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Mexico virus (MXV) is a genogroup II human calicivirus (HuCV). We conducted an epidemiological study
to determine the prevalence of MXV infection in infants and adults in Japan and Southeast Asia by enzyme-
linked immunosorbent assays (ELISAs) developed by using baculovirus-expressed recombinant MXV (rMXV)
capsids. Of 155 stool specimens obtained from children younger than 10 years old with acute clinical gastro-
enteritis (diarrhea and vomiting) associated with small, round-structured viruses in Japan from 1987 to 1989,
only 2 were positive for MXV antigen. In 42 outbreaks of acute gastroenteritis in Japan from 1986 to 1994, 1
in an infant home and 1 among adults were positive for MXV antigen. The pattern of acquisition of antibody
to rMXV was different from that of acquisition of antibody to group A rotavirus, the prototype HuCV Sapporo
virus, and Norwalk virus. The prevalence of antibody to rMXV remained low for the first 3 years of life, showed
a steep rise during nursery school age, reaching a prevalence of 50%, and another steep rise during adoles-
cence, reaching 80%; and steadily increased thereafter. A high prevalence of antibody (82 to 88%) was observed
in adult populations in Japan and Southeast Asia, suggesting that MXV infection is common in these areas.
The discrepancy between the high prevalence of antibody to MXV and a low rate of detection of MXV antigen
may be explained by a high specificity of the antigen ELISA for the prototype and closely related MXV strains
while serological responses can detect responses to a broader group of viruses.

Based on sequence difference of the RNA-dependent RNA
polymerase and capsid regions of genomes, human calici-
viruses (HuCVs) have been divided into at least three geno-
groups, the Norwalk virus (NV)-like, Snow Mountain agent-
like, and Sapporo virus-like genogroups, which are also referred
to as genogroups I, II, and III, respectively (2, 5, 16, 21). The
Mexico virus (MXV) belongs to genogroup II. Genogroup II
viruses are proposed to be further divided into two subgeno-
groups. Subgenogroup 1 is represented by the prototype Snow
Mountain agent, and subgenogroup 2 is represented by MXV
based on the antigenic relationships between the two sub-
genogroups determined by the recombinant MXV (rMXV)
antibody and antigen enzyme-linked immunosorbent assays
(ELISAs) (11).

As for NV, the recent success of MXV gene cloning and the
production of the rMXV capsid protein by using the baculo-
virus expression system have resulted in the availability of an
unlimited amount of rMXV antigen and high-titered immune
sera to rMXV which can enable large-scale epidemiological
studies (4, 23). Epidemiological studies using these ELISAs
and other genomic methods indicate that viruses in genogroup
II, including MXV, are the predominant viruses detected cur-
rently in many countries, including Mexico, the United King-

dom, the United States, South Africa, Canada, Japan, and Spain.
Genogroup II viruses have been reported to cause mainly
sporadic cases of gastroenteritis in infants and outbreaks of
gastroenteritis among school-aged children and adults (1, 6, 8,
9, 13–15, 17, 21, 24).

In this study, we conducted epidemiological surveys by using
antigen and antibody ELISAs for rMXV to determine the
prevalence of MXV infection in infants and adults in Japan
and Southeast Asia and demonstrated that MXV infection is
common in these areas.

MATERIALS AND METHODS

Stool samples. Four hundred twenty stool samples were tested by the antigen
ELISA for MXV. Of these stool specimens, 155 were collected from children
younger than 10 years of age with acute clinical gastroenteritis (diarrhea and
vomiting) who had visited 10 pediatric outpatient clinics in Sapporo, Japan, from
1987 to 1989 and 1 outpatient clinic in Ehime prefecture, Japan, from 1984 to
1988. These samples were positive for small, round-structured viruses (SRSV) by
electron microscopy and had been examined for NV (22) and HuCV Sapporo
(HuCV/Sa/82/J) by ELISAs (12). Two hundred forty-five stool samples were
obtained from patients involved in 42 outbreaks of acute gastroenteritis in Japan
from 1986 to 1994. One outbreak occurred in a pediatric ward of the Hakodate
city hospital in 1982, 18 outbreaks occurred among school children and adults in
Aichi prefecture from 1987 to 1991, and 23 outbreaks occurred in an infant home
in Sapporo from 1986 to 1994. Ten samples collected from patients with group
A rotavirus gastroenteritis in Sapporo, 10 specimens obtained from patients with
gastroenteritis due to enteric adenovirus type 40 or 41 (22), and one sample
positive for group C rotavirus were tested as negative controls. Stool samples
were prepared as a 10% (wt/vol) suspension in 10 mM phosphate-buffered saline
(PBS; pH 7.4) and clarified by centrifugation at 3,000 3 g for 20 min. The
supernatant was extracted with an equal volume of Difulon solvent (trichloro-
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trifluoroethane; Daikin Kogyo Ltd., Tokyo, Japan) and clarified by centrifuga-
tion at 7,000 3 g for 20 min. The aqueous phase was stored at 4°C until testing.

