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Summary. A Shiga toxin 2-producing, intimin-
negative enterohemorrhagic Escherichia coli (EHEC)
belonging to serotype 086:NM was isolated from a
child who died of hemolytic uremic syndrome (HITS).
This EHEC strain exhibited a strong D-mannose-
resistant hemagglutinating activity (MRHA) that was
detected with human and bovine erythrocytes. In con-
trast, intimin-positive EHEC strains belonging to ser-
otypes 0157:H7, 026.-Hll, 0111:HUT, or O145:NM
exhibited no detectable MRHA activities. The data
suggest that the HUS-associated EHEC belonging to
serotype 086:NM possesses a novel MRHA, instead of
intimin, as a putative adherence factor.
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resistant hemagglutinin

INTRODUCTION

Enterohemorrhagic Escherichia coli (EHEC) infec-
tions remain a major public health problem in the
developed countries of Europe, the United States, and
Japan1~4). The emerging bacterial pathogen was first
identified in the United States in 19821'. Its infection is
initially associated with abdominal symptoms such as
watery diarrhea and hemorrhagic colitis (HC) and
then with serious systemic disorders such as
hemolytic uremic syndrome (HUS), especially in
young children1-3). Shiga toxin (Stx; alternatively
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called Verotoxin VT), produced by EHEC, has been
shown to be associated with HUS5), and classified
into two major types: Stxl and stx26).

EHEC includes not only serotype 0157:H7 (the
most prevalent serotype), but other serotypes, includ-
ing 026, Olll, 0128, and O145, which have also been
implicated in human infections2'. In Japan, during
1996, large outbreaks of EHEC (0157:H7) infections
occurred with more than 17,877 people infected
(mostly primary school children), more than 1,795
patients hospitalized, and 12 fatalities7'.

EHEC belonging to serotype O157:H7 displays
two stages of adherence in vitro. It shows a pattern
of clustering to tissue culture cells at the first stage of
adherence4-8'. The adherence factor(s) involved in this
stage has not been established. During the second
stage of adherence, the adherent EHEC tightly binds
to the cells with the bacterial outer membrane pro-
tein (intimin)9-10', and causes the characteristic mem-
branous lesions (called attaching and effacing) with a
bacterial type III secretion system that modifies the
cell signaling pathways1^12'. The genes involved in
the second stage are located on a pathogenicity
island, EHEC LEE12'.

On the other hand, hemagglutinins (HA) located at
bacterial cell surface have been shown to play an
important role in bacterial adherence to host cells13'.
In the case of EHEC, however, HA activities have
not yet been reported. Therefore, this study inves-
tigated HA activities of EHEC strains belonging to
various serotypes and demonstrated that HUS-
associated, intimin-negative EHEC belonging to ser-
otype 086:NM possesses a novel and strong HA.
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T h e p a ti e n t

A 3- y e a r 1 01d b o y s uff e ri n g f r o m ab d o m i n al p a
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a r e s u m m a ri z e d i n T a bl e 1 . T h e y w e r e all cli ni c al

is ol a t e s i n J a p a n . S e r o t y p e 0 1 5 7 : H 7 s t r ai n s S l a n d
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S t x a s s a y
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s e n t s t h e hi g h e st dil u ti o n [f old] t o yi eld p o siti v e
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H A a s s a y

H A a c ti viti e s w e r e e x a m i n e d b y a 2 4- w ell p l a t e
m et h o d

1 8
,
1 9)

･ B ri e fl y ･ b a c t e ri al c ells w e r e g r o w n i n
li q u id c ult u r e s o r o n a g a r p l a t e s f o r 1 8 h a t 3 7 ℃ a n d
s u s p e n d ed i n p h o s p h at e -b u ff e r e d s ali n e (P B S ; p H 7 .4)
t o a c o n c e n t r a ti o n of 6 00 K I et t u nit s . T w of o ld s e ri al
dil uti o n s w e r e t h e n m a d e w it h P B S

,
a n d 1 0 0 〟1 s a m -

p l e s w e r e m i x ed w it h 10 0 〃1 of 3 % e r y t h r o c y t e s i n a
2 4- w ell m u ltidis h pl a t e (di a m et e r of e a c h w ell

,
1 5

m m ; A / S N u n c
,
R o s kild e

,
D e n m a r k) . D - m a n n ｡ s e _

r e sis t a n t H A ( M R H A) a cti viti e s w e r e e x a m i n e d w it h
h u m a n ( g r o u p A) , b o vi n e

,
h o r s e

, g u i n e a pi g , sh e e p ,
r a b bit

,
a n d g o a t e r y t h r o c y t e s i n t h e p r e s e n c e o f

D - M a n n o s e (o ･5 % , w t/ v ol) . T h e M R H A tit e r s w e r e
d e t e r m i n e d w it h a lig h t m ic r o s c o p e aft e r 20 m i n of
i n c u b a ti o n at r o o m t e m p e r a t u r e ( c a . 22 ℃); th e
M R Ii A tit e r s r e p r e s e n t t h e hi g h e s t b a ct e ri al dilu ti o n

[f old] t o yi eld p o siti v e r e s ult s . T h e c o n c e n t r a ti o n ｡f
u n dil u t e d b a c t e ri al s a m p l e s c o r r e s p o n di n g t o a
M R H A tit e r of 1 w a s 6 00 K le tt u nit s .

