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ABSTRACT This series of studies used antigenic and genetic analysis to examine rotavirus
strains prevailing in humans and animals in Thailand. The results are summarized as follows :

1) A number of fecal specimens were collected from humans (patients with diarrhea), cattle
(young calves with diarrhea) and pigs (piglets with diarrhea) in Thailand. These were screened for
rotavirus by polyacrylamide gel electrophoresis (PAGE) of segmented viral genome and enzyme-link-
ed immunosorbent assay (ELISA) with group A-specific monoclonal antibodies. Group A rotavirus-
positive specimens were then examined for their subgroup and G serotype specificity using subgroup
(I-and II-) specific monoclonal antibodies and G serotype (1-, 2-, 3-, 4- and occasionally 6-) specific
monoclonal antibodies, respectively. G serotype specificity of the specimens untypable by ELISA was
then examined by polymerase chain reaction (PCR) using serotype-specific primers, which showed
very high sensitivity in serotype determination.

2) The rate of rotavirus detection in pediatric diarrhea was calculated at 36.9% on the basis of
the examination of diarrhea specimens collected in Bangkok in 1991-94. Rotavirus gastroenteritis
was shown to occur most frequently in infants and young children equal to or less than 2 years of
age with a peak at 6-11 months of age. The male to female ratio was calculated at 1.36. Monthly
distribution of the occurrence of rotavirus gastroenteritis in Bangkok indicated that the illness tends
to cluster in September through January.

3) Although as a whole G serotype 1 was the most often detected in this series, the frequency
of detection of individual serotypes differed greatly by year. While in the 1983-84 survey G serotype
4 was the most frequent, both G serotypes 1 and 2 dominated in the 1987-88 survey. In the following
two years of 1988-89 and 1989-90, G serotype 1 predominated, while in 1990-91 survey G serotype 3,
which had been detected only rarely until then, surpassed other G serotypes 1 and 2. G serotype 1
was the most frequent in 1991-92, second to G serotype 2 in 1992-93 and again predominant in 1993-
94,

4) Tt was unexpected that all bovine rotavirus strains found in the present studies were
antigenically non-G serotype 6, since most bovine rotaviruses reported until then belonged to G sero-
type 6. The RNA patterns of these strains were grouped into the three electropherotypes a, b and c.
Sequence analysis of the VP7 gene of strain 61A (representing the electropherotype ¢) indicated that
it does not belong to G serotype 1, 2, 3, 4, 5, 6, 8, 9, or 11.

These results formed the basis of our subsequent antigenic and genetic studies showing that while
the G serotype of strains A44 (electropherotype a) and 61A is 10, that of strain A5 (electrophero-
type b) is 8, which is discussed in this paper.

This thesis is based for the most part on the four papers listed in the Introduction.
Reproduction of the figures and tables is by the permission of the publishers, for which the author is very
grateful.
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5) Serotyping by ELISA showed that the majority of porcine rotavirus strains (7/13) detected
in 1987 was G serotype 3. Twenty-three group A rotavirus strains detected in 1990-91 were grouped
by RNA PAGE into six electropherotypes a-f. The G serotypes assigned to these by ELISA and PCR
were as follows: G serotype 3 (three strains of electropherotypes a and ¢), G serotype 10 (14 strains
of electropherotype d) and undetemined serotype (6 strains).

The presence of G serotype 10 porcine rotavirus, a finding unreported to date, has been further
confirmed by serologic and genetic analysis in this laberatory (Pongsuwanna et al., submitted),
which is discussed in this paper.

6) On the basis of the findings indicating the close genetic relationship among rotaviruses of
humans and various animal species, the possibility of interspecies transmission and subsequent
genome reassortment in the recipient host and the significance of these events in the mechanisms of
evolution and diversification of rotavirus in nature are discussed.

(Received November 27, 1995 and accepted December 1, 1995)
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1. Introduction

Diarrheal diseases are among the leading causes of morbidity in developed countries and of both
morbidity and mortality in developing countries®. It has been estimated that there are 3-5 billion cases
of diarrhea and 5-10 million deaths associated with diarrhea per year in Asia, Africa, and Latin Amer-
icaV. Most of these deaths occur during infancy and early childhood. Since rotavirus is the single most
important etiologic agent of severe diarrhea of infants and young children worldwide? and since approx-
imately 309% of diarrheal cases are known to be attributed to rotavirus infection®, it is estimated that
rotavirus infection causes the deaths of 1.5-3 million infants and young children in developing countries
annually.

Rotavirus, Family Reoviridae, genus Rotavirus, is a major cause of infectious gastroenteritis in the
voung of a variety of mammalian and avian species as well as of humans. Rotavirus virion consists of
three concentric protein layers (outer capsid, inner capsid and core layers) and 11 segments of double-
stranded RNA (dsRNA) as genome. Based on the antigenic property of protein capsids and the profile
of genomic RNA in polyacrylamide gel electrophoresis (PAGE) in which the 11 segments are separated
into discrete bands according to their molecular size, rotaviruses are classified into six distinct groups A
through F.  Among them, group A rotavirus is recognized as the most important from its highest preva-
lence and pathogenicity in humans and various animal species?. Strains within group A also show
genome diversity demonstrated by various means of RNA analysis including PAGE of viral RNA®. The
outermost protein layer (or outer capsid) of group A rotavirus comsists of VP4 and VP7, which have
independent antigenic specificity®®. VP7, which is encoded by RNA segment 7, 8, or 9 depending on the
strain, determines the specificity of G serotype, the major neutralization antigen of the virus. Fourteen
G serotypes have been identified to date, of which seven (G1-G4, G8, G9 and G12) have been found in
human rotaviruses”®%!9,

VP4, which is encoded by RNA segment 4, determines the specificity of P serotype, the minor neu-
tralization antigen. However, since unified nomenclature for VP4 serotyping has not been established,
both the term P serotype defined by a virus neutralization test and the term VP4 genotype determined
by a sequence analysis of the gene have been employed for the classification of VP4 for the time being.
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At least 19 VP4 genotypes have been described'V. Besides these serotype-specific antigens, common (or
cross-reactive) neutralization antigens shared by group A rotaviruses of different serotypes are also
located in VP4 protein'?.

VP6, the product of RNA segment 6 and the major component of the middle concentric protein layer
(or inner capsid), carries two non-neutralization antigens {(group and subgroup antigens). While the
group antigen is common to all group A rotaviruses, the specificity of the subgroup antigen of most
group A rotaviruses is classified into either I or I

Global surveys on the prevalence of individual rotavirus serotypes are needed before the introduction
of any of the rotavirus vaccines now being developed. Further, antigenic and genetic analysis of
rotavirus strains prevailing in humans and animals will provide important knowledge to understand the
evolution of rotavirus and in particular the mechanism of emergence of novel strains of the virus. The
series of studies described in this paper were carried out with these purposes in mind.

“ List of original publications ”
This thesis is based for the most part on the following four papers.

1. Pongsuwanna Y, Taniguchi K, Choonthanom M, Chiwakul M, Susansook T, Saguanwongse S,
Jayavasu C, and Urasawa S. Subgroup and serotype distributions of human, bovine, and porcine rotavi-
rus in Thailand. J Clin Microbiol 1989, 27: 1956-1960.

2. Pongsuwanna Y, Taniguchi K, Choonthanom M, Chiwakul M, Jayavasu C, Snodgrass DR, and
Urasawa S. Serological and genetic characterization of bovine rotaviruses in Thailand by ELISA and
RNA-RNA hybridization: Detection of numerous non-serotype 6 strains. Southeast Asian J Trop Med
Public Health 1990, 21: 607-613.

