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Studies on the etiology of outbreaks caused by rare enteric pathogens

Enterohemorrhagic Escherichia coli (EHEC), which were first reported as a

causative agent of hemorrhagic enteritis in 1982, are newly emerging as bacterial

pathogens. Regarding the major attributes of EHEC infection, three features are

generally considered: i) EHEC can cause hemorrhagic colitis and occasionally death

due to characteristic complications, such as hemolytic uremic syndrome (HUS) and

acute encephalopathy (AE); ii) cows are a natural reservoir of EHEC, and iii) although

the most common EHEC serogroups are O157 followed by 026, 091, 0103, 0111,

0121, and 0145, severe cases, such as those with bloody diarrhea, HUS, AE, and death,

are often related to serogroup O157.

A large outbreak of EHEC serogroups 0157 and O111 occurred in the Hokuriku

region and Kanagawa Prefecture from April to May 2011. The causative food was a raw

beef dish called yukhoe. A total of 181 cases were reported in this outbreak, which

included 34 cases with HUS, 21 with AE, and 5 deaths. EHEC O111:H8 (stx,) and/or

O157:H7 (stx;Stx,, stxs, or stx,) were isolated from the stool samples of 55 among the

181 patients by bacteriological examinations. In addition, stx-negative E. coli 0111

were also isolated from the stool samples of 52 patients. The stx-negative E. coli 0111



strain had a genetic background identical to the EHEC O111:H8 (stxp) strain, as

determined with pulsed-field gel electrophoresis (PFGE) and a multiple-locus

variable-number of tandem repeat analysis (MLVA). In this outbreak, many severely

affected patients were reported, and two serotypes of EHEC O111 and/or O157 were

detected in stool samples of the affected patients. To further understand the etiology of

this foodborne outbreak, we performed serological studies on antibodies to O-antigen of

E. coli 0157 and O111 in the sera of patients.

On the other hand, Yersinia enterocolitica is also a causative agent of enteric

infection. However, only 25 outbreaks of Y. enterocolitica have been reported in Japan

as of 2018. Swine are suspected of being a major reservoir for Y. enterocolitica, but the

causes of foodborne infection or sources of infection are not clear. In 2012, an outbreak

of illness among four patients caused by Y. enterocolitica occurred in Toyama Prefecture.

In order to evaluate the etiology of the outbreak, we tried to isolate Y. enterocolitica

from the tap water which was suspected to be the cause of the infection, using an

immunomagnetic concentration method which was an unique isolation method, and the

molecular epidemiological analysis was performed. Etiological studies on the outbreaks

caused by these rare enteropathogenic bacteria were conducted, and the following

results were obtained:



1. Etiological studies on the large outbreak caused by yukhoe contaminated with EHEC

0157 and O111.

1)

2)

In the outbreak, EHEC were isolated from stool samples of 55 patients among a

total of 181. The isolates consisted of EHEC O111 and/or O157 (with stxy, Stxs,

or stx; and stx,); EHEC O111 was isolated from 25 cases, both EHEC O111 and

0157 from 12, EHEC 0157 from 18, and no EHEC from 126. Regarding the

EHEC isolation among the 34 HUS cases, 9 cases were positive for EHEC O111,

8 for both EHEC 0111 and 0157, 1 for EHEC 0157, and 16 for no EHEC.

Among the 21 AE cases, 7 were positive for EHEC O111:H8, 6 for both EHEC

O111:H8 and O157:H7, and 8 for no EHEC. Among the five cases that died,

three were found to be positive for EHEC O111:H8, and two were negative for

EHEC.

A microagglutination (MA) assay was conducted to measure antibodies to E.

coli O111 and O157 in sera collected from 60 patients during the foodborne

outbreak affecting 181 patients. The results were as follows: the detection rates

for antibodies to O111 (45/60, 75.0%) were significantly higher than those for

antibodies to 0157 (10/60, 16.7%) (p<0.001). Among 41 patients from whom

0111 and/or O157 were isolated, the detection rates for antibodies to O-antigens



3)

4)

of E. coli were 33 (80.0%) for O111 and 8 (19.5%) for O157. These results

showed that the positive rate for antibodies to O111 was markedly higher than

that for O157. The maximum MA titer of antibodies to O111 was 1:10,240,

while that to O157 was 1:320. The median value of the titers for antibodies to

0111 was 1:280 in the HUS and bloody diarrhea cases and 1:40 in the diarrhea

cases. Comparing the MA titer in the HUS and bloody diarrhea cases with that in

the diarrhea cases showed that the MA titer of antibodies to O111 in the former

was significantly higher than in the latter (p<0.01). In the 19 patients without

EHEC, the detection rates for O-antigens of E. coli were 12/19 (63.2%) for O111

and 2/19 (10.5%) for O157. Therefore, the positive detection rate of antibodies

to O111 was markedly higher than the positive rate of antibodies to 0157, as

was noted in the EHEC-positive cases. The median titer for antibodies to 0111

was 1:640, while that for antibodies to 0157 was 1:20. On a comparison, the

serum antibody titers were higher in those with O111 than in those with 0157

(p<0.01).

Based on the results of the serological diagnosis, EHEC O111:H8 stx, was

identified as a key player in the etiology of the outbreak.

In addition, the serum of five patients with EHEC 0157 isolates showed



additional positivity for antibodies to O111. Our results suggest that the isolates

obtained from the stool specimens of patients were not always a causative

pathogen, especially in EHEC infections caused by several serogroups of EHEC.

Finally, the serological diagnosis using patients’ sera seems to be very useful for

determining the cause of foodborne illness outbreaks by multiple serogroups of

EHEC infections.

2. Etiological studies on waterborne outbreak caused by Y. enterocolitica

1)

2)

A water-borne outbreak affecting four patients caused by Y. enterocolitica O8

occurred in 2012 in Toyama Prefecture. Four patients had experienced a

gastrointestinal illness from July to August 2012. No common source of

infection, except possibly water, was identified. Water samples were obtained

from the small water-supply system of this area. In the samples, coliforms were

not detected, but the standard plate count of bacteria yielded a maximum of 700

CFU/mL, which exceeded the standard value for the purity of tap water (100

CFU/mL).

Because the tap water was suspected of being the source of infection, we

explored ways to isolate Y. enterocolitica O8, which was detected from the

patients’ stool samples. We used immunomagnetic separation (IMS) to



3)

4)

5)

efficiently isolate Y. enterocolitica O8 from water samples. We attempted to
prepare immunomagnetic beads coated with an antibody specific to the O8
antigen of Y. enterocolitica. As a result, Y. enterocolitica O8 was efficiently
isolated from the tap water samples. We also improved the efficiency of isolating
Y. enterocolitica O8 by combining dilution of enrichment culture and artful
plating.

The PFGE patterns of three isolates from water samples and five clinical isolates
from the four patients were identical; therefore, these strains were concluded to
be the outbreak strains. Finally, we concluded a waterborne outbreak with Y.
enterocolitica O8 to be the cause of infection using tap water from the affected
area supplied via a small water-supply system.

Contamination of tap water with Y. enterocolitica was presumed to have
occurred when the tank of chlorine that was used as disinfectant for the
water-supply system ran empty. These findings underscore the importance of
appropriately maintaining the water-supply system.