R 】∃S tT L T S

S t x p r o d u c ti o n a n d l a c k o f t h e e a e g e n e

S t r ai n 1 0 76 w a s p o siti v e f o r th e S t x 2 g e n e b u t n e g a-
ti v e f o r t h e S t x l g e n e i n t h e P C R a s s a y . T h e S t x 2

p r o d u c ti o n of st r ai n 10 7 6 w a s c o n 丘r m e d b y t h e l a t e x
a g gl u ti n a ti o n t e st ･ T h e l e v el o f S t x 2 (S t x 2 tit e r s) i n
t h e c u lt u r e s u p e r n at a n t s w a s 5 1 2 ･ T h e c o r r e s p o n di n g
S t x 2 tit e r s f o r E H:E C 0 1 57 s t r ai n s S l

,
O B l

,
a n d U 8

w e r e 2
,
0 48

,
1
,
()24

･
a n d 12 8

,
r e s p e c tiv el y , i n di c a ti n g

t h a t t h e S t x 2 p r o d u c ti o n l e v el o f st r ai n 1 0 76 w a s
c o m p a r a bl e t o o r o nly sli g h tly l o w e r t h a n th e l e v els

o f t h e s e r ot y p e 0 1 5 7 : H 7 s t r ai n s .

N o v e l H e m a g gl u ti n i n o f E H E C 0 8 6 : N M 1 4 9

S t r ai n 1 0 76 w a s n e g a ti v e f o r t h e βαピ g e n e i n t h e
P C R a s s a y , i n c o n t r a st t o t h e E = E C s t r ai n s b el o n g

-

i n g t o s e r o t y p e s o 15 7
,
0 2 6

,
0 1 11

,
a n d 0 1 45 .

E A a c ti vi t y

S t r ai n 1 07 6 e x hibit e d st r o n g M R H A a c ti viti e s
d e t e ct e d w ith h u m a n a n d b o vi n e e r y t h r o c y t e s b u t n o t
w it h g ui n e a p ig , h o r s e , s h e e p ' r a b bit , o r g o a t e r y t h -

r o c y t e s (Fi g ･ 1 a n d T a bl e 2) . T h e M R H A a cti viti e s
i n c r e a s e d g r e a tly w h e n t h e b a c t e ri a w e r e g r o w n i n
li q u id m e di a r at h e r t h a n o n s olid m edi a ( T ab le 2) .
U n d e r th e s e c o n diti o n s

,
t h e E = E C s t r ai n s b el o n g -

i n g t o s e r ot y p e s o 1 5 7 , 0 2 6
,
0 11 1

,
0 12 8

,
o r 0 1 45

e x hibit e d n o d e t e ct a bl e M R H A a cti viti e s .

D I S C tTS S I O N

E H E C st r ai n s b el o n g i n g t o s e r o t y p e o 15 7 : H 7 a d h e r e
t o t h e tis s u e c ult u r e c ells i n a cl u st e ri n g p a tt e r n

s,
( o r

a diff u s e p a tt e r n
2 0'
) ･ T h e a d h e r e n c e f a ct o r ( s) i n v o l v e d

i n thi s s t a g e h a s n o t b e e n e st a bli sh e d . A t t h e n e x t
st a g e o f a d h e r e n c e

,
E H E C 0 1 5 7: Ii 7 ti gh tly bi n d s t ｡

th e m e m b r a n e
,
a n d c a u s e s t h e c h a r a c t e ri stic m e m _

b r a n o u s l e si o n s ( c all e d a tt a c hi n g a n d eff a ci n g) w it h
t h e b a c t e ri al o u t e r m e m b r a n e p r ot ei n , i n ti m i n

9
,
1 0)

D u rin g t his s t a g e , b a c t eri al s e c r eti o n p r o t ei n s (i n cl u d -

i n g T i r , a r e c e p t o r p r o t ei n t o i n ti m in ) a r e i n s e r t e d
i n t o t h e h u m a n e pit h eli al c ells t h r o u g h t h e b a ct e ri al
t y p e III s e c r eti o n s y st e m a ri d m o dif y t h e h o st si g n a

