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Purpose: We aimed to study the distribution of rotavirus genotypes (VP7 and VP4) and disease severity
of rotavirus gastroenteritis prevalent in our community.
Methods: Stool samples were collected from 156 children who were hospitalized with rotavirus
gastroenteritis from December 2007 to June 2008. The disease severity of all patients was scored using
the Vesikari scale. After extraction of ds-RNA of the rotavirus, cDNA synthesis using reverse transcription
and polymerase chain reaction (RT-PCR) and multiplex PCR was performed. Following this, the final
identification of genotypes was performed.
Results: Of the 156 samples, VP7(G) and VP4(P) genotypes were identified in 147 (94.2%) and 140
(89.7%) samples, respectively. G1 (116 of 147 samples; 78.9%) and P[8] (137 of 140 samples; 97.9%)
were the most prevalent, respectively. Of the 138 samples identified of combination types of VP7 and
VP4, G1P[8] (111 samples; 80.4%) was the most prevalent. Other combination types varied with very
low distribution rates. 9.4% of genotypes were not included in the new vaccines. The disease severity
score was 11.8±3.3 (mean±2SD). The distribution of disease severity was mild or moderate in 37.8%
and severe in 62.2% of patients.
Conclusion: The most prevalent genotype combination of rotavirus was G1P[8] and genotypes not
included in the vaccines represented 9.4% in our community. Disease severity distribution of hospitalized
children with rotavirus gastroenteritis was higher in the severe than in the mild and moderate categories.
(Korean J Pediatr Gastroenterol Nutr 2011; 14: 148∼154)
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enteritis. Therefore, we conducted a prospective study to

INTRODUCTION

address this issue.

MATERIALS AND METHODS

In 1998, the quadrivalent Rheshus-based recombinant
Ⓡ

rotavirus vaccine (RRV-TV; Rotashield , Wyeth Lederle
Vaccines, Philadelphia, USA) received approval from the

1. Collection and storage of stool samples

USA Food and Drug Administration (FDA) and was

Stool samples were collected from 156 out of 283

successfully commercialized. However, in 1999 it was

children who were hospitalized with rotavirus gastro-

withdrawn from the market because of the high corre-

enteritis diagnosed by identification of rotavirus Ag using

lation rate of intussusception development after immuni-

an immunoassay, from December 2007 through June

1)

zation . Efforts for the development of new rotavirus
2,3)

vaccines continued after that . Finally, worldwide stuⓇ

2008 in Jeju National University Hospital and Seogwipo
Medical Center, Korea. All samples were immediately
o

dies of human rotavirus attenuated vaccine (Rotarix ,

stored at －80.0 C after collection. Disease severity

GlaxosmithKline, UK)4) and pentavlent human-bovine

scoring for the 156 patients was performed using the

Ⓡ

5)

recombinant rotavirus vaccine (RotaTeq , Merck, USA)

were reported in 2006 and the safety of these new
vaccines for inttussusception was demonstrated. These

20-point Vesikari scale9).

2. Extraction of ds-RNA of Rotavirus from
stool samples

two vaccines were approved by the Korea Food and Drug

o

After thawing of frozen stool samples at －4.0 C, fol-

Administration in 2008.
Surface proteins of the rotavirus defining the genotypes

lowed by room temperature, rotavirus ds-RNA was

are the 23 VP7 (G genotype) and 28 VP4 (P genotype)

extracted using TRIZOLⓇ Reagent (Molecular Research

genes. Of the 42 combinations of G and P genotypes,

Center, Cincinnati, OH, USA). The extracted ds-RNA

G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8] are common

was denatured by mixing with DEPC water and the

6,7)

genotype combinations . Combination of G1 and P[8] is

remaining RNA, except for a small amount for the next

the most prevalent genotype globally.

step, was stored at －80.0 C.

RotarixⓇ is an attenuated live vaccine produced in the
tissue incubator using rotavirus isolated from infected

o

3. Reverse transcription and first PCR amplification

humans. It consists of G1 and P1a[8]. The efficacy for
the prevention of severe rotavirus gastroenteritis and

This step was immediately performed after the extrac-

hospitalization caused by rotavirus infection was as high

tion of rotavirus ds-RNA using reverse transcriptase poly-

4)

Ⓡ

as 85% . RotaTeq is a pentavalent recombinant vaccine

merase chain reaction (RT-PCR) and multiplex PCR,

produced from the combination of G1∼4P and P[8] of

based on the method described by Gouvea et al10) and

the human and bovine rotavirus. It results in a high pro-

Gentsch et al11), using the same primers designed in their

8)

duction rate of IgA in humans . The efficacy for the
prevention of overall and severe rotavirus gastroenteritis
is 74% and 98%, respectively5).

study.

