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RESULTS

I . H a e m a g g l u t i n a t i o n  P r o p e r t i e s

1 . 1  HP and HA w i t h  GPE

The a b i l i t y  o f  ร . t y p h i m u r i u m  F885 t o  a g g l u t i n a t e  
GPE was c om p a r e d  w i t h  o t h e r  f i m b r i a t e  and n o n - f i m b r i a t e  
s t r a i n s  ( t a b l e  3 ) .  We f o u n d  t h a t  ร . t y p h i m u r i u m  F885 was t h e  
most  s t r o n g l y  h a e m a g g l u t  i n a t  i n g  (HP= 3 2 0 0 ) ,  w h e r e a s  ร̂ . 
t y p h i m u r i u m  C5,  ร . S t r a s b o u r g  and ร . e n t e r i t i d i s  11RX g a v e  
HP= 8 0 0 ,  1 60 0  and 2 00  r e s p e c t i v e l y .  H a e m a g g l u t i n a t i n g
a c t i v i t y  was a b s e n t  f rom ร . t y p h i m u r i u m  M206 and E . c o l i  F4 92 .

The p r e s e n c e  and a b s e n c e  o f  t y p e - 1  f i m b r i a e  on 
s t r a i n  F885 and F492 w e r e  c o n f i r m e d  by e l e c t r o n  m i c r o s c o p e  
e x a m i n a t i o n ,  r e s p e c t i v e l y  ( F i g . 4 1 ธ )

1 . 2  A c t i v i t y  o f  D i f f e r e n t  C a r b o h y d r a t e s  i n  HAI

T a b l e  4 g i v e s  f o r  v a r i o u s  c a r b o h y d r a t e s  t h e  MIC 
r e q u i r e d  t o  p r e v e n t  t h e  a g g l u t i n a t i o n  o f  GPE by  s _ .  

t y p h i m u r i u m  F 8 8 5 .  D -ma n n o s e  and m e t h y l  < x - D - m a n n o p y r a n o s i d e  
w e r e  v e r y  e f f e c t i v e  i n h i b i t o r s ,  D - g l u c o s e  g a v e  a l e s s
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T a b l e  3 HP and HA o f  GPE by v a r i o u s  f i m b r i a t e  and n o n -  
f i m b r i a t e  s t a i n s 3

S t r a i n HA t i t e r MHD ( c e l l s / m l ) HP

ร . t y p h i m u r i u m F885 1: 32 3 . 1 2 x l 0 7 3200

ร . t y p h i m u r i u m C5 1 ะ 8 1 . 2 5 x 1 0 a 800

ร . ร t  r a s b o u r g 1 ะ 16 6 . 2 5 x l 0 7 1600

ร . e n t e r i t  i d i s 1 1RX 1 ะ 2 5 . OOxlO8 200

ร . t y p h i m u r i u m M206 N - -

E . c o l i  F492 N - -

a = B a c t e r i a l  c o n c e n t r a t i o n  was l x i o 9 c e l l s / m l  
N = No a g g l u t i n a t i o n
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F i g . 4 E l e c t r o n  m i c r o g r a p h  o f  s t r a i n  F885 a f t e r  g r o w t h  f o r  
4 8  h i n  s t a t i c  BHI.  X  4 0 , 0 0 0
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F i g . 5 E l e c t r o n  m i c r o g r a p h  o f  s t r a i n  F492 a f t e r  g r o w t h  f o r
4 8  h i n  s t a t i c  BHI.  X 3 0 , 0 0 0
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T a b l e  4 A c t i v i t y  o f  d i f f e r e n t  c a r b o h y d r a t e s  i n  HAI o f  
ร . t y p h i m u r i u m  F 8 8 5 a

C a r b o h y d r a t e MIC ( u g / m l )

D-Mannose 2 4 . 0 0  ( + 0 . 1 9 ) b

M e t h y l  o c - D - M a n n o p y r a n o s i d e 1 6 . 9 7  ( + 0 . 1 6 )