-

li n g p a t h w a y s
l O- 1 2 ･ 2 1 )

,
r e s ult in g l n t h e e n w r a p p l n g Of

t h e ad h e r e n t b a c t e ri a b y t h e el o n g a t e d c ell m e m -
b r a n e

s)
･ T his e n w r a p p l n g m a y f a cilit a t e th e t r a n s -

l o c a ti o n o f S t x a c r o s s t h e i n t e sti n al e p it h eli al c ells .
I n t his st u d y , w e d e m o n st r a t e d t h at E H E C st r ai n
10 7 6 b el o n gi n g t o s e r o t y p e o 86 : N M ( w hi c h w a s is ｡ _

A B c

Fi g ･ 1 ･ 恥 m a g g l u ti n a ti o n b y a 2 4- w e ll p l a t e m et h o d ･ E H E C 1 0 7 6 s u s p e n si o n s a t K l e tt 1 5 0
w e r e m i x e d w ith h u m a n ( A) a n d b o v i n e ( B ) e r yt h r o c y t e s i n t h e p r e s e n c e o f D- M a n n o s e . C

,

n e g a ti v e c o n t r ol w i th o u t E H E C 1 0 7 6 c ell s .
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T a b l e 2 . M R H A l e v el s o f E H E C st r a
i n s b e l o n g i n g t o v a ri o u s s e r o t y p e s , w h i c h w e

r e g r o w n i n li q u
i d m e di a o r o n

s o li d m e d i a

s t r ai n (S e r o t y p e) M e d i u m

1 0 7 6 (0 8 6 : N M ) M E M

L b r o t h

C F A b r o t h

S l ( 0 1 5 7 : H 7)

O B l (0 1 5 7 : H 7)

U 8 ( O 1 5 7 : H 7)

T l ( 0 2 6 : H l l)

T 2 (0 2 6 : 日1 1)

E lユ( 0 1 1 1 : H U T )

F 5 9 ( 0 1 1 1 : N M )

F 6 0 ( 0 1 2 8 : Ⅲ1 2)

E l°(0 1 4 5 : N M )

L a g a r

C F A a g a r

L b r o th

L b r o th

L b r o th

L b r o t h

L b r o t h

L b r o t h

L b r o th

L b r o th

L b r o th

M R H A a c ti v it y
a)
a g a i n st th e f o ll o w i n g e r y t

h r o c y t e s :

H u m a n

1 6

8

8

2

4

< 1

< 1

< 1

< 1

< 1

< 1

< 1

< 1

< 1

B o v i n e

6 4

3 2

3 2

2

8

< 1

< 1

< 1

< 1

< 1

< 1

< 1

< 1

< 1

G u i n e a pi g H o r s e

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1

< 1

<

<

<

<

<

<

<

1

1

1

1

1

1

1

< 1

< 1

< 1

<

<

<

<

<

<

<

1

1

1

1

1

1

1

< 1

s h e e p R a b b it G o a t

< 1 < 1 < 1

< 1 < 1 < 1

< 1 < 1 < 1

< 1 < 1 < 1

< 1

< 1

<

<

<

<

<

<

<

1

1

1

1

1

1

1

< 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

< 1 < 1

a) D a t a ( M R H A ti t e r) i n di c a t e th e h igh e s t dil u t
i o n w h i c h yi el d e d p o siti v e r e s u lt s b y t

h e 2 4- w ell p l a t e m e th o d ( F ig ･

i) a n d a r e r e p r e s e n t a ti v e o f a t l e a st th r e e
t ri a l s I D - m a n n o s e w a s a d d e d t o O ･ 5

0

/o ( w t/ v o l) .

1 a t ed f r o m a H U S p a ti e n t) l a c k e d t h e i n ti m i n -

e n c o di n g e a e g e n e ･ I n st e a d , th is st r ai n w a s f o u
n d t o

p o s s e s s a n o v el a n d st r o n g h e m a g gl u ti n i n a
s a p u t a

-

ti v e a d h e r e n c e f a c t o r . T h e p o s sibilit y e x i st s t h a t

E H E C 0 8 6 : N M st r ai n 1 07 6 c a n a d h e r e b et t e r t o t h e

i n t e s ti n al e p ith eli al c ell s t h a n d o E H
E C 0 1 57 : H 7

s t r ai n s .

s e v e r al e a e -

n e g ati v e E H E C s t r ai n s h a v e b e e n

sh o w n t o b e a s s o ci a t e d w ith H U S ･ M o r a bit o e t al ･

d e m o n s t r at e d th a t e a e- n e g a tiv e E H E C of s e r o t y p e

o l ll : H 2 p r o d u c e d S t x 2 , a n d dis p l a y e d t h e c h a r a c
-

t e ris ti c a g g r e g a ti v e a d h e r e n c e of e n t e r o a g g r e g ati v e