4. Second PCR amplification (multiplex PCR)

Although these two new vaccines have a high pre-

For VP7 genotyping, RT-PCR with the primers Beg9

vention rate for severe rotavirus gastroenteritis, there are

and End9 was performed using the following protocol: 30

only a few reports on the distribution of disease severity

minutes at 42.0oC and 25 cycles, with each cycle consi-

and rotavirus genotypes in children with rotavirus gastro-

sting of 1 min at 94.0 C, 2 min at 42.0 C and 1 min at

o

o
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o

o

72.0 C, followed by extension for 7 min at 72.0 C and
o

(primer 1T1), P[4] 483 bp (primer 2T1), P[6] 267 bp

storage at 4.0 C. For VP4 genotyping, the primers Con3

(primer 3T1), P[9] 391 bp (primer 4T1) and P[10] 583

and Con2 were used.

bp (primer 5T1).

For VP7 genotyping, 0.5μL DNA previously ampli-

6. Ethics statement

fied from RT-PCR was mixed with 19.5μL PCR mixture
including primers aBT1, aCT2, aET3, aDT4, aAT8 and

This study was performed with the permission of the

aFT9, and subjected to PCR using the following protocol:

internal ethics committee of Jeju National University

o

o

30 min at 94.0 C, 30 cycles (1 cycle; 5 min at 94.0 C,
o

o

5 min at 42.0 C and 1 min at 72.0 C), extension for 7
o

o

min at 72.0 C and storage at 4.0 C. For VP4 genotyping,

Hospital (JNUH-IRB-06-1). We received written informed consent to participate from the parents of each of
the 156 children.

for the primers Con3, 1T1, 2T1, 3T1, 4T1, 5T1 were

RESULTS

used.

5. Electrophoretyping of PCR products of Rotavirus VP7 (G type) and VP4 (P types)
genes

The sex distribution of the 156 children used in this
study was 76 male and 80 female. The mean age of all
the patients was 17.9±6.8 month (mean±2SD). Among

Electrophoresis of PCR products was performed for 20

the 156 stool samples, the VP7 gentoype was identified

minutes on a 1.5% agarose gel mixed with ethidium

in 147 samples (94.2%), whereas the VP4 genotype was

bromide and 1x TAE buffer (40 mM Tris-acetate, 2 mM

identified in 140 samples (87.9%) (Table 1). None of the

EDTA, pH 8.0). Electrophoretic genotyping was per-

156 children received vaccination against rotavirus (Table

formed by analyzing the band sizes of PCR products.

1).

VP7 genotyping by band size was as follows: G1 type

For VP7 genotype distribution in the 147 patients (Fig.

749 bp (primer aBT1), G2 652 bp (primer aCT2), G3 374

1), G1 was the most common, identified in 116 patients

bp (primer aET3), G4 583 bp (primer aDT4), G8 885 bp

(78.9%), follwed by G3 in 7 (4.8%), G9 in 6 (4.1%), G1/

(primer aAT8) and G9 306 bp (primer aFT9). VP4 geno-

G9 in 5 (3.4%), G1/G3 in 4 (2.7%), G1/G8 in 3 (2.0%),

typing by band size was as follows: P[8] type 345 bp

Tabe 1. Baseline Demographic Characteristics of the
Subjects Used in This Study
Variable
Collected samples - No.
Sex - No.(%)
Male
Female
Mean age (months)
Rotavirus vaccination before
enrollment - No. (%)
Not done
Identification of genotypes – No. (%)
VP7
VP4
VP7 & VP4

156
76 (48.7%)
80 (51.3%)
17.9±6.8

156 (100.0%)
147 (94.2%)
140 (89.7%)
138 (88.5%)

Fig. 1. Distribution of VP7 genotypes of Rotavirus isolated
from 147 patients. G1 was the most common, identified in
116 patients (78.9%).
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G2 in 2 (1.4%) and G8 in 1 patient (0.7%). For VP4

ration in 13.3%, and severe dehydration in 4.9% of

genotype distribution in the 140 patients (Fig. 2), P[8]

patients. The disease severity score using the Vesikari

was the most common, identified in 137 patients (97.9%)

scale was 11.8±3.3 (mean± 2SD). The distribution of

followed by P[4] in 3 patients (2.1%). There was no

disease severity was mild or moderate in 37.8% and

distribution identified for P[6], P[9] and P[10].

severe in 62.2% of patients.