D - G l u c o s e 1 9 8 4 . 2 5  ( + 0 . 1 5 )

D - G a l a c t o s e >5000

D - A l t r o s e >5000

L-Rhamnose >5000

L a c t o s e >5000

S u c r o s e >5 0 00

a = B a c t e r i a l  c o n c e n t r a t i o n  was f o u r  t i m e s  t h e  MHD
b = G e o m a t r i c  mean (+SD)  o f  s i x  d e t e r m i n a t i o n s
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i n h i b i t i o n ,  D - g a l a c t o s e ,  D - a l t r o s e ,  L - r h a m n o s e ,  l a c t o s e  and  
s u c r o s e  had no e f f e c t  on t h e  a g g l u t i n a t i o n .

2 .  P u r i f i c a t i o n  o f  T y p e - 1  F i m b r i a e

2 . 1  C o m p a r i s o n  o f  P u r i f i c a t i o n  P r o c e d u r e s

As shown i n  t a b l e  ธ , t h e  b e s t  m et h o d  f o r  f i m b r i a l  
p r e p a r a t i o n  was t h a t  o f  Dodd and E i s e n s t e i n .  The a v e r a g e  
y i e l d  by  t h i s  p r o c e d u r e  was a b o u t  4 mg f i m b r i a e  from 20 g 
( w e t  w e i g h t )  o f  b a c t e r i a ,  w h e r e a s  t h e  m e t h o d s  o f  S a l i t  and  
G o t s c h l i c h ,  and K n u t t o n  e t  a l .  g a v e  p o o r e r  y i e l d s  o f  0 . 8  
and 2 . 4  mg f i m b r i a e  r e s p e c t i v e l y ,  b e f o r e  s p i n i n g  i n  a s e l f 
g e n e r a t i n g  i s o p y c n i c  c e s i u m  c h l o r i d e  g r a d i e n t ,  and g a v e  
v e r y  l ow y i e l d s  o f  a b o u t  0 . 1 - 1 . 0  mg f i m b r i a e  o f  a f t e r  s u c h  
t r e a t m e n t .

2 . 2  A c c o r d i n g  t o  t h e  Method o f  Dodd and E i s e n s t e i n

A f t e r  g r o w t h  f o r  48  h i n  s t a t i c ,  a e r o b i c  BHI b r o t h ,  
t h e  ร . t y p h i m u r i u m  F885 f o r m e d  p e l l i c l e s  on t h e  c u l t u r e  
s u r f a c e  and s h o w e d  s t r o n g  HA ( t a b l e  3 ) .  The c e l l s  ( w e t  
w e i g h t  = 17 g )  f rom 4 l i t e r s  o f  medium w e r e  h a r v e s t e d  by  
c e n t r i f u g a t i o n .  F i m b r i a e  w e r e  d e t a c h e d  f rom b a c t e r i a l  
c e l l s  u s i n g  an h o m o g e n i z e r .  P e l l e t s  o f  s e m i p u r e  f i m b r i a e  
a f t e r  u l t r a c e n t r i f u g a t i o n  g a v e  a p r o d u c t  c o n t a i n i n g  
a p p r o x i m a t e l y  2 1 %  o f  t h e  p r o t e i n  i n  t h e  o r i g i n a l  e x t r a c t .  
P r o t e i n  a n a l y s i s  sh o w e d  t h a t  t y p e - 1  f i m b r i a e  a c c o u n t e d  f o r
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T a b l e  5 C o m p a r i s o n  o f  t y p e - 1  f i m b r i a e  from ร . t y p h i m u r i u m  
F885 by v a r i o u s  p u r i f i c a t i o n  p r o c e d u r e s

A c c o r d i n g  t o  t h e  
m e t h od  o f

w e t
w t . ( g )

f i m b r i a e
(mg)

MHC
( u g )

S a l i t  & G o t s c h l i c h 20 0 . 7 7 a ( + 0 . 3  8 ) b 3 9 6 . 8 5 ( + 0 . 1 7 ) c

