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Summary. In vitro susceptibilities to 35 antimicrobial
agents were investigated in 319 strains of Vibrio
cholerae 01 and 213 strains of V. cholerae 0139 iso-
lated from various regions of the world between 1991
and 1999. Drug resistance was found with 12 of the 35
antimicrobial agents and was divided into chromosome-
encoded multiple drug resistance (VC MAR, found in
plasmid-less strains) and that encoded by drug resis-
tance (R) plasmids. VC MAR was subtyped into eight
major groups. In Bangladesh, the VC MAR pattern
changed from that including tetracycline resistance (VC
MAR2) since the 1990s to a tetracycline-susceptible,
nalidixic acid-low resistant pattern (VC MAR3a), and
then to a nalidixic acid-highly resistant pattern (VC
MAR3b). The VC MAR3b type also showed low resis-
tance to a newer quinolone, norfloxacin. R plasmids
were isolated from a F. cholerae 0139 strain from
Thailand and V. cholerae Ol strains from Rwanda,
Tanzania, and Peru. In the case of V. cholerae 0139,
this was the second isolate after the previous R plasmid
from Indian strains. V. cholerae 01 isolated in 1997
from cholera patients in Japan who had never been
abroad showed a VC MAR6 pattern, which was the
sameas that of F. cholerae Ol occurring in travelers to
Bali, Indonesia in 1995. This study showed that the
multiple drug resistance of F. cholerae Ol and 0139
differed among regions and eras due to changes in VC
MAR and the presence of R plasmids, and that the
isolates were still susceptible to some antimicrobial
agents such as azithromycin and tetracycline (e.g., in
Bangladesh).
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INTRODUCTION

Cholera is currently in the 7th pandemic that started
in Indonesia in 1961l\ The pathogen is Vibrio chokrae
Ol biotype El Tor and the reservoir of infection is
such locations as India and Bangladesh. The path-
ogenicity of the El Tor biotype is considered to be
weaker than the V. chokrae 01 biotype classical,
which was the pathogen of up to the 6th cholera
pandemic1-2'. However, V. chokrae 01 El Tor still
maintains a strong epidemic potential, and its
epidemiological pathogenicity should not be neglect-
ed. In 1991, V. chokrae 01 El Tor appeared in South
and Central America, starting in Peru, where no
large cholera endemics have been recorded in this
century, and ca. 3.9 millions cases with ca. 4 thousand
deaths were recorded from Latin America3'4'. In 1992,
a new type V. chokrae with a new serotype 0139,
which was resistant to previous cholera vaccines,
appeared in India and was rapidly transmitted to
neighboring countries such as Bangladesh and
Thailand which expanded the epidemic area5"10'. V.
chokrae 0139 has been shown to be genetically
related to V. chokrae 01 El Tor, and nowrecognized
as an agent of another wave of epidemics within the
7th cholera pandemicll'. In 1994, V. chokrae 01 El
Tor attacked Rwandan refugees in Africa, resulting
in about 58,057 cholera cases and 4,181 deaths in July,
199412'.

For the treatment of cholera, oral and intravenous
rehydration therapy has been successfully employed.
Chemotherapy is also effective for reducing stool
output and the duration of diarrhea, and has widely
been used as a supplement therapy in epidemic
regions13'. With an extensive use of antimicrobial
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(S hi o n o g i) w e r e u s e d eith e r al o n e o r i n c o m bi n a ti o n

at a r a ti o of 5 : 1 ( a s i n t h e c o m bi n a ti o n d r u g) o r 20 :
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12 8 m g/ m l ･ T h e t e s t b a ct e ri a w e r e g r o w n f o r 18 h a t
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a t 3 7 ℃ ･ T h e M I C w a s d e t e r m i n e d a s p r e vi o u sl y

d e s c rib e d
2 1)
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e d
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w a s als o u s e d
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P la s m id a n a ly si s

P l a s m id s of V . ch ole r a e 0 1 a n d O 1 3 9 st r ai n s w e r e
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1 6

･
2 3)

I B ri e n y , b a ct e
-

ri al c ells g r o w n i n L b r o t h (5 m l) w e r e s u s p e n d e d i n
lO O JL l of 40 m M T ri s - a c e t a t e ( p H 7 .9) c o n t ai n in g 2
m M E D T A ( p H 7 ･9) i n a I .5 - m l m i c r o c e n t rif u g e t u b e .
T hi s w a s f oll o w e d b y a n a d diti o n of 2 0 0 /Jl of l y sis

s ol u ti o n (3 % S D S , 50 m M T r is
,
a n d 0 .12 8 N N a O H) a t

r o o m t e m p e r at u r e ･ A ft e r b ei n g m i x e d b y b ri ef a git a -

ti o n
,
th e s olu ti o n w a s h e a t e d t o 55 ℃ f o r 2 0 m i n , T h e
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c hl o r of o r m (1 : 1
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u p p e r a q u e o u s p h a s e ( - 1 6 0 〟1) w a s r et ai n e d . P la s m id

D N A th u s p r e p a r e d (1 0 J Ll) w a s el e ct r o p h o r e s e d i n 0 .
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9 4 ･5 k b in si z e

2 4)
a n d 2 36 - k b S h l
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M e di c al S ci e n c e
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B a c t e ri al m a ti n g
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b r o t h o r f o r 1 8 h a t 3 7
o

c o n m e m b r a n e fi1t e r s p l a c e d

o n a g a r m e di a , a s p r e vi o u sly d e s c rib e d
2 5)

. T r a n s c o n -

J u g a n t S W e r e S ele c t e d o n a g a r pl a t e s f o r b o t h d o n o r

a n d r e cip i e n t r e si st a n c e m a r k e r s .

I n c o m p a tibilit y g r o u p t e sti n g

E ･ c olt s t r a in s t h at c a r ri e d a d r u g r e si st a n c e p l a s m id

f r o m V . ch ole yla e 0 1 a n d 0 13 9 a n d a s t a n d a rd R

pl a s m id of th e k n o w n i n c o m p a tibilit y g r o u p w e r e

c o n s t r u ct e d b y b a c t e ri al m a ti n g o r t r a n sf o r m ati o n .

S t ab ilit y of t h e t w o pl a s m id s w it h in th e s a m e E . c o lt

c ells w a s th e n t e s t ed
,
a s p r e vi o u sl y d e s c rib ed

2 6
,
2 7)

R E S U L T S

D r u g r e si st a n c e a n d r e sis t a n c e p a t t e r n s o f cli n ic al

i s o la t e s o f V . c h o le T･ a e O l a n d 0 1 3 9

D r u g r e sist a n c e w a s d et e ct e d w it h 1 2 of 3 5 a n ti m i -

c r o bi al a g e n t s e x a mi n e d i n t h e V . ch ole r a e O l a n d

0 1 3 9 st r ai n s is ol at ed f r o m B a n gl a d e sh , I n di a , T h ail a n d ,



7 8 T . Y A M A M O T O et al ∴

J a p a n , I n d o n e si a , R w a n d a , T a n z a ni a , a n d P e r u ･ N o n e

of t h e Djib o u ti a n d N ig e ri a n s t r ai n s of V I C h ole 71 a e 0 1

e x a m i n e d w e r e d r u g
- r e si st a n t

,
n o r w e r e t h e r e d r u g

r e sis t a n t s t r ai n s f r o m B oliv i a a n d U S A .

