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By enzyme-linked immunosorbent assay with group A-, subgroup-, and serotype-specific monoclonal
antibodies (MAbs), we tested 414 stool specimens collected from pediatric and aduit patients hospitalized with
acute gastroenteritis between January and June 1988. Of 414 specimens tested, 124 (30%) were positive for
group A rotavirus. The subgroup was determined in 110 specimens (88.7%); 16.1% were subgroup 1, and
72.6% were subgroup Il. Two specimens reacted with both subgroup 1- and subgroup II-specific MAbs.
Serotype determinations showed that serotype I (38.4%) was predominant over serotypes 2 (28.2%), 3 (2.5%),
and 4 (23%). Three specimens reacted with more than one serotype-specific MAb. While the frequency of
serotype 1 was highest in the two hospitals in Mymensingh, serotype 2 was most prevalent in one hospital in
Dhaka. All human rotavirus strains with subgroup I and'serotype 2 specificities showed a short electrophero-
type, and all but one strain with subgroup II and serotype 1, 3, or 4 specificities exhibited a long
electropherotype.

Human rotavirus (HRV) has been recognized as the major
etiological agent causing acute gastroenteritis in infants and
young children worldwide (5, 6, 12). In developing countries,
where malnutrition is common among infants and children,
severe dehydration following rotavirus diarrhea leads to a

high rate of mortality (2, 7, 12). Development of an effective
rotavirus vaccine is therefore urgently needed to control
rotavirus diarrhea (12, 31). The presence of at least six
serotypes of HRV has hampered development of a broadly
protective HRV vaccine (3, 10, 17, 27, 29, 32). Indeed,
recent vaccine trial studies using rhesus rotavirus with
serotype 3 specificity showed failure to protect against
rotavirus illness due to heterotypic strains (14). Thus, exten-
sive epidemiological studies on HRV serotypes in develop-
ing countries are required for development and evaluation of
the vaccine.
The rotavirus virion contains 11 double-stranded RNA

segments enclosed within a double-shelled capsid. The two
capsid proteins, VP4 and VP7, are the major constituents of
the outer capsid (12). Serotype specificity, which is defined
by the virus neutralization test, is associated with VP7,
which is encoded by RNA segment 8 or 9 (12). Another outer
capsid protein, VP4, the product ofRNA segment 4, also has
independent neutralization specificity (9, 16, 19). In recent
studies, neutralization epitopes common to serotypes 1, 3,
and 4 or specific to serotype 2 have been identified on VP4 of
HRV (21, 22). An inner capsid protein, VP6, encoded by
RNA segment 6, has subgroup specificity (6, 12, 13), and two
or three subgroups have been described (15, 25, 26).

In our laboratory, numerous monoclonal antibodies
(MAbs) to VP2, VP4, VP6, or VP7 have been prepared and
applied to an enzyme-linked immunosorbent assay (ELISA)
for characterizing HRV in stools (20-24). The validity of
ELISA subgrouping and ELISA serotyping with subgroup-
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specific and serotype-specific MAbs has been confirmed (24,
30). In this study, we characterized the HRV found in stools
from 414 patients with gastroenteritis, including 98 adults in
Bangladesh, by determining subgroup and serotype specific-
ities with MAbs.
We collected 414 stool specimens of patients with acute

gastroenteritis from three different hospitals between Janu-
ary and June 1988; 158 specimens were from Dhaka Medical
College (DMC) hospital, 158 were from Mymensingh Medi-
cal College (MMC) hospital, and 98 were from SK hospital in
Mymensingh, Bangladesh. The ages of the patients from the
DMC and MMC hospitals were 1 month to 2 years, except
for one patient, who was 5 years old. All patients from SK
hospital were 21 to 46 years old. Most of the adult patients
lived in rural areas, and they generally belonged to a

low-income group. The symptoms and severity of the dis-
ease found in adults were almost the same as those found in
infants. All of the patients suffered from watery diarrhea (8
to 15 times per day), vomiting, abdominal pain, and low
fever. Approximately 10% stool suspensions prepared in
phosphate-buffered saline were clarified by low-speed cen-