K n u t t o n  et .  a l . 20 2 . 3  7a ( + 1 . 0 0 ) 9 9 . 2 1 ( + 0 . 1 7 )

Dodd & E i s e n s t e i n 20 4 . 0 0  ( + 0 . 2 0 ) 4 . 9 1 ( + 0 . 17)

a = F i m b r i a e  b e f o r e  a p p l y  t o  a s e l f - g e n e r a t i n g  i s o p y c n i c  
c e s i u m  c h l o r i d e  g r a d i e n t

b = A r i t h m e t i c  mean ( + S D ) ,  c = G e o m a t r i c  mean (+SD)  o f  
t r i p l i c a t e  d e t e r m i n a t i o n  from t h r e e  b a t c h e s  o f  
p u r i f i e d  f i m b r i a e
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a p p r o x i m a t e l y  6 % o f  t h e  s e m i p u r e  f i m b r i a l  p r e p a r a t i o n  a f t e r  
t r e a t m e n t  w i t h  5 M u r e a  ( t a b l e  6 ) .  A l l  s a m p l e s  c o n t a i n i n g  
f i m b r i a e  g a v e  h e a r a a g g l u t i n a t i o n . w h e r e a s  s u p e r n a t a n t s
w i t h o u t  f i m b r i a e  g a v e  no h e a m a g g l u t i n a t i o n  ( t a b l e  6 ) .

3 .  D e t e r m i n a t i o n  o f  F i m b r i a l  P u r i t y  and MW

3 . 1  SDS-PAGE

F i g . 6 s h o w s  t h e  SDS-PAGE a n a l y s i s  o f  s a m p l e s  from  
s t r a i n  F885 and t h e  s e q u e n t i a l  p u r i f i c a t i o n  s t e p s ,  Lane a 
s h ows  t h e  marked c o n t a m i n a t i o n  w i t h  o t h e r  p r o t e i n s  a f t e r  
t h e  b l e n d i n g  s t e p .  The p a r t i a l l y  c l e a r e d  s u p e r n a t a n t  was  
t h e n  s u b j e c t e d  t o  u l t r a c e n t r i f u g a t i o n  ( 2 2 7 , 0 0 0  X  g f o r  2 h)  
w h i c h  c o m p l e t e l y  c l e a r e d  t h e  s u p e r n a t a n t  o f  f i m b r i a e  ( l a n e  
b ) .  The c l e a r  g e l a t i n o u s  p e l l e t s  o f  s e m i p u r e  f i m b r i a e  w e r e  
r e s u s p e n e d  i n  5 M u r e a  t o  d i s a g g r e g a t e  o t h e r  p r o t e i n ,  
l e a v i n g  t h e  u r e a - r e s i s t a n t  f i m b r i a e  i n t a c t .  P e l l e t s  o f  p u r e  
f i m b r i a e  ( l a n e  e )  w e r e  o b t a i n e d  by u l t r a c e n t r i f u g a t i o n  
( 2 0 0 , 0 0 0  X  g f o r  1 6h )  t h r o u g h  a 1 M u r e a  -  1 M s u c r o s e  
c u s h i o n .  The s u p e r n a t a n t s  o b t a i n e d  by s u c h  t r e a t m e n t  
c o n t a i n e d  no f i m b r i a e  ( t a b l e  6 ) .

