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These n o t e s  i n d i c a t e  th e  n a tu r e  and more im m ediate  

e f f e c t s  o f  t h e  pus found  on t h e  b r a i n  and s p i n a l  c o rd  i  

c e r e b r o - s p i n a l  f e v e r .  They a r e  ta k e n  from  p a t i e n t s  

a d m i t te d  to  R u c h i l l  F e v e r  H o s p i t a l  d u r in g  th e  ep idem ic  o 

1906-1908 , and a r e  m a in ly  th e  r e s u l t s  o f  p o s t-m o rtem  exa 

i n a t i o n s ,  p a r t i c u l a r l y  o f  th e  b r a i n  and c o rd .  B u t ,  to  

a s s o c i a t e  th e  r e s u l t s  w i th  t h e  d i s e a s e  i t  h a s  been deemed 

a d v i s a b l e  to  i n d i c a t e

1 .  A b r i e f  o u t l i n e  o f  th e  h i s t o r y  o f  i l l n e s s ,

2 .  Some n o t e s  o f  work done a t  t h e  b e d - s i d e ,  sucii a s
b lo o d  c o u n ts ,  and c u l t u r e s .

In  t h e  f i r s t  c a se  d e s c r i b e d  no p o s t-m o rte m  exam in­

a t i o n  was a l l o w e d . . In  t h e  o t h e r  c a s e s  t h e r e  a r e  o n ly  

g4çY#n i n  d e t a i l  t h o s e  r e s u l t s  r e l a t i v e  to  t h e  s u b j e c t .



George S t i r l i n g ,  a e t . 20 y e a r s , Wci-s adiLj.tusd t e  
H o s p i t a l  on 8 th  Maroh^ 1907 . He was p e r f e c t l y  w e l l  on 
th e  p r e v io u s  d a y ,  and s l e p t  a s  u s u a l  a t  n i g i i t . On trie  
m orning  o f  th e  8 th  a t  11 a .m . he was su d d e n ly  s e i z e d  w ihh 
h e a d a c h e , o c c i p i t a l  a t  t h e  commencement, l a t t e r l y  g e n e r a l .  
V om iting  came on w i t h in  an  h o u r  a f t e r .  He h ad  no n a s a i  
c a t a r r h ,  no d i s c h a r g e  from  t h e  nose  o r  t h r o a t , no s o r e  
t h r o a t  and no t o n s i l l i t i s .  He became u n c o n sc io u s  a t  
1 p .m . ' Examined a t  3 p .m ., ^  l a y  u n c o n s c io u s ,  w i th
h ead  r e t r a c t e d ,  arms and l e g s  r i g i d ,  K e rn ig * s  s ig n  
m a rk e d , b r e a t h i n g  s t e r t o r o u s ,  f a c e  f l u s h e d ,  tem p. 104,^ He 
rem a in ed  th u s  t i l l  n e x t  m o rn in g , when c y a n o s i s  o f  t h e  fa c e  
became m arked, and t h e  p u l s e  f e e b l e  and f l u t t e r i n g .  He 
d ie d  a t  9 a .m . on t h e  9 t h ,  h a v in g  been  i l l  f o r  22 h o u r s .

The b lo o d  coun t was a s  f o l l o w s i -

D a te .  W hite c e l l s  p . c .m .  Red c e l l s  p .c .m ,
8 -3 -07  a t  3 p .m . 5 ,8 8 6  4 ,2 5 2 ,0 0 0

do a t  12 m idn. 6 ,4 3 2  4 ,8 7 6 ,0 0 0
9 -3 -0 7  a t  8 a .m . 6 ,5 5 0  4 ,3 2 0 ,0 0 0

A c u l t u r e  was made from t h e  b lo o d ,  on th e  a d m iss io n  
o f  t h e  p a t i e n t , b y  th e  f o l lo w in g  m ethod . The s k in  a t  th e  
bend  o f  th e  elbow was c a r e f u l l y  c l e a n s e d  w i th  t u r p e n t i n e ,  
f o l lo w e d  by m e th y la te d  s p i r i t .  A hypoderm ic  n e e d le  and 
an a l l - g l a s s  s y r in g e  w ere  s t e r i l i z e d  by  h e a t i n g  i n  w a t e r . 
The n e e d le  was p lu n g e d  i n t o  one o f  th e  v e in s  a t  th e  eloow 
and a  l i t t l e  b lo o d  w ithd raw n  i n  a  s y r i n g e .  Three d rops  
w ere th e n  a l lo w e d  to  f a l l  on to  a  s lo p e d  a g a r  tu b e  and to  
s p re a d  o v e r  t h e  s u r f a c e .  The tu b e  was in c u b a te d  a t  570 C 
f o r  48 h o u r s ,  by  w hich  t im e  s m a l l  c o lo n i e s  h ad  grown.
They o c c u r re d  a s  sm a ll  ro u n d ,  t r a n s l u c e n t ,  w h i t i s h ,  w e t-  
l o o k in g  c o l o n i e s ,  v a r y in g  in  s i z e  from  a  p i n - p o i n t  to  a 
medium s i z e d  p in - h e a d ,  and s h e lv in g  o f f  a t  t h e  m a rg in .  
Under t h e  m ic ro sc o p e  th e y  a p p e a re d  y e l lo w i s h  and s l i g h t l y  
g r a n u l a r .  F i lm s  showed t h e  p re s e n c e  o f  th e  D ip lo c o c c u s  
i n t r a c e l l u l a r i s  m e n i n g i t i d i s  o f  W eichselbaum . I t  was 
v a r i a b l e  i n  s i z e  and s t a i n i n g  pow er, and vfas ^ r a m -n e g a t iv e

About l i “ ounces o f  th e  c e r e b r o - s p i n a l  f l u i d  were 
removed by lum ber p u n c tu r e ,  s h o r t l y  a f t e r  t h e  a d m iss io n  o f  
th e  p a t i e n t .  I t  vfas u n d e r  c o n s i d e r a b le  p r e s s u r e  and 
s p u r t e d  from th e  p u n c tu r e - n e e d le  a s  an o p a l e s c e n t ,  
s l i g h t l y  m ilk y  f l u i d ,  w i th  no m asses  o f  y e llo w  p u s ,  and no 
s h r e d s  o f  f i b r i n .  On s t a n d i n g ,  a  t h i n  f u n n e l - s h a p e d  web 
o f  f i b r i n ,  w i th  t h e  mouth o f  th e  f u n n e l  a t  t h e  s u r f a c e  o f  
t h e  f l u i d ,  form ed in  t h e  t e s t  t u b e .  E x am in a tio n  o f  th e  
u n c e n t r i f u g a l i s e d  f l u i d  showed d i p lo c o c c i  i n  enormous 
numbers l y i n g  f r e e  i n  th e  f l u i d ,  and a g g re g a te d  round  pus 
c e l l s .  They o c c u re d  a l s o  i n  g ro u p s  o f  f o u r ,  and in  s h o r t  
c h a in s  o f  t h r e e  o r  f o u r .  The c e l l s  were m o s t ly  p o ly ­
m o rp h o n u c lea r ,  and were u n d e rg o in g  d e g e n e r a t i o n ,  many 
h a v in g  a  f ra g m e n te d  n u c le u s ;  some b e in g  sw o lle n  up, 
sh o w in g /



( to  f a c e  page 2)

X  JS.00

(1) S t i r l i n g .  S p in a l  f l u i d  u n c e n t r i f u g a l i s e d ,  from a 
s e v e re  c a s e ,  i l l  o n ly  22 h o u r s .

Shows (a )  a g r e a t  number o f  d i p l o c o c c i ;  (b) d e g e n e r ­
a te d  p o ly m o rp h o n u c le a r  c e l l s  ( th e  lo w e s t  one w i th  
d i p l o c o c c i ) ;  (c)  one l a r g e  m o nonuclear  c e l l .



showing v a c u o l a t i o n ,  and s t a i n i n g  b a d ly :  and o t h e r s  b e in g  
q u i t e  d i s i n t e g r a t e d .  H ere  and t h e r e  w ere  s m a l l  mono­
n u c le a r  c e l l s ,  w i t h  l i t t l e  p r o t o p l a s m , l i k e  ly m p h o c y te s .  
L arge  m o n o -n u c lea r  c e l l s  w ere  a l s o  p r e s e n t ,  b u t  were n o t  
such  an o u t s t a n d i n g  f e a t u r e  a s  in  some c a s e s .  They h ad  
a  rounded  o r  o v a l  n u c l e u s ,  f i l l i n g  a  l a r g e  p a r t  o f  th e  
c e l l .  They w ere  v a r i a b l e  in  s i z e ,  a l l  i n t e r m e d i a t e  
s t a g e s  betw een th e  s m a l l  form s and  th e  l a r g e  form s b e in g  
fo u n d .  D ip lo c o c c i  a p p e a re d  t o  be  i n s i d e  b o th  t h e  p o ly ­
m o rp h o n u c lea r ,  and  t h e  l a r g e  m onon uc lea r  c e l l s ,  b u t  i t  i s  
p ro b a b le  t h i s  a p p e a ra n c e  v/as due t o  t h e i r  b e in g  on th e  
s u r f a c e  o f  t h e  c e l l s ,  a s  e ls e w h e re  th e y  w ere d i s t i n c t l y  
seen  t o  be a g g re g a te d  round  them .

No p h a g o c y to s i s  o f  p o ly m o rp h o n u c le a r  c e l l s  v/as
s e e n .

C u l tu r e s  grew r e a d i l y  a t  37® C. on a g a r ,  on b lo o d -  
sm eared a g a r ,  and on b lo o d  serum . They d id  n o t  grow a t  
room te m p e r a tu r e .  They p r e s e n t e d  t h e  same c h a r a c t e r s  as 
th o s e  grown from th e  b lo o d .  F ilm s showed a  ^ a m - n e g a t i v e  
d i p lo c o c c u s .  T h is  o rgan ism  i n  a  24 h o u rs  c u l t u r e  d id  n o t  
v a ry  i n  s i z e  and s t a i n i n g ,  and was alvrays ^ r a m - n e g a t i v e .
I t  was r a t h e r  s m a l l e r  th a n  th e  s t a p h y lo c o c c u s ,  and was 
k id n e y - s h a p e d ,  b u t  more g l o b u l a r  th a n  t h e  g ono co ccu s , some 
b e in g  q u i t e  ro u n d ,  A f i lm  from  an o l d e r  c u l t u r e  had  a 
f a i n t l y  s t a i n e d  backg ro und  o f  dead  c o c c i ,  w h i le  t h e  
l i v i n g  d e e p ly  s t a i n e d  form s c o u ld  be p ic k e d  o u t  h e r e  and 
t h e r e .  These  v a r i e d  g r e a t l y  i n  s i z e ,  some b e in g  t h r e e  o r  
f o u r  t im e s  a s  l a r g e  a s  t h e  s t a p h y lo c o c c u s .  L arge  round  
i n v o l u t i o n  form s o c c u r r e d ,  and som etim es one coccus  o f  a 
p a i r  was s m a l l  and t h e  o t h e r  v e ry  l a r g e .  In  th e  o l d e r  
c u l t u r e s ,  t o o ,  t h e r e  w ere  many w hich  d i d  n o t  a l t o g e t h e r  
l o s e  g ra m 's  s t a i n .



W illiam  Cummings, a e t .  28 y e a r s ,  was a d m i t te d  to  
H o s p i t a l  on 3 rd  December, 1906 . He f e l t  q u i t e  w e l l  on 
2nd December, t a k i n g  h i s  food w e l l ,  and b e in g  in  good 
s p i r i t s .  On th e  e v en in g  o f  2nd December he co m pla ined  o f  
h e a d a c h e ,  b u t  he  h ad  no s o r e  t h r o a t ,  no n a s a l  d i s c h a r g e ,  
no p a in  i n  e a r s , o r  e a r  d i s c h a r g e ,a n d  no c o n j u n c t i v i t i s .
At 2 a .m . he was s i c k  and v o m it in g ;  h ead ach e  was s e v e r e ,  
and h i s  neck  was p a i n f u l  when moved. Next m orning t h e r e  
was s t i f f n e s s  o f  arm s and l e g s ,  and r e t r a c t i o n  o f  n e c k ,  
and th e  p a t i e n t  was s tu p o r o s e  t h o u ^ i  o f t e n  p u t t i n g  h i s  
hand to  h i s  h e ad  and crj^ ing o u t .  T em p era tu re  103® F .

By 7 th  December p a t i e n t  h ad  im proved a  l i t t l e , b e in g  
a b le  to  h e a r  and u n d e r s t a n d ,  t o  some e x t e n t ,  what was s a id  
to  h im . There  was now f o r  t h e  f i r s t  t im e  m u c o -p u ru le n t  
d i s c h a r g e  from n o se  and t h r o a t .  T em p era tu re  v a r i e d  
betw een 101® and 103® F .

On 1 2 th  December he became w o rs e .  He was q u i t e  
u n c o n s c io u s , b r e a t h i n g  was s t e r t o r o u s ,  v o m it in g  f r e q u e n t ,  
and l o s s  o f  c o n t r o l  o f  s p h i n c t e r s  c o m p le te .  He d ie d  in  
t h i s  c o n d i t i o n  on 1 5 th  December, 1906.

B lo o d -c o u n t .  L e t s . p . c . m .
4 th  D e c . , 1906 , 2 3 ,4 0 0
5 th  D e c . ,  2 7 ,3 0 0
7 th  D e c . ,  2 0 ,4 0 0
1 0 th  D e c . ;  1 8 ,4 0 0
1 2 th  D e c . ,  2 5 ,5 0 0
1 4 th  D e c . ,  2 4 ,4 8 0

S p in a l  F l u i d ,  r a n  i n  a  f u l l  s t r e a m  from  th e  p u n c tu re  
n e e d l e ,  a s  a  v e ry  t u r b i d  f l u i d ,  w i t h  f i b r i n o u s  s h re d s  h e r e  
and t h e r e .  About 2 o u nces  w ere  drawn o f f .  w h ic h ,o n  
s t a n d i n g ^ l e f t  a  c o p io u s  y e llo w  f l o c c u l e n t  d e p o s i t ,  w i th o u t  
fo rm a t io n  o f  a  f u n n e l  o f  f i b r i n .  D i p l ^ c i  w ere  p r e s e n t
in  l a r g e  num bers , a  few b e in g  i n t r a c e l l u l a r .  A c u l t u r e  
on a g a r  grew co lo iy .e s  s i m i l a r  to  th o s e  a l r e a d y  d e s c r ib e d ,  
and f i lm s  showed ^ • a m - n e g a t iv e  d i p l o c o c c i .  Polym orpho­
n u c le a r  c e l l s  w ere num erous, and in  s t a g e s  o f  d e g e n e r a t io n ,  
M ononuclear c e l l s  o c c u r re d  i n  c o n s i d e r a b le  num bers; some 
w ere s m a l l ,  w i th  round  d e e p ly  s t a i n i n g  n u c le u s ,  many w ere 
a  l i t t l e  l a r g e r  th a n  t h e  p o ly m o rp h o n u c le a r  c e l l s ,  w i th  
rounded  o r  o v a l  n u c le u s ,  w h i le  a  few had  an in d e n te d  or 
k id n e y  shaped n u c le u s .

P o s t  Mortem,
s c a lp  was r e f l e c t e d  by th e  u s u a l  c o ro n a l  

i n c i s i o n .  In  o r d e r  to  a s c e r t a i n  t h e  c o n d i t i o n  o f  th e  
Foramen o f  M ajend ie  w i th o u t  d i s t u r b i n g  th e  r e l a t i o n s  o f  
th e  p a r t s  a  d i s c  o f  bone was t r e p h i n e d  i  o f  an in c h  below 
t h e /



i.e o c c i p i t a l  p r o t r u b e r a n c e , t h e  d u r a  and o c c i p i t a l
c u t  th ro u g h  by a  c r u c i a l  i n c i s i o n  and th e  c e re b e l lu m  

exp osed . The l a t e r a l  lo b e s  w ere  g e n t l y  s e p a r a t e d  by th e  
h a n d le  o f  a  s c a l p e l .  Pus was found  be tw een  them e x te n d in g  
r i g h t  up t o  t h e  fo ram en , and c o v e r in g  i t  o v e r ,  b u t  f l u i d  
c o u ld  e scap e  when p r e s s u r e  was a p p l i e d  a t  th e  s i d e s .

The s k u l l  cap was rem oved; i t  was n o t  a d h e r e n t  to  th e  
d u r a  m a t e r .  The l a t t e r  was c o n g e s te d ,  t h e  v e in s  c o u rs in g  
o v e r  i t  b e in g  l a r g e  and f u l l ;  i t  was n o t  to u g h .

The b r a i n  was c o a te d  w i th  t h i c k  y e l lo w  g e l a t i n o u s  
p u s ,  most abu ndan t i n  t h e  s u l c i ,  and  f o l lo w in g  th e  
v e s s e l s .  In  p l a c e s  i t  c o v e re d  and o b sc u re d  th e  v e s s e l s ,  
b u t  e ls e w h e re  i t  showed a s  two y e l lo v f is h  l i n e s  on each  
s id e  o f  them . At th e  b a se  i t  had  c o l l e c t e d  i n  t h e  sp ace  
hetv/een th e  o p t i c  com m issures and t h e  c r u r a  c e r e b r i .  l à  
d id  n o t  e x te n d  fo rw a rd  u n d e r  t h e  f r o n t a l  l o b e s ,  n o r  d id  i t  
f o l lo w  th e  o l f a c t o r y  l o b e s .  T here  was none i n  th e  r e g io n  
o f  t h e  c r i b r i f o r m  p l a t e .  I t  was c o l l e c t e d  u n d e r  th e  
c e re b e l lu m ,  b u t  l i m i t e d  by a  w e l l  d e f in e d  b o r d e r  so a s  to  
l e a v e  a  f r e e  m arg in  an in c h  b ro a d  u n d e r  t h e  l a t e r a l  l o b e s . 
I t  e x te n d e d  be tw een  th e  l a t e r a l  lo b e s  o f  t h e  c e re b e l lu m  
and a l s o  o v e r  th e  m e d u l la ,  i n v o lv in g  th e  r e g io n  o f  t h e  
foram en o f  M a je n d ie ,

The pus was n o t  f r e e  on t h e  s u r f a c e ,  b u t  l a y  i n  th e  
Girachnoid membrane, so t h a t  none c o u ld  be  w iped  o f f .  A 
smear v/as made by i n c i s i n g  t h i s  somewhat to u g h  m embrane, 
and w ith d ra w in g  th e  pus on a  p la t in u m  lo o p .

Tlie b r a i n  m a t t e r  was s o f t ,  p i n k i s h ,  and e a s i l y  t o r n ;  
t h e r e  v/as no l o c a l i s e d  a r e a  o f  s o f t e n i n g .

The l a t e r a l  v e n t r i c l e s  w ere  n o t  d i l a t e d ,  b u t  c o n ta in e d  
m ilky  f l u i d  w i t h  a  c o n s i d e r a b l e  d e p o s i t  o f  y e l lo w  pus in  
t h e  d e sc e n d in g  p o r t i o n s  o f  t h e  p o s t e r i o r  h o r n s .  The 
g l i s t e n i n g  s u r f a c e  o f  t h e  v e n t r i c l e s  was n o t  d e s t r o y e d .  
There were no d i l a t e d  v e s s e l s .  The c h o ro id  p le x u s e s  w ere  
b a th e d  in  t h i c k  p u s .

The c o rd  was exposed  by c u t t i n g  th ro u g h  th e  v e r t e b r a l  
l a m i n a e . The d u r a  was much c o n g e s te d  and i t s  v e in s  f u l l  
a lo n g  i t s  whole l e n g t h ,  b u t  i t  was n o t  a d h e r e n t  to  t h e  
bony c a n a l .  About 5 draclims o f  m ilk y  f l u i d  excaped  on 
open in g  th e  d u r a i  s h e a t h .  The c o rd  was c o n g e s te d  on i t s  
s u r f a c e .  Pus was n o t  p r e s e n t  a l l  a lo n g  th e  c o rd ;  i t  
o c c u r r e d  a t  t h e  c e r v i c a l  and lum bar s w e l l in g s  w here th e  
membranes a r e  n o rm a l ly  l o o s e .  Nor d id  i t  su r ro u n d  th e  
c o rd ,  b u t  was found  a s  a  band p o s t e r i o r l y .  The co rd  was 
s o f t^ a n d  h a d  t o  be h a rd e n e d  b e f o r e  i t  would c u t .

A p o s s i b l e  so u rc e  o f  i n f e c t i o n  was now s e a r c h e d  f o r .  
The f l o o r  o f  t h e  c r a n i a l  c a v i t y  showed no a r e a  o f  s o f t e n ­
in g ,  % l o c a l i s e d  r e d n e s s ,  o r  ro u g h n e s s  s u g g e s t in g  e x te n s io n  
th r o u g h /
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th ro u é ^  th e  bone from  o t h e r  p a r t s .  The s u r f a c e  o f  th e  
c r i b r i f o r m  p l a t e  was h e a l t h y  and no pus was p r e s e n t  on i t s  
s u r f a c e .  F o r c i b l e  p e r f o r a t i o n  o f  t h e  p e t r o u s  bones 
over  t h e  m id d le  e a r s  r e v e a l e d  th e  p re s e n c e  o f  pus i n  b o th .  
The tjonpanic  membranes were h e a l t h y  and u n p e r f o r a t e d .

In  o r d e r  to  expose th e  r e l a t i o n s h i p  o f  t h e  c a v i t i e s  
o f  t h e  nose  and t h r o a t  to  t h e  b a s e  o f  t h e  b r a i n  t h e  
f o l lo w in g  p ro c e d u re  was a d o p te d .  The o r i g i n a l  t r a n s v e r s e  
i n c i s i o n  th ro u g h  t h e  s c a l p  was e x te n d e d  on each  s i d e  to  
t h e  m a s to id  p r o c e s s .  The s c a l p  and s k in  c o u ld  now be 
r e f l e c t e d  back  dov/n to  t h e  v e r e b r a l  column, and fo rw a rd  to  
t h e  r o o t  o f  t h e  n o se ;  and th u s  on c o m p le t io n  o f  t h e  exam­
i n a t i o n  th e y  c o u ld  be r e p l a c e d  i n  p o s i t i o n  t o ^ r e s e r v e  th e  
n a t u r a l  a p p e a ra n c e .  A l o n g i t u d i n a l  saw -cut^m ade b e h in d  
i n to  th e  foram en magnum and i n  f r o n t  th ro u g h  “t h e  c r i b r i ­
form p l a t e  and t h e  sp h e n o id  and  o c c i p i t a l  b o n e s ,a l s o  i n t o  
t h e  foram en magnum. The h a l v e s  o f  th e  s k u l l  were now 
p r i z e d  a p a r t ,  e x p o s in g  th e  n a s a l  and  p h a ry n g e a l  c a v i t i e s ,  
t h e  c r i b r i f o r m  p l a t e ,  and th e  s p h e n o id a l  and e t h  moid a l  
s i n u s e s .  There  was no t r a c t  fo u n d . A l a r g e  q u a n t i t y  o f  
p u r u l e n t  m a t e r i a l  was p r e s e n t  in  t h e  n a s a l  f o s s a e ,  
a b u t t i n g  on th e  c r i b r i f o r m  p l a t e ,  b u t  t h e r e  was no v i s i b l e  
e v id e n c e  o f  e x te n s io n  th ro u g h  t h e  p l a t e .  The s p h e n o id a l  
s i n u s ,  th e  body o f  t h e  sp h e n o id ,  and t h e  b a s i ld - r  p r o c e s s  
o f  t h e  o c c i p i t a l  bone w ere a l l  ex p o sed ,  and w ere seen  t o  
be h e a l t h y . The a r t i c u l a t i o n s  o f  th e  A t l a s  and A xis  
w i th  t h e  s k u l l  were f r e e  from  d i s e a s e ,  and t h e r e  was no 
t r a c e  o f  e x te n s io n  from th e  p h a ry n x  to  t h e  s p i n a l  c a n a l .