Serum samples. Six hundred eighty-four serum samples collected from healthy
adults or ill children without gastroenteritis were tested by ELISA for antibody
to rMXV. One hundred eighty serum samples were collected from children (1
month to 19 years of age) without gastroenteritis who were outpatients or
inpatients at the Sapporo Medical University hospital from 1986 to 1991. They
were divided into six age groups (0 to 3 months, 4 to 11 months, 1 to 2 years, 3
to 6 years, 7 to 11 years, and 12 to 19 years), and 30 samples from each age group
were tested. Thirty cord blood samples were obtained by the Sapporo Medical
University Hospital in 1991. One hundred thirty-four serum samples were col-
lected from healthy adults (over 20 years of age) in 1992 in Hokkaido, Japan, and
kindly supplied by S. Sekiguchi (Japan Red Cross Society, Hokkaido, Japan).
They were divided into four age groups (20 to 29, 30 to 39, 40 to 49, and over 50
years), and 30, 30, 30, and 44 samples from each age group were tested. The
other 190 serum samples from healthy adults aged 20 to 49 years were collected
from four prefectures in Japan in 1978, of which 40 were from Miyagi-ken, 50
were from Saitama-ken, 50 were from Kyoto-fu, and 50 were from Fukuoka-ken.
Of these four prefectures, Miyagi-ken is located in the northern part of Japan
and Fukuoka-ken is in the southern part of Japan. These samples were kindly
provided by S. Yamazaki (National Institute of Health, Tokyo, Japan). One
hundred fifty serum samples were obtained from healthy adults in three countries
in Southeast Asia and were kindly supplied by S. Yamazaki. Fifty of these were
obtained from adults aged 20 to 37 years in Singapore in 1975, 50 were obtained
from adults aged 20 to 29 years in Indonesia in 1975 and 1976, and 50 were
obtained from adults aged 20 to 44 years in Papua, New Guinea in 1979. All
serum samples were stored at 220°C and tested under code.

Baculovirus-expressed rMXV capsid protein and preimmune and hyperim-
mune antisera. rMXV capsid protein and guinea pig and rabbit preimmune and
hyperimmune sera against rMXV were prepared as described previously (10, 11).

ELISA for antigen detection. ELISAs for MXV antigen were performed in
96-well polyvinyl chloride flat-bottom microtiter plates (Dynatech Laboratories,
Inc., Chantilly, Va.) as described previously, with minor modifications (11, 20).
PBS (pH 7.4) containing 10% fetal calf serum and 1% bovine serum albumin was
used as the diluent for stool samples, blocking serum, and detector antibody.
Peroxidase-conjugated goat antibody to rabbit immunoglobulin G (Seikagaku
Kogyo Co., Ltd., Tokyo, Japan) was diluted in PBS containing 5% normal guinea
pig serum and 1% bovine serum albumin. o-Phenylenediamine dihydrochloride
(Wako Pure Chemical Industries, Ltd., Osaka, Japan) in citric acid buffer (pH
4.0) containing 0.4 ml of 30% H2O2 per ml was used as the substrate. The
reaction was stopped by adding 100 ml of 1 M H2SO4 into each well, and the
reactions in the plates were measured by determining the A492 with an ELISA
reader (Easy Reader EAR400; SLT-Labinstruments). Each sample giving an
A492 of .0.1 and a P/N ratio of .1.8 (mean plus 3.0 standard deviations of 20
control stool samples) was considered to be positive. All tests were performed in
duplicate, and the results were averaged.