MW o f  t y p e - 1  f i m b r i a e  f rom ร . t y p h i m u r i u m  F885 w er e  
d e t e r m i n e d  by  Rf  p l o t s ,  u s i n g  l i n e a r  r e g r e s s i o n  o f  r e l a t i v e  
m o b i l i t y  v e r s u s  known MW on s e m i - l o g a r i t h m i c  p a p e r  ( Fi  g . 3 ) .  
T y p e - 1  f i m b r i a e  had a a p p r o x i m a t e l y  MW o f  19K,  and a m i n o r  
band o f  18K. T h i s  mi n o r  band p r o t e i n  was n o t  a b u n d a n t  i n
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T a b l e  6 HA and r e c o v e r y  o f  p r o t e i n ,  t y p e - 1  f i m b r i a e  
d u r i n g  p u r i f i c a t i o n 3

P r o t e i n
P r o c e d u r e  P r o d u c t  Vol  _______________ HA MHC

ml ( m g / m l )  mg

H o m o g e n i z a t i o n Crude  e x t r a c t 4 9 . 0 4 . 0 1 9 6 . 0 1 ะ 16 250

uc S u p e r n a t a n t 4 2 . 0 3 . 2 1 3 4 . 4 N -
P e l l e t s 4 . 0 1 5 . 0 6 0 . 0 1 ะ 8 b 375

T r e a t m e n t w i t h S u p e r n a t a n t 4 2 . 5 1 . 3 5 5 . 3 N -
5 M u r e a , UC P e l l e t s 3 . 0 1 . 2 3 . 6 1 ะ 256 4

a = A c c o r d i n g  t o  t h e  m e th o d  o f  Dodd & E i s e n s t e i n  
b = HA t i t e r  from 3 . 0  mg/ml  o f  p r o t e i n  

UC = U l t r a c e n t r i f u g a t i o n
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F i g . 6 SDS-PAGE a n a l y s i s  o f  v a r i o u s  s t a g e s  o f  f i m b r i a e  
p u r i f i c a t i o n  f rom ร . t y p h i m u r i u m  F 8 8 5 . Lane a ,  
c r u d e  e x t r a c t  a f t e r  h o m o g e n i z a t i o n  ( 5 0  u g ) ; l a n e  b ,  
s u p e r n a t a n t  a f t e r  h o m o g e n i z a t i o n  and u l t r a c e n t r i f u 
g a t i o n  ( 4 0  u g ) ; l a n e  c ,  p e l l e t s  o f  s e m i p u r e  
f i m b r i a e  ( 4 0  u g ) ; l a n e  d,  s u p e r n a t a n t  a f t e r  
t r e a t m e n t  w i t h  5 M u r e a  and  u l t r a c e n t r i f u g a t i o n  ( 3 0  
u g ) ;  l a n e  e ,  p e l l e t s  o f  p u r e  f i m b r i a e  ( 1 5  u g ) ; 
r e f e r e n c e  MW i n d i c a t e d  on t h e  l e f t  w e r e  as  
d e s c r i b e d  i n  t h e  l e g e n d  t o  F i g . 3 .
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t h e  s t a r t i n g  m a t e r i a l  ( F i g . 6a  ) and s e e m e d  t o  h a v e  b e e n  
e n r i c h e d  i n  t h e  p u r i f i c a t i o n  p r o c e s s .  N e v e r t h e l e s s ,  t h e  
f i m b r i a e  r e t a i n e d  t h e i r  n a t i v e  m o r p h o l o g y  i n  t h e  
p u r i f i c a t i o n  p r o c e s s  and no c o n t a m i n a t i n g  membrane v e s i c l e s  
w e r e  s e e n  i n  e l e c t r o n  m i c r o s c o p y  ( F i g . 7 ) .