R e s p i r a t o r y  T r a c t .  The s o f t  t i s s u e s  o f  th e  mouth 
and neck  w ere removed a s  f o l l o w s .  The k n i f e  was d r iv e n  
up from  th e  o r i g i n a l  v e n t r a l  i n c i s i o n  under t h e  s k in  o f  
th e  n eck  t o  t h e  lo w e r  jaw , and c a r r i e d  round  s t i l l  under 
th e  s k in  to  t h e  m a s to id  r e g io n  on each  s i d e  s e p a r a t i n g  
th e  t r a c h e a  and  o esophagus and su r ro u n d in g  s t r u c t u r e s  o f  
th e  neck  from t h e  s k i n .  The p o i n t  o f  th e  k n i f e  was th e n  
pushed th ro u g h  th e  f l o o r  o f  t h e  mouth c lo s e  t o  t h e  s\tii- 
p h y s i s , and c a r r i e d  back  on eàch  s i d e  c lo s e  t o  t h e  jaw as 
f a r  a s  th e  v e r t e b r a l  co lu m n . The tongue  was now p u l l e d  
th ro u g h  th e  wound be low , and t h e  a t t a c h m e n ts  t o  th e  h a rd  
p a l a t e  c u t  t h r o u ^ .  The to n g u e ,  t o n s i l s ,  p h a ry n x  , 
l a r y n x  and oesoph ag us  c o u ld  now be s e p a r a t e d  en m asse from  
th e  v e r t e b r a l  co lum n . The lu n g s  and h e a r t  w ere  removed 
i n  th e  u s u a l  m anner.

The p h a ry nx  c o n ta in e d  p u r u l e n t  s lim y  m a t e r i a l ;  i t  was 
c o n g e s te d ,  b u t  t h e r e  was no e r o s io n  o f  t h e  mucous membrane, 
The c o n g e s t io n  was marked on th e  e p i g l o t t i s ,  b u t  s topp ed  
a b r u p t l y  a t  t h e  r im a ,  t h e  l a r y n x  b e in g  f r e e .  The t o n s i l s  
w ere a b o u t  i  an i n d i  in  th e  l o n g e s t  d i a m e te r ,  and were no t 
u l c e r a t e d . /



u l c e r a t e d .  They c u t  e a s i l y  and showed on s e c t i o n  p o c k e ts  
f i l l e d  w i th  w h i te  c h ee sy  m a t e r i a l .  T here  was no e v id e n c e  
o f  a c u t e  i n f l a i & t i o n , and no p e r i t o n s i l l a r  a r e a s  o f  s o f t ­
en in g  o r  a b s c e s s  f o r m a t io n .  Under t h e  m ic ro sco p e  th e y  
showed an i n c r e a s e  o f  ly m p h a t ic  t i s s u e  and e n la rg em en t o f  

e f o l l i c l e s .  D ip lo c o c c i  w ere  found in  t h e  d e b r i s .
5 e c e n t  p l e u r i t i c  a d h e s io n s  w ere  p r e s e n t  a t  t h e  b a se  o f  th e  
r i g h t  lu n g  a t t a c h i n g  i t  to  th e  d iaph ragm ; th e y  were s o f t  
and e a s i l y  b ro k en  down.

The lu n g s  w ere  much c o n g e s te d  and f i r m  t o  t h e  f e e l ,  
b u t  c r e p i t a n t .  On s e c t i o n  th e y  w ere  i n t e n s e l y  r e d ,a n d  a 
q u a n t i t y  o f  b lo o d  e sc a p e d  on th e  k n i f e .  A l i t t l e  f r o t h y  
m a t e r i a l  co u ld  be e x p re s s e d .  L arge  a r e a s  o f  f i r m  d a rk  
i r r e g u l a r  p a tc h e s  o f  b roncho -p neum o n ia  were p r e s e n t  a t  
b o th  b a s e s ,  e s p e c i a l l y  on t h e  d ia p h ra g m a t ic  s u r f a c e ,  and 
most m arked b e h in d .  Pus co u ld  be p r e s s e d  from  th e  sm a ll  
b r o n c h i .  The l a r g e r  b ro n c h i  w ere r e d  and c o n g e s te d  and 
c o n ta in e d  s l im y  p u s .  The t r a c h e a  was a l s o  c o n g e s te d ,  th e  
r e d n e s s  d im in i s h in g  in  i t s  u p p e r  p o r t i o n .

Under t h e  m ic ro sc o p e  th e  broncho-pneum onic  p a tc h e s  had 
g r e a t l y  d i l a t e d  a l v e o l a r  c a p i l l a r i e s  f i l l e d  w i th  b lo o d .
Some a l v e o l i  were c o l l a p s e d ;  o t h e r s  c o n ta in e d  polym orphon­
u c l e a r  c e l l s  i n  l a r g e  num bers , e p i t h e l i a l  c e l l s  h a v in g  
o v a l  f a i n t l y  s t a i n i n g  n u c le u s ,  and l a r g e  p h a g o c y t ic  
" c a t a r r h a l "  c e l l s .  The b ro n c h i  w ere  f i l l e d  w i th  p u s ,  and 
th e  e p i th e l i u m  was shed and l a y  in  th e  p u s .

The b r o n c h i a l  g la n d s  were l a r g e  and r e d ,  t h e i r  v e in s  
b e in g  g r e a t l y  d i l a t e d  and f i l l e d  w i t h  b lo o d .  T here  was 
no c e l l u l a r  i n c r e a s e  and no e x c e s s  o f  p o ly m o rp h o n u c lea r  
c e l l s . C u l tu r e s  w ere made by  s e a r i n g  t h e  s u r f a c e  w i th  a 
h o t  i r o n  and c u t t i n g  i n t o  t h e  g la n d  w i th  a  s t e r i l e  k n i f e ,  
b u t  no o rg an ism s  grew .

The H e a r t  was f u l l  o f  b lo o d ;  t h e  w a l l s  were n o t  
th ic k e n e d ,  n o r  f a t t y .

The oesophagus and stom ach were h e a l t h y ;  t h e ' low er 
p o r t i o n  o f  bow el was c o a te d  w i th  g r e e n i s h  s l im y  m a t e r i a l ,  
t h e  v e s s e l s  were e n la r g e d  b u t  i n d i s t i n c t ,  th e  mucous 
membrane h a v in g  th e  h a zy  a p p e a ra n c e  o f  c a t a r r h .  P a y e r ' s  
p a tc h e s  were c o n g e s te d  and r a i s e d  above th e  s u r f a c e  b u t  
t h e r e  was no u l c e r a t i o n .  The m e s e n te r i c  g la n d s  were 
e n la r g e d  and r e d .  No c o c c i  grew in  c u l t u r e s ,  bu t t h e r e  
were b a c i l l i .

The l i v e r  was n o rm a l . The g a l l  b l a d d e r  was f u l l  o f
t h i c k  g r e e n i s h  t a r r y  b i l e .

The s p le e n  was l a r g e  and s o f t  ; t h e  c a p s u le  was 
w r in k l e d .  No o rg an ism s  grew from  a c u l t u r e .

The k id n e y s  were r e d  and t h e  c a p s u le  s t r i p p e d  e a s i l y .  
The c o r t e x  and m ed u l la  were n o rm a l.  The p a n c re a s  was 
h e a l t h y .
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x y g

(2) Curaming, S e c t io n  o f  B ra in  and P u s ;  shows (a) t h e  
t h i c k  l a y e r  o f  pus in  th e  p i a - a r a c h n c i d  membrane, th e  
p o r t i o n  n e a r  th e  b r a i n  b e in g  d e n s e r  th a n  t h a t  to w a rd s  the 
d u ra  l>̂ e, ,



The bone marrow a p p e a re d  n o rm a l .  The J o i n t s  ( h i p ,  
k n e e ,  s h o u ld e r ,  elbow and w r i s t )  w ere  n o t  d i s e a s e d .

In  s e c t i o n s  o f  t h e  b r a i n  th e  pus i s  in  a t h i c k  l a y e r  
on t h e  s u r f a c e  e n c lo s e d  in  t h e  m eshes o f  th e  a r a c h n o id  
membrane and sh u t o f f  from t h e  s u b d u r a l  space  by a  dense  
f i b r o u s  l a y e r .  The d u r a i  a s p e c t  o f  t h i s  l a y e r  i s  co v ered  
w i th  e p i th e l i u m  whose c e l l s  a r e  n o t  s w o l le n .  Towards th e  
b r a i n  s u r f a c e  t h e  m eshes a r e  l o o s e r ,  and t h e  c e l l s  a r e  
l o o s e l y  p a ck e d , b u t  a g a in  n e a r  th e  p i a  where tn e  v e s s e l s  
a r e  more num erous, th e  m eshes a r e  f i n e r  and t n e  c e l l s  
c l o s e l y  p a ck e d . In  p a r t s  t h e  pus i s  s e p a r a t e d  from  th e  
b r a i n  s u r f a c e  by  th e  e p i t i ie lu im  o f  t h e  p i a ,  b u t ,  h e r e  and 
t h e r e ,  t h e r e  i s  no e p i th e l iu m  and t h e  pus seems to  in v ad e  
th e  s u r f a c e .  In  s e c t i o n s  s t a i n e d  w i th  weak c a r b o l -  
f u c h s in ,  d i p l o c o c c i  a r e  s e e n .  The m a j o r i t y  l i e  i n  sp a ce s  
in  th e  o u t e r  l a y e r s  o f  t h e  a ra c h n o id  membrane; some,how­
ever, a r e  seen  in  t h e  p o ly m o rp h o n u c le a r  c e l l s ,  t h e s e  l a t t e r  
b e in g  d e g e n e r a t e d .  Near th e  b r a i n  th e  c o c c i  a r e  few, and 
n e a r l y  a l l  a r e  i n t r a c e l l u l a r .  None a r e  found  in  th e  
b r a i n  m a t t e r  i t s e l f ,  o r  a round  t h e  v e s s e l s  d ip p in g  i n t o  
t h e  b r a i n .

The pus c o n s i s t s  c h i e f l y  o f  p o ly m o rp h o n u c lea r  
l e u c o c y t e s ,  i n  a l l  s t a g e s  o f  d e g e n e r a t io n ,  many o f  them 
h a v in g  frag m en ted  n u c l e i ,  and o t h e r s  showing l o s s  o f  
s t a i n i n g  power and even co m p le te  d i s i n t e g r a t i o n ,  A 
s t r i k i n g  f e a t u r e  i s  th e  number in c lu d e d  in  o th e r  c e l l s .  

M ononuclear c e l l s  o c c u r  i n  v a r i o u s  forms ;

1 Sm all c e l l s  w i t h  round  d a rk  n u c le u s  and s c a n ty
p ro to p la s m ,  i n d i s t i n g u i s h a b l e  from ly m p h o c y te s .

2 C e l l s  o f  v a r y in g  s i z e ,  w i t h  s m a l l  round  o r  o v a l  
e c c e n tr ic  n u c leu s ,  and more o r  l e s s  p ro to p la sm *  s t a i n ­
in g  w e l l .  Some o f  t h e s e  a t t a i n  a  la r g e  s i z e ,  and 
in c lu d e  o t h e r  c e l l s ,  c h i e f l y  th e  p o ly m o rp h o n u c le a r , 
th e  nhjLicleus b e in g  p r e s s e d  a s i d e .  V a c u o la t io n  i s  
f r e q u e n t  in  t h e s e .  (m acrophages)
P h a g o o j / to s is  i s  a  marked f e a t u r e ,  many o f  th e  c e l l s  
b e in g  t h r e e  o r  f o u r  t im e s  as  l a r g e  a s  a  polym orph , 
and c o n ta in i n g  one o r  two c e l l s ,  w i th  n u c le u s  b ro ken  
u p .  Sometimes th e  in c lu d e d  c e l l  i s  su r ro u n d e d  by a 
c l e a r  r i n g .  D e g e n e ra t io n  form s o f  t h i s  ty p e  a r e  
f r e q u e n t ;  i t  i s  e v id e n t  th e y  do n o t  a l l  m ig r a te  back  
i n t o  t h e  b lo o d ,  b u t  r a t h e r  d i s i n t e g r a t e  and d i s a p p e a r

3 O ther c e l l s  w i th  round  o r  o v a l  n u c l e u s ,  and w i t h  w e l l  
m arked p ro to p la s m ,  w hich  i s  i n  some c a s e s  p o in te d ,  o r  
even s p in d l e  shaped (em bryonal c e l l s ) .

4 C e l l s  o f  t h e  m a t r ix  o f  t h e  a r a c h n o id ,  w i th  p a le  o v a l  
o r  p o in te d  n u c le u s .



-B .

P ib r in ï^  i s  d e p o s i t e d  a s  a  luesliwork, and a s  s m a l l  
amorphous m a sse s .  I t  i s  n o t  a s  ab u n d an t  u n d e r  tiie  p i a
m ate r  a s  i n  some o a s e s .  ,

B lood v e s s e l s  a r e  l a r g e ,  num erous, and w e l l  r i l l e d  
w i th  c o r p u s c l e s .  Some have  a l t e r e d  e n d o th e l iu m  a s  i f  i t  
had been  o v e r s t r e t c h e d .  T hrom bosis i s  n o t  a p p a r e n t .

Youpg new-form ed b l o o d - v e s s e l s  a r e  no t  s e e n .
The b r a i n  s u b s ta n c e  does  no t a p p e a r  to  b e  much a l t e r ­

e d .  The b lo o d  v e s s e l s  a r e  d i l a t e d ;  t h e r e  i s  some oedema 
a t * t h e  s u r f a c e ;  and t h e r e  i s  a  p e r i v a s c u l a r  i n c r e a s e  o f  
sm a ll  c e l l s .  T here  a r e  no c o c c i ,  and few polym orphon­
u c l e a r  c e l l s .

S e c t io n s  o f  t h e  co rd  show changes s i m i l a r  t o  txj.ose 
in  th e  b r a i n .  Pus i s  c o l l e c t e d  p o s t e r i o r l y  in  th e  
a ra c h n o id  membrane. There  i s  no a p p r e c i a b l e  a l t e r a t i o n  
in  th e  s t r u c t u r e  o f  t h e  c o rd ,  and no t r a c t  o f  d e g e n e r a t io n .  

S e c t io n s  o f  th e  n e r v e - r o o t s  show them  to  be su r ro u n d ed  
by pus w hich  f i n d s  i t s  way a l s o  be tw een  th e  b u n d le s ,  
f o l lo w in g  t h e  f i b r o u s  p a r t i t i o n s .  The b lo o d  v e s s e l s  a r e  
n o t  d i l a t e d  to  t h e  e x t e n t  som etim es found  in  c h r o n ic  
c a s e s .  The m e d u l la ry  s h e a th s  a r e  i n t a c t ,  and t h e r e  i s  no 
d e g e n e ra t io n  o r  n e c r o s i s .  The pus i s  p r e s e n t  w i t h in  and 
w i th o u t  t h e  f i b r o u s  c o v e r in g  o f  t h e  n e r v e - r o o t ,  and i t  
b r e a k s  up th e  r o o t  i t s e l f  i n t o  b u n d le s .



W illiam  Quinn, a e t .  27 y e a r s ,  a d m i t te d  1 s t  M arch,

was q u i t e  w e l l  on 2 6 th  F e b ru a r y ,  1907, t i l l  10 
p.m . when he f e l t  c o ld  and s h iv e r y  and ou t o f  s o r t s .
D uring  th e  n i g h t  h i s  r e l a t i v e s  w ere wakened by him  v o m it­
i n g .  When spoken t o , h e  d id  n o t  a p p e a r  to  h e a r .  I n  th e  
m orn ing  he seemed a  l i t t l e  b e t t e r , ne  was n o t  s i c k ,  he 
QQndd r e c o g n is e  p e o p le ,  and he  c o u ld  s p e a k , tn o u g h  w i th  
d i f f i c u l t v .  T here  was no n a s a l  d i s c h a r g e ;  no s o re  
t h r o a t ;  and no t o n s i U i t i s ,  Towards n i g h t , 2 7 th  F e b . ,
1907 he became w o rse ,  and c o u ld  be ro u s e d  o n ly  w i th  
d i f f i c u l t y .  He c o n t in u e d  th u s  t i l l  a d m iss io n  on 1 s t  
M ^ h .  He was now u n c o n s c io u s ,  b u t  e v e ry  now and th e n  was
c ry in g  o u t  and p u t t i n g  h i s  nand to  th e  hack  o f  th e  h e a d .
The head  was r e t r a c t e d ;  l im b s  r i g i d ;  f e e t  e x te n d e d .  
T em p era tu re ,  105̂ 71 He c o n t in u e d  t / iu s  f o r  o day s  and th e n  
begad to  im prove . By 2 3 rd  March he  was a b le  to  r e c o g n i s e  
p e o p le  and to  swallow h i s  fo o d , tho u g h  th e  h ead  was s tx . l l  
r e t r a c t e d  and he l a y  w it i io u t  m oving. E m a c ia t io n  was 
e x tre m e . On 2nd A p r i l  he  had  a  r e l a p s e ,  t e m p e r a tu re  
a g a in  r e a c h in g  105® F . and u n c o n s c io u s n e s s  s u p e rv e n in g .
He began  to  improve a g a in  and by  4 th  May was c o n s c io u s .  
H eadaches w ere  n o t  s e v e r e ,  and th e  te m p e ra t i i r e  was more 
s e t t l e d .  On 1 0 th  May, ho w ev er ,  he a g a in  became uncon­
s c i o u s ,  t h o u ^  o c c a s i o n a l l y  c ry in g  o u t  w i th  U l t i ­
m a te ly  he became com atose . R â le s  d e v e lo p e d  a t% oases o f  
b o th  l u n g s ,  and he d ie d  on 3rd  l 'u n e ,  1907 .

Blood c o u n t .  L e u c o c y te s  ./ue.-m. Red oellB
1 -3 - 0 7 ,  2 6 ,8 0 0 , 3 ,8 8 4 ,8 0 0
2 -3 -0 7 ,  1 9 ,9 0 0 ,  4 ,3 5 2 ,0 0 0
3 -3 -0 7 ,  1 2 ,3 2 0 ,  3 ,6 8 8 ,0 0 0
7 -3 -0 7 ,  1 9 ,2 4 0 ,  3 ,4 5 2 ,0 0 0
1 0 -3 -0 7 ,  1 5 ,8 0 0 ,  4 ,8 8 8 ,0 0 0
1 1 -3 -0 7 ,  2 0 ,1 7 3 ,  4 ,3 8 8 ,0 0 0
1 4 -3 -0 7 ,  1 1 ,5 0 0 ,  4 ,6 4 8 ,0 0 0
2 4 -3 -0 7 ,  1 5 ,1 6 0 ,  4 ,6 1 6 ,0 0 0
1 -4 - 0 7 ,  7 ,5 5 0 ,  4 ,3 1 2 ,0 0 0
2 -4 - 0 7 ,  2 4 ,4 5 0 ,  4 ,2 8 8 ,0 0 0
3 -4 - 0 7 ,  2 5 ,1 2 8 ,  4 ,3 5 0 ,0 0 0
4 -4 -0 7 ,  1 9 ,5 6 0 ,
2 9 -4 -0 7 ,  1 6 ,4 8 0 ,
1 1 - r - 0 7 ,  9 ,5 6 0 ,
1 2 -5 -0 7 ,  9 ,4 8 0 ,
1 8 -5 -0 7 ,  1 0 ,3 5 0 ,
2 5 -5 -0 7 ,  9 ,3 5 0 ,
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The c er e  bro—s p i n a l  f lu id .  (2nd M arch, 1907)  f low ed  
f r e e l y  from  t h e  p u n c tu re  n e e d l e ,  a b o u t  1 o z . b e in g  
rem oved. I t  was ye llow  and p u r u l e n t ,  and on s t a n d in g  
d e p o s i t e d  a b o u t  15 c . c . s  o f  t h i c k  y e l lo w  p u s ,  l e a v in g  th e  
s u p e r n a t a n t  f l u i d  s l i g h t l y  m i l k y . A f i n e  f u n n e l  o f  f l o r i n  
form ed, w i th  i t s  mouth a t  th e  s u r f a c e  and low er end 
d ip p in g  i n to  th e  d e p o s i t  a t  t h e  b o t to m . ,

Polym orphe- n u c l e a r  c e l l s  w ere m any. They a l l  had 
frag m en ted  n u c le u s ,  b u t  d i s i n t e g r a t i o n  was r a r e l y  com ple te  
and  t h e r e  were few i n d i s t i n c t  " fu z z y "  fo rm s . M ononuclear 
c e l l s  were num erous. They h ad  u a rg e  n u c l e i ,  w hich w ere  
k id n ey  shaped a s  a  r u l e , though  some were rounded  and 
f i l l e d  a  g r e a t  p a r t  o f  th e  c e l l ,  D ip lo c o c c i  were some­
t im e s  seen  i n s i d e  them , b u t  t h e r e  were no in c lu d e d  p o ly ­
m orphonuclea r  c e l l s .

D ip lo c o c c i  o c c u r r e d  h e r e  and t h e r e  bu t th e y  w ere n o t  
num erous. They w ere  found in  b o th  forms o f  c e l l s .  Some 
were f r e e .

The c e r e b r o - s p i n a l  f l u i d ,  on 1 4 th  M arch, f low ed 
f r e e l y ,  and f i l l e d  2 t e s t  t u b e s  ( I s ’oz , ) . I t  wa^ rp.ilxy 
and n o t  a s  y e l lo w  noras% t h i c k  a s  B e fo re .  No f l o r i n  
fo n aed  on s t a n d i n g .  The same e le m e n ts  were p r e s e n t  a s  
b e f o r e ,  b u t  i n  d i f f e r e n t  p r o p o r t i o n s .  A l l  th e  c e l l s  were 
f a i n t l y  s t a i n i n g ,  " fu z z y " ,  i r r e g u l a r  m asses  o f  p ro to p la s m ,  
wmth rem a in s  o f  n u c l e i  h e r e  and t h e r e .  They a p p e a re d  a s  
i f  in  p r o c e s s  o f  d i g e s t i o n  r a t h e r  th a n  in  s im p le  d i s i n t e ­
g r a t i o n .  T h is  would a c c o u n t  a l s o  f o r  t h e  a b sen c e  o f  th e  
f i b r i n  in  t h e  form  o f  a  f u n n e l ,  s in c e  i t  a l s o  would be 
d i g e s t e d .

D ip lo c o c c i  w ere  v e ry  num erous, and w ere e x t r a c e l l u l a r .
A f t e r  t h e  r e l a p s e  on 2nd A p r i l  t h e  c e r e b r o - s p i n a l  

f l u i d  was u n d er  c o n s id e r a b le  p r e s s u r e ,  and a b o u t  2 f  ounces 
were rem oved. I t  was s l i g h t l y  t u r b i d ,  and h ad  v e ry  
l i t t l e  d e p o s i t  on s t a n d in g .  T here  was no f o rm a t io n  o f  
th e  f i b r i n  fu n n e l  on s t a n d in g .