This is the first case report of an outbreak of Y. enterocolitica due to tap water

from a small water-supply system as a causative facility.

10



In large-scale foodborne outbreaks with severe symptoms caused by EHEC, two
kinds of EHEC serogroups (0111:H8 and O157:H7) were detected as causative bacteria.
Generally, EHEC 0157 is thought to be a more severe pathogen than O111; however, in
this outbreak, EHEC 0O111:H8 (stx,) played a more major role than O157 in the
pathogenesis, as evidenced by the isolation of EHEC from the patients’ stool samples
and serological diagnosis of the patients’ serum samples. Regarding the outbreak caused
by Y. enterocolitica, which is a rare pathogenic bacteria, we identified the source of
infection and showed that the causative infectious substance was tap water supplied by
the water-supply facility due to a system malfunction. This is the first case report of an
outbreak of Y. enterocolitica due to tap water from a small water-supply system in Japan.
In conclusion, for these two outbreaks, we clarified the etiology of infections caused by

two rare enteric pathogens.

11
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Serodiagnosis Using Microagglutination Assay during the Food-
Poisoning Outbreak in Japan Caused by Consumption of Raw Beef
Contaminated with Enterohemorrhagic Escherichia coli O111 and
0157

Junko Isobe,” Tomoko Shima,” Jun-ichi Kanatani,” Keiko Kimata,® Miwako Shimizu,® Naoto Kobayashi,® Tomoko Tanaka,”
Sunao lyoda,“ Makoto Ohnishi,© Tetsutaro Sata,® Masanori Watahiki®

Department of Bacteriology® and Department of Environmental Health,” Toyama Institute of Health, Imizu, Toyama, Japan; Department of Bacteriology |, National
Institute of Infectious Diseases, Tokyo, Japan©

A microagglutination (MA) assay to identify antibodies to Escherichia coli 0111 and 0157 was conducted in sera collected from
60 patients during a food-poisoning outbreak affecting 181 patients in Japan which was caused by the consumption of contami-
nated raw beef. Enterohemorrhagic E. coli (EHEC) O111:H8 and/or 0157:H7 was isolated from the stools of some of the pa-
tients, but the total rate of positivity for antibodies to 0111 (45/60, 75.0%) was significantly higher than that for antibodies to
0157 (10/60, 16.7%). The MA titers of antibodies to 0111 measured in patients with hemolytic-uremic syndrome and bloody
diarrhea were higher than those measured in patients with only diarrhea. In patients from whose stool no isolates of E. coli 0111
and O157 were obtained, the positive antibody detection rates were 12/19 (63.2%) for 0111 and 2/19 (10.5%) for 0157, and the
MA titers of antibodies to 0111 measured were higher than those to 0157. Similarly, the MA titers of antibodies to 0111 were
significantly higher than those to 0157, regardless of the other groups, including groups 0111, 0111 and 0157, and O157. These
serodiagnosis results suggest that EHEC O111:H8 stx, played a primary role in the pathogenesis of this outbreak. Furthermore,
our findings suggest that the isolates from the patients’ stool specimens were not always the major causative pathogen in patients
with multiple EHEC infections, because the sera from patients from whose stools only 0157 was isolated were positive for anti-
bodies to O111. Measuring antibodies to E. coli O antigen is helpful especially in cases with multiple EHEC infections, even with

anon-0157 serotype.

[ nterohemorrhagic Escherichia coli (EHEC) strains cause a va-
lariety of human illnesses, such as uncomplicated diarrhea,
hemorrhagic colitis, hemolytic-uremic syndrome (HUS), and re-
lated acute encephalopathy. In 1983, Karmali et al. first presented
data revealing a possible etiologic role of EHEC in HUS (1). The
correlation between HUS and EHEC O157 infection has been
widely reported and has supported the conclusion that EHEC is a
causative pathogen (2-5). Conversely, HUS has less frequently
been reported in outbreaks caused by non-O157 EHEC (ie.,
EHEC 0104) (6-8). On the other hand, HUS patients without
EHEC isolates have frequently been described (3,4, 9, 10). Detect-
ing EHEC in the stools of patients administered antibiotics long
after the onset of diarrhea can be challenging because the organ-
isms are typically isolated only from the diarrhea stool tested soon
after onset (9, 11-14). Therefore, alternative laboratory diagnostic
methods have been used, such as the detection of Shiga toxin (Stx)
protein in the patients’ stools or the detection of antibodies
against Stx (15) or lipopolysaccharides (LPSs) of E. coli O antigens
in the sera of the patients (16-18). The presence of antibodies to
the LPSs of E. coli O antigen in the sera of patients with HUS was
first reported by Chart et al. (3) in 1991. Thereafter, antibodies to
the LPSs of E. coli O antigen have been measured using methods
such as enzyme-linked immunosorbent assay (ELISA) (2, 3,9, 10),
indirect hemagglutination assay (IHA) (4), and passive hemagglu-
tination assay (PHA) (19). In Japan, a direct agglutination test has
been used to detect antibodies to E. coli O antigens (20, 21) after
mixing a patient’s serum with heat-inactivated whole bacterial
cells that were used as the antigen. Therefore, this assay has been

1112 jecm.asm.org
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called the bacterial agglutination test (21) or the microagglutina-
tion (MA) assay using microplates (22). In Japan, this serodiag-
nostic test is typically performed in research laboratories (23) but
not in clinical laboratories because the assay is time-consuming.
Nevertheless, the assay is listed under the Infectious Diseases Con-
trol Law in Japan as one of the methods for the diagnosis of EHEC
infection. In the case of patients with only HUS, their sera are used
for detecting antibodies to O antigens of EHEC.

Japan had 2,900 to 4,600 cases of EHEC infection per year from
2001 to 2010 and approximately 100 HUS cases per year from
2006 to 2010 (23). Moreover, outbreaks of food poisoning caused
by the consumption of raw beef and the liver of cows contami-
nated with EHEC are increasing (24). The serogroups of EHEC
that have been detected are, from the most to the least frequent,
0157, 026, 0103, and O111 (23, 24).

In April and May 2011, an outbreak of food poisoning caused
by EHEC O111:H8 and O157:H7 occurred in Toyama, Fukui,
Ishikawa, and Kanagawa Prefectures in Japan. The Toyama pre-
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Microagglutination Assay for Serediagnosing EHEC

TABLE 1 Number of patients positive for antibodies to Escherichia coli 0111 and O157 among patients with HUS, no HUS with bloody diarrhea,

and no HUS with diarrhea determined by using the MA assay

No. of patients positive® for antibody to the indicated strain/total no, of patients tested (%)

Non-HUS patients

E. coli strain isolated HUS patients Bloody diarrhea Diarrhea Total
Group”® from patient stools Q111 0157 Q111 0157 0111 0157 o111 0157
Aln=19) None 10710 2/10 213 0/3 0/6 0/6 12/19 (63.2)  2/19 (10.5)
B{n=21) Ol11:H8 910 2/10 4/5 1/5 5/6 0/6 18/21(85.7)  3/21(9.5)
C(n=15) Cl111:H8, 0157:H7  8/8 4/8 45 /s 12 0/2 13/15 (86.7)  5/15(33.3)
D{n=5) O157:H7 0/0 0/0 0/0 0/0 2/5 0/5 2/5(40.0) 0/5 (0.0)
Total (n = 60) 27/28 (96.4) B8/28 (28.6) 10/13(76.9) 2/13(15.4) 8/19{42.1) 0/19(0.0) 45/60°(75.0) 10/60°(16.7)