3. Taniguchi K, Pongsuwanna Y, Choonthanom M, and Urasawa S. Nucleotide sequence of the VP7
gene of a bovine rotavirus (strain 61A) with different serotype specificity from serotype 6. Nucleic
Acids Res 1990, 18 : 4613.

4. Pongsuwanna Y, Taniguchi K, Wakasugi F, Sulivijit Y, Chiwakul M, Warachit P, Jayavasu C
and Urasawa S. Distinct yearly change of serotype distribution of human rotavirus in Thailand as deter-
mined by ELISA and PCR. Epidemiol Infect 1993, 111 : 407-412.

2. Materials and Methods

2-1 Fecal specimens
2-1-1 Fecal specimens from humans

In this study the first examination on rotavirus gastroenteritis in humans was conducted using 543
stool specimens collected from infants and young children (1 day to 1 year and 7 months of age) and
adults (24-48 years of age) with acute gastroenteritis who were admitted to three hospitals in Bangkok,
Thailand (Children’s Hospital, Prapinkhlao Hospital, and Bumrasnaradura Hospital) between June 1983
and May 1984 and between June 1987 and May 1988.

The second examination was conducted using a total of 241 stool specimens which were collected
mostly from inpatients in the two hospitals in Bangkok (Children’s Hospital and Charoenkrung Prachar-
uk Hospital) and which were found positive for group A rotavirus by PAGE of viral RNA. Of these
241 rotavirus-positive specimens 82 were obtained during the period July 1988-June 1984, 82 during July
1989-June 1990 and 77 during July 1990-May 1991.

In the third examination 659 stool specimens were collected from the two hospitals in Bangkok
(Children’s Hospital and Charoenkrung Pracharuk Hospital). One hundred and eleven, 192 and 356
specimens were obtained during the periods November 1991-May 1992, June 1992-May 1993 and June
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1993-May 1994, respectively. An approximately 10% suspension of each specimen was made in Eagle’s
minimal essential medium (MEM).
2¢1-2 Fecal specimens from cattle

Bovine fecal specimens used in this study were collected in 1988 and 1989. Twenty-five fecal speci-
mens were collected from young calves with diarrhea in two dairy herds in Saraburi and Nakornra-
chasima Provinces in Thailand between July and December 1988. Additional 45 diarrheic fecal speci-
mens were collected in a dairy farm in Nakornrachasima Province between July and December 1989.
Ten percent fecal suspensions were made in Eagle’s MEM.

2+1+3 Fecal specimens from swine

Eighteen fecal specimens were obtained from pigs with diarrhea in a herd in Rachaburi Province in
October 1987. An additional 557 diarrheic fecal specimens were collected from piglets in three herds in
Nakhon Pathom, Ratchaburi and Chonburi Provinces between December 1990 and July 1991. Ten per-
cent suspensions were made in Eagle’s MEM.
2+2 Propagation of rotaviruses in cell cultures

Rotaviruses in selected fecal specimens were adapted to growth in MA-104 cells (an established
rhesus monkey kidney cell line) in roller tube cultures as described previously'®. Briefly, 10% fecal
suspensions in MEM were clairfied by low-speed centrifugation and filtered through 450 nm millipore
filters. Virus inocula pretreated with trypsin (10 g trypsin/m/ for 30 min at 37°C) were serially pas-
saged in serum-free culture medium containing 2 to 3 ug of trypsin/m/. After adaptation of virus to
cell cultures, the virus-infected cell cultures were harvested, usually 2 to 3 days after inoculation.

Representative strains of human and animal rotaviruses entablished previously were also propagated
in a similar manner and were employed in this study.
2+3 Electrophoretic pattern analysis of viral RNA (RNA electropherotyping)

Viral RNA was extracted from fecal suspension or culture fluid with disruption solution containing
SDS, 2-ME, and EDTA and then with phenol-chloroform. The RNA elctropherotype of each virus was
determined by PAGE and co-electrophoresis of viral RNA in 109% polyacrylamide gels (2 mm thick) for
about 16h at 18 mA at room temperature. RNA segments separated were stained with silver nitrate as
described previously'4.

Basically, the screening of rotavirus in human and animal fecal specimens was carried out by the
detection of RNA patterns characteristic of rotaviruses in PAGE.
2+4 Enzyme-linked immunosorbent assay (ELISA)

Human rotaviruses (HRVs) and animal rotaviruses were examined for their subgroup and G se-
rotype specificities by ELISA, as described previously'®!'®, Eight monoclonal antibodies (MAbs) were
used as capture antibodies. YO-156, reacting with the group A common antigenic epitope in the inner
capsid protein VP6, and YO-2C2 (or KU-6B11), reacting with the cross-reactive neutralization epitope
in the outer capsid protein VP4, were used to confirm group A rotavirus in fecal specimens. Antibodies
52-37 and YO-5, reacting with subgroup I- and subgroup II-specific epitopes in VP8, respectively were
used to subgroup group A rotaviruses. Finally KU-4 (or KU-6BG), S2-2G10, YO-1E2, anid ST-2G7,
which each recognize specific G serotype 1, 2, 3 and 4 neutralization epitopes in the outer capsid protein
VP7, were used to serotype viruses. In some experiments IC3 antibody (donated by HB Greenberg)
recognizing G serotype 6-specific epitope in VP7 was also used. The properties of these MAbs were
described previously!%151718),

The wells of polyvinyl microtiter plates were coated with ascitic fluids (MAbs) diluted 1: 10,000 in
10mM PBS (pH7.5) for 1 day at 4°C. After the plates were washed with PBS containing 0.05%
Tween 20 (PBST), 1% bovine serum albumin (BSA) in PBST was added, and the plates were kept for
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1 day at 4°C. After washing, a test sample (a mixture of 109 fecal suspension and 10% skim milk at a
ratio of 3:1, respectively) was allowed to react in the wells overnight at 4°C. After washing, rabbit
anti-HRV serum (a pool of antisera against rotavirus G serotypes 1-4) diluted 1:10,000 in PBST was
added as a detector antibody and the plates were incubated for 1h at 37°C. After washing, peroxidase-
conjugated goat anti-rabbit IgG in PBST was added and the plates were incubated for 1 h at 37°C.
After the final washing, the reaction with the substrate {o-phenylenediamine dihydrochloride) was all-
owed to occur for 20-30 min at room temperature and then was stopped by adding 3N sulfuric acid.
Absorbance was measured at 492 nm with a microplate photometer. A virus was assigned to a serotype
when the optical density (OD) value in the reaction with the MAb to that serotype exceeded 0.2 and
when the OD value in the reaction with that MAb was greater than twice the value obtained with the
MAD to any other serotype. The criteria for subgroup determination was essentially the same.

2.5 Neutralization test

A fluorescent focus reduction neutralization (FFN) test was performed with " MA-104 cell
monolayers in a 96-well microplate using representative rotavirus strains and their antisera prepared in
rabbits®®. Neutralizing antibody titer was expressed as the reciprocal of the highest serum dilution at
which the fluorescent focus count was reduced by more than 60%.