E . c olt (E A g g E C)
2 2 )

. P at o n et al ･ r e p o r t e d t h at e a e
-

n e g a tiv e E H E C of s e r ot y p e 0 1 13 :
H 2 1 p r o d u c ed a

s t x 2- r el a t e d t o x i n (S t x 2 0 1 1 3) a n d p o s s e s s e d
a hi gh

a d h e r e n c e ab ilit y
2 3)

. I n t h o s e e a e- n e g ati v e st r ai n s ,

h o w e v e r
,
n o H A a c ti viti e s w e r e r e p o rt e d ･

T hi s st u d y d e m o n s t r at e s th e 丘r st c a s e o
f H U S d u e

t o a n e a e -

n e g a ti v e , M R H A
-

p o siti v e E H E C ･ I n t h e

c a s e of e a e -

n e g ati v e E H E C , a c o m bi n a ti o n o
f a h i gh ly

a d h e si v e p r o p e r t y a n d a n S t x 2 ( o r r el at e d t o x i n)

p r o d u c ti o n m a y b e i m p o r t a n t f a c t o r s f o r t h e d e v e
l o p-

m e n t of P U S .
T h e ti g h t at t a c h m e n t of E H E C ( e ･ g ･

,

o 86 : N M st r ai n 10 7 6 e x hib iti n g a g r e at M R H A a cti v
-

it y) t o t h e i n t e sti n a l e pith eli al c ells m u st
f a cilit at e th e

t r a n sl o c a ti o n of S t x 2 a c r o s s th e i n t e s ti n al e p it h eli al

c ell s .

E H E C 0 1 2 8 : H 1 2 s t r ain F 6 0 w a s al s o e a e
-

n e g a ti v e ,

b u t t h e a s s o ci ati o n of t his s e r o t y p e w it h H U S

r e m ai n s u n c e rt ai n .

T h e m o st c o m m o n s o u r c e o f E Ii E C 0 1 5 7 : H 7 i n f e c
-

ti o n is u n d e r c o o k e d g r o u n d b e ef , w ith o th e r c a u s e s

b ei n g m ilk , v e g et a bl e s , o r f r uit s (i n c
l u di n g a p p l e

j uic e)
3 ･ 2 4)

. P e r s o n - t o - p e r s o n i nf e c ti o n h a s als o b e e n

r e p o r t e d
3
,
2 5- 2 7)

･ S t x -

p r o d u ci n g ' i n ti m i n
-

p o siti v e E ･
c o lt

(S T E C) of s e r o t y p e 0 1 5 7 : H 7 c a n als o
b e i s ol at e d

f r o m c a ttl e
,
w hi ch t h e r ef o r e a r e c o n sid e r e d t o b e a

r e s e r v o i r o f E H E C 0 1 5 7 : H 7
2 8- 3 0)

E H E C 0 8 6 : N M st r ai n 1 0 76 e x hibit e d a s t r o n g

M R H A a c ti vit y w hi c h w a s d et e c t ed o nly t o w a
r d

h u m a n a n d b o v i n e e r y t h r o c y t e s ･ T his r e s ult s u g g e s t s

th a t t h e r e c e p t o r f o r M R H A ( a p u t a tiv e a d h e r e n c e

f a ct o r) of s t r ai n 1 07 6 i s p r e s e n t o n h u m a n a n d
b o vi n e

e r y th r o c y t e s , b ut n o t o n g u l n e a p
l g , h o r s e , s h e e p ,

r ab bit
,
o r g o a t e r y th r o c y t e s ･ E H E C 0 8 6 : N M st

r ai n

1 07 6 m a y b e a bl e t o c ol o ni z e t h e i n t e sti n e s o
f c at tle

(i n a d diti o n t o t h e h u m a n in t e s ti n e s) ･

E H E C 0 86 : N M st r ai n 1 0 7 6 i n d u c e d l a r g e r a g g r e-

g a t e s f o r h u m a n e r y t h r o c y t e s t h a n
f o r b o vin e e r y t h

-

r o c y t e s a t hig h b a c t e ri al c o n c e n t r a ti o n s ( a s s h o w
n i n

Fi g . 1)
,
b u t H A tit e r s w e r e g r e a t e r f o r b o vi n e e r y t h

･

r o c y t e s ( T ab le 2) . T h e r e is a p o s sibilit y th a t h u m a
n

e r y t h r o c y t e s p o s s e s s a l a r g e n u m b e r of r e c e p t o
r s o n

t h e s u r f a c e
,
a n d b o v i n e e r y t h r o c y t e s p o s s e s s a li m it e d

n u m b e r of r e c e p t o r s b u t w it h a hig h e r bi n di n g

efB ci e n c y .