“ Groups were categorized on the basis of the E, colf isolates obtained from stook specimens from the patients, See the text,

© An MA antibody titer of 21:160 was defined as positive.
¢ P < 0.001, Fisher’s exact test.

fectural government finally reported that 181 patients, including
21 patients with acute encephalopathy and 5 deaths among 34
patients with HUS, were affected by the outbreak that occurred at
6 out of 20 restaurants of a barbecue restaurant chain, The caus-
ative food was epidemiologically determined to be a raw beef dish
called yukiroe. In this outbreak, EHEC O111:H8 strains with stx,
(0111 stx,) and O157:H7 strains with stx,, stx,, or stx; and stx,
(0157 stx, and stx,) were isolated from the stool specimens of the
patients. Furthermore, E. coli Q111:H8 strains without s¢&x (0111
stx-negative strains} were also isolated from 52 patients. This
0111 stx-negative strain is a non-Stx-producing E. coli strain that
has a genetic background identical to that of the O111 stx, strain,
as determined by using pulsed-field gel electrophoresis (PFGE)
analyses and multilocus variable-number tandem-repeat analysis
{MLVA) (M. Watahiki, J. Isobe, K. Kirnata, T. Shima, ]. Kanatani,
A. Nagata, K. Kawakami, M. Yamada, H. Izumiya, S. Iyoda, T.
Morita-Ishihara, J. Mitobe, ]. Terajima, M. Ohnishi, and T. Sata,
unpublished data). Various combinations of strains exhibiting se-
rotypes or toxin types of the EHEC and Q111 stx-negative strains
were isolated from stool specimens from the patients. However,
none of the E. coli strains was isolated from 102 patients, including
14 HUS patients, and, consequently, the local public health center
delayed starting a precise survey and declaring that a food-poison-
ing outbreak had occurred in order to prevent the infection from
spreading further.

In this study, we measured the antibodies to the O antigens of
E. coli 0111 and Q157 in the sera of patients with and without any
isolates of EHEC or E. coli by using the MA assay, and we observed
the antibody response to O111 and/or 0157 in the patients. We
studied the relationships of these results to the symptoms and
isolates of the patients, and we also evaluated the usefulness of
serodiagnosis in examining the antibody response of the host and
in determining the major pathogen in cases with multiple EHEC
infections in this outbreak.

MATERIALS AND METHODS

Food-poisoning outbreak in Toyama Prefecture, In the food-poisoning
outbreak in 2011, 175 of 181 (96.7%) patients were from Toyama Prefec-
ture, including 31 of 34 HUS patients (91.2%) and 4 of the 5 deaths that
occurred in this prefecture. The 175 patients in Toyama corresponded to
the following case definition for outbreak-related illness: the patients had
consumed yukhoe at the implicated restaurants from 17 April through 25
April 2011 and developed one or more gastrointestinal tract symptoms
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and signs or HUS or had culture-confirmed infection with isolates of
EHEC 0111 stx, andfor Q157 stx, and stx,. The age distribution of the 175
patients was 1 to 70 years {mean, 25.5 years; 90 men and 85 women), and
156 patients (89.1%96} had consumed yukhoe. HUS and acute encephalop-
athy accounted for the 4 deaths. The 31 HUS patients were aged 1 to 63
years (mean, 20.5 years; 11 men and 20 women). The EHEC strains iso-
lated from the stoals of the patients included 89 Q111 strains consisting of
37 O111 stx, and 52 O111 stx-negative strains and 57 Q157 strains con-
sisting of 9 Q157 stx,, 24 0157 stx,, and 24 0157 stx,; and st strains.

Serum specimens. The 280 serum specimens used in this study were
collected from 60 of the 175 patients and were obtained from 13 hospitals.
These 60 patients were aged 0 to 15 years (13 patients), 16 to 60 years (45
patients), and >61 years (2 patients). Among the samples from these
patients, 17 serum specimens were collected as single specimens from
17 patients, whereas the other serum specimens were collected as multiple
specimens from 43 patients (2 to 20 serum specimens per patient); spe-
cifically, 2 to 19 serum samples were obtained from HUS patients, Among
the 60 patients, 28 developed HUS (HUS patients), 13 did not develop
HUS but had bloody diarrhea (bloody diarrhea patients), and 19 had only
diarrhea (diarrhea patients). Furthermore, the 60 patients were divided
into the following groups according to the serogroup profiles of the E. cofi
strains isolated from their stool specimens (Table 1): 19 patients with
neither EHEC nor stx-negative E. coli 0111 (group A), 21 patients with only
Ol111 stx, and O111 stx-negative strains (group B), 15 patients with 0111
stx,, O111 stx-negative, and O157 stx, and stx, strains (group C), and 5
patients with only Q157 strains (group D). The patients with O111 stx,
andfor 0111 stx-negative strains were included in the same group be-
cause, as mentioned in the introduction, the Q111 stx-negative strains had
a genetic background identical to that of the O111 stx; strains according to
PFGE and MLVA analysis (data not shown). We examined 49 serum
samples stocked in our laboratory as negative controls; these serum sam-
ples were comparable to the serum samples from the patients involved in
this outbreak. As positive controls, we used immune rabbit serum with
antibodies specific to each of the O antigens of the E. coli strains (01, 018,
026, 0111, and O157; Denka Seiken, Tokyo, Japan).

Bacterial strains used for antigen preparation. Antigens were pre-
pared from the original E. coli isolates obtained during this outbreak:
O111:H8 stx, (isolate E165) and 0157:H7 stx, and stx, (isolate E045-1). In
addition, we used other isolates stocked in our laboratory: E. coli 026:H11
(isolate EC3273), E. coli O1:H6 (isolate EC3061), and E. coli 018:H7 (iso-
late EC2922). E. coli O1, O18, and 026 strains were also used as controls
because E. coli O1 and Q18 strains are frequently isolated from heaithy
Japanese people and E. coli 026 is the second major serogroup of EHEC
identified in Japan (23).

MA assays were performed as described by Vuddhalad et al. (20) with
minor modifications. The bacterial strains were grown on Trypticase soy
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agar (Becton, Dickinson and Company, Le Pont de Claix, France) at 35°C
for 18 h. The cells were suspended in saline solution and autoclaved at
121°C for 1 h. The cells were then centrifuged at 2,000 X g for 15 min, the
supernatants were discarded, and the cell pellets were resuspended in 5 ml
of saline. After washing twice with saline, the cells were centrifuged at
200 X gfor 5 min, and the supernatants were mixed with equal volumes of
2% formalin-saline and then incubated at 35°C for 1 h. The suspensions
were again washed using saline and finally adjusted with saline toa 3 to 4
McFarland standard by using a turbidity meter (Densimat; Sysmex-bio-
Meérieux, Marcy I'Etoile, France). The suspensions were subsequently
used as E. coli O antigens.