3 . 2  IEP

The p u r i t y  o f  t h e  t y p e - 1  f i m b r i a e  p r e p a r a t o n  was  
d e m o n s t r a t e d  by  i m m u n o e l e c t r o p h o r e t i c  a n a l y s i s  o f  t h e  c r u d e  
and f i n a l  Ag p r e p a r a t i o n s .  A f t e r  e l e c t r o p h o r e s i s ,  r a b b i t  
a n t i s e r u m  p r e p a r e d  a g a i n s t  t h e  w h o l e  c e l l s  Ag p r o d u c e d  o n l y  
a s i n g l e  p r e c i p i t i n  l i n e  w i t h  t h e  f i n a l  Ag p r e p a r a t i o n ,  i n  
c o n t r a s t  t h e r e  w e r e  two p r e c i p i t i n  l i n e s  w i t h  t h i s  
a n t i s e r u m  and t h e  s e m i p u r e  Ag p r e p a r a t i o n  ( F i g . ธ ) .  A l s o ,  
t h e  n a t i v e  p r o t e i n  e x h i b i t e d  a low e l e c t r o p h o r e t i c  
m o b i l i t y .  F u r t h e r m o r e ,  t h e  p u r i f i e d  t y p e - 1  f i m b r i a e  
p r o d u c e d  a s i n g l e  l i n e  o f  i d e n t i t y  when r e a c t e d  a g a i n s t  Ab 
p r e p a r e d  a g a i n s t  t h e  p u r e  Ag ( Fi  g . 9 , t r o u g h  A) and a g a i n s t  
Ab p r e p a r e d  a g a i n s t  t h e  w h o l e  c e l l s  Ag ( F i g . 9 , t r o u g h  B ) .

4 .  D i s t r i b u t i o n  o f  L i v e  B a c t e r i a l  V a c c i n e s  i n  Mi ce  A f t e r  
O r a l  F e e d i n g

B o t h  o f  two s t r a i n s  e x a m i n e d  a p p e r e d  i n  t h e  P e y e r ’ s 
p a t c h e s  o f  t h e  s m a l l  i n t e s t i n e  1 day  a f t e r  m i c e  w e r e  f e d  l x  
1 0 1° b a c t e r i a  ( F i g . 1 0 ) .  E . c o l i  F492 m u l t i p l i e d  a p p r o x i m a t e l y  
f o u r  f o l d  by day  2 ,  b u t  t h e  numbers  t h e n  f e l l  t e n  f o l d  by
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F i g . 7 E l e c t r o n  m i c r o g r a p h  o f  p u r i f i e d  f i m b r i a e  from s t r a i n  
F 8 8 5 .  X 1 1 8 , 0 0 0
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F i g . 8 I m m u n o e l e c t r o p h o r e s i s  o f  c r u d e  Ag p r e p a r a t i o n  i n  
u p p e r  w e l l  and p u r i f i e d  f i m b r i a e  Ag i n  l o w e r  w e l l .  
The t r o u g h  c o n t a i n e d  r a b b i t  a n t i s e r u m  p r e p a r e d  
a g a i n s t  t h e  w h o l e  c e l l s .

F i g . 9  I m m u n o e l e c t r o p h o r e s i s  o f  p u r i f i e d  f i m b r i a e  Ag 
d e m o n s t r a t i n g  p u r i t y .  Trou gh  A c o n t a i n s  Ab 
p r e p a r e d  a g a i n s t  t h e  p u r i f i e d  Ag,  and t r o u g h  B 
c o n t a i n s  Ab p r e p a r e d  a g a i n s t  t h e  w h o l e  c e l l s .
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Day a f t e r  f e e d i n g  o r g a n i s m s

F i g . 10 The number  o f  v i a b l e  b a c t e r i a  r e c o v e r e d  f r o m t h e  
P e y e r ’ ร p a t c h e s  a t  s p e c i f i e d  t i m e s  a f t e r  o r a l  
f e e d i n g  o f  BALB/ cJ  s t r a i n  m i c e  w i t h  l x i o 10 v i a b l e  
b a c t e r i a  o f  ร ♦ t y p h i m u r i u m  F885  ( • )  a n d  E . c o l i  F492  
( o )  . Eac h  p o i n t  r e p r e s e n t s  t h e  mean o f  numbe r s
r e c o v e r e d  from e a c h  g r o u p  o f  a t  l e s t  f i v e  m i c e .
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day 3 and c o u l d  no l o n g e r  be  d e t e c t e d  a t  d ay  4 .  In c o n t r a s t  
ร . t y p h i m u r  ium F885 i n c r e a s e d  i n  n u m b e r s ,  f o r  a t  l e a s t  3 
d a y s ,  a t  w h i c h  p o i n t  t h e y  b e g a n  t o  d e c r e a s e  s l o w l y  and  
s t e a d i l y  by a b o u t  o n e  l o g  e v e r y  4 d a y s .