Fi n all y , E H E C 0 86 : N M st r ai n l O 76 e x hibit e d

M R H A a cti viti e s t o a m u ch g r e a t e r e x t e n t w h e n th e

b a ct e ri a w e r e g r o w n i n li q uid m e di a r a t h e r t h a n o n

s oli d m edi a . S o m e b a ct e ri al a d h e r e n c e f a c t o r s a r e

ti gh tly r e g ul a t ed b y e n vi r o n m e n t al a n d h o st f a ct o r s .
I n t h e c a s e of t y p e 1 pili , w hic h a r e a n i m p o rt a n t

a d h e r e n c e f a c t o r of u r o p a th o g e nic E . c olt ( U P E C)
,
a

pili a t e d p h a s e of E ･ c o lt i s o bt ai n e d b y c ult u ri n g i n

liq uid m e di a a n d n o t o n s olid m e di a
3 1

,
3 2 '

. M o r e o v e r
,

th e e x p r e s si o n of a n a d h e r e n c e f a ct o r of e n t e r o p a t h
-

o g e nic E ･ c olt ( E P E C) (b u n dle -f o r m i n g p ill , B F P ; a n
a d h e r e n c e f a c t o r at th e 丘r st st a g e of a d h e r e n c e)

3 3)

a n d V l
'

b ri o ch ole 71 a e 0 1 (t o x i n - c o r e g ul a t e d pil u s ,
T c p)

3 4' i s n o t c o n stit 叫i v e , b u t is i n d u c ed b y s p e cifi c
c o n diti o n s of g r o w th ･ F u rt h e r s t u di e s i n v e s tig a ti n g
t h e r e g u l a ti o n of M R H A e x p r e s si o n a s w ell a s t h e

m ol e c u l a r n a t u r e of M R H A a r e n e c e s s a r y f o r E H E C

0 86 : N M s t r ai n 1 0 76 .

A c k n o w l e d g m e n t s ･ T h e s t u d y w a s s u p p o r t e d b y a g r a n t

(9 7- 1) f r o m t h e O r g a n i z a ti o n f o r P h a r m a c e u ti c a l S a f e t y
a n d R e s e a r c h ( O P S R ) , J a p a n .

R E F E R E N C E S

1 ) R il e y L W ,
R e mi s R S

,
H el g e r s o n S D , M c G e e H B

,

W e ll s J G , D a v i s B R , H e b e r t R J , O I c o tt E S , J o h n s o n

L M
,
H a r g r et t N T , B l a k e P A , C o h e n M L : H e m o r r-

h a g i c c o liti s a s s o c i a t e d wi th a r a r e E ･ c olt s e r o t y p e .

N e u ) E n g l I M e d 3 0 8 : 6 8 1- 6 8 5 , 1 9 8 3 .

2) P i c k e ri n g L K ,
O b rig T G , St a p l e t o n F B : H e m o l y ti c-

u r e mi c s y n d r o m e a n d e n t e r o h e m o r r h a g i c E s ch e ri-
c h i a c olt . P e d i a t r I nf e c t D i s I 1 3 : 4 5 91 4 7 5 , 1 9 9 4 .

3) A m e ri c a n g a st r o e n t e r ol o g i c al a s s o c i a ti o n : C o n s e n -

s u s c o n f e r e n c e st a t e m e n t : E s c h e ri c h i a c o lt 0 1 5 7 : H 7

i n f e c ti o n s - a n e m e r gi n g n a ti o n a l h e a lt h c ri si s , J u l y
l ト1 3

,
1 9 9 4 ･ G a st r o e n t e r o l o g y 1 0 8 : 1 9 2 3- 1 9 3 4 , 1 9 9 5 .

4 ) C a p ri o li A , T o z z i A E : E p i d e m i o l o g y o f s h i g a t o x i n -

p r o d u c i n g E s c h e ri c h i a c o lt i n j e c ti o n s i n C o n ti n e n t a l

E u r o p e . I n : K a p e r J B , 0
'

B ri e n A D ( e d s .) E s c h e ri c h i a

c oli 0 1 5 7 : H 7 a n d O th e r S h i g a T o x i n - P r o d u ci n g E .

c o li St r a i n s ･ A m e ri c a n S o c i e t y f o r M i c r o b i o l o g y ,
W a s h i n g t o n , D .C . 1 9 9 8

, p 3 8- 4 8 .

5) T a y l o r C M , M o n n e n s L A : A d v a n c e s i n h a e m o ly ti c

u r a e m i c s y n d r o m e . A r c h D i s C hil d 7 8 : 1 9 0- 1 9 3 ,
1 9 9 8 .