Determination of titers of antibodies to O antigen of E. coli. The test
sera were diluted 1:10 using sterile saline, inactivated by heating at 56°C
for 30 min, and then centrifuged at 10,000 X g for 1 min. Next, 25-pl
aliquots of the test sera were diluted 2-fold by mixing with 25 pl of sterile
saline in 96-well V-shaped microtiter trays (BM Equipment, Tokyo, Ja-
pan). The highest dilution giving a clear agglutination pattern was con-
sidered the endpoint. The MA antibody titers were recorded as the recip-
rocal of the endpoint dilution of the test sera, yielding final serum
dilutions ranging from 1:20 to 1:40,960. Lastly, to confirm the immuno-
globulin class of the antibodies identified using the MA assay, the positive
sera from the patients were treated with 2-mercaptoethanol (2ME; Wako
Pure Chemical Industries, Tokyo, Japan) as described previously (19, 25).

Statistical analysis, We investigated the relationship between the an-
tibodies to E. coli O antigens in the sera and the serogroup types of the E.
coli strains isolated from patients’ stools by using the HALBAU program
(version 7.0). The level of significance was set at 0.05. The rates of posi-
tivity for serum antibodies to Q111 and O157 strains were compared by
using Fisher’s exact test. The serum antibody titers were common log
transformed, and titers of less than 10 were defined as 2, the minimal
value. Statistical significance was determined by using U tests (for 2
groups) or Kruskal-Wallis tests (among 3 groups or more) and then ap-
plying the post hoc Bonferroni method.

Ethical considerations. This study was approved by the Ethical Re-
view Board at the Toyama Institute of Health (approval no. 2 in 2012).

RESULTS

Specificity of MA assay. The rabbit immune sera with antibodies
to the E. coli serogroups (01, 018, 026, 0111, or O157) reacted
specifically with each of the E. coli O antigens prepared from orig-
inal and laboratory isolates. No cross-reaction was observed (data
not shown).

The MA titers of antibodies to E. coli serogroups O111, 0157,
and 026 for the 49 negative-control serum specimens are shown
in Fig. 1a (Controls). The highest MA antibody titers in the nega-
tive-control sera were =1:80 for E. coli 0111 and 0157 and =1:40
for E. coli O26. The sera with MA antibody titers of <1:20 in-
cluded 45 serum specimens (91.8%) with E. coli O111, 27 serum
specimens (55.1%) with E. coli 0157, and 40 serum specimens
(81.6%) with E. coli 026. The MA titers of sera with antibodies to
E. coli O1 and O18 were under 1:20 (data not shown). The sera
with MA antibody titers of 1:20 to 1:40 were suggested to reflect
potential EHEC infections in Japan (21). Collectively, MA anti-
body titers below 1:80 were considered negative results (Fig. la).

In this study, we also observed that the MA antibody titers of
the patients’ sera became negative after the sera were treated with
2ME, which strongly suggested that the antibodies detected using
the MA assay belonged to the IgM class of immunoglobulins,
which is the same finding reported previously (19, 25).

Distribution of MA titers measured for antibodies to E. coli
O antigen. The MA titers measured for antibodies to the E. coli O
antigen in the sera of the 60 patients are shown in Fig. 1b (Pa-
tients). The MA titers determined for antibodies to E. coli O111,
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0157, and 026 were in the range of =1:20 to 1:10,240, and the
titers for antibodies to O1 and 018 were under 1:20 (data not
shown). For E. coli 0111, the number of patients with MA anti-
body titers of =1:160 was 45 (75.9%). The MA antibody titers of
the sera collected from HUS patients and bloody diarrhea patients
were high: the median values of the MA antibody titers were 1:640
in the HUS patients and 1:320 in the bloody diarrhea patients.
However, the MA antibody titers of 9 serum specimens from one
patient were under 1:20; this patient was a 70-year-old woman,
one of the deceased patients who had the O111 stx, and O111
stx-negative isolates (group B in Table 1). This patient suffered
from rheumatoid arthritis and had been receiving immunosup-
pressive drugs, and therefore, she might have been in an immu-
nocompromised state. In contrast, for E. coli 0157, the number of
patients with MA antibody titers of =1:160 was 10 (16.7%). The
highest MA antibody titer in sera obtained from these 10 patients
with O157 infection was 1:320. In this study, we defined sera with
MA antibody titers of =1:160 as being positive for E. coli O111 and
0157 antibodies (Table 1). The mean interval of sampling of the
sera from the date of onset was 6.9 days (range, 2 to 14 days) in 13
of 15 patients negative for antibodies to O111 and 0157; data for
2 patients with ambiguous dates of onset were excluded.

Patients positive for antibodies to E. coli 0111 and O157. We
determined that the rate of positivity for antibodies to O111 (45/
60, 75.0%) was significantly higher than that for antibodies to
0157 (10/60, 16.7%) (Table 1; P < 0.001). The rates of positivity
were significantly different among the patients belonging to
groups A to C (P < 0.001) but not among those belonging to
group D. In group A patients, from whose stool specimens no
EHEC or E. coli O111:H8 stx-negative isolates were obtained, the
rates of antibody positivity were 12/19 (63.2%) for antibodies to
O111 and 2/19 (10.5%) for antibodies to O157. Among HUS pa-
tients in the same group, the rates of antibody positivity were
10/10 (100.0%) for antibodies to O111 and 2/10 (20.0%) for an-
tibodies to O157. The rates of antibody positivity in the HUS and
bloody diarrhea patients were higher than those in the diarrhea
patients in group A. In group B patients, who had only E. coli
O111:H8 isolates, the rates of antibody positivity were 18/21
(85.7%) for antibodies to Q0111 and 3/21 (9.5%) for antibodies to
0157. In group C patients, with both E. coli O111:H8 and
O157:H7 isolates, the rates of antibody positivity were 13/15
(86.7%) for antibodies to O111 and 5/15 (33.3%) for antibodies to
0157, Among HUS patients in this group, the rates of antibody
positivity were 8/8 (100%) for antibodies to O111 and 4/8 (50.0%)
for antibodies to O157. Group D contained only 5 patients, with
only E. coli 0157:H7 isolates, but the rates of antibody positivity
were 2/5 (40.0%) for antibodies to Q111 and 0/5 for antibodies to
0157. Furthermore, the rate of positivity for antibodies to 0111
increased with severe symptoms, from diarrhea to bloody diar-
rhea or HUS.

Relationship between MA antibody titers and the symptoms
of patients. The relationship between MA antibody titers and pa-
tients’ symptoms is presented in Fig. 2. The median values of the
MA titers measured for antibodies to Q111 were 1:1,280 in 28
HUS patients, 1:1,280 in 13 bloody diarrhea patients, and 1:40 in
19 diarrhea patients. The MA titers for antibodies to O111 among
the 3 symptom categories of the patients were determined to be
significantly different by using the Kruskal-Wallis test (P <
0.001). Moreover, applying the Bonferroni method revealed that
the MA antibody titers were significantly different between the
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HUS and diarrhea patients (P < 0.01} and between the bloody
diarrheaand diarrhea patients (P < 0.01). However, no significant
difference in the MA titers for antibodies to O111 was detected
between the HUS and bloody diarrhea patients, Conversely, the
MA titers for antibodies to 0157 among the 3 symptom categories
of the patients were determined to be significantly different by
using the Kruskal-Wallis test (P < 0.01}, and applying the Bon-
ferroni method revealed that the MA titers for antibodies to 0157
were significantly different between the HUS and diarrhea pa-
tients (P < 0.05).