5 .  LD50 D e t e r m i n a t i o n

As shown i n  t a b l e  7 , t h e  d i l u t i o n  f a c t o r  was  10 and  
5 0 %  end  p o i n t  d i l u t i o n  o f  t h e  c h a l l e n g e  s t r a i n  C5 was  t h e  
f i g u r e  b e t w e e n  1 0 4 and 1 0 3 d i l u t i o n .  The % m o r t a l i t y  a t  
d i l u t i o n  n e x t  b e l o w  was 2 5 %  and t h e  % m o r t a l i t y  a t  
d i l u t i o n  n e x t  a b o v e  was 7 8 % .  C a l c u l a t i o n  u s i n g  t h e  f o r m u l a  
d e s c r i b e d  by Reed and Muench ( 1 0 6 ) ,  s h o w e d  t h e  LD50 o f  ร .  
t y p h i m u r i u m  C5 when g i v e n  o r a l l y  t o  b e  2 . 9 6 x l 0 3 o r g a n i s m .

6.  Mouse P r o t e c t i o n  T e s t

6 . 1  P r o t e c t i v e  Immuni t y  I n d u c e d  by  V a r i o u s  V a c c i n e s

As shown i n  t a b l e  8 , E . CO 1 i  F492 u s e d  f o r
i m m u n i z a t i o n  p r o v i d e d  no p r o t e c t i o n  a g a i n s t  a c h a l l e n g e  
w i t h  l x i o 6 o r g a n i s m s  o f  ร . t y p h i m u r  ium C5 a b o u t  1 , 0 0 0  LD50.  
On t h e  o t h e r  h an d ,  ร . t y p h i m u r i u m  F885 and f i m b r i a e  f rom  
s t r a i n  F885 w e r e  a b l e  t o  c o n f e r  8 0 %  and 6 7 %  p r o t e c t i o n  
r e s p e c t i v e l y  ( f i d u c i a l  l i m i t  < 0 . 0 0 5 )  a g a i n s t  a s i m i l a r
c h a l l e n g e .



5 8

T a b l e  7 LD50 o f  t h e  c h a l l e n g e  s t r a i n  C5 i n  t h e  BALB/cJ m i c e

D i l u t i o n
r a t e

M o r t a l i t y  D e a t h  S u r v i v o r  T o t a l  P e r c e n t
D e a t h  S u r v i v o r  m o r t a l i t y

1 0 7 8 / 8 8 0 32 0 100

1 0 6 8 / 8 8 0 24 0 100

1 0 5 8 / 8 8 0 16 0 100

1 0 4 6 / 8 6 2 8 2 78

1 0 3 2 / 8 2 6 2 8 25

1 0 2 0 / 8 0 8 0 16 0
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T a b l e  8 R e s i s t a n c e  o f  m i c e  a g a i n s t  o r a l  c h a l l e n g e  w i t h  
ร . t y p h i m u r i u m  C5 a f t e r  i m m u n i z i n g  w i t h  v a r i o u s  
v a c c i n e s

Oral Immunization 
with 1010 organisms  
of

Survivors  
/  t o t a l

Protect i on

% s u rv i va l  S i g n i f i c a n c e  
over control  o f  t e s t 3

P e r s i s t e nc e  in 
Peyer’ร patches

ร . typhimurium F885 12/15 ( 0 / 1 5 ) b 80 <0.005 +

E . c o l i  F492 0/15 (0/15) 0 NS -

Type-1 f imbriaec 10/15 (0/15) 67 <0.005

a = p values  were c a l cu l a t e d  by the Chi-square t e s t  
b = Groups o f  contro l  mice
c = Group o f  mice were immunized with 50 ug o f  

f imbriae on day 0 ( i . p . )  and day 12 ( s . c . )
NS = Not s i g n i f i c a n t
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6 . 2  D i s t r i b u t i o n  o f  ร . t y p h i m u r i u m  C5 i n  M i c e  A f t e r  O r a l  
C h a l l e n g e

