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Abstract. Rotaviruses are the most important cause of severe diarrhea in infants 
and young children, but rotavirus gastroenteritis in adults is uncommon. In this 
study, 260 stool samples collected in Thailand from January 2006 to February 
2007 from patients of all ages with acute gastroenteritis, were tested for group A 
rotavirus and compared with rotavirus infections in children and adults. Rota-
virus was detected in 42% of the patients’ samples, but children (< 18 years old) 
have a significantly higher prevalence (57%) of rotavirus infection than adults  
(≥ 18 years old) (27%) (OR 3.55; 95% CI: 2.11-5.96; p < 0.001). The highest attack 
rate was found in the age group of < 2 years old (14%), followed by 2-4 years of 
age (9%), 18-59 years of age (8%), 5-17 years of age (6%) and ≥ 60 years of age 
(5%). The dominant genotype was G1P[8] (27%), followed by G2P[4] (7%), G3P[8] 
(1%), and G9P[8] (1%). The rare genotypes identified were G1P[4], G1P[6], G2P[6], 
G2P[8], and G3P[6]. Mixed infections mostly occurred in children, comprising 
G1P[4]/P[8], G1P[4]/P[6], G1P[6]/P[8], G1/G2P[4], G1/G3P[4], and G1/G3P[4]/P[8]. 
Rotaviruses G3, G9, and P[4] were found only in children and genotype P[6] was 
found in adults (75%) at a higher frequency than in children (25%) (p < 0.001).  The 
number of rotavirus in children was 1.99x108/ml and in adult patients was 7.32x106/
ml. The present study highlights the higher prevalence of rotavirus infection in 
children compared to adults and rotavirus genetic heterogeneity.

Keywords: acute gastroenteritis, adults, children, genotype, rotavirus, Thailand

oping countries (Tate et al, 2012). Although 
acute gastroenteritis, caused by rotavirus-
es, in adults is uncommon, outbreaks of 
gastroenteritis associated with rotaviruses 
among adults and elderly persons have 
been reported (Griffin et al, 2002; Cardemil 
et al, 2012; Gunn et al, 2012). 

Rotaviruses belong to the genus Rota-
virus in the family Reoviridae, and contain 
11 segments of double-stranded RNA 
(Matthijnssens et al, 2012).  Eight distinct 
groups (A to H) of rotaviruses have been 
classified based on their antigenic and 
genetic properties. Group A rotaviruses 

INTRODUCTION

Rotaviruses are an important cause 
of acute diarrhea in infants and young 
children worldwide. The viruses affect 
an estimated 453,000 deaths (in the range 
of 420,000-494,000) in 2008, in children 
younger than 5 years old, mostly in devel-
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are the most common cause of acute gas-
troenteritis in humans, and within group 
A different serotypes are identified ac-
cording to the glycoprotein VP7 (G types) 
and the protease-sensitive protein VP4 (P 
types) that  surround the outer capsid of 
the virus particles and elicit neutralizing 
antibody response (Estes and Kapikian, 
2007). Molecular characterization of the 
VP7 and VP4 genes has identified 27 G 
and 37 P genotypes in humans and ani-
mals (Matthijnssens et al, 2011; Trojnar et 
al, 2013). The most prevalent rotavirus 
strains recovered from infected patients 
are G1P[8], G2P[4], G3P[8], G4P[8] and 
G9P[8] (Bishop, 2009). Uncommon rota-
virus strains in humans include G5, G6, 
G8, G10, G11, G12, and G20 of G types and 
P[1], P[3], P[6], P[9], P[10], P[11], P[13], 
P[14], P[19], P[25], and P[28] of P types 
(Matthijnssens et al, 2011).  

In Asia the highest incidence rates 
of rotavirus-related hospitalizations in 
children under 5 years of age have been 
reported in Bangladesh, South Korea, 
Taiwan, Thailand, and Vietnam (Kawai 
et al, 2012). In Thailand, rotaviruses are 
the major causative agents responsible for 
28-50% of children admitted to hospital 
with acute diarrhea, with rotavirus geno-
type G1P[8] being the most prevalent, 
but G2, G3, G4, and G9 also are found in 
children with rotaviral diarrhea (Kham-
rin et al, 2007; Theamboonlers et al, 2008; 
Khananurak et al, 2010; Maiklang et al, 
2012).  Although rotaviruses can cause 
gastroenteritis in adults (Anderson and 
Weber, 2004), data concerning rotavirus 
infection among adults are limited.  