2.6 G serotyping of rotavirus by polymerase chain reaction (PCR)

Extraction of rotavirus dsRNA and G serotyping by PCR were carried out following the procedure
described by Taniguchi et al?® Virus in fecal suspension or culture medium was disrupted with disrup-
tion solution containing EDTA, Nonidet P-40- and proteinase K. Rotavirus dsRNA was extracted with
phenol-chloroform and precipitated with ethanol. Serotyping by PCR was performed in two steps (first
and second amplifications). In the first amplification, the full length VP7 gene was reverse transcribed
by avian myeloblastosis virus reverse transcriptase and amplified with a pair of common primers, C1 and
C2, which correspond to 3’ and 5 ends of the gene, respectively. The second amplification was carried
out using the first amplification product and a mixture of the common primer Cl and six (in human
rotavirus) or three (in bovine rotavirus) different serotype-specific primers. The location of individual
serotype-specific primers was fixed in such a way that they amplified the product of different molecular
size depending on the serotype?®. PCR products were separated by electrophoresis on 1% agarose gel.
In each PCR run, the sample without template was included to exclude the possibility of contamination.
2.7 RNA-RNA hybridization

RNA-RNA hybridization in liquid phase was performed as described by Flores et al®*®?. Virus
particles lacking the outer capsid layer (single-shelled particles) were prepared by treatment of com-
plete virions (double-shelled particles) with EDTA. A *P-labeled single stranded RNA (ssRNA)
probe was prepared by #n vitro transcription in the presence of purified single-shelled particles and [*2P]
GTP. Genomic dsRNA was prepared from concentrated virus preparation by phenol extraction and
ethanol precipitation. The *?P-labeled ssRNA probes were hybridized to the heat-denatured genomic
RNAs. The RNA hybrids precipitated with ethanol were analyzed by PAGE and autoradiography.

2:8 Sequence determination

Viral ssRNA was synthesized iz vifro by the endogenous transcriptase present in single-shelled par-
ticles and precipitated with 2M LiCl. The nucleotide sequence of the VP7 gene of a rotavirus was
determined using dideoxynucleotide sequencing reactions with a series of oligonucleotide primers (17 to
25 mers), reverse transcriptase from avian myeloblastosis virus (Seikagaku Kogyo) and [**P]dATP
(Amersham) as described previously?*??. The 3'-terminal 50 nucleotides of the RNA were determined
using denatured dsRNA in 50% dimethylsulfoxide after boiling for 2 min instead of ssRNA transcript.
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3. Results

3-1 Human rotavirus infections in Bangkok, Thailand
3:1-1 Characterization and epidemiology of rotavirus

a) Examination with specimens collected in 1983-84 and 1987-88

In the first investigation 543 stool specimens from inpatients with diarrhea collected in 1983-84 and
1987-88 were examined for rotavirus by PAGE of viral RNA and ELISA with group A common MAbs.
Eighty-eight (16.2%) specimens were positive for group A HRV. Results for subgroup and serotype
determination of these HRVs are shown in Table 1. Seventy-seven (87.5%) of 88 specimens could be
determined for subgroup specificity ; 20 for subgroup I and 57 for subgroup II. Eleven specimens were
unable to be subgrouped. Regarding the relationship between subgroup specificity and electrophoretic
pattern, subgroup I rotaviruses showed a short
RNA pattern in which segments 10 and 11 migrat-
ed slowly, while subgroup II rotaviruses showed a
long RNA pattern in which the two segments mi-
grated relatively rapidly (Fig.1).

Fifty-eight (65.9%) of 88 group A HRV-pos-
itive specimens were serotyped ; 18 for G serotype
1, 17 for G serotype 2 and 23 for G serotype 4.
The serotype specificity of 30, however, could not
be determined ; while 12 appeared not to contain
enough double-shelled particles, judging from
their reactivity with the commonly reactive YO-
2C2 MADb which recognizes double-shelled parti-
cles, 16 appeared to contain considerable numbers
of double-shelled particles. Further, 22 speci-
mens showed clear RNA PAGE patterns. The
differing serotype distributions of HRV by year

will be discussed later.

b) Examination with specimens collected in Fig. 1 Typical examples of short and long RNA pat-
1988-91 terns. Migration is from top to bottom.

Table 1 Subgroup and serotype distribution of human rotavivus in Bangkok, Thailand in 1983-
84 and 1987 -88 as determined by ELISA

No. of strains with the following serotypes :

Subgroup Number of - —— ; ; 4 o
determined
(A) 1983 to 1984
I 5 0 4 0 0 1
1I 39 7 0 0 21 11
Not determined 5 0 1 0 0 4
(B) 1987 to 1988
I 15 0 12 0 0 3
II 18 11 0 0 2 5

Not determined 6 0 0 0 0 6
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The protection against rotavirus infection in infants and young children is considered to be G sero-
type-specific®®. G serotyping of prevalent rotavirus strains, therefore, is important clinically and
epidemiologically. Since the usefulness of PCR for G serotyping of rotavirus has been reported by
Gouvea ¢t al?® and Taniguchi et al.?®, the practical utility of PCR was evaluated in this study using a
total of 241 group A HRV-positive specimens collected in Bangkok over a three-year period 1988-1991.
First, all the specimens were subjected to G serotype determination by ELISA. The specimens left
untyped were then examined for G serotype by PCR using primers specific to G serotypes 1-4, 8 and 9.
The results are shown in Table 2.

The serotypes of 162 (67.2%) of 241 specimens were successfully determined by ELISA. Of the 79
whose serotype remained undetermined, 63 were examined by PCR (the remaining 16 could not be
examined due to low remaining volumes). As shown in Table 2, the serotypes of 59 (93.7%) specimens
were identified, so that overall, 221 (91.7%) of 241 specimens were successfully serotyped by either
ELISA or PCR. The details of the serotype distribution of HRV by year will be discussed later.

By ELISA using subgroup-specific MAbs, the subgroup specificity of 241 specimens was examined.
As shown in Table 2, 204 (84.6%) of them could be subgrouped: 47 were subgroup I and 157 were sub-
group II. In all the specimens except four the combination of assigned subgroup and serotype specificities
conformed to the generally known relationships in HRVs: subgroup I HRVs have G serotype 2 or 8
specificity, and subgroup II HRVs, serotype 1, 3, 4 or 9 specificity?.

¢) Examination with specimens collected in 1991-94

In order to obtain some basic data on rotavirus epidemiology in Bangkok, again a collection of 659
specimens was made over a three-year period 1991-94. Occurrence of rotavirus gastroenteritis was
examined by sex, age and monthly distribution of the illness. Of 659 specimens, 243 (36.9%) were

Table 2 Subgroup and sevotype distribution of human rotavirus in Bangkok, Thailand between
July 1988 and June 1991 as determined by ELISA and PCR

Num})er of ELISA PCR
Specimens 1 2 3 4 ND 1 2 3 4 8 9 ND NT
(A)  July 1988-June 1989

Subgroup

I 8 0 6 0 0 2 1 0 0 0 0 0 0 1
I 65 36 0 0 7 22 12 0 2 2 0 0 1 5
ND 9 0 0 0 0 9 3 1 0 0 0 1 0 4
Total 82 36 6 0 7 33 16 1 2 2 0 1 1 10
(B) July 1989-June 1990

I 19 1 14 0 0 4 0 2 0 0 0 0 1 1
II 58 35 3 0 20 13 2 1 1 0 0 1 2
ND 5 0 2 0 0 3 0 0 1 0 0 0 0 2
Total 82 36 16 3 0 27 13 4 2 1 0 0 2 5
(C) July 1990-June 1991

I 20 0 19 0 0 0 0 0 0 0 0 1 0
I 34 13 0 16 1 4 2 0 2 0 0 0 0 0
ND 23 5 0 4 0 14 3 2 0 0 0 0 1
Total 77 18 19 20 1 19 5 2 10 0 0 0 1 1

PCR-typing was performed for only the specimens whose serotype could not be determined by ELISA.
ND, Serotype or subgroup of the sample could not be determined.
NT, PCR could not be applied to the sample because of the shortage.
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Fig. 2 Monthly distribution of rotavirus gastroenter-
itis patients in two hospitals in Bangkok Fig. 3 Age distribution of patients with rotavirus
gastroenteritis in Bangkok

positive for group A rotavirus. The monthly distribution of diarrheal illnesses is depicted in Fig.2. In
general, the occurrence of rotavirus diarrhea in Bangkok seems to have a unimodal distribution pattern
with a peak in September through to January, although somewhat irregular occurrence was seen in May
in 1992. The male to female ratio of rotavirus gastroenteritis was 1.36. The occurrence by age of
rotavirus gastroenteritis is shown in Fig. 3. It is most frequent in infants and young children of 2 years
or less with a peak at 6-11 months of age.

