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Abstract

. Epizootiological and virological studies on RV infection of foals were done on a
racehorse farm in Hokkaido, Japan from 1986 to 1993. About 200 foals were born
between February and June of each year, and 23.5 to 52.9% of them developed severe
diarrhea from March to September. RV strains were isolated from more than 50% of
fecal specimens in each year except for 1993, and showed one predominant RNA
electropherotype of the virus in all years. The G serotype and P type of all the
representative strains from each year were identified as G3 and P[12] by neutraliza-
tion tests and/or polymerase chain reaction assays. The strains hybridized with a
probe prepared from one strain of them. The prevalent RV strains on this farm were
almost identical serologically and genetically throughout the observation peried. The
result suggests that the occurrence of the equine RV strain with the same serotype and
genotype was recognized on the farm for long time.
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Two outer capsid proteins of group

major causal agent of acute diarrhea in the young
of humans and a wide variety of animals, includ-
ing horses %, It is well known that the occur-
rence of RV infection in young animals is affected
by age, colostrum intake, antibody levels in the
colostrum, stress due to animal transfer, introduc-
tion of animals to the farm, hygienic conditions on
the farm, cold temperature, relative humidity and

A RVs, VP4 and VP7, are involved in the produc-
tion of immune responses in animals. Both pro-
teins are independently associated with serotype
specificities ; the G serotype (for glycoprotein)
and P type (for protease-sensitive protein)®®.
At least 14 G serotypes and 20 P types have been
identified in human and animal RVs[®4&3]
G34A, G3B, G5, G10, G13 and Gi4 for the G sero-
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Table 1. Oligonuclectide primers for G and P typing of equine rotaviruses by PCR

Primer Sequence (5'-3)% Position Strain PCR product
{sence) (Type) {base pairs)
G typing
C1» (=) GGTCACATCATACTTTTCTAATCTAAG 1036-1062 SAl1l (G3)
C2 {+) GGCTTTAAAAGAGAGAATTTCCGTCTGG 1-28 Wa (G1) 1062
S3Eq {(+) CTGCATGTTACCACATC 757773 FI14 (G3) 306
S13Eq  (+) ATATAGTACGGAACTAC 477-493 L338 (G13) 586
S14Eq  (+) TGACTACTAATGTCGCA 671-687 FI23 (Gl4) 392
P typing
PClEq (-) AAAGCTTGTGAATCATCCCA 1075-1094 1338 (P[18])
PC2Eq (+) ATGGCTTCTCTTATTTACAGACAG 10-33 H2  (P[12]) 1085
PS7Eq (+) CTTGCGCCAACTGTAGA 259-275 H1 (P[7]) 836
PS12Eq (4) GGAACTCAAACGCTACTAC 547-565 Hz (P[1z]) 548
PS17Eq (+) AGCAACATTAGATGGTGCA 443-462 L338 (P{18]) 652

D Nucleotide sequences were used from the following Genbank accession numbers: VP7 gene of strains FI14,% L338
{D00843) and FI23 (M61876), and VP4 gene of strains H1 (D16341), H2 (L04638) and 1338 (D13399).
®The primers used were the same as previously described.?

type and P[7], P[12], P[18] for the P type have
been found in RV isolates from foals ["35.532.20
although G3 viruses are most prevalent in severe
outbreaks of foal diarrhea world-wide ™. How-
ever, little is known about the ecological nature of
RV in foals or other young animals in a herd.
This paper is concerned with the frequent occur-
rence of RV strains of the same G serotype and P
type specifities and the same RNA electrophero-
type in foals raised on a racehorse farm.

