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The subgroup and serotype specificities of human, bovine, and porcine group A rotaviruses in stool
specimens collected in Thailand were examined by an enzyme-linked immunosorbent assay by using subgroup-
and serotype-specific monoclonal antibodies. A clear yearly change was observed in the serotype distribution
of human rotavirus. Between 1983 and 1984, serotype 4 was the most prevalent, while the highest frequency
of serotype 2 was found between 1987 and 1988. All the bovine and porcine rotaviruses examined showed
subgroup I specificities and long RNA patterns. It was of note that serotype 3 porcine rotaviruses were found
at a high frequency.

Rotavirus has been isolated in various species of young
animals and human infants (8, 15). The rotavirus has two
distinct antigenic specificities: subgroup and serotype. Sub-
group specificity is associated with a major component of the
inner capsid (VP6), which is encoded by RNA segment 6.
Two subgroups (I and II) have been described, and the
presence of a third subgroup has also been proposed (17, 25,
29). Serotype specificity defined by the neutralization test is
associated with an outer capsid protein (VP7) encoded by
RNA segment 8 or 9. By cross-neutralization tests, seven
distinct rotavirus serotypes have been established among
mammalian, including human, and avian strains (14, 30). In
addition, several new candidate serotypes have been de-
scribed recently (6, 19, 24). VP4 (formerly designated VP3),
which is encoded by RNA segment 4, also contains an
independent neutralization antigen (13, 18), but this protein
appears to be mainly responsible for heterotypic cross-
reactivity (26).

Diarrheal diseases are responsible for 5 million to 10
million deaths per year in infants and young children in
developing countries, where malnutrition is common (15).
Among the various pathogens, rotavirus is the major cause
of severe diarrhea. Therefore, development of an effective
vaccine against rotavirus is urgently needed to control
rotavirus diarrhea. However, the presence of multiple sero-
types in human rotaviruses (HRVs) have hampered the
development of a broadly protective HRV vaccine (4, 16).
The extensive vaccine trials with rhesus rotavirus (serotype
3 simian virus) suggest that protection by the vaccine ap-
pears to be serotype specific (16), although the recent WC3
(serotype 6 bovine virus) vaccine trials showed an effective
protection against serotype 1 rotavirus infection (5). Thus, it
seems evident that the survey on serotype distributions in
various regions is indispensable for providing fundamental
data useful for vaccine development and evaluation.
For determining the subgroup and serotype specificities of

rotavirus in stool samples, a rapid and simple enzyme-linked
immunosorbent assay (ELISA) system with specific mono-
clonal antibodies (MAbs) has recently been developed (27,
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29), and the validity of the method has been confirmed (31).
In this study, the subgroup and serotype distributions of
human, bovine, and porcine rotavirus strains in Thailand
were surveyed by the use of the ELISA with specific MAbs.
We also used RNA pattern analysis and electron microscopy
to explore the reason for the failure of subgroup or serotype
determination of some samples.

MATERIALS AND METHODS
Fecal specimens. A total of 543 human stool specimens

were collected from infants (ages, 8 h after birth to 1 year
and 7 months) and adults (ages, 24 to 48 years) with acute
gastroenteritis who were admitted to Childrens Hospital,
Prapinglao Hospital, and Bamrajnaradul Hospital in
Bangkok, Thailand, between 1983 and 1984 and between
1987 and 1988. A total of 43 bovine fecal specimens were
obtained from calves with diarrhea in two dairy herds in
Saraburi and Nakornrachasima Provinces in Thailand, and
18 porcine fecal specimens were obtained from piglets with
diarrhea in a herd in Rachaburi Province in Thailand. An
approximately 10% stool suspension was made in Eagle
minimal essential medium by rigorous homogenization in a
Vortex mixer for 2 min and was clarified by low-speed
centrifugation (2,000 x g for 20 min).
MAbs. Anti-VP6 YO-156 antibody, which commonly rec-

ognizes group A rotaviruses, was used to detect group A
rotaviruses. For the subgrouping assay, subgroup I-specific
S2-37 and subgroup II-specific YO-5 antibodies directed to
VP6 were used. For the serotyping assay, the following four
anti-VP7 serotype-specific neutralizing MAbs (N-MAbs)
were used: serotype 1-specific KU-6BG, serotype 2-specific
S2-2G10, serotype 3-specific YO-lE2, and serotype 4-spe-
cific ST-2G7. In addition, an anti-VP4 YO-2C2 antibody,
which is commonly reactive with a neutralization epitope on
the outer capsid of group A rotaviruses, was included for
judging the amount of double-shelled particles. The proper-
ties of the MAbs listed above have been described previ-
ously (26-29).
ELISA. For determining the subgroup and serotype spec-

ificities of the rotavirus, an ELISA with MAbs was used.
The ELISA with MAbs was performed as described previ-
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TABLE 1. Subgroup and serotype distributions
of HRV in Thailand