Results for subgroup and G serotype determination of the 243 group A rotavirus—positive specimens
are shown in Table3. As in the previous study, specimens which were untypable by ELISA were then
subjected to PCR. In all, 213 (87.7%) of the 243 specimens were assigned for serotypes by either

Table 3 Subgroup and serotype distribution of human rotavirus in Bangkok, Thailand between
Nov. 1991 and May 1994 as determined by ELISA and PCR

S No. of No. serotyped by G serotype distribution

WPETOW  specimens  Lrich  pCR  Tomal 1 2 3 4 9 AP

ota

(A) Nov. 1991-May 1992
1 10 5 3 8 0 6 0 0 2 2
11 19 15 1 16 16 0 0 0 0 3
ND 22 5 5 10 9 0 0 0 1 12
Total 51 25 9 34 25 6 0 0 3 17
(B) Junel992-May 1993
1 38 24 12 36 0 36 0 0 0 2
II 3 2 1 3 1 0 2 0 0
ND 20 6 6 12 7 0 1 0
Total 61 32 19 51 8 40 0 3 0 10
(C)  June 1993-May 1994
1 0 0 0 0 0 0 0 0 0 0
II 52 42 10 52 52 0 0 0 0 0
ND 79 24 52 76 75 0 0 1 0 3
Total 131 66 62 128 127 0 0 1 0 3

RCR-typing was performed for only the specimens whose serotype could not be determined by ELISA.
ND, Serotype or subgroup of the sample could not be determined.



Serological and Genetical Characterization of Human

64 (6) 1995 and Animal Rotaviruses Prevailing in Thailand 275
| 1st Examination : 2nd Examination 3 3rd Examination
60 : : 150
i 1988-89
! | 1993-94
o n 1989-90 H =
50 : - i 3 125
1992-93
2 4 M r 100
(7] H
£ :
3 i 1990-91 |
a 30 4 i r7s
e : i 1991-92
. 1983-84 i :
zZ 20 r50
1987-88 :
) | = ( rﬂ U ool
1234ND 1234ND 12349ND 1234ND 1234ND 12349ND 1234ND 1234ND
Serotype

Fig. 4 Serotype distribution of human rotavirus in Bangkok, Thailand by year

ELISA or PCR. All except two showed generally
known combinations of subgroup and serotype
antigens mentioned above. Of note, two strains
collected in 1991-92 showed subgroup I, G ser-
otype 9. The details of the serotype distribution
by year will be described below.
3:1-2 Serotype distribution of HRV by year
The yearly frequency of individual HRV sero-

Eph. b: A5
Eph. c: 7A, 53A, 58A, 61A,
A10, A12, Al4, A20

A21, A22, A26, A27,
A31, A32, A35, A4l

types prevailing in Bangkok is chronologically
arranged in Fig. 4. In 1983-84, G serotype 4 was
the most prevalent, while in 1987-88, both G sero-

Eph.a: 1A, 8A, 57A, A20,
A36, A37, A44

types 1 and 2 were dominant serotypes. G sero-

type 1 predominated over the two-year period
1988-90. In 1990-91 it was replaced by G sero- ] ) )
type 3, which had not been detected at all or Fig, & %{fﬁlaﬁfciiﬂhe?t’;ﬂ?:re?]fcemzxailr?Oli}?:SD\l;l.
detected only in very low frequency in the preced- Migration is from top to bottom.
ing years. G serotype 1 was predominant in
1991-92 and 1993-94, being replaced by G serotype 2 in 1992-93. The other serotypes vanished almost
completely in 1993-94. Besides these four major serotypes, it is worthy of note that one and three
strains with G serotype 9 specificity were detected in 1988-89 and 1991-92, respectively.
3:2 Animal rotavirus prevailing in Thailand

Rotaviruses from the young of two animal species, calves and piglets, were examined in this study.

3:2:1 Bovine rotaviruses

A total of 70 fecal specimens obtained in 1988 and 1989 were subjected to subgrouping and sero-
typing by ELISA with MAbs and RNA PAGE analysis. Sixty-two specimens were found rotavirus-
positive by ELISA with group A-common MAb (YO-156). All the strains whose subgroup specificity
was determined belonged to subgroup I, as reported on the bovine rotaviruses (BRV) isolated world-
wide?. None of the four MAbs each specific to G serotypes 1, 2, 3 and 4 reacted with BRVs as expect-
ed. It was unexpected, however, that G serotype 6-specific MAb (IC3) would react with none of these
Thai BRVs, since most BRVs which had been reported until then were G serotype 62”. The results
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obtained from selected fecal specimens are shown in Table 4.

RNA PAGE analysis showed that all the BRVs had long RNA electrophoretic patterns (RNA
electropherotypes). In order to compare the RNA electropherotypes in detail and to further character-
ize the antigenic and genetic properties of these viruses, 30 virus-containing specimens were adapted to
growth in MA104 cells. Twenty-three strains were isolated. While the RNA electropherotypes of these
strains isolated in Thailand were different from that of strain NCDV, the representative of G serotype 6
BRYV, they were grouped into three different patterns, a (7 strains), b (one strain) and ¢ (16 strains).
The electropherotypes of these three groups and that of strain NCDV are shown in Fig. 5.

Overall genomic relatedness between rotavirus strains can be evaluated by RNA-RNA hybridization.
When *2P-RNA probe of NCDV was reacted with the genomic RNAs from three Thai BRVs (53A, 58A
and 61A), three hybrid bands corresponding to segments 5, 6 and either one of 7-9 complex were obser-
ved (Fig.6). On the other hand, labeled RNA probe of strain 53A hybridized to all the corresponding
segments from the three Thai strains, although some of the larger RNA segments were not clearly
defined. In contrast, 53A RNA probe produced three hybrid bands when it reacted with NCDV genomic
RNA (Fig.7). Thus, the three Thai BRV strains serologically distinct from NCDV representing G sero-
type 6 were found to differ in overall genomic relatedness from NCDYV.

