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In November 1992 and June and August 1993 rectal contents from 204 small mammals living in the wild were
collected and examined for the presence of Yersinia enterocolitica serovar O:8 to clarify the source of human
infections caused by this microbe in the Tsugaru Region of Aomori Prefecture, Japan. Serovar O:8 was isolated
from 10 (5.2%) of 193 wild rodents trapped in June 1993 (9 of 107) and August 1993 (1 of 23) but not from
animals trapped in November 1992 (0 of 63). This serovar was not isolated from 11 moles. From May to
September 1993, 12 human patients were found to have become ill and to be infected with Y. enterocolitica O:8.
The patients lived in the same districts where the wild rodents harboring serovar O:8 were trapped. Two
different patterns by restriction enzyme analysis of the virulence plasmid were observed. One pattern obtained
by restriction enzyme analysis of the virulence plasmid was observed in 20 isolates from 11 human patients and
9 wild rodents, and the other was observed in 2 isolates from 1 human patient and 1 wild rodent. These findings
indicate that wild rodents seem to play an important role as a source of human Y. enterocolitica O:8 infection.

Yersinia enterocolitica is known to be an important human
enteric pathogen (12, 23, 28, 35). Serovar O:8, biovar 1, is the
most pathogenic among the serovars of Y. enterocolitica (5, 13,
26). The geographical distribution of this serovar is very lim-
ited. It has been isolated from humans and animals only in
North America and Nigeria (1, 7, 15, 23, 25, 26, 36). In 1989,
an isolate of this serovar was isolated from small rodents living
in the wild in mountainous areas in Japan (17). Furthermore,
in 1990 an isolate of the serovar was recovered from a human
patient in the Tsugaru Region of Aomori Prefecture, Japan
(16). After that, human patients infected with serovar O:8 have
been sporadically reported in this area (33). Little is known
about the natural reservoirs of this serovar because of its lim-
ited distribution. Furthermore, the source of human infections
has not yet been identified. The present study was performed
to clarify the source of sporadic human infection with Y. en-
terocolitica O:8 in the Tsugaru Region of Aomori Prefecture.

MATERIALS AND METHODS

Specimens. In November 1992 and June and August 1993, 204 small wild
mammals living in the wild, including 96 large Japanese field mice (Apodemus
speciosus), 88 small Japanese field mice (Apodemus argenteus), 9 Anderson’s
red-backed voles (Eothenomys andersoni), and 11 Japanese shrew moles (Uro-
trichus talpoides), were trapped in the Tsugaru Region (40°36’N, 140°28'E) of
Aomori Prefecture, Japan, which is located in northern area of Honshu Island.
The animals were trapped at six investigation points located in the same areas
where cases of Y. enterocolitica O:8 infection in humans had been recorded (Fig.
1). All trapping stations were located near streams used as drinking water
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supplies by the local population in the mountainous area (150 to 500 m above sea
level). In August 1993, the investigation was carried out at points E and F only.
All animals trapped were immediately transported to the laboratory and were
dissected. The rectal contents were collected from each animal and were exam-
ined for the presence of Yersinia spp.

Human patients. In 1993, 12 cases of infection with Y. enterocolitica O:8 were
recorded in humans in the Tsugaru Region (Fig. 1; Table 1). Infections in
humans occurred during May through September 1993. All patients became ill
and were hospitalized. We interviewed the doctors in charge of the patients
about the epidemiological factors related to the infections. Of 12 patients, all
showed symptoms of abdominal pain and diarrhea, 11 had temperatures of 38 to
40°C, 5 had cough, 4 had nausea, 4 had pharyngeal pain, 3 had vomiting, 3 were
dehydrated, 2 had bloody urine, and 2 had headaches. Serovar O:8 organisms
were isolated from the feces of the patients. All patients recovered within 2
weeks. There was no secondary infection. One patient was a visitor who had been
staying at a house located in the mountainous area in this region for a month
before she became ill. Eleven patients were residents of this region, six were from
urban areas, four were from the mountainous area, and one was from a rural
plain area. Moreover, of 12 patients, 4 used the mountain stream water for their
drinking water, 1 used well water, and the others used city water. Two patients
had eaten the pork just before they became infected with this bacterium. Two
families of three patients had a dog. We had no way of knowing exactly the
patients’ movements which allowed them to come into contact with the infection,
such as traveling or lodging in a rodent-infested area, just before they became ill.
A common epidemiological factor associated with the infection among the pa-
tients, such as occupation, school, food, or residence, could not be found. There-
fore, those cases of infection were determined to be sporadic. It was not possible
to elucidate the infection route or the source of those sporadic human infections
with Y. enterocolitica O:8.