D r u g r e sis t a n c e p a tt e r n s a n d r e sis t a n c e l e v e
ls of V ･

ch ole 71 a e 0 1 a n d 0 1 3 9 a r e s u m m a ri z ed i n T ab le 1 . I n

A si a
,
th e m aj o rit y of d r u g r e si st a n c e w a s n o t d u e t

o

p l a s m id s ･ T h o s e c h r o m o s o m e
- e n c o d e d m ultip l e d r u g

r e sist a n c e p a tt e r n s (d e si g n a t e d V C M A R) w e r e

s u b t y p e d in t o eigh t m aj o r g r o u p s , V C
- M A R l t o

V C - M A R 6 ( T a bl e 2) .

I n t h e c a s e of V . ch o le r a e 0 1 st r ai n s f r o m B a n g 1

1 a d e s h (T a bl e 1) , th e m aj o r d r u g r e sis t a n c e p a t t e r n

(f o u n d i n 5 4 .1 %) i n 1 99 2 w a s V C M A R 2 , s e v e n
- d r u g

r e sist a n c e t o t et r a c y cli n e , chl o r a m p h e ni c ol, f u r a z olid o n e ,

st r e p t o m y cin , s ulf a m et h o x a z ol e , t ri m et h o p ri m e , a n d

o/ 12 9 . T h e m aj o r r e si st a n c e p a t t e r n ch a n g e d t o V C

M A R l
,
i n w hi c h t et r a c y cli n e r e si st a n c e w a s e x cl u d e d

f r o m V C M A R 2 , i n 1 99 4 . A ei g h t
-d r u g r e sis t a n c e

p a t t e r n v c M A R 4 a , i n w hi ch n alidi x ic a cid
-l o w r e sis-

t a n c e w a s a d d e d t o V C M A R 2 , e m e r g e d a s a m i n o r

p at t e r n i n th e s a m e y e a r ･ I n 19 9 9 , all th e 0 1 st r ai n s

e x a m i n e d sh o w e d n alidi x ic a cid r e si st a n c e; t h e m aj o r

r e sis t a n c e p a t t e r n w a s V C M A R 3 a (V C M A R l pl u s

n ali di x i c a cid -l o w r e sis t a n c e) a n d th e m i n o r p at t e r n

w a s v c M A R 3 b ( V C M A R l pl u s n alidi x ic a cid
-hi g h

r e si st a n c e) .

A t y pi c al V . c h o le yla e 0 1 s t r ai n s , w hi c h w a s initi ally

di a g n o s e d a s V . ch ole r a e 0 1 b i ot y p e cl a s si c al , a p p e a r-

e d i n B a n g l a d e sh d u ri n g 1 99 ト1 9 94 a n d e x hibit ed t h e

v c M A R l a n d V C M A R 2 p h e n ot y p e s i n 8 3 .3 %

( T ab le 1) .

v . ch ol e yla e 0 1 39 st r ai n s a p p e a r e d d u ri n g 19 9 2 a n d

19 9 3 i n B a n g l a d e s h a n d sh o w e d a m aj o r r e si st a n c e

p a tt e r n of V C M A R l (f o u n d i n 96 ･7 %) , w hi c h h a s

b e c o m e a m i n o r p a t t e r n si n c e 1 99 5 (T a bl e 1) ･

I n I n di a
,
m aj o r r e si st a n c e p at t e r n s of V . c h ole 71a e

o l s t r ai n s is ol a t e d i n 1 9 95 a n d 1 99 7 w e r e V C M A R 3 a

o r v c M A R 3 a-F Z (V C M A R 3 a d e riv a ti v e l a c ki n g

f u r a z o lid o n e r e si st a n c e) .
T h o s e r e sis t a n c e p a tt e r n s

i n cl u d ed n alidi x i c a cid r e sis t a n c e si m il a r t o th e c a s e

i n B a n gl a d e s h (T a bl e 1) . T e t r a c y cli n e r e si st a n c e w a s

n o t d e t e c t e d . I n a d diti o n t o th e a b o v e m ulti pl e d r u g

r e sis t a n c e p a t t e r n s , o n e V ･ c h ole r a e 0 1 s t r ai n f r o m

I n di a is ol a t e d i n 1 9 9 3 s h o w e d a V C M A R 3 a -S M

p a t t e r n pl u s a m pi cilli n r e sist a n c e ( M I C , ≧256) a n d

c ef o p e r a z o n e r e sis t a n c e ( M I C , ≧2 5 6) ･

I n 1 9 92
,
V . ch ol e 71 a e 0 13 9 st r ai n s e m e r g e d i n I n di a

a n d s h o w e d a V C M A R L p h e n o t y p e . N alidi x ic a cid
-

1 o w o r hig h r e si st a n c e-i n cl u di n g V C M A R t y p e s ( V C

M A R 3 a a n d V C M A R 4b - F Z) e x is t e d a s a m i n o r

p a tt e r n d u ri n g 1 99 2 a n d 19 9 3 a n d i n 1 99 5 ( T a bl e 1) I

S o m e 0 13 9 st r ai n s is ol a t ed d u ri n g 1 9 92 a n d 19 9 3

s h o w e d hig h e r r e sis t a n c e t o t et r a c y clin e a n d chl o r
-

a m p h e n i c ol c o m p a r e d w it h t h e r e si st a n c e l e v e
ls of

v c M A R 2 o r V C M A R l; thi s hig h e r r e si st a n c e w a s

d u e t o th e p r e s e n c e of R p l a s m id ( p N O N l) I

I n T h ail a n d
,
r e c e n t is ol at e s of V . ch ole r a e O I

sh o w e d V C M A R 2 (T a bl e 1) . V C M A R L w a s f o u n d i n

v . ch ole r a e O 1 39 st r ai n s . O n e 0 1 3 9 s t r ai n is ol a t e d i n

1 9 9 4 s h o w ed a h ig h e r r e sis t a n c e t o t et r a c y cli n e a n d

chl o r a m p h e n ic ol c o m p a r ed w ith t h e r e si st a n c e l e v el s

of V C M A R 2 o r V C M A R l; thi s hi gh e r r e sist a n c e

w a s d u e t o R pl a s m id ( P N O N T l) .

I n J a p a n , V C M A R l e x is t e d i n V ･ ch ole r a e 0 1

st r ai n s i n 1 9 91 ( T a bl e 1) . I n s u m m e r 1 9 97 , m a n y c a s e s

of ch ole r a i n p a tie n t s w h o h ad n e v e r b e e n a b r o a d

w e r e r e p o r t ed i n J a p a n . T h e V . c h ole ra e 0 1 st r ai n s

fr o m th o s e J a p a n e s e ch ole r a p ati e n t s i n 19 9 7 s h o w e d

r e si st a n c e t o d r u g s t h a t w e r e n ot a p pli e d t o ch ole r a

t r e a t m e n t i n J a p a n . T h e m o st f r e q u e n t r e si st a n c e

p a tt e r n w a s th r e e
- d r u g r e sis t a n c e t o f u r a z olid o n e ,

s t r e p t o m y ci n , a n d s ulf a m e th o x a z ol e ( V C M A R 6) ･

T h is m ulti pl e d r u g r e si st a n c e p a tt e r n w a s f o u n d in

58 .8 0/. of is ol a t e s , a n d s o m e i s ol at e s w e r e o nl y r e si s
-

t a n t t o o n e o r t w o of t h e d r u g s . I s ol a t e s s u s c e p tibl e

t o all d r u g s a c c o u n t e d f o r 2 .9 % . F i g ･ 1 s h o w s t h e

n a ti o n w id e dis t rib u ti o n of th e r e sis t a n c e p at t e r n s . V C

M A R 6 w a s m o r e f r e q u e n t i n th e K a n t o a r e a .