In order to further confirm the unique antigenic property of the Thai strains, the VP7 gene of 61A
was sequenced and the nucleotide and deduced amino acid sequences obtained were compared with those
of VP7 genes of previously established strains representing 9 different G serotypes whose nucleotide
sequences had already been reported. The nucleotide and deduced amino acid sequences of 61A (Fig. 8)

Table 4 Reactivity patterns of several MAbs with representative Thai BRV strains as detevmined

by ELISA
ELISA results® with
;/;1;11?1 Anti-VP6 Anti- VP7® Ascribed  Ascribed pI;jlleer%tgs?r;e
YO-156 S2-37 YO-5 1C3 subgroup  serotype
(Common) (Subgroup I) (Subgroup II) (G serotype 6)
53A 995 22,000 282 46 I non-6 C
58A 1,401 =2,000 141 32 I non-6 C
61A° 1,050 1,210 109 55 I non-6 C
Al 1,000 1,614 90 76 I non-6 A
A5 687 607 59 48 1 non-6 B
A7 362 433 58 42 I non-6 C
Al0 771 1,514 0 27 I non-6 C
A20 1,569 1,656 70 224 I non-6 C
A21 340 1,483 54 63 I non-6 C
A26 1,345 1,460 11 61 I non—6 C
A3l 1,341 1,488 100 27 I non-6 C
A36 1,117 1,413 63 25 I non-6 A
A37 960 1,336 64 50 I non-6 A
Centrol 1,833 =2,000 151 1,255 I 6 D

® The data are shown as the optical density at 492 nm (x1,000) in a well. An optical density value of over
300 was considered to show a positive reaction.

® None of the four anti-VP7 MAbs specific to G serotypes 1-4 reacted with any of the BRVs tested (data not
shown).

¢ Virus-infected cultured fluids were used. Fecal suspensions were employed for the other strains.
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NCDYV probe

Fig. 6 Hybridization of a labeled ssRNA probe of obe
strain NCDV to genomic RNAs of strains 53A o
NCDV, 53A, 58A and 61A

Fig. 7 "Hybridization of a labeled ssRNA probe of
strain 53A to genomic RNAs of strains 53A,
58A, 61A, and NCDV

GGCTTTAAAAGCGAGAATTTCCGTTTGGCTAGCGGATAGCACCTTTTAATGTATGGTATTGAATATACCACATTCCTAATCTACTTAATATCAATTATA 99
M Y G I E Y T T F L I ¥ L I S I I 17

TTATTTAATTACATATTAAAAAGTATAACTAGAATGATGGACTACATAATTTATAAATTTTTGCTTATAGTCACAATCGCTTCAATCGTCGTTAATGCC 198
L F N Y I L K S I T R M M D Y I I ¥ K F L L I vV T I A S I V V N A 50

CAGAATTACGGCATCAATTTGCCAATAACCGGATCGATGGATGCGTCATATGTGAATGCTACTAAAGATAAGCCATTTCTAACATCAACATTATGTTTA 297
Q N Y G I N L P I TG S M DA AS Y V NATIKT DI KU®PT FTULTSTTULCL 83

TACTATCCAACAGAAGCTAGAACAGAAATAAACGACAATGAGTGGACGAGTACGTTGTCACAGCTGTTCTTAACAAAGGGATGGCCGACTGGATCCGTA 396
Y Y P T EA AU RTETINUDNWNZEUWTSTUL S QL F LT K GWUPTG S V 116

TACTTTAAAGAATATGATGATATAGCTACTTTTTCAGTAGACCCACAACTGTATTGTGACTATAACATAGTTCTAATGAGATACAACTCAAGTCTAGAA 495
Y F K E Y b DI ATV F S VD P QUL Y CODYNTIUVIL MU RYNS S L E 149

CTTGATATGTCGGAATTGGCAAATCTAATATTGAATGAATGGCTGTGTAATCCAATGGATATTACATTGTATTATTATCAACAAAACGGACAGGCAAAC 594
L DM S EL A NTUILILNZEWTLTCNUZPMDTITTILY Y Y Q Q N G Q A N 182

AAATGGATAGCGATGGGACAATCATGTACAATAAAAGTGTGTCCATTGAATACCCAAACACTAGGAATAGGATGTCAGACTACAAATACTAGAACGTTT 693
K w I A M G Q S ¢ T I K V C P L NTOQTULSGIGCOQTTNTRT F 215

GAAGAAGTTGCAACGGCTGAAAAATTGGTAATTACTGATGTAGTTGACGGCGTAAATCATAAGTTGGATGTTACTACTGCGACTTGTACTATAAGAAAT 792
E E V A TAZEIKTU LUV I TDV VDGV NUHI KILDUVTTA ATTCTI R N 248

TGCAAGAAATTAGGACCAAGAGAAAATGTAGCAGTTATACAAGTGGGTGGTGCTGATATCCTTGATATAACATCTGATCCGACGACTGCTCCACAAACT 891
C K K L G P RENUVAVIOQVGGADTIULDTITSDU®PTTAZPIOQ T 281

GAACGGATGATGCGAATAAATTGGAAAAAATGGTGGCAAGTGTTCTACACTATAGTTGATTACGTAAATCAAATTGTGCAAGCAATGTCCAAAAGGTCC 990
E R M M R I N W K K W W Q V F Y T I VDY VN QI V Q A M S K R S 314

AGATCACTGAATTCAGCAGCATTTTATTATAGAGTGTAGATATTGTGTAGATTAGCAATGTATGATGTGACC 1062
R S L N S A A F Y Y R V

Fig. 8 Complete nucleotide sequence and deduced amino acid sequence of the VP7 gene of bovine rotavirus
strain 61A
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showed low homologies (73.4 to 77.8% and 74.3 to 84.9%, respectively) to those of the strains with G
serotype 1, 2, 3, 4, 5, 6, 8, 9 or 11 specificity. Especially, a comparison of amino acid sequences in vari-
able regions B (amino acids 87-101), D (143-152), and E (208-221), which are associated with serotype
specificity, between strain 61A and the strains with the known serotypes disclosed a large difference (51
to 67% homology). Thus, the prevalence of non-serotype 6 BRVs in Thailand was proven.

3-2-2 Porcine rotaviruses

Eighteen diarrheic fecal specimens collected in 1987 were examined. Of these, 13 were found to be
positive for group A rotavirus by ELISA and RNA PAGE. All the porcine rotaviruses (PRVs) showed
subgroup I specificity and long RNA electropherotype. While four distinct G serotypes 3, 4, 5 and 11
had been identified in PRVs until 1990252229 geven of these 13 were identified as G serotype 3 in ELISA
with G serotype 1- to 4-specific MAbs as shown in Table 5. MAbs specific to G serotypes 5 and 11 were
not available and 6 strains were left untyped.

In order to further investigate the serologic and genomic properties of PRVs prevailing in Thailand,
diarrheic fecal specimens were again collected from piglets. When a total of 557 specimens were sub-
jected to RNA PAGE, 26 were found to contain rotavirus. Of these, 23 showed RNA profile characteris-
tic of group A rotavirus, one, that of group B and two, that of group C (Fig.9).

RNA patterns of 23 group A rotaviruses were compared with one another by co-electrophoresis, and
they were grouped into 6 RNA electropherotypes, a (single strain). b (2 strains), ¢ (2 strains), d (14
strains), e (2 strains), and f (2 strains) (Fig.10). All showed a long RNA pattern.

Subgroup and serotype specificities of the 23 group A rotavirus strains were examined by ELISA.
All the strains were found to react only with subgroup I-specific MAbs. Serotype detemination was
incomplete because of the use of only G serotype 1-to 4-specific MAbs in this test. While the G sero-
type of 20 strains remained undetermined, three strains were assigned for G serotype 3 because of their
selective reactivity with G serotype 3-specific MAbs (data not shown).