Relationship between MA antibody titers and isolates of the
patients. The relationship between MA antibody titers and the
isolates obtained from the patients’ stool specimens is presented in
Fig, 3. The MA titers measured for antibodies to 0111 and Q157
were significantly different in groups A, B, and C (P < 0.01} but
not in group D, although the MA titers for antibodies to O111
were higher than those for antibodies to 0157 in group D. In
group A patients, from whose stool specimens no E. coli 0111 or
0157 isolates were obtained, the median value of the MA titers for
antibodies to O111 was slightly higher than that in patients in

April 2014 Volume 52 Number 4

groups B and C (with E. coli O111:H8 and/or Q157:H7 isolates).
Furthermore, the MA titer for antibodies to 0157 in group A was
the highest among the 4 groups.

DISCUSSION

The remarkable features of the food-poisoning outbreak that oc-
curred in Japan in 2011 are that 2 serotypes of EHEC 0111:H8 and
(0157:H7 were isolated from certain patients, whereas no isolates
of either EHEC O111:H8 or O157:H7 were obtained from samples
of some patients with HUS, bloody diarrhea, or diarrhea, Only a
few reports are available that have described outbireaks in which
isolates of multiple serotypes of EHEC have been obtained from
the stools of patients and that have also measured antibodies to the
E. coli non-0157 serotype (26). To the best of our knowledge, this
study is the first to describe the measurement and evaluation of
antibodies to the O antigen of E. coli O111 and 0157 by using the
MA assay.

In our serological study, the rate of positivity for antibodies to
0111 (75.09%) was higher than that for antibodies to Q157
(16,79). The MA. titers measured for antibodies to O111 were
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patients are the same as those shown in Table 1. Data were analyzed using Krus!
antibody titers in each group of symptoms.

significantly higher than those for antibodies to 0157, regardless
of the serogroups of E. coli isolated from the patients’ stool speci-
mens. One key finding was that positivity for antibodies to O111
(40.0%) but not O157 was present in group D, which was com-
posed of patients with the E. coli O157:H7 isolate only. Moreover,
this characteristic of elevated antibody levels was also recognized,
and the titers for antibodies to O111 were higher than those for
antibodies to 0157 in the patients from whose stool no E. coli
isolates were obtained (group A). These results suggest that EHEC
O111:H8 stx, was the major pathogen in this outbreak. However,
our findings do not exclude the possibility of a role of the 0157
stx; and stx, isolates in the outbreak, because the MA antibody
titers measured for O157 were significant in 10 patients, consisting

. The categories of the positive antibodies in HUS, bloody diarrhea, and diarrhea
kal-Wallis tests (followed by post hoc Bonferroni tests). Dashed line, median MA

of 8 HUS patients and 2 bloody diarrhea patients (Table 1 and Fig.
2). In this study, we also determined that the antibodies measured
using the MA assay were IgM, because these antibodies lost their
binding activity after treatment with 2ME. The antibodies de-
tected are considered to have been elevated during this outbreak
and were not from a past infection.

Previously, Paton et al. reported an outbreak caused by dry
fermented sausages containing multiple serotypes of EHEC (26),
and they detected antibodies to the LPSs (O antigens) of E. coli
O111 and 0157 by performing Western blotting. Paton and col-
leagues reported that the antibodies to E. coli O antigen detected in
the patients’ sera were of the same serotype as those to the O
antigen of E. coli isolated from the patients’ stool specimens (26).
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In contrast, others have reported detecting antibodies to another
type of E. coli O antigen which was distinct from the E. coli O
antigen isolated from the patients’ stools (4, 10, 21). These studies
reported that the antibodies may cross-react with pathogens of
other serotypes (4) or that the serological test used might have
been unsuitable for specifically detecting EHEC without O157
(10) and that the patients might have been concurrently infected
with E. coli 0157 and non-0157 strains (21). However, these stud-
ies investigated only a single patient in sporadic cases; they failed
to evaluate the results for reaction of antibodies to the O antigen of
E. coli. Our results showed that the antibodies to the E. coli O
antigens in patients’ sera were not always consistent with those to
the O antigens of E. coli isolated from the patients’ stools in the
outbreak described here; this has not been reported in previous
cases of EHEC infection.

In this outbreak, we found that no E. coli O111:H8 and O157:H7
isolates were obtained from the stool specimens of certain HUS
patients and that certain patients had only isolates of 0157, but
their serum antibodies were determined to be positive only for E.
coli O111. In the gastrointestinal tracts of these patients, both
EHEC O111 and O157 were considered to contribute to the pro-
duction of stx,. Although EHEC Q157 has previously been impli-
cated in HUS, reports indicate that no pathogen was frequently
detected in patients’ stools at the time of acute illness (4, 9, 10). In
Japan, no causative pathogen has been detected in the stool spec-
imens of approximately 30% of HUS patients (24, 25). Therefore,
measuring antibodies by using the MA assay can facilitate the
diagnosis of EHEC infection in patients from whose stool no E.
coli isolates are obtained.

In conclusion, by using the MA assay to perform serodiagnosis, we
have provided evidence that O111 stx, played a primary role in the
pathogenesis of the food-poisoning outbreak in Japan described in
this study, Furthermore, our results reveal that the isolates obtained
from the stool specimens of patients were not always the major caus-
ative pathogen in multiple EHEC infections. Thus, antibodies to E.
coli O antigens should be measured, especially in cases with EHEC
infection, even with a non-O157 serotype.
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20124 7~8 B, BURILBWTEREEN LT 52 W EKERIRE T Yersinia enterocolitica 08125 %
BE 4 OEAKRIHEIERE L BESDHA LW M EAERY S, KEHIRE S o724,
— A AR K 700CFU/mL #RiH 2 f, REEETH S 100CFU/mL 282 Cwio T4, Zoffifik
B L REBRAY — X & A8 ET Y, enterocolitica 08 2508 S/, Y, enterocoliticn 08 @ pulsed-
field gel electrophoresis BT D#E, KEKA LM IR E 4 HOBEE, oM S hARIZR—AR
BThaZEMNHALIESR SN, BEKEOERSY ¥ 704 FITFEASRL LR TWBEES 7
BEChofl bAERETHE LR EINA. FHRE LT, HEHERELZEYICHFTL, EHTL4H7H
BErehrlELON: BEKEKERHEL T3 Y enterocolitica 08 EEHRSFHIE, HRTEIMDTOR

HTH B,

F X

Yersinia enterocolitica 1T & WICSE#, TH, BimE
EHRLTHFHBREFIERIY. L LEDES, HI8
b FEMANERPR 2B L, BERRE BER
1 vasttide, MBRBEREEL, o, EREICK
B3 % L RHEEM & EKOERSEHNS., & &I
IR sl KO KEIC 2B I L MbRY, F0
MRESHTHE. TLT, B8, GTHEEH B
CREIERNEFRE WL, LITLIEHERLE
BENLIELDH B