T h e m ultipl e d r u g r e si st a n c e p at t e r n ( V C M A R 6)

of V .
c h ole r a e 0 1 s t r ain s f o u n d i n ch ole r a p ati e n t s i n

1 9 97 w h o h a d n e v e r b e e n ab r o a d w a s id e n ti c al t o t h e

d r u g r e sis t a n c e p at t e r n ( V C M A R 6) d e t e c t e d i n t h e

V . ch ol e 7 1a e 0 1 s t r ai n s is ol at e d f r o m J a p a n e s e t r a v
-

ele r s t o I n d o n e si a (B ali) i n 1 99 5 ( T a bl e 1) .

I n A f ri c a n c a s e s
,
m ultip le d r u g r e sist a n c e w a s

d e t e c t e d i n s p e ci m e n s f r o m R w a n d a a n d T a n z a n i a

(T a bl e 1) . T h o s e V . c h ole rla e 0 1 s t r ai n s sh o w e d

hi gh e r le v els of r e si st a n c e t o t et r a c y cli n e a n d ch l o ト

a m p h e nic ol c o m p a r e d w it h t h e r e sis t a n c e le v els of

V C M A R 2 o r V C M A R l ; t his h igh e r r e sis t a n c e w a s

d u e t o R p l a s m id ( P E L T R l a n d P E L T T l , r e s p e c ti v e
･

1y) .

V . c h ole 71a e 0 1 s t r ai n s f r o m P e r u h a d R pl a s m id

( P E L T P l) w h o s e p r e s e n c e r e s ult e d i n hig h e r l e v el s of

r e sist a n c e t o t et r a c y cli n e a n d c hl o r a m p h e n ic ol

( T a b le 1) .

C o n j u g al t r a n sf e r a n d d r u g r e si s t a n c e p a t t e r n s of

R pl a s m id s

V . ch ole yla e 0 1 a n d 0 13 9 st r ai n s sh o w l n g hi gh e r l e v els

o f r e si st a n c e t o t e t r a c y cli n e ( M I C , ≧1 6) o r c hl o r a m
-

p h e n i c ol ( M I C , > 32) c a r rie d a s elf
- t r a n s m is sible R

p l a s m id . C h a r a c t e ri stic s of th e i s ol at e d R p l a s m id s

a r e s u m m a ri z e d i n T abl e 3 .

A n R pl a s m id ( p N O N l) is ol a t ed f r o m a n I n di a n

0 1 3 9 s t r ai n b el o n g e d t o l n c C , a n d w a s a bl e t o t r a m s-
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D r u g R e si st a n c e o f V ib ri o ch ol e71 a e 0 1 a n d 0 13 9 8 3

f e r t o E ･ c olt st r ai n s a t a r el ati v ely hi gh f r e q u e n c y . I n

c o n t r a s t
,
a n R pl a s m id ( P N O N T l) i s ol at e d f r o m a

T h ai 0 1 3 9 s t r ai n did n o t b el o n g t o l n c C a n d h a d a

v e r y bi g m ole c ul a r si z e , a n d it s f r e q u e n c y t o t r a n sf e r

t o E ･ c olt w a s l o w . B o t h p N O N l a n d P N O N T l did

n o t c o n f e r f u r a z olid o n e r e sis t a n c e .

T h e t r a n sf e r f r e q u e n c y of P E L T T 7 , is ol a t e d f r o m

a T a n z a ni a n 0 1 st r ai n
,
w a s v e r y l o w . P E L T T 7 did

n o t c o nf e r f u r a z o lid o n e r e sist a n c e ･ P E L T R l , i s ol a t e d

f r o m a R w a n d a n 0 1 s t r ain
,
b el o n g ed t o l n c C , w a s

t r a n sf e r r ed t o E
. c olt at a m o d e r a t e l e v el of i r e _

q u e n c y , a n d did n o t c o n f e r n alidi x i c a cid r e si st a n c e .

P E L T P l , is ol a t e d f r o m a P e r u vi a n 0 1 s t r ai n
,
b el o n -

g e d t o I n c C , a n d w a s t r a n sf e r r e d t o E . c olt a t a n

e x t r e m ely hi gh f r e q u e n c y ( T a bl e 3) .

I n c o n t r a st
,
n o pl a s mi d s w e r e d et e c t e d i n o t h e r V .

c h ole ra e O l a n d O 1 39 st r ai n s wi t h th e V C M A R

ph e n o t y p e s .

D r u g s a cti v e a g ain st t h e m ulti pl e d r u g r e sist a n t

s t r ai n s o f V . c h o l e r a e O l a n d 0 1 3 9

A ll th e m ultip le d r u g r e sis t a n t s t r ai n s of V . ch ole r a e

0 1 a n d 0 1 39
,
i r r e s p e c ti v e of t h e V C M A R ph e n o t y p e s

o r t h e p r e s e n c e o f R p l a s m id s , w e r e hi g hl y s u s c e p
-

tibl e t o m i n o c y cli n e , cip r o 8 o x a ci n , a n d a zith r o m y ci n

( T a bl e 4) ･ T h e V C M A R 3 b a n d V C M A R 4 b - F Z t y p e s

sh o w e d a m o d e r a t e l e v el of r e sis t a n c e t o n o rfl o x a c in .

N o s t r ai n s sh o w e d l o w e r s u s c e p tibiliti e s t o e r y th -

r O m y C l n .

