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S ummary. A case of intrafamilial infection of
Mycobacterium tuberculosis in Niigata in 1998 was
investigated by DNA hybridization assay with the
insertion sequence IS6110 probe. A male patient (the
source of the M. tuberculosis transmission) and his
daughter, but not his mother, were infected with the
same M. tuberculosis strain, which showed at least 19
Pvull- digested, IStf/10-positive bands in the assay.
His mother's strain and strains from five patients living
in various parts of Niigata showed at least 13 to 19
bands in the assay, and were genetically divergent
greatly from the family strains. The IS6H0-probed
hybridization assay was useful to analyze recent trends
in the contagion of M. tuberculosis in Niigata.

Key words-Mycobacterium tuberculosis, intrafamilial
infection, DNA typing, IS6110.

INTRODUCTION

Tuberculosis remains a major public health prob-
lem in both developing and developed countries. In
1993, the World Health Organization (WHO) declared
a state of emergency, recognizing that the tuberculo-
sis endemic was out of control in many parts of the
world, with 7.5 million cases and 2.5 million deaths
worldwide in 19901'. In Japan, approximately 42,000
people are infected with M. tuberculosis, and some
2,700 of these people died in 1997. Faced with serious
problems such as the growing incidence of group
infections in school, medical facilities, and facilities
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for the elderly, the Ministry of Health and Welfare of
Japan also declared a state of emergency concerning
tuberculosis in 19992).

M.tuberculosis strains carry up to about 20 copies
of the insertion sequence called IS6110 (1,355 base
pairs, bp, in length) on the chromosome3"7'. Based on
differences in the location and copy number of
IS6110, each M. tuberculosis strain can usually be
identified by DNA hybridization8'. This IS6110-
probed hybridization assay is specific to M. tuberculo-
sis^.

In this study, we investigated a case of
intrafamilial transmission of M. tuberculosis in
Niigata by the IS6116>-based hybridization assay.

MATERIALS AND METHODS

Patients and derived bacterial strains

A total of eight patients with pulmonary tuberculo-
sis were studied. The patients lived in Niigata Prefec-
ture, and their places of residence are marked on a
map of the prefecture (Fig. 1). Three of them were
members of the same family, in which a 44-year-old
manliving in Niigata City became ill in the fall of
1998 and was thought to have been the source of
infection (Gaffky number observed with sputum was
VII); this bacterial strain was designated KIJ1. His 12
-year-old daughter living with him had no symptoms,
but chest radiographs showed abnormalities in family
contact examinations with were conducted in
November 1998 (bacterial strain, KIJ2). His 68-year-
old mother, living separately in Kashiwazaki City,
met him for several hours in August 1998. While she
had no symptoms and radiographs of her chest
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Fi g ･ 1 ･ M a p s o f N iig a t a P r e f e ct u r e a n d N ii g a t a C it y .

D o t s i n t h e m a p i n di c a t e t h e l o c a ti o n o f i s o l a ti o n o f e a c h

M ･ t u b e r c u l o si s st r ai n ･ C l o s el y- r el a t e d s t r ai n a r e a s a r e

s h a d e d .

sh o w e d n o a b n o r m aliti e s i n o r di n a r y h e alth e x a m i n a -

ti o n s f o r t h e eld e rl y c o n d u ct e d i n O c t o b e r 1 99 8
,

a b n o r m aliti e s did a p p e a r i n f a m ily c o n t a c t e x a m i n a -

ti o n s c o n d u ct e d in N o v e m b e r of 1 9 98 (b a c t e ri al

st r ai n
,
K IJ3) . F iv e o t h e r p a tie n t s w h o h a d n o c o n t a c t

w ith t h e f a m ily w e r e i n d e p e n d e n tl y i n f e c t e d w i th 〟 .

t u b e r c ul o si s b e t w e e n 1 99 8 a n d 1 9 99 (b a c t e ri al st r ai n s
,

K IJ4 t o K IJ 8) .

B a c t e r i al is o l a ti o n a n d c u lt u r e

B a ct e ri al st r ai n s w e r e i s o l a t e d f r o m t h e s p u t u m o r

g a s t ri c j u ic e of p a ti e n t s b e t w e e n 19 98 a n d 1 9 99 . T h e y
w e r e c ult u r e d o n th e O g a w a e g g m e di u m ( K y o k u t o

P h a r m a c e uti c al C o .