The objectives of this study were to 
determine the prevalence of rotavirus in-
fections in patients of all ages with acute 
gastroenteritis, to identify rotavirus G and 
P genotypes, and to quantify the numbers 
of rotavirus in stool samples of rotavirus-

infected patients. 

MATERIALS AND METHODS

Stool samples
A total of 260 stool samples were 

collected from patients with acute gastro-
enteritis admitted to Lop Buri Hospital, 
Lop Buri Province, located in the central 
region of Thailand, from January 2006 to 
February 2007. Ten percent stool suspen-
sions in 0.05 M phosphate-buffered saline, 
pH 7.2 were clarified by centrifugation at 
3,000g for 10 minutes and supernatants 
were stored at -70ºC until used. The study 
was approved by the Ethics Committee for 
Human Rights Related to Human Experi-
mentation, Mahidol University (COA. no. 
MU-IRB 2008/254.2312).
Nested multiplex RT-PCR

Virus double-stranded RNA was ex-
tracted from 140 µl of stool supernatant 
using QIAamp® viral RNA extraction kit 
(QIAGEN, Hilden, Germany). In order to 
detect the rotavirus and determine its G 
and P genotypes, the extracted RNA was 
analyzed by nested multiplex RT-PCR to 
amplify VP7 and VP4 genes using  sepa-
rate reactions.  For the first-round PCR, 
primers RV1 and RV2 were employed to 
amplify a 1,059-bp region of VP7 gene 
(Gilgen et al, 1997), and primers Con3 
and Con2 to amplify an 877-bp fragment 
of VP4 gene (Gentsch et al, 1992). For the 
second-round PCR to genotype VP7, the 
consensus primer 9Con1 and the G-type-
specific primers 9T1-1, 9T1-2, 9T-3P, 9T-4, 
and 9T-9B were used for detection of G1, 
G2, G3, G4, and G9, respectively (Das et 
al, 1994). For the second-round PCR ge-
notyping of VP4, the consensus primer 
Con3mod and the P-type-specific primer 
2T-1, 3T-1, and 1T-1 were used for detec-
tion of P[4], P[6], and P[8], respectively 
(Gentsch et al, 1992; Maunula et al, 1998). 
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The nested multiplex RT-PCR assays 
were carried out as described by Asmah et 
al (2001) and Phan et al (2007) with some 
modifications.  In brief, a 5 µl aliquot of 
RNA was heated to 97ºC for 5 minutes, 
and placed on ice for 10 minutes.  The RT-
PCR was performed in a final volume of 50 
µl and amplified for 35 cycles of 94ºC for 
30 seconds, 55ºC for 30 seconds, and 72ºC 
for 60 seconds. For nested PCR amplifica-
tion, 1 µl aliquot of the primary PCR solu-
tion was added to 49 µl of reaction mixture 
and amplified for 25 cycles of 94ºC for 60 
seconds, 50ºC for 60 seconds, 72ºC for 60 
seconds, followed by a final incubation at 
72ºC for 7 minutes. The amplicons were 
electrophoresed in a 1.5% agarose gel 
and stained with ethidium bromide.  The 
expected amplicon size was 159, 245, 467, 
404, and 111 bp for G1, G2, G3, G4, and 
G9, respectively.  For P[4], P[6] and P[8] 
the expected amplicon was 484, 268 and 
346 bp, respectively.  