D I S C tJ S S I O N

R e h y d r a ti o n i s a n eff e cti v e t r e at m e n t f o r c h ol e r a
2 8 ･ 2 9)

A d diti o n all y , ch e m ot h e r a p y h a s al s o b e e n r e c o m -

m e n d e d a s a s u p pl e m e n t t h e r a p y l n e p id e m i c r e g l O n S

t o r e d u c e t h e di a r rh e a st o ol v ol u m e o r s h o rt e n th e

d u r ati o n of di a r r h e a o r t h e vib ri o s - s h e d di n g p e ri od
29 )

,

C h e a p a n ti m i c r o bi al a g e n t s s u c h a s t e t r a c y cli n e
3 0)
,

d o x y c y cli n e
3 1 )

,
f u r a z olid o n e

3 0
･
3 2 )

,
t ri m e t h o p ri m e ･

s ulf a m et h o x a z ol e (S T - c o m p o u n d i n g a g e n t)
3 3

･
3 4 )

,

q u l n Ol o n e s
3 4 , 3 5)

,
a n d e r y t h r o m y ci n

3 6) h a v e b e e n u s e d

f o r t r e a ti n g c h ole r a i n e p id e m i c

t r a ti o n of a n ti m ic r o bi al a g e n t s

p r e v e n ti n g i n f e c ti o n h a s al s o

w h e n t h e s e c o n d a r y i n f e c ti o n is

a r e a s . T h e ad m i nis -

f o r t h e p u r p o s e of

b e e n r e c o m m e n d e d

m a r k e d 1 3 , 3 7 ･ 3 8)

T h r o u gh th e p i o n e e r l n g St u di e s b y K u w a h a r a a n d
G o t o

,
t r a n s m i s sibl e m u ltid r u g r e sis t a n t R p l a s m id

s h o w l n g r e sis t a n c e t o c hl o r a m p h e ni c ol , t e t r a c y cli n e ,

st r e p t o m y cin , a n d s ulf a m e th o x a z ol e w a s di s c o v e r e d

i n P hili p p in e s t r ai n s of V . c h ole r a e 0 1 in 1 96 7 1 4) . T his

w a s f oll o w e d b y t h e is ol a ti o n b y P r e s c o t t et al . i n

1 96 8 i n C al c u t t a st r ai n s 3 9 ) . T h e s e R p l a s m id s of V .

ch ole r a e 0 1 w e r e s elf ･t r a n s mi s sibl e
,
a n d b el o n g e d t o

l n c C
2 7)

. M ultip l e d r u g r e sis t a n c e w a s d et e ct e d i n ト

9 % of is ol a t e s a r o u n d 1 9 70 4 0) .

I n 1 99 2
,
a n e w s e r o t y p e ( 0 1 3 9) of t h e ch ol e r a a g e n t

a p p e a r ed i n l n di a
9)
,
a n d m ulti pl e d r u g r e sis t a n c e

st a r t ed at t r a c ti n g at t e nti o n a g ai n . I n V . ch ole yla e

0 13 9
,
m o st is ol a t e s w e r e r e si st a n t t o t h e S T _

c o m p o u n di n g a g e n t , f u r a z olid o n e
,
a n d s t r e p t o m y -

ci n
5
･
9 )

･ W e f o u n d a s elf - t r a n s m is sibl e R pl a s m id i n

l n di a n 0 1 3 9 i s ol at e s in 1 99 5 1 6 ) . I n B a n gl ad e sh , 7 0 % of

V ･ c h ole yla e 0 1 EI T o r st r ai n s i s ol at e d d u r i n g t h e

s a m e p e ri o d w e r e r e sis t a n t t o t et r a c y cli n e
5 )

.

I n t h e A si a n e p id e m i c s , t h e m aj o r m ulti pl e d r u g
r e si st a n c e of V . c h ole y a e 0 1 a n d 0 1 39 s t r ai n s w a s n ot

d u e t o p l a s m id , b u t w a s ch r o m o s o m al
1 5)

･ T h e t y p ic al

m ultip l e d r u g r e si st a n t p a tt e r n w a s V C M A R I s h o w -

1 n g r e sist a n c e t o c hl o r a m p h e ni c o l , f u r a z olid o n e
,

st r e p t o m y ci n , s u lf a m et h o x a z ol e , t ri m e th o p ri m , a n d

0 /1 2 9
1 5)

. V C M A R 2
,
i n w hi c h t et r a c y clin e - r e sis t a n c e

w a s a d d e d t o V C M A R l
,
w a s f o u n d i n B a n g l a d e sh V .

c h ole r a e 0 1 st r ai n s
1 5)

.

I n thi s st u d y , w e f u r t h e r id e n t 近ed th e f oll o w in g
n e w V C M A R t y p e s; V C M A R 3 a i n w h ic h n alidi x i c

a cid -l o w r e si st a n c e w a s a d d e d t o V C M A R l
,
V C

M A R 3 b i n w hi c h n alidi x ic a cid -hi g h r e si st a n c e w a s

a d d e d t o V C M A R l
,
V C M A R 4 a i n w h ic h n alidi x i c

a ci d -l o w r e si st a n c e w a s a d d e d t o V C M A R 2
,
V C

M A R 4 b - F Z i n w hi c h n alidi x i c a cid - hi gh r e si st a n c e

w a s a d d e d t o V C M A R 2 b u t f u r a z olid o n e r e si st a n c e

w a s r e d u c e d
,
V C M A R S in w hi c h r e sist a n c e t o

t ri m e th o p ri m a n d 0 /1 2 9 w a s r e d u c ed f r o m V C
M A R l

,
a n d V C M A R 6 w hi ch w a s t h r e e -d r u g r e sis -

t a n t t o f u r a z olid o n e
,
s t r e p t o m y ci n , a n d s ulf a m e t h o x -

a z ol e ･ It is c o n c ei v a bl e t h at th e s e V C M A R t y p e s a r e

i n t e r ch a n g e a bl e , a n d th e e x t e n si v e u s e of a n ti m i ･

c r o bi al a g e n t s s el e c t s o n e o r m o r e of th e t y p e s , a s

sh o w n i n F ig . 2 .

I n s o m e b a c t e ri a
,
a sl n gl e s p e ci丘c m e ch a nis m

c all ed a n e 租u x p u m p s y s t e m p la y s a r ol e i n m ulti p le

d r u g r e sis t a n c e , i n w h ic h r e sist a n c e o c c u r s w h e n th e

d r u g e n t e ri n g t h e c ell m e m b r a n e(s) of t h e b a c t e ri a is

p u m p ed o u t
4 l ･ 4 2 ･ 4 3)

. B r o a d d r u g r e sis t a n c e p at t e r n s of

V . c h o le r a e 0 1 a n d O 1 3 9 s u c h a s th e c hl o r a m _

p h e ni c ol
-

,
t et r a c y cli n e

-

,
a n d n alidi x i c a cid ･ r e sis t a n c e

f o u n d i n t his st u d y m a y b e e x p l ai n e d b y m ulti pl e d r u g

r e sis t a n c e p u m p s . It h a s b e e n s h o w n t h a t V . c h ole r a e

0 1 s t r ai n 5 69 B h a s g e n e s w hic h r e s e m b le t h e E . c olt

e 組 u x p u m p g e n e s
4 4)

･ H o w e v e r
,
s t r ai n 5 6 9 B is s u s c e p

-

tib le t o m o s t of t h e d r u g s a s s h o w n i n t h e t e x t ( T a bl e

2)
,
a n d th u s th e f u n cti o n of th e 56 9 B g e n e s r e m ain s

u n cl e a r ･ W e a r e n o w i n v e sti g ati n g th e p o s sib ilit y of

th e p r e s e n c e of
‖

V C M A R p u m p s
=

i n ch r o m o s o m ally -

m e di a t e d
,
m ultip le d r u g -

r e sis t a n t s t r ai n s of V .

c h ole yla e 0 1 a n d 0 1 3 9 .
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D r u g R e si s t a n c e o f Vi b ri o c h ol e yla e 0 1 a n d O 1 3 9 85

C o r e d ru g r e si s ta n c e

(d m g り

C M r
,
F Z r

,
S M r

,
S M X r

,
＋ T C r ＋ b w N A r ＋Ⅰもgh N A

r

T M P r , 0 /1 2 9 r

〆
ク ○

→④ → ㊥

④ ⇒ ④

せ
ち

I
‰

～

C M A

N A
r
J

T C r

F Z r
,
S M r

,
S M X r

Fi g . 2 . A p o s sibl e m o d e l o f V C M A R t r a n si ti o n . V C M A R

t y p e s a r e f r o m T a bl e 3 . T h i c k li n e s r e p r e s e n t r e c e n t

c h a n g e s i n A si a n c o u n t ri e s s u c h a s B a n g l a d e s h .