MATERIALS AND METHODS

Animals and feces —— The racehorse farm inves-
tigated in this study consisted of 300-450 horses
throughout the observation period from 1986 to
1993. On this farm, 10-35 pregnant mares were
imported from the U.S. A., England and France
from January to February each year. The horses
were raised in 3 foal-raising locations, nearly 130
horses in each location. The first location is
situated 20 km from the second location and 55
km from the third location, and the third location
is situated at the seaside 40 km from the second
location. Some mares moved from one location

to other ones every yvear, but this is not the case in
foals. There was crossover of employees and
veterinarians between the locations each year, but
was no contact after the occurrence of foal diar-
rhea. Fecal swabs were collected from diarrheal
foals during the outbreaks of the disease each
year and stored at —30°C until use. FEach speci-
men was used for detection and/or isolation of
RV.

Virtses — In 1986-93, 176 RV strains of RV were
isolated from diarrheal feces (Table 2). Of these,
8 strains, one from each year [designated SH31
(’86), SH52 ('87), SH&86 (88), SH98 ('89), SHI101
(90), SH127 ('91), SH102 (92) and HH90 ('93)]
were selected at random from the 3 locations for
well-growing in cell cultures. The 8 strains were
purified through five consecutive plague clonings
or limiting dilutions and used for antigenic analy-
sis. Strains KU (G1), S2 (G2), SAll (G3), H2
(G3A) and FI14 (G3B)'¥), Hochi (G4), OSU (G5),
H1 (G5), NCDV (G6), UK (G6), PO13 {GT7), 65M
(G8), WI61 (G9), KK3 (G10), YM (G11), L26 (G12),
1.338 (G13), FI23 (G14) and CH3 (G14)™¥ | were
employed as reference strains. The viruses were

— 9 _



FEguine rolavirus in foals 105

Table 2. Annual occurrence of foal diarrhea in a race
horse farm from 1986 to 1993

No. diarrheal No. positive for ~ No. positive for

Years cases/No.foals RV detection® RV isolation™
born(%) /No.tested(%)  /No. tested(%)

1986 71/179 (39.7) NT9 6/7 (85.7
1987 89/168 (52.9) NT 48/60 ( 80.0)
1988 >32/202% 24/32 (75.00  5/5 (100.0)
1989 67/201 (33.3) 26/67 (38.8) 4/4  {100.0)

1990 63/223 (28.3)
1991 60/235 (23.5)
1992 95/229 {41.5)
1993 71/213 {33.3)

48/63 (76.2)
44/60 (73.3)
57/95 (60.0)
45/71 (63.4)

20/20 (100.0)
32/45 ( 71.0)
43/80 ( 53.8)
18/52 { 34.6)

2 Rotavirus in feces was detected by latex agglutina-
tion test.

® Rotavirus in feces was isolated by MA-104 cell
culture method.

9 NT: not tested.

¥ Detailed data was not available.

pretreated with 10 pg/ml of acetylated bovine
trypsin type I[I* for 20 minutes at 37°C and
propagated in MA-104 cells in the presence of
1 pg/ml of trypsin 17,

Detection and isolation of RV —- RV detection in
feces was carried out by use of the latex aggluti-
nation test® according to manufacturer’s instruc-
tions. RV isolation was performed using MA-
104 cell cultures through the 3 to 5 blind passages
as described previously *7.

Neutralization test — Serum neutralization tests
were performed by the fluorescentfocus 60 %-
reduction method (FFN)# using the reference
RV strains and their rabbit hyperimmune
antisera 72,

Polvacrylamide gel electrophovesis (PAGE) --
Electrophoresis of viral RNA was done on 109%
polyvacrylamide slab gels by the method of

[14] [17.21]

Laemmli **' as described previously

Polvmerase chain reaction (PCR) — By using RV

dsRNA extracted with the method of Ohta and

8Sigma Chemical Co, St Luis, Mont. U. 8. A.
*Qrion Diagnostica, Espoo, Finland.

colléagues 7, PCR for G and P typing of equine
RVs was carried out as described previously %),
The common and type-specific primers employed
for PCR are listed in Table 1.