6) M e lt o n - C el s a A R
,
0
'

B ri e n A D : S t r u c t u r e
,
b i o l o g y ,

a n d r el a ti v e t o x i cit y o f sh i g a t o x i n f a m il y m e m b e r s

f o r c e ll s a n d a n i m a l s . I n : K a p e r J B , 0
'

B ri e n A D

( e d s ･) E s c h e ri c h i a c o lt 0 1 5 7 : H 7 a n d O th e r S hi g a
T o x i n - P r o d u ci n g E ･ c olt S t r ai n s ･ A m e ri c a n S o c i e t y
f o r M i c r o b i ol o g y , W a s h i n g t o n , D I C . 1 9 9 8

, p 1 2 ト12 8 .

7) F o o d S a n i t a ti o n D i vi si o n E n vi r o n m e n t a l H e a lt h

B u r e a u M i n i st r y o f H e a lt h a n d W el f a r e : R e p e a t o n

e n t e r o h e m o r r h a g i c E s c h e ri c h i a c o lt 0 1 5 7 i n f e c ti o n s
,

1 9 9 7 .

8)

9)

1 0)

l l )

1 2)

1 3)

1 4 )

1 5)

1 6)

1 7 )

1 8)

1 9 )

2 0)

2 1)

N o v el H e m a g gl u ti n i n of E H E C 0 8 6 : N M 1 51

Y a m a m o t o T
,
T a n e i k e I : A n a t y pi c al a d h e r e n c e

p a tt e r n o f e n t e r o h e m o r r h a gi c E s c h e ri c h i a c o lt

s t r a i n s b el o n gi n g t o s e r o t y p e 0 1 2 8 : H 2 a n d 0 1 2 8 :
H 1 2 ･ A ct a M e d B i o1 4 8 : 11 1 0 , 2 0 0 0 .
M c k e e M L

,
M e lt o n - C el s a A R

,
M o x l e y R A , F r a n ci s

D H
,
0
'

B ri e n A D : E n t e r o h e m o r r h a g i c E s c h e ri ch i a

c o lt 0 1 5 7 : H 7 r e q u i r e s i n ti mi n t o c o l o n i z e th e

g n o t o b i o ti c pi g in t e s ti n e a n d t o a d h e r e t o H E p-2
c ell s . I n f e ct I m m u n
N a t a r o J P , K a p e r

c o lt . C li n M i c r o bi o I

Fi n l a y B B , C o s s a rt

h o st c ell f u n c ti o n s

6 3 : 3 7 3 9- 3 7 4 4 , 1 9 9 5 .

J B : D i a r r h e a g e n i c E s c h e ri c h i a

R e v l l : 1 4 2- 2 0 1 , 1 9 9 8 .
P : E x p l oit a ti o n o f m a m m a li a n

b y b a c t e ri a l p a t h o g e n s . S c i e n c e

2 7 6 : 7 1 8- 7 2 5 , 1 9 9 7 .

E lli o tt SJ , Y u ∫, K a p e r J B : T h e cl o n e d l o c u s o f

e n t e r o c y t e e ff a c e m e n t f r o m e n t e r o h e m o r r h a gi c E s-
ch e ri c h i a c o lt 0 1 5 7 : H 7 i s u n a bl e t o c o n f e r th e
a tt a c h i n g a n d e ff a c i n g p h e n o t y p e u p o n E . c o lt K1 1 2 .
I nf e ct I m m u n 6 7 : 4 2 6 0- 4 2 6 3 , 1 9 9 9 .

B e a c h e y E H : B a c t e ri a l a d h e r e n c e : a d h e si n -

r e c e p t o r

i n t e r a c ti o n s m e d i a ti n g t h e a t t a c h m e n t o f b a ct e ri a t o

m u c o s al s u rf a c e . I I nf e c t D i s 14 3 : 3 2 51 3 4 5 , 1 9 8 1 .

E v a n s D G
,
E v a n s D J J r , Tj o a W : H e m a g gl u ti n a ti o n

o f h u m a n g r o u p A e r y th r o c y t e s b y e n t e r o t o x i g e n i c

E s c h e ri c h i a c olt i s ol a t e d f r o m a d u l t s w it h d i a r r h e a :

c o r r el a ti o n wi t h c o l o n i z a ti o n f a c t o r . I n jTe ct I m m u n

1 8 : 3 3 0- 3 3 7 , 1 9 7 7 .

Y a m a m o t o T
,
E c h e v e r ri a P : D e t e c ti o n o f t h e e n t e r _

o a g g r e g a ti v e E s c h e ri c h i a c o lt h e a t- st a bl e e n t e r o t o x _

i n l g e n e s e q u e n c e s i n e n t e r o t o x i g e n i c E . c o lt

st r ai n s p a th o g e ni c f o r h u m a n s . I njTe ct I m m u n 6 4 :

1 4 4 1- 1 4 4 5 , 1 9 9 6 .