A p o r t i o n  o f  t h e  f l u i d  was c e n t r i f u g a l i s e d ,  f i lm s  
made and s t a i n e d  w i th  d i l u t e  c a r b o l - f u c h s i n . The g r e a t e r  
p a r t  o f  t h e  f i lm  was made up o f  c e l l s  i n  a  more advanced  
s t a t e  o f  d i g e s t i o n  th an  in  th e  p r e v io u s  f i l m .  C le a r  
round  rem a in s  o f  c e l l s , c o n ta in i n g  f a i n t l y  s t a i n e d  
rem n a n ts  o f  n u c l e i ,  were seen  embedded i n  amorphous f i n e l y  
g r a n u l a r  p r o to p la s m ic  m a t t e r .  Sometimes even  th e  o u t l i n e  
o f  t h e  c e l l  had  d i s a p p e a r e d  and o n ly  a  rou nd  amorphous 
m ass rem a in e d , and t h e r e  w ere o t h e r s  even f u r t h e r  d i g e s t e d ,  
where th e  f a i n t l y  s t a i n i n g  amorphous m ass lo o ked  a s  i f  i t  
were b e in g  d i s s o l v e d  away. But t h e r e  h ad  been  a f r e s l i  
shower o f  l e u c o c y t e s ,  and t h e s e  w ere s c a t t e r e d  th ro u g h o u t  
t h e  f i lm .  Some were w e l l  formed p o ly m o rp h o n u c le a r  c e l l s ,  
W ith /
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w i th  d e f i n i t e  t r i l o b a t e  n u c l e i ;  b u t  o t h e r s  were d e g e n e r ­
a t e d ,  th e  n u c l e i  showing f r a g m e n ta t io n .  M ononuclear 
c e l l s  o c c u r r e d  a s  sm a l l  round  d e e p ly  s t a i n e d  fo rm s ,  
though  t h e r e  were o t h e r s  l a r g e r  and more f a i n t l y  s t a i n e d .

D ip lo c o c c i  were few and r e q u i r e d  c a r e f u l  s e a r c h .
P o s t  Mortem E x a m in a t io n .

The foramen o f  M ajend ie  was exam ined by t r e p h i n i n g  
a  d i s c  o f  bone a s  b e f o r e  shogg . The l a t e r a l  lo b e s  o f  
th e  c e re b e l lu m  were e x p o s e d ; I S I  were n o n - a d h e r e n t , s o  t h a t  
t h e y  co u ld  e a s i l y  b e  s e p a r a t e d .  There  was no pus covering  
th e  fo ram en, w hich  was q u i t e  p a t e n t ,  b u t  i t  was l i m i t e d  by 
to u g h  membrane ( th e  th ic k e n e d  p i a - a r a c h n o i d ) , whose sh a rp  
f i rm  edges form ed an a p e r t u r e ,  th ro u g h  w hich t h e  c e r e b r o ­
s p i n a l  f l u i d  w e l le d  ou t on p r e s s u r e  b e in g  a p p l i e d  to  th e  
b r a i n  a t  th e  s i d e .  T here  w ere  no a d h e s io n s  round a b o u t .

On rem oving th e  s k u l l - c a p  th e  d u ra  m a te r  was found  to  
be t h i c k ,  b u t  n o t  c o n g e s te d .  The b r a i n  b u lg e d  th ro u g h  on 
making an i n c i s i o n .  The d u ra  b e in g  removed th e  c o n v o l­
u t i o n s  were seen  to  be  much f l a t t e n e d -  The a ra c h n o id  was 
to u g h  and h ad  to  be i n c i s e d  b e f o r e  a  c u l t u r e  c o u ld  be 
t a k e n , a s  a  p la t in u m  lo o p  c o u ld  n o t  be d r iv e n  th r o u g h .
T h is  t h i c k e n i n g  was s p e c i a l l y  m arked in  sm a l l  a r e a s ,  and 
a lo n g  th e  b lo o d  v e s s e l s  so t h a t  a  p a tc h y  and s t r e a k e d  
a p p e a ra n c e  was p r e s e n t e d .  The m em branes ,over t h e  rhom­
b o id  space  form ed by  th e  c r u r a  c e r e b r i  and th e  o p t i c  
c o m m issu re ,a lso  w ere  t h ic k e n e d .  A v e ry  s ra a l l  amount o f  
y e l lo w is h  pus was p r e s e n t  u n d e r  th e  l a t e r a l  l o b e s  o f  th e  
c e re b e l lu m , b u t  none was p r e s e n t  a t  t h e  b a se  o f  th e  b r a i n .  
The c u t  s u r f a c e  o f  th e  b r a i n  was w h i t e r  th a n  n o rm a l,  and 
th e  venous r a d i c l e s , b e i n g  d i l a t e d ,  a p p e a re d  p ro m in en t on 
th e  f i r m  w h i t i s h  b ack g ro u n d . The l a t e r a l  v e n t r i c l e s  w ere 
g r e a t l y  d i l a t e d  so t h a t  th e  o u t e r  w a l l  was o n ly  i  in c h  
t h i c k .  T here  was much s l i g h t l y  t u r b i d  f l u i d  in  th e  
c a v i t i e s .  A sm a ll  amount o f  d i s t i n c t l y  g e l a t i n o u s  
y e l lo w is h  pus was p r e s e n t  in  each  d e sc e n d in g  c o rn u .

A smear from  t h e  pus on th e  u n d e r  s u r f a c e  o f  th e
c e re b e l lu m  o b ta in e d  by  making an i n c i s i o n  in  t h e  to u g h  
a ra c h n o id  and w i th d ra w in g  some pus on a  p la t in u m  lo o p  
c o n ta in e d ,

1 A g r e a t  number o f  s m a l l  m o n o -n u c lea r  c e l l s .
2 Many l a r g e r  m ononuclea r  c e l l s ,  w i th  k id n ey  shaped

n u c le u s  a t  one s i d e .  (Many form s o c c u r  be tw een  1 and 
2 .)

3 One o r  two c e l l s  a b o u t  tw ic e  t h e  s i z e  o f  a  polym orph, 
and p o s s e s s i n g  s e v e r a l  n u c l e i ,  l i k e  g i a n t  c e l l s .

4 Very few d e g e n e ra te d  po lym orphe- n u c l e a r  c e l l s .
5 Few d i p l o c o c c i .
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The c o rd  a p p e a re d  n o rm a l .  T here  was no pus anywhere 
a lo n g  i t s  l e n g t h ;  th e  membranes w ere  n o t  t h i c k e n e d ;  and 
t h e r e  was no g r a n u l a t i o n  t i s s u e .

The s k u l l  was sawn down th e  m id d le  a s  b e f o r e  shown to  
o b t a i n  a  v iew  o f  th e  r e l a t i o n s h i p  o f  t h e  n ose  and 
p h a ry n x . There was no t r a c e  o f  bone d i s e a s e ,  and no 
d i s e a s e d  t r a c t  be tw een  th e  n o se  o r  p h a ry n x  and t h e  i n t e r i o r  
o f  t h e  s k u l l .  The c r i b r i f o r m  p l a t e  was u n a l t e r e d .  The 
r o o f  o f  th e  s p h e n o id a l  s in u s  was t h i n  b u t  n o t  d i s e a s e d .
The a r t i c u l a t i o n s  o f  t h e  s k u l l  and u p p e r  v e r t e b r a s  w ere 
h e a l t h y .

Pus was p r e s e n t  i n  t h e  r i g h t  m id d le  e a r .  The to n g u e ,  
pharynx , t o n s i l s ,  t r a c h e a ,  and o esophagus w ere  removed in  
mass a s  b e fo r e  shown. T here  was no u l c e r a t i o n  o f  th e  
p h a ryn x , though  th e  mucous membrane h ad  a  m ilk y  a p p e a ra n c e  
and was c o n g e s te d -  The t o n s i l s  w ere  f i r m  and were n o t  
u l c e r a t e d .  Under t h e  m ic ro sc o p e  th e y  showed t h a t  th e  
ly m p h a t ic  t i s s u e  was p re d o m in a n t ;  t h e  c r y p t s  ex te n d ed  
d e e p ly  b u t  were n o t  d i l a t e d  f i l l e d  w i th  d e b r i s ,  and 
th e  s o l i t a r y  f o l l i c l e s  w ere  p ro m in e n t .  The t r a c h e a  was 
u n a l t e r e d  in  th e  u p p e r  p a r t ,  b u t  was r e d  and c o n g e s te d  
b e lo w . The lu n g s  were c o n g e s te d ,  and p a tc h e d  w i th  a r e a s  
o f  b roncho-pneum onia  a t  t h e  b a s e s ;  f r o t h y  f l u i d  and b lo o d  
co u ld  be p r e s s e d  o u t .

Pus was seen  i n  t h e  b r o n c h i  and in  some o f  th e  
a l v e o l i , and th e  e p i th e l t t im  o f  many b ro n c h i  was shed  and 
d i s i n t e g r a t e d .  C u l tu r e s  from  t h e  b r o n c h i a l  g la n d s  showed 
no d i p l o c o c c i .

The oeso phagus and stom ach were h e a l t h y .
There  was a  sm a l l  e r o s io n  a t  t h e  low er end o f  th e  

i le u m , abou t h a l f  an  in c h  above t h e  i l e o - c a e c a l  v a l v e .
I t  was i  in c h  in  d ia m e te r  w i th  ra g g e d  edges  and r e d  b a se  
and lo o k ed  l i k e  a  sm a ll  u l c e r .  Under t h e  m ic ro sc o p e  , 
how ever, i t  s im p ly  showed l o s s  o f  e p i th e l iu m  and c o n g es ­
t i o n  o f  th e  v e s s e l s  below  th e  s u r f a c e .  T here  was no 
c e l l u l a r  i n c r e a s e .

PeyeKs p a tc h e s  w ere  p ro m in e n t ,  b u t  w ere  n o t  u l c e r a t e d .  
C u l tu r e s  from t h e  m e s e n t r ic  g la n d s  grew no d i p l o c o c c i .
The s p le e n  was l a r g e ,  s o f t ,  and d a r k ,  and th e  c a p s u le  was 
w r in k l e d .  The p u lp  was s o f t  and co u ld  be  s c ra p e d  away 
w i th  th e  edge o f  a  k n i f e .

The l i v e r ,  p a n c r e a s ,  k idney  and b l a d d e r ,  b o n e s ,  
bone-m arrow , and j o i n t s  w ere  h e a l t h y .

S e c tiQ ^ s  d n c lu d in g  th e  b r a i n  s u r f a c e  showed th e  
p i a - a r a c h n o i a ^ E o ^ e  a b o u t  i  in c h  t h i c k  in  p l a c e s .  I t  was 
composed o f  f i n e  s t r a n d s  o f  t i s s u e ,  d i f f u s e l y  woven t o ­
g e th e r  and c o n ta in in g  few c e l l s ,  and bounded e x t e r n a l l y  by 
a  more compact t h i n  membrane. The b lo o d  v e s s e l s  were 
m o s t ly  n e a r  t h e  b r a i n  s u r f a c e  and w ere  d i l a t e d .
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P o ly m o rp h o n u c lea r  c e l l s  w ere  a b s e n t ;  t h e  m a j o r i t y  o f  
th e  c e l l s  w ere  ro und  o r  o v a l ,  s t a i n i n g  w e l l ,  w i th  s m a l l  
round o r  o v a l  n u c le u s ,  e x c e n t r i c a l l y  p l a c e d .  S m a lle r  
c e l l s  w i th  l i t t l e  p ro to p la sm  and d e e p ly  s t a i n e d  n u c le u s  
were more numerous n e a r  t h e  b lo o d  v e s s e l s ,  and w ere  p ro ­
b a b ly  s t a g e s  in  t h e  deve lopm en t o f  t h e  l a r g e r  c e l l s .  The 
pus h a d  d i s a p p e a r e d ,a n d  i t s  p l a c e  was n o t  ta k e n  by g ra n u ­
l a t i o n  t i s s u e .  The polym orphs h ad  e i t h e r  become d i s i n t e ­
g r a t e d ,  o r  d ig e s te d , .„ ^ g n j ,W r ie d  away by m ac ro p h ag es , 
l e a v i n g  th e  a ra c h n o id ^ |a T s te n d e d .

There was s t i l l  some u n a b so rb ed  f i b r i n  l y i n g  in  t h e  
m eshes , inassed h g i^ ^ ^ n d  t h e r e .  The few c e l l s  l y i n g  f r e e  
in  t h e  a ra ch n o iu ^ w e re  m o s t ly  m o nonuclear  m acro phages . 
F i b r o b l a s t s  w ere  r a r e l y  s e e n .  At some p a r t s  v/here t h e  
v e s s e l s  were numerous t h e  t i s s u e  was much more dense  and 
f i b r o u s , b u t  i t  was n o t  c i c a t r i c i a l .  At th e  foram en o f  
M ajendie  t h i s  d ense  l a y e r  was o f  some t h i c k n e s s ,  and 
m igh t p o s s ib l y  i n t e r f e r e  w i t h  t h e  c i r c u l a t i o n ,  o r  w i th  t h e  
p e r i v a s c u l a r  lymiph f lo w ,  (The foram en i t s e l f  was q u i t e  
p a t e n t . )  The b r a i n  s t r u c t u r e  showed l i t t l e  ch an ge .
There  was no i n c r e a s e d  v a s c u l a r i t y ,  no m u l t i p l i c a t i o n  o f  
c e l l s ,  no c lo u d y  s w e l l in g  o r  o t h e r  a p p a r e n t  d e g e n e r a t iv e  
chang e . D ip lo c o c c c i  and p o ly m o rp h o n u c le a r  c e l l s  were 
a b s e n t .  Where t h e  t h i n  o u t e r  f i b r o u s  r i n d  o f  b r a i n  
m erged i n to  th e  more c e l l u l a r  m a t t e r  t h e r e  w ere  numerous 
s p a c e s .  These were i n c r e a s e d  i n  number and s i z e .  (T h is  
o f t e n  o c c u rs  in  c h ro n ic  c a s e s ,  b u t  i s  i n f r e q u e n t  in  a c u te  
c a s e s . )

' - ■ ■
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Jolin W atson, a e t .  21 y e a r s  was a d m i t te d  on 6 th  M arch,
1907.

He f e l t  q u i t e  w e l l  t i l l  t h e  e v e n in g  o f  4 th  M arch, 
when he  began to  co m p la in  o f  p a in  i n  t h e  b a c k .  He had  
p r e v i o u s ly  had  no n a s a l  c a t a r r h ,  was n o t  f e e l i n g  o u t  o f
s o r t s ,  and was n o t  " ru n  down" in  h e a l t h .  H is  back f e l t
s t i f f ,  and s to o p in g  c a u se d  p a i n .  He was q u i t e  c l e a r  
m e n t a l l y .  Through t h e  n i g h t  he  v om ited  s e v e r a l  t i m e s .  
Next m orning h e  lo o k e d  d azed ,  b u t  ro u se d  h i m s e l f  when 
spoken t o ;  he d id  n o t  f e e l  s i c k  and to o k  some fo o d .  On
th e  e v en in g  o f  t h e  6 t h  he  became u n c o n sc io u s  and  was a d ­
m i t t e d  t o  h o s p i t a l .  He l a y  w i t h  h i s  h ead  r e t r a c t e d  and 
h i s  back  a r c h e d ,  t a k i n g  n o t i c e  o f  no o n e , and c r y in g  ou t 
a t  i n t e r v a l s .  He v/as w e l l - n o u r i s h e d .  T em p era tu re ,
105® F.

He rem ained  in  t h i s  c o n d i t i o n  f o r  a  w eek, th e n  he  
r a p i d l y  l o s t  f l e s h ,  and  by  t h e  2 0 th  he  was e x t r e m e ly  
e m a c ia te d .  He n e v e r  f u l l y  r e g a i n e d  c o n s c io u s n e s s ,  b u t  
g r a d u a l ly  became w e a k e r ,  and d ie d  on t h e  3 0 th  M arch, 1907, 
h a v in g  been i l l  26 d a y s .

B lood c o u n t .  L e u c o c y te s  Red c e l l s .
p .c .m .  p .c .m .

6 th  March, 2 9 ,4 3 0  4 ,8 3 2 ,0 0 0
8 th  Do 2 5 ,3 8 0
1 0 th  Do 1 4 ,1 5 0  4 ,5 3 6 ,0 0 0
1 5 th  Do 2 0 ,2 1 0  4 ,6 6 0 ,0 0 0
2 0 th  Do 1 4 ,7 9 0
2 5 th  Do 1 3 ,5 6 0  4 ,4 1 5 ,0 0 0

A c u l tu re ^  wa& made by th e  method a d o p te d  in  t h e  case  
o f  S t i r l i n g ,  a n d a m - n e g a t i v e  d i p lo c o c c i  w ere  fo u n d .
The c u l t u r e s  w ere i d e n t i c a l  in  a p p e a ra n c e  w i th  t h o s e  o f  
th e  D ip lo c o c c i  o f  W eichselbaum  grown from  c e r e b r o - s p i n a l  
f l u i d ,  and a c id  v/as p ro d u ced  o n ^ su g a r  m ed ia .

The c e r e b r o - s p i n a l  f l u i d ,  on 7 th  M arch, f low ed  
f r e e l y ,  b u t  d id  n o t  s p u r t ,  from t h e  p u n c tu re  n e e d l e .  I t  
was y e l l o w i s h ,  t u r b i d ,  w i th  s h re d s  o f  f i b r i n ; a n d  on s t a n d ­
in g  had  l i t t l e  d e p o s i t ,  b u t  form ed a f u n n e l  o f  f i b r i n .  A 
smear was made w i th o u t  c e n t r i f u g a l ! s i n g  th e  f l u i d .  I t  
showed a  l a r g e  number o f  p o ly m o rp h o n u c le a r  c e l l s  w i th  
f r a g m e n ta t io n  o f  n u c le u s ,  many h a v in g  undergone  a  c e r t a i n  
amount o f  d i g e s t i o n ;  th e  p ro to p la s m  had  f lo w ed  beyond th e  
c e l l  m arg in  w h ich  had  l o s t  i t s  round  c l e a r  c u t  a p p e a ra n c e .  
M ononuclear c e l l s  o c c u r r e d  h e r e  and t h e r e ,  some s m a l l , l i k e  
ly m p h o cy tes ,  o t h e r s  l a r g e  w i th  o v a l  n u c le u s .  They were 
a l s o  d e g e n e ra te d  and d id  n o t  s t a i n  w e l l ,  th e  n u c l e i  b e in g  
b a d ly  d i f f e r e n t i a t e d .
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(3) W atson. S p in a l  f l u i d ,  a f t e r  th e  a c u te  s t a g e .  Slit 
a  g r e a t  number o f  l a r g e  m o nonuclear , and v e ry  few poly mo! 
p h o n u c le a r  c e l l s .
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D ip lo c c c c i  were few and w ere found  in  t h e  c e l l s .
F lu id  removed on t h e  2 4 th  o f  March was t u r b i d  and 

w h i t i s h ,  w i th  no s h re d s  o f  f i b r i n .  On s t a n d in g  t h e r e  was 
l i t t l e  d e p o s i t ,  b u t  a  fu n n e l  o f  f i b r i n  fo rm ed . A smear 
was made from t h e . c e n t r i f u g a l i s e d  d e p o s i t ,  and s t a i n e d  
w i th  C arbo l F u c h s fn .  The o u t s t a n d i n g  f e a t u r e  was t h e  
l a r g e  numb c r o f  m ononuclear  c e l l s .  They were o f  v a r io u s  
s i z e s ;  a  f e w .s m a l l ,w i th  d e e p ly  s t a i n e d  round  n u c le u s ,  b u t  
th e  m a j o r i t y  were much l a r g e r  th a n  p o ly m o rp h o n u c le a r  
l e u c o c y t e s ,  and h ad  l a r g e  ro u n d  o r  o v a l  n u c l e i  w hich  w ere 
s i t u a t e d  a t  one s i d e .  The l a r g e s t  o f  them  som etim es 
c o n ta in e d  rem a in s  o f  p o ly m o rp h o n u c le a r  c e l l s ,  and h ad  th e  
n u c le u s  p r e s s e d  to  one s i d e .  Some w ere  v a c u o la t e d .  
P o ly m orphonuclea r  c e l l s  w ere n o t  num erous. F ra g m e n ta t io n  
o f  th e  n u c le u s  o c c u r r e d  in  a lm o s t  every  one . D ig e s t io n  
o f  t h e  c e l l s  was nof s e e n .  D ip lo c o c c i  w ere few, and
m o stly  i n t r a c e l l u l a r .  They w ere g e n e r a l l y  found  I n s id e  
t h e  p o ly m o rp h o n u c le a r  l e u c o c y t e s ,  b u t  o c c a s i o n a l l y  th e y  
were seen  in  th e  m ononuclear  m ac ro p h ag es .

The foram en o f  M ajend ie  was exam ined by t r e p h i n i n g  
a d i s c  o f  bone a s  b e f o r e  shown. There  was pus betw een 
th e  l a t e r a l  l o b e s  o f  t h e  c e re b e l lu m  w hich  e x te n d e d  r i g h t  
up t o  and o c c lu d e d  th e  fo ram en , so t h a t  no f l u i d  c o u ld  
escape  th ro u g h  i t .  The lo b e s  w ere  h e ld  t o g e t h e r  by t h e  
g e l a t i n o u s  p u s .

The d u ra  m a te r  was c o n g e s te d ,  t h e  v e in s  c o u r s in g  o ve r 
i t  b e in g  l a r g e  and f u l l  ; i t  was n o t  a d h e r e i i f to  t h e  s k u l l  
c a p .

The c o n v o lu t io n s  w ere  f l a t t e n e d .  Pus e x te n d e d  o v e r  
b o th  h e m is p h e re s ,  l y i n g  in  th e  s u l c i  and f o l lo w in g  th e  
v e s s e l s .  I t  was n o t  f r e e  on th e  s u r f a c e ,  b u t  l a y  i n  t h e  
a ra c h n o id  m em brane,which was to u g h .  I t  was c o l l e c t e d  a t  
th e  b a se  o f  t h e  b r a i n ,  a s  a t h i c k  d e p o s i t ,  be tw een th e  
o p t i c  com m issures and th e  c r u r a  c e r e b r i ;  b u t  i t  d id  n o t  
e x te n d  fo rw ard  t o  t h e  o l f a c t o r y  l o b e s .  I t  was p r e s e n t  
on th e  u n d e r  s u r f a c e  o f  t h e  c e r e b e l lu m ,  th e  m arg in s  o f  th e  
l a t e r a l  lo b e s  b e in g  f r e e .  The u p p e r  s u r f a c e  o f  th e  
m e d u lla  was c o a te d  r i g h t  up t o  t h e  foram en o f  M a jen d ie .

There was no p a r t  where t h e  in f la m & tio n  seemed more 
s e v e re  o r  more a d v a n c e d ,s u c h  a s  i s  someAbimes se e n  o v e r  t h e  
te m p o ra l  lo b e  in  e x te n s io n  o f  s e p t i c  m e n i n g i t i s  from 
m idd le  e a r  d i s e a s e .  The pus was e v e n ly  d i s t r i b u t e d  o ve r  
b o th  s id e s  o f  th e  b r a i n .

