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Abstract. Rotavirus causes significant morbidity and mortality among children worldwide. Stool samples from a
previous hospital-based surveillance study to detect diarrhea etiology at the National Pediatric Hospital in Phnom
Penh, Cambodia, by Meng and others in 2011 were tested for rotavirus by real-time reverse transcription polymerase
chain reaction (PCR) targeting vp6 gene and characterized for G- and P-genotypes of positive samples based on
vp7 and vp4 genes, respectively. Rotavirus was detected in 159/531 (30%) of children with diarrhea and none was
detected in 287 nondiarrhea controls. All but three of the rotavirus-positive cases were children under the age of 2.
The most common genotypes characterized by PCR and sequencing were G1P[8] (69%), G9P[8] (11%), and G2P[4]
(11%). Genotype G9 was detected at a relatively high percentage that is consistent with the global trend and found
to be associated with hospitalization. Data on disease burden and genotypic distribution are required information for
the planning of rotavirus vaccine implementation in Cambodia.

INTRODUCTION

Infections with rotavirus result in significant morbidity and
mortality in young children worldwide. Rotavirus is respon-
sible for the majority of severe diarrhea comprising a large
number of cases in children admitted to hospitals and
hospital-based deaths due to diarrhea.1 A report in 2016
by the World Health Organization estimated that 215,000
deaths (3.4%) in children worldwide in 2013 were due to
rotavirus.2 Spreading by person to person, rotavirus has
continued to be the leading cause of diarrhea in children in
both developing and developed countries despite improve-
ments to water and sanitation systems.1

The most common rotavirus infecting humans belongs to
genogroup A and is classified based on the outer capsid pro-
teins VP7 and VP4.3 Sequences of vp7 and vp4 genes are used
in genotypic characterization into G- and P-genotypes, respec-
tively. Currently, there are 27 G-genotypes and 35 P-genotypes
identified4 and at least 73 G/P-genotype combinations.5 Geno-
types G1-G4 and G9 have been the most commonly detected
G-genotypes among children worldwide.6,7

The distribution of different rotavirus genotype combinations
is geographically variable. The common genotype combina-
tion, G1P[8], has been reported to be the predominant strain in
North America, Europe, and Australia, whereas prevalent
strains in other regions, for example, South America, Asia, or
Africa vary including other common genotype combinations
such as G2P[4] and G3P[8], and uncommon genotypes in 30–
50% of reported cases.6,7 The currently available rotavirus
vaccines, RotaTeq® (Merck and Co Inc., Kenilworth, NJ) and
Rotarix® (GlaxoSmithKline Inc., Brentford, United Kingdom),
were developed from rotavirus genotypes G1-G4 with P[5] and
G1P[8], respectively.3 Country-specific data on the burden
of diarrhea due to rotavirus are important as it provides infor-
mation for country leaders and health policy makers to make

informed decisions on whether to prioritize the introduction of
these vaccines in their countries.8,9 It is also highly critical that
surveillance for genotypic distribution continues after the
implementation of the vaccines to determine the decrease in
disease burden and a potential shift of genotypic distribution
from selective pressure of vaccine to better understand the
effectiveness and efficacy of the vaccine.
In this study, rotavirus was detected by real-time reverse

transcriptase (RT) polymerase chain reaction (PCR) from stool
samples collected in a previous diarrhea etiology surveillance
study in young children at the National Pediatric Hospital
(NPH) in Phnom Penh, Cambodia, from November 2004 to
October 2006.10 Molecular epidemiology and genotypic distri-
bution of rotavirus and the emergence of genotype G9 in
Cambodia are reported here.