As shown i n  F i g . 1 1 , t h e  E . c o l i  F492 had l i t t l e  
e f f e c t  on r e d u c i n g  t h e  numbers  o f  o r g a n i s m s  r e c o v e r e d  
c o mp a r e d  t o  t h e  c o n t r o l s ,  and t h e  s u b s e q u e n t  g r o w t h  b o t h  i n  
t h e  P e y e r ’ s  p a t c h e s  and s p l e e n  i n  t h e s e  two g r o u p s  was  
v i r t u a l l y  i d e n t i c a l .  By day 3 ,  o r g a n i s m s  b e g a n  t o  a p p e a r  
i n  t h e  s p l e e n  i n  numbers  w h i c h  r a p i d l y  i n c r e a s e d  o v e r  t h e  
f o l l o w i n g  4 d a y s .  D e a t h  u s u a l l y  o c c u r r e d  b e t w e e n  7 and 9 
d a y s  .

The l e v e l  o f  i n  v i v o  b a c t e r i a l  g r o w t h  i n  c o n t r o l  
m i c e ,  d i f f e r e d  from t h a t  i n  t h e  ร . t y p h i m u r i u m  F885 and  
f i m b r i a e - i m m u n i z e d  m i c e  i n  s e v e r a l  r e s p e c t s .  T h r e e  d a y s  
a f t e r  c h a l l e n g e ,  t h e  number o f  o r g a n i s m s  p r e s e n t  i n  t h e  
P e y e r ’ s p a t c h e s  and s p l e e n  o f  c o n t r o l  m i c e  was many f o l d  
h i g h e r  t h a n  i n  t h e  immune m i c e .  By day  7 ,  t h e  c h a l l e n g e  
o r g a n i s m s  p r o g r e s s i v e l y  m u l t i p l i e d  and r e a c h e d  t o x i c  
p r o p o r t i o n s  i n  c o n t r o l  m i c e ,  w h e r e a s  i n  t h e  immune m i c e  
from day  3 t o  7 t h e r e  was o n l y  a m o d e r a t e  i n c r e a s e  i n  t h e  
number o f  b a c i l l i .  By day  9 ,  a l l  t h e  c o n t r o l  m i c e  had  
s u c c u m b e d  t o  i n f e c t i o n .  C o n v e r s e l y ,  i n  t h e  ร . t y p h i m u r i u m  
F885 and f i m b r i a e - i m m u n i z e d  m i c e ,  b a c t e r i a l  g r o w t h  i n  t h e
P e y e r ’ s p a t c h e s  and s p l e e n  b e g a n  t o  d e c r e a s e  s t e a d i l y .
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6 1

Days  a f t e r  c h a l l e n g e

F i g .  11 The Number o f  ร . t y p h i m u r i u m  C5 r e c o v e r e d  f r o m  t h e  
P e y e r ’ s  p a t c h e s  ( c l o s e d  s y m b o l s ) ,  and s p l e e n  ( o p e n  
s y m b o l s )  a t  s p e c i f i e d  t i m e s  a f t e r  o r a l  i n f e c t i o n  
o f  m i c e  w i t h  l x i o 6 o r g a n i s m s ,  n o r m a l  m i c e  (■ 1!ว ) ,  
m i c e  i m mu n i z e d  w i t h  l x i o 10 E . c o l i  F492 ( A , A ) ,
l x i o 10 ร . t y p h i m u r i u m  F885 ( • , 0 ) .  100  ug f i m b r i a e
(♦ ,<^). Each p o i n t  r e p r e s e n t s  t h e  mean o f  n umbers  
r e c o v e r e d  f rom e a c h  g r o u p  o f  a t  l e a s t  f i v e  m i c e .
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