The b r a i n  m a t t e r  was s o f t ;  a lm o s t  d i f f l u e n t .  The 
l a t e r a l  v e n t r i c l e s  w ere  d i l a t e d  t o  a  s l i g h t  e x t e n t ,  and 
c o n ta in e d  t u r b i d  f l u i d ,  w i th  \  d e p o s i t s  o f  y e l lo w i s h  pus 
in  t h e  a n t e r i o r  and p o s t e r i o r  c o rn u a .  The c h o ro id  
p le x u s  on each s i d e  f l o a t e d  in  p u s .  T here  was no 
l o c a l i s e d  a r e a  o f  s o f t e n i n g  o f  b r a i n  s u b s ta n c e .
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(4) W atson. Pus from  k n e e - j o i n t .  Shows (a )  a  diplO' 
coccus  n e a r  t h e  c e n t r e  o f  th e  f i e l d ;  (b) pus c e l l s .



The c o rd  was su r ro u n d e d  by a  r e d  and c o n g e s te d  d u ra  
which was n o t  a d h e r e n t  to  i t s  bony c a n a l . There  was 
l i t t l e  ous on th e  c o rd ,  th o u g h  a  narrow  band  was p r e s e n t  
^g}2in d  a t  t h e  ce r i i’i c a l  and lum bar e n la rg e m e n ts  w here  whe 
a r a c h n o î S T i t ^ o o s e r  i n  s t r u c t u r e .  T here  w ere  no r e d  a r e a s
o f  g r a n u l a t i o n .  ^ ,

The b a s e  o f  th e  s k u l l  was sawn th r o u g h ,o y  tn e  metnod
a l r e a d v  shown. There  was no e v id e n c e  o f  e x te n s io n  from  
th e  n ose  o r  p h a ry n x .  T here  was no pus i n  th e  m id d le  e a r s .  
The to n g u e ,  t o n s i l s ,  and p h a ry n x  w ere  removed t o g e t n e r  a s  
shown f o r  Cummings. The t o n s i l s  w ere  l a r g e  and m easured  
a lm o s t  h a l f  an in c h  i n  t h e  lo n g  d i a m e t e r .  On s e c t i o n ,  th e  
c r y p t s  were g r e a t l y  d i l a t e d  and f i l l e d  w i th  w h i te  cheesy  
m a t e r i a l .  A f i l m  o f  t h i s  m a t e r i a l  was made b u t  no d i p ­
lo c o c c i  were fo u n d . T here  was no s u p p u r a t io n .  The 
ph arynx  was c o n g e s te d  and  c a t a r r h a l ,  b u t  t h e r e  v/as no 
u l c e r a t i o n .

The lu n g s  were r e d  and f i r m ,  b u t  spongy and c r e p i t a t ­
in g  be tw een  th e  f i n g e r s .  T here  w ere  no a r e a s  o f  c o l l a p s e  
o r  c o n s o l i d a t i o n ;  p l e u r i s y  was a b s e n t .  On c u t t i n g  w i t h  a  
k n i f e  th e y  were se en  to  be  r e d ,  and  f r o t h y  b lo o d  e s c a p e d .  
B oth  b a s e s  w ere  d a rk  i n  c o lo u r  and h ad  a  g l a s s y  a p p e a ra n c e  
due to  g a s t r i c  J u ic e  d i g e s t i o n .  There  was pus in  th e  
b r o n c h i .  The t r a c h e a  showed an a s c e n d in g  t r a c h e i t i s .
The b r o n c h i a l  g la n d s  w ere r e d  and sw o l le n ;  a  c u l t u r e  was 
n e g a t iv e .

The stom ach was h e a l t h y ;  t h e r e  was some c a t a r r h  o f  
t h e  i le u m . The m e s e n t r i c  g la n d s  w ere  r e d  and sw o l le n ;  
a  c u l t u r e  was n e g a t i v e .  The s p le e n  was l a r g e  and d i f f ­
l u e n t .  A smear s t a i n e d  w i th  c a r b o l  f u c h s in  showed 
d i p l o c o c c i ,  and t h e s e  o rg an ism s  a l s o  grew i n  c u l t u r e .

The l i v e r  a p p e a re d  h e a l t h y ; th e  b i l e  was d a rk  and 
t a r r y .

The k id n ey  showed some c lo u d y  s w e l l i n g .  The c a p s u le  
s t r i p p e d  r e a d i l y .

B oth  knee j o i n t s  c o n ta in e d  abou t an ounce o f  o i l y -  
lo o k in g  p u s .  The s y n o v ia l  membrane d id  n o t  a p p e a r  to  be 
u l c e r a t e d ;  i t  was s o f t  and p u lp y  and s l i g h t l y  t h i c k e n e d .
There was no bone l e s i o n .  The pus c o n s i s t e d  o f  polym or­
p h o n u c le a r  l e u c o c y te s  w i th  a  number o f  m o non uc lea r  c e l l s  
h a v in g  l a r g e  round  o r  o v a l  n u c l e i .  D ip lo c o c c i  w ere n o t 
i n f r e q u e n t ;  th ey  were m o s t ly  e x t r a c e l l u l a r .  C u l tu r e s  on 
a g a r  sm eared  w i th  b lo o d  grew c o lo n i e s  s i m i l a r  t o  th o s e
from th e  b r a i n  and s p l e e n . T here  was no pus i n  th e  o th e r
l a r g e  j o i n t s .

S e c t io n s  o f  th e  b r a i n  shew th e  pus i n  t h e  p i a - a r a c h ­
n o id  membrane s u r ro u n d in g  th e  v e s s e l s ,  and s p r e a d in g  ou t 
over  t h e  s u r f a c e  o f  th e  b r a i n .  I t  i s  n o t  so d en se  a s  in  
Cuimning^s, and a p p e a rs  to  be u n d e rg o in g  a b s o r p t i o n .
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P h a g o c y to s is  i s  a c t i v e .  .M acrophages w i th  s i n g l e ,  
ova l o r  c r e s c e n t - s h a p e d ;  n u c le 4 a  a r e  num erous, and p o ly ­
m orpho nuc lea r  l e u c o c y t e s  may be se e n  in c lu d e d .  Some a re  
v a c u o la t e d ,  and o t h e r s  a r e  p a l e - s t a i n e d  and d e g e n e ra te d .  
P o ly m o rp h o -n u c lea r  l e u c o c y te s  a r e  num erous. T here  a r e  
a l s o  sm a l l  momonuolear c e l l s  w i th  d e e p ly  s t a i n e d  round 
n u c le u s .  H ere  and t h e r e  a r e  round  c e l l s
w i th  d e e p ly  s t a i n e d  p ro to p la s m  and a  round w e l l  m arked 
n u c le u s ;  th e y  have  t h e  c h a r a c t e r s  o f  em bryonal c e l l s .
Only o c c a s i o n a l l y  i s  t h e r e  one e lo n g a te d  and p o in te d  l i k e  
a  f i b r o - b l a s t .  F i b r i n  does n o t  o c c u r  i n  m a s se s ,  b u t  i s  
seen  i n  p l a c e s  a s  a  n e tw o rk .  T here  a r e  no nev/ form ed 
b lo o d  v e s s e l s  and no g r a n u l a t i o n  t i s s u e .  There  i s  no 
th r o m b o s is .

The p i a  a t  some p a r t s  i n t e r v e n e s  betw een th e  pus and 
th e  b r a i n  m a t t e r ,  b u t  a t  o t h e r  p l a c e s  i t  i s  a b s e n t  a n d  th e  
pus m erges i n to  th e  b r a i n  s u b s ta n c e .

The b r a i n  m a t t e r  d o es  no t a p p e a r  much a l t e r e d  in  
s e c t i o n .  The l a r g e r  v e s s e l s  d ip p in g  i n t o  i t  a r e  s u r r o u n d ­
ed by c e l l s  i n  g r e a t e r  numbers th a n  n o rm al ,  soae  o f  them 
b e in g  p o ly m o rp h o -n u c le a r .  The e p i t h e l i a l  l i n i n g  o f  th e  
v e n t r i c l e s  i s  i n t a c t .

The p us  on t h e  c o rd  p r e s e n t s  t h e  same c h a r a c t e r s  as  
t h a t  on th e  b r a i n .

N e u r i t i s  i s  n o t  marked and t h e r e  i s  no d e g e n e r a t io n  
o f  t r a c t s  in  t h e  c o rd .

One v e s s e l  shows s e p t i c  th ro m b o s is  ; t h e  e n d o t h e l i a l  
l i n i n g  i s  d e s t r o y e d ,  and t h e r e  i s  pus in  i t s  lum en.

The c e n t r a l  c a n a l  i s  p a t e n t .
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(5) F i t z p a t r i c k ,  S p in a l  f l u i d  1 .  Shows (a) polymer 
p h o n u c le a r  c e l l s  w i th  f rag m en ted  n u c l e i ;  (h) sm a ll  and 
l a r g e  m ononuclear  c e l l s .
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#n. F i t z p a t r i c k ,  a e t .  6 y e a r s .  A dm itted  2 0 th  
J a n u a ry ,  1907 to  R u c h i l l  F eve r  H o s p i t a l .

H i s t o r y ,  was q u i t e  w e l l  on W ednesday, 1 6 th  J a n ­
u a ry .  At n i g h t ,  on g o in g  to  b e d ,  he seemed d u l l .  At 2 
a .m . he  wakened w i th  v o m i t in g .  He d id  n o t  seem t o  have  
h e a d a c h e .  He h ad  no c o n v u ls io n .  He w ent t o  s l e e p  a g a in  
and a p p e a re d  to  s l e e p  a l l  day , h u t  when he  was l i f t e d  up a t  
8 p .m . he  co u ld  n o t  sp e a k ,  and was a p p a r e n t l y  b l i n d .  Next 
day he  was r a t h e r  b e t t e r  and a sk e d  f o r  h i s  "D ad", b u t  he  
was s t i y . - ^ o k .  T here  was no n a s a l  d i s c h a r g e ;  no h i s t o r y  
o f  e a r  no so re  t h r o a t .  On a d m iss io n  he was d u l l
and a p a t h e t i c ;  and l a y  w i th  h i s  h e ad  drawn b a c k ;  t h e  l im b s  
were n o t  r i g i d ,  b u t  th e  f i n g e r s  and hand  w ere  c u r l e d  on th e  
w r i s t ;  th e  f e e t  w ere  e x te n d e d .  T em p era tu re ,  1 0 4 " 2 tf  
3 rd  Feb .  The c o n d i t i o n  was n o t  much ch ang ed . O p i s th o t -  
onous “was more m arked . E m a c ia t io n  was p ro c e e d in g  r a p i d l y .  
2 8 th  F e b . The p a t i e n t  d e v e lo p e d  r% lss  a t  b a s e s  o f  b o th  
lu n g s  and became oyanHosed.
3 rd  M arch, 1907 . P a t i e n t  d i e d .

Blood c o u n t . L e u c o c y te s  Red c e l l s .
D a te .  p .c .m .  p .c .m .

2 1 s t  J a n . ,  1907, 2 9 ,3 4 2  4 ,4 5 2 ,0 0 0
1 0 th  F e b . ,  1907, 18 ,1 1 2  4 ,5 0 0 ,0 0 0
2 4 th  F e b . ,  1907, 1 6 ,45 8  4 ,4 8 1 ,0 0 0

G u ltu re s^ w e re  n e g a t i v e .
The Ge r e b r o - s p i n a l  f l u i d  on 2 0 th  J a n u a ry  f lo w ed  s lo w ly  

from  th e  p u n c tu r e  n e e d l e .  I t  was c l e a r ,  and m easu red  
ab ou t an  ou nce . T here  was no d e p o s i t ,  and  no fo r m a t io n  o f  
f i b r i n  on s t a n d in g .  In  o r d e r  to  make a  f i l m  f o r  m ic ro ­
sc o p ic  e x a m in a t io n  th e  f l u i d  was c e n t r i f u g a l i s e d  f o r  5 
m in u te s  and th e  s u p e r - n a t a n t  f l u i d  drawn o f f .  A d ro p  o f  
t h e  r e s i d u e  was t h e n  p la c e d  on a  s l i d e  and d r i e d ,  th e n  
a n o th e r  d rop  added and d r i e d , t i l l  s u f f i c i e n t  f o r  a  f i lm  
was o b ta in e d .  F ilm s w ere s t a i n e d  w i th  c a r b o l  f u c h s in  and 
w i th  -gram 's s t a i n .  P o ly m o rp h o n u c lea r  l e u c o c y t e s  w ere  
num erous, b u t  t h e  m onon uc lea r  form s w ere more ab u n d an t 
th a n  u s u a l .  They w ere o f  a l l  s i z e s  from  s m a l l  form s l i k e  
l ^ p h o o y t e s  to  th e  l a r g e r  and  more t y p i c a l  m ac ro p h ag es .
The l a t t e r  had  a  l a r g e  round  o r  o v a l  n u c le u s  and som etim es 
were v a c u o l a t e d .  D ip lo c o c o i  w ere  few . In  a d d i t i o n  
t h e r e  was a  s l e n d e r  s l i g h t l y  cu rv ed  b a c i l l u s  a b o u t  th e  
l e n g t h  o f  th e  d ia m e te r  o f  a r e d  b lo o d  c o r p u s c l e .  I t  
o f t e n  o c c u r r e d  in  p a i r s  end to  end . ( I t  h a s  been  d e s c r i b ­
ed a s  a  d o u b le  i n f e c t i o n  i n  c e r e b r o - s p i n a l  f e v e r ,  b u t  i t  
i s  n e v e r  found  in  f r e s h l y  drawn f l u i d .  I t  grows r a p i d l y ,  
and in  two h o u r s  may be ab u n d an t  i n  t h e  f l u i d ,  even a t  
room t e m p e r a tu r e .  I t  l i q u e f i e s  g e l a t i n e ,  b u t  p ro d u c e s  
no f l u o r e s c e n c e .  I t  i s  g r a m - n e g a t i v e . ) .



-1 9 -

Tliô foram en o f  M ajend îe  was exam ined a s  b e f o r e .  The 
l a t e r a l  lo b e s  o f  th e  c e re b e l lu m  w ere  a d h e r e n t , b u t  co u ld  
e a s i l v  be f o r c e d  a p a r t  by  th e  f i n g e r  g e n t l y  i n s e r t e d  b e -

r-.'S'SttV. %% »ir»
no f l u i d  e sc a p e d ,  b u t  on p u n c tu r in g  t h i s  membrane o v e r  tn e
fo ram en , t h e r e  was a  f r e e  f lo w .

The b r a i n  was th e n  expo sed  in  th e  u s u a l  w ay . The
d u ra  was a d h e re n t  to  t h e  bony v a u l t .  I t  was c o n g e s te d ,  
t h e  v e in e  b e in g  l a r g e  and f u l l .  The a ra c h n o id  membrane 
was tough  and th ic k e n e d  in  p l a c e s  g iv in g  a  m ilk y  p a tc h e d  
ap p ea ran ce  to  th e  s u r f a c e .  These tn ic k e n e d  p o r t i o n s
o c c u r re d  a lo n g  th e  v e s s e l s  i n  s t r e a k s  on each  s i d e ;  and a t
t h e  b ra n c h e s ,  fo rm in g  t r i a n g u l a r  a r e a s  be tw een  two v e s s e l s .  
The membranes w ere t h ic k e n e d  a l s o  a t  tn e  b a se  o f  t h e  b r a i n ,  
in  th e  space  be tw een  t h e  o p t i c  com m issures and th e  c u ra  
c e r e b r i , s t r e t c h i n g  a c r o s s  l i k e  a  s h e e t  ; be tw een  th e  
m e d u lla  and c e re b e l lu m  e x te n d in g  up to  and i n c l u d i n g  th e  
foramen o f  M a je n d ie ;  and be low  th e  l a t e r a l  lo b e s  o f  t h e  
c e re b e l lu m , b u t  l e a v in g  a  h a l f  in c h  m arg in  a l l  ro u n d .
These a r e  th e  m ost common s i t u a t i o n s  o f  pus i n  a c u te  c a s e s .  
On th e  o t h e r  han d  t h e r e  w ere  one o r  two sm a ll  a r e a s  o f  pus 
on t h e  summits o f  t h e  c o n v o lu t io n s  away from  t h e  b lo o d  
v e s s e l s ,  t h e s e  h a v in g  so  f a r  e sc a p e d  a b s o r p t i o n .

The b r a i n  m a t t e r  was n o t  so s o f t  a s  i n  a c u t e  c a s e s ,  
and d id  n o t  t e a r  r e a d i l y .  The v e n t r i c l e s  w ere  d i l a t e d  and 
c o n ta in e d  abou t 3 ounces  o f  f l u i d .  A s m a l l  amount o f  
y e l lo w is h  g e l a t i n o u s  pus was p r e s e n t  i n  t h e  p o s t e r i o r  
co rnu  o f  eacii l a t e r a l  v e n t r i c l e .

The c o rd  l a y  in  i t s  c o n g e s te d  d u ra  w hich  was no t 
th ic k e n e d  and n o t  a d h e re n t  to  i t s  bony s u r r o u n d in g s .
There was no pus p r e s e n t .  The c o rd  was s o f t  and c o u ld  
s c a r c e l y  be  h a n d le d  w i th  s a f e ty * .

The s k u l l  was sawn l o n g i t u d i n a l l y  a s  b e f o r e .  The 
c r i b r i f o r m  p l a t e  was f r e e  from  p u s ,  th e  s i n u s e s  a p p e a re d  
h e a l t h y  and t h e r e  was no t r a c t  o f  d i s e a s e  l e a d in g  to  th e  
b r a i n  s u r f a c e .  T here  was no pus in  t h e  m id d le  e a r s .
The A t l a s  and A x is  a r t i c u l a t i o n s  w ere  h e a l t h y ,  and no 
t r a c e  o f  i n f e c t i o n  to  t h e  c o rd  by t h i s  r o u t e  was e v i d e n t .  
The n o se  and p h a ry n x  c o n ta in e d  a  q u a n t i t y  o f  p u r u l e n t  
s l im y  m a t e r i a l ,  b u t  t h e r e  was no u l c e r a t i o n .  The t o n s i l s  
were sm a ll  and  d id  n o t  p r o t r u d e  i n t o  th e  o r a l  c a v i t y .

L a r y n g i t i s  was a b s e n t .  T r a c h e i t i s  was p r e s e n t  to  a  
s l i g h t  d e g re e ,  e x te n d in g  up th e  t r a c h e a  f o r  a b o u t  3 i n c h e s .  
B roncho-pneum onia  in v o lv e d  h a l f  th e  d ia p h ra g m a t ic  s u r f a c e  
o f  th e  r i g h t  l u n g ,  and pus c o u ld  be p r e s s e d  from  t h e  sm a ll  
b r o n c h i .  T here  was c a t a r r h  o f  th e  i n t e s t i n e  b u t  no 
u l c e r a t i o n .  The m e s e n te r i c  g la n d s  w ere e n la r g e d  ^ d  r e d .  
C u l tu re s  made a f t e r  s e a r i n g  th e  s u r f a c e  showed b a c i l l i  bu t 
d i p l o c o c c i .
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(6) F i t z p a t r i c k .  /\ S e c t io n  o f  b r a i n .  Sh.o\vs^(a) f i b r o ­
b l a s t s  in  v a r i o u s  s t a g e s  o f  development ,  one o f  them lyinè> 
in  a mass o f  f i b r i n  ; (b) l a r g e  mononuclear  c e l l s ;  (c)  a  
d e g e n e r a t e d  and v a c u o l a t e d  mononuclear  c e l l .
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The l i v e r ,  k i d n e y ,  p a n c r e a s ,  h o n e s  and l a r g e  j o i n t s  were 
h e a l t h y .  C u l t u r e s  f rom t h e  s p l e e n  showed no d i p l o c o c c i .

S e c t i o n s  o f  b r a i n  u n d e r  t h e  m ic ro sc o p e  show t h e  
a r a c h n o î d ^ t ^ e  d e n s e r  and more f i b r o u s  to w a rd s  t h e  d u r a i  
s u r f a c e ,  w h i l e  t h e  t e x t u r e  i s  l o o s e r  and more c ^ l u l a r  
to w a rd s  t h e  b r a i n .  The o u t s t a n d i n g  f e a t u r e  i s \ g r e a t  
number^ o f  m ac ro p h ag e s .  P h a g o c y t o s i s  i s  e v i d e n t l y  v e ry  
a c t i v e ,  and many c e l l s  a r e  s e e n  w i t n  o t h e r s  i n c l u d e d .
The m acrophages  a r e  a b u n d a n t .  They a r e  l a r g e  c e l l s ,  w i t n  
s i n g l e  l a r g e  round  o r  o v a l  n u c l e u s .  Sometimes where  t h e  
c e l l  i s  v e r y  l a r g e  t h e  n u c l e u s  i s  s e e n  p r e s s e d  t o  one s i d e  
w h i l e  t h e  r e m a in d e r  o f  t h e  c e l l  i s  o c c u p ie d  by o t h e r  c e l l s ,  
o r  by a  v a c u o l e .  P o ly m o rp h o n u c lea r  c e l l s  a r e  p r e s e n t  b u t  
t h e y  a r e  n o t  numerous and a r e  i n  s t a g e s  o f  d e g e n e r a t i o n .  
T here  a r e  s m a l l  m ononuc lea r  c e l l s  w i t h  d e e p ly  s t a i n e d  
n u c l e i .  With t h e  o i l  em ers io n  l e n s  a  r i n g  o f  p r o t o p l a s m  
i s  s e en  t o  s u r r o u n d  e a c h .  T here  a r e  o t h e r s  w i t h  s i m i l a r  
s t a i n i n g  c h a r a c t e r s  b u t  w i t h  more p r o t o p l a s m ,  and o t h e r s  
a g a i n  a r e  l a r g e r  and  p r o t o p l a s m  i s  a b u n d a n t .  Thus t h e r e  
a r e  i n t e r m e d i a t e  s t a g e s  be tw een  t h e s e  s m a l l  c e l l s  w i t h  d a rk  
n u c l e i ,  and  t h e  l a r g e  m ac ro p hag es .  But  on t h e  o t h e r  hand  
t h e r e  a r e  s i m i l a r  i n t e r m e d i a t e  s t a g e s  be tween  t h e  sm a l l  
m ononuc lea r  fo rm s  and c o n n e c t i v e - t i s s u e  c e l l s .  Some a r e  
seen  w i t h  t h e i r  sm a l l  amount o f  p r o t o p l a s m  becoming e l o n ­
g a t e d ,  t h e n  p o i n t e d  a t  t h e  e n d s ;  t h e n  t h e  n u c l e u s  becomes 
o v a l  and  s t a i n s  l e s s  d e e p l y .  These  f i b r o b l a s t s  a r e  o f t e n  
found  l y i n g  i n  f i b r i n ,  s e n d in g  t h e i r  p r o t o p l a s m i c  e lo n g a ­
t i o n s  i n t o  t h e  amorphous m ass ,  and a p p e a r i n g  t o  f e e d  on i t .

There  a r e  no new-formed b lo o d  v e s s e l s , a n d  g r a n u l a t i o n  
t i s s u e  i s  a b s e n t .  F i b r i n  i s  p r e s e n t  i n  s m a l l  q u a n t i t y ,  
o c c u r r i n g  u n d ^ ^ ^ ^ e  p i a  i n  amorphous m a s s e s ,  and i n  t h e  
p i a - a r a c h n o i d ^ a s  s h o r t e r o d s  and t h r e a d s .  I n  p l a c e s  i t  i s  
su r ro u n d e d  by  c e l l s  and i s  u n d e rg o in g  a b s o r p t i o n .  Young 
c o n n e c t i v e  t i s s u e  c e l l s  i n  t h e  o u t e r  l a y e r s  o f  t h e  a r a c h n o i d  
i n d i c a t e  a  t e n d e n c y  t o  f i b r o s i s .

