of cases of diarrhea were caused by rotaviruses and that equine-like G3 rotavirus strains are predominant. Because
the prevalence of rotaviruses and their genotype distribution vary over time, this study was conducted at four government
healthcare facilities from September 2019 through February 2020. Our study revealed that the proportion of rotavirus diar-
rhea increased significantly to 37.2% (51/137) after the emergence of the GOP[8] genotype in replacement of the G12P[8]
genotype. Although equine-like G3P[8] strains remain the predominant rotaviruses circulating among children, the Sabahan
GI9P[8] strain belonged to lineage VI and was phylogenetically related to strains from other countries. A comparison of the
Sabahan G9 strains with the G9 vaccine strains used in the RotaSiil and Rotavac vaccines revealed several mismatches in
neutralizing epitopes, indicating that these vaccines might not be effective in Sabahan children. However, a vaccine trial may

be necessary to understand the precise effects of vaccination.

Introduction

Globally, rotaviruses continue to be the major causative
agents of diarrhea in children under 5 years of age [1], with
> 95% of the mortality associated with this condition occur-
ring in sub-Saharan Africa, South Asia, and Southeast Asia
[2-5]. Rotaviruses accounted for 40% of all diarrhoea cases
in Southeast Asia from 1990 to 2017 [1]. In Malaysia, the
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burden of rotaviruses remains unclear, as there is a con-
siderable gap in surveillance studies, with the exception of
the 2002-2010 period [6]. This is notable for Sarawak and
Sabah, which are two states of Malaysian Borneo where
indigenous people of different ethnicities reside. Although,
indigenous children in Malaysian Borneo are more vulner-
able to acute gastroenteritis than those in other localities
[7] in Sabah, only two studies have been carried out, during
2005-2006 and 2018-2019, which showed that rotaviruses
are responsible for 16%—17% of all diarrhea cases [8, 9].
Rotaviruses are double-stranded RNA viruses whose
genome is divided into 11 segments. Gene segments 1,
2, 3,4, 6, and 9 encode the structural proteins VP1, VP2,
VP3, VP4, VP6, and VP7, respectively, whereas gene seg-
ments 5, 8, 7, 10, and 11 encode the non-structural pro-
teins NSP1, NSP2, NSP3, NSP4, and NSP5/6, respectively
[10]. Trypsin treatment results in the specific cleavage of
VP4 to form VP8* and VP5*, representing the amino- and
carboxyl-terminal regions of the protein, respectively. The
viral genome is enclosed by an icosahedral capsid consist-
ing of an inner core, an intermediate capsid, and an outer
capsid. The VP4 and VP7 proteins are the main compo-
nents of the outer capsid and contain epitopes that induce
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Table 1 The frequency of distribution of rotavirus genotypes identi-
fied in the stool of patients with rotavirus diarrhoea

Genotype Number (percentage)
G3P[8] 19 (45.2%)

GI9P[8] 14 (33.3%)

G1P[8] 2 (4.8%)

GxP[8] 3(7.1%)

G3P[x] 2 (4.8%)

G1P[x] 1 (2.4%)

G2P[x] 1 (2.4%)

Total 42 (100%)

L1 L2 L3 L4 S1

Fig. 1 Electropherotypes of rotaviruses identified in Sabah. In total,
four electropherotypes were identified, four long (L1-L4) and one
short (S1) electropherotype patterns were identified. L1 and L2 were
detected in genotype G9 and G3 strains, respectively. L3 and L4 were
detected in untypable strains. S1 was identified in G3 strains. Images
of the original gels are presented in Supplementary Figure S1

neutralizing antibodies and define the P and G genotypes,
respectively, of the dual nomenclature. To date, 42 G and
58 P genotypes have been discovered in humans and ani-
mals [https://rega.kuleuven.be/cev/viralmetagenomics/
virus-classification/newgenotypes (accessed October 12,
2022)]. Due to the segmented nature of their genome, rota-
viruses can be characterized according to electropherotype
patterns based on the differences in the relative migration
rates of genomic segments in polyacrylamide gel electro-
phoresis (PAGE), and this is useful for detection of strain
diversification. Moreover, also because of the segmented
nature of the rotavirus genome, gene reassortment occurs
between human and animal rotaviruses, resulting in rotavi-
rus strain diversity [11]. Point mutations in genes encoding
outer capsid proteins are another evolutionary mechanism