For assigning the G serotype to the strains which were left untyped by ELISA, serotyping by PCR
was conducted using primers specific to G serotypes 1-4, 5, 6, 8, 9, 10 and 11. Three strains belonging
to electropherotypes a and ¢ were shown to be G serotype 3, in accord with the ELISA result. Fourteen
strains belonging to electropherotype d were found to be G serotype 10 and the remaining 6 were left
still undetermined.

4 Discussion

4-1 Human rotaviruses
In the examination of specimens collected in 1991-94, 243 were positive for rotavirus. Omitting 36
specimens of which the patient’s age was unavailable, the age distribution of patients from whom speci-

Table 5 ELISA results of selected PRV strains with sevotype 3 specificity

ELISA results® with

gpegcaiinen KU-6BG S2-2G10 YO-1E2 ST-2G7 YO-2C2
(G serotype 1) (G serotype 2) (G serotype 3) (G serotype 4) (Common)
21A 163 264 1,516 260 1,100
22A 261 209 1,506 206 1,238
37TA 160 193 496 64 516
38A 138 149 409 62 500

2 The data are shown as the optical density at 492 nm (X1,000) in a well.
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Fig. 10 Six RNA electropherotypes (a-f) in group
A PRVs detected in Thailand.
YM, OSU and Gottfried are reference PRV

Fig. 9 RNA profile of porcine group B (P205 and strains.

P226) and group C (P282) rotaviruses detect-
ed in Thailand.

Two group A human rotavirus strains (Wa
and DS-1) are included as controls.

mens were obtained was computed (Fig.2). The number of patients <2 years of age composed 93.6%.
The <1 year of age composed 66.99 ; more were 6-11 months of age (43.6%) than were 0-5 months
(23.3%). Rotavirus diarrhea tends to cluster during cooler months of the year (September-January).

Chiba et al. clearly indicated that the protection against rotavirus infection in infants and young
children is G serotype-specific*”. Field trials using rhesus rotavirus vaccine with G serotype 3 specificity
showed failure to protect against rotavirus illness due to heterotypic strains?®. Therefore, extensive
epidemiologic studies on HRV serotypes in developing countries are required before the introduction of
rotavirus vaccine. In this series of studies, serotype determination of rotavirus was carried out by an
ELISA method which is cost-effective yet less sensitive and a sensitive PCR method in combination.
Failure to serotype considerable number of specimens in ELISA may be due to i) lack of sufficient
number of double-shelled particles in specimens, ii) the presence in specimens of substance(s)
nonspecifically reactive to a certain MAb (mouse ascitic fluid), iii) limited reactivity of the MAD itself
to variant strains of that serotype, iv) cases of mixed infection with viruses of different G serotypes,
and rarely, v) the presence of a strain with a new G serotype. Approximately 83% of specimens
untypable in ELISA were successfully serotyped in PCR.

In general, G serotype 1 was the most frequently detected serotype and was predominant in 1988-89,
1989-90, 1991-92, and 1993-94. The prevalence of other G serotypes, however, showed a remarkable
yearly fluctuation: G serotype 2 was dominant in 1987-88 and 1992-93, G serotype 3 in 1990-91, and G
serotype 4 in 1983-84. A similar tendency in yearly change of dominant serotype in Bangkok is also
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reported by Pipittajan ef a/*®. Distinct variations in the serotype frequencies with region and year have
been reported in other countries!®®*34%9)  Thus, all of the four G serotypes must be considered
epidemiologically important and should be essential components to the rotavirus vaccine to be developed
in the near future.

The presence of two types of antigenic and genomic association in HRVs, namely, subgroup I-G
serotype 2 or 8-short RNA electropherotype or subgroup II-G serotype 1, 3, 4 or 9-long RNA electro-
pherotype, has been repeatedly confirmed by many investigators. In this series of studies, several speci-
mens which did not conform with this association were found. Detailed antigenic and genomic analysis
of these strains including isolation in cell culture, RNA-RNA hybridization and sequencing of genes is
required to elucidate this phenomenon. In this respect the detection of four G serotype 9 strains, partic-
ularly two of these having unusual properties (subgroup I-G serotype 9-long RNA electropherotype)
detected in Bangkok in 1991-92 attracts our attention, since human strains with similar properties iso-
lated in Chiang Mai in 1989 were found to be possible reassortant strains derived from porcine rotavi-
rus®®, as will be discussed later.

4-2 Bovine rotaviruses ) :

Until 1989 G serotype 6, represented by strains NCDV and UK, was the sole established serotype of
BRV. Although there were a few reports indicating the possible presence of a G serotype(s) other than
6, the possibility had not been thoroughly pursued®”®®**4®  In this study, using MADb specific to G sero-
type 6, a high prevalence of non-G serotype 6 strains in cattle in Thailand was demonstrated. A
genomic difference between the Thai bovine strains and G serotype 6 strain NCDV was clearly demon-
strated by RNA-RNA hybridization and sequence analysis of the VP7 gene.

It is of note that in this study the non-serotype 6 strains were classified into three electropherotypes
a, b and c based on the PAGE analysis of genomic RNA.

Later, in order to further characterize these strains, the authors selected three strains, A44, A5 and
61A, representing the electropherotypes a, b and c, respectively, and analyzed their antigenic and
genomic propertiest?. By cross-neutralization reaction the two Thai strains A44 and 61A were found to
be serologically related to a Japanese isolate KK3®® to which G serotype 10 was assigned in 1990121%,
Strain A5 was antigenically related to human strain 69M with G serotype 8 specificity. Sequence analy-
sis of the VP7 genes confirmed these results. RNA-RNA hybridization experiments revealed a high
degree of overall relatedness among the three G serotype 10 bovine strains (A44, 61A and KK3) and a
moderate degree of genetic relatedness between the G serotype 10 bovine strains and the strains A5 and
NCDV. All the bovine strains, regardless of their serotype specificity, showed a moderate genetic
relatendness to strain 69M of G serotype 8*V.

Recent examinations on BRYV isolates*>*® have indicated that G serotype 10 strains in addition to G
serotype 6 strains are distributed in cattle worldwide, as represented by the isolates B223 in U.S. A37,
KK3 in Japan®® and V1005 in Germany*?. The presence of G serotype 8 BRV strains was also reported
in Scotland in 19904®. In the present series, the prevalence of G serotype 8 and 10 BRVs was demon-
strated in Thailand.

4-3 Porcine rotavirus

In porcine rotavirus (PRV), G serotype 4 and b, represented by the Gottfried and OSU strains,
resplctively, were identified in 1984*®. In 1988, two porcine rotaviruses (strains MDR-13 and CRW-8)
antigenically related to human G serotype 3 were reported from Australia®®. In our first report in 1989
on PRVs the authors revealed the prevalence of G serotype 3 strains in Thailand. These findings sug-
gest the worldwide distribution of G serotype 3 rotavirus in the pig population. G serotype 11 PRV
(strain YM) was reported from Mexico in 19899,
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RNA PAGE of fecal specimens in the second investigation detected 26 rotavirus-positive specimens,
93 strains of group A, 1 strain of putative group B and 2 strains of putative group C rotavirus.
Twenty-three group A rotaviruses were classified by RNA PAGE analysis into 6 electropherotypes a-f.
By serotyping with ELISA and PCR, 3 strains showing electropherotypes a and ¢ were found to be G
serotype 3. Fourteen strains of electropherotype d were assigned for G serotype 10.