There  i s  h e r e  e v id e n c e  o f  (1) d i s i n t e g r a t i o n  o f  
p o ly m o r p h o - n u c le a r  l e u c o c y t e s ,  and o f  (2) some o f  them 
b e in g  t a k e n  up by p h a g o c y t e s ,  o f  (3) d i s i n t e g r a t i o n  o f  
f i b r i n ,  o f  (4) f i b r i n  b e in g  e a t e n  by  f i b r o b l a s t s ,  and o f
(5) a  d e g r e e  o f  f i b r o s i s  w i t h o u t  f o r m a t i o n  o f  a c t u a l  g r a n ­
u l a t i o n  t i s s u e .

There  i s  l i t t l e  change i n  th e  b r a i n  m a t t e r  i t s e l f .
The c e l l s  do n o t  show any ^ a ^ g j s ^ d  t h e r e  i s  no i n c r e a s e d  
v a s c u l a r i t y .  A l i n e  o f  v a c u o iS tT o n  a  s h o r t  d i s t a n c e  from 
t h e  s u r f a c e  i s  h e r e  p r e s e n t  a s  i n  o t h e r  c h r o n i c  o a s e s  and 
p r o b a b ly  i n d i c a t e s  a  d e g r e e  o f  oedema.

I n  t h e  c o rd  t h e r e  was lltMb^e^jihange shown. There  
were no c e l l s  i n  t h e  arachnoidal  and no f i b r o s i s .
N e u r i t i s  and  d e g e n e r a t i o n  were ’a b s e n t .
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Hugb H a r r i s ^ ^ e t .  34 y e a r s .  A d m i t te d  t o  R u c h i l l  
H o s p i t a l ,  1 4 t h  , 1907.

The p a t i e n t  was w e l l  on 8 t h  J a n u a r y .  He h a d  no 
n a s a l  d i s c h a r g e ,  o r  e v id e n ce  o f  c a t a r r h  ; no d i s c h a r g i n g  
e a r s ,  and no t o n s i l l i t i s .  On 9 t h  J a n u a r y  h e  f e l t  o u t  o f  
s o r t s  h u t  was a b l e  t o  go t o  work .  On 1 1 th  Jan u ary  he  had 
p a in  in  th e  h a c k ,  h ead a ch e  and l o s s  o f  a p p e t i t e .  He 
g r a d u a l l y  grew w o rs e ,  and was a d m i t t e d  on 1 4 t h  January  as  
? E n t e r i c  F e v e r .  A f t e r  a d m is s io n  he was d e l i r i o u s ,  and 
f r e q u e n t l y  com pla ined  o f  p a i n  i n  th e  h e a d .  R e t r a c ^ ^ g n ^ ^  
h e ad  was e v i d e n t  hy 1 6 t h  J a n u a r y , and lum bar  p u n c t u r m ^ t h e  
d i a g n o s i s  o f  c e r e b r o - s p i n a l  f e v e r .  E m a c ia t io n  became 
m arked .  The p a t i e n t  began t o  improve by t h e  b e g i n n i n g  o f  
F e b r u a r y ,  and  Y/as a b le  t o  t a l k  r a t i o n a l l y .  He was v e r y  
weak, b u t  t h e r e  was no p a r a l y s i s .  I n  the  b e g i n n i n g  o f  
March he began  to  compla in  o f  s h a r p  b u r n i n g  p a i n s  a t  s p o t s  
i n  b o t h  l e g s .  He c o u ld  p u t  h i s  f i n g e r  on t h e  s p o t s ;  and 
i n  an h o u r  o r  tv7o a f t e r  t h e  o n s e t  o f  p a i n ,  a  r a i s e d ,  r e d ,  
oedematous p a p u le ,  abou t  i  i n c h  i n  d i a m e t e r  would  a p p e a r  
o v e r  each p a i n f u l  s p o t .  These were  v e ry  t e n d e r .  Each 
s p o t  r em a in ed  a b o u t  5 d a y s ,  t h e n  d i s a p p e a r e d ,  l e a v i n g  a 
brown s t a i n .  The a t t a c k s  came on a t  i n t e r v a l s  o f  about  
two a  day ,  and  tv^c or  t h r e e  s p o t s  a p p e a re d  w i t h  eacii 
a t t a c k .  This  o c c u r r e d  f o r  a b o u t  two months . Then 
in  May p a i n  o f  q u i t e  a  d i f f e r e n t  c h a r a c t e r  came on.
Sharp" l i g h t e n i n g  p a i n s  would sh o o t  down th e  r i g h t  t h i g h ,  
and were  so s e v e r e  t h a t  m orph ia  h a d  t o  be g i v e n .   ̂ On 
p r e s s u r e  b e in g  a p p l i e d  a lo n g  th e  c o u rse  o f  t h e  s c i a t i c  
n e rv e  th e  p a t i e n t  would  s t a r t  w i t h  p a i n .  There  were a l s o  
t e n d e r  p o i n t s  i n  th e  g l u t e a l  r e g i o n ,  bu t  t h e y  were v a r i a b l e  
i n  p o s i t i o n ,  so t h a t  a t  one t im e  p a t i e n t  would wince  on 
p r e s s u r e  a t  a  p a r t i c u l a r  s p o t ,  b u t  t h e  n e x t  m inu te  p a in  a t  
t h a t  p o i n t  would be gone,  b u t  would be t r a n s f e r r e d  to  
a n o t h e r  p o i n t .  The k n e e - j e r k  was a b s e n t ,  bu t  e m a c ia t i o n  
was so ex t rem e  t h a t  i t  would be i m p o s s i b l e  to  p l a c e  r e ­
l i a n c e  o n ^ l t s  a b s e n c e .  The s e n s e s  o f  to u c h  and  p a in  on 
p r ick i i^ g ^ ^o ^ h  a n e e d l e  were  n o t  a l t e r e d .  P a t i e n t  g r a d ­
u a l l y  became w eak e r ,  and more s t u p o r o s e ,  and d i e d  on 2 8 t h  
May, 1907 .

Blood  C ount .  White c o r p s .  Red C orps .
p . c .m .  p . c . m ,

1 5 -2 -0 7  2 0 ,8 5 0  4 ,1 5 2 ,0 0 0
1 6 - 2 - 0 7 ,  1 6 ,0 5 0  3 ,1 4 1 ,0 0 0
1 7 - 2 - 0 7 ,  2 1 ,1 0 0  3 ,5 2 0 ,0 0 0
2 1 - 2 - 0 7 ,  28 ,266  3 ,7 0 8 ,0 0 0
2 9 - 2 - 0 7 ,  2 2 ,7 0 0  3 ,4 2 6 ,6 6 6

3 - 3 - 0 7 ,  2 4 ,8 0 0  3 ,5 9 6 ,0 0 0
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6 - 3 - 0 7 , 2 8 , 2 6 0 3 , 9 9 6 , 0 0 0
7 - 3 - 0 7 , 2 3 , 7 3 2

1 1 - 3 - 0 7 , 1 2 , 8 0 0
1 3 - 3 - 0 7 , 1 2 , 7 0 0 3 , 7 3 6 , 0 0 0
2 4 - 3 - 0 7 , 1 0 , 7 0 0
1 6 - 4 - 0 7 , 9 , 6 5 0
30—4—0 7 , Q'j 800 4 , 0 9 2 , 0 0 0
1 2 - 5 - 0 7 , 9 , 7 7 0
2 8 - 5 - 0 7 , 1 0 ,1 5 0

C u l t u r e s  made from th e  b lo o d  on p a t i e n t ' s  a d m is s io n  
were n e g a t i v e .

C e r e b r o - s p i n a l  f l u i d ,  drawn o f f  on 1 6 t h  J a n u a r y ,  1907, 
f low ed  s low ly  from th e  p u n c t u r e  n e e d l e ,  abou t  a  h a l f  ounce 
b e i n g  removed. I t  was t u r b i d ,  and d e p o s i t e d  f i b r i n  on 
s t a n d i n g .  Under t h e  m ic ro sc o p e  i t  shows polymorpho- 
n u c l e a r  c e l l s  in  s t a g e s  o f  d e g e n e r a t i o n .  There  a r e  a  few 
l a r g e  m o n o -n u c le a r  fo rm s ,  w i t h  l a r g e  ro un d  n u c l e u s  f i l l i n g  
t h e  g r e a t e r  p a r t  o f  t h e  c e l l .  D i p l o c o c c i  a r e  few b u t  
o c c u r  f r e e  i n  g ro u p s ,  and i n  t h e  p o ly m o r p h o - n u c le a r  
l e u c o c y t e s .  They a r e  g r a m - n e g a t i v e .

C u l t u r e s  were  made on a g a r  and grown a t  37o C.
C o lo n ie s  formed i n  36 h o u r s ,  and th e  d i p l o c o c c u s  o f  
Weichselbauj ' i  was r e c o v e r e d  from them. No o rg an ism s  grew 
a t  room t e m p e r a t u r e .

A f u r t h e r  specim en o f  f l u i d  was o b t a i n e d  on 3 rd  March, 
1907. I t  was c l e a r  and f low ed  f r e e l y ,  I t  ounces  coming 
away. There was no d e p o s i t  on s t a n d i n g ,  b u t  t h e  form­
a t i o n  o f  a  c l e a r  f u n n e l  o f  f i b r i n  was d i s t i n c t .  A p o r t i o n  
o f  t h e  f l u i d  was c e n t r i f u g a l i s e d  b u t  l i t t l e  d e p o s i t  was 
o b t a i n e d , 80 a  f i l m  had to  be made by d r y i n g  a  d ro p  on a 
s l i d e ,  t h e n  p l a c i n g  on a n o t h e r  d rop  and d r y i n g ,  t i l l  a  
s u f f i c i e n t  amount was o b t a i n e d .  Such a f i l m  shows v e ry  
few c e l l s .  They a re  m o s t ly  sm a l l  m ononuc lea r  c e l l s  
th o ug h  a few p o ly m o rp h o n u c le a r  and one o r  two l a r g e  mo no-  
n u c l e a r  c e l l s  o c c u r .  They a r e  p a r t l y  d i s i n t e g r a t e d  a s  i f  
t h e y  had  been  i n  the  f l u i d  f o r  some, t im e .  The ty p e  i s  
t h u s  d i f f e r e n t  from t h e  f l u i d  f i r s t  o b t a i n e d  and r e s e m b le s  
t h a t  from a  c a s e  o f  t u b e r c u l a r  m e n i n g i t i s  b o t h  i n  t h e  
number and i n  th e  form o f  t h e  c e l l s .  There  a r e  no o rg an -  
i  sm s .

The c o n d i t i o n  o f  th e  foramen o f  M ajendie  was examined 
by removing a  d i s c  o f  bone a s  b e f o r e .  The l o b e s  o f  th e  
c e r e b e l lu m  were a d h e r e n t ,  b u t  c o u ld  be s e p a r a t e d  by g e n t l y  
i n s e r t i n g  th e  f i n g e r .  The foramen was d i s t i n c t l y  p a t e n t ,  
and was bounded by a sh a r p  edge o f  t h i c k e n e d  membrane.
F l u i d  t r i c k l e d  th r o u g h  th e  o p e n in g ,o n  p r e s s u r e  b e i n g  
a p p l i e d  a t  one s i d e .
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- 3 lû û d  v e s s e l s  tn .^ a c t

Ĵ ê enerated neeirc
i n v o i j e d ,  S y  y-eanuial'i'eii tissu t^

X

(7) H a r r i s ,  /t S e c t i o n  o f  s p i n a l  co rd  in  lumbar  r e g i o n .  
Shows (a)  i n  t h e  m idd le  o f  t h e  f i e l d  a  c o m p le te ly  n e c r o s e d  
n e rv e  w i t h  two o ld  v e s s e l s  i n t a c t ;  i t  i s  b e in g  invaded  
w i th  g r a n u l a t i o n  t i s s u e  a t  i t s  lo w e r  end; (b) g r a n u l a t i o n  
t i s s u e  s u r r o u n d i n g  t h e  n e c r o s e d  n e r v e ;  (c)  a n e rv e  broken 
up i n t o  i s l e t s ;  (d) d e g e n e ra t e d  n e r v e s  b e in g  invaded  by 
g r a n u l a t e  t i s s u e .  |
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The s k u l l  cap  was th en  removed and th e  t h i c k e n e d  
d u r a  ex p o sed .  I t  was a d h e r e n t  t o  t h e  b o n e ,  i t  was n o t
c o n g e s t e d .  ^

The c o n v o lu t i o n s  were  much f l a t t e n e d .  The a ra c h n o id ^  
was t h i c k e n e d  and p e a r l y ,  e s p e c i a l l y  a l o n g s i d e  t h e  v e s s e l s  
where  i t  was d i s t i n c t l y  o paque .  There  was no p u s ;  no 
r e d d i s h  a r e a  o f  g r a n u l a t i o n  t i s s u e ,  and no f i o r i n  on th e
s u r f a c e .  _

The b r a i n  m a t t e r  was t o u g h  and w h i t e , t h e  e n la r g e d  
venous o r i f i c e f b e i n g  p ro m inen t  on t h e  w h i t e  g ro u n d .  The 
l a t e r a l  and t h i r d  v e n t r i c l e s  were  g r e a t l y  d i l a t e d ,  so t h a t  
t h e  b r a i n  t i s s u e  a t  some p a r t s  was o n ly  ?  i n c h  t h i c k .
They c o n t a i n e d  t u r b i d  f l u i d ,  b u t  no y e l l o w i s h  p u s .  The 
c h o r o id  p l e x u s  on each s i d e  was u n a l t e r e d .  There  were liC
a r e a s  o f  s o f t e n i n g .

S e c t i o n s  show th e  membranes t o  be t h i c k e n e d  by an 
i n c r e a s e  o f  f i b r o u s  t i s s u e .  P o ly m o rp ho n uc lea r  c e l l s  a r e  
a b s e n t .  Large  m ononuc lea r  m acrophages  a r e  a b u n d a n t .  
F i b r o b l a s t s  o c c u r  in  the  o u t e r  l a y e r s .  There i s  no 
g r a n u l a t i o n  t i s s u e ,  and no new f o r m a t io n  o f  v e s s e l s .

The c o rd  l a y  i n  a  s m a l l  q u a n t i t y  o f  t u r b i d  f l u i d  
e n c l o s e d  i n  a  t h i c k e n e d  v a s c u l a r  d u r a  which was a t o e r e n t  
t o  t h e  bony c a n a l .  Red p a t c h e s  o f  g r a n u l a t i o n  t i s s u e  
s tu d d e d  t h e  c o rd  a l o n g  i t s  l e n g t h ,  and f i x e d  i t  to  th e  
d u r a .  The g r a n u l a t i o n  t i s s u e  was aoundari t  a t  t h e  lumoar 
t h i c k e n i n g ,  p o s t e r i o r l y ;  and  a l s o  round  t h e  n e rv e  r o o t s  
which  were i n v o l v e d .  There  was l i t t l e  grai.tui.ation  t i s s u e  
i n  th e  d o r s a l  r e g i o n  and h e r e  t h e  membranes were p e a r l y ,  
and  the  v e s s e l s  l a r g e  and numerous.  Tlie co rd  l i k e  t h e  
b r a i n  m a t t e r  v/as f i r m ,  and n o t  d i f f l u e n t  a s  in  some a c u t e
c a s e s . . ^

S e c t i o n s  in  t h e  lumbar  r e g i o n  show many p o i n t s  o f  
i n t e r e s t .  G r a n u l a t i o n  t i s s u e  i s  t a k i n g  th e  p l a c e  o f  the  
p u s ;  and t h e  n e r v e  r o o t s  a r e  s e e n  i n  a l l  s t a g e s  o f  
n e u r i t i s  and  d e g e n e r a t i o n ,  some b e in g  c o m p le te ly  
n e c r o s e d ,

The pus  which h a s  a t  one t im e  s u r r o u n d e d  t h e  c o rd  i s  
becoming r e p l a c e d  i n  p a r t s  by g r a n u l a t i o n  t i s s u e ,  i n  o t h e r  
p a r t s  by s im ple  f i b r o b l a s t s , a s  in  F i t s p a t r i c k ' s  c a s e .  
P o ly m o rp h o n u c lea r  c e l l s  a r e  p r e s e n t ,  b u t  t l iey  a r e  s c a r c e  
and a r e  d e g e n e r a t i n g ;  f r a g m e n t a t i o n  o f  n u c l e u s  o c c u r s  i n  
them a l l .  At some p l a c e s ,  where  t h e  changes  a r e  l e s s  
a d v an c ed ,  l a r g e  macrophages  o c c u r  w i t h  a b u n d an t  p r o t o ­
p lasm  and round  o r  o v a l  n u c l e u s ;  some have  i n c l u d e d  
p o ly m o rp h o n u c le a r  c e l l s ,  and o t h e r s  a r e  v a c u o l a t e d .  In  
most  p a r t s  t h e  changes  a r e  f u r t h e r  a d v an ced .  Young t h i n -  
w a l l e d  b lo o d  v e s s e l s  a r e  a b u n d a n t .  The pus  c e l l s  (m ic ro ­
p hages  and m acrophages)  have  g iven  p l a c e  t o  f i b r o b l a s t s ,  
and t h e  f i b r i n  h a s  d i s a p p e a r e d .
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(8) H a r r i s .  S e c t i o n  o f  s p i n a l  co rd  i n  lumbar  r e g i o n  
Shows (a) a  p a r t i a l l y  d e g e g ^ a t e d  n e rv e  (on t h e  l e f t )  
b e i n g  in v ad e d  by  g r a n u l a t i o n . ( on t h e  r i g h t ) .
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The f i b r o b l a s t s  a r e  seen  i n  a l l  s t a g e s  o f  d e v e lo p m e n t .
Some a r e  s m a l l  ro un d  c e l l s ,  w i th  ro un d  d a rk  n u c l e u s  and 
j u s t  a  r i n g  o f  p r o t o p la s m ;  o t h e r s  have  more p r o t o p l a s m ;  
o t h e r s  a r e  b e g in n i n g  to  e lo n g a te  and  have  p o i n t e d  e n d s ;  
w h i l e  s t i l l  o t h e r s  have  an ova l  n u c l e u s .  The more ad v an ­
ced forms have  an o v a l  p a l e  n u c l e u s ,  and a n a r ro w  p r o t o ­
p l a s m i c  f i b r e .

F i b r i n  o c c u r s  (1) a s  a  n e tw ork  and a s  amorphous 
m asses  be tw een  th e  c e l l s ;  (2) a s  a  d e f i n i t e  l a y e r  o f  p a l e -  
s t a i n i n g  amorphous o r  f a i n t l y  f i b r i l l a r  m a t e r i a l  u n d e r  t h e  
p i a .  The changes  a r e  somewhat d i f f e r e n t  i n  th e  two 
s i t u a t i o n s .  The f i b r i n  among th e  c e l l s  i s  p a r t l y  d i s i n ­
t e g r a t e d ,  and  p a r t l y  a b s o rb e d  by macrophages  and f i b r o ­
b l a s t s ;  b lo o d  v e s s e l s  have  e n t e r e d  i t , and g r a n u l a t i o n  
t i s s u e  i s  r e p l a c i n g  i t .  Under th e  p i a  th e  changes  a r e  
n o t  ^  a c t i v e .  Some p a r t s  a r e  u n d e rg o in g  no change ;  
o t h e r s  c o n t a i n  a  few young f i b r o b l a s t s ,  and t h e s e  l a t t e r  
a r e  e l o n g a t i n g  and i n s i n u a t i n g  t h e i r  p r o c e s s e s  i n  amongst 
t h e  amorphous m a t e r i a l ,  and l i v i n g  on i t .  I n  o n ly  a  few 
p l a c e s  a r e  b lo o d  v e s s e l s  seen  p e n e t r a t i n g  i t .  I t  would 
a p p e a r  t h e r e f o r e  t h a t  f i b r i n , w h e r e  i t  i s  in  m a s s e s , i s  
a c t e d  on s lo w ly  and  w i t h  d i f f i c u l t y  and t h a t  i t  becomes 
r e p l a c e d  o n ly  a f t e r  a  l o n g  t im e  by f i b r o u s  t i s s u e , w i t h o u t , 
a s  a  r u l e ,  t h e  more a c t i v e  p r o c e s s  o f  v a s c u l a r i s a t i o n  and 
f o r m a t i o n  o f  g r a n u l a t i o n  t i s s u e .

No d i p l o c o c c i  were found i n  s e c t i o n s  s t a i n e d  w i t h  
c a r b o l - f u c h s i n ,  o r  M ethy lene  b l u e .

Nerve chan g es  a r e  s e e n .  The e a r l i e s t  comnence a s  
n e u r i t i s  w i t h  i n c r e a s e d  v a s c u l a r i t y  o f  some r o o t s ,  t h e  
d i l a t e d  v e s s e l s  r u n n in g  i n  th e  f i b r o u s  p a r t i t i o n s  s e p a r a t ­
i n g  t h e  b u n d l e s ;  o t h e r  r o o t s  show th e  b u n d le s  b ro k e n  up 
i n t o  i s l e t s  and c o n t a i n i n g  n e rv e  f i b r e s  w h ich  have  l o s t  
t h e i r  m e d u l l a r y  s h e a t h s ;  i n  o t h e r s  a g a i n  t h e  n e rv e  f i b r e s  
a r e  r e p r e s e n t e d  by  th e  m e r e s t  o u t l i n e s  -  sm a l l  c i r c u l a r  
s p a c e s  w i t h  h e r e  and t h e r e  an a x i s  c y l i n d e r  no t  q u i t e  gone,  
and r e p r e s e n t e d  i n  e o s i n - s t a i n e d  s e c t i o n s  by a  r e d  p o i n t .  
C om ple te ly  n ec ro se d  n e r v e s  a r e  seen  i n  s e c t i o n s  a s  
s t r u c t u r e l e s s  m a s s e s , o v a l  in  o u t l i n e ,  and e n c l o s e d  i n  a 
s h e a t h  o r  s u r ro u n d e d  by g r a n u l a t i o n  t i s s u e .  The rem ains  
o f  n u c l e i  a r e  s t i l l  a p p a r e n t .  In  some c a s e s  t h e  main 
a r t e r y  and v e in  o f  t h e  n e rv e  l i e  i n t a c t ,  b u t  d i l a t e d ,  and 
s u r ro u n d e d  by th e  n e^o sed  t i s s u e .  The s o - c a l l e d  p r o c e s s  
o f  r e p a i r  i s  seen  i n  an i n v a s i o n  by g r a n u l a t i o n  t i s s u e .
One n e r v e  i s  seen  w i t h o u t  a  d e f i n i t e  s h e a t h ,  i t s  p l a c e  
b e i n g  t a k e n  by young c o n n e c t i v e  t i s s u e  c e l l s ,  w h i l e  t h i n -  
w a l l e d  b lo o d  v e s s e l s  p e n e t r a t e  from t h e  p e r i p h e r y  i n t o  t h e  
i n t e r i o r ,  and young f i b r o b l a s t s  w i t h  p a l e  o v a l  n u c l e i  a r e  
s c a t t e r e d  round  them.
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(9) H a r r i s ,  /, S e c t i o n  o f  s p i n a l  co rd  in  t h e  t h o r a c i c  
r e g i o n .  Shows (a )  d e g e n e r a t i o n  i n  t h e  coliamn o f - f o i l ;  
(h) g r e a t  d i l a t a t i o n  o f  v e s s e l s  i n  t h e  p o s t e r i o r  h o r n ;  (c 
f i b r i n  on th e  s u r f a c e  o f  th e  c o rd .
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The b lo o d  v e s s e l s  and c e l l s  a r e  more nuiaerous a t  t h e  
p e r i p h e r y ,  showing t h a t  t h e  change t a k e s  p l a c e  by i n v a s ­
i o n  from w i t h o u t .