trifugation, transported to the Department of Hygiene and
Epidemiology, Sapporo Medical College, and kept at -20°C
until tested. Anti-VP6 MAb YO-156, which recognizes the
common antigen of rotavirus, was used to detect group A
rotavirus. For the subgrouping assay, subgroup I-specific
MAb S2-37 and subgroup II-specific MAb YO-5 directed to
VP6 were used. For the serotyping assay, the following four
anti-VP7 serotype-specific MAbs and one anti-VP4 com-

monly reactive neutralizing MAb were used: serotype 1-
specific KU-6BG, serotype 2-specific S2-2G10, serotype
3-specific YO-lE2, serotype 4-specific ST-2G7, and com-

monly reactive YO-2C2. The properties of the above-listed
MAbs have been previously described (20-24).
ELISA with MAbs was performed as described previ-

ously, with some modifications (24; S. Urasawa, T. Ura-
sawa, K. Taniguchi, F. Wakasugi, N. Kobayashi, S. Chiba,
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N. Sakurada, S. Morita, 0. Morita, M. Tokieda, T.
Kawamoto, M. Minekawa, and M. Ohseto, J. Infect. Dis.. in
press). Briefly, polyvinyl microtiter plates were coated with
a 1:10,000 dilution of ascitic fluid and incubated overnight at
4°C. After being washed, the wells were incubated with 1%
bovine serum albumin overnight at 4°C and subsequently
washed. A mixture of a 10%c stool suspension (375 pi) and
10% skim milk (125 ii) was allowed to react in the wells
overnight at 4°C. After being washed, 50 pli of rabbit
anti-HRV serum (a 1:10,000 dilution) was added and incu-
bated for 1 h at 37°C. After the washing, 50 p.l of peroxidase-
conjugated goat anti-rabbit immunoglobulin G (Chemical
Credential ICN ImmunoBiologicals, Israel) was added. The
plates were incubated for 1 h at 37°C and washed. The
reaction with the substrate, o-phenylenediamine, was al-
lowed to develop for 30 min at room temperature and then
stabilized by addition of 25 pL of 3 N sulfuric acid. The
optical density was measured at 492 nm with a micro-ELISA
reader (EAR400; SLT-Labinstruments, Salzburg, Austria).
In the ELISA for serotype determination, a virus was

assigned to a specific serotype only when the following two
requirements were fulfilled simultaneously. (i) The optical
density value for the reaction with the MAb corresponding
to that serotype exceeded 0.2 per well, and (ii) the optical
density value for the reaction corresponding to that serotype
was greater than twice the value corresponding to any other
serotype (Urasawa et al., in press). The criteria used to
determine group and subgroup specificities were reported
previously (24).
RNA electropherotyping was performed as follows. A

150- to 500-p1i sample of a 10%c stool suspension clarified
after low-speed centrifugation was layered on 40% (wt/vol)
sucrose and centrifuged at 100,000 x g for 3 h. The pellet
was suspended in 300 of 10 mM Tris hydrochloride buffer
(pH 8.0; partially purified virus). After the virus was disrupt-
ed with sodium dodecyl sulfate-2-mercaptoethanol-EDTA,
genomic double-stranded RNA was extracted with phenol.
precipitated with ethanol, and then analyzed by polyacryl-
amide gel electrophoresis on 10Y%, slab gels. After electro-
phoresis at 40 mA for 6 h. the double-stranded RNA bands
were visualized by the silver staining method.

For electron microscopy, 1 drop of the partially purified
virus suspended in distilled water was placed on a 400-mesh
carbon-collodion-coated grid for 1 min and excess fluid was

withdrawn with the edge of a paper filter. Soon after staining
with 1 drop of 2% uranyl acetate, the staining solution was

withdrawn. The grid was examined in a Hitachi H500
electron microscope.