M u t a ti o n s i n o u t e r m e m b r a n e p r o t ei n s

p o ri n s als o r e s ult i n c r o s s r e si st a n c e t o

p h e n i c ol , t ri m et h o ri m
,
a n d n alidi x i c a cid

g r a m
- n e g a ti v e b a ct e ri a

4 5)
. S u c h m ut a ti o n s

s u c h a s

ch l o r a m -

1 n s o m e

i n o u t e r

m e m b r a n e p r ot ei n s of V ･ c h o le y7a e 0 1 a n d 0 1 39 m a y

als o b e r e s p o n sibl e f o r V C M A R .

S till a n o t h e r p o s sibilit y e x i st s t h a t t h e V C M A R

ph e n o t y p e s a r e e n c o d ed b y a cl u st e r o f d r u g r e si s -

t a n c e g e n e s a n d s u ch d r u g r e si st a n c e g e n e s a r e c o m -

p o n e n t s of th e g e n e c a s s et t e s w it hi n t h e i n t e g r o n
4 6- 4 8)

I n t e g r o n s a r e u n a bl e t o m o v e t h e m s el v e s ( u nlik e

t r a n s p o s o n s) , b u t c a n b e m o bil e b y sit e - s p e ci丘c

r e c o m bi n a ti o n b et w e e n b a ct e ri al D N A s 4 6- 4 8) . T h e

g e n e e n c o di n g r e sis t a n c e t o st r e p t o m y ci n a n d

s p e cti n o m y sin of V . c h ole ra e 0 1 f r o m V i et n a m h a s

b e e n sh o w n t o b e l o c a t ed o n a g e n e c a s s et t e w it hi n

cla s s I i n t e g r o n
4 9)

,
alt h o u gh V . ch ole ra e 0 1 3 9 did n ot

c o n t ai n cl a s s l i n t e g r o n s
5 0 )

.

W ald o r e t al . h a v e sh o w n t h a t t h r e e ･d r u g r e sis
-

t a n c e t o st r e p t o m y ci n , s ulf a m e t h o x a z ol e , a n d

t ri m e th o p ri m of V . ch ole rla e 0 1 3 9 is e II c o d ed b y t h e

c h r o m o s o m all y in t e g r a ti n g g e n e ti c el e m e n t ( c o n -

j u g a ti v e t r a n s p o s o n) , a n d c a n b e t r a n sf e r r e d t o V .

ch ole 71 a e 0 1 a n d E . c olt b y b a ct e ri al c o nj u g ati o n ,
f oll o w e d b y i n t e g r a ti o n i n t o th e r e cip ie n t ch r o m o -

s o m e i n a sit e - s p e ci丘c m a n n e r i n d e p e n d e n t of r e c A
5 1)

.

T h e m a r k e d a p p e a r a n c e of V C M A R i n V . c h ole ra e

0 1 a n d 0 1 3 9 a s d e m o n s t r at e d i n t hi s s t u d y c all s f o r a

m o r e a c c u r a t e u n d e r st a n di n g of t h e p r e ci s e m e c h a -

n l S m S .

I n s o m e r e g l O n S O r S t r a in s , t h e m u ltip l e d r u g r e sis
-

t a n c e w a s d u e t o R p l a s m id s . I n t his s t u d y , w e is o -

Fi g ･ 3 ･ W o rl d di st ri b u ti o n o f V C M A R a n d R p l a s m i d s o f

V . c h o l e yla e 0 1 a n d 0 1 3 9 . R i n d i c a t e s t h e c o n 丘r m a ti o n o f

a d r u g r e si st a n t ( R) p l a s m i d . T h e i n ci d e n c e o f r e si st a n c e

t o n a lid i x i c a c id a n d t e t r a c y c li n e h a s b e e n m a r k e dl y

c h a n g i n g r e c e n tl y (t e x t) .

1 a t e d a n R pl a s m id ( P N O I N T l) f r o m a n V . c h o le 71a e

O 1 39 st r ai n f r o m T h ail a n d . T h is w a s th e s e c o n d

r e p o rt of R p l a s m id i s ol ati o n f r o m V . ch ole 71 a e 0 1 39

aft e r th e is ol a ti o n of p N O N l f r o m l n di a n st r ai n s
2 2)

.

T h e pl a s m id P N O N T l h a d u niq u e f e a t u r e s: 丘r st , i n

c o n t r a s t t o p r e v i o u s R pl a s m id s f r o m V . c h o le r a e 0 1

a n d 0 13 9
,
it did n o t b el o n g t o l n c C ; s e c o n d , it h a d a

v e r y bi g m ole c ul a r si z e c o r r e s p o n di n g t o c a , 6 % of

th e E . c olt g e n o m e si z e . P N O N T l m u s t h a v e d e ri v e d

f r o m a dis ti n c t o r l g l n a n d b e e n a c q ui r ed b y V . ch ol e r -

a e O 1 3 9 .

I n A f ric a
,
R pl a s m id s h a v e b e e n m o r e fr e q u e n tl y

f o u n d i n m ultip le d r u g r e sis t a n t V . ch ol e r a e O I

st r ai n s ( Fi g ･ 3) ･ T h e is ol a t ed R pl a s m id s b el o n g e d t o

I n c C
,
lik e m a n y o th e r R p l a s m id s of V . ch ole 71 a e 0 1

2 7)
.

A n I n c C ･ b el o n gi n g R p l a s mi d (P E L T P l) f r o m P e r -

u v i a n V ･ c h ole yla e 0 1 h a d a s u r p risi n g ly h igh a b ilit y t o
s p r e a d a m o n g b a ct e ri a .

I n s u m m e r 19 9 7
,
m a n y c a s e s of ch ole r a in p a tie n t s

w h o h a d n e v e r b e e n a b r o a d w e r e r e p o r t e d in J a p a n .

M o st w e r e in cid e n c e s of s p o r a dic in f e cti o n a n d v a ri -

o u s t r a n s m i ssi o n r o u t e s w e r e s u g g e st e d , b u t th e in f e c -

ti o n s o u r c e s w e r e n ot id e n ti丘ed i n a n y of t h e c a s e s
5 2)

.