,
T o k y o) . P ri o r t o D N A e x t r a c _

ti o n
,
b a c t e ri al st r ai n s w e r e g r o w n o n th e O g a w a e g g

m e di u m f o r 3 t o 4 w e e k s at 3 7 ℃ .

P r e p a r a ti o n o f b a c t e ri a l D N A

B a c t e ri al c ol o ni e s o n th e O g a w a e g g m edi u m w e r e

s u s p e n d e d i n a ly s o z y m e s ol u ti o n (1 0 0 m g/ m l)
,

a n d
th e n l y z ed u si n g th e is o p l a n t k it ( N ip p o n G e n e

,

T o k y o) ･ D N A i n t h e a q u e o u s s ol u ti o n w a s p r e ci pit a ト

e d w ith O ･6 v ol u m e s of is o p r o p a n ol . D N A w a s t h e n

ri n s ed w it h 70 % e t h a n ol a n d r e dis s ol v e d i n 1 0 m M

T ris - H Cl ( p H 8 .0) c o n t ai ni n g 1 m M E D T A .

D ig o x l g e n i n
-l a b el e d I S 6 1 1 0 p r o b e

T h e I S 6 1 1 0 p r o b e w a s p r e p a r e d b y u s in g th e D I G

D N A l a b eli n g m i x ( B o e h ri n g e r M a n n h ei m B i o ch e m i _

c al s
,
I n di a n a p oli s

,
U S A ) e s s e n ti ally a c c o r di n g t o t h e

m a n uf a ct u r e r
'

s i n s t r u cti o n s ･ B rie fl y ,
th e 2 4 5 -b p

r e gi o n wi thi n I S 6 1 1 0 p r e s e n t o n th e ch r o m o s o m e

D N A of M ･ b o u ts B C G w a s a m p liB e d b y P C R w ith a

p ri m e r s e t I N S -1 (5
'

- C G T G A G G G C A T C G A G G T G G _

C) a n d I N S -2 (5
'

- G C G T A G G C G T C G G T G A C A A A)
1 0'

.

T h e 2 4 5-b p a m pli c o n w a s si m ult a n e o u sly l a b ele d

w ith di g o x i g e ni n (D I G) 111 1d U T P . T h e D I G _l a b ele d

p r o b e w a s p u ri丘ed u si n g t h e QI A q u i c k P C R

p u rifi c a ti o n kit (Q i a g e n
,
H ild e n

,
G e r m a n y) .

I S 6 1 1 0 - p r o b e d h y b ridi z a ti o n a s s a y

B a ct e ri al D N A w a s di g e s t e d w ith P u u II a n d t h e

dig e st s w e r e ele ct r o p h o r e s e d i n a O ･8 % a g a r o s e g el

w it h 1 k b D N A l a d d e r ( Lif e T e ch n ol o g i e s
,
G ait h e r s -

b u r g ,
M D) u s e d a s m ol e c ul a r si z e st a n d a r d s . S o u t h e r n

h y b ridi z a ti o n w a s p e rf o r m e d a s d e s c rib e d p r e v i o u s -

1y
l l)

u sin g a n y l o n m e m b r a n e (A m e r sh a m l n t e r n a _

ti o n al
,
A m e r sh a m

,
U K) . D N A h yb rid s o n t h e m e m

_

b r a °e w e r e t r e a t e d w it h a n ti-D I G - alk ali n e p h o s-
p h a t a s e

,
F ab f r a g m e n t ( B o eh rin g e r M a n nh ei m B i o _

c h e m ic al s) ,
a n d th e n vis u ali z ed b y c ol o r d e v el o p m e n t

b y a d di n g nit r o bl u e t et r a z oli u m c hl o rid e a n d 5 -
b r o m e-4 - ch l o r o-3-in d oly l -

p h o s p h a t e
,
4- t ol u idi n e s alt

( s u b s t r a t e) (B o e h ri n g e r M a n n h ei m B i o c h e m ic als) .