Since G serotype 10 rotavirus has not been reported in pigs, confirmation of the result seemead neces-
sary. One representative strain P343 was adapted to cell culture and the antiserum to strain P343 was
prepared in rabbit. Cross-neutralization tests carried out using prototype G serotype 1-14 strains and
their respective antisera confirmed that strain P343 belongs to G serotype 10, although 20 fold or greater
difference was not always observed between homologous and heterologous reactions (Yaowapa ef al.,
submitted). In addition, sequence analysis showed that VP7 gene of P343 was highly homologous to
those of G serotype 10 bovine and human rotaviruses (85.8 to 97.8% identity at nucleotide sequence and
93.6 to 97.6% identity at amino acid sequence). Of note, an RNA-RNA hybridization experiment
showed that P343 strain, while lacking genomic relatedness to other representative porcine strains (Gott-
fried, OSU and YM), was highly related to bovine strains, especially strain 61A (G serotype 10) (Ya-
owapa et al., submitted).

Group B and C rotaviruses have been detected in cows, pigs and humans'®. While group C rotavi-
ruses from humans and animals have been successfully cultivated in cell culture, the isolation of group B
rotavirus has not succeeded yet. Rotaviruses having RNA patterns characteristic of group B and C
rotaviruses in PAGE were detected in feces of piglets in this study. Although this seems to be the first
report describing the detection of these viruses in Thai piglets, the significance and distribution of these
“atypical’ rotaviruses shoud be investigated further by large-scale studies.

4-4 Relationship among rotaviruses of humans and animals

The relationship among human and various animal rotaviruses has been discussed by several investi-
gators. Since overall gene homology among rotaviruses derived from different animal species (even
when they belong to the same serotype) is generally low compared with the homology observed among
viruses from the same animal species*”, close genetic relationship, if present, among strains from
different animals can best be demonstrated by RNA-RNA hybridization tests.

A close genetic relationship between human and feline rotaviruses was reported first by Nakagomi
and Nakagomi*®. In RNA-RNA hybridization, human rotavirus strain AU-1 (having subgroup I-G
serotype 3 antigen and a long RNA electropherotype) isolated in Japan was shown to be very closely
related to a feline rotavirus strain FRV-1 (having the same properties) obtained from a cat in Japan.
On the other hand, another human rotavirus strain Ro1845 isolated in Israel (which belongs to a group
genetically different from that of strain AU-1) was shown to be closely related to another feline rotavi-
rus strain Cat97 isolated in Australia*®. In addition, the latter two strains were found to be genetically
related to the canine strain RS15.

Overall genomic relatedness was also observed between equine and porcine rotaviruses®®. The
unique equine rotavirus strain H1 with G serotype 5 specificity (which is a common serotype among
porcine rotaviruses) related very closely to porcine rotavirus strains Gottfried (G serotype 4), OSU (G
serotype 5) and YM (G serotype 11).

A close genetic relationship between human and bovine or porcine rotaviruses was reported by
Urasawa ef al®®. Strain Mc35, a rare human rotavirus isolated in Chiang Mai, Thailand (having sub-
group [-G serotype 10 antigen and a long electropherotype) was shown by RNA-RNA hybridization to
be more closely related to bovine rotaviruses (strains A44, 61A and A5 isolated in Thailand) than to
any strain of human rotaviruses. Human rotavirus strain Mc323 (having subgroup I-G serotype 9



282 Yaowapa Pongsuwanna HARESE

antigen and a long RNA electropherotype), also isolated in Chiang Mai, was more related genetically to
porcine rotaviruses (strains Gottfried and OSU) than to any human rotavirus strains. Two human
rotavirus strains from Bangkok with the same properties described in the present paper may be of a
similar nature. Furthermore, close genomic relatedness of human rotavirus strains isolated from
asymptomatically infected neonates in India (having subgroup I, G serotype 10 and a long electrophero-
type) to the bovine rotavirus strain B223 (having the same properties) was also reported by Das et
al v

These results give strong evidence for transmission of rotavirus between humans and animals and
between various species of animals. Such interspecies-transmitted strains might rarely become adapted
to long-term growth in the new host. Alternatively, due to the segmented nature of the rotavirus
genome, a reassortant virus could occur by simultaneous infection of the host with the endogenous and
the transmitted strains, and it might acquire the ability for steady growth. It is worthy of particular
attention that such possible interspecies-transmitted strains or reassortant strains isolated from humans
generally have subgroup I specificity and a long RNA electropherotype as described above. .

In this series of studies, the authors demonstrated the predominance of G serotype 10 rotaviruses in
both bovine and porcine populations in Thailand. Further, it should be emphasized that strain P343, the
prevalent porcine rotavirus strain in Thailand, was very highly related genetically to strain 61A, the
prevalent bovine rotavirus strain. In this respect, the high genetic similarity between bovine isolate §1A
and the Thai human isolate Mc35 with the same G serotype specificity mentioned above arouses interest.
These results strongly indicate that interspecies transmission of rotavirus is occurring between calves
and piglets in Thailand. Further, it is likely that ecological conditions in Thailand that G serotype 10
bovine rotavirus predominates in cattle favored its transmission to humans and led to the emergence of a
possible reassortant human rotavirus strain (like Mc35) with G serotype 10 specificity.

Emergence of new virus strains by interspecies transmission and genome reassortment of virus is
very important in understanding the mechanism of evolution and diversification of rotavirus in nature.
In this regard, continued studies of both human and animal rotaviruses are needed in developing coun-
tries where ecological circumstances in which people come in close contact with various animals facili-
tate the interspecies transmission of rotavirus.
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FSABERBELTWLE b BLUEYR Y 74 VAD
IR ORIRON 1= (=307 1

Ry T AT F FFIN

AL R R R A A SR

gy A NA, SEER (VP4 L VPT), NRE
B (VP6) kX v'a7EHE (VPL, 2, 3) O 3EHE
EWRAET 5 11 5780 AT 4 VA RNA L DR
W3, ZOSEETANVAEEHOIEMNLD 2 Wik
RNADRIVT7ZZUNLT I R IV ETCOBESKE Y —
> (RN A-electropherotype) KE W TIThbIL T 5,
VP IR AR YA VAL BOETIE (group A
antigen) & BEEEHH (Subgroup antigen) I Xi% II 28
FET 5, EERRBEGHIUE THS VPTIZIZHRIK
IETCEAENBE AL 14 D G MEE (G serotype)
PHERINTBY, b5 —HOMNREH VPLIZIZZD
MyEEI 5 11 @ P MI3EE (P serotype) 25, #ETTFO
WEFH 547 4 & b 19 @ VP4-genotype 238R4E X
nTws, ZONRE YA NVATIR 7TEED G MEH
EAREEO P MBASH SN TS,

FHEOEMIZ I A BBV TE L, 7y, BLU
75 OTHRUER 2 & SR OERE2ED, —EFEEH
faiz & 2 SEEEBRRITY, ABOY YA NVAD VPTE
HiZ oW ZOHRE K C—E O BETOEERS %
WETBILED, FAETHRITLTWS Afuy
VANVADEE, b —EYHEOY A VAERHEORE
Bk aHeoy v4 Vv AHBEOREER I D
WTHREIT 52 L TH B,

MR A&

(DEME & P THRERMEIE1983-84E B L U
1987-88 4£ 17 & 51 543 # 4k, 1988-91 4F iz 241 ¥ {5,
1991-94 £ 659 HRfF % FRER U SEBRIZHE U7z, v ok
Hhi 1988 £EiC 25 BfA, 1989 £R1 45 Mk R RN L E
ERiCR Iz, 7o FEMENT 1988 4RIz 18 #fk, 1990-91
SEICERE U T2 557 Mk 2l Tz, (QMEHRY 4 VA DR
EHEADBIM | 10%Z6E_ L% MA-104 {2k
LTUANASEERTTo7z. (3) RNA electropherotyp-
ing: 74X RNA % SDS, 2-ME # X' EDTA 4L
W7 = /- NEZ X DHBEL, 0%R)V 727UV 7