M a n y of th o s e V . ch ole 71 a e O I s t r ai n s (5 8 .8 0/.) s h o w ed

th r e e - d r u g r e si st a n c e t o f u r a z olid o n e
,
s t r e p t o m y ci n ,

a n d s ulf a m et h o x a z ol e (V C M A R 6) , w h ic h w a s c o n sis -

t e n t w it h th e t h r e e -d r u g r e sis t a n c e ( V C M A R 6)

d et e c t ed i n th e s t r ai n s is ol at e d f r o m t r a v el e r s t o

I n d o n e si a (B ali) in 1 99 5 . B a s e d o n th e d r u g
- r esi st a n c e

m a r k e r s
,
it is p o s sibl e t h a t th e V . ch ole r a e 0 1 st r ai n s

is ol at e d in 1 99 7 f r o m J a p a n e s e p a ti e n t s w h o h a d

n e v e r b e e n a b r o a d a r e e p id e m i ol o g i c all y r el a t e d t o

t h e st r ai n s f r o m I n d o n esi a ( B ali) is ol a t e d i n 1 99 5 .

V . p a 71a h e m o !y ti c u s wi t h a n e w s e r ot y p e ( 0 3 : K 6)

e m e r g e d i n J a p a n i n 1 99 6
5 3)
,
a n d t h e 丘r s t l a r g e o u t -

b r e a k o c c u r r ed i n N ii g at a ( m a n u s c rip t i n p r e p a r a ti o n



8 6 T . Y A M A M O T O e t al .
･

.

o n a m ol e c u la r e pid e m i o l o gi c al s t u d y) ･ V ･ p a r a-

h e m oly tic u s 0 3 : K 6 h a s b e e n r e c o g n i z e d a s a n i m p o r-

t a n t e m e r gi n g p a th o g e n in S o u th E a s t A si a
5 4)

･ T h e r e -

f o r e
,
th e r e m u st b e a n i n f e c ti o n r o u t e( s) w hi ch g r e a tly

c o n t rib u t e s t o th e t r a n s m is si o n of th e v ib ri o s a m o n g

A si a n c o u n t rie s
,
e . g . v i a t r a v ele r s o r s e af o o d w hi c h

th e vib ri o s lik ely c ol o ni z e
5 5)
( s u c h a s l o b st e r s , c r a b s ,

a n d p o s sibly th e z o o pl a n k t o n , i ･ e ･ , c o p e p o d s t h e y

c o n s u m e) . T h e vib ri o s m a y s u r vi v e i n c o a st al w a t e r s

a r o u n d J a p a n in a cli m at e
-li n k e d sit u a ti o n ( a s a

c o c c oid f o r m ?)
5 5

,
5 6)

,
a n d c o n t a m i n at e z o o pl a n k t o n a s

w ell a s s e af o o d s u ch a s 丘s h , sh ell fis h , o r c r a b s . T h u s

t h e r e r e m ai n s a ris k f o r s p o r a di c c a s e s ( o r o u t b r e a k s)

d u e t o t h e vib ri o s .

M ulti p le d r u g r e sis t a n c e ( V C M A R) is c o n c e n
-

t r a t e d i n A si a n c o u n t ri e s s u c h a s l n di a , B a n gl a d e sh ,

a n d T h ail a n d ( Fi g . 3) . I n r e c e n t y e a r s , t h e t et r a c y clin e
-

r e sist a n c e of V . ch ole r a e h a s t e n d e d t o d e c r e a s e . I n

B a n gl a d e s h , 5 0-6 0 % o r m o r e of st r ai n s w e r e

t e t r a c y cli n e
- r e si st a n t i n 19 9 2

5)
,
b u t t his d e c r e a s ed t o

a b o u t 4 0 % i n 19 9 4 , w ith n o n e d e t e c t e d i n 1 9 99 ･ I n

c o n t r a s t
,
t h e f r e q u e n c y of r e sist a n c e t o n alid i x i c a cid

i n c r e a s ed a n d t h e r e sis t a n c e le v el w a s el e v a t ed . T his

w a s c o n sid e r e d t o b e d u e t o a d e c r e a s e i n th e u s e o f

t et r a c y clin e a n d th e e x t e n si v e u s e of q u l n Ol o n e s ･

S t r ai n s th a t b e c a m e hi g h ly r e sis t a n t t o n alidi x ic a cid

t e n d e d t o b e sli g h tly r e sist a n t e v e n t o n e w e r q uin ol o n e s

s u ch a s n o rfl o x a cin . R e sis t a n c e t o q u l n Ol o n e s m a y

i n c r e a s e i n th e f u t u r e . B a s e d o n t h e s u r v e y of i n v it r o

s u s c e p tibiliti e s of V . ch ole 71a e 0 1 a n d 0 1 3 9 , it m i gh t

b e p r a cti c al t o u s e t e t r a c y cli n e ( o r d o x y c y clin e) f o r

p r e v e n ti v e m e dic ati o n ･ A zit h r o m y c l n i s als o a d r u g

t o b e c o n sid e r ed
,
b e c a u s e all t y p e s of V . c h o le r a e 0 1

a n d 0 1 3 9 i n cl u di n g m ulti pl e d r u g
- r e sis t a n t s t r ai n s a r e

hi g hl y s u s c e p tibl e t o a zith r o m y ci n ･

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

f r o m th e M i n i s t r y o f 日 e a lth a n d W e lf a r e o f J a p a n a n d 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) F i n k el st ei n R A : C h o l e r a . C rit R e v M i c r obi o1 2 : 5 5 31

6 2 3
,
1 9 7 3 .

2 ) B a r u a D : C h o l e r a d u ri n g l a s t h u n d r e d y e a r s (1 8 8 4-

1 9 8 3) . I n : T a k e d a Y , K u w a h a r a S ( e d s) V i b ri o

C h ol e r a e a n d C h o l e r a . K T K S ci e n ti fi c P u b li sh e r s
,

T o k y o , 1 9 8 8 , p 9- 3 2 .

3 ) W o rl d H e a l th O r g a n i z a ti o n : C h o l e r a i n th e A m e r
-

i c a s . w i ly E p i d e m i o I E e c 6 7 : 3 3- 3 9 , 1 9 9 2 .

4) W o rl d H e a lt h O r g a n i z a ti o n : C h o l e r a i n 1 9 9 1 1 W i l y

E p i d e m i oI E e c 6 7 : 2 5 3- 2 6 0 , 1 9 9 2 .

5) A lb e rt M J , Si d di q u e A K , I sl a m M S , F a r u q u e A S G ,

6)

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 )

A n s a r u z z a m a n M
,
F a r u q u e S M , S a c k R B : L a r g e

o u tb r e a k o f c li n i c al c h ol e r a d u e t o V ib ri o c h o l e 71a e

n o n
- 0 1 i n B a n g l a d e s h . L a n c et 3 4 1 : 7 0 4

,
1 9 9 3 ･

c h o n g s a- n g u a n M , C h a i c u m p a W , M o ol a s a rt P ,

K a n d h a si n gh a P , S h i m a d a T , K u r a z o n o H , T a k e d a

y : v ib ri o c h o l e 71a e 0 1 3 9 B e n g a l i n B a n g k o k . L a n c et

3 4 2 : 4 3 0- 4 3 1 , 1 9 9 3 .

c o m m it t e e o n E p i d e m i c D i s e a s e s : C h o l e r a ･

E pi d e m i o I N e u ) s B u ll 1 9 : 5 9 , 1 9 9 3 ･

F i s h e r- H o c h S P , K h a n A , I m a m
-

u l- H a q , K h a n M A ,

M i n t z E D : V ib ri o c h o l e 71a e 0 1 3 9 i n K a r a c h i , P a k i s -

t a n ,
L a n c et 3 4 2 : 1 4 2 2- 1 4 2 3 , 1 9 9 3 .