Y. enterocolitica 1% 0~44C TRE L, 28~20TC %%
BRELT D, 4C LT CHLHETE ZFHETY,
AT B Z LR 5T OKPTOEREIZONT
LWEHESNTWEY, ZoHE LT, HRRBICX
DAEHERIRELZE, BWT VI VRETORK
Ptk 2RI el o5, MiFFN%IRIE 76 8
DOPE, MHEHHHEE, 6o KIMESHES L
TED, 1V ELREFALSOHEAELEICLD) 81D

BURIEERE « (F939-0363) B LB AT AL 171
T R AR T SR A M B M

Ti%264211 R 20H

19

(Be4E3E 88 : 827~832, 2014)

IEMHgE IR, HIES KIE TS EFEN
BYETHA7-0, BEROMBEORICL AMBEER
FIThbhTwnah,

BARCIZ 19724 ICHRAEL T Y. enterocolitica o X 5
HEARPHIRELTW B, ZOFEFTIE, FRE
ERIIBETHD LHEEIRD, B shd,
BREIREE-> Twhv., REIC L 280 2002 4
- 8438tk LT B9, 2000~2012 4E 0 13 EMICIE
17452, £ Tho0BEFOS L HEAER
MiEE SN OE, Tl 16 EICRFIR OB R AR
BRTRELA yIH SV ERETHEHDATD
A%,

2012 4 7~8 BICEBILEL TR & L2 Y. enterocolitica
O8I & 2 AF 4 ROREAMETH T, BHEREHES
Aa i BARERPRETH S LR SNl K
HCWE, MERERDPOHRESREL, MR ML
D TFIEFEFA S, RERERREE LFRICD
NWTHERLA.
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1. BHEHE Y. enterocolitica

BEMEHE Y. enterocolitica {3, BECHBEL DT
AREOHNREZECHE IR, YHCHBASH
iz, COFHBETR, TAIToT7BRAEES BEEIID
WT, VT ERGHER M 2 SS BRI (IR
BEETH) 2HHLTERELTVWS. 2V =TH#R
SHERE I 121°C 15 5T LA o v & = 7 BRI
B Hb (Oxoid) 1< Yersinia Selective Supplement
{Oxoid, SR0109) =Mz EH L L7z REHICB-
Th, 5ZOBEMICONTIN Y = 7 BIRSHET I
(BT H ) L SSEXREEH B7C L) T24~48
BERTEERE LR, WihofEd S b Y enterocolitica
08 5+ #E S 7z, Y. enterocolitica (X )V ¥ = 7 #4R
SRR b A RE S oAt SSEREH» LTS
SN ot

2. AREILERAE

BEZOWMEAERE & U 0KEROAE D
EHRNDMNNKICONWT, REKOKEEETH D
M EAES L CRBNBRARE T 2. — K4
B KB 107 5 107 F TEREAR LR
KEEEERTHRIRL, 35T hr S, £FLL
Juz— Al REEEEREE Colilert IDEXX
Laboratories} & Quanti-Tray/2000 {(IDEXX Laborato-
ries) & V> T, 36°C T 24 he BEFERITHE L7z (MPN
/100mL). A L Bk B ok ik, 3
24 C (40mL, 160mL, 500mL) ®if% L, —#&%
MBI B E & 4T 5 2.

3. Y. enterocolitica D BE

BEEOMEKERS X UAIIKCoWT, BEHIC
eV Y, enterocolitica DAHEER RAIZD, T4, Bl L
7R DBIRA & SREOBKE DS ERY REIcow
TH, ARORBRLTo.

15 B AGEA L TNARIZ DWW T I 3L %, KOBMK
oV TR—FEMERIEEOTRD T-CTEILE 045
MM DT —AFF— bR TFTLNF—
(ADVANTEC) CTABl#L, Z074 N —%
025% N7 b+ > -028% <= b—ily BNy
77— (PMP) 156mL iCA#, 5 min FNV5F v
2 ACIRYML, 7omL ¥ 2% Fh#h 5C C5 HH,
30C T48 hr HE# L7z &HIWMOBRBIToWTE, &
HEEK 2mL ICL RV LB L, 20 Ilml D
% 10ml @ PMP ICEf L, 5C 5 HE, 30C T48
hr FHENEER L -,

B 1ImL 2 05% KOH i &IEK 2ml 2
Z TlhsecR B %, F ©1H & B % Cefsulodin-
Irgasan-Novobiocin (CIN) ¥#h (Merck Milipore) 33
LUy a2 2RI OCRIMEE) WdFE L, 30C

20

B EF A

T24 hriEaR L7 KEEEREORRCHBKER
FO—RHHARAE o2 ks, ERTHREN L
CHEH LMW & RSS2SR ¢ 2 T BkEY:
ERBHIEEERL, HEHEIOEFRLALOK
DT b RAROREZIT, FARHCREL:. £
W2 L, TSI (BARIE), LIM (AAR
), BT AZ ) PEREWICL ) EILRERTHE
2L

4. RERSAY— X% 7Y enterocolitica 08D

ax.3

LR LBREORBEECNL, HRLE VY=
T oy Fh OFENEGERE O 08
(7> A HF0) CRAE LA RERA Y — L2 ERL, =
NERWTHAHD & Y. enferocolitica 08 Z BN IZIR
M L7 B3EM LmL i 20uL O BERER Y — X %48
ML, 20 min MR L. F08%, 1% Tweend0
MMPBSICT2MFEH L, BETHEDLNALy T
2 50uL @ Brain Heart Infusion (Becton, Dickinson
and Company) Z¥H LBE LS BEWLE Lo
HEE LA KOH E#, CIN Kl & Mackonky
BBk L, 30T T 24 hr 8L,

5. Y. enterocolitica O8 D HEILZEHER

EREA»OBA S BEFEHRE & FYHFTH
B L= AERERD Y. enterocolitica Q8 122w T, TSI
BXULIMICHERL, 35C S 0°28°C el &
WD L0, WBEET, v=F RIKE,
B-HT7 bV F—¥, 4 F— VAl Rk
(D~FYu—2, L, FLHO—R) DEOROE
HEHEIZDOWT, API20E B & OF APISOCH (¥ R X »
TA-EFAN)a=) BHNTHRAS. LiFgy—¥
TR % 5% M2 - EBEXT, ¥ ¥V
F IV —EEMEVRIBMICHEY, 2heh 28T48 1
HEFETHA.