The s e c t i o n s  t h u s  i n d i c a t e  t h e  h i s t o r y  o f  n e rv e  
c h an g e ,  v i z . ,  i n c r e a s e d  v a s c u l a r i t y  and  oedema, d e s t r u c ­
t i o n  o f  t h e  m e d u l l a r y  s h e a t h ;  d e a t h  o f  t h e  ( ixis  c y l i n d e r ,  
and  n e c r o s i s  o f  t h e  n e r v e  r o o t  en m asse ;  in g ro w th  o f  new 
v e s s e l s ,  and p r o l i f e r a t i o n  o f  youii^ c e l l s .

The o l d e r  v e s s e l s  show i n  some c a s e s  a  d e g e n e r a t i v e  
change i n  t h e  o u t e r  and t o  a  l e s s  e x t e n t  i n  t h e  m id d le  
c o a t s ,  t h e s e  b e i n g  f a i n t l y  s t a i n e d  and i n ^ p a r t s  h y a l i n e .  
Sometimes t h e  o u t e r  c o a t  i s  i n v a d e d  w i t h  f i b r o o l a s t s .
There  i s  no d e s t r u c t i o n  o f  t h e  e n d o th e l iu m ;  and no th ro m ­
b o s i s .  In  a t  l e a s t  one v e s s e l  i n  th e  s e c t i o n s  t h e r e  i s
an a th e r o m a to u s  p a t c h .   ̂ .

The most i m p o r t a n t  change i n  t h e  s p i n a l  c o rd  i n  une 
lumbar  r e g i o n  i s  t h e  d e g e n e r a t i o n  o f  many o f  t n e  z i o r e s , 
wh ich  o c c u r s  c h i e f l y  i n  t h e  p o s t e r i o r  p o r t i o n s  t o  t h e  
m e s i a l  s i d e  o f , a n d  a l s o  i n c l u d i n g ^ t h e  p o s t e r i o r  h o r n s .
I t  i s  more marked and more l o c a l i s e d  on one s i d e .  ( th e  
s e v e r e  n e u r a l g i c  p a i n  was on one s i d e  -  t h e  r i g h t ) .
On t h e  o t h e r  s i d e  i t  i s  more d i f f u s e .  The m e d u l l a r y  shea, 
s h e a t h  h a s  d i s a p p e a r e d  from most o f  t h e  f i b r e s ,  l e a v i n g  
only t h e  a x i s  c y l i n d e r s  and even t h e s e  a r e  d e g e n e r a t e d .  
T here  i s  no i n c r e a s e  o f  c e l l s  i n  t h i s  a r e a ,  and no 
f i b r o s i s .  I n  t h e  a n t e r i o r  h o r n  o f  one s i d e  t h e r e  a r e  
p a t c h e s  o f  s o f t e n i n g ;  some a p p e a r  t o  be  i n  r e l a t i o n  t o  t i ie  
b lo o d  v e s s e l s .  There  i s  one a r e a  o f  c o n s i d e r a b l e  s i z e .  
The n e rv e  t i s s u e  i s  d e s t r o y e d  and t h e r e  i s  an e x t r a v a s a ­
t i o n  o f  r e d  b lo o d  c e l l s .  Small  round  c e l l s  w i t h  l i t t l e  
p r o t o p la s m  a r e  s c a t t e r e d  in  i t . Where a  b lood  v e s s e l  i s  
s e en  i t s  w a l l s  a r e  d e g e n e r a t e d  and h y a l i n e .

The l a r g e  n e rv e  c e l l s  a r e  l i t t l e  a l t e r e d .  The n u c ie  
a r e  w e l l  m arked ,  and t h e  g r a n u l e s  l a r g e  and d i s t i n c t .

The c e n t r a l  c a n a l  i s  l a r g e  and c o n t a i n s  c e l l u l a r
d e b r i s ,  b u t  no p u s .

S e c t i o n s  i n  t h e  m id d le  t h o r a c i c  r e g i o n  show marked 
p r o c e s s e s  o f  r e p a i r .  P o ly m o rp h o n u c lea r  l e u c o c y t e s  a r e  
a b s e n t ,  and  th e  p i a  a r a c h n o i d  i n t e r s p a c e s ,  i n s t e a d  o f  
b e in g  s o l i d  w i t h  c e l l s ,  a r e  l e f t  a lm o s t  f r e e  a g a i n ,  e x ce p t  
f o r  u n a b s o rb e d  f i b r i n o u s  m asses  and r o d s  h e r e  and t h e r e ,  
and f o r  o c c a s i o n a l  f o r m a t iv e  c e l l s .  But  t h e  f i b r i n  under  
t h e  p i a  m a te r  i s  d e n s e r  and shows d i s t i n c t l y  t h e  f o r m a t io n  
o f  f i b r o u s  t i s s u e ,  w i t h o u t  a  t y p i c a l  s t a g e  o f  g r a n u l a t i o n .  
Young b lo o d  v e s s e l s  though  t h e y  o c c u r  h e r e  and t h e r e ,  a r e  
i n f r e q u e n t l y  met w i t h .  Where t h e y  do o c c u r  f i b r o b l a s t s  
a r e  a b u n d a n t .  ' But a p a r t  f rom t h e s e ,  f i b r o b l a s t s  i n  a l l  
s t a g e s  a r e  s e e n .  They a r e  round  c e l l s ,  w i t h  n u c le u s  
l a r g e , r o u n d , d e e p l y  s t a i n e d ,  c e n t r a l l y  s i t u a t e d ,  and 
o c cu p y in g  th e  g r e a t e r  p a r t  o f  t h e  c e l l ;  t h e  p r o to p la s m  
s t a i n s /
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(10) H a r r i s .  S e c t i o n  o f  s p i n a l  co rd  i n  th e  t h o r a c i c  
r e g i o n .  Shows f i b r i n  on t h e  s u r f a c e  o f  t h e  co rd  b e in g  
r e p l a c e d  by  f i b r o u s  t i s s u e .
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s t a i n s  w e l l  w i t h  e o s i n .  O ld e r  forms a r e  s e e n  a s  cvax  
c e l l s  with, p r o to p la s m  drawn o u t  a t  each  end .  I n  some 
c a s e s  t h i s  p ro toplasm, can he s e e n  i n s i n u a t i n g  i t s e l f  b e ­
tween t h e  J)a ler  f i b r i n  r o d s  on w h ich  i t  a p p e a r s  t o  l i v e .  
A d u l t  c e l l s  a r e  seen  w i t h  lo n g  narrow  p a l e  n u c l e u s  and 
a t t e n u a t e d  p r o t o p l a s m .  Thus w i t h o u t  a c t u a l  d i s i n t e g r a ­
t i o n  o f  t h e  f i b r i n ,  and w i t h o u t  much v a s c u l a r i s a t i o n ,  ^hS 
change i n t o  f i b r o u s  t i s s u e  t a k e s  p l a c e ,  t h e  f i c r o o l a s t s
a c t i n g  l i k e  p h a g o c y t e s .

The n e r v e s  a r e  d e g e n e r a t e d .  Many o f  t h e  f i b r e s  a r e  
w i t h o u t  m e d u l l a r y  s h e a t h s ,  th o u gh  a c t u a l  n e c r o s i s  h a s  n o t  
o c c u i ^ d .  The o u t s t a n d i n g  f e a t u r e  i s  t h e  p r e s e n c e  Qx 
numbers o f  l a r g e  v e s s e l s .  I n  some c a s e s  t h e s e  occupy 
a lm o s t  t h e  whole  n e rv e  b u n d l e ;  many a r e  t h i n - w a l l e d  and 
e v i d e n t l y  newly fo rm ed,  b u t  o t h e r s  h a v e  more d e f i n i t e  
w a l l s  and  a p p e a r  t o  be  v e s s e l s  n o rm a l ly  p r e s e n t , t h o u g h  
enorm ous ly  d i l a t e d .  T here  i s  no r e p l a c e m e n t  by g r a n u l a ­
t i o n  t i s s u e .  There  i s  th r o m b o s i s  o f  one o r  two v e s s e l s
o f  t h e  p i a  m a t e r .  ^ .

The c o rd  i n  t h i s  r e g i o n  h a s  two na rrow  B i l a t e r a l  
t r a c t s  o f  d e g e n e r a t i o n  j u s t  i n s i d e  t h e  p o s t e r i o r  h o r n s ,  
and o c cu p y in g  t h e  p o s i t i o n  o f  t h e  Columns o f  G o l l .  
D e g e n e r a t i o n  o f  f i b r e s  i s  n o t  w h o l ly  c o n f i n e d  t o  t h e s e  
co lum ns,  b u t  o c c u r s  g e n e r a l l y  i n  t h e  w h i t e  m a t t e r . The 
m e d u l l a r y  s h e a t h s  o f  many n e r v e s  have  gone,  and t h e r e  i s  
an i n c r e a s e  i n  t h e  c o n n e c t i v e  t i s s u e  o f  t h e  m a t r i x .

The g rey  m a t t e r  i s  b ro k en  up leav i .ng  s p a c e s  i n  i t s  
s u b s t a n c e .  The v e s s e l s  a r e  l a r g e  and num erous ,  occupy ing  
a  g r e a t  p a r t  o f  t h e  p o s t e r i o r  h o r n s .  The m u l t i p o l a r  
n e r v e  c e l l s  a r e  i n d i s t i n c t ,  t h e  n u c l e u s  i s  h a z y ,  and t h e  
l a r g e  g r a n u l e s  a r e  p r o m in e n t .  The c e n t r a l  c a n a l  i s  
o b l i t e r a t e d ,  th o u g h  i t  i s  r e p r e s e n t e d  by t h e  i r r e g u l a r l y  
p l a c e d  c e l l s  o f  t h e  e p i t h e l i a l  l i n i n g .  ,

The r e m a in d e r  o f  t h e  p o s t -m o r te m  e x a m in a t io n  showed
l i t t l e  r e l a t i v e  t o  t h e  s u b j e c t .

The s k u l l  was sawn l o n g i t u d i n a l l y  a s  o e f o r e  and 
showed no l e s i o n  p o i n t i n g  to  an i n v a s i o n  o f  t h e  b r a i n  from 
t h e  t h r o a t  o r  n o s e .  O t i t i s  media was a b s e n t .

The p h a ry n x  was oedematous  and c o n g e s t e d , t h e  
c e r v i c a l  g l a n d s  s w o l l e n ;  t h e  t o n s i l i f ^ o t  e n l a r g e d  and no t
u l c e r a t e d .  ^

The l u n g s  were  r e d  and oedem atous ,  w i t h  l a r g e  a r e a s  
o f  b r o n c h o —pneumonia a t  t h e  b a s e s ,  t h e r e  was no p l e u r i s y .  
C u l t u r e s  from th e  b r o n c h i a l  g l a n d s  were  n e g a t i v e .

The h e a r t  was p a l e  and f l a b b y .  I t  was n o t  f a t t y .  
There  were  p a t c h e s  o f  athero.:iia i n  t h e  f i r s t  p a r t  o f  t h e  
a o r t a .
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The oesophagus  and s tomach were  c o a t e d  w i t h  s l im y  
m a t e r i a l »  The bowel was c o n g e s t e d ,  e s p e c i a l l y  a t  i t s  
lo w er  end;  t h e r e  was no u l c e r a t i o n .  B e y e r ' s  p a t  ones were 
p in k  and s w o l l e n . The m e s e n t e r i c  g l m i d s j y e ^  sw o l l e n  
and r e d .  C u l t u r e s  shewed from t h e  g l a n d s ^ o a c i l l i , b u t  no 
d i p l o c o c c i .  The m e s e r i t r i c  v e i n s  were  l a r g e  and f u l l .
The k i d n e y s ,  s p l e e n ,  l i v e r ,  p a n c r e a s ,  bones  and b o n e - 
marrow showed u n im p o r t a n t  c h a n g e s .  The l a r g e  j o i n t s  
c o n t a i n e d  no p u s .

- - .



H a r r i e t  i î r t h u r ,  a e t .  10 y e a r s  w a s , a d m i t t e d  t o  R u c h i l l  
F e v e r  H o s p i t a l  on 1 8 th  J a n u a r y , 19oy.
H i s t o r y .

The p a t i e n t  was q u i t e  w e l l  on l o t h  J a n u a r y .  She mad 
a  good a p p e t i t e  and was n o t  i n  t h e  l e a s t  o u t  o f  s o r t s .
E&æ hcd  no n a s a l  c a t a r r h ,  no s o r e  t h r o a t ,  no t o n s i l l i t i s ,  
and no cough o r  p a in  i n  t h e  c h e s t .  .. On g o in g  to  sc n o o l  
t h a t  morning  (1 6 th  J a n . )  sh e  f e l t  a  s l i ^ t  p a i n  i n  h e r  
h a c k .  The f o l l o w i n g  day üae p a i n  was s ^ i l l  t h e r e  ou t  i t  
was n o t  s e v e r e  enough t o  p r e v e n t  h e r  go ing  t o  s c h o o l .
She had  a s l i g h t  h e a d a c h e  a l l  d ay .  D ur ing  t h e  n i g h t  she 
" t a l k e d  in  h e r  s l e e p . "  Next  day (1 8 th  J a n . )  dhe f ^ L t  i l l ,  
and was v e ry  t h i r s t y .  She v o m i te d  a n y t h i n g  she  to o k  t o  
r e l i e v e  t h e  t h i r s t .  Headache became s e v e r e ,  and t h e  p a in  
i n  t h e  back  w orse .  She was a d m i t t e d  to  H o s p i t a l  t h e  
same d a y .

On a d m is s io n  (1 8 th  J a n . )  she  was drowsy .  Tne h e a c -  
ache  was a s  s e v e r e  a s  to  make h e r  sc ream  o u t  a t  i n t e r v a l s .  
The h e a d  was r e t r a c t e d  and th e  m usc le s  o f  t h e  neck  r i g i d .  
The arms w ere  r i g i d  and t r e m u lo u s ;  t h e  f i n g e r s  w ere  f l e x e d  
and t h e  thumbs t u r n e d  i n .  The f e e t  were  ex tended^  t h e  
k n e e - j e r k s  a b s e n t  ; K e r n i g ’ s s i g n  w e l l  marked;  B a b i .n s k i ' s  
s i g n  a b s e n t .  There  was h y p e r a e s t h e s i a  o f  t h e  l e g s ,  th e  
s l i g h t e s t  t o u c h  c a u s in g  t h e  p a t i e n t  to  c ry  o u t .  A few 
p e t e c h i a l  s p o t s  were  p r e s e n t  i n  t h e  s k i n  i n  t h e  l e f t  i l i a c  
r e g i o n .  The p a t i e n t  was w e l l  n o u r i s h e d .

A f t e r  a d m is s io n  she  began t o  im p r o v e , and by 2 3 rd  
Ja n u a ry  she  was a b l e  t o  answer q u e s t i o n s  r e a d i l y ,  though  
s h ^ l % "  l im p in  bed w i t h  h ead  s t i l l  r e t r a c t e d .  Emacia­
t i o n  . w a s ' j u s t  b e g in n i n g  t o  be n o t i c e a b l e .  (The im prove­
ment i s  a l s o  seen  in  t h e  b lo o d  coun t  g iv en  b e lo w ) .  At 
t h e  b e g i n n i n g  o f  F e b ru a ry  she had  no h e a d a c h e ,  and no 
m e n ta l  a p a t h y  ; and th e  t e m p e r a t u r e  had  r  emalned norm al  
f o r  a  week. R e t r a c t i o n  o f  t h e  h e ad  was s l i g h t .  Emaci­
a t i o n  was c o n s i d e r a b l e .  She rem ained  l i k e  t h i s , t i l l  t h e  
b e g i n n i n g  o f  M arch ,when she had  a r e l a p s e .  The t e m p e r a ­
t u r e  showed g r e a t  o s c i l l a t i o n s .  P a t i e n t  was s t u p o r o s e ,  b 
b u t  a t  t im e s  screamed ou t  as  i f  w i th  p a i n .  R e t r a c t i o n  o f  
h e a d  was m arked .  Lumbar p u n c tu r e  was p e r fo rm ed  b u t  no 
r e l i e f  was o b t a i n e d .  D i p l o c o c c i  were  found i n  t h e  f l u i d .  
The p a t i e n t  g r a d u a l l y  sank and d i e d  on March 1 6 t h ,  1907.

On 1 9 th  J a n u a ry  a sm a l l  q u a n t i t y  o f  b lo o d  was ta k e n  
from a  ^ e i n  iui a  s t e r i l i z e d  s y r i n g e ,  and smears were  made 
on a g a i ^ ^ d  i n ^ b a t e d  a t  37^ C. No o rg a n is m s  g rew .

Blood c o u n ts  show a l e u c o c y t o s i s , t h i s  b e in g  m a in ly  
due t o  an i n c r e a s e  i n  t h e  p o l y m o r p h o - n u c le a r  c e l l s .
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(11) A r t h u r .   ̂ S e c t io n  o f  s p i n a l  c o rd ,  
a t i o n  o f  c e l l s  in  t h e  c o a t s  o f  v e s s e l s .

Shows p r o l i f e r -
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Date

1 9 th  
2 1 s t  
2 3 rd  
2 5 th  

1 s t  
1 4 t h  

3 rd  
4 t h  
6 th  

10 t h  
1 4 th

J a n . 
J a n . 
J a n .  
J a n .
F e b . 
F e b . 
Mar. 
Mar.  
Mar. 
Mar. 
Mar.

White c e l l s  
p . c . m .

2 7 ,7 3 0
2 5 ,6 8 0
20 ,3 50
1 2 ,2 0 0
1 0 ,4 8 0
1 1 ,3 1 0
2 8 ,1 5 0
2 7 ,2 3 0
2 7 ,1 8 0
2 9 ,3 6 0
1 7 ,2 8 0

Red c e l l s  
p . c . m .

4 .1 5 0 .0 0 0
4 .3 5 0 .0 0 0
3 .8 8 0 .0 0 0

3 .6 5 0 .0 0 0
4 .1 5 8 .0 0 0
4 .3 3 5 .0 0 0

4 .5 4 6 .0 0 0

The S p i n a l  f l u i d , ( 1 9 t h  J a n u a r y , )  f low ed  s lo w ly  from 
t h e  p u n c t u r e  n e e d l e ,  and a b o u t  h a l f  an ounce o f  y e l lo w  
t u r b i d  l i q u i d  was removed. A co p io u s  d e p o s i t  fo rm ed ,  and 
t h e r e  was a  w e l l  marked f u n n e l  o f  f i b r i n  a f t e r  a  few h o u r s .  
The f u n n e l  was opaque from t h e  p r e s e n c e  o f  e n t a n g l e d  c e l l s .  
P o ly m o rp h o n u c lea r  c e l l s  were  a b u n d a n t ;  m ononuc lea r  c a l l s  
o c c u r r e d  b u t  t h e y  were n o t  numerous ,  n o r  l a r g e .  D ip ­
l o c o c c i  were  found f r e e  and i n  t h e  p o ly m o rp h o n u c le a r  c e l l s .  
C u l t u r e s  were  made on a g a r  a t  37^ C. and grew t h e  u s u a l  
c o l o n i e s ;  f i l m s  from t h e  c o l o n i e s  showed # r a m - n e g a t i v e  
d i p l o c o c c i .

The b r a i n  was examined by  f i r s t  e x p o s in g  t h e  foramen 
o f  M a jend ie  a s  shown f o r  Cummings. The l a t e r a l  l o b e s  o f  
t h e  c e r e b e l l u m  were  n o t  a d h e r e n t ,  and were  e a s i l y  s e p a r a t e d  
by t h e  h a n d le  o f  a k n i f e .  The foramen was p a t e n t  and 
f l u i d  was seen  w e l l i n g  o u t .  A s m a l l  q u a n t i t y  o f  g e l a t i n ­
ous pus  was p r e s e n t  be tw een  t h e  l o b e s .

The v a u l t  o f  t h e  s k u l l  was n e x t  temoved and t h e  
c o n g e s t e d  d u r a  exposed ;  i t  was n o t  a d h e r e n t  to  t h e  b o n e .  
Large  v e i n s  were  seen  c o u r s i n g  o v e r  i t . The s u r f a c e  o f  
t h e  b r a i n  was c o n g e s t e d ,  and t h e  c o n v o l u t i o n s  were  s l i g h t l y  
f l a t t e n e d .  There  were  sm a l l  a r e a s  o f  g e l a t i n o u s  pus h e r e  
and t h e r e ,  more e s p e c i a l l y  o v e r  t h e  v e s s e l s ,  b u t  a l s o  i n  
p l a c e s  be tw een  them. The p i a - a r a c h n o i d  membrane was 
opaque and so tough  t h a t  a  " p l a t i n u m  loop"  would n o t  
p e n e t r a t e  them to  o b t a i n  a  smear  o f  t h e  p u s ,  -  a  s m a l l  
i n c i s i o n  h a d  f i r s t  to  be  made w i t h  t h e  p o i n t  o f  a  k n i f e .
Pus was a l s o  c o l l e c t e d  a t  t h e  b a se  o f  t h e  b r a i n ,  i n  t h e  
sp a ce  be tw een  t h e  o p t i c  commissure and t h e  c r u r a  c e r e b r i ,  
and u n d e r n e a t h  t h e  c e r e b e l lu m ,  be tween i t  and t h e  m e d u l l a .

The b r a i n  m a t t e r  was s o f t  and p i n k .  The v e n t r i c l e s  
were  d i l a t e d  and c o n t a i n e d  a bou t  an  ounce o f  t u r b i d  f l u i d , 
w h i l e  a  sm a l l  q u a n t i t y  o f  g e l a t i n o u s  pus  was c o l l e c t e d  in

f o u r t h /
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f o u r t h  v e n t r i c l e  was l a r g e  enough to  a d m i t  t h e  t i p  o f  th e
l i t t l e  f i n g e r ,   ̂#  -u

The s p i n a l  c o rd  l a y  in  i t s  membranes,  su r ro u n d e d  by a  
sm a l l  q u a n t i t y  o f  f l u i d .  The v e s s e l s  were  d i l a t e d .  The 
a r a c h n o i d  had  l o s t  i t s  g l i s t e n i n g  c h a r a c t e r ,  and a t  p l a c e s  
was t h i c k  and p e a r l y .  Small  c o l l e c t i o n s  o f  pus were 
found a lo n g  th e  p o s t e r i o r  a s p e c t ,  and h e r e  and  t h e r e  were 
l i t t l e  p in k  s p o t s  o f  commencing g r a n u l a t i o n .