Quantitative real-time RT-PCR 
A Rotavirus Real Time RT-PCR kit 

containing rotavirus specific primers, 
Taqman probes and reagents for the de-
tection and quantification of rotavirus 
genome was used according to Guidelines 
issued by the European Authorized Rep-
resentative SA Obelis, Brussels, Belgium 
(Shanghai ZJ Bio-Tech, Shanghai, China). 
Rotavirus amplification was performed 
according to the manufacturer’s instruc-
tions in a LightCycler 1.5 Real Time PCR 
System (Roche Diagnostics, Mannheim, 
Germany). Rotaviruses in the stool sam-
ples were quantified from the threshold 
cycle (Ct) values and compared with 
a standard curve of rotavirus positive 
control.    
Statistical analysis

Statistical parameters were calculated 
using the Statistical Package for the So-

cial Sciences (SPSS) computer software 
program version 17.0 (SPSS, Chicago, 
IL). A chi-square test was used to analyze 
the associations among age, sex, depart-
ment attended and rotavirus infection.  
The Mann-Whitney U test was used to 
compare differences between age group 
and rotavirus copy numbers. A p < 0.05 
is considered statistically significant and 
a p < 0.001 as highly significant.

RESULTS

Rotavirus prevalence
Of the 260 stool samples from chil-

dren and adults with acute gastroenteri-
tis, 110 (42%) tested positive for group A 
rotavirus by nested multiplex RT-PCR.  
The virus could be detected in samples 
taken on days 1-9 after the onset of the 
illness. The detection rate of rotavirus 
infection in children (< 18 years old, 57%) 
was higher than that in adults (≥ 18 years 
old, 27%) (OR 3.55; 95% CI: 2.11-5.96;  
p < 0.001). Rotavirus infection occurred 
in both genders, but the frequency was 
greater in males (47%) than in females 
(37%). The rate of rotavirus infection in 
patients attending the Inpatient Depart-
ment (46%) was higher than that found 
in patients attending the Outpatient De-
partment (31%) (p < 0.05) (Table 1).  The 
age distribution of rotavirus infection in 
patients with acute gastroenteritis was 
from 2 months to 86 years.  The attack rate 
of rotavirus infection was highest in the 
<2 years of age group (14%), followed by 
the 2-4 years of age (9%), 18-59 years of 
age (8%), 5-17 years of age (6%) and ≥ 60 
years of age (5%) (Table 2). 
Distributions of G and P genotypes

Of 110 rotavirus-positive samples, 
63 (57%) were typed completely for both 
G and P genotypes by nested multiplex 
RT-PCR, with single infection at 46% and 
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Characteristics	 Total no. of			   ORa	 95% CIb	 p-value
		  cases	 Positive	 Negative			 
						    
Age (years)						      <0.001
	 <18	 129	 57	 43	 3.55	 2.11-5.96	
	 ≥18	 131	 27	 73	 1.00
Sex						      0.129
	 Male	 137	 47	 53	 1.47	 0.89-2.41	
	 Female	 123	 37	 63	 1.00
Department attended						      0.028
	 Inpatient	 187	 46	 54	 1.89	 1.07-3.35	
	 Outpatient	 73	 31	 69	 1.00

Age group	 Number			 
 (years)	 (n = 260)	 Number	 Percent	 Percent
			   (n = 110)	 of each age group	 of 260 cases
				  
	 <2	 70	 36	 51	 14
	 2-4	 36	 23	 64	 9
	 5-17	 23	 15	 65	 6
	 18-59	 70	 22	 31	 8
 	 ≥60	 61	 14	 23	 5

Table 1
Association between characteristics of 260 patients with acute gastroenteritis and 

rotavirus infection as determined by nested multiplex RT-PCR.

Table 2
Distribution by age of patients with acute gastroenteritis caused by rotavirus.

Rotavirus infection (%)

aOdds ratio; b95% confidence interval.						    

Rotavirus infection

mixed infections at 11% (Table 3).  Ninety 
(82%) of the positive stool samples were 
identified as VP7 and 87 (79%) revealed 
a single G type, with G1 being the most 
prevalent (69%), followed by G2 (28%), G3 
(2%) and G9 (1%).  Rotavirus G4 was not 
found in this study.  Among mixed infec-
tions of G genotypes, G1/G2 (1 sample) 
and G1/G3 (2 samples) were identified.  
Eighty-three (75%) samples were identi-
fied as VP4 and 71 (64%) showed a single P 
type, with P[8] being predominant (51%), 
followed by P[6] (28%) and P[4] (21%).  
Among mixed infections of P genotypes, 