K o b a y a s h i K : D et e c ti o n o f e n t e r o h e m o r r h a gi c E sI
c h e ri ch i a c olt b y P C R C li n M i c r o bio 1 1 8 : 5 0 71 5 1 3 ,
1 9 9 1 . (i n J a p a n e s e)

H u Y
,
Z h a n g Q , M e it zl e r J C : R a pi d a n d s e n siti v e

d e t e cti o n o f E s c h e ri c h i a c olt 0 1 5 7 : H 7 i n b o v i n e
f a e c e s b y a m u lti p l e x P C R . I A j坤I M i c r obi o1 8 7 :
8 6 7- 8 7 6 , 1 9 9 9 .

Y a m a m o t o T
,
K o y a m a Y , M a t s u m o t o M , S o n o d a E ,

N a k a y a m a S , U c h i m u r a M , P a v e e n k it ti p o r n W ,
T a m u r a K

,
Y o k o t a T

,
E c h e v e r ri a P : L o c ali z e d

,

a g g r e g a ti v e , a n d d i ff u s e a d h e r e n c e t o H e L a c ell s
,

pl a sti c , a n d h u m a n s m all in t e sti n e s b y E s ch e ri c h i a

c o lt i s ol a t e d f r o m p a ti e n t s w i th di a r r h e a . I I n f e ct
D i s 1 6 6 : 1 2 9 5- 1 3 1 0 , 1 9 9 2 .

Y a m a m o t o T
,
W a k i s a k a N

,
N a k a e T : A n o v el

c r y o h e m a g g l u ti n i n a s s o ci a t e d w it h a d h e r e n c e o r

e n t e r o a g g r e g a ti v e E s ch e ri c h i a c o lt I n f e ct I m m u n 6 5 :
3 4 7 8- 3 4 8 4 , 1 9 9 7 .

M c k e e M L
,
0
'

B ri e n A D : I n v e s tig a ti o n o f e n t e r o
-

h e m o r r h a gi c E s ch e ri c h i a c o lt 0 1 5 7 : H 7 a d h e r e n c e

c h a r a c t e ri s ti c s a n d i n v a si o n p o t e n ti a l r e v e a l s a n e w

a tt a c h m e n t p a tt e r n s h a r e d b y i n t e s ti n a l E . c o lt .

I nf e c t I m m u n 6 3 : 2 0 7 0- 2 0 7 4 , 1 9 9 5 .

L u o Y
,
P r e y E A , P f u e t z n e r R A , C r e a g h A L , K n o e-

c h el D G
,
H a y n e s C A , F in 1 a y B B , S t r y n a d k a N C :

C r y s t a l st r u c t u r e o f e n t e r o p a th o g e n i c E s ch e ri c h i a

c o lt i n ti mi n- r e c e p t o r c o m p l e x . N a t u r e 4 0 5 : 1 0 7 3-



1 5 2 T . Y A M A M O T O e t al .

1 0 7 7
,
2 0 0 0 .

2 2 ) M o r a b it o S , K a r c h H , M a ri a n i
- K u r k dji a n P , S c h-

m i d t H
,
M i n elli F

,
B i n g e n E , C a p ri o li A : E n t e r o a g

-

g r e g a ti v e , S h i g a t o x i n
-

p r o d u ci n g E s c h e ri c h i a c o lt

o l l l : H 2 a s s o c i a t e d w it h a n o u t b r e a k o f h e m ol y ti c-

u r e m i c s y n d r o m e . I C li n M i c r o b i o 1 3 6 : 8 4 0- 8 4 2 , 1 9 9 8 ･

2 3) P a t o n A W ,
W o o d r o w M C

,
D o yl e R M , L a n s e r J A ,

p a t o n J C : M o l e c u l a r c h a r a c t e ri z a ti o n o f a S h ig a

t o x i g e n i c E s c h e ri c h i a c olt 0 1 1 3 : Ⅲ2 1 s t r a i n l a c k i n g

βαβ r e s p o n si b l e f o r a cl u st e r o
f c a s e s o f h e m o l y ti c-

u r e mi c s y n d r o m e . I Cli n M i c r o bi o1 3 7 : 3 3 5 7- 3 3 6 1 ,

1 9 9 9 .