MATERIALS AND METHODS

Source of specimens. Stool samples used in this study
were a subset of case and control samples from a diarrhea
etiology surveillance study in children aged 3 months to
5 years conducted at the NPH in Phnom Penh, Cambodia,
from November 2004 to October 2006.10 Cases were inpa-
tient and outpatient with acute diarrhea of no more than
72 hours. Unmatched controls were inpatient and out-
patient children who attended the hospital for other reasons
and had not had diarrhea within the previous 2 weeks.
Informed consent was obtained from one parent or a guardian
for each participant. Rotavirus detection by enzyme-linked
immunosorbent assay (ELISA) was previously performed on
these samples.10 The study was approved by the National
Ethics Committee for Health Research, Cambodia, and the
Walter Reed Army Institute of Research Institutional Review
Board, United States.
Nucleic acid isolation from stool specimens. A 10%

(wt/vol) stool suspension was prepared with sterile deion-
ized water and clarified by centrifugation at 600 × g for
15 minutes. Total nucleic acid was isolated from 300 μL of
stool suspension using the NucliSens® Magnetic Nucleic
Acid Isolation Kit (BioMérieux, Inc., Durham, NC) according
to manufacturer’s instruction. Total nucleic acid was eluted
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from magnetic silica beads into 100 μL of elution buffer.
Purified nucleic acid was used immediately in real-time RT
PCR or stored at −70°C until use.
Real-time one-step RT PCR assays for rotavirus

detection. Probes and primers used for rotavirus detection
were combinations of probes and primers designed for this
study or modified from published literature (Table 1).11

Real-time RT PCR assays were conducted in a 15 μL reac-
tion volume containing 1-μL nucleic acid template, TaqMan
EZ buffer (Applied Biosystems, Foster City, CA), 0.3 mM of
dATP, dCTP, dGTP each, 0.6 mM dUTP, 3.0 mM manga-
nese acetate, 0.3 μM of forward and reverse primer each,
50 nM of TaqMan probe (Table 1), 1.5 U rTth DNA polymer-
ase, and 0.15 U uracyl N-glycosylase (UNG). Reaction
mixtures were incubated in an ABI7900 Sequence Detec-
tion System (Applied Biosystems). Amplification profile
consisted of UNG treatment at 50°C for 2 minutes, RT at
60°C for 30 minutes, heat activation at 95°C for 5 minutes,
followed by 40 cycles of 95°C for 20 seconds and 60°C for
60 seconds. The samples were considered positive when
the number of cycles was less than 40.
Genotyping of rotavirus by conventional RT PCR. Two

microliters of nucleic acid template was mixed with 0.5 μL
of 10× DNase buffer, 1 μL of 10−4 diluted DNaseI (stock

1 U/μL; Invitrogen, Sao Paulo, Brazil) and 1.5 μL of deionized
water and incubated at room temperature for 15 minutes.
Then, 0.5 μL of 25 mM ethylenediaminetetraacetic acid
was added and the reaction was incubated at 65°C for
10 minutes to inactivate the DNase.
RNA was reverse transcribed with the following

primers: Con-3d for vp4 and 9Con1 for vp7 (Table 1). RT
reactions were conducted in a total volume of 20 μL
containing 1× of RT-PCR buffer, 1.0 mM of each dNTP,
2.5 mM of MgCl2, 10 mM of DTT, 15 U of Multiscribe
reverse transcriptase (Applied Biosystems), 10 U of
RNase inhibitor, 300 nM of primer, 5 μL of DNase-treated
RNA. The reactions were then incubated at 42°C for
20 minutes.
A 20 μL reaction contained 1× PCR buffer, 0.8 mM

dNTP mixture, 2.5 mM MgCl2, 0.5 U Taq DNA polymerase
(Applied Biosystems), 3 μL of RT mixture, and 200 nM of
each genotyping primer; P-typing: Con-3d and P[4]d, P[6]
d, P[8], P[8]m, P[8]G1, P[9], P[10], or P[11]; for G-typing:
9Con1 and 9T1-1d, 9T1-2, 9T1-3Pd, 9T-4, or 9T-9B; for
G12-typing: G12Fd and G12Rd (Table 1) was mixed and
subjected to 40 cycles of amplification consisting of
denaturation for 30 seconds at 95°C, annealing for
2 minutes at 50°C and extension for 1 minute at 72°C.