S e c t i o n s  show a c o n d i t i o n  o f  a f f a i r s  e x p l a i n e d  by t h e  
h i s t o r y ;  namely ,  changes  due t o  a  fo rm er  a t t a c k  ( a s  seen 
i n  t h e  i n c r e a s e d  number o f  sm a l l  rou nd  c e l l s , commencing 
g r a n u l a t i o n - t i s s u e - f o r i n a t i o n  and t h e  changes  i n  t h e  b l o o d ­
v e s s e l s )  s i d e  by s i d e  w i t h  s i g n s  o f  a  most  r e c e n t  a t t a c k  
(a s  s e e n  i n  t h e  c o l l e c t i o n s  o f  r e c e n t l y  formed p u s ) .

The pus i s  found p o s t e r i o r l y ,  l y i n g  i n  t h e  meshes o f  
t h e  a r a c h n o i d .  I t  c o n s i s t s  m a in ly  o f  p o lym orp h o n u c le a r  
I s u c o c v t e s  w h ich  show s i g n s  o f  d e g e n e r a t i o n ,  some h a v in g  
f r a g m e n te d  n u c l e u s ,  and o t h e r s  s t a i n i n g  b a d l y .  A few a r e  
se en  i n s i d e  th e  l a r g e  m ac ro p hag es .  The l a t t e r  a r e  o f  
v a r i a b l e  s i z e s ,  have  s m a l l  o v a l  n u c l e i ,  a r e  sometimes 
v a c u o l a t e d  and show s i g n s  o f  d e g e n e r a t i o  n .  Some a t t a i n  
t o  a  l a r g e  s i z e ,  and i n  t h e s e  t h e  n u c le u s  may be  p r e s s e d
a s i d e .  ^  .

There  a r e  ̂ nev/formed b lo o d  v e s s e l s  in  t h i s  p u s ,  and no 
e v id e n c e  o f  g r a n u l a t i o n  t i s s u e .  At o t h e r  p a r t s  o f  t h e  
s e c t i o n ,  t h e  p o ly m o rp h o n u c le a r  c e l l s  -  and t o  a  l a r g e  
e x t e n t  t h e  f i b r i n  - have  d i s a p p e a r e d ,  and young embryonal 
c e l l s  a r e  i n c r e a s e d  i n  number. These a r e  i n  v a r i o u s  
s t a g e s  o f  d e v e lo p m e n t .  They a r e  o f t e n  s c a t t e r e d  amongst  
t h e  m asses  o f  b ro k en  down f i b r i n ,  and sometimes a  c e l l  may 
be  seen  i n s i n u a t i n g  i t s  a t t e n u a t e d  p r o c e s s  i n t o  t h e  d e b r i s .  
F i b r i n  o c c u r s  i n  m a s se s ,  e i t h e r  amorphous o r  f i b r i l l a t e d .
I t  i s  p l e n t i f u l  to w a rd s  t h e  s u r f a c e  o f  t h e  c o rd ,  where  i t  
i s  c o l l e c t e d  b o t h  u n d e r  and above t h e  e p i t h e l i u m  o f  th e  
p i a  m a t e r .  Here i t  i s  d e n se ,  h a s  a  f i n e  f i b r i l l a r  
s t r u c t u r e ,  and s t a i n s  f a i n t l y .  Much o f  i t  i s  u n c h a n g e d .
In  p l a c e s ,  however ,  i t  h a s  been  in v ad e d  and r e p l a c e d  by 
sm a l l  round  c e l l s .  In  t h e  a r a c h n o i d  ineshwork i t  i s  
b ro k en  down. In  one p a r t  young t h i n - w a l l e d  b lo o d  v e s s e l s  
have  grown i n t o  i t ,  and f i b r o b l a s t s  a r e  c o l l e c t i n g ,  t h u s  
showing commencing g r a n u l a t i o n - t i s s u e  f o r m a t i o n .  Well 
formed g r a n u l a t i o n  t i s s u e  i s  n o t  seen  in  t h e  s e c t i o n s .

Many o f  t h e  t i l o o d ^ s a e l s a r e  g r e a t l y  a l t e r e d .  Some 
h ave  t h e i r  whole w a l l  embryonal  c e l l s ,  so t h a t
o n ly  a  few o f  t h e  o r i g i n a l  c e l l s  rem a in  u n a l t e r e d .
O th e r s  h ave t h e i r  e n d o th e l iu m  d e s t r o y e d .  No th ro m b o s is  
i s  s e e n .
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The changes  i n  t h e  n e r v e - r o o t s  a r e  n o t  g r e a t .
There  a r e  no d i l a t e d  v e s s e l s ,  t h e r e  i s  no n e c r o s i s  and no 
i n v a s i o n  by g r a n u l a t i o n  t i s s u e ,  such a s  i s  s e e n  in  
H a r r i s '  c a s e .  Some o f  t h e  f i b r e s  have  l o s t  t h e i r  medu­
l l a r y  s h e a t h s . The f i b r o u s  s h e a t h s  o f  some o f  t h e  n e rv e
r o o t s  a r e  in v ad e d  by sm a l l  c e l l s .

The c o r d  shows no t r a c t s  o f  d e g e n e r a t i o n  and no 
f i b r o u s  change .  T here  i s  an i n c r e a s e d  v a s c u l a r i t y  o f  
t h e  g re y  m a t t e r ,  which  from t h e  c l e a r  s p a c e s  i n  i t ,  lo o k s  
a s  i f  i t  h a d  been  oedem atous .  The c e n t r a l  c a n a l  i s
p a t e n t .  ̂ _

The b a s e  o f  t h e  s k u l l  was examined by t h e  method 
b e f o r e  shown. There  was no t r a c t  o f  i n f e c t i o n  found .
Pus was found i n  b o t h  m idd le  e a r s .

The s tomach and i n t e s t i n e  c o n t a i n e d  s l im y  mucus.
There  were  s e v e r a l  sm a l l  r e d  a r e a s  a b o u t  i  i n c h  i n  d i a ­
m e te r  u n d e r  t h e  mucous membrane o f  t n e  i le u m ,  out  t h e y  
were  n o t  u l c e r a t e d .  S e c t i o n s  showed t h e  submucous c o a t  
t o  b e  s w o l le n  and t h e  v e s s e l s  d i l a t e d ,  b u t  t h e r e  was no 
e x t r a v a s a t i o n  o f  b l o o d .  The bones  were  no rm al ,  and t h e r e  
was no pus  in  t h e  j o i n t s .  The s p l e e n ,  l i v e r ,  k id n e y s  
and p a n c r e a s  showed n o t h i n g  n o te w o r t h y .



Joe  D o c h e r ty ,  a e t .  24 y e a r s ,  a d m i t t e d  t o  R u c h i l l  
Fever  H o s p i t a l  « on 6 th  March,  1907 .

He h a d  been  q u i t e  w e l l  t i l l  t h e  e v e n in g  o f  1 s t  March, 
1907 .  He had  had no n a s a l  d i s c h a r g e ,  no s o r e  t h r o a t ,  no 
t o n s l M l t i s ,  and no d i s c h a r g e  from t h e  e a r .  The i l l n e s s  
b egan  w i t h  a d u l l  p a in  in  t h e  h e a d ,  and l o s s  o f  a p p e t i t e .  
The h e adache  became more s e v e r # d u r i n g  th e  two f o l l o w i n g  
da vs ,  and t h e  p a t i e n t  was s i c k .  He was a d m i t t e d  on 6 t h  
March,  c e r t i f i e d  a s  " E n t e r i c  F e v e r? "  A f t e r  a d m i s s i o n ,  ̂
r e t r a c t i o n  o f  t h e  h e ad  was n o t i c e a b l e ,  d e l i i y m  was marxed 
and t h e  p a t i e n t  sc reacae l  w i t h  p a i n . G r a n ^ n e g a t lv e  d i p l o ­
c o cc i  were  p r e s e n t  in  t h e  c e r e o r o - s p i n a l  f l u i d ,  and t h e r e  
was a  h ig h  d e g re e  o f  l e u c o c y t o s i s  o f  t h e  b lo o d  (2 7 ,1 0 0  
p . c . m . ) .  D u r in g  t h e  f i r s t  few days a f t e r  a d m is s io n  t h e  
h  ead b e e  am e no r e  r e t r a  c t  e d , a  rid v o in i t i n g  mo r e  f r e  que n t .
The p a t i e n t  c o n t i n u e d  th u s  t i l l  t h e  D-eginniiig o f  A p r i l  
when he  began t o  im p r o v e , and g r a d u a l l y  became more 
r a t i o n a l .  He s t i l l  com pla ined  o f  s l i g h t  h ead a ch e  ; and he 
was v e r y  weak and e m a c ia t e d .  He c o u ld  n o t  move n i s  l e g s  
in  b e d ,  and th e  k n e e - j e r k s  were a b s e n t .  On 1 7 th  A p r i l  he  
com pla ined  o f  s h o o t i n g  p a in s  down h i s  l e g s  so s e v e r e  a s  to  
make him c r y  o u t . On 2 1 s t  A p r i l  l a r g e  w a t e r y  b l i s t e r s  
a p p e a re d  on t h e  s o l e f c f  b o th  h e a l s  (n o t  on t h e  p a r t  r e s t i n g  
on t h e  b e d ) .  The b l i s t e r s  b ro ke  and l e f t  u l c e r s ,  w hich ,  
becoming d e e p e r  and d e e p e r ,  r e sem b led  p e r f o r a t e d  u l c e r s .  
There  was s t i l l  p a in  in  t h e  l e g s ,  b u t  i t  was now gnawing, 
r a t h e r  t h a n  s h o o t i n g ,  in  c h a r a c t e r . H is  l e g s  g r a d u a l l y  
r e g a i n e d  power, b u t  t h e  u l c e r s  showed no s i g n s  o f  h e a l i n g .  
They were  a bou t  h a l f  an in ch  in  d i a m e t e r ,  e x te n d ed  down to 
t h e  bone ( o s c a l e i s )  and were  s t e e p - e d g e d  and l i n e d  w i t h  
p a l e  f i r m  f i b r o u s  t i s s u e .  In Ju ne ,  i . e .  a f t e r  3 months 
t h e y  began, t o  s lo w ly  im p ro v e . In  J u l y , t h e  p a t i e n t  had 
s e v e r a l  a t t a c k s  o f  n e u r a l g i c  p a i n s  i n  t h e  l e g s  and i n  t h e  
l e f t  s i d e  o f  t h e  c h e s t ,  b u t  t n e s e  c e a s e d  a f t e r  t h e  l a p s e  
o f  a  week. The p a t i e n t  was now a b l e  to  be u p .  The 
u l c e r s  on t h e  h e e l s  were  im prov ing  s l o w l y .

On 3 0 th  O c to b e r ,  1907,  he was d i s m i s s e d ,  h a v in g  been  
i l l  n e a r l y  8 m o n th s . He was q u i t e  w e l l  m e n t a l l y ;  he had  
r e g a i n e d  h i s  s t r e n g t h  and w e ig h t  ; and t h e  u l c e r s  o f  t h e  
h e e l s  were a lm o s t  h e a l e d .

Blood -  c o u n t .
D a te .  White c o r p s .  Red c o r p s .

p . c . m .  p . c . m .
1 4 th  Mar. 1907, 2 7 ,1 0 0  4 ,7 6 0 ,0 0 0
1 5 th  do 2 5 ,3 0 0
2 6 th  do 2 9 ,0 8 0  5 ,0 5 6 ,0 0 0
2 7 th  do 4 3 ,6 0 0
3 1 s t  do 46 ,80 0
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1 s t  A p r i l ,  2 8 ,0 0 0  5 ,1 8 8 ,0 0 0
2nd do 29 ,431
6 t h  do 20 ,365
6 t h  May, 1 1 ,1 8 0  4 ,9 8 8 ,0 0 0
6 t h  Ju n e ,  1 0 ,4 3 0
6 th  J u l y ,  1 1 ,1 5 0
6 t h  O c t ,  10 ,28 0  5 ,1 5 0 ,0 0 0

C u l t u r e s  made from t h e  b l o o d  were  n e g a t i v e .

i
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A REVIEW OF 109 CASES

The Mode o f  I n f e c t i o n .

The H i s t o r y .
O c c a s i o n a l l y  t h e r e  a r e  p r e m o n i t a r y  symptoms o f  

m a l a i s e ,  w eak n ess ,  l o s s  o f  a p p e t i t e ,  o r  g e n e r a l  p a i n ,  
( E n t e r i c  F e v e r  may he s i m u la t e d )  b u t  a s  a  r u l e  h e ad ach e  i s  
su dd en .  T here  i s  no h i s t o r y  o f  im m edia te  o t i t i s ,  o f  
n a s a l  d i s c h a r g e ,  o f  p h a r y n g i t i s ,  o r  o f  t o n s i l l i t i s .
U s u a l l y  t h e  p a t i e n t  i s  p e r f e c t l y  w e l l  when headach e  
su d d e n ly  s u p e r v e n e s .  The p o s i t i o n  o f  t h e  h e ad ach e  g i v e s  
no c l u e  a s  to  t h e  s e a t  o f  o r i g i n .  I t  may be t e m p o r a l ,  o r  
o c c i p i t a l ,  o r  f r o n t a l .  P a in  may f i r s t  be f e l t  i n  t h e  
b a c k .
From E x a m i n a t i o n .

The r e s u l t s  o f  e x a m i n a t i o n , c l i n i c a l  o r  pos tm ortem , 
a r e  m a in ly  o f  v a l u e  from a n e g a t i v e  p o i n t  o f  v iew .

E a r  in f la m m a t io n  i s  n o t  an e a r l y  symptom. The 
tym pan ic  membranes examined e a r l y  i n  16 c a s e s ,  were  no t  
even  c o n g e s t e d .  D i p l o c o c c i  were  found  i n  t h e  e x t e r n a l  
e a r  i n  8 o f  t h e  16 c a s e s ,  b u t  i n  one o n ly  d i d  i t  answer  a l l  
t h e  t e s t s  f o r  t h e  d i p l o c o c c u s  i n t r a o e l l u l a r i s  m e n i n g i t i d i s .  
The p r o f u s e  m u c o - p u r u l e n t  n a s a l  d i s c h a r g e  met w i t h  i n  t h e  
d i s e a s e  i s  n e v e r  an e a r l y  sy rp tom .  In  an e x a m in a t io n  o f  
t h e  b a s e  o f  t h e  s k u l l  in  18 c a s e s , b y  s e c t i o n s  showing t h e  
r e l a t i o n s  o f  t h e  n o se  and p h a ryn x  t o  t h e  b r a i n , t h e r e  was 
no t r a c t  o f  communication to  t h e  b r a i n .  The c r i b r i f o r m  
p l a t e  was h e a l t h y  ; m o re o v e r ,p u s  was o f t e n  a b s e n t  f rom t h e  
o l f a c t o r y  l o b e s ,  when i t  was t h i c k  e l s e w h e r e .  The r o o f  
o f  t h e  s p h e n o i d a l  s i n u s  was o f t e n  t h i n ,  b u t  n e v e r  d i s e a s e d .  
There  was no t r a c t  t h r o u ^  t h e  bone (b ase  o f  t h e  sph en o id  
o r  the  o c c i p i t a l ) .  The a r t i c u l a t i o n s  o f  t h e  s k u l l  w i t h  
t h e  f i r s t  two v e r t e b r a e  were h e a l t h y .  There  n e v e r  was 
any l o c a l i s e d  c o l l e c t i o n  o f  pus  on t h e  b r a i n  (sucii  a s  some­
t im e s  o b t a i n s  i n  a spread ,  from t h e  e a r )  t o  i n d i c a t e  a 
so u rc e  o f  o r i g i n .  I t  t r u e ,  pus  was u s u a l l y  found  in  
one o r  o t h e r  m idd le  e a r ,  b u t  t h a t  was most p r o b a b ly  an 
e x t e n s i o n  from t h e  t h r o a t  a lo n g  th e  E u s t a c h i a n  t u b e .

Ujx^rji t^ori  o f  th e  p h a ry n x  was n o t  p r i m a r y ,  The 
t o n s i l ^ ' v ^ r e  c a r e f u l l y  examined,  and s e c t i o n s  made i n  9 
c a s e s .  There  vvas no i n d i c a t i o n  t h a t  t h e y  were  t h e  so u rc e  
o f  i n f e c t i o n .  They v/ere n o t  a c u t e l y  i n f l a m e d ,  n o r  u l c e r ­
a t e d ,  and t h e r e  n e v e r  was a p e r i t o n s i l l a r  a b s c e s s  o r  
c e l l u l i t i s  o r  l y m p h a n g i t i s .  The c r y p t s  were  sometimes 
d i l a t e d  and f u l l  o f  d e b r i s .
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The s p e c i f i c  d i p l o c o c e u s  was u s u a l l y  found  i n  them; b u t  i t  
was a l s o  found  i n  th e  l u n g s  and i n  t h e  bow e l .  C u l t u r e s  
from t h e  c e r v i c a l  and b r o n c h i a l  g l a n d s  were  n e g a t i v e .  In  
one e a s e  o n ly  (W atson) ,  o u t  o f  16 examined,  v/as a  c u l t u r e  
o f  t h e  d i p l o c o c c u s  o b t a i n e d  from a  m e s e n t e r i c  g l a n d .  T h is  
v/as a  l a t e  s e p t i c a e m i a ; a n d  t h e  o rg an ism s  were  a l s o  found 
in  t h e  b lo o d  and in  th e  s p l e e n .  The l u n g s  f r e q u e n t l y  
showed p a t c h e s  o f  b ro n eh o -pn eu m on ia ,  and sometimes 
p l e u r i s y ;  b u t  b roncho-pneum onia  i s  a  l a t e  m a n i f e s t a t i o n . 
The bowel  a p p e a re d  t o  be u l c e r a t e d  i n  tv/o c a s e s  (o u t  o f  
109) b u t  u n d e r  t h e  m ic ro sc o p e  t h e  u l c e r s  were fou nd  t o  be 
mere e r o s i o n s  and n o n - in f la s im a to r y  ; c u l t u r e s  from t h e  
m e s e n t r i c  g l a n d s  in  t h e s e  c a s e s  d i d  n o t  grow t h e  
d i p l o c o c c u s .

I t  i s  n o t e w o r t h y , t o o ,  t h a t  i n  t h e  Glasgow ep idem ic  
o f  1906-1908 where  n u r s e s ,  many o f  them ru n  down i n  
h e a l t h ,  were  w ork ing  i n  c l o s e  c o n t a c t  w i t h  50 t o  50 c a s e s  
i n  an overcrowded  ward ,  n o t  one c o n t r a c t e d  t h e  d i s e a s e .  
Th is  seems to  go s t r o n g  a g a i n s t  an a e r i a l  i n f e c t i o n ,  and 
t o  a s l i g h t  e x t e n t  a g a i n s t  a  food i n f e c t i o n .  In  t h e  
p a t i e n t s *  homes on th e  o t h e r  hand  c o n t a c t  c a s e s  would 
a p p e a r  to  o c c u r  o c c a s i o n a l l y .  Four members from t h e  sauie 
h o u se  were a d m i t t e d  to  R u c h i l l  H o s p i t a l  w i t h i n  a  week.  A 
m o th e r ,  and a  baby  a t  t h e  b r e a s t , w e r e  a d m i t t e d  t o g e t h e r ,  
t h e  baby h a v in g  s i c k e n e d  5 days  b e f o r e  t h e  m o th e r .

Prom a  r e v ie w  o f  a l l  t h e  f a c t s  i t  would  n o t  be s u r ­
p r i s i n g  t o  f i n d  t h a t  i n f e c t i o n  o c c u r s  t h r o u g h  t h e  s k i n ,  by 
means o f  some o u t s i d e  agency,  such a s  t h e  f l e a .  The 
manner i n  which th e  d i s e a s e  s p r e a d s ,  and i t s  d i s t r i b u t i o n  
i n  c e r t a i n  q u a r t e r s  o f  t h e  c i t y  a r e  q u i t e  i n  k e e p in g  w i t h  
such a  t h e o r y .

LEUCOCYTOSIS OP THE BLOOD.

There  i s  a lw ays  a  marked l e u c o c y t o s i s  i n  t h e  e a r l y  
s t a g e s  o f  t h e  d i s e a s e ,  t h e  p o ly m o rp h o n u c le a r  l e u c o c y t e s  
b e i n g  th e  c h i e f  c e l l s  a f f e c t e d .  As t h e  d i s e a s e  becomes 
l e s s  a c t i v e  t h e  number f a l l s ,  r i s i n g  however  w i t h  e ach  
t r u e  r e l a p s e .  In  31 c a s e s  examined e a r l y  t h e  l e u c o c y t e s  
commonly numbered from 2 0 ,0 0 0  t o  3 0 ,0 0 0  p . c . m .  I n  4 
t h e y  r e a c h e d  o v e r  5 6 ,0 0 0 ,  p . c . m .  In  one c a s e  ( S t i r l i n g )  
t h e  c o u n t  was very  low, ( 5 ,8 8 6 ,  p . c . m . ) .  T h is  was a  
v i r u l e n t  s e p t i c a e m i a .
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THE CEREBRO -  SPINAL ELÜID.

The c h a r a c t e r  o f  t h e  s p i n a l  f l u i d  i s  v e r y  v a r i a b l e ,  
j u s t  a s  t h e  t y p e  o f  d i s e a s e  i s  v e ry  v a r i a b l e .  I n  most  
c a s e s  d i p l o c o c c i  a r e  found ,  and  t h e r e  i s  no d i f f i c u l t y  in  
t h e  d i a g n o s i s .  I n a  few c a s e s ,  such  a s  t h a t  o f  H a r r i s  
( s e e  f i l m  from t h e  second  p u n c t u r e )  t h e  c e l l s  a r e  v e ry  
few, s m a l l ,  and m o n o nu c lea r ,  and o rg an ism s  a r e  r a r e l y  s e e n .
Such a  f l u i d  r e s e m b le s  t h a t  from a  c a se  o f  t u b e r c u l a r  -
m e n i n g i t i s .  The s e a r c h  f o r  t h e  o rg an ism  h e r e  r e q u i r e s  
c a r e .  The b e s t  method o f  o b t a i n i n g  a f i l m  i s  t o  c e n t r i -  
f u g a l i s e  t h e  f l u i d ,  and to  p l a c e  d r o p s  o f  t h e  r e s i d u e  on a  
s l i d e ,  d r y i n g  t h e  f i l m  a f t e r  e a c h  d r o p .  In  t h i s  way t h e r e  
i s  an a c c u m u la t io n  o f  f i l m s ,  and d i p l o c o c c i  a r e  more a p t  
t o  be  f o u n d . D i l u t e d  c s r b o l - f u c h s i n  i s  t h e  b e s t  s t a i n  
f o r  p i c k i n g  them o u t ,  ( i n  s e c t i o n s  i t  i s  n o t  so u s e f u l ) .  
Sometimes t h e  d i p l o c o c c u s  can be  o b t a i n e d  i n  c u l t u r e ,  
when i t  i s  n o t  seen  i n  f i l m s .

The a p p e a ra n c e  o f  t h e  f l u i d  i s  u s e f u l  a s  i n d i c a t i n g
t h e  s t a t e  o f  t h e  pus  on t h e  b r a i n  , b u t  i t  i s  n o t  t o  be 
r e l i e d  on f o r  p r o g n o s i s  ( th o ug h  i t  i s  a  g u id e )  a s  c om pl i ­
c a t i o n s  a r e  f r e q u e n t  and u n f o r e s e e n .