6. pulsed-ield gel electrophoresis (PFGE) X 4

AR AT

PFGE BEH TP 2 B# I, TROLGTITo 1.
HIRBEE KIS &, Y. enterocolitica 08 1 30U @ Notl
(o R I—-), FFRT—A—E LTHL Sal-
monella enterica serovar Braenderup H9812 strain i
UDXbal (=R TV—2) FHNTIRHEL
7. FD0f, 7SVAF A b 5~8sec, BE 6 V/em, 14T
T 105 by 3kEH L7,

K %

1. EEES O

20124 TH, ARROMRBTIVY =TRERE
PEIShABE 483, ETHEHIBIEA, B3, TH,
B, v osEig BELE BBERREE LA (Ta
blel, P1~P4). BE 34 (P2~P4) X AMICTEME

B 88 6
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Tabhle 1 Patients infected with Yersinia enterocolitica O8

D f Resid
Ne. ;:::Eg Age  Gender easlf E:“t Tap water Symptoms
Bl 2013/7/8 1 Male B-city small scale water system diarrhea, fever, ileocecitis
P2 2013/7/14 3 Male A-town small scale water system abdominal pain, diarrhea, fever, terminal ileitis
P3 201377719 9 Female A-town small scale water system abdominal pain, diarrlhea, fever, ileocecitis,
. Iymphadenosis, vomiting
P4 2013/7/24 7 Female A-town small scale water system abdominal pain, fever, terminal ileitis, vomiting
P5 2013/8/14 4 Male A-town small scale water system abdominal pain, fever, lymphadenosis, terminal ileitis
Table 2 Results of microbiological examinations of enviromental samples in this study
Isolation of Y. enterocolitica by using PMP medium
b‘;;‘;‘;i‘fa MPN of without IMB* * with IMB
No. Sample Source® count E. coli - - - =
(CFU/mL) (/100 mL) 5C,5days 30C,48hr 5C,24 hr 30T, 24 hr
x1  x10 xl x1¢ x1 x10 x1 x10
81 Tapwater  House of P2 and P4 700 <3 - + - - + + - +
(0:8) (0O:8) {(O:8) (0:8)
82 Tap water  House of P3 482 <3 - + - - - + - +
{0:8) 08) (O:8)
S3 River water River A near the source of tap 62 31 - - - - - - - -
$4 River water River B near the source of tap 37 52 - - - - - - - -
85 Ice (40 mL)  Refrigerator ice supplying apparatus 47 NT - - - - - - - -
of house of P5
S6  Ice (160 mL}) Refrigerator ice supplying apparatus 305 NT - - - - - - - -
of house of P5
S7 Ice {500 mL) Refrigerator ice supplying apparatus 9 NT - - - - - - - -
of house of P5
S8 Swab Refrigerator ice supplying apparatus ~ NT*** NT - - - - - - - -
of house of P5
59 Swab Refrigerator ice supplying apparatus NT NT - - - - - - - -

of house of PS

*Patient no. is described in Table 1.
**IMB: immunomagnetic beads
***NT; Not tested.

L, MLMBRERERAL T BF (P &
BHICEMRL, LEIBEFHOMGHAEKERAL
T BICEE L REREL FEED s hid oo
—7, SAICAILL ARKROABHTIAORER
BN, ReE, Uik HEFEEZEL, T
Lo TR BRE (PR LEN IR CoBRFED
B TREECRES L IIHoERAIEIREIN
TwaHd, A5, ERLAEEIR (P2~P4) &
ALANOMBAKEAZMAL T2 HERETHT
LTwi, Zed, BEEILBI0BRATH-1.

2. WS AGE KD K E BRI
AMMOMEKEKRAETHS, BEPZBLUP
(W) OHEOHKEK (S1) LHEPIOHEDNK
K (S2) o 2fkd s, KEHEIRHSAL Yo
7= (Table 2). —MHAAMBIC2WTiX, S1 ¥ 700CFG
/mL, S21%482CFU/mL &, ¥H o0tk d HilEo
100CFU/mL ##ZTw/. 7= AWOMBAER
ORFEREBEHAZAIA2HE (3, SO 56
i, KB# 316 X U52/100mL, —ARMIRI B 62 B

ER26E1LAZ0H

21

& UF 37CFU/mL -t S s
BEPIRIRT REPoOHMEMYIZLSE,
BRUCBHIAMBAEREHBEETWd o2
W, BEOHEAEKROREIZEML Lol
BEPSORLONFKIE, BEE Sy —T—HM
BB LUKERoBRENTbR, Uh L EEE
HTHot. F/o, BEPSHLI(AHLTVWHRK
EOWSHKEKIE, BOBELOFESHEZFTI TR
EFEBEN R AN TR, WL, 282
L, COBRRECHEEHEWOMBKEK TSN
EEDLIAHBEORKEDNR (S5~87) IToWwT
i, AR EB L CABHERBRBR LT o 7.
FORHR, —BRAWEIL 0~305CFU/mL, KB#HIZ
AU ThHY, REEEATH-7

3. BEOHPHMALTOWIMBEREXDPLOY, en-

terocolitica D4R

BR% Table 2R L7 REBAC-AXTHwE
VWIEREEETIE, 5T B L UI0T BB OMB R T
LA FEEESICBWTD, MEKEK 2B,
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Fig. Pulsed-field gel electrophoresis patterns
with Notl digestion of Y. enierocolitica isolates,
Differences in the band brightness isolated from
the same patient (P3; Table 1) were indicated by
arrowheads (lanes 5 and 9). Lane 1, an isolate
stocked in our laboratory; lane 2 and 3, an iso-
late from tap water from the house of P2 and
P4; lane 4, an isolate from tap water from the
house of P3; lane 5 and 9, a clinical isolate from
P3; lane 6, a clinical isolate from P2; lane 7, a
clinical isolate from Pl; lane 8, a clinical isolate
from P4; lane 10, a clinical isolate from P5; lane
11, a clinical isolate from a patient in 2010; and
lane M, size marker (Salmonella enterica serovar
Braenderup H9812 strain digested with Xbal).

1234567 891011M

A 2 iR Fhrb b Y. enterocoliticn WM 8
Bdprodzs LALEMG, BT EERT 10FIHR
LWl e ®H LA BT, MaREA2 R
(S1, S2) &5 Y. enterocolitica O8 DHRH X L7z,

REBAY - XL BvadEci, 5T Foil
EHREEEER LB TEEPZLPAOBEEDK
B (S1) D5 Y. enterocolitica O S i, F
7=, 5T 353, 30T HWWE 10 AR Lo ER
WLAFETE, MSAGEK2HE (S, S2) 5
Y. enterocolitica Q08 AR & 1z,

I 2 B D & 13 Y. enferocolitica 13 57 W & Lz
ol Fl, PEAILEIRTwAHREOWNEE
DX EBED 5 SHY B & b Y. enterocolitica 1%
SRk o

4. Y. enterocolitica 08 DR

BAEMEBICHBKEKRS &5 E R Y entero-

22

BREE T

colitica OB DL {LEPEIREER % fro /o8 E, TSIk
XA/ATHY, VY CBERR X7 kg R
BB CHof. MR OB, 35T BECTR
BEAERDERED oD, BCHFRTEHLH
KRS bR 0, HBRERT, v =F IR,
B-H5 2 ¥ —¥, 4 F—LEEERYE L
FF—EiEERE, IV Iy —UEEBRETH-
Po. Fhe, BRI (D-FTo—2R, A LA
O0—2) HHOMOBAFTNTHRMETHY, T
DHRDEWEIL 1B Ch o

5. PFGE I X & T84T

AR (S, S2) Hsk3k BMEFEPIHE2HRDS
5 1%k, BEP4ARHK BLUEEPSBERDES
¥E D Y. enterocolitica Q8RR —/NF — %R L I
(Fig). 7, BREPIOBRY O 1, BH P2 fkék
LR BRDNY Py — LRBLT, 1RO
FOMBEOARR L7 i AMOMERAEK
ZREALTWhdh o2 BE Pl HERE 2010 E0K
MBSy Fy— i, ZHRGHEBKE IR
oz, Tenover bOFHIEMZ L B3, Wy KNy —
YOMBIX5 N FEATH 7. —F, BACHi
BN MFREHRON Y FAY — 13, SEoERk
DIy FIF = b 1085 FELERE s T,

6. LM 10 EREFHEE O Y. enterocolitica 5HERL

2004~2011 4E 12 TR 10 4 B 0 5 i R R A
PoME S NARERLED Y. enterocolitica 1%, 33
WChol, £05 5238 (697%) ix, SEEMH
BRI L BIRCH 5 ARE» S ofiET
BHol.

