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A novel neutralization assay for human group C rotavirus (CHRV) was developed by using a reverse passive
hemagglutination (RPHA) test for endpoint determination. In this assay, the neutralization (N)-RPHA test,
serial twofold dilutions of sera were mixed with a solution of CHRV that yielded an RPHA test titer of 8 at 3
days after infection. The mixtures were incubated at 37°C for 1 h and were inoculated onto CaCo-2 cell
monolayers in a 96-well microplate. Maintenance medium containing 100 mg of pancreatin per ml was placed
in each well. The plate was sealed with sticky plastic film and was incubated at 37°C for 3 days under
continuous rotation. Then, the RPHA test titer of each well was determined. The neutralization titer was
expressed as the reciprocal of the maximum dilution of the serum that exhibited a fourfold (75%) or greater
reduction in the RPHA test titer (8 to 2 or less). Seroconversion of neutralizing antibody was demonstrated by
this method in four sets of paired serum specimens from patients with diarrheal disease caused by CHRV. The
seroprevalence of CHRV in the general population in Okayama Prefecture was 26.8% by immunofluorescence
and 25.5% by the N-RPHA test. The N-RPHA test described here is the first system used to assay for a
neutralization antibody against CHRV and is applicable in both clinical and epidemiological settings.

Rotaviruses are members of the Reoviridae family and are
characterized by their segmented, double-stranded RNA ge-
nome and their nonenveloped icosahedral structure (29).
Group A rotaviruses are the principal cause of severe dehy-
drating gastroenteritis in young children (29). Two other anti-
genically and genetically distinct groups (groups B and C) also
infect humans. Group B rotaviruses have caused very large
epidemics of diarrheal disease in adults in China (6) but have
only rarely been identified elsewhere.

Group C rotaviruses were first recognized as a causative
agent of gastroenteritis in piglets (2, 24). Bridger et al. (4)
characterized them as a definite human pathogen in 1986.
Since then, human group C rotavirus (CHRV) infections have
been associated with several outbreaks of acute diarrhea in
Asia (22, 23), Europe (3, 5, 7, 10, 11, 17), South America (9),
and the United States (12). Thus, CHRV is globally distributed
and is thought to be one of the emerging pathogens of medical
importance.

CHRV infection in Japan was first recognized by Oseto et al.
(21) in 1985. Since then, CHRV infections have been reported
sporadically or in the form of epidemics at various areas in
Japan (8, 16, 18, 19). Recently, a large-scale outbreak of diar-
rhea caused by CHRV was reported in schoolchildren in Chiba
Prefecture (26). We conducted an epidemiological survey that
covered 10 prefectures in Japan during the winter of 1992 and
1993 and first described the molecular epidemiology of CHRV
in Japan (14).

Considerable progress has been made in identifying and

characterizing the proteins of group A rotaviruses that are the
targets of neutralization antibody (29). VP4 and VP7 are the
two surface proteins on the outer capsid. VP7 is primarily
responsible for determining the viral serotype. VP4 is also
responsible for inducing neutralizing antibodies. Serologic
classification of rotavirus based on both VP7- and VP4-specific
immunity has recently been adopted. In this system, the VP7
and VP4 serotypes are classified as G types and P types, re-
spectively (29). To date, at least 10 distinct G types of human
group A rotaviruses have been identified, although the major-
ity of infections appear to be caused by four common serotypes
(serotypes 1 to 4).

Several methods for measurement of neutralizing antibody
have been developed for group A rotaviruses. These include a
classical plaque reduction neutralization assay (30), a fluores-
cent-focus neutralization test (1), and an enzyme-linked im-
munosorbent assay (ELISA)-based neutralization test (32). All
of these methods were based on the establishment of efficient
growth conditions for group A rotaviruses in vitro. Human as
well as animal group A rotaviruses grow well in MA104 cells in
the presence of trypsin (25, 31). In contrast, efficient growth
conditions for group C rotaviruses, especially CHRV, had been
difficult to achieve until Oseto et al. (20) first demonstrated the
growth of CHRV in CaCo-2 cells in the presence of pancre-
atin. Even using these optimal conditions, however, neutral-
ization tests by the classical plaque reduction or fluorescent-
focus reduction test were difficult to perform because the
infected cells grow unevenly without forming a complete
monolayer and are prone to detachment from the surface of
the plates.