@ Springer

that can be used to classify rotaviruses into lineages, and
some of these result in the emergence of antibody-escape
mutants [12].

Four oral live-attenuated commercial vaccines, i.e.,
Rotarix, RotaTeq, Rotavac, and RotaSiil, have been prequali-
fied by the World Health Organization. Rotarix (GlaxoS-
mithKline Biologicals SA, Rixensart, Belgium) is a mono-
valent vaccine consisting of the G1P[8] genotype, whereas
RotaTeq (Merck & Co., Inc., West Point, PA, USA) is a
pentavalent vaccine that includes the G1-G4 and P[8] geno-
types. India has introduced its own vaccines, i.e., Rotavac
(Bharat Biotech Telangana, India), a monovalent vaccine
carrying the G9P[11] genotype, and RotaSiil (Serum Insti-
tute of India, Pune, India), which is a pentavalent vaccine
containing the G1, G2, G3, G4, and G9 genotypes [13].
Despite a decrease in the rotavirus burden since the imple-
mentation of vaccination, most of the developing countries
in Asia do not include rotavirus vaccination in their national
vaccination program [1]. Malaysia is not an exception com-
pared with other Asian countries, but Rotarix and RotaTeq
are available in the private sector [9].

The predominant rotavirus types worldwide affecting
human populations are G1P[8], G3P[8], G4P[8], GOP[8],
and G2P[4], which have been identified in Malaysia, albeit
with varying prevalence [6]. The predominant circulating
genotypes change and vary according to location, which
is very important, as vaccine development is based on the
predominant circulating strains. Because the genotypes
change, continued surveillance is important to evaluate the
effectiveness of the rotavirus vaccines used in the national
vaccination program. The genotype distribution of rotavirus
in Sabah was first assessed in 2018-2019 [9]. In the present
follow-up study (2019-2020), we detected an increase of
rotavirus infection, which was associated with the emer-
gence of G9 strains over a short time span.

Materials and methods
Ethical approval

Ethical approval was obtained from the Medical Research
Ethics Committee, Ministry of Health, Malaysia, for Meng-
gatal Health Clinic and Telipok Health Clinic (NMRR-
16-2245-32787), Sabah Women and Children Hospital
(NMRR-19-3925-52370), and Kunak District Hospital
(NMRR-20-1324-55178). All procedures were performed
in accordance with relevant guidelines and regulations.
Informed consent was obtained from the legal guardians of
the children participating in this study.
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Fig.2 Phylogenetic tree based on nucleotide sequences of the VP7
gene of GI strains. The human rotavirus strain L116 (genotype G3)
was used as an outgroup. Numbers at nodes represent the bootstrap
value, and values higher than 70% are shown. The scale bar shows

the genetic distance, expressed as nucleotide substitutions per site.
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Strains from the present study (indicated by a filled circle) belong to
lineage Ic and are clustered with strains detected in Sabah in a pre-
vious study. The GenBank accession number is shown before each
strain name
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Fig. 3 Phylogenetic tree based on the VP7 gene of G2 strains. The
human rotavirus strain L116 (genotype G3) was used as an out-
group. Numbers at nodes represent the bootstrap value, and values
higher than 70% are shown. The scale bar shows the genetic distance,