No. of strains with the following
serotypes:

Yr of Subgroup
collection SugopNot

1 2 3 4 deter- Total
mined

1983 to 1984 I 0 4 0 0 1 5
Il 7 0 0 21 il 39
Not determined 0 1 0 0 4 5

1987 to 1988 I 0 12 0 0 3 15
II 11 0 0 2 5 18
Not determined 0 0 0 0 6 6

ously, with some modifications (27, 29; S. Urasawa, T.
Urasawa, K. Taniguchi, F. Wakasugi, N. Kobayashi, S.
Chiba, N. Sakurada, M. Morita, 0. Morita, M. Tokieda, H.
Kawamoto, Y. Minekawa, and M. Ohseto, J. Infect. Dis., in
press). The wells of polyvinyl microtiter plates were coated
with ascitic fluid diluted 1:10,000 in 10 mM phosphate-
buffered saline (pH 7.5) for 1 day at 4°C. After they were

washed with phosphate-buffered saline containing 0.05%
Tween, the wells were incubated with 1% bovine serum
albumin in phosphate-buffered saline containing 0.05%
Tween for 1 day at 4°C and subsequently washed. A mixture
of a 10% stool suspension (37.5 ,lI) and 10% skim milk (12.5
,ul) was allowed to react in the wells overnight at 4°C. After
it was washed, 50 ,ul of rabbit anti-HRV serum (1:5,000
dilution) was added and incubated for 1 h at 37°C. After the
washing, 50 ptl of peroxidase-conjugated goat anti-rabbit
immunoglobulin G (Chemical Credential ICN Immunologi-
cal) was added. The plates were incubated for 1 h at 37°C and
washed. The reaction with the substrate o-phenylenediamine
was allowed to develop for 30 min at room temperature, and
then it was stabilized by the addition of 25 ,ul of 3 N sulfuric
acid. The optical density was measured at 492 nm with a

micro-ELISA reader (EAR; SLT-Labinstrument, Salzburg,
Austria).
RNA electropherotyping. Viral RNA was extracted from

fecal samples with phenol-chloroform (11). Electrophoresis
of RNA was conducted at room temperature for 1.5 h at 40
mA with 1.0-mm-thick polyacrylamide mini-gels (8.5 by 9.0
cm). The gels were stained with silver.

Electron microscopy. Virus was pelleted through a 25%
sucrose cushion by ultracentrifugation. The pellet was sus-
pended in distilled water, placed on a Formvar-coated grid,
and negatively stained with 3% uranyl acetate. The grids
were examined with an electron microscope (EM H-600;
Hitachi).

RESULTS

Subgroup and serotype distributions of HRVs in Thailand.
A total of 88 stool specimens positive for group A HRV were
subjected to subgroup and serotype determinations. A total
of 77 (87.5%) samples could be subgrouped: 20 belonged to
subgroup I and 57 belonged to subgroup II. Rotavirus with
subgroup I specificity exhibited a short RNA pattern, while
rotavirus with subgroup Il specificity had a long RNA
pattern. A clear difference in subgroup distribution was

found in samples collected in different years. Between 1983
and 1984, the ratio of subgroup I to subgroup Il was 0.13; in
contrast, between 1987 and 1988 the ratio was 0.83 (Table 1).
The subgroup specificities of 10 samples could not be deter-
mined. Of these, five samples reacted with both subgroup I-
and II-specific MAbs. However, two specimens seemed to
contain two different rotavirus strains on the basis of the
result of RNA electropherotyping (a mixture of short and
long RNA patterns). One sample appeared to show a non-

specific reaction, since the sample reacted to bovine serum
albumin in the ELISA system. The reason for the reactivity
of the remaining two samples (samples 122 and 124) with
both subgroup I- and II-specific MAbs was unknown, since
they did not contain enough RNA for RNA pattern analysis
(Table 2). In contrast, the five other samples with undeter-
mined subgroups could not be recognized with either sub-
group I- or subgroup II-specific MAbs (for example, samples
152, 184, and 186; Table 2). Two of them had long RNA
patterns, but three specimens did not exhibit any RNA
bands.