In the present study, a novel neutralization assay for CHRV
was developed by using a reverse passive hemagglutination
(RPHA) test for endpoint determination. Some seroepidemio-
logical data obtained by this assay are also presented.
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MATERIALS AND METHODS

Cells. CaCo-2 cells were kindly provided by K. Shinozaki (27). The cells were
grown and maintained in Eagle’s minimal essential medium (MEM) supple-
mented with 10% heat-inactivated fetal calf serum (27). For large-scale virus
stock culture, the cells were cultured in 1-liter roller bottles coated with collagen
(Cosmo Bio, Tokyo, Japan).

Viruses. The OK118 and OK450 strains of CHRV were propagated more than
five times in CaCo-2 cells and were adapted to in vitro culture. These two strains
were the representatives of two electropherotypes (patterns I and II) observed in
the epidemic in Okayama Prefecture from 1988 to 1990 (8, 13). For preparing a
virus stock, CaCo-2 cells in 1-liter roller bottles were infected with either of these
two strains and were cultivated at 37°C for 4 days in the presence of 100 mg of
pancreatin per ml under continuous rotation. After one freeze-thaw cycle, the
culture supernatant was clarified by centrifugation at 9,000 3 g for 20 min.
One-milliliter aliquots of the virus sample were stored at 280°C until use.

Sera. Sera that had been obtained from four patients in the acute and conva-
lescent stages of diarrheal disease caused by CHRV in 1989 were kindly provided
by S. Nakata. In addition, a total of 231 serum samples were collected from
healthy people (125 males and 106 females; age range, 0 to 73 years) who lived
in three cities (Okayama, Kurashiki, and Tsuyama) located in Okayama Prefec-
ture. Sera were collected randomly from each age group during medical exam-
inations performed from November 1994 to February 1995. Hyperimmune sera
against two strains of CHRV were prepared as follows. A culture supernatant of
CHRV was purified by 20 to 50% sucrose density gradient centrifugation. The
virus band was collected and dialyzed with phosphate-buffered saline (PBS). The
purified virus sample was mixed with the same amount of Freund’s complete
adjuvant and was inoculated into mice. Three weeks later, a booster injection was
administered. One week after the final injection, the animals were killed and
blood was collected.

Indirect immunofluorescence (IF) test. CaCo-2 cells infected with the OK450
strain of CHRV, as well as mock-infected cells, were spotted on a multiwell glass
slide. The slide was air-dried and fixed with acetone. The slide was covered with
a 1:10 dilution of human or mouse sera. After washing with PBS, the second
antibody, fluorescein isothiocyanate-labeled anti-human or anti-mouse immuno-
globulin (DAKO, Glostrup, Denmark) was applied. After washing with PBS and
mounting with glycerol, the slide was observed under a fluorescence microscope
(Axioskop; Carl Zeiss, Jena GmbH, Germany).

Titration of infectious virus by monitoring viral antigens by RPHA test. The
reagents for the RPHA test are described in our previous paper (15). The
method was originally developed for direct detection of CHRV antigen in fecal
samples by using erythrocytes coated with a mouse monoclonal antibody (MAb),
MAb 13A3, which is directed to inner capsid protein VP6, and was applied to the
titration of infectious virus in 96-well microplates by monitoring viral antigens.

CaCo-2 cells (2 3 105/well) were cultivated in collagen-coated 96-well micro-
plates (FALCON, Bedford, England) at 37°C for 5 days. After washing twice
with MEM, the CaCo-2 cells in each well were inoculated with 25 ml of viral
sample that was serially diluted in twofold steps in MEM containing pancreatin

(300 mg/ml). The microplates were incubated at 37°C for 60 min for adsorption
and washed twice with MEM, each well was given 200 ml of MEM containing
pancreatin (100 mg/ml), and plates were sealed with sticky plastic film (Plate Seal;
Sumitomo Bakelite, Tokyo, Japan) and incubated at 37°C for the appropriate
number of days under continuous rotation at a speed of 0.1 rpm by using a
roller-bottle rotator (RT-550; TAITEC, Tokyo, Japan). After one cycle of freez-
ing-thawing, they were centrifuged at 350 3 g for 10 min in a microplate cen-
trifuge. Then the supernatant in each well was subjected to the RPHA test to
monitor the amount of viral antigen.

The supernatant (25 ml) was serially diluted in twofold steps in PBS containing
1% heat-inactivated normal rabbit serum in V-shaped microplates. The same
amount of MAb-coated sheep erythrocytes was added to each well. After shak-
ing, the plates were allowed to stand at room temperature. The hemagglutination
pattern of each well was observed after 1 h. The RPHA test titer was expressed
as the reciprocal of the endpoint dilution of hemagglutination.