TABLE 1
Sequences of primers and probes used for the detection, amplification for genotyping, and sequencing of rotavirus in this study

Primer Gene/type Sequence 5′ to 3′ Position Reference

VP6 screening primers/probes
VP6-F1b vp6 GGATGTCCTGTACTCCTTRTCAAAA 26-50 Modified11

VP6-R1 vp6 TCCAGTTTGGAACTCATTTCCA 170-149 11

VP6-P1 (Probe) vp6 ATAATGTGCCTTCGACAAT 93-75 11

VP6-F2b vp6 AGTCTTCGACATGGAGGTTCTGTA 14-37 This study
VP6-R2c vp6 CCAATTCCTCCAGTTTGAAAGTC 178-156 This study
VP6-P2 (Probe) vp6 AATATAATGTACCTTCAACAAT 96-75 11

G-genotyping (VP7) primers
Beg9 vp7 GGCTTTAAAAGAGAGAATTTCCGTCTGG 1-28 12

End9 vp7 GGTCACATCATACAATTCTAATCTAAG 1062-1036 12

9Con1 vp7 TAGCTCCTTTTAATGTATGG 37-56 13

9Con2d vp7 GTATAAAAHACTTGCCACCA 941-922 Modified13

9T1-1d G1 TCTTGTCAARGCAAATAATG 195-176 Modified13

9T1-2 G2 GTTAGAAATGATTCTCCACT 281-262 13

9T-3Pd G3 ATGTCYAGTTGCAGTGTAGC 503-484 Modified13

9T-4 G4 GGGTCGATGGAAAATTCT 440-423 13

9T-9B G9 TATAAAGTCCATTGCAC 147-131 13

G12Fd G12 TYGTCATGCTGCCATTTA 173-190 Modified14

G12Rd G12 GTCCARTCGGGRTCAGTT 344-327 Modified14

P-genotyping (VP4) primers
Con3d vp4 TGGCTTCRCTCATTTATAGACA 11-32 15

Con2d vp4 ATTTCDGACCATTTATAACC 887-868 15

VP4F vp4 TATGCTCCAGTNAATTGG 132-149 16

VP4R vp4 ATTGCATTTCTTTCCATAATG 775-795 16

P[4]d P[4] CTATTRTTAGAGGTTARAGTC 494-474 Modified15

P[6]d P[6] TGTTGATYAGTTGGATTCAA 278-259 Modified15

P[8] P[8] TCTACTGGRTTRACNTGC 356-339 17

P[8]m P[8] TCTACTGGATYGACGTGC 356-339 Modified15

P[8]G1 P[8] TATATTGTCTATCTACTGGAT 357-339 This study
P[9] P[9] TGAGACATGCAATTGGAC 402-385 15

P[10] P[10] ATCATAGTTAGTAGTCGG 594-575 15

P[11] P[11] GTAAACATCCAGAATGTG 323-306 17

Sequencing primers
Beg9–End 9 vp7
9con1–9con2d vp7
Con3d–Con2d vp4
VP4F–VP4R vp4

D = A/G/T; H = A/C/T; M = A/C; N = A/C/G/T; R = A/G; Y = C/T.
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The resulting PCR products were analyzed on a 1.5% aga-
rose gel along with 100-base pair DNA ladder (Invitrogen),
and visualized by ethidium bromide staining. The size of
each band indicated its specific genotype.
Nucleotide sequencing and phylogenetic analysis of

nontypeable rotavirus strains. RNA samples that were
positive for rotavirus but their genotypes could not be deter-
mined by conventional RT PCR were reverse transcribed
and amplified using sequencing primers as shown in Table 1
and sequenced by Macrogen Inc., Korea. DNA sequencing
data were verified for consensus sequences by using
Sequencher software, version 4.1.2 (Gene Codes Corpora-
tion, Ann Arbor, MI). Multiple sequence alignments were
generated using consensus sequences and sequences of
rotavirus P-genotype prototype with Clustal W18 (EMBL-EBI,
Hinxton, United Kingdom) and a phylogenetic tree was
constructed using the neighbor-joining method with the
Kimura 2-parameter model with 1,000 bootstrap replicates in
MEGA, version 6.19

Statistical analysis. The differences among proportions
were analyzed by χ2 test in IBM SPSS® Statistics, version 22
(IBM Corporation, Armonk, NY).