2 4) M c C a r th y M : E . c o lt 0 1 5 7 : H 7 o u tb r e a k i n U S A

t r a c e d t o a p p l e j u i c e . I , a n c et 3 4 8 : 1 2 9 9
,
1 9 9 6 ･

2 5) R y a n C A , T a u x e R V , H o s e k G W ,
W ell s J G , S t o e s z

p A
,
M c F a d d e n H W J r , S m i th P W ,

W ri g h t G F ,

B l a k e P A : E s ch e ri c h i a c olt 0 1 5 7 : H 7 d i a r r h e a i n a

n u r si n g h o m e : cli n i c a l , e p i d e m i o l o g l C a l , a n d p a t
h o-

1 o gi c al fi n di n g s . I I n f e ct D i s 1 5 4 : 6 3 1- 6 3 8 , 1 9 8 6 ･

2 6 ) E d el m a n R , K a r m a li M A , F l e m i n g P A : F r o m th e

N a ti o n a l I n s tit u t e s o f H e a lt h . S u m m a r y o f t h e i n t e r-

n a ti o n al s y m p o si u m a n d w o r k s h o p o n i n f e c ti o n s d u e

t o v e r o c yt o t o x i n ( S hi g a-li k e t o x i n)- p r o d u ci n g & -

c h e ri c h i a c o lt . I I nf e ct D i s 1 5 7 : 1 1 0 2- 1 1 0 4 , 1 9 8 8 ･

2 7) G ri銑 n P M , T a u x e R V : T h e e p id e m i o l o g y o f i n f e c-

ti o n s c a u s e d b y E s ch e ri c h i a c o lt O 1 5 7 : H 7 , o t h e r

e n t e r o h e m o r r h a gi c E . c o lt
,
a n d th e a s s o ci a t e d

h e m ol y ti c u r e m i c s y n d r o m e .
E Pi d e m i o I R e v 1 3 : 6 0-

9 8
,
1 9 9 1 .

2 8) P r s k o v F , e ) r s k o v I , V ill a r J A : C a ttl e a s r e s e r v oi r o f

v e r o t o x i n -

p r o d u ci n g E s c h e ri ch i a c o lt 0 1 5 7 : H 7 ･ L a n -

c et 2 : 2 7 6
,
1 9 8 7 .

2 9 ) W e ll s J G , S h i p m a n L D , G r e e n e K D , S o w e r s E G ,

G r e e n J Ⅲ , C a m e r o n D N , D o w n e s F P , M a r ti n M L ,

G ri & n P M
,
O s t r o ff S M ,

P o t t e r M E
,
T a u x e R V ,

w a c h s m u t h I K : I s o l a ti o n o f E s c h e ri c hi a c o lt s e r-

o t y p e o 1 5 7 : H 7 a
n d o th e r S h i g a-li k e-t o x i n

-

p r o
-

d u ci n g E .
c olt f r o m d ai r y c a ttl e . I C li n M i c r o b i o 1 2 9 :

9 8 5- 9 8 9 , 1 9 9 1 .

3 0 ) C h a p m a n P A , S i d d o n s C A , W ri g h t D J , N o r m a n P ,

F o x ∫, C ri c k E : C a t tl e a s a p o s sib l e s o u r c e o f

v e r o c yt o t o x i n
-

p r o d u ci n g E s c h e ri c h i a c o lt 0 1 5 7

i n f e c ti o n s i n m a n . E p id e m i o I I n f e ct 1 1 1 : 4 3 9- 4 4 7 ,

1 9 9 3 .

3 1) D u g ui d J P , G illi e s R R : F i m b ri a e a n d a d h e si v e p r o p
-

e r ti e s i n d y s e n t e r y b a c illi . I P a th oI B a ct e ri o1 7 4 : 3 9 71

4 1 1
,
1 9 5 7 .

3 2) P a r r y S 日 , B o o n c h a i S , A b r a h a m S N , S a l t e r J M ,

R o o k e D M
,
S i m p s o n J M , B i n t A J , S u s s m a n M : A

c o m p a r a ti v e s t u d y o f th e m a n n o s e
- r e si st a n t a n d

m a n n o s e- s e n siti v e h a e m a g g l u ti n i n s o f E s c h e ri c h i a

c oli i s o l a t e d f r o m u ri n a r y t r a c t i n j e c ti o n s . I nf e cti o n

l l : 1 2 3- 1 2 8 , 1 9 8 3 .

3 3) V u o pi o- V a r k il a ∫, S c h o o l n i k G K : L o c a li z e d a d h e r-

e n c e b y e n t e r o p a t h o g e n i c E s ch e ri c hi a c olt i s a n i n
-

d u c ib l e p h e n o t y p e a s s o ci a t e d w it h th e e x p r e s si o n o f

n e w o u t e r m e m b r a n e p r o t e i n s . I E x P M e d 1 7 4 : 1 1 6 7-

1 1 7 7
,
1 9 9 1 .

3 4) T h o m a s S , W illi a m s S G , M a n n i n g P A : R e g u l a ti o n o f

t ci' g e n e s i n cl a s si c a l a n d E I T o r st r a i n s o f V ib ri o

ch o l e r a e 0 1 . G e n e 1 6 6 : 4 3 A 8
,
1 9 9 5 .