ELISA-BL. Antibodies to rMXV were measured by an ELISA-blocking test
(ELISA-BL) previously used in the laboratory to measure antibodies to a variety
of enteric viruses (20, 22). In each microtiter plate, an optimal dilution of
hyperimmune serum, which produced .90% reduction in the A492, served as the
positive control; diluent alone served as the negative control. A result of .50%
inhibition of the A492 produced by the serum samples compared with that of the
buffer control was considered to be positive for antibody to rMXV. All tests were
performed in duplicate, and the results were averaged.

RESULTS

Specificity and sensitivity of ELISA for detection of MXV.
The specificity of the guinea pig and rabbit hyperimmune sera
for the rMXV and rMXV protein used in the ELISAs done in
this study was established in previous experiments (10, 11) and
was further confirmed in this study by testing stool specimens
and cell culture fluids containing different enteric viruses (12).

None of the stool samples obtained from patients with group A
rotavirus, enteric adenovirus, and group C rotavirus were pos-
itive in the antigen ELISA for rMXV. Five cell culture fluids
containing group A rotavirus, enteric adenovirus, poliovirus,
echovirus, and coxsackievirus also were negative. The sensitiv-
ity of the ELISA for detection of MXV was determined by
testing serial dilutions of rMXV protein. An end point of 1.5-
ng/ml rMXV protein was detected by this ELISA (data not
shown).

Specificity and sensitivity of ELISA-BL for detection of an-
tibody to MXV. The specificity and sensitivity of the ELISA-BL
for detection of antibody to MXV were evaluated by using hy-
perimmune and preimmune sera against different enteric vi-
ruses from laboratory animals. Guinea pig and rabbit hyper-
immune sera to rMXV were used as positive controls and found
to have antibody titers of 1:50,000 and 1:20,000, respectively.
Three guinea pig hyperimmune sera to group A, B, and C rota-
viruses; two sets of guinea pig and rabbit hyperimmune sera to
rNV (22) and HuCV/Sa/82/J (20); and two preimmune sera
were all negative in the ELISA-BL for detection of antibody to
MXV (,1:50).

Detection of MXV antigen in sporadic and outbreak cases of
gastroenteritis. A total of 155 samples previously confirmed to
be positive for SRSVs by electron microscopy had previously
been tested for NV and HuCV/Sa/82/J by ELISA (12, 22) or
dot blot assay (12). One of 105 samples from Sapporo and 1 of
50 samples from Ehime prefecture were positive for MXV
antigen but negative for NV and HuCV/Sa/82/J (Table 1). Of
245 stool samples obtained from 42 outbreaks, stool samples
positive for MXV came from one outbreak among adults in
Aichi prefecture and from another outbreak in an infant home
(Table 2).

FIG. 1. Age-related prevalence of serum antibody to rMXV from children
and adults in Hokkaido, Japan. p, from Numata et al. (22).

TABLE 1. Detection of MXV antigen in stool of children with
sporadic SRSV gastroenteritis by rMXV ELISA

Geographic
origin

No. (%) posi-
tive for rMXV

by ELISA

No (%) posi-
tive for rNV
by ELISAa

No. (%) positive
for Sapporo vi-
rus by ELISAb

No.
tested

Sapporo 1 (1.0) 1 (1.0) 14 (13.3) 105
Ehime 1 (2.0) 0 (0.0) 4 (8.0) 50

Total 2 (1.3) 1 (0.6) 18 (11.6) 155

a From Numata et al. (22).
b From Kogawa et al. (12).

TABLE 2. Detection of MXV antigen in stool of infants or adults
involved in outbreaks of acute gastroenteritis by rMXV ELISA

Geographic
origin

No. (%) posi-
tive for rMXV

by ELISA

No. (%) posi-
tive for rNV
by ELISAa

No. (%) positive
for Sapporo vi-
rus by ELISAb

No.
tested

Hakodate 0 (0.0) 0 (0.0) 0 (0.0) 1
Aichi 1 (5.6) 3 (16.7) 0 (0.0) 18
Otaru 1 (4.3) 0 (0.0) 0 (0.0) 23

Total 2 (4.8) 3 (7.1) 0 (0.0) 42

a From Numata et al. (22).
b Unpublished data.