RESULTS

A total of 818 stools samples (531 cases and 287 controls)
were available for real-time RT PCR detection of rotavirus.
In this study, rotavirus was detected in 159/531 (30%) of
diarrheal cases and none was detected from control samples
by real-time PCR. A comparison of the proportion of stool
samples positive by real-time RT PCR (159/531, 30%) to the
same samples tested by ELISA (142/531, 26.7%) showed no
statistically significant difference (P = 0.25).
All rotavirus-positive samples were from children less

than 2 years of age except for three cases (Table 2). Rota-
virus was detected significantly higher among inpatient
cases at 54% (22/41) comparing to 28% (137/490) of out-
patient cases (P < 0.001). Clinical presentations of cases
with rotavirus diarrhea revealed that approximately 78%
of cases had diarrhea five or more times per day, 99% had
watery diarrhea, 94% had history of fever, 94% had fatigue,
and 82% had vomiting.
Genotyping of rotavirus-positive samples showed that

G1 was the predominant genotype representing 70% of all
rotavirus samples, followed by G2 at 14%, G9 at 12%,
G3 at 2%, and G4 at 2%. All samples were typeable for
G-genotype. For P-genotype, P[8] was the most common

genotype with 83% followed by P[4] at 12%. Two samples
could not be characterized for P-genotype by conventional
RT PCR. The most common G- and P-genotypes combi-
nation was G1P[8] (69%) followed by G2P[4] and G9P[8]
each contributing at 11.3% of rotavirus-positive samples.
Genotype G1P[8] (75.2%) predominated in outpatient cases,
whereas G9P[8] (54.6%) predominated in hospitalized cases.
The genotypic distribution of outpatient cases was signifi-
cantly different from hospitalized cases, P < 0.001 (Table 3).
Phylogenetic analysis of sequenced samples clustered

four samples (NP04-130, NP04-142, NP04-474, and NP04-
499) into P[8] genotype and two samples (NP04-021 and
NP04-368) into P[19] genotype (Figure 1). Nucleotide
sequences of vp4 gene of P-genotype have been submit-
ted to GenBank (Bethesda, MD) under these accession
numbers with sample numbers indicated in parentheses:
JQ360846 (NP04-130), JQ360847 (NP04-142), JQ360848
(NP04-474), JQ360849 (NP04-499), JQ360850 (NP04-021),
and JQ360851 (NP04-368).

DISCUSSION

In this study, rotavirus was detected by real-time RT PCR
in 30% of diarrhea cases. The rotavirus prevalence among
hospitalized cases of 54% is similar to the reported 56%
by Nyambat and others, whose 2-year surveillance study
was also conducted at overlapping period at the NPH in
Phnom Penh, Cambodia, but using ELISA techniques for

TABLE 2
Detection of rotavirus in diarrhea case and nondiarrhea control samples by age group, at the National Pediatric Hospital, Phnom Penh,
Cambodia, from November 2004 to October 2006

Age (months)

Case Control

No. of rotavirus positive/no. of tested (%) No. of rotavirus positive/no. of tested (%)

N = 531 N = 287

0–5 21/89 (23.6) 0/6 (0)
6–11 81/239 (33.9) 0/29 (0)
12–23 54/173 (31.2) 0/51 (0)
24–35 3/16 (18.8) 0/60 (0)
> 36 0/14 (0) 0/141 (0)
Total 159/531 (30) 0/287 (0)

TABLE 3
Genotypic distribution of rotavirus among inpatient and outpatient

cases at the National Pediatric Hospital in Phnom Penh, Cambodia,
from November 2004 to October 2006

Genotype No. of Inpatient (%) No. of Outpatient (%)

G1P[8] 6 (27.3)* 103 (75.2)*
G1PNT – 2 (1.5)
G2P[4] – 18 (13.1)
G2P[8] 1 (4.6) 3 (2.2)
G3P[6] – 1 (0.7)
G3P[8] 1 (4.6) –
G3P[19] – 1 (0.7)
G4P[4] – 1 (0.7)
G4P[6] – 2 (1.5)
G4P[8] 1 (4.6) –
G9P[8] 12 (54.6)* 6 (4.4)*
G9P[19] 1 (4.6) –
Total 22 (100) 137 (100)