C o m p u t e r a n al y si s

T h e c o m p u t e r
- a s sis t ed a n aly sis of th e I S 6 1 1 0 - p o s -

iti v e f r a g m e n t p at t e r n s w a s p e rf o r m ed w it h a p r o-
g r a m c a ll e d M ol e c u l a r A n aly s t Fi n g e r p ri n tin g P lu s

( Bi o - R a d
,
T o k y o) ,

a c c o r di n g t o th e U P G M A cl u s t e r
_

1 n g al g o rit h m
1 2 ･ 1 3 )

･ I n t hi s a n al y si s
,

t h e D ic e

c o e 氏ci e n t (S D) - 2 n A B/( n A ＋ n
B) ( w h e r e n A is n u m b e r

of b a n d s i n l a n e A
,

n
B i s n u m b e r of b a n d s i n l a n e B

,
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F i g . 2 . S o u t h e r n h y b ri di z a ti o n a n a l y si s

dig e s t e d f r a g m e n t s o f M . t u b e r c u l o si s D N A

I S 6 1 1 0 p r o b e . S a m p l e s : l a n e s 1 a n d 1 0
,
1 k b

9 1 6 2
8 1 4 4

7 1 2 6

6 1 0 8
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- 3 0 5 4
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o f P u u I I -

w it h t h e

D N A l a d-

d e r ; 1 a n e 2
,

s t r a i n K IJ l (4 4- y e a r- o l d m a l e p a ti e n t
'

s

st r ai n ); l a n e 3
,

s t r a i n K IJ 2 (h i s d a u gh t e r
'

s st r a i n ); l a n e 4
,

st r a i n K IJ 3 (h i s m o t h e r
'

s st r a i n ); l a n e 5
,

s t r a in K IJ 4 ; l a n e

6
,
s t r ai n K IJ 5 ; l a n e 7

,
st r ai n K IJ 6 ; l a n e 8

,
s t r a i n K IJ 7 ; l a n e

9
,
st r ai n K I J 8 . N u m b e r s o n th e ri gh t i n d i c a t e si z e s i n b p o f

t h e m o l e c u l a r w ei g h t m a r k e r s . O n t h e l e ft
,

n u m b e r s w it h

a n d w i t h o u t u n d e rli n i n g i n d i c a t e si z e s o f th e c o m m o n

f r a g m e n t a n d f r e q u e n tl y
-f o u n d f r a g m e n t

,
r e s p e c ti v el y ･
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Fi g ･ 3 ･ D e n d r o g r a m c o n st r u c t e d b y c o m p u t e r
-

a s si st e d c o m p a ri s o n o f t h e I S 6 1 1 0 - p r o b e d h y b rid i z a
-

ti o n a n a ly si s d a t a . T h e d a t a w e r e t a k e n f r o m F i g . 2 .

a n d n A B is n u m b e r of b a n d s f o u n d i n b o th la n e s A a n d

B) a n d t h e m at c hi n g t ol e r a n c e of 0 .8 0

/. w e r e e m
-

pl o y ed .

R E S tJ L T S

I S 6 1 1 0 1 p O Sit iv e r e s t ric ti o n fr a g m e n t p a t t e r n s

M . t u b e r c u lo sis s t r ai n s K IJ l a n d K IJ2 ( s t r ai n s f r o m

th e 44- y e a r - old m ale p a ti e n t a n d hi s d a u g h t e r)

p r o d u c e d a t l e a st 1 9 P u u II -di g e s ti o n b a n d s a n d s h a r e d

t h e s a m e f r a g m e n t p a tt e r n i n th e I S 6 1 1 0 - p r o b e d

h y b ridi z a ti o n a s s a y (F i g . 2
,
l a n e s 2 a n d 3) . M . t u b e r c u-

lo sis st r ai n K IJ3 (th e s t r ai n f r o m his m o t h e r) al s o

sh o w e d at l e a s t 1 9 P u u II -di g e s ti o n b a n d s ; h o w e v e r
,

of th e 1 9 b a n d s
,

o n l y 7 w er e id e n tic al t o t h o s e fr o m

t h e f a m ily s t r ai n s K IJl a n d K IJ2 ,
a n d th e r e m ai n i n g

1 2 w e r e di v e r g e n t ( Fi g . 2
,
l a n e 4) .