2482 HONMA ET AL. J. CLIN. MICROBIOL.



Age-related prevalence of antibody to MXV in Hokkaido,
Japan. Age-related prevalence of antibody to MXV in Hok-
kaido, Japan, is shown in Fig. 1. The samples tested included
30 cord blood samples, from 10 age groups ranging from birth
to .60 years, that had previously been tested for antibodies to
NV (22). Sixteen (53.3%) of the 30 cord blood samples had a
titer of antibody to rMXV which was lower than that of the 20
(76.7%)- and 30 (86.7%)-year-old age groups (Table 1). The
prevalence of antibody was 45% at 0 to 3 months of age, de-
creased thereafter, and reached a minimum of 6.7% at 1 to
2 years of age. The positivity rate showed a steep rise during
nursery school age and adolescence, reaching about 80% by
the age of 12. Antibody prevalence continued to rise through-
out adulthood, reaching almost 100% by the age of 60.

Prevalence of MXV infection in Japan and Southeast Asia.
The prevalence of antibody to rMXV by age and sex in five
districts of Japan is shown in Table 3. No significant difference
of antibody prevalence was observed among these areas, where-
as the positivity rate gradually increased with age. The total pro-
portion of seropositivity to rMXV in Japan was 86.7% (281 of
324 samples). A similar high prevalence of MXV infection (82
to 88%, with an average of 85.3%) was observed in healthy
adults in three Southeast Asian countries (Table 4). No signif-
icant difference was observed among the three countries.

DISCUSSION

This is the first report of a study using rMXV ELISAs to
describe HuCV infection in Japan and Southeast Asia. In 155
stool samples obtained from children with sporadic SRSV gas-
troenteritis in Japan, we found only 2 MXV antigen-positive
samples. The low rate of MXV antigen detection in this study
was similar to the results found in London, where only 1 of 206
samples was positive for MXV (3). Several explanations may
account for the low virus detection rate. (i) The ELISA for
MXV antigen may be quite specific for prototype MXV and
detect only a few strains of genogroup II HuCVs which are
antigenically close to the prototype virus. (ii) The stool samples
in our study were collected mainly from infants younger than 3

years of age, while the MXV infections in Sapporo may not be
common until nursery school age based on our serological
data. (iii) MXV-associated gastroenteritis may be mild and not
require visiting an outpatient clinic. (iv) The rMXV ELISA
does not detect subgenogroup 1 HuCVs, which could be more
prevalent during the study period than subgenogroup 2 within
genogroup II of HuCV (11). Use of antigen ELISAs for sub-
genogroup 1 viruses of genogroup II HuCV (7) or genetic
analysis of SRSV-positive samples may be required to distin-
guish between these possibilities.

Although genogroup II HuCVs are considered to be the
predominant viruses currently detected in the world (Mexico,
the United Kingdom, the United States, South Africa, Canada,
Japan, and Spain) (1, 6, 9, 13–15, 17, 24), outbreaks of acute
gastroenteritis due to genogroup II HuCVs have been report-
ed only from the United Kingdom (3, 8), the United States (11,
21), and Japan (25). Those outbreaks occurred mainly in ge-
riatric wards and nursing homes for the elderly. Our case is the
second report of an outbreak affecting infants (unpublished
data) in addition to a Toronto virus-associated outbreak (13).
From our serological data obtained in Sapporo, Japan, MXV
infection is not common in children younger than 3 years of
age. Children under this age are considered to be susceptible
to MXV, and outbreaks are likely to occur once enteric viruses,
including MXV, are introduced into the community, e.g., in
infant homes with particularly crowded conditions.