PNT = nontypeable P-genotype.
*P < 0.001, χ2 test.
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detection.20 Molecular technique has been widely accepted
as a more sensitive method for rotavirus detection; how-
ever, ELISA is a more practical and cost-effective method
to detect rotavirus as recommended by the U.S. Center for
Disease Control especially in resource-limited areas.21

Unlike many of the studies on rotavirus surveillance that
focus on hospitalized cases, this study included outpatient
diarrhea cases and nondiarrhea controls for comparison.
Our findings support rotavirus as an important causative
agent of diarrhea and its association with a severe disease
requiring hospitalization. Moreover, rotavirus was not detected
by a sensitive method as real-time PCR in any of the
287 stool samples of children without diarrhea in this study.
However, this finding may be biased by the age distribution
of cases and nondiarrhea controls as more than half of con-
trols were children older than 3 years old while over 90% of
cases in this study were children less than 2 years of age.
In a previous study reporting the genotypic distribution of

rotavirus in Cambodia among 10% of randomly selected
samples showed G1P[8] as the predominating genotype
(53%), followed by G2P[4] (10%) and 14% and 29% of non-
typeable G- and P-genotypes, respectively.20 In our study, in
addition to G1P[8] and G2P[4] that were the first and second
most common genotypes detected, G9P[8] was also identi-
fied in 11.3%, at the same proportion as G2P[4]. Moreover,

G9P[8] was detected at a significantly higher percentage
(54.6%) in inpatient cases where as only 4.4% of outpatient
cases were infected with G9P[8] (P < 0.001) indicating that
G9 might play an important role in more severe diarrhea
cases requiring hospitalization. Other studies also reported
an increased predominance of G9 and its association with
severe diarrhea in Latin America22 and in the United Kingdom
where 71% of patients infected with G9P2A[6] required hospi-
talization and 33% of those who were admitted were severely
dehydrated.23 However, G9 association with increased sever-
ity is debatable as others reported that G1 had greater asso-
ciation with severe dehydration when compared with G9,24,25

whereas other studies showed no difference of severity with
any specific G-genotypes.26–28 Differences in clinical severity
associated G-genotypes may rely on the geographical origin
of the strain or associated P-genotypes.23 In addition, a
significant difference of genotype distribution of rotavirus
between outpatient and hospitalized cases may suggest that
surveillance of rotavirus in only hospitalized severe diarrhea
cases may not accurately represent distribution of rotavirus
strains circulating in the area.
The currently available vaccines that include G1-G4 pro-

teins and a live-attenuated G1P[8] strains will have a poten-
tial impact on the reduction of morbidity of rotavirus
infections in Cambodia as supported by our data that

FIGURE 1. Phylogenetic tree of vp4 gene fragment amplified from six nontypeable P-genotype samples with sequencing primers (Table 1).
Fourteen reference rotavirus strains representing P[4]: RV-5 (M32559), DS-1 (AJ540227); P[6]: 1076 (M88480), ST3 (L33895); P[8]: Wa
(L34161), Nov09-D386 (KF648954), CAU10-55 (JQ253585); P[9]: AU-1 (D10970); P[10]: 69M (M60600); P[14]: A64 (EF672563); P[19]: Mc345
(D38054), 30378 (HG513048), NIV929893 (DQ887060); P[25]: Dhaka6 (GU199520); and rotavirus serotype C (AB648917) from GenBank were
used in this analysis. Bootstrap values (1,000 replicates) above 50 are shown. Sequenced nontypeable P-genotype samples are indicated in
bold by their samples names. The human rotavirus serotype C sequence was used as an outgroup.

950 SILAPONG AND OTHERS



approximately of 88% of rotavirus in this study belonged to
genotypes that are covered by the vaccines. G9 has not
been included in any commercially available rotavirus vac-
cines, except for the Rotavac® Bharat Biotech, Hyderabad,
India which is licensed for use only in India.29 This incom-
plete vaccine coverage of rotavirus genotypes could raise
concerns on vaccine efficacy though some cross protection
between genotypes has been reported.30–32 The world-
wide emergence of G9 rotavirus and its potential associa-
tion with more severe disease should be considered in the
future development of rotavirus vaccines to improve vac-
cine efficacy especially in areas where genotype G9 has
been shown to be prevalent.
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