M ･ t u b e r c u lo sis s t r a in s K IJ 4 t o K IJ 8 p r o d u c e d a t

l e a s t 1 3 t o 1 9 P u u II - di g e sti o n b a n d s a n d s h o w e d

m a r k e dl y d iff e r e n t f r a g m e n t p a t t e r n s (F ig . 2
,
l a n e s 5

t o 9) . O f t h o s e
,
t h e p a t t e r n of st r ai n K IJ4 w a s m o r e

si m il a r t o th e p a t t e r n of t h e f a m ily s t r ai n s ( K IJl a n d

K IJ2); 9 of 1 6 b a n d s w e r e id e n tic al (F ig . 2
,
l a n e 5) .

D e n d r o g r a m o f s t r a i n s

M . t u b e r c u lo sis s t r a in s w e r e cl a s sifi e d b a s e d o n t h e

n u m b e r a n d p at t e r n s of th e P u u II - dig e sti o n f r a g
-

m e n t s
,

a n d a d e n d r o g r a m sh o w l n g t h e si m il a rit y

b et w e e n a n y t w o s t r ai n s o r g r o u p of s t r ai n s w a s

c o n st r u c t e d b y c o m p u t e r ( Fi g . 3) . T h e f a m ily st r ai n s

K IJl a n d K IJ2 a n d s t r ai n K IJ 4 c o n st r u ct e d a 6 3 %
b r a n ch si m il a rit y (b r a n ch A) . T o a si m il a r e x t e nt of

si m il a rit y ,
s t r ai n s K IJ 5 a n d K IJ6 f o r m ed a n ot h e r

b r a n ch (B) . S t r ai n s K IJ3 a n d K IJ8 ( c o m p o si n g b r a n c h

C) w e r e l o c a t e d f a r f r o m t h e o t h e r b r a n ch e s .

D I S C U S S I O N

T h e c o p y n u m b e r of I S 6 1 1 0 i n e a c h M . t u b e r c u lo sis

s t r ai n i s d e t e r m i n e d f r o m t h e n u m b e r of r e s t ri c ti o n

b a n d s t h a t a r e h y b ridi z ed w ith th e I S 6 1 1 0 p r o b e .

W h e n M . t u b e r c ul o sis st r ai n s c a r r y m ultip le c o pi e s of

IS 61 1 0
,

e a c h M ･ t u b e rc u lo sis st r ai n is id e n tifi e d b y

t h e IS 6 1 1 0 -

p r ob ed h y b ridi z a ti o n a s s a y
8 )

. T his s t u d y

d e m o n s t r a t e d t h a t t h e M . t u b e r c u lo sis st r ai n s i n

N ii g a t a h a v e at le a st 1 3 t o 19 c o pi e s of I S 6 1 1 0 o n t h e

c h r o m o s o m e
,

alth o u g h o u r e x p e ri e n c e h a s s h o w n

t h a t a p r e cis e e s ti m a ti o n of t h e n u m b e r of I S 6 1 1 0

p e r g e n o m e m a y b e c o n sid e r a bly di氏c ult d e p e n di n g

o n th e c o n diti o n s of a g a r o s e g el el e c t r o p h o r e sis e m
-

p l o y e d ･ T h e N ii g at a s t r ain s w e r e g e n e ti c ally h e t e r o-

g e n e o u s t o a hi gh e x t e n t a n d s h a r e d o nly t w o P u u II

dig e s ti o n f r a g m e n t s of 1 .2 a n d 2 .9 k b p i n si z e (F i g . 2) .

I n t r af a m ili al t r a n s m is si o n of M
. t u b e r c u l osis i n

N iig at a h a s u n a m bi g u o u sly b e e n d e m o n s t r a t e d i n thi s

st u d y ･ I niti ally ,
th r e e s t r ai n s f r o m a f a mi ly ( K IJl

fr o m a m a n
,
K IJ2 f r o m his d a u g h t e r a n d K IJ 3 f r o m
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hi s m o t e r) w e r e s u p p o s e d t o b e t h e s a m e b a s e d o n

e p id e m i ol o g i c al i n f o r m a ti o n . I n d e e d
,
st r ai n s K IJl a n d