Serotype specificity could be determined in 58 (65.9%)
samples: 18 were determined to be serotype 1, 17 were
serotype 2, and 23 were serotype 4. No samples with
serotype 3 specificity were detected. We observed an appar-
ent yearly change in the serotype distributions between the
two different collection years. Between 1983 and 1984,
serotype 4 was detected with a high frequency, and between
1987 and 1988, serotype 2 was detected with a high fre-

TABLE 2. Reactivity patterns with MAbs of typical strains and strains with undetermined subgroup and serotype specificities

ELISA results with: Ascribed:
Stool RNA

specimen YO-156 S2-37 YO-5 KU-6BG S2-2G10 YO-lE2 ST-2G7 YO-2C2 Subgroup Serotype pa
(common) (serogroup I) (serogroup II) (serotype 1) (serotype 2) (serotype 3) (serotype 4) (common)

155 -2,000 22,000 109 159 -2,000 212 125 1,496 I 2 Short
250 1,209 67 662 1,634 112 82 99 578 Il 1 Long
258 798 17 22,000 64 94 65 1,562 610 II 4 Long
122 918 665 403 236 177 96 131 244 I + II (?) NDb C
124 896 406 678 201 138 116 112 343 I + II (?) ND
152 1,270 110 132 126 148 85 71 185 ND ND -
184 1,680 113 99 85 38 21 34 242 ND ND Long
186 1,416 118 217 122 196 199 213 964 ND ND Long
231 22,000 150 22,000 107 157 81 71 504 II ND Long
240 22,000 64 22,000 108 153 68 83 479 II ND Long
a The data are shown as the optical density at 492 nm (in thousands) in a well. An optical density value of over 300 was considered to show a positive reaction.

When the value for the reaction corresponding to a given serotype was greater than 2.0 times the value for the reactions corresponding to any other serotypes,
the sample was assigned to a specific serotype. When the value for the reaction corresponding to a given subgroup was greater than 2.5 times the value for the
reaction corresponding to the other subgroup, the sample was assigned to the specific subgroup.

b ND, Not determined.
C-, Enough RNA for RNA pattern analysis could not be obtained.
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TABLE 3. ELISA results of porcine rotavirus strains
with serotype 3 specificity

Fecal ELISA results witha:
speci- KU-6BG S2-2G10 YO-lE2 ST-2G7 YO-2C2
men (serotype 1) (serotype 2) (serotype 3) (serotype 4) (common)

21A 163 264 1,516 260 1,100
22A 261 209 1,506 206 1,238
37A 160 193 496 64 516
38A 138 149 409 62 500

a The ELISA was carried out by using MAbs as a capture antibody. The
data are shown as the optical density at 492 nm (x 1,000) in a well.

quency (Table 1). The serotypes of 30 samples could not be
determined. Of these, 28 samples did not react with any of
four serotype-specific N-MAbs (for example, samples 231
and 240; Table 2). Judged from electron microscopic obser-
vations and reactivities with the commonly reactive YO-2C2
antibody recognizing double-shelled particles, 12 samples
did not appear to contain enough double-shelled particles.
However, 16 samples were reactive with the YO-2C2 anti-
body, and they had enough double-shelled particles (about
10 particles per electron microscope grid square). A total of
22 of the samples with undetermined serotypes were positive
for RNA pattern analysis; most (19 samples) showed long
RNA profiles, and 3 samples showed short RNA profiles.
Subgroup and serotype distributions of bovine and porcine

rotaviruses in Thailand. A total of 25 bovine and 13 porcine
specimens positive for group A rotavirus were tested for
their subgroup and serotype specificities. All the bovine and
porcine rotaviruses were subgroup I. One bovine strain did
not react with the YO-156 antibody common to group A
rotaviruses, but the specimen was strongly reactive with
subgroup I-specific MAb. The specimen may have had a
variation at the epitope that the YO-156 antibody recognizes,
as has been suggested previously (23). Since we used only
serotype 1- to 4-specific N-MAbs, because serotype 5- and
6-specific N-MAbs were not available, the serotype speci-
ficities of only seven porcine rotaviruses could be deter-
mined, although most ofthem reacted strongly with anti-VP4
cross-reactive YO-2C2 antibody. The seven porcine rotavi-
ruses reacted significantly with serotype 3-specific MAb
(Table 3). The RNA patterns of the 38 animal strains were
analyzed by polyacrylamide gel electrophoresis. They all
showed long RNA profiles, except for two porcine and two
bovine specimens that were negative for RNA pattern anal-
ysis. One bovine rotavirus had an extra band between
segments 9 and 10. Five serotype 3 porcine viruses had two
or three extra bands between segments 4 and 5 that might
have resulted from rearrangement of the RNA segments
(Fig. 1).