In the G typing assay, the conditions for the
first amplification using common primers C1 and
C2 (20 pmol each) were as follows: reverse tran-
scription at 42°C for 30 minutes, one cycle of
5 minutes at 94°C, 3 minutes at 43°C, and 3 min-
utes at 72°C, 30 cycles of 1 minute at 94°C, 1.5
minutes at 43°C, and 2 minutes at 72°C, a final
cycle of 1 minute at 94°C, 1.5 minutes at 43°C, and
10 minutes at 72°C.
a mixture of primers (40 pmol each of primers
S3Eq, S13Eq and S14Eq), which are specific to
FI14, L338, and FI23 VP7 gene alleles, respective-
ly, a common primer, Cl, and a 1: 100 dilution of
the first amplification product were subjected to
30 cycles of 94°C for 1 minute, 52°C for
1.5 minutes, and 72°C for 2 minutes, and a final

In the second amplification,

incubation at 72°C for 7 minutes.

In the P typing assay, PCR conditions were
essentially the same as in the G typing assay
except for the annealing temperature (50°C).
The primers used were a pair of commom
primers, PC1Eq and PC2Eq (20 pmol each) for the
first amplification, and a mixture of primers
{25 pmol each) PS7Eq, PS12Eq, andPS17Eq, spe-
cific to H1, H2, and L338 VP4 gene alleles, respec-
tively.

PCR products (5 #1) were analyzed by electro-
phoresis on 1% agarose in Tris-acetate-EDTA
buffer containing ethidium bromide (1 gg/ml).
RNA-RNA hybridization —— Liquid RNA-RNA
hybridization assay using ?P-labeled single-
stranded RNA (ssRNA) from strain SH101 virus
was performed by the method as reported previ-

ously &2,

RESULTS

Clinical and Epidemiological findings —— On the
farm studied, many foals were born from Febru-
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ary to June each year, and they were exposed to
outhreaks of endemic diarrhea throughout the
observation years. The foals suffered from diar-
rhea at various rates year by year (Table 2).
Diarrheal feces were in general stinking, buff-
colored and watery. The duration of diarrhea
was 2 to 5 days in many cases. Affected foals
received orally Ringer’s solution supplemented
with 5% glucose or solution of bovine colostral
immunoglobulin (manufacture for experiment)®
during the diarrhea. All the affected foals devel-
oped pyrexia with a temperature of 38.5 to 40.8°C.
RV was detected and isolated from more than
half of the fecal specimens tested in all the years
except a few,

The occurrence of foal diarrhea was observ-
ed for a long period from March to September.
However, the majority of the RV positive foals
were recorded from May to August. More than
half of the cases (46.7-100%) were observed in
June and July, with the exception of low value
(19.3%4) in 1992. In particular, the earliest occur-
rence of foal diarrhea appeared to correspond
closely with cloudy weather and thick fog at the
seaside (the third foal-raising location) in June
and July for most years. Asshownin Table 3, a
few foals developed diarrhea as early as one to 30
days after birth in 1987 and 1989, while many of
the diarrheal foals with RV were cbhserved on
days 31-167 in the other years regardless of the
location. All the RV-negative diarrheal feces
which were collected from March to April in 1987
and 1989 were inoculated on Bacto-MacConkey
agar for detection of Safmonella spp, after enrich-
ing the cultures in Bacto-Selenite Broth. The
results obtained were negative in all cases.
Characterization of represenlalive tsolates -— The
cross-FFN tests were carried out between the
8 representative isolates and the 19 reference
strains of serotypes Gl to G14. All the isolates

¢ Shimizu Chemical Co, Hireshima, Japan.

Table 3. Relationship between the onset of diarrhea
and the age after birth of foals

No. of diarrheal foals on days after birth ~ Average
1-10 11-30 31-60 61-80 81-120 I21-167 ((?Elgy?s)
1987 9 15 33 15 17 0 47.9430.7
@2 @O @ a0 (13
1986 15 16 11 9 14 2 26.0+23.8
o @ @ @ W @
1990 0 0 6 14 31 12 92.7+24.5
5y (10 22y (1D
7 12 14 24 3 66.7X41.0
2y @ 13 19 @
1992 0 3 22 13 35 22 69.8%29.6
n ® @ 223 (@0
1593 1] 7 10 25 24 5 64.31+39.7
@ @ an £y &

® Nop data in 1986 and 1988, . :

% Number in parenthesis shows the cases positive for
RV in MA-104 cell culture method in 1987 and in
latex agglutination test in other years.