P[4]/P[8] (8 samples), P[6]/P[8] (3 samples) 
and P[4]/P[6] (1 sample) were identified.  
Rotaviruses were typed partially in 47/110 
(43%) samples. Ungenotyped G (G?) 
(where a sample could not generate a full 
length VP7 and/or G genotype-specific 
amplicon but could generate a P genotype 
specific PCR product) and ungenotyped P 
(P?) (where a sample could not generate a 
full length VP4 and/or P genotype-specific 
amplicon but could generate a G genotype 
specific PCR product) was found in 20 
(18%) and 27 (24%), samples, respectively. 
Overall, G and P genotype combinations 
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in adults (15/20 samples) was higher than 
that found in children (5/20 samples). In 
addition patients attending the Outpatient 
Department (12/20 samples) scored higher 
than patients attending the Inpatient De-
partment (8/20 samples) (p < 0.001).
Rotavirus quantification

Of the 110 stool samples positive for 
rotavirus by nested multiplex RT-PCR, 
22 (20%) were found to be positive by 
quantitative RT-PCR [19/74 (26%) and 
3/36 (8%) of rotavirus-infected children 
and adults, respectively]. Quantitative RT-
PCR revealed a narrow range (6.69x106-
1.95x107 copies/ml) of rotavirus genome 
content in infected adult stool samples 
compared with that found in infected chil-
dren samples (3.99x105-5.10x1010 copies/
ml), but there is no significant difference 
between the two median values (1.99x108  

Table 3
Rotavirus genotypes identified by nested multiplex RT-PCR of 110 stool samples from 

patients with acute gastroenteritis.

G and P genotypes	 No. of samples (%)

Completely typed rotavirus: single infection	 51 	(46)
	 G1P[4]	   2 	(2)
	 G1P[6]	   4 	(4)
	 G1P[8]	 30 	(27)
	 G2P[4]	   8 	(7)
	 G2P[6]	   3 	(3)
	 G2P[8] or G3P[6] or G3P[8] or G9P[8]	   1 	(1)a

Completely typed rotavirus: mixed infection	 12 	(11)
	 G1P[4]/P[8]	    7 	(6)
	 G1P[4]/P[6] or G1P[6]/P[8] or G1/G2P[4] or	    1 	(1)a 
	 G1/G3P[4] or G1/G3/P[4]/P[8]
Partially typed rotavirus	 47 	(43)
	 G1P?b	 15 	(14)
	 G2P? or G?P[6]	  12 	(11)a

	 G?P[4] or G?P[8]	    3 	(3)a

	 G?P[6]/P[8]	    2 	(2)
aPercent of each typed rotavirus; bnested multiplex RT-PCR produced no identifiable band.	

of rotaviruses were G1P[8] (27%), G2P[4] 
(7%), G3P[8] (1%), and G9P[8] (1%). Other 
genotypes, including G1P[4], G1P[6], 
G2P[6], G2P[8], and G3P[6] were detected 
at a relatively low frequency of occur-
rence. Of the mixed rotavirus infections 
(11%), G1P[4]/P[8] was the most frequent-
ly detected. One stool sample each was 
positive for G1P[4]/P[6], G1P[6]/P[8], G1/
G2P[4], G1/G3P[4] and G1/G3P[4]/P[8]. 
Partially typed rotaviruses with a high 
frequency of occurrence were G1P? (14%), 
G2P? (11%) and G?P[6] (11%).

As regards G or P genotypes of group 
A rotavirus associated with age, sex, and 
hospital department attended, rotaviruses 
G3, G9, G combination and P[4] were 
found only in children (< 18 years of age) 
attending Inpatient Department. The fre-
quency of rotavirus P[6] infection found 
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copies/ml) in children and 7.32x106 copies/
ml in adults, p = 0.094). 