K IJ 2 i s ol at e d f r o m t h e f a m il y m e m b e r s w h o w e r e

li vi n g t o g et h e r w e r e t h e s a m e i n th e I S 6 1 1 0 -

p r o b e d

h y b ri di z a ti o n a s s a y . H o w e v er
,

o n e st r ai n (K IJ 3) f r o m

a f a m il y m e m b e r w h o w a s li vi n g s e p a r a t ely f r o m t h e

o th e r t w o i n a di sti n ctly di ff e r e n t a r e a i n N ii g a t a

( alth o u g h s h e c a m e i n t o c o n t a c t w it h t h e o th e r t w o

i nf e ct e d f a m ily m e m b e r s) w a s m a r k e dly di v e r g e n t

f r o m th e in t r af a m ili ally -t r a n s m it t e d s t r ain s K IJl

a n d K IJ2 . I t is lik ely t h a t s h e h a d b e c o m e i n f e c t ed

w it h a di ff e r e n t st r ai n f r o m a di ff e r e n t s o u r c e .

W h e n t h e IS 61 1 0 1

P r O b ed h y b ridi z ati o n p a t t e r n s

w e r e a n al y z e d b y c o m p u t e r
,
s t r ai n s K IJl ,

K IJ2 ,
a n d

K IJ 4 c o n st r u c t e d a b r a n c h (A ) w it h a cl o s e si m il a rit y ･

O n e o t h e r p a ti e n t i n f e c t e d w it h s t r ain K IJ4 liv e d n e a r

t h e i nf e c t e d f a m il y (F ig . 1) . P a ti e n t s i nf e c t e d w it h

s t r ai n s K IJ5 a n d K IJ6 ( w hi ch c o n s t r u ct ed a b r a n c h

[ B ] w ith a cl o s e si m il a rit y) al s o liv ed n e a r e a c h o th e r

(F i g . 1) . T h e l o c ati o n of is ol a ti o n of st r ai n s K IJ3 a n d

K IJ8 w hi c h c o n stit u t e d a b r a n c h ( C) (F ig . 3) w a s th e

s o u t h e a s t sid e of t h e S b i n a n o R i v e r in N iig a t a C it y

( Fi g , 1) . T h e s e d a t a in di c a t e g e o g r a p hi c diff e r e n c e s

a m o n g t h e st r ai n s
,
alth o u gh th e n u m b e r of M

･
t u b e r

-

c u l osis st r ai n s a n aly z ed i n thi s st u d y w a s s m all ･

F u r th e r g e n e ti c a n al y s t s W it h g r e a t e r n u m b e r s of 〟
･

t u b e rc ul osis s t r ain s of v a ri o u s g e o g r a p hi c o rigi n w ill

b e n e c e s s a r y t o k n o w t h e p r e cis e st a t u s i nf e cti o n i n

N ii g a t a .

A c k n o w l e d g m e n t s . W e w i s h t o t h a n k K a z u hi r o K i s h i d a

a n d Y a s u o M i z u g u c h i f o r h el p f u l s u g g e sti o n s f o r t h e 〟 ･

t u b e r c u l o si s h y b ri d i z a ti o n e x p e ri m e n t s ･

R E F E R I∃N C E S

1) R a v i gl i o n e M C
,

S n i d e r D E J r
,

K o c h i A : G l o b a l

e pi d e m i o l o g y o f t u b e r c u l o si s : m o r b idi t y a n d m o r t a 一

it y o f a w o rld w i d e e p i d e m i c ･ J A M A 2 7 3 : 2 2 01 2 2 6
,

1 9 9 5 .

2) M i n i st r y o f H e a lt h a n d W elf a r e : D e cl a r a ti o n o f

s t a t e o f e m e r g e n c y c o n c e r ni n g t u b e r c u l o si s
,
1 9 9 9 ･

3 ) v a n S o o li n g e n D
,
d e H a a s P E W

,
H e r m a n s P W M

,

G r o e n e n P M A
,

v a n E m b d e n J D A : T h e o c c u r r e n c e

a n d st a b ilit y o f i n s e r ti o n s e q u e n c e s i n M y c o b a ct e r -

i u m t u b e r c u l o si s c o m p l e x st r ai n s : e v al u a ti o n o f

i n s e rti o n s e q u e n c e
-d e p e n d e n t D N A p o l y m o r p h i s m

a s a t o o l i n t h e e p id e m i o l o g y o f t u b e r c u l o si s . I Clin

M i c r ob i o1 2 9 : 2 5 7 8- 2 5 8 6
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