Collection of stool samples and patients’
information

The study period was from September 2019 through Febru-
ary 2020. Stool samples were collected from children aged
<5 years who attended the above-mentioned healthcare
facilities with watery diarrhea with or without vomiting
and fever. Watery diarrhea was defined as passing watery
stools at least three times during a 24-h period. Patient
information such as gender, age in months, and ethnicity
was recorded. Stool samples were collected at healthcare
facilities in stool-collection bottles, diluted in phosphate-
buffered saline (PBS) to make 10% suspensions, transported
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expressed as nucleotide substitutions per site. The strain identified
in this study (indicated by a filled circle) belongs to lineage IV. The
GenBank accession number is shown before each strain name

under cold-chain conditions to Universiti Malaysia Sabah,
and stored at -80°C until use.

Rotavirus detection and genomic extraction of RNA

Rotavirus was detected using a commercial enzyme immu-
noassay kit according to the manufacturer’s instructions
(Rotaclone, Meridien Diagnostics Inc., Cincinnati, USA).
Rotavirus genomic RNA was extracted from rotavirus-pos-
itive samples using a QIAamp Viral RNA Mini Kit accord-
ing to the manufacturer’s instructions (QIAGEN GmbH,
Hilden, Germany). For electropherotyping, genomic RNA
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Fig.4 Phylogenetic tree based on the VP7 gene of G3 strains. The
human rotavirus strain Wa (genotype G1) was used as an outgroup.
Numbers at nodes represent the bootstrap value, and values higher
than 70% are shown. The scale bar shows the genetic distance,

was extracted using the phenol:chloroform:isoamyl alcohol
method [9].

Determination of G and P genotypes by RT-PCR

For rotavirus VP7 and VP4 gene amplification, reverse tran-
scription (RT-PCR) was performed using an AccessQuick

]

Equine-like G3P[8] DS-1-like

Lineage |

Lineage Il

Lineage

expressed as nucleotide substitutions per site. The strains identified in
this study belong to lineages I and III (indicated by a filled circle).
The GenBank accession number is shown before each strain name

RT-PCR (Promega Corporation, Madison, WI, USA) accord-
ing to the instructions [14]. The VP7 gene was amplified
using the primers Beg9 and End9 [15], and the VP4 gene
was amplified using the primers Con2 and Con3 [16]. For
G and P genotyping, multiplex PCR was performed using
a master mix (Promega Corporation, Madison, WI, USA).
Primers for the detection of the G1, G2, G3, G4, G8, G9,
G10, and G12 genotypes were used as described previously
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«Fig.5 Phylogenetic tree based on the VP7 gene of G9 strains. The
human rotavirus strain DS-1 (genotype G2) was used as an out-
group. Numbers at nodes represent the bootstrap value, and values
higher than 70% are shown. The scale bar shows the genetic distance,
expressed as nucleotide substitutions per site. Strains from the present
study (indicated by a filled circle) belong to lineage VI. The GenBank
accession number is shown before each strain name

[15, 18]. For P genotyping, primers for the detection of P[4],
P[6], P[8], P[9], P[10], and P[11] were used [17, 18]. The
nucleotide sequences of the VP7 (1,062 bp) and VP8* (876
bp) regions of the VP4 gene were determined using a Big-
Dye Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems). The sequencing products were analyzed using an
ABI Prism 3100 Genetic Analyzer (Applied Biosystems).

Phylogenetic analysis

The VP7 and VP8* regions of the VP4 gene were sequenced
as described previously [14]. Similar sequences were identi-
fied using BLAST (www.ncbi.nlm.nih.gov/blast), multiple
sequence alignment was performed using ClustalW, and phy-
logenetic trees were constructed by the maximum-likelihood
method using MEGA X software [19]. Bootstrap analysis
of 1,000 replicates was used to investigate the significance
of the branching of the constructed trees. The nucleotide
sequence identity values for individual genes were calcu-
lated using online software (www.bioinformatics.org).