Neutralization assay of CHRV by RPHA test. The heat-inactivated sera (56°C,
30 min) were serially diluted in twofold steps in MEM. The initial serum dilution
used for the neutralization test was 1:32 or 1:64, because some sera showed
nonspecific background reactions at lower dilutions. The stock of CHRV was
diluted with MEM containing pancreatin (300 mg/ml) to obtain virus samples
that would yield an RPHA test titer of 8 at 3 days after infection. The same
amounts (25 ml) of diluted sera and virus samples were mixed, and the mixture
was incubated for 1 h at 37°C. Residual infectivity was measured by inoculating
the mixture into CaCo-2 cells prepared in 96-well microplates, and the amount
of viral antigen at 3 days after infection was measured by the RPHA test. The
maximum dilution of serum that exhibited a fourfold (75%) or more reduction
in the RPHA test titer was defined as the endpoint of neutralization. We named
this assay the neutralization (N)-(RPHA) test.

RESULTS

Establishment of optimal growth conditions for CHRV in a
96-well microplate and monitoring growth of CHRV by RPHA
test. It was shown that rotation of roller tubes during incuba-
tion of cells infected with rotaviruses enhances replication of
the virus (27). To apply this methodology to a microplate
culture, 96-well microplates were covered with sticky plastic
film. Rotation culture was continued for 2, 3, and 4 days after
infection with twofold dilutions of the viral sample, and the
amounts of viral antigens were quantitated by the RPHA test
(Fig. 1). Ideally, it was desirable that the culture could be
maintained until the endpoint of infection so that the tissue
culture infectious dose could be definitely determined. How-

FIG. 1. Amount of CHRV antigen quantitated by the RHPA test after rotation culture for 2 days (‚), 3 days (F), and 4 days (E). CaCo-2 cells were infected with
twofold dilutions of two virus samples, the OK118 (A) and OK450 (B) strains.
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ever, the holding power of the sticky film was not strong
enough to allow the plates to stand for 4 days or more. In fact,
it was not always possible to incubate the plates for 4 days
without leakage. Alternatively, we decided to use the RPHA
test titer obtained at 3 days after infection (RPHA value) as an
indicator of the infectious titer of the inoculum because the
RPHA value correlated with the amount of virus in the inoc-
ulum over a very wide range. For the two representative viral
samples shown in Fig. 1, strains OK118 and OK450, an RPHA
value of 8 corresponded to approximately 8 to 16 tissue culture
infectous doses.

Establishment of neutralization test for CHRV. The first
step of the neutralization test was similar to that of the classical
neutralization test with plaque reduction. Twofold dilutions of
the test serum were mixed with CHRV samples that would
yield an RPHA value of 8. The mixtures were then incubated
for 1 h at 37°C and inoculated onto CaCo-2 cells, and the
mixture was incubated at 37°C for 3 days with continuous
rotation. The amount of viral antigens in each well was mea-
sured by the RPHA test. Table 1 summarizes the neutraliza-
tion antibody titers of murine sera against CHRV. A significant
rise in the neutralization antibody titer against CHRV was
observed after immunization with CHRV. A cross-neutraliza-
tion test between the two clinical isolates OK118 and OK450
revealed that these two strains belonged to the same serotype.
No cross-reactive neutralizing antibody was detected in the
sera of mice hyperimmunized with group A rotaviruses.

Seroepidemiology of CHRV by the N-RPHA test. By the
N-RPHA test, seroconversion of neutralizing antibody against
CHRV was demonstrated in four sets of paired serum speci-
mens obtained from patients with acute gastroenteritis symp-
toms during epidemics of CHRV in 1989 in Hokkaido (Table

2). The CHRV genome was detected in fecal samples from all
these patients by polyacrylamide gel electrophoresis. In patient
4, the antibody titer was already elevated at 10 days after the
onset of the disease, suggesting that seroconversion might have
occurred within 2 weeks of the onset.

Seroprevalence of CHRV determined by indirect IF and the
N-RPHA test. A total of 231 serum samples were tested for
CHRV antibodies. The overall seroprevalence of CHRV in the
general population of Okayama Prefecture was 26.8% by the
indirect IF test and 25.5% by the N-RPHA test. The correla-
tion between these assays was 98.1% (228 of 231) (Table 3).
The seroprevalence of CHRV increased with age during the
first 0 to 14 years and reached a level of 30 to 50% at about
adolescence, although the seroprevalence varied thereafter
(Fig. 2).