Isolation and identification. The rectal contents (0.5 g) of animals were sus-
pended in 4.5 ml of phosphate-buffered saline (PBS; pH 7.6), and 0.1 ml of a
10-fold dilution in PBS was plated onto irgasan-novobiocin (IN) agar plates (9).
All PBS suspensions were incubated at 4°C for 3 weeks and were then subcul-
tured onto IN agar plates after alkali (KOH) treatment (3).

All plates were incubated at 25°C for 48 h. Colonies morphologically similar to
those of Yersinia spp. were subcultured for biochemical examination. Biochem-
ical characteristics were examined on triple sugar iron medium (Eiken, Tokyo,
Japan), lysine indole motility medium (Nissui, Tokyo, Japan), and urea broth
(Eiken). If reactions of typical Yersinia spp. were seen, additional biochemical
tests were performed to identify the species of each isolate by the method of
Wauters et al. (39). Serotyping of Y. enterocolitica isolates was accomplished by
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FIG. 1. Map of trapping stations (points A to F) and residences of human
patients (patients 1 to 12) infected with Y. enterocolitica O:8 in 1993 in the
Tsugaru Region of Aomori Prefecture, Japan. Patient numbers (1 to 12) corre-
spond to the numbers in Table 1.

slide agglutination with commercial rabbit anti-Y. enterocolitica O:1, O:2, O:3,
0:5, 0:8, and O:9 sera (Denka-Seiken, Tokyo, Japan) and rabbit anti-Y. entero-
colitica O:7 and O:19 sera made in our laboratory by the method of Winblad et
al. (40).

Assay of virulence-associated properties. To evaluate potential pathogenicity,
Y. enterocolitica serovar O:3, O:5, O:8, and O:9 isolates were examined for their
temperature-dependent calcium requirements by the method of Gemski et al.
(11), temperature-dependent autoagglutination by the method of Laird and
Cavanaugh (27), pyrazinamidase activity by the method of Kandolo and Wauters
(20), and the presence of a virulence plasmid by the method of Kado and Liu
(19).

Mouse pathogenicity test. Four-week-old specific-pathogen-free ICR mice
(Shizuoka Agricultural Cooperative Association Laboratory Animals, Hama-
matsu, Japan) in groups of five each were inoculated intravenously with various
amounts (to 10* CFU) of viable cells of two O:8 strains (YE93008 and
NY9306089) and were observed for 4 weeks. The mean lethal dose was calcu-
lated by the method of Reed and Muench (32).

Restriction endonuclease analysis of virulence plasmid DNA. Restriction en-
donuclease analysis of plasmid DNA (REAP) from Y. enterocolitica O:8 was
performed to compare isolates from humans and the wild rodents. REAP was
carried out by the method of Kapperud et al. (24) by using the restriction
endonuclease Cfol (Boehringer Mannheim GmbH, Mannheim, Germany). Elec-
trophoresis was performed for 17 h at 70 V in a vertical 4% polyacrylamide gel
by using a Mini-Protean II slab gel cell (Bio-Rad, Richmond, Calif.).

RESULTS

Isolation of Yersinia spp. Five species of Yersinia spp. were
isolated from 116 (60.1%) of 193 rodents and 4 (36.4%) of 11
moles (Table 2). Yersinia spp. were recovered from 56 (58.3%)
of 96 A. speciosus, 55 (62.5%) of 88 A. argenteus, 5 (55.6%) of
9 E. andersoni, and 4 (36.4%) of 11 U. talpoides animals. Y.
enterocolitica was isolated from 62 (32.1%) of 193 rodents, but
it was not isolated from moles. Other Yersinia species, includ-
ing Y. intermedia, Y. frederiksenii, Y. kristensenii, and Y. aldovae,
were isolated from 70 (36.3%) of 193 rodents. Y. pseudotuber-
culosis was not isolated from rodents or moles. There was no
significant difference in the isolation rates of Yersinia spp.
among the animal species examined. Three O:3 strains, 10 O:8
strains and 1 O:9 strain were isolated from the rodents. The
O:8 bacteria were isolated from 2 (2.1%) of 96 A. speciosus, 7
(8.0%) of 88 A. argenteus, and 1 (11.1%) of 9 E. andersoni
animals. The 10 O:8 strains showed positive reactions for the
virulence-associated properties such as calcium dependency,
autoagglutination, and the presence of the 40- to 50-MDa
plasmid and were negative for pyrazinamidase activity. All
three O:3 strains and the one O:9 strain had negative reactions

J. CLIN. MICROBIOL.

for the virulence-associated properties. The 50% lethal doses
of two O:8 isolates from a human patient and a wild rodent
were <10%! and 10%3, respectively.