Years®

1951 O

showed antigenic relatedness to G3 strains SAll
(G3), H2 (G3A) and FI14 (G3B) (Table 4). How-
ever, the H2 (G3A) strain showed only one-way
cross reactivity with antisera to the isolated
strains SH31 and SH52. Conversely, antiserum
to SA11 (G3) showed lower reactivity to the iso-
lates. No cross (two-way) reactivities between
the isolates and other reference strains were
observed. Thus, the highest level of cross-
reactivity was found between strain Fil4 {G3B)
and the 8 isolated strains.

In PAGE of viral RNA from the 173 isolates,
almost all the strains showed the same RNA
electropherotype in the migration of the 11 RNA
segments (data not shown), although RNA migra-
tions of some strains (one isolate from 1992 and
2 isolates from 1993) revealed a few differences in
segments 3 and 7. One isolate (strain CH3) from
1987 showed considerable differences in many
segments, and this strain has been reported previ-
ously as a minor prevalent strain on this farm 9.
The strain CH3 belonged to G14 and shared VP4
genotype with equine strain HZ in the futher
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Table 4. Results of FFN tests with the isolates and
reference RV strains against antisera of the known G
serotypes

Rotavirus  FEN antibody titer® of antiserum to indicated RVs
(G serotype)  sa11(3) H2(3A) FII4(3B) SH31 SH52 SHI02

SA11(3) 131072 4096 4096 4096 4096 8192
H2(3A) 4096 32768 1024 512 512 2048
FI14(3B) 16384 1024 16384 8192 4096 8192

SH31 [1986]® 8192 2048 8192 32768 16384 8192
SH52 [1987) 8192 2048 8192 16384 16384 8192
SH86 [1988] 4096 2048 4096 32763 16384 8192
SH98 [1989] 8192 2048 4096 16384 8192 16384
SH101[1990] 8192 2048 4096 32768 16384 16384
SH127[1991] 8192 1024 4096 16384 16384 8192
SH102[1992] 8192 4096 4096 16384 8192 16384
HH90 [1993] 16384 4096 4096 16384 8192 8192
# Neutralizing titers represent reciprocals of highest dilu-

tion reducing fluorescent focus counts by more than 60%.
" Jsolation year.

studies on the antigenic and genomic properties of
the strain ®.

RNA-RNA hybridization was carried out in
order to examine the overall genomic relatedness
among the 8 strains isolated in 1986-93 (Fig 1).
When dsRNA of the 8 isolates were subjected to
hybridization with a radiolabeled total ssRNA
from strain SH101 virus isolated in 1990, most
hybrid bands were recognized on all the strains
tested. However, there were no hybrid bands
between SH101 and the genomic RNA from por-
cine strain OSU and avian strain PO13 which
served as a negative control though the data not
shown in Fig. 1.

G and P typing by PCR -- PCR assay was
applied for the assignment of G and P types of the
8 representative and of all the 113 strains isolated
from 1990-93 in the present study. The 8 repre-
sentative strains produced the DNA fragments
(306 bp) with the same size as the reference strains
H2 (G3A, P[12]) and FI14 (G3B, P[12]), differing
from the size of DNA fragments of strains H1 (G5,
P[7]), 1338 (G13, P[18]), FI23 (G14, P[12]), CH3
(G14, P[12]) and UK (G6, P[5]) (Fig 2). For the
P type, DNA fragments of 548 bp (specific for

SH101 probe

Fig. 1 Hybridization patterns between genomic RNAs
from the representative 8 RV strains indicated
above each lane and 32P-labeled total ssRNA
from strain SH101 virus. Extra band around
segment 5 appears to be the rearranged gene,
although the origin of the gene has been
identified. RNA segments are indicated to the
left.