DISCUSSION

Acute gastroenteritis caused by ro-
taviruses remains an important public 
health problem and is ranked first in viral 
diarrhea in children admitted to hospital, 
but rotavirus can also cause acute gastro-
enteritis in adults (Anderson and Weber, 
2004). This study, employing nested 
multiplex RT-PCR to detect and genotype 
rotavirus in stool samples from patients 
with acute gastroenteritis, showed that 
rotavirus was the most significant cause 
of acute diarrhea both in children and 
adult patients. Previous studies showed 
the occurrence of rotavirus infections 
in both adults and elderly patients (del 
Refugio González-Losa et al, 2001; Grif-
fin et al, 2002; Cardemil et al, 2012; Gunn  
et al, 2012). In the present study, all chil-
dren with rotavirus infection attended the 
Inpatient Department, whereas the major-
ity of rotavirus-infected adults attended 
the Outpatient Department. These adult 
patients had a milder form of the disease 
probably because of protective immunity 
obtained from previous infections. Young 
children less than 2 years of age were the 
most affected in agreement with reports 
from other countries (Lou et al, 2010; Mor-
ris et al, 2012).

The predominant rotavirus genotype 
was G1, followed by G3 and, finally, G9 in 
agreement with a previous report (Kittigul 
et al, 2009). The nested multiplex RT-PCR 
method was 7-fold more sensitive in de-
tecting rotavirus in stool samples than the 
conventional RT-multiplex PCR method. 
This increased sensitivity may be due to 
the additional re-amplification step of 
the nested PCR technique. Four different 
rotavirus G genotypes (G1, G2, G3, and 
G9) and 3 different P genotypes (P[4], 

P[6], and P[8]) were identified.  Within 
the same year of this study (2007), a 
prevalent G1P[8] rotavirus genotype was 
also reported in children under 5 years of 
age admitted to a hospital in Chiang Mai 
Province, located in the north of Thailand 
(Chaimongkol et al, 2012). The predomi-
nance of G1P[8] genotype has been of con-
cern globally (Kirkwood et al, 2010). Other 
common rotavirus genotypes including 
G2P[4], G3P[8] and G9P[8], and rare geno-
types: G1P[4], G1P[6], G2P[6], G2P[8], 
and G3P[6] found in this study also have 
been reported in other countries (Lee et 
al, 2009; Kirkwood et al, 2010; Hull et al, 
2011). Interestingly the rare P[6] genotype 
was found mainly in rotavirus-infected 
adults, 80% of whom attended the Out-
patient Department. Although the pat-
tern of rotavirus G type distribution (G1, 
G2, G3, and G9) does not change much 
among different geographical regions, 
unusual human rotavirus strains have 
emerged as global strains, which have 
important implications for effective vac-
cine development. Rotarix®, a monovalent 
live-attenuated human rotavirus G1P[8] 
vaccine and Rotateq®, pentavalent human 
bovine reassortant (G1, G2, G3, G4, and 
P[8]) vaccine might not be efficient enough 
in protecting individuals from rare strains 
with unusual G-P combinations. Licensed 
rotavirus vaccines have been available for 
use in Thailand but are not yet included 
as part of the national immunization pro-
gram (Muangchana et al, 2012). 

Various rotavirus genotypes and mix-
tures of genotypes were found in children 
with acute gastroenteritis. The ability 
of rotaviruses to undergo genetic reas-
sortment leads to the generation of new 
strains through interspecies transmission 
between human and animal strains. This 
event is likely to occur in developing 
countries, where children become infected 
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frequently with multiple strains of rota-
virus at the same time (Kirkwood, 2010).  
As regards the partially typed rotaviruses, 
the stool samples might contain too few 
rotaviruses to be detected by nested mul-
tiplex RT-PCR assay or contain other rota-
virus genotypes not specific to the primers 
currently employed (Fischer et al, 2005).

The viral load of rotavirus in stool 
samples of infected children was higher 
than in adults. A previous study showed 
that the rotavirus load correlates with 
clinical severity of diarrhea in children 
(Kang et al, 2004). The findings in the 
current study imply that children have 
more severe diarrhea than adults and both 
groups of patients can potentially transmit 
rotavirus. Thus, continuous epidemiologi-
cal study of rotavirus infection is essential 
not only to develop effective  strategies 
for prevention and control of rotavirus 
gastroenteritis but also for monitoring of 
rotavirus strains required for implementa-
tion of an effective vaccine.  
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