_ x B

AEAKEFEEE T3 Y. enterocolitica O I8 H 5L
Bl AR Ch F TR hvy. BELSWEETS
I T V7 A DOERFT KA T ICE AR, B8
LHTRFHERDZZETERTH D, LiFoT,
COBMTIRBEKRES v IR TEFEEALT
FIETH [HBAKE] ZAHL TR ERES L, X
s KBV Tid, BEFEBEEE (TR) b3
7, EROERIERS THE T A EEMAIT- T
Wiz, RBEMIRZOL ) LERONBRTRE L

SEIOFR TR, BEMEDL XM SAERDP S5
BTz Y. enterocolitica 08 DELZEMRE L UH:HR
I—3 L7, PFGE T, A WO KENBE IR
LBEHEIH (P3, P4, P5) Oy FAF—h
—F L 4 BE,LGEIRAO2H (P2,
P3) BRER6HELMBELTIEAD) Y FOME DA
BRL o TWAY, P3HbIhs 2HEONAY P8
F—UvERTHREFEEENRTWS Z L L, Tenover
LOEMEE D LIZEBLIER, SHKIIF—HORTDH

BHUEAMEE 88 Fol
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He#z, RERHGRERTHL EHE L. BEEE
YI—ORFLDE, FREFORELE o iS5k
BORKE v 72 ONL FITHEASRDZZ R 2T
HEHES ¥ 7 3EThHo7. FRORBETESAZVE
FOMBAEARERB LT b EESh. B
%2, kKBS RARERO—RAE KT KEE KR
EYOHB~THTHo7c. TRETOHEIL, K
BrHRT TRty L CHEmois B AT
BEHELONLI, BBCERTLIHEHYO
AR ENT E Doz, BHEUEIRE L TIER
W, F A, BEL1E (P Ribo34 (P2~p4) &
W1 A B RIELTBY, AREAOEENEH
b #HThol. TORBIBEFHEENOKEK
TELIAKEFBEE LT, KIEBRETHS
LEZ BN, LALEES, BUREICHR-TWwizk
248 Y. enterocolitica IR ST, —HIEL LUK
BEERREENTH o 7. BORE ORI 2fEb R
12PRTRCHoA0T, RHROBFICLY Yoen-
terocolitica LR B D VIR TE LWIRBE Lo T
wicd b Litdw,

=7, BEPLIMO 4B LERHICIVY =TH
FEBUT SN, BEHHEHCEREL, METS
KEKOFRIEDL R o7 F, FIRIGBIRICAMA
ZHBERE TV L oli, TORBORIFIR
BHedhs, L Luids, ZoOBEP LSS
L, 010FCALBHICBET2BE,OAHS R
¥k, BALCHMESNAMRRERL D, SHEOH
Fi¥k& @3y FEomEW 44, REHRCEBLT
Wi, ER2E0BERARREENOLLOBES
LBETAHIHICBELTWA I Ed s, RIZNIC
LV Y. enterocolitica Q8 OB Z ORI EE LT
A, HAHVEFEBYRAERAGL, BREZIETFTVLE
LoD 2 b, F oA ICBEEN L o s,
EZEE, CoMBicd B ARBROBREERRE Y. enteroco-
litica HERIE, BHOLORBOFHR LKL TE
v, AFilEd S4BE R N Y. enterocolitica 0 LT BE
REERKIRETH L, ZoEcori =7
BAEDEHRPE B ERIDE, CoBoERS
FPHGAEREHAL TR LBAETSEPL LA
v, HAHVIE, ZORRKRTIEAERE Yersinia ©
BIRGHEHE W TH DN Y =7 ERSRE R 2 FA L
TWwaZ izk b, HEBIZ L Z Y. enferocolitica D5
MERBICLTWRIELBE LWL LAL
\,
SEbhbhid Bz EE T 520, RERS
V—X#HWT, BHETA Y enterocolitica % 3ARNY
IS T A HFERR LR Shic, £EAEMAOEE
THFE DIz DI T OFEEE BT Y. enterocoliticn & 4

26511208
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BLERR L, SEHIEATHS. TOKR 5C
24 hr B3R (RHK L 10 fERRE) & 30C24 hr 553
O 10 /D6, Y, enterocolitica 08 FHH$ 52
LHMECHol. ZHIIH L, REFAE-ZX%H
WHRWBERERIBWTE, 5C5 HEFERO 10 &R
HOM, Y. enterocolitica 08 MM hiz, ZO#HE
, RERAY X & B CGRRIICIRET 2 HEas
Y. enterocoliticn DAHE, Thb b, B0 RBENE
RERTHBILERLTWES, AR, —EHEL
TR E 0 BRI HI LD, HBOAFTIZLS
B E BT IDIERThH o L bRL.

Bz L o T, MEKERIY. enterocolitica 12 £
HEFABROREL 2D HIZTEREL P L Lo L.
FEFHTIIERERICH L, KERRSUEHEEIR
ffah, AHBICHRE S 24 LLELEBER LS
LR, KEBRERUVECOEGORER LR EH
7o. FHIRE LT, WS KEROREREE % BY) I
L, BETAHEAMFAREETHS.

W AR ERTAICHY, BEREBLIU
KEKOKEAREREL T EEL ¥ —HA, §
IRIFHIE & U B 2 3R AL L T A2 W B
HoEREEICREVALET.
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Water-Borne Outbreak of Yersinia enterocolitica O8 Due to a Small Scale Water System

Junko ISOBE, Keiko KIMATA, Miwako SHIMIZU, Jun-ichi KANATANI,
Tetsutaro SATA & Masanori WATAHIKI
Department of Bacteriology, Toyama Institute of Health

A water-borne outbreak of Yersinia enterccolitica O:8 associated with a small-scale water system oc-
curred during July-August 2011 in Toyama Prefecture, Japan. Escherichia coli was not detected in tap water
from the small-scale water system. However, the maximum concentration of viable bacteria in the tap water

Furthermore,

Y. enterocolitica OB was isolated from the tap water with the use of immunomagnetic beads prepared with
anti-Y. enterocolitica O8 antibodies. Pulsed-field gel electrophoresis analysis identified 3 isolates from tap
water and 5 isolates from 4 patient stool specimens as belonging to the outbreak strain. An epidemiological
investigation revealed improper management of the residual chlorine concentration in the tap water. This is
the first report of an outbhreak of Y. enterocolitica due to tap water from a small-scale water system in Japan.
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