Determination of electropherotypes

Electropherotypes were determined by polyacrylamide gel
electrophoresis (PAGE) of the extracted dsSRNA of rotavi-
rus-positive samples [9]. In brief, 5 pl of extracted dsSRNA
was mixed with 5 pl of loading buffer, loaded onto a 10%
polyacrylamide gel, and subjected to electrophoresis for 16
h at a constant current of 8 mA. The gel was then stained
with ethidium bromide to visualize the migration pattern of
the genomic RNA. Electropherotype numbers were assigned
arbitrarily based on differences in the migration patterns
within at least one of the four groups of segments, i.e., seg-
ments 1 to4,5and 6,7t09,or 10 and 11.

Comparison of the VP7 antigenic epitopes
of circulating rotaviruses with those of vaccine
strains

To compare the antigenic epitopes on the VP7 protein of
the G9 rotaviruses circulating in Sabah with those of the
Rotavac (G9P[11]) and RotaSiil (G9P[5]) vaccine strains,
multiple sequence alignments of the amino acid sequences
of VP7 were made using the ClustalW plug-in in MEGA X
software [19].

Statistical analysis

To assess whether children with G9 vs. those with non-G9
genotypes differed regarding age at presentation, an inde-
pendent two-tailed #-test was performed, using Social Sci-
ence Statistics software (https://www.socscistatistics.com/
tests/studentttest/default.aspx). A P-value less than 0.05 was
considered statistically significant.

Results
Rotavirus prevalence and age distribution

A total of 137 watery stool samples were collected from
Sabah Women and Children Hospital (78.1%; 107/137),
Kunak District Hospital (13.9%; 19/137), Menggatal Health
Clinic (5.8%; 8/137), and Telipok Health Clinic (2.2%;
3/137). The male-to-female ratio was 1.4:1 (80 males, 57
females). Children aged 12-23 months had the highest inci-
dence of acute diarrhea (29.9%; 41/137), followed by chil-
dren aged 6-11 months (28.5%; 39/137). The median age
of patients with acute diarrhea was 15 months (range, 1-64
months).

Fifty-one (37.2%) of the 137 samples were positive for
rotavirus. Most infections were reported at Sabah Women
and Children Hospital (84.3%; 43/51), followed by Kunak
District Hospital (9.8%; 5/51) and Menggatal Health Clinic
(5.9%; 3/51). The male-to-female ratio was 1.4:1 (30 males,
21 females). Children aged 12-23 months had the highest
incidence of rotavirus infection (33.3%; 17/51).

Genotype distribution

Of the 51 rotavirus-positive samples, 42 (82.3%) underwent
successful G and P genotyping. The predominant G geno-
type was G3 (n = 21), followed by G9 (n = 14), Gl (n =
3), G2 (n = 1), and an undetermined Gx genotype (n = 3).
“Undetermined” indicates that no primary PCR product was
available. The P[8] genotype was detected in 38 rotavirus-
positive samples. In four samples, the P genotype could not
be determined, and these were designated P[x]. Based on
the combination of the G and P genotypes, the predominant
combined genotype was G3P[8] (n = 19; 45.2%), followed
by G9P[8] (n = 14; 33.3%), G1P[8] (n = 2; 4.8%), GxP[8]
(n=3;7.1%), G3P[x] (n =2;4.8%), G1P[x] (n = 1; 2.4%),
and G2P[x] (n = 1; 2.4%) (Table 1).