In the ELISA using MAb YO-156. 124 stool samples (30%)
(46 from the DMC hospital, 54 from the MMC hospital and
24 from the SK hospital) were positive for group A rotavirus.
The 124 specimens were subjected to ELISA subgrouping
with subgroup-specific MAbs, and 110 (88.7%c) could be
subgrouped. Twenty (16.1%î) belonged to subgroup 1, 90
(72.6%) belonged to subgroup Il, 2 (1.6%c) belonged to both
subgroups, and the subgroup specificities of 12 specimens
(9.7%) were not determined. There was some difference in
subgroup distribution among the three different hospitals.
although subgroup Il strains were predominant in all three
hospitals. Two specimens (no. 302 and 446) reacted with
both subgroup I- and subgroup II-specific MAbs. By RNA
analysis, specimen 446 seemed to contain both subgroup I

and subgroup Il strains since it showed a mixed RNA profile
of so-called short (segment 11 migrates slowly) and long
(segment 11 migrates fast) patterns. Specimen 302 failed to
exhibit an RNA profile because too little viral RNA was

TABLE 1. Characterization of HRV from stool specimens using
subgroup- and serotype-specific MAbs in an ELISA

No. of specimens with the No. ot`specimensfollowing serotype( s): whose sero-
Subgroup(s) types vere

1 2 3 4 2 and 4 1 and 4 nfot deter-
mined

I 10 10
Il 15 1 1 9 1 1 62
I and 11 1 1
Not determined 12

present in the stool specimen; this was confirmed by electron
microscopy. Of 124 specimens analyzed. 12 (9.7%) reacted
with neither subgroup I-specific MAb S2-37 nor subgroup
II-specific MAb YO-5, although they reacted very strongly
with MAb YO-156. Of these 12 specimens, 5 also reacted
moderately with YO-2C2, a commonly VP4-reactive MAb.
These results suggest the existence of a third subgroup of
group A human rotavirus, as reported recently (15, 25, 26).
In this context, production and characterization of MAbs to
one of the specimens whose subgroup specificity could not
be determined would be useful for further characterization of
the subgroup antigen of HRV.
The serotype specificities of the 124 specimens were

tested by using four kinds of serotype-specific neutralizing
MAbs in an ELISA (Urasawa et al., in press). Overall, 39
(31.51%) could be serotyped; 15 (38.5%) of these were as-
signed to serotype 1, 11 (28.2%) were serotype 2, 1 (2.6%)
was serotype 3, and 9 (23.1%V) were serotype 4 (Table 1). The
distribution of the four serotypes was different among the
three hospitals (Table 2). The frequency of serotype 1 was
highest in the two hospitals in Mymensingh, but it was
especially high in the SK hospital, where all of the patients
were adults. In contrast, in the DMC hospital in Dhaka,
serotype 2 was most frequent. Three specimens were recog-
nized by two serotype-specific MAbs, two (no. 446 and 587)
by serotype 2- and serotype 4-specific MAbs and one (no.

TABLE 2. Distribution of subgroups and serotypes in three
different hospitals in Bangladesh as characterized by ELISA