Seasonal distribution of Y. enterocolitica O:8. Serovar O:8
was isolated from 9 (8.5%) of 105 rodents trapped in June 1993
and 1 (4.3%) of 23 rodents trapped in August 1993. However,
isolates of this serovar were not isolated from the 63 rodents
captured in November 1992. A significant difference in the
isolation rate of Y. enterocolitica O:8 from rodents captured in
November 1992 and the rate in June 1993 was observed (P <
0.05). No difference in the isolation rate of Yersinia spp. was
observed among the different months of investigation.

Regional distribution of Y. enferocolitica O:8. Serovar O:8
was isolated from rodents at five of six trapping stations. No
difference in the isolation rate of Yersinia spp. was observed
among the different trapping stations (Table 3).

Comparison of REAP patterns. All of the Y. enterocolitica
O:8 strains isolated from wild rodents and human patients
harbored a 45-MDa plasmid. The genes associated with viru-
lence are coded on this plasmid.

Figure 2 compares the Cfol digestion patterns of the plasmid
DNAs of isolates from humans and wild rodents. Two different
REAP patterns were observed; both occurred among isolates
from humans as well as rodents. One REAP pattern (REAP 1)
was observed in 20 isolates from 11 humans and 9 wild rodents,
and the other pattern (REAP 2) was observed in 2 isolates
from 1 human and 1 wild rodent (Table 1).

DISCUSSION

In the present study, Y. enterocolitica O:8 was isolated from
5.2% of the wild rodents examined. All isolates were obtained
in June and August 1993 and in the same area where the
human cases of infection occurred. Our finding that Y. entero-
colitica O:8 was isolated from rodents trapped at five of the six
trapping stations suggests that this serovar is widely distributed
in the mountainous area of the Tsugaru Region. Moreover, the
same REAP patterns were detected in strains from wild ro-
dents as well as from human patients. These results suggest
that small rodents living in the wild may be a source of infec-
tion for humans in this region.

The 50% lethal doses of the O:8 isolates that originated
from human patients and wild rodents were very low and were
nearly the same as those of isolates from wild rodents reported
previously (17).

Kapperud et al. (24) examined the REAP patterns of sero-
var O:8 isolates from North America and recognized six band-
ing patterns with the enzymes BamHI and EcoRI. The present
study identified two REAP patterns among the Japanese iso-
lates with the enzyme Cfol. While REAP 1 was represented
among the North American isolates, REAP 2 has so far only
been detected in Japan (unpublished data). Further studies are
needed to clarify the genetic relationship between the isolates
from Japan and North America. Recently, the pulsed-field gel
electrophoresis method was applied to examine the genetic
relationships among Yersinia strains (6, 18). Clearer genetic
relationships between isolates from humans and those from
wild rodents might be obtained by the PFGE method because
this method has a high discriminatory power.

Serovar O:8 has frequently been isolated from human pa-
tients in the United States (4, 5, 13, 25, 29, 36). Although this
serovar has previously been recovered from pigs, cows, and
wild animals (1, 7, 37), its natural reservoir has not been iden-
tified. Virulent Y. enterocolitica isolates have not been isolated
from wild rodents (9, 22), although a few reports on the iso-
lation of serovar O:3 biovar 4 from rats associated with swine
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TABLE 1. Origins and REAP patterns of Y. enterocolitica serovar O:8 isolates infecting human patients and wild animals and medical
conditions and epidemiological aspects of the patients