The age difference between the children who were found
to have the G9 genotype (14 children; mean age = 22.4
months) and those with a non-G9 genotype (26 children;
mean age = 16.9 months) was not statistically signifi-
cant (P =0.111981).
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«Fig. 6 Phylogenetic tree based on the VP4 gene of P[8] strains. The
human rotavirus strain 366 (genotype P[4]) was used as an out-
group. Numbers at nodes represent the bootstrap value, and values
higher than 70% are shown. The scale bar shows the genetic distance
expressed as nucleotide substitutions per site. All strains from the
present study (indicated by a filled circle) belong to lineage III (sub-
lineages III.1 and IIL.4). The GenBank accession number is shown
before each strain name

Electropherotypes

In electropherotype analysis, all 11 segments were visible in
30 out of 51 (58.8%) samples tested. One short and four long
electropherotype patterns were identified (Fig. 1). The short
electropherotype S1 was found in 13 isolates. Among the
long electropherotypes, the L1 group included 13 isolates,
the L2 and L4 groups each included one isolate, and the L3
group included two isolates. The G3P[8] genotype isolates
included both short (S1) and long (L2) electropherotypes.
All G9P[8]-positive samples exhibited long electropherotype
patterns (L1). The G genotype could not be determined for
the L3 and L4 electropherotypes.

Phylogenetic analysis

The VP7 and the VP8* portion of the VP4 gene could be
sequenced in 36 and 34 isolates, respectively. Phylogenetic
analysis based VP7 genes of the G1 genotype, Sabahan
G1P[8] belonged to lineage Ia [20] and clustered with a sig-
nificant bootstrap value with strains from Sabah detected in
a previous study [6] and with strains from Indonesia detected
in 2017 and 2018 (Fig. 2). It is worth mentioning that most
of the G1 strains detected in the previous study from Sabah
belonged to lineage II. The G2 isolate belonged to lineage
VI and was related to strains from Italy, Russia, Bangladesh,
Australia, and Vietnam from 2005 to 2011 (Fig. 3).

Four G3P[8] strains belonged to lineage III and formed
an independent cluster with significant bootstrap values
(Fig. 4). These strains were related to strains from China
and those detected previously in Sabah. The current Sabahan
strains shared 99.1-99.5% nucleotide sequence identity with
each other and shared 96.7-98.3% nucleotide sequence iden-
tity with previously detected Sabahan G3P[8] strains. An
additional 15 G3P[8] strains belonged to a cluster formed by
the previously detected equine-like G3P[8] from Sabah and
belonged to lineage 1. The current Sabahan strains shared
97.5-100% nucleotide sequence identity with each other and
shared 96.6-99.8% nucleotide sequence identity with previ-
ously detected Sabahan equine-like G3P[8] strains.

All G9P[8] strains identified in this study belonged to
lineage VI and clustered together with strains from China
(Hubei, Liaoning, and Shandong), Japan, Russia, Vietnam,
Thailand, South Africa, and the USA (2013-2019) (Fig. 5).

The VP4 genes of all Sabahan G3P[8], G1P[8], GxP[8],
and G9P[8], strains belonged to lineage III and formed three
clusters in the phylogenetic tree (Fig. 6). The VP4 gene of
seven equine-like G3P[8], two GxP[8], one G1P[8], and all
GOP[8] strains clustered with equine-like G3 strains from
our previous study, with a significant bootstrap value [9].
They belonged to sublineage III.1. Another cluster contained
the VP4 genes of two equine-like G3 strains and one G1[P8]
strain from the present study and two G1P[8] strains from
our previous study [9]. In the third cluster, the VP4 genes of
three G3 and one equine-like G3 strains grouped together.
The last two clusters belonged to sublineage I11.4.

Comparison of VP7 antigenic epitopes of Sabahan
G9 strains with Rotavac and RotaSiil vaccine strains

We compared the amino acid sequences of the VP7 pro-
teins of Sabahan G9 strains with those of the Rotavac and
RotaSiil vaccine strains to identify possible epitopes of
vaccine-escape strains (Fig. 7). Among the 29 amino acid
residues comprising the VP7 antigenic epitopes, four resi-
dues differed from Rotavac, and three differed from RotaSiil
[21]. In comparison to Rotavac, two substitutions (I87T and
G100N) occurred in the 7-1a epitope, whereas no substi-
tutions were detected in the 7-1b epitope. Moreover, two
substitutions (N145D and N221S) were detected in the 7-2
epitope. In comparison to RotaSiil, two substitutions (A87T
and D100N) occurred in the 7-1a epitope, one substitution
(T242N) occurred in the 7-1b epitope, and no substitutions
were detected in the 7-2 epitope.