DISCUSSION

Prior to this study, we had attempted to establish a neutral-
ization assay using a classical plaque reduction assay, a fluo-
rescent-focus neutralization test, and an ELISA-based neutral-
ization test. However, neither clear plaques nor fluorescent
focuses were observed. Furthermore, the growth of CHRV was
not monitored by the ELISA. Because of this, we established
the N-RPHA test, in which the endpoint of neutralization was
determined by measuring the amount of viral antigen by the
RPHA test. The key reagent for the RPHA test was the anti-
CHRV MAb. We have established three MAbs against CHRV
and have applied them to the direct detection of CHRV anti-
gen in fecal samples by ELISA, the RPHA test, and latex
agglutination tests (8, 15). Some advantages of the RPHA test
are that MAb-coated erythrocytes can be preserved for a long

TABLE 2. Neutralization antibody titer of paired serum specimens
obtained from patients with diarrheal disease caused by CHRV

Patient
no.

Serum neutralization antibody titera

Acute
phase

Convalescent
phase

1 ,64 (2) 1,024 (21)
2 ,64 (2) 1,024 (15)
3 ,64 (3) 1,024 (18)
4 128 (10) 1,024 (20)

a Antibody titers were determined against CHRV strain OK118. Values in
parentheses are the intervals (in days) after the onset of the disease.

TABLE 1. Neutralization antibody titers of murine sera hyperimmunized with two strains of CHRV and group A rotaviruses

Serum
sample

no.

Strain used
for

immunization

Neutralization antibody titera against:

OK118 OK450

Preimmunization Postimmunization Preimmunization Postimmunization

1 OK118b ,32 256 ,32 256
2 OK118b ,32 128 ,32 128
3 OK450b ,32 128 ,32 128
4 OK450b ,32 256 ,32 256
5 OK450c ,32 256 ,32 512
6 OK450c ,32 256 ,32 256
7 Wab ,32 ,32 ,32 ,32
8 Hochib ,32 ,32 ,32 ,32

a Neutralization antibody titers in sera of mice immunized with CHRV (OK118 and OK450 strains) and human group A rotaviruses (Wa and Hochi strains) were
determined against OK118 or OK450.

b For the immunization viral antigens purified from culture fluid were used.
c For the immunization viral antigens directly purified from feces were used.

TABLE 3. Seroprevalence of CHRV determined by indirect IF and
N-RPHA tests

Indirect
IF test
result

No. of samples with the following N-RPHA test
result:

Positivea Negative Total

Positiveb 59 3 62
Negative 0 169 169

Total 59 172 231

a Samples which exhibited neutralization activity at a dilution of 1:64.
b Samples which revealed specific immunofluorescence at a dilution of 1:10.
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time, and once the reagent is ready, the assay itself is faster and
easier to perform than the ELISA.

It is not clear that the neutralization antibody detected in
this assay has a protective role because no animal model of
CHRV infection has been established to date. However, by
using the Cowden strain of porcine group C rotavirus and the
Shintoku strain of bovine group C rotavirus, it was demon-
strated that the neutralizing antibody detected by the fluores-
cent-focus neutralization assay had a protective role in the
experimental infections with the respective viruses (28).

As in the group A rotaviruses, the outer capsid glycoprotein
VP7 of group C rotavirus is thought to be primarily responsible
for determining the viral serotype. We have described two
distinct electropherotypes in the epidemic in Okayama from
1988 to 1990 (8, 13). Sequence analysis of the VP7 genes of
these two electropherotypes revealed 95.7 and 96.7% homol-
ogies at the nucleotide and amino acid levels, respectively,
suggesting that these two electropherotypes belong to the same
serotype (13–15). In fact, a cross-neutralization test between
strains of two electropherotypes, strains OK118 and OK450,
revealed that these two strains belonged to the same serotype.
To date, there are no data suggesting that there is more than
a single serotype of CHRV. The alignments of the VP7 genes
of strains isolated in various countries of the world revealed
that they are highly homologous (13). However, some evidence
supports the presence of multiple serotypes in animal group C
rotaviruses (28). Once the novel neutralization assay is estab-
lished for CHRV, careful and systematic monitoring of new
isolates by cross-neutralization tests would help investigators
find new serotypes. We are also planning to conduct an exper-
iment to assess cross neutralization between animal group C
rotaviruses and CHRV.

The present assay should be beneficial for obtaining infor-
mation about the neutralization epitopes of CHRV, if it is used
in combination with neutralizing MAbs against CHRV. Sero-

epidemiology based on the neutralization assay should be use-
ful in clinical virology for the evaluation of protective immunity
and should be applicable to future development of CHRV
vaccines.
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