The serosurveillance results presented in this report indicate
that MXV infection is common in Japan and Southeast Asian
countries, confirming the previous report by Yamazaki et al.
(25) in that many outbreaks of acute gastroenteritis in adults
that occurred between 1985 and 1995 in eight prefectures in
Japan were associated with genogroup II HuCVs. However,
the detection of antigen in stool specimens by rMXV ELISA
remains low based on our study. Several possibilities may ex-
plain the high prevalence of antibody to MXV but the low level
of MXV antigen detection in stools. First, repeated asymptom-
atic MXV infections may boost the antibody titer to this virus,
as found in HuCV/Sa/82/J infection (18). Second, the high

TABLE 3. Prevalence of serum antibody to rMXV by age and sex in healthy adults from five districts in Japan

District
No. positivea/no. tested (%)

20–29 yr old 30–39 yr old 40–49 yr old 50–59 yr old .60 Males Females Total

Hokkaido 23/30 (77) 26/30 (87) 27/30 (90) 28/30 (93) 14/14 (100) 79/90 (88) 39/44 (89) 118/134 (88)
Miyagi-ken 25/30 (83) 10/10 (100) — — — 14/15 (93) 21/25 (84) 35/40 (88)
Saitama-ken 35/39 (89) 8/10 (80) 1/1 (100) — — 1/1 (100) 43/49 (88) 44/50 (88)
Kyoto-fu 33/40 (83) 9/10 (90) — — — 15/15 (100) 27/35 (77) 42/50 (84)
Fukuoka-ken 30/38 (79) 10/10 (100) 2/2 (100) — — 1/1 (100) 41/49 (84) 42/50 (84)

Total 146/177 (82) 63/70 (90) 30/33 (91) 28/30 (93) 14/14 (100) 110/122 (90) 171/202 (85) 281/324 (87)

a Serum samples with .50% inhibition of the A492 in the rMXV ELISA were considered positive for antibody to MXV.—, no sera available.

TABLE 4. Prevalence of serum antibody to rMXV by age and sex in healthy adults from three Southeast Asian countries

Country
No. positivea/no. tested (%)

20–29 yr old 30–39 yr old 40–49 yr old Males Females Total

Singapore 22/30 (73) 19/20 (95) — 41/50 (82) — 41/50 (82)
Indonesia 43/49 (88) 1/1 (100) — 21/25 (84) 23/25 (92) 44/50 (88)
Papua New Guinea 24/27 (89) 17/19 (89) 2/4 (50) 13/18 (72) 30/32 (94) 43/50 (86)

Total 89/106 (84) 37/40 (93) 2/4 (50) 75/93 (81) 53/57 (93) 128/150 (85)

a Serum samples with .50% inhibition of the A492 in the rMXV ELISA were considered positive for antibody to MXV. —, no sera available.
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prevalence of antibody in the adult population may reflect
separate infections with viruses antigenically related to MXV
but distinct from MXV by the rMXV antigen ELISA (11).
Finally, MXV may cause diseases other than acute gastroen-
teritis.

The age-related prevalence of antibody to rMXV in Hok-
kaido was strikingly different from the prevalence of antibody
to group A rotavirus and HuCV/Sa/82/J and slightly different
from that of antibody to NV. In our study, acquisition of
antibody to rMXV remained at a low level for the first 3 years
and then showed a steep rise during the nursery school ages
and the adolescence, whereas antibodies to group A rotavirus
or HuCV/Sa/82/J were acquired in early childhood (20). In
contrast, antibody to NV was first acquired by school age
children and in early adulthood (22). Thus, MXV infection in
Hokkaido occurs in older children when they start to attend
kindergarten, indicating that infection with MXV may require
a high population density.

The higher prevalence of antibody detected in cord blood
and serum samples obtained from infants aged 0 to 3 months,
which declined to 6.7 to 10.0% in infants aged 4 months to 3
years, suggests that antibody detected in early infancy was
probably passively acquired from mothers. The lower reduc-
tion rates of the ELISA-BL found in the 0- to 3-month age
group compared with the higher reduction rates found in the
childhood and older age groups support the above possibility
(data not shown). There is no clear explanation for the dis-
crepancy between the prevalence of antibody to rMXV in cord
blood samples and that in serum samples obtained from the
maternal age group (20 to 39 years old). One possibility might
be the difference in the periods when the serum samples were
collected.

Further epidemiological studies using the rMXV ELISA are
required to clarify the significance of MXV infection in the
world. New ELISA methods for a broader range of HuCVs
should be useful for antigenic and serologic studies on the
relationships among several HuCVs.
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