Discussion

Fluctuations in the distribution of the predominant rotavirus
genotypes have been reported worldwide [18, 22-26]. These
fluctuations may be driven by herd immunity, and the emer-
gence of a particular genotype may reflect the presence of
a sufficiently large population of susceptible children [22].
One of the significant findings of this study was that, within
5 months of the end of the previous study [9], the preva-
lence of rotavirus infection had increased by about 256%. In
this study, we found that the incidence of rotavirus infection
was highest in children 12-23 months of age, as has been
reported previously [27-29]. However, in contrast to other
studies [30, 31] in which older children were more likely to
be infected with G9 strains, in our study, the average age of
Sabahan children infected with G9 strains was not signifi-
cantly different from that of children infected with more-
common strains. It is therefore likely that these children had
no immunity against the newly circulating G9 strains and,
when exposed, were infected.
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Fig.8 Rotavirus G and P genotypes found in a previous study by Amit ez al., 2021 [9] (a) and in the current study (b). In both studies, G3P[8]
was the predominant genotype. The present study shows the emergence of G9 strains replacing the G12 strain that was in circulation previously

In the present study, G3P[8] was the predominant cir-
culating genotype among Sabahan children, followed by
G9, G1, and G2. Equine-like G3P[8] possibly adapted well
to the child population of Sabah, and this is supported
by phylogenetic analysis showing clustering of previ-
ous and current strains. A similar observation was made
for G1P[8], although this is not a predominant strain in
Sabah; in contrast, previous strains adapted well and con-
tinued to infect children, as found in the present study. The
most noteworthy finding was the emergence of G9 strains
replacing the G12 strain that was in circulation previously
(Fig. 8); moreover, G9 strains might be responsible for the
abrupt rise in rotavirus infections in children compared
with the previous study [9].

Several publications have reported the emergence of
the G9 genotype in other countries during approximately
the same period. A study performed in 2018 in the West
Nusa Tenggara region of neighboring Indonesia detected
the presence of G9P[8] strains; however, these strains were
absent in South Sumatra and West Papua [32], indicating a
localized emergence of this genotype. Furthermore, a study
carried out in 2017-2018 in China showed G9P[8] to be the
predominant strain [33]. In Argentina, G9P[4] was in cir-
culation in 2017, but not in 2018 [34]. In Thailand, G9P[8]
was predominant during 2018 but decreased significantly
in 2019, when G3 became predominant. Phylogenetically,
Sabahan G9 was more closely related to strains circulating in
three provinces of China than to those in neighboring Indo-
nesia or Thailand, suggesting that transmission is occurring
between China and Sabah state, perhaps because this state
is a popular destination for Chinese tourists.

G9 was first identified in 1987 in the USA [35], and it
continued to compete with other genotypes until it become

the fifth globally predominant rotavirus [36]. Several studies
performed in other countries have shown that G9 initially
had a low prevalence but then rapidly increased to become
the predominant genotype [37-39]. In Malaysia, G9P[8]
rotavirus was detected in the early 2000s in Johor, Kuala
Lumpur [40], and Sarawak [41, 42]. In Sarawak, rotavirus
surveillance studies were conducted from 2001 to 2007, with
GI9[P8] being the predominant genotype from 2001 to 2003
and G1P[8] being predominant in 2001 and 2007 [41, 42].
The nucleotide sequences of these G9 strains from Malaysia
are not available in public databases; therefore, they could
not be compared with the G9 strains detected in the present
study. Furthermore, for the last 10 years, except in one study
[9], no genotyping of rotavirus strains has been performed in
Malaysia; therefore, the dynamics of G9 distribution remain
unknown. Thus, a regular surveillance system should be
established to track the genotype distribution, which will be
helpful for planning vaccination policy. Although the VP7
and VP4 genes of Sabahan G9 strains clustered together
phylogenetically, these strains harbored four different long
electropherotype patterns, indicating diversity within the G9
genotype.