(R WRE= #%)

I NN TEREKE (PAGE) 217w, SHEEOHE
PAGE % —2 % RET LTz, (AEERFIHE (ELISA &)
LB TANVATBEROEE : VP6, VP4 B XU VPT
Wty 4R E /7 aF—HiiEE v ELISA #ic
&0, B, R, GIEEERELL. O)FAHUHAMm
DME © HAFUEEEFL, BRERTEE7 2 —2
A% 60% LA B & ¥ 2 RS IBEAREROHEH TR
P EFE Lz, (6) PCR ik 3 G MBERDOHRE :
ELISA iz & % G MERBIBARATRE e A EHZ D
T, Y EBLIUY BlOoLE ST A4 w—2Hw3 PCR %
&Y VP & BETFEEEL, ChegFBle LT 3H
BT 7 A < — L RIMBFRRERN S A7 74 v—%H
W 2EE®DPCR 21707, BEEW® 1%7 Ho—
AT N CESHKE 21T GIUBEARE L (594
<=, EEEVMOSTFESEMBERN L VEZZ X
SREREENIZ)., (TRNA-RNANA TV FA¥—v g
> EDTA JUBTHRER 2RV —BRAT 20
T in vitro T *P 7~ )V—&#E RNA 70— 7 B 1ER
L, ZHZREY A0SR LU BWLE L 7-—A8
7 A NWVARNA ERIEEREK 3172 RNA—RNA
A7V v PRy /-, PAGE #% RNA O
ElE %8 EF L7z, Q) VPTEEFOEERSIHRE
EDTALE THEL—ERE T % A\ T in vitro T
mRNA 2&/ L7z, mRNA @ N AV TX 7V
A F R &L, primer extension ¥ CHERISI %k
gL,

RcEED

1, #4H, NXvazeBser0adyvANAR
B 1) STy o4 VRO © 1983-84 B L O
1987-88 SEDH —EEFE RN X 5 TE T, FRIFEH
¥t 543 Btk PAGE & 2 ik ELISA T A BEBE% 12 88
Bl (16.2%) T, 774 (87.5%) CHEHEBHREI NI
(AT C2040, I :57HD. GIL# & %584
(54.9%) THIES Iz (G1:18, G2:17, G4:23)
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D, SEOBIRBERIF SN, 1988-91 FFOPFET
1%, GMBEMOREREZED LHIC, ELISA BkTH
EARAEE ARz IZ PCR i & 2 G MERB] 2175
7. ELISA 3T 241 #id1 162 ] (67.2%), PCR &%
1T 7z 63 g 59 ] (93.7%) TIMERIHFEE S iz
R, RN 241 Hid 221 61 (91.7%) T G IMER
PUE S Nz, M EOERRTFeE 28 1991-94 4
iZiE, MR, ERElEs L AR EREEER M T,
659 MR R L TR 2 7z, A BRI 243 41
(36.9%) T, ZORBISAERL L, FHEBELCE
EREBRSNBE DD, 9 A-1 O HEAMEROH
ML, 7/ ETCHEFHERRFED S VA VAR
BT HITL TV A Z EDUREINTz, uF TN A
BB RO 1.36 TRIRTEL, ERMOHTIE,
Z2OFEBARTErS I 7YBRE—27 2R LT,
ELISA #%8 LU PCR 2 FH L7z G IBEITLE R,
243 B 213 B (87.7%) TH -7z, 2) At tuy
A NVA G ISR OREZLE) | 1983-84 Fizix G4 B
HPMBET, 1987-88 4EI12i3 G1 BB L U G2 BpsHtiE
L, 1988-89 4 &, 1989-90 £& o 2 £ W] i3 G1 & 23,
1990-91 FE2i3 G3 M Zb b, 1991-92 FIIFE U GL
BIHSERNL, —EBITEY G2 BB Y, 1993—94
FErRsel GlHMESTED S, L»)ERHLERE
LR s>z,

2. YAEZBIZEMPOuSTANA 1) Fuyv
O &4 A L1988 B X U8 1989 EITEREL L7z 70
P62 B3 ELISA #:C AL FEash, ThoixeT
TYTANAOREERTERHIICELLY, by
A VA DRFERZ VPT IIER (GL, 2, 3, 4) 25 7
Bl 2 IR v OIMEE & L CHI S Tz G6 I
ERZRINZIFLED NZh oz, ZhoDy
A4 WV AIE, RNA-PAGE /8% —>int 3 % 4 P23
50T, HmbEEEIRR LIz c ¥4 7ORFE 1A KB
TR TE WV ad 4 7ORE AU RO VP T EET
OEEFFVRPE LIRR, i G IMER 10 L
Jo. 287 =2 b D ASBRIIB IR Mo SBEEINT
Wiz G B 8 OFEME2HE L3355, RNA-PAGE
RE—m P GIER 8 A VA LIZHS I
B CWwWz, DIF 77 ad 74 1987 0 18 Bk
/1 13 53 ELISA 8 X UF RNA-PAGE /8% —> 5 A
B, WHEE 1, Long RNA electropherotype T, G
BHROWRESN THRETH G LRZESN, 1990 £
ECIMEEINTWIE T Y VA VADG MEN (G,
4, 5, 1) OZFERAFAETEIRD S boTz, %
Z THE 1990-91 &2 557 Bl THRIfE 2 HFER URET L
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7. RNA-PAGE TAZ7 ) —=r 7 %BfTw 26 flcay
A NABE, 55 2305 ABELIRESH, 35K B
BEIANAN1H, CEEVANAN2HRESNZ. A
23 B, ELISA-3 XU PCR-IMFABIORER, 3
BedS G3, 14 #E3G10 LIRERNIZ, GIIER 1007
Z A VAR DB TIRBERFEN T W, ZOIME
H B3R X HIERER B X U VPT B G T O
h ORI NI,

3. biMBIUEwy YA VAOREEME BE, F
— BRGSO T ¥ 7 4 VA, RNA-RNA A 7Y
A ¥ - a rOiERICET GBETOREEDIE
W kD EEREED genogroup WEBIE N T WS, fiEo
T, AUCE»SOSEEY A VAR, BEEOILHOD
genogroup WA INE—F, BEHYLERLTA
VAR, BB TR D, KLY
ANADHEEU-BPE2EE LSS, AFEBY
T, FHIRIEE & O VPT # 5T OEERGI»S G10 &
HEENLIABEDT IOy 74 VATITHRERERT
% P343 Bkix, RNA-RNANA 7V F A ¥—v a3 ik
BWTHMORENT Y VA4 VA LERIGET, AU
¢ Gl0 LEIES NS 4 BT v HEHITHR 61A %%
EUyny A NALBEORIGERTR LIz &
B, KETVHEOIA VA LEZ N,

INADSERNAZET 205 74 VATRE, in
vitro B £ U in vivo DEBR CTHR—ENDH % WITEE
7 A NVACESCEETHAZREZ VA VAR
N3 ZepHoenTw3, KFFEOKERIE, BEH
ZLIEREIE E N ER RS EE T2 A EO
IO REBRRBECBUIBOEEYEI - a Y VAL
ADGEE, FOMEL UTOEEFHEABL Y AV
AHBROTEEEZRRL Twb EEZ6N5,