R a m a m u rt h y T , G a rg S , S h a r m a R , B h a t t a c h a r y a

S K
,
N a i r G B

,
S hi m a d a T

,
T a k e d a T

,
K a r a s a w a T

,

K u r a z o n o li
,
P al A

,
T a k e d a Y : E m e r g e n c e o f n o v el

s t r ai n o f V ib ri o c h ol e71 a e W ith e pi d e m i c p o t e n ti a l i n

s o u th e r n a n d e a st e r n I n d i a . L a n c et 3 4 1 : 7 0 3 7 0 4 ,

1 9 9 3 .

W o rld H e a lt h O r g a n i z a ti o n : E p i d e m i c d i a r r h o e a d u e

t o V i b ri o c h ol e r a e n o n- 0 1 . t 椛Iy E pi d e m i o I E e c 6 8 :

1 4 1- 1 4 2 , 1 9 9 3 .

H a ll R H
,
K h a m b a t y F M , K o t h a r y M , K e a sl e r S P :

N o n - 0 1 V ib ri o c h ol e r a e . L a n c et 34 2 : 4 3 0 , 1 9 9 3 .

W o rld H e a lt h O r g a n i z a ti o n : C h o l e r a i n 1 9 9 4 . P a rt I ･

W i ly E Pi d e m i o I E e c 7 0 : 2 0 11 2 0 8 , 1 9 9 5 1

F r e e d m a n D O : C o m m e n t o n C i p r o fl o x a c in f o r C h o l
-

e r a . I n f e ct D i s A l e rt 1 4 : 1 7 7- 1 7 8 , 1 9 9 5 .

K u w a h a r a S
,
G o t o S : M u lti p l e a n tib i o ti c r e si s t a n t

st r a i n o f EI T o r V ib ri o i s o l a t e d i n t h e P h ili p p i n e s .

I n : P r o c e e di n g s o f S y m p o si u m o n C h o l e r a ･ N a ti o n a l

I n stit u t e s o f H e alt h
,
B et h e s d a

,
1 9 6 7

, p 7 5- 7 6 .

Y a m a m o t o T
,
告 a i r G B

,
A l b e rt M J , P a r o di C C ,

T a k e d a Y : S u r v e y o f i n v it r o s u s c e p tib ili ti e s o f

V ib ri o ch o l e yla e 0 1 a n d 0 1 3 9 t o a n ti m i c r o b i a l a g e n t s .

A n ti m i c r o b A g e n t s C h e m ot h e r 3 9 : 2 4 11 2 4 4 , 1 9 9 5 .

Y a m a m o t o T
,
N ai r G B

,
T a k e d a Y : E m e r g e n c e o f

t e t r a c y c li n e r e si s t a n c e d u e t o a m u l tip l e d r u g r e si s
-

t a n c e p l a s m i d i n V l
l

b ri o c h ol e 71 a e 0 1 3 9 . F E M S I m -

m u n o I M e d M i c r o b i o 1 l l : 1 3 11 1 3 6 , 1 9 9 5 .

K a y B A , B o p p C A , W e ll s J G : I s o l a ti o n a n d

id e n ti丘c a ti o n o f V i b ri o c h o l e r a e 0 1 f r o m F e c al

S p e ci m e n s . I n : W a c h s m u t h I K , B l a k e P A , 0 1 s v i k 0

( e d s) Vi b ri o c h ol e r a e a n d C h o l e r a : M o l e c u l a r t o

G l o b a l P e r s p e c ti v e s . A m e ri c a n S o ci e t y f o r M i c r o b i
-

o l o g y , W a sh i n g t o n , D C 1 9 9 4 , p 3 - 2 5 .

F i n k e l st e i n R A , L o S p a ll u t o JJ : P a t h o g e n e si s o f

e x p e ri m e n t a l c h o l e r a : p r e p a r a ti o n a n d i s ol a ti o n o f

c h o l e r a g e n a n d c h o l e r a g e n o i d . I E xP M e d 1 3 0 : 1 8 51

2 0 2
,
1 9 6 9 .

R e t s e m a ∫, G i r a r d A , S c h e lk l y W , M a n o u s o s M ,

A n d e r s o n M
,
B rig h t G , B o r o v o y R , B r e n n a n L ,

M a s o n R : S p e c t r u m a n d m o d e o f a c ti o n o f a zit h-
r o m y ci n (C P

-6 2
,
9 9 3) , a n e w 1 51 m e m b e r e d - ri n g

m a c r o li d e w i th i m p r o v e d p o t e n c y a g a i n s t g r a m
-

n e g a ti v e o r g a n i s m s . A n ti m i c r o b A g e n t s C h e m o th e r

3 1 : 1 9 3 9- 1 9 4 7 , 1 9 8 7 .

S a t o K
,
H o s h i n o K

,
T a n a k a M

,
H a y a k a w a I , O s a d a

Y : A n ti m i c r o b i al a c ti v it y o f D U - 6 8 5 9
,
a n e w p o t e n t

fl u o r o q u i n ol o n e , a g a i n s t cli n i c a l i s o l a t e s . A n ti m i-



2 1)

2 2)

2 3)

2 4)

2 5)

2 6)

2 7)

2 8)

2 9 )

3 0)

3 1)

3 2)

3 3)

3 4)

3 5)

c r o b A g e n t s C h e m o th e r 3 6 : 1 4 9 ト 14 9 8
,
1 9 9 2 .

J a p a n S o c i e t y o f C h e m o t h e r a p y : C o m m itt e e r e p o rt .
C h e m o th e 吻 ｢T o ky o) 2 9 : 7 6- 7 9 , 1 9 8 1 .

J a p a n S o c i e t y o f C h e m o th e r a p y: C o m m it t e e r e p o rt:

m e t h o d s o f s e n siti v it y t e sti n g f o r s u lf a m e t h o x a z o l e -

t ri m e th o p ri m c o m bi n a ti o n p r o d u c t ･ C h e m o th e 吻
｢ T o k y o) 2 1 : 6 7- 7 6 , 1 9 7 3 .

K a d o C I
,
L i u S T : R a p i d p r o c e d u r e f o r d e t e cti o n a n d

i s ol a ti o n o f l a r g e a n d s m all p l a s m id s . I B a ct e ri o 1
1 4 5 : 1 3 6 5- 1 3 7 3 , 1 9 8 1 .
W o m bl e D D

,
R o w n d R H : G e n e ti c a n d p h y si c al m a p

o f p l a s m i d N R l : c o m p a ri s o n w it h o th e r l n c F I I a n ti -

b i o ti c r e si st a n c e p l a s m i d s . M i c r o bi o I R e v 5 2 : 4 3 3-
4 5 1

,
1 9 8 8 .

S c h a b e r g D R , C l e w e ll D B
,
G l a t z e r L : C o nj u g a ti v e

t r a n sf e r o f 氏-

p l a s m i d s f r o m S t71 eP t o c o c c u s f a e c a li s t o
St ap h y lo c o c c u s a u r e u s . A n ti m i c r o b A g e n t s C h e m o th -

e r 2 2 : 2 0 4- 2 0 7 , 1 9 8 2 .