The most prevalent G9 lineages worldwide are lineages
IIT and VI [43]. Geographically, lineage VI is widespread in
Asia and was identified in 2011-2019 in Tokyo (2017-2018)
[44], Vietnam (2016-2018) [45], Wuhan (2019) [46], and
Beijing (2011-2013). Lineages I, II, IV, and V were detected
only in samples from humans, whereas lineages III and VI
are epidemiologically linked to porcine and human samples
[47]. Because all Sabahan G9P[8] strains belonged to lineage
VI, additional studies using whole-genome sequence analysis
are required to obtain a full picture of these strains regarding
their origin, evolution, and reassortment. The only G2 strain
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detected was phylogenetically related to strains circulating in
2005-2011 in Italy, Russia, Bangladesh, Australia, and Viet-
nam. Why such an old strain was circulating in Sabah is puz-
zling and warrants further investigation. Our results indicate
that the dynamics of rotavirus genotype changes in Sabah were
very rapid. Other studies have shown that fluctuations in the
rotavirus genotype distribution occurred continuously over
time and according to location.

To shed light on vaccine effectiveness, we compared the
antigenic epitopes of our G9 strains with those of the Rotavac
and RotaSiil vaccine strains and identified several substitu-
tions. There were two defined antigenic epitopes, 7-1 (7-1a
and 7-1b) and 7-2 in VP7, where amino acid substitution could
reduce the effectiveness of rotavirus vaccines. Epitopes 7-1a,
7-1b, and 7-2 include the earlier-described antigenic regions
A (87-101) and D (291); C (208-221), E (189-190), and F
(233-242); and B (142-152), respectively [48]. In this study,
we found that the Rotavac and RotaSiil vaccines might have
reduced effectiveness against Sabahan G9 rotaviruses, because
all of them exhibited substitutions at residues that are associ-
ated with neutralization antibody escape (positions 87, 100,
145,221 and 242) [48]. The substitution N145D results in the
loss of a glycosylation site at amino acid residues 145-147
within the 7-2 epitope, making the virus resistant to neutraliza-
tion [48]. The substitution N221S in this epitope can increase
resistance to neutralization by tenfold [49]. The Rotavac and
RotaSiil vaccines are currently in use only in India and Pales-
tine (Rotavac only) [50].

The impact of amino acid substitutions within antigenic
epitopes on vaccine effectiveness is difficult to predict, as the
effectiveness of vaccines in a region can be influenced by mul-
tiple factors, ranging from concurrent enteric infections, mal-
nutrition, immune status, healthcare access, and the vaccine
coverage rate within the population [51]. Therefore, a vaccine
trial may be necessary to evaluate the effectiveness of vaccina-
tion. A limitation of this study was that we had to discontinue
the study earlier than scheduled because of the introduction
of a movement control order (MCO) by Malaysian authori-
ties as of March 2020 to control the spread of COVID-19.
Moreover, the hospitals that participated in our study were
then designated as COVID-19 hospitals, and sample collec-
tion was no longer possible. Nevertheless, the results of this
study can be used to evaluate the after-effects of the MCO on
rotavirus infections, considering that significant decreases in
rotavirus infection were reported in Japan [52], Germany [53],
and Korea [54] during the COVID-19 pandemic.

Conclusion
In this study, we found that the emergence of four different

electropherotype patterns of genotype G9 in replacement of
G12 was associated with a higher prevalence of rotavirus
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diarrhoea in children in Sabah, Malaysian Borneo; however,
equine-like G3P[8] rotavirus continued to be the predomi-
nant strain in circulation.
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