Patient Strai REAP Source Isolation  Location of house Resident Symptoms and
o, train no. pattern (age [yr],_ Sex, mo or trapplpgastatlon or visitor signs® Remarks
or species) (1993) point
1 YE93005 1 Human patient May Urban area Resident F (38), D, AP, BU
(54, female)
2 YE93008 1 Human patient June Mountainous area Resident D, AP, C, PP
(3, male)
3 YE93009 1 Human patient June  Mountainous area Resident F (40), D, AP Consumption of stream water
(6, female)
4 YE93010 1 Human patient June Urban area Resident F (40), D, AP, N, V, C,
(5, female) PP, DH
5 YE93011 1 Human patient July Urban area Resident F (39.2), D, AP, N, PP,
(4, female) HA, DH
6 APCC Y9311 1 Human patient Aug.  Urban area Resident F (38.2), D, AP
(3, male)
7 APCC Y9312 1 Human patient Aug.  Urban area Resident F (40), D, AP, N, V, C, Consumption of pork
(6, male) DH
8 YE93017 1 Human patient Aug.  Mountainous area Resident F (39.3), D, AP, BU Consumption of stream water
(4, female) and contact with a house-
hold dog
9¢ YE93019 1 Human patient Aug.  Mountainous area Resident F (38.8), D, AP, PP, C  Consumption of stream water
(2, male) and contact with a house-
hold dog
10 APCC Y9313 1 Human patient Aug. Mountainous area  Visitor F (39), D, AP, V, C Consumption of stream water
(2, female)
11 APCC Y9314 2 Human patient Aug.  Rural plain area Resident F (38), D, AP, HA Consumption of pork and
(5, female) well water and contact with
a household dog
12 YE93024 1 Human patient Sept.  Urban area Resident F (38.3), D, AP, N
(11, male)
13 NY9306005 2 Wild rodent June A
(A. argenteus)
14 NY9306039 1 Wild rodent June C
(A. speciosus)
15 NY9306061 1 Wild rodent June D
(E. andersoni)
16 NY9306062 1 Wild rodent June D
(A. argenteus)
17 NY9306071 1 Wild rodent June E
(A. speciosus)
18 NY9306073 1 Wild rodent June E
(A. argenteus)
19 NY9306089 1 Wild rodent June E
(A. argenteus)
20 NY9306101 1 Wild rodent June F
(A. argenteus)
21 NY9306104 1 Wild rodent June F
(A. argenteus)
22 NY9308023 1 Wild rodent Aug. E

(A. argenteus)

¢ Trapping station points are given in Fig. 1.

b F, fever; the values in parentheses are body temperatures (in degrees Celsius); D, diarrhea; AP, abdominal pain; N, nausea; V, vomiting; C, cough; PP, pharyngeal

pain; HA, headache; DH, dehydration; BU, bloody urine.
¢ Patients 8 and 9 were a sister and a brother living in the same home.

have been published (2, 21). In the present study, serovar O:8
was isolated from 10 wild rodents belonging to the species A.
argenteus, A. speciosus, and E. andersoni. To our knowledge,
this is the first reported isolation of Y. enterocolitica O:8 from
A. speciosus in the world. Iinuma et al. (17) have previously
recovered serovar O:8 from A. argenteus and E. andersoni in
Japan.

Fukushima (8) challenged A. speciosus orally with Y. entero-
colitica O:3. He suggested that A. speciosus is not a reservoir
for serovar O:3 since this variant was unable to colonize the
intestinal tracts of the mice. However, Hayashidani et al. (14)
reported that serovar O:8 was able to colonize the intestinal

tracts of three wild rodent species (4. argenteus, A. speciosus,
and E. andersoni) after oral challenge, and eventually caused
their death. The period in which the organism was excreted in
feces was 10 to 14 days for E. andersoni and A. speciosus and 35
to 49 days for A. argenteus. We conclude that all three species
appear to be an important natural reservoir for Y. enterocolitica
0O:8 in the study area.

Human infections with Y. enterocolitica have been reported
throughout the year (10, 30, 41). In Japan, the infection is most
common in the warm months of the year. In fact, almost all
human cases of infection caused by serovar O:8 in the Tsugaru
Region have been recorded during the summer months (33).
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TABLE 2. Isolation of Yersinia spp. from rodents and moles in the Tsugaru Region of Aomori Prefecture, Japan

No. (%) of Yersinia-positive animals

Animal species Investigation No. of apimals Y. enterocolitica "
and yr examined Total Non-Y. entgrolfolttzca
Total 03 08 09  Other” species
Rodents
Apodemus speciosus Nov. 1992 45 25 (55.6) 7 (15.6) 1 6 20 (44.4)
June 1993 38 24 (63.2) 17 (44.8) 2 15 8(21.1)
Aug. 1993 13 7(53.8) 4(30.8) 4 3(23.1)
Subtotal 96 56 (58.3) 28 (29.2) 1 2 25 31(32.3)
Apodemus argenteus Nov. 1992 13 9(69.2) 6 (46.2) 1 6 6 (46.2)
June 1993 65 41 (63.1) 20 (30.8) 6 15 28 (43.1)
Aug. 1993 10 5(50.0) 4 (40.0) 1 1 3 1(10.0)
Subtotal 88 55 (62.5) 30 (34.1) 2 7 24 35(39.8)
Eothenomys andersoni Nov. 1992 5 2 (40.0) 1 (20.0) 1 2 (40.0)
June 1993 4 3(75.0) 3(75.0) 1 1 1 2 (50.0)
Aug. 1993
Subtotal 9 5(55.6) 4(44.4) 1 1 2 4(44.4)
Total of rodents 193 116 (60.1) 62 (32.1) 3 10 1 51 70 (36.3)
Moles, Urotrichus talpoides Nov. 1992 3 2 (66.7) 2 (66.7)
June 1993 7 2(28.6) 2(28.6)
Aug. 1993 1 0(0.0) 0(0.0)
Total 11 4 (36.4) 4(36.4)
Total of small animals 204 120 (58.8) 62 (30.4) 3 10 1 51 74 (36.3)

“Y. intermedia, Y. frederiksenii, Y. kristensenii, and Y. aldovae.
b Nongroupable with antisera O3, OS5, 08, and 09.