H. SAKAWAKI ; H.ISHIZAKI; M. TAKAGI; G. MASUDA ; K. TANIGUCHI
108 T. URASAWA ; S. URASAWA ; H. GOTO and T. SHIRAHATA

836(P[7])
o—652(P[18])
548(P[12])

P typmng

Fig. 2 G and P typings by PCR of VP7 and VP4 genes of the reference and
representative RV strains indicated above each lane. Base pair
markers (M) are indicated to the left

P[12]) were detected in the 8 representative
strains and the reference strains H2 (G3A, P[12]),
FI14 (G3B, P[12]), FI23 (G14, P[12]) and CH3
(G14, P[12]). AIll 113 strains except one (not
amplified in the first amplification) were
identified as G3 and P[12] (data not shown).

DISCUSSION

All the strains tested by FFN and/or PCR

assays in this study, were identified as type G3,
P[12], and showed the same electropherotype in
PAGE of viral RNA. Furthermore, the 8 repre-
sentative strains, one obtained from each year,
showed a higher degree of overall genomic
related from one another in hybridization assay of
viral dsRNA. In our neutralization tests, the
8 isolated strains showed a strong cross-
reactivity with strain FI14 (G3B), but relatively
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weak or one- way cross-reactivity with strain H2
(G3A). These results suggest that the 8 isolates
in this study are ascribed to G3B. It is of interest
to examine the reactivity of G3A- and G3B-
specific monoclonal antibodies with the 8 isolates,
since the classification of G3A and G3B was
originally performed by using the specific mono-
clonal antibodies. Anti - SAll hyperimmune
serum showed relatively lower reactivity (1 : 4,096
-16,384) to the § equine strains compared with the
homologous titer of 1:131,072, This might be
explained by antigenic drift in the neutralization
epitopes on VP7, by manifestation of VP4
antigenicity, or by altered display of VP7 epitopes
due to the VP4 expression. Our results on the
antigenic relatedness among strains SAll, H2,
and FI14 was different, to some extent, from the
previous results shown by Hoshino et all®*.
Although precise reason for the discrepancy is
unkown, the difference in immunized animal,
immunization schedule, or purification proce-
dures for the preparation of immunogens might
reflect the results.

In the present study, diarrheal foals with RV
were recognized in 2 to 4 months after birth in a
large number of cases. A change in season might
have influenced the occurrence of diarrhea in
some cases. It is well-known that adequate
administration of colostral milk is of major
importance for protection against several diges-
tive infections in newhorn animals, because of the
presence of local and passive immunity. A high
incidence of RV diarrhea has been recognized
among 4- to 8-month-old children and one-
month- old piglets whose maternal antibodies
showed a marked decrease 7%,

The present results also strongly suggest that
the widely prevalent strains on this farm were
almost identical serologically and genetically
throughout the observation period from 1986 to
1993. A similar finding was described as the
prevalence of predominat RV strain {(G3) in horses

Bl 1In this study, it was thought

during two years
that the horses might have been exposed many
times to invasion of RV strains, because many
pregnant mares were imported from abroad every
yvear and some horses were transported from the
farm to the race track or vice versa many times.
However, no appearence of serologic and
genomic variants of RV was observed on the farm
for eight long years, except that a minor preva-
lent RV strain (G14, P[12]) was recognized in
1987 %1 These results indicate the possibility
that other type RV strains did not invade or could
not remain for a long time among the horse
population in which a singlepredominant RV
strain (G3, P[12]) prevailed on the farm. Sys-
temic sequence analysis of the strains isclated in
each year would be useful for testing this possibil-
ity. Literature dealing with the observation of
foal diarrhea with RV over a long term is scanty ;
thus, the present findings have an interesting
bearing on the ecological feature of equine RVs.

This work was supported in part by a Scien-
tific Research Fund grant-in-aid Nos. 63304025
and 03454102 from the Ministryof Education,
Science and Culture, Japan.
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