using subgroup- and serotype-specific MAbs

No. of
No. of specimens with the specimens

Hospital and following serotype(s): whose sero-
subgroup( s) types were

1 2 3 4 1 and 4 2 and 4 not deter-
mined

MMC
I 2 4
Il 6 1 3 1 32
Not determined 4

SK"
I 1
Il X i () i 1 10
Not determined

DMC
I 8 5
Il i 5 20)
lcand Il 1 1
Not determined 5

Ail of the patients in this hospital were adults.
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653) by serotype 1- and serotype 4-specific MAbs. Specimen
446 was found to be a mixture of two strains, as described
above. However, there is a possibility that specimens 587
and 653 bear dual serotype specificities (serotypes 1 and 4 or
2 and 4) on VP7, since RNA profiles of these specimen
showed a typical long RNA pattern and no extra RNA bands
could be observed. Six specimen showed no reactivity with
MAb YO-2C2, although they reacted with one of the four
serotype-specific neutralizing MAbs. It has been found that
MAb YO-2C2 can recognize VP4 in the outer capsid of most
HRV strains, since in our previous examinations MAb
YO-2C2 recognized ail 15 representative, cultivable HRV
strains except strain K8 (serotype 1, subgroup II) in an
ELISA (22). The VP4 amino acid sequence of strain K8 was
quite different (64 to 66% homology) from those of other
virulent HRV strains (K. Taniguchi, K. Nishikawa, T.
Urasawa, S. Urasawa, K. Midthun, A. Z. Kapikian, and M.
Gorziglia, submitted for publication). Some of the six spec-
imens with no reactivity with MAb YO-2C2 might have a
unique VP4 gene, like strain K8.
The remaining 73 specimens did not react with any sero-

type-specific MAbs. Examination of some (27 specimens) of
these unserotyped specimens by direct electron microscopy
revealed the presence of insufficient numbers of double-
shelled virus particles, in contrast to the serotype-deter-
mined specimens, in which more than 100 double-shelled
virus particles per grid square were seen. Since the efficiency
of serotyping directly depends on the number of double-
shelled virus particles in the stool specimens, this result
explains why many specimens failed to be serotyped. Dou-
ble-shelled particles may be broken down or lost because of
pH and enzyme (trypsin) influences in the gut or during
processing of stool specimens (1). Under the existing cir-
cumstances in Bangladesh, considerable time elapsed be-
tween onset of diarrhea, hospitalization, and collection of
stool specimens; this may have affected virus degradation. It
should also be pointed out that stool specimens transported
from Bangladesh by mail were kept at relatively high tem-
perature for about 10 days. This might have caused degra-
dation of the outer capsid and its constituent proteins. The
concentration of the stool suspension was expected to in-
crease the rate of serotyping (4). Indeed, when we used three
concentrated stool specimens, all of the specimens could be
serotyped. Of the 73 specimens of undetermined serotype
(excluding 12 subgroup-undetermined specimens), 35 re-
acted with commonly reactive anti-VP4 MAb YO-2C2,
which was included in ELISA serotyping for detection of
double-shelled particles. It was found that the serotype-
specific neutralization epitopes on VP7 form the conforma-
tional antigenic site(s) (20), whereas the cross-reactive
epitope on VP4 recognized by YO-2C2 is linear, as described
previously (22). These findings might also explain the low
frequency of serotyping.
The RNA electropherotypes of 97 HRV specimens were

examined by polyacrylamide gel electrophoresis. Of 39
specimens which could be serotyped, 8 (20.5%) showed a
short electropherotype and 29 (74.4%) showed a long elec-
tropherotype. One serotyped specimen failed to show any
RNA electropherotype. This may have been due to the low
amount of RNA present in the specimen. Interestingly one
specimen showing subgroup Il and serotype 2 specificities
exhibited a long RNA electropherotype. The strain might
possess unusual genetic characteristic suggestive of reas-
sortment between different HRV strains (18). In fact, it has
been demonstrated under experimental conditions that inter-
change ofgenomic segments takes place with high efficiency

in cells coinfected with two different rotaviruses (8, 28). The
reason for and significance of the unusual genetic character-
istics observed in this study remain to be elucidated further
after propagation of the specimen in cell culture. We also
performed RNA electropherotyping of 58 serotype-undeter-
mined specimens, and 30 (51.7%) showed a long electro-
pherotype and belonged to subgroup Il while only 1 (1!7%)
showed a short electropherotype and belonged to subgroup
I. It has been reported by several workers that subgroup I
rotaviruses showing a short electropherotype belong to
serotype 2, and subgroup Il rotaviruses showing a long
electropherotype belong to serotype 1, 3, or 4 (11, 12;
Urasawa et al., in press). In the present study, we also
confirmed the correlation of the short RNA electropherotype
with subgroup 1 and serotype 2.
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