B u k h a ri A I
, S h a pi r o J A , A d h y a S L ( e d s) D N A I n s e r -

ti o n E l e m e n t s
,
P l a s m i d s

,
a n d E p i s o m e s ･ C o l d S p ri n g

H a r b o r L a b o r a t o r y , N e w Y o r k 1 9 7 7 .

H e d g e s R W ,
V i al a r d J L

,
P e a r s o n N J , 0

'

G r a d y F : R

p l a s m i d s f r o m A si a n st r a i n s o f I(l
'

b ri o ch o l e r a e .

A n ti m i c r o b A g e n t s C h e m o t h e r l l : 5 8 5- 5 8 8 , 1 9 7 7 .
G r e e n o u g h W B III , M o ll a A M : O r a l r e h y d r a ti o n t h e r -

a p y ( O R T ): p r e s e n t a n d f u t u r e . I n : T a k e d a Y
,
K u w a-

h a r a S ( e d s) V ib ri o C h ol e 71a e a n d C h o l e r a . K T K

S ci e n ti fi c P u b li sh e r s
,
T o k y o 1 9 8 8 , p 1 1 7- 1 2 7 .

B e n n i s h M L : C h o l e r a : p a th o p h y si ol o g y , c li n i c a l f e a -

t u r e s
,
a n d t r e a t m e n t . I n : W a c h s m u t h I K

,
B l a k e P A

,

0 1 s v i k 0 (e d s) V ib ri o c h o l e r a e a n d C h o l e r a : M o l e c u_
l a r t o Gl o b a l P e r sp e c ti v e 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 sh i n g t o n , D C 1 9 9 4 , p 2 2 9- 2 5 5 .
P i e r c e N F

,
B a n w ell J G , M it r a R C

,
C a r a n a s o s G J ,

K ei m o w it z R I
,
T h o m a s ∫, M o n d a l A : C o n t r o ll e d

c o m p a ri s o n o f t e t r a c y c li n e a n d f u r a z o li d o n e i n c h o ト

e r a . B M J 3 : 2 7 7- 2 8 0 , 1 9 6 8 .

A l a m A N
,
A l a m N H

,
A h m e d T

,
S a c k D A : R a n -

d o m i s e d d o u b l e b li n d t ri a l o f si n g l e d o s e d o x y c y
-

c li n e f o r t r e a ti n g c h o l e r a i n a d u lt s . B M J 3 0 0 : 1 6 1 9-
1 6 2 1

,
1 9 9 0 .

R a b b a n i G H
,
B u tl e r T

,
S h a h ri e r M

,
M a z u m d a r R

,

I sl a m M R : E fh c a c y o f a s i n gl e d o s e o f f u r a z o li d o n e

f o r t r e a t m e n t of c h o l e r a i n c h il d r e n . A n ti m i c r o b

A g e n ts C h e m o th e r 3 5 : 1 8 6 4- 1 8 6 7 , 1 9 9 1 .
F r a n c i s T I

,
L e w i s E A

,
O y e di r a n A B O O

,
O k u b a d ej o

O A
,
M o n t e 丘o r e D

, O n y e w o t u II , M o h a m m e d I ,
A y o ol a E A , V i n c e n t R : E ff e c t o f c h e m o t h e r a p y o n

t h e d u r a ti o n o f di a r r h o e a
,
a n d o n v i b ri o e x c r eti o n b y

c h o l e r a p a ti e n t s . I T r o p M e d H y g 7 4 : 1 7 2- 1 7 6 , 1 9 7 1 .
B h a t t a c h a r y a S K , B h a tt a c h a r y a M K , D u tt a P

,

D u tt a D
,
D e S P

,
Si k d a r S N

,
M a it r a A

,
D u tt a A

,
P al

S C : D o u bl e -b li n d
,
r a n d o m i z e d

,
c o n t r o ll e d cli n i c a l

t ri a l o f n o r 8 o x a ci n f o r c h o l e r a ･
A n ti m i c r o b A g e n t s

C h e m o th e r 3 4 : 9 3 9- 9 4 0 , 1 9 9 0 .

G o t u z z o E
,
S e a s C

,
E c h e v a r ri a ∫

,
C a r rill o C

,
M o st o r -

i n o R
,
R u i z R : C ip r o 8 o x a c i n f o r t h e t r e a t m e n t o f

c h ol e r a : a r a n d o m i z e d
,
d o u bl e - b li n d

,
c o n t r o ll e d c li n i -

c a l t ri a l o f a si n g l e d a il y d o s e i n P e r u v i a n a d u lt s .

3 6)

3 7)

3 8 )

3 9)

4 0)

4 1 )

4 2 )

4 3)

4 4)

4 5)

4 6)

4 7)

4 8 )

4 9 )

5 0)

D r u g R e si st a n c e o f V ib ri o ch ol e r a e 0 1 a n d O 13 9 8 7

C li n I n f e ct D i s 2 0 : 1 4 8 51 1 4 9 0 , 1 9 9 5 .
W o rl d H e a lt h O r g a n i z a ti o n : W H O e x p e rt c o m m it -

t e e o n c h o l e r a ･ S e c o n d r e p o rt ･ l y o rl d H e a lt h O r g a n

T e ch R ep S e r 3 5 2 : 31 2 8 , 1 9 6 7 .
W o rl d H e a l th O rg a n i z a ti o n : G u i d e li n e s f o r c h o l e r a
c o n t r ol . P r o g r a m m e f o r c o n t r o l o f d i a r r h o e a l di s_
e a s e s ･ T4; H O C D D S E E 8 0 . 4 R e u 2 G e n e L' a

,
1 9 9 1 .

G o t u z z o E
,
S e a s C

,
C a b e z a s C

,
C a r rill o C

,
R u i z R :

E s t u di o d e t r a n s m i s si o n f a m ili a r e n p a c i e n t e s c o n

c o l e r a e n L i m a 1 9 9 1 . R e ui st a M e d i c a H e r e d i a n a 2 :

1 1 7- 1 2 0 , 1 9 9 1 .

P r e s c o tt L M
,
D a tt a A

,
D a tt a G C : R -f a c t o r s i n C a l _

c u tt a s t r a i n s o f V l
'

b ri o c h o l e y a e a n d m e m b e r s o f t h e
E n t e r o b a ct e ri a c e a e . B u ll W o rl d H e a lt h O y:g a n 3 9 :

9 7 ト97 3
,
1 9 6 8 .

K u w a b a r a S
,
A k ib a T

,
K o y a m a K , A r a i T : T r a n s -

m i s si o n o f m u lti p l e d r u g -

r e si st e n c e f r o m S h l
.

g ell a

jl e x n e ri t o V ib ri o c o m m a th r o u gh c o nj u g a ti o n . h n I
M i c 710 b 7 : 6 ト6 7

,
1 9 6 3 .

M a D
,
C o o k D N

,
H e a r s t J E , N i k a id o H : E 鎖u x

p u m p s a n d d r u g r e si st a n c e i n g r a m
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