In contrast, Y. pseudotuberculosis infections prevail during the
cold months in Japan (10, 34). Fukushima et al. (9) examined
the prevalence of yersiniae in wild rodents and moles from
mountainous areas of Shimane Peninsula. They suggested that
wild rodents, especially young individuals born during the cold
season when the rodents breed, are an important reservoir of
Y. pseudotuberculosis and may transmit the bacterium to hu-
mans. In our study, Y. enterocolitica O:8 was isolated from
rodents during the warm months but not in the cold months.
Furthermore, all isolates were obtained from adult rodents.
Further studies should be carried out to identify the ecological
or behavioral factors influencing the presence of serovar O:8 in
the small rodent populations.

In our study, environmental yersiniae (nonvirulent Y. entero-
colitica, Y. intermedia, Y. frederiksenii, Y. kristensenii, and Y.
aldovae) were isolated from 109 (56.5%) rodents and 4
(36.1%) moles. Such bacteria have frequently been isolated
from small wild mammals (9, 12, 15). Thus, Yersinia spp. ap-

pear to be a normal component of the intestinal flora of these
animals.

Keet (26) isolated serovar O:8 from a mountain stream in
the United States and linked this finding to a case of human
infection. Aulisio et al. (4) recovered serovar O:8 from water
used in the preparation of a suspected food source (soybean
curd [tofu]) during an outbreak in the United States. Many of
the human patients lived in mountainous areas and used un-
treated or imperfectly treated stream water for their drinking
water (33). Because the mountain stream water which the
patients used for their drinking water was not examined, the
significance of stream water as the vehicle for human infection
with Y. enterocolitica O:8 is being investigated. Serovar O:8
may also be transmitted from wild rodents to humans by ro-
dent fleas, because serovar O:21, which is closely related to
serovar O:8 in many ways (biochemical profile, H antigens,
animal virulence), has been isolated from fleas from wild ro-
dents in the United States (31).

TABLE 3. Regional distribution of Yersinia spp. in the Tsugaru Region of Aomori Prefecture, Japan

No. (%) of Yersinia-positive animals

Trapping station No. of animals

Y. enterocolitica

point® examined Total Non-Y. ent_erobcolitica
Total 03 08 09 Other* species

A 36 21 (58.3) 8(22.2) 1 7 15 (41.7)
B 16 10 (62.5) 3(18.8) 3 8(50.0)
C 20 12 (60.0) 7 (35.0) 1 1 5 7(35.0)
D 35 18 (51.4) 10 (28.6) 1 2 8 10 (28.6)
E 60 36 (60.0) 21 (35.0) 2 4 16 18 (30.0)
F 37 23 (62.2) 13 (35.1) 2 12 16 (43.2)

Total 204 120 (58.8) 62 (30.4) 3 10 1 51 74 (36.3)

“ Trapping station points are shown in Fig. 1.
bY. intermedia, Y. frederiksenii, Y. kristensenii, and Y. aldovae.
¢ Nongroupable with antisera O3, O5, O8, and O9.
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FIG. 2. Cfol digestion patterns of plasmid DNA from Y. enterocolitica sero-

var O:8 from humans and wild rodents. Lanes: A, NY9306005 (wild rodent); B,
APCC Y9314 (human patient); C, NY9306101 (wild rodent); D, YE93008 (hu-
man patient); E, 1-kb DNA ladder.

From 1991 to 1993 we tried to isolate serovar O:8 from 120

samples of retail pork and beef in the Tsugaru Region, but this
serovar could not be isolated from them (unpublished data).
However, serovar O:8 was isolated from retail pork in Taiwan
(38), and two patients in our study had eaten pork just before
they became ill. Therefore, pork may be a potential source of
human infection with Y. enterocolitica O:8 in urban areas where
city water is used. Moreover, further surveys should be carried
out to isolate serovar O:8 from dogs in this region, because two
families of three patients had dogs, although this serovar has
never been isolated from a dog.
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