The combination types of VP7 and VP4 was identified

DISCUSSION

in 138 of 156 patients. In these 138 patients (Table 2),
G1P[8] was the most common, identifed in 111 patients
(80.4%) followed by G3P[8] in 5, G4P[8] in 3, G8P[8]

Except for the Givon-Lavi et al.12) study, there were

in 1, G9P[8] in 4, G1/G3P[8] in 3, G1/G8P[8] in 3, G1/

only a few reports on the distribution of disease severity

G9P[8] in 5, G1P[4] in 1 and G2P[4] in 2 patients.

of rotavirus gastroenteritis. Disease severity used to be

Information for the scoring of disease severity of

one of the variables that was evaluated to study vaccine

rotavirus gastroenteritis was collected from 143 patients

efficay. In our study, clinical information on scoring

(Table 3). In these patients, the mean duration of diarrhea

disease severity of rotavirus gastroenteritis was collected

was 5.06±2.27 (mean±2SD) days, whereas the mean du-

from 143 out of 156 patients. Disease severity score on

ration of vomiting was 2.18±1.61 days. Fever of over

the basis of the 20-points Vesikari scale was 11.8±3.3

o

37.8 C was reported in 62 (43.4%) of 143 patients. No

(mean±2SD) (Table 3). In distribution of disease severity,

dehydration was reported in 62.9% of patients, but mild

the severe state (Vesikari scale≥11) was as high as

dehydration was observed in 18.9%, moderate dehyd-

62.2% (Table 3).

Table 3. The Results of Disease Severity Scoring of Rotavirus
Gastroenteritis from 143 Patients Using Vesikari Scale
Variable
Mean duration of diarrhea (days, mean±2SD) 5.06±2.27
Mean duration of vomiting (days, mean±2SD) 2.18±1.61
Patients with fever - No. (%)
62 (43.4%)
Dehydration grade - No. (%)
No dehydration
90 (62.9%)
Mild
27 (18.9%)
Moderate
19 (13.3%)
Severe
7 (4.9%)
Total No.
143 (100%)
Disease severity score (Vesikari scale)
Mean score (mean±2SD)
11.8±3.3
54 (37.8%)
Mild to moderate (＜11) – No. (%)
Severe (≥11) - No. (%)
89 (62.2%)

Fig. 2. Distribution of VP4 genotypes of Rotavirus isolated
from 140 patients. P[8] was the most common, identified in
137 patients (97.9%).

Table 2. Distribution of VP7 (G Type) & VP4 (P Type) Genotype of Rotavirus from 138 Patients
P＼G

G1

G2

G3

G4

G8

G9

G1/G3

G1/G8

G1/G9

Total

P[8]
P[4]

111
1

0
2

5
0

3
0

1
0

4
0

3
0

3
0

5
0

135
3

Total

112

2

5

3

1

4

3

3

5

138
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This result was similar with the Givon-Lavi et al. report

severity and dehydration grade as a major complication

in that 756 (76.6%) of 987 rotavirus infected patients

of rotavirus gastroenteritis on admission. In view of

13)

were classified in the severe state . They also reported

disease severity, 37.8% of the cohort was mild or mode-

that the body temperature and serum levels of rotavirus

rate whereas 62.2% was severe. In view of dehydration

antigen were higher in the severe state. Serum antigen

grade, 62.9% of the cohort was not dehydrated, whereas

level was considered one of the factors affeting disease

18.9% was mild, 13.3% was moderate and 4.9% was

severity, but we did not check antigenicity in patient

severely dehydrated. This dissociation between disease

serum.

severity and dehydration grade may be due to appropriate

There are two methods for the scoring of disease

management of the patient by their parents in Korea, with

severity of rotavirus gastroenteritis, which include the

higher quality of life and easier access to medical clinics,

9)

3)

20-point Vesikari scale and the 24-point Clark scale .
A severe state is defined as a score of more than 11

compared to other developing countries.
Similar to several reports16∼18) from America, Europe
19)

points on the Vesikari scale and more than 16 points on

and the Le et al.