DISCUSSION

Several studies on serotype distribution have been per-
formed (3, 9, 10) since an ELISA with serotype-specific
N-MAbs (ELISA serotyping) was developed. Serotype 1
appears to be the most prevalent serotype, but the serotype
distribution is quite variable in different countries and within
regions of countries. In this study, of the specimens for
which the serotypes were determined, 40% were serotype 4,
31% were serotype 1, and 29% were serotype 2. However,
distinct variations in the frequency of each serotype were
found in different years, as was found in the study done with
stool samples from humans in Venezuela (9). It was also

A B C D E F

4b Mb 2-"

FIG. 1. Polyacrylamide gel electrophoresis of type 3 porcine
rotavirus RNA genomes extracted from fecal specimens. Lanes: A,
Porcine rotavirus 18A; B, porcine rotavirus 19A; C, porcine rotavi-
rus 20A; D, porcine rotavirus 21A. Human subgroup I (lane E) and
subgroup Il (lane F) rotavirus RNAs from stool specimens were
included as controls. Migration was from top to bottom. Numbers
on the right designate RNA segments. Extra bands are indicated by
arrowheads on the left.

notable that no virus with serotype 3 specificity was detected
in any years of the investigation, although the number
examined was relatively small. It is possible that the sero-
type 3-specific MAb used in this study had too narrow a
reactivity spectrum. However, we can exclude this possibil-
ity because we confirmed the strong reactivities of the
serotype 3-specific MAbs with representative type 3 rotavi-
rus strains and because we detected serotype 3 at a high
frequency in different studies by using the same MAb that
we used in this study (9; Urasawa et al., in press).
Most bovine rotavirus strains have been grouped into

serotype 6, which is represented by the prototype strains
NCDV and UK (33). More bovine serotypes have been
detected in rotaviruses from calves, but they have not yet
been classified systematically. In this study, using MAbs
specific to serotypes 1 to 4, we could not detect any bovine
strains that shared a neutralization antigen with HRV.

In porcine rotavirus, serotypes 4 and 5, represented by the
Gottfried and OSU strains, respectively, have been identi-
fied (2). In this study, we detected serotype 3 porcine
rotavirus strains at a high frequency, although their failure to
react with serotype 5-specific MAb should also be con-
firmed. In Australia, recently, two porcine rotaviruses
(strains MDR-13 and CRW-8) that were antigenically related
to human serotype 3 were isolated (20). These findings
suggest that serotype 3 porcine rotaviruses are distributed
worldwide. By implication, serotype 3 includes rotaviruses
from various animal species, for example, humans, mon-
keys, cats, horses, rabbits, and pigs (8, 14, 15). Furthermore,
in the murine model only HRV serotype 3 can cause diarrhea
(1). Study of the possible transmission of rotavirus among
different animal species in nature is required so that the
ecology and evolution of rotaviruses can be considered. The
serotype 3 porcine rotaviruses found in this study had two or
three additional RNA bands in five strains. They do not seem
to be due simply to a mixture of different strains, since the X
band out of the extra bands (Fig. 1) had an unusual mobility
that was not found in other group A rotaviruses. Rather, the
appearance of the extra bands might be the result of a
rearrangement of viral RNA, which has been observed
especially in immunodeficient infants (22). Further studies
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after cultivation of the viruses in cell culture are needed for
elucidating this point.
Recent studies detected several group A rotavirus strains

which had unusual antigenic specificities, for example, an

equine strain with subgroup I and Il specificities (12), a
human strain with subgroup I specificity but a long RNA
pattern (21), and human strains with new serotype specific-
ities other than for serotypes 1 to 4 (6, 19). The simultaneous
use of ELISA subgrouping, ELISA serotyping, RNA elec-
tropherotyping, and electron microscopy is useful for finding
antigenic variants and strains with new serotypes or sub-
groups (7, 12, 25, 32). Some ofthe strains found in this study
that could not be recognized by any serotype-specific MAbs
(Table 2) might be grouped as new serotype(s) inclusive of
human serotypes 5 and 6. Alternatively, they might have a

variation at the position at which the MAbs used in this
study were directed, and they might escape recognition by
the MAbs. We must wait for the results offurther serological
analyses and molecular studies, such as nucleotide sequence
analysis, before we can finally conclude whether they indeed
have some unusual properties.
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