the Clark scale. Givon-Lavi et al. reported that only 35%

common genotype (80.4%) in our study (Table 2). On the

of patients that were scored as being in the severe state

other hand, Han et al.20) reported the most frequent

by the Vesikari scale were also scored as severe by the

combination of genotypes was G9P[8] (32.1%) followed

Clark scale. On the contrary, severe states using the Clark

by G1P[8] (20.7%) in Seoul. Bishop21) insisted that the

scale were all scored as severe by the Vesikari scale.

efficacy of the two new vaccines for genotypes not

Therefore, the Clark scale can be considered more strict

included in these vaccines may be reduced. Genotypes not

than the Vesikari scale to evaluate disease severity. Based

included in the new vaccines represented 9.4% in our

on this, when the reports were compared, both scales

study (Table 2).

needed to be considered. When we applied the results
9)

report in Seoul, G1P[8] was the most

Recently, reports indicated that the epidemic peak of

from Givon-Lavi et al. to our study, the percentage of

rotavirus gastroenteritis moved to spring from the win-

the severe state by the Clark scale was estimated to be

ter16,22). Our previous study23) also revealed a peak in spring.

4)

18,19,24,25)

21% of 143 patients. In the clinical study of Rotarix , the

Rotavirus infection can cause afebrile convulsion

change of the Vesikari scale was used as one of the

but no such case was observed in our study. Nosocomial

variables for the evaluation of vaccine efficacy. In the

infection contributed to less than 1% of all rotavirus

5)

,

26)

RotaTeq study , the change observed in the Clark scale

infected children . In particular, nosocomial infections

was used.

are problematic in neonates and G4P[6] is the major

We analyzed the differences observed in disease seve-

genotype that causes these infections27). However, these

rity distribution dependent on VP7 and VP4 genotypes.

could not be analyzed in our study due to the small

However, G1P[8] was as high as 80.4% whereas the other

number of neonatal cases.

genotype combination in each was less than 5%. We did

One limitation in our study was that the period of

not do further analysis on the severity distribution since

recruiting patients was too short and may not represent

14)

the change of genotype prevalance over many years.

reported that the difference in disease severity between

Another limitation was the exclusion for outpatients,

the G1 and G9 serotype was not significant in their study.

which may cause higher disease severity scores than what

it was considered to be less informative. Aupiais et al.

15)

On the other hand, Linhares et al.

reported more severe

disease associated with serotype G9 in Latin America.
In our study, there was no correlation between disease

actually occurs.
In conclusion, the most prevalent genotype combination
of rotavirus was G1P[8] in our community. Genotypes not
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included in the new vaccines was 9.4%. Disease severity
distribution of hospitalized children with rotavirus gastroenteritis was higher in the severe than in the mild and
moderate categories.

요

약

목 적: 저자들은 지역사회에서, 로타바이러스 장염에
걸린 소아들에서 질환의 중증도와 로타바이러스 VP7
유전형과 VP4 유전형의 분포에 대해 알아보고자 하였
다.
방 법: 2007년 12월부터 2008년 6월까지 로타바이러
스 장염으로 병원에 입원한 156명의 소아들에서 대변
샘플을 수집하였다. 모든 환자들에 대한 질환 중증도는
Vesikari 점수를 이용하여 평가하였다. 로타바이러스
ds-RNA를 분리한 후, 역전사 중합효소 연쇄반응과 다

중 중합효소 연쇄반응을 이용하여 cDNA를 합성하였
다. 마지막으로 유전형을 확인하였다.
결 과: 156명의 환자 샘플에서, VP7(G)는 147명(94.2%)
에서 확인되었고 VP4(P)는 140명(89.7%)에서 확인되었
다. G1 유전형(147명 중 116명; 78.9%)과 P[8] 유전형
(140명 중 137명)이 각각 가장 많았다. VP7과 VP4 조합

형은 138명에서 확인할 수 있었는데, G1P[8] 조합형이
111명(80.4)으로 가장 많았다. 다른 조합형들은 종류가

다양하였고 분포가 낮았다. 전체 조합형 중 9.4%가 새
로운 로타바이러스 백신에 포함되지 않은 것이었다. 로
타바이러스 장염의 질환 중중도는 11.8±3.3 (mean±
2SD)였다. 전체 환자에서 경증 내지 중등도가 37.8%였

고, 중증은 62.2%였다.
결 론: 로타바이러스 유전자 조합형 중 가장 흔한
것은 G1P[8]이었다. 새로운 백신에 포함되지 않은 유전
자 조합형은 9.4%였다. 로타바이러스 장염으로 입원한
소아들의 질환 중증도분포는 경증과 중등도보다 중증
에서 높게 나타났다.
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