I n  v e ry  a c u t e  c a s e s  ( S t i r l i n g )  t h e  f l u i d  swarms w i th  
d d ^ I x c o c c i ,  p o ly m o rp h o n u c le a r  c e l l s  a r e  n o t  numerous ,  and 
■ste-iBenuclear c e l l s  a r e  few and f a r  b e tw een ;  t h e  d i p l o c o c c i  
a p p e a r  to  be c o l l e c t e d  round  th e  c e l l s ,  r a t h e r  t h a n  i n s i d e  
them. I n  t h e  o r d i n a r y s e v e r e  c a s e  d i p l o c o c c i  a r e  p l e n t i ­
f u l  and some a r e  i n t r a c e l l u l a r ;  and c e l l s  a r e  numerous -  
a t  t h e  commencement o f  t h e  d i s e a s e  p o ly m o rp h o n u c le a r  c e l l s  
abound,  b u t  g r a d u a l l y  m ononuc lea r  c e l l s  i n c r e a s e  i n  
number. Where t h e  o rg an ism s  a r e  m a in ly  i n t r a c e l l u l a r ,  
and t h e  p o ly m o rp h o n u c le a r  c e l l s  a r e  d i s i n t e g r a t i n g  or  a r e  
c o n t a i n e d  i n  p h a g o c y t e s , and where  an i m p e r f e c t  f u n n e l  o f  
d i s i n t e g r a t i n g  f i b r i n  form s in  t h e  f l u i d ,  t h e  p a t i e n t  may 
r e c o v e r  r a p i d l y  ( i n  a  week) though  on t h e  o t h e r  hand  he  
may become a  c h r o n i c  c a s e ,  and d i e  o f  some c o m p l i c a t i o n .
In  c a s e s  t h a t  have  become c h r o n i c  t h e  o rg an ism s  a r e  fev/, 
c e l l s  a r e  s c a r c e  and a r e  m a in ly  m on o nu c lea r ,  and a  t h i n  
c l e a r  f u n n e l  o f  f i b r i n  forms i n  t h e  f l u i d  a f t e r  some h o u r s .

The q u a n t i t y  o f  f l u i d  which  d r a i n s  o f f  by lumibar 
p u n c t u r e  d ep en d s ,  a s  a  r u l e , b u t  n o t  a lw a y s ,  on t h e  amount 
o f  h y d r o c e p h a l u s  p r e s e n t .  I n  c h r o n i c  c a s e s  t h e r e  i s  
f r e q u e n t l y  a  t e m p o ra ry  improvement i n  t h e  p a t i e n t ’ s con­
d i t i o n  a f t e r  rem ova l  o f  t h e  f l u i d ;  i l l  e f f e c t s  a r e  r a r e .

The o rg an ism  i s  a  d i p l o c o c c u s ,  k id n e y - s h a p e d ,  v a r i a b l e  
i n  s i z e ,  u s u a l l y  s m a l l e r  t h a n  t h e  s t a p h y l o c o c c u s  pyogenes  
a u r e u s ,  and o f t e n  r o u n d e r  i n  form th a n  th e  f l a t  gonococcus .
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I t  i s  a lw ays  - ^ r a m - n e g a t iv e . ( I n  c u l t u r e s  i t  may be l e s s  
d e c i s i v e l y  s o ) .  I t  does  n o t  grow a t  room t e m p e r a t u r e  b u t  
grows r e a d i l y  on a g a r  (v e ry  s l i g h t l y  a l k a l i n e )  o r  on a g a r  
smeared w i t h  b l o o d ,  o r  on b lo o d  serum, t h e  c o l o n i e s  a p p e a r ­
in g  in  f rom 24 t o  36 h o u r s ,  a s  s m a l l ,  ro u n d ,  w h i t i s h ,  
t r a n s l u c e n t ,  w e t - l o o k i n g  d i s c s ,  v a r y i n g  i n  s i z e  f rom a 
p in  p o i n t  t o  a  medium s i z e d  p i n  h e a d ,  r a i s e d  i n  t h e  
c e n t r e  and s h e l v i n g  g r a d u a l l y  t o  t h e  ed g e .  Under t h e  
m ic ro sc o p e  t h e y  a p p e a r  y e l l o w i s h  and f i n e l y  g r a n u l a r .  In  
f i l m s  from t h e s e  c u l t u r e s ,  t h e  o rg an ism s  a r e  more v a r i a b l e  
i n  s i z e ,  and  o c c a s i o n a l l y  o c c u r  in  t e t r a d s ,  and i n  s h o r t  
c h a i n s  o f  3 or  4 .  O lde r  c u l t u r e s  a r e  l a r g e r  and v a ry  i n  
o u t l i n e , and f i l m s  show a  f a i n t l y  s t a i n e d  b ack g rou n d  o f  
de ad  c o c c i ,  i n  which a r e  s c a t t e r e d  a  few w e l l - s t a i n e d  
fo rm s .  The c o c c i  d i e  q u i c k l y . I n v o l u t i o n  forms o c c u r .  
Some a r e  round  and may r e a c h  a ve ry  l a r g e  s i z e .  Sometimes 
in  a  p a i r ,  one cocus  may be normal i n  s i z e ,  w h i l e  i t s  
v i s - a - v i s  may be f o u r  t im e s  a s  l a r g e .  In  t h e s e  o l d e r  
c u l t u r e s  some o rg an ism s  do n o t  e a s i l y  l o o s e  t h e i r  s t a i n  by 
•tfram*s m ethod .

A b a c i l l u s  sometimes o c c u r s  i n  spec im ens  o f  f l u i d  and 
h a s  l e d  to a  d o u b le  i n f e c t i o n  b e in g  d e s c r i b e d .  I t  i s  
e v i d e n t l y  a  c o n t a m i n a t i o n ,  and i s  n e v e r  found  when a s e p t i c  
p r e c a u t i o n s  a r e  t a k e n .  I t  g r o w s r e a d i l y  i n  c e r e b r o - s p i n a l  
f l u i d  a t  room t e m p e r a t u r e  and may be  abu n d an t  i n  2 o r  3 
h o u r s . ^  I t  o c c u r s  a s  a  s h o r t  s l i g h t l y  cu rv e d  b a c i l l u s  
abou t  ^  l o n g .  I t  i s  o f t e n  i n  p a i r s ,  i s  s l i g h t l y  t h i c k e r  
a t  t h e  m idd le  t h a n  a t  th e  e n ds ,  and h a s  rounded  e x t re m ­
i t i e s .  I t  grows r e a d i l y  in  g e l a t i n e  a t  room t e m p e r a t u r e  
and l i q u e f i e s  a  s m a l l  b u t t o n  a t  t h e  s u r f a c e .

The most f r e q u e n t l y  met  w i t h  c e l l s  i n  C e r e b r o - s p i n a l  
f l u i d  a r e  t h e  p o ly m o rp h o n u c le a r  l e u c o c y t e s .  They a r e  
most numerous i n  s e v e r e  c a s e s ,  tho u gh  in  t h e  v e r y  s e v e r e s t  
t h e y  a r e  f ew er .  H e a l t h y  c e l l s ,  w i t h  w e l l  s t a i n e d  n u c le u s  
a r e  seen  where t h e  d i s e a s e  i s  s t i l l  a c t i v e ,  b u t  a s  i t  d i e s  
d o w n , th e y  d i s a p p e a r .  They may i n c l u d e  d i p l o c o c o i  i n  t h e i r  
i n t e r i o r ,  and t h e n  o f t e n  b o th  th e y  and t h e  c o c c i  d i e .  
D e g e n e r a t i o n  i s  v e r y  common. T h is  may o c c u r  a s  a  s im p le  
f r a g m e n t a t i o n  o f  n u c l e u s ;  b u t  sometimes t h e r e  seems to  be 
a  p r o c e s s  o f  d i g e s t i o n ,  when t h e  p r o t o p l a s m  o f  t h e  c e l l  
becomes " f u z z y " , b a d ly  s t a i n e d ,  and s p i l l e d  o u t s i d e  i t s  
norm al  l i m i t a s .  I t  g iv e  ST a  f i l m  a c h a r a c t e r i s t i c  a p p e a r ­
an ce ,  a s  i f  i t  were b a d l y  f i x e d .  T h is  d i g e s t i v e  p r o c e s s  
a i d s  t h e  g e n e r a l  d i s i n t e g r a t i o n ,  e s p e c i a l l y  t h e  d i s i n t e ­
g r a t i o n  o f  f i b r i n .  P o ly m o rp h o n u c lea r  c e l l s  d i s a p p e a r  i n  
o l d  s t a n d i n g  c a s e s ,  p r o v id e d  t h e r e  a r e  no r e l a p s e s .

M ononuclear  c e l l s  o c cu r  i n  two fo rm s ,  w i t h  i n t e r m e d ­
i a t e  s t a g e s  be tween th e  two.  T here  a r e  l a r g e  c e l l s ,  w i t h  
r o u n d /
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r o u n d , o r  o v a l ,  n u c l e u s ,  and much p r o t o p l a s m .  These a r e  t h e  
m ac ro p h ages ,  and may be seen w i t h  o t h e r  c e l l s  i n c l u d e d ,  
and sometimes w i t h  t h e  n u c l e u s  p r e s s e d  t o  one s i d e .  They 
may r e a c h  a  g r e a t  s i z e ,  4, 5 ,  o r  6 t im e s  a s  l a r g e  a s  t h e  
p o lm o rp h o n u c le a r  c e l l s  ( m ic r o p h a g e s ) .  They a r e  a  c h a r a c ­
t e r i s t i c  f e a t u r e  o f  f i l m s  o f  c e r e b r o - s ÿ i n a l  f l u i d .  They 
become v a c u o l a t e d ,  and d e g e n e r a t e d ;  some may e n t e r  t h e  
b l o o d  s t r e a m .

Small  m ononuc lea r  c e l l s  o c c u r  w i t h  ro u n d  d a rk  n u c l e u s ,  
and j u s t  a  r i n g  o f  p r o t o p l a s m .  These a r e  found  in  c h r o n i c  
c a s e s ,  and h e r e  t h e  f l u i d  comes t o  re sem b le  t h a t  o f  
t u b e r c u l a r  m e n i n g i t i s .

F i b r i n  d e p o s i t s ,  when t h e  f l u i d  i s  a l lo w e d  t o  s t a n d  
i n  a  t e s t  t u b e ,  a s  a  long  f u n n e l ,  w i t h  t h e  mouth a t  t h e  
s u r f a c e  o f  th e  f l u i d .  In  a c u t e  c a s e s  i t  i s  dense  and 
e n t a n g l e s  many l e u c o c y t e s .  In  c h r o n i c  c a s e s  i t  i s  more 
t r a n s p a r e n t ,  and o f  f i n e r  t e x t u r e .  In  some c a s e s  i t  i s  
d i g e s t e d  and does  n o t  form a  f u n n e l . Such i n d i c a t e s  a 
s i m i l a r  p r o c e s s  o f  d i g e s t i o n  o f  t h e  pus on t h e  b r a i n ,  w i th  
sometimes a  r a p i d  h e a l i n g .

The a p p e a rn a e e  o f  C e r e b r o - s p i n a l  f l u i d  sh o u ld  t h e r e ­
f o r e  be  s t u d i e d  a s  an a i d  in  fo rm ing  an i d e a  o f  t h e  n a t u r e  
o f  any p a r t i c u l a r  a t t a c k  o f  t h e  d i s e a s e .

THE P U S .

The pus  i s  s i t u a t e d  in  t h e  a r a c h n o i d  s p a c e s ,  o r  in  
what  m igh t  be  c a l l e d  t h e  p i a - a r a c h n o i d  membrane. I t  i s  
n e v e r  f r e e  on th e  s u r f a c e . I t  s d i s t r i b u t i o n  depends 
p a r t l y  on g r a v i t y  ( i t  i s  more a b u n dan t  on th e  p o s t e r i o r  
than, on th e  a n t e r i o r  a s p e c t  o f  t h e  c o rd )  and p a r t l y  on t h e  
l o e s e n e s s  o f  t h e  p l a - a r a c h n o l d  membrane i n  which i t  i s  
s i t u a t e d  , ( 4 t  i s  ab undan t  a lo n g  t h e  c o u rs e  o f  th e  
c e r e b r a l  v e s s e l s ,  and on t h e  u n d e r  s u r f a c e  o f  th e  
c e r e b e l l u m ,  where  i t  i s  o f t e n  l i m i t e d  by a  d e f i n i t e  
m arg in  j

D i p l c c o c c i  a r e  found in  t h e  pus in  e a r l y  c a s e s .
They a r e  more numerous i n  t h e  o u t e r  l a y e r s  o f  t h e  a r a c h n o i d  
t h a n  in  t h e  i n n e r  more v a s c u l a r  l a y e r s .  m a j o r i t y  l i e
i n  s p a c e s  and a r e  p r o b a b l y  b ro u g h t  t o  t h i s ^ J p b s i t i o n  by th e  
e xu d ing  f l u i d .  Those in  t h e  i n n e r  l a y e r s  a r e  more o f t e n  
i n t r a c e l l u l a r .  In  f i l m s  weak c a r b o l - f u c h s i n  i s  b e s t  f o r  
d e m o n s t r a t i n g  th e  c o c c i .  In  s e c t i o n s  t h u s  s t a i n e d  t h e  
c o c c i  may b e  h i d d e n , s o  t h e  m e t h y l e n e - b lu e  method i s  
b e t t e r .  By t h i s ^ t h e  s e c t i o n s  a r e  s t a i n e d  w i t h  m e thy lene  
b l u e  f o r  an h o u r  o r  m ore,  and th e n  p a r t l y  d e - s t a i n e d  w i t h  
v e r y  d i l u t e  a c e t i c  a c i d .
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Th.e c o m p o s i t io n  o f  t h e  pus h a s  been  a l r e a d y  d e s c r i b e d  
I t  c o n s i s t s  o f  p o ly rn o rp h o -n u c lea r  l e u c o c y t e s ,  l a r g e  
m o n on u c lea r  c e l l s ,  s m a l l  m onon u c lea r  c e l l s ,  sometimes 
f i b r o b l a s t s ,  and f i b r i n .  The sm a l l  m ononuc lea r  c e l l s  a r e  
m o s t l y  s t a g e s  i n  t h e  f o r m a t io n  o f  t h e  l a r g e  m ononuc lea r  
c e l l s  and th e  f i b r o b l a s t s ;  some o f  them a r e  l y m p h o c y t e s .

The f a t e  o f  t h e  pus i s  v a r i a b l e . I t  w i l l  be seen  in  
th e  f o r e g o i n g  t y p e s  t h a t  i t  i s  u s u a l l y  in  p r o c e s s  o f  
a b s o r p t i o n .  D ea th  i s  n o t  a lw ays  due t o  t h e  imm edia te  
e f f e c t s  o f  t h e  pus  on t h e  b r a i n ,  b u t  o f t e n  t o  rem ote  
e f f e c t s ,  such a s  to x a e m ia ,  h y d r o c e p h a l u s ,  e x h a u s t i o n ,  o r  
b ro n c h o -p n  •

(1) r tTmay be a b s o r b e d  c o m p l e t e ly ,  a s  in  t h e  few 
c a s e s ,  w h e r e ^ a f t e r  a  s e v e r e  a t t a c k  o f  a few d a y s ,  t h e  
l e u c o c y t e s i s  o f  t h e  b lo o d  r a p i d l y  f a l l s , and th e  p a t i e n t  
becomes a b s o l u t e l y  w e l l .  (At t h e  same t  irae, pus may 
e x i s t ,  say i n  t h e  v e n t r i c l e s ,  w i t h o u t  any  a p p a r e n t  symp­
toms.  Such i s  t h e  c a se  o f  a boy,  a e t .  10, who seemed t o  
have  r e c o v e r e d ,  and h ad  been r u n n i n g  a b o u t  f o r  5 weeks ,  
when h e  s u d d e n ly  to o k  a  c o n v u l s io n  and d i e d .  At t h e  p o s t ­
mortem e x a m in a t io n  h a l f  a  drachm o f  t h i c k  o l d - s t a n d i n g  
pus was found in  t h e  d e s c e n d in g  co rnu  o f  e a c h  l a t e r a l  
v e n t r i c l e  though  t h e  s u r f a c e  o f  t h e  b r a i n  was f r e e ) .
(2) I t  may be  a b so rb e d  l e a v i n g  a  d e g re e  o f  f i b r o s i s .  
P o lym o rp h o n u c lea r  c e l l s  may d i s a p p e a r  r a p i d l y  by l y s i s  o r  
by p h a g o c y t o s i s .  F i b r i n  d i s a p p e a r s  more s l o w l y .  I t  
o c c u r s  in  two fo rm s ,  (a)  in  a  ne tw o rk  e n c l o s i n g  c e l l s ,  (b) 
i n  m asses  a s  f o r  example be tw een  t h e  p i a  and t h e  b r a i n .  
Where i t  i s  i n  a n e t  work and i s . i n t i m a t e l y  a s s o c i a t e d  
w i t h  t h e  d i s i n t e g r a t i n g  c e l l s  i t  may undergo f i b r o l y s i s .  
Where i t  i s  in  m asses  t h e  p r o c e s s  i s  d i f f e r e n t .  F i b r o ­
b l a s t s ,  in  d i f f e r e n t  s t a g e s  o f  deve lopm ent  a r e  seen 
s c a t t e r e d  t h r o u g h o u t  t h e  d e n s e r  l a y e r s ;  some send t h e i r  
p r o c e s s e s  i n t o  i t s  s u b s t a n c e  and l i v e  on i t .  Thus i t  
d i s a p p e a r s  b e f o r e  t h e  ad van c in g  p r o c e s s e s .

The c o n n e c t i v e - t i s s u e  c e l l s  p r o p e r  o f  t h e  a r a c h n o i d  
membrane a l s o  show p r o l i f e r a t i o n .

The r e s u l t  i s  t h a t  t h e  p i a - a r a c h n o i d  membrane becomes 
toug h  ; and in  some p a r t s  t h i c k e n e d  and f i b r o u s .  I n  t h e  
g r e a t  m a j o r i t y  o f  c a s e s  t h a t  d i e , t h e r e  i s  l e f t  t h i s  
f i b r o s i s t h o u g h  o f t e n  i t  i s  v e r y  s l i g h t .
(3) I ^ | ® y  b e  r e p l a c e d  by g r a n u l a t i o n  t i s s u e .  Young 
b lo o d  v e s s e l s  grow i n t o  i t s  su b s ta n c e *  and f i b r o b l a s t s  
i n c r e a s e  in  number, a s  t h e  pus c e l l s  and f i b r i n  d i s a p p e a r .  
The g r a n u l a t i o n  t i s s u e  does  n o t  form a  c o n t in u o u s  s h e e t  
ove r  t h e  b r a i n  and c o rd ,  b u t  i s  s tu d d e d  h e r e  and t h e r e ,  
and may form a d h e s i o n s  w i t h  t h e  d u r a  m a t e r . I t  does n o t  
invade" th e  t i s s u e  o f  t h e  b r a i n  o r  co rd  t o  any e x t e n t ,  b u t  
i t  may r e p l a c e  n e rv e  r o o t s  necros%ed en m a s s e . There  i s  
t h u s  p ro d u ced  a  f i b r o s i s  o f  a  c o a r s e r  t y p e  th an  in  2 .



40<

SOME 0HAÜGE8 PRODUCED SK^THE PUS.

(1) Changes i n  n e rv e  s t r u c t u r e s .

H e u r i t i s  o f  v a r y i n g  d e g r e e s  i s  common. In  a c u t e  
o a s e s  (Cumming's) t h e  pus  f i n d s  i t s  way be tw een  th e  
b u n d l e s  o f  t h e  n e r v e - r o o t s ,  f o l l o w i n g  t h e  v a s c u l a r  f i o r o u s  
p a r t i t i o n s  and d i v i d i n g  up th e  r o o t .  There  siay be  simply 
c o n g e s t i o n  which  may end i n  r e c o v e r y ,  b u t  i n  s w ^  c a s e s  
t h e  v e s s e l s  become g r e a t l y  d i l a t e d ,  and .  o c cupy ing  nearl.y 
t h e  whole  o f  a n e rv e  p r e s s  t h e  f i b r e s  a s i d e .  In  o t h e r s  
t h e  n e r v e s  become oedem atous ,  and a p p e a r , i n ^ s e c u i o n ,  
d i v i d e d  i n t o  i s l e t s ;  t h e  m e d u l l a r y  s h e a t h s  o f  t h e  l i o r e s  
b r e a k  uo and u l t i m a t e l y  d i s a p p e a r ;  b l o o d - v e s s e l s  become 
num erous ,  and t h e  c e l l s  i n  t h e  a d v e n t i t i a  p r o l i f e r a t e .
Where t h e  in f læ n rn a t io n  h a s  been  s e v e r e , t h e  whole  roou 
becomes n e c r o s e d .  S e c t i o n s  snow n e c r o s i s  mi a l l  s t a g e s ^  
The m e d u l l a r y  s h e a t h s  o f  t h e  f i b r e s  d i s a p p e a r ^  t n e n  th e  
a x i s - c y l i n d e r s  b r e a k  down and t h e  whole roov oecomes 
s t r u c t u r e l e s s .  I n  s e c t i o n s  t h e r e  m ight  be  some doubt  a s  
to  t h e  i d e n t i t y  o f  t h e  n e c r o s e a  m a s s e s , o u u some «juoa 
r e m a in s  o f  a x i s  c y l i n d e r s ,  and o t h e r s  t h e  r e m a in s  o f  t h e i r  
main v e s s e l s  in  t h e i r  i n t e r i o r . lAoreo^er, a l l  t h e  s t a g e s
o f  n e c r o s i s  can be t r a c e d .  . ^

S o - c a l l e d  r e p a i r  coimiences w i t h  an i n v a s i o n  o i  vhe 
n e c r o s * e d  mass by new-formed t h i n - w a l l e d  b l o o d - v e s s e l s ;  
f i b r o b l a s t s  su r r o u n d  t h e  v e s s e l s ;  and so t r u e  g r a n u l a t i o n -  
t i s s u e  comas t o  occupy t h e  p l a c e  o f  t h e  n e r v e .

That  a  m i ld  n e u r i t i s  may r e c o v e r  i s  seen i n  t h e  ca^e 
o f  D o c h e r ty ,w h ose  p e r f o r a t e d  u l c e r s  were  a  r e s u l t  o f  th e  
n e u r i t i s .  The u l c e r s  to o k  f i v e  Dicntns t o  h e a l ,  b u t  t h e
p a t i e n t  was d i s m i s s e d  w e l l .

Where t h e  n e rv e  r o o t s  a r e  d e s t r o y e d ,  d e g e n e r a t i o n s  may­
be t r a c e d  i n t o  t h e  c o r d .  At t h e  p o i n t  o f  e n t r y , i n d i v i d u a l  
f i b r e s  a r e  s e en  d e g e n e r a t e d ;  b u t  a t  a  h i g h e r  l e v e l  in  t h e  
c o rd  a s  In  H a r r i s ,  whole t r a c t s  may be  found  d e g e n e r a t e d .

The c e n t r a l  c a n a l  i s  sometimes o o l i t e r a t e d ,  and some­
t im e s  d i l a t e d .   ̂ ^ .

The b r a i n  i n  a c u t e  c a s e s  i s  s o i t ,  a lm o s t  d i i i i u e n w ,  
and p i n k  i n  c o l o u r ;  i n  c h ro n ic  c a s e s  i t  becomes t o u ^  and 
c u t s  l i k e  s o f t  c h e e s e ;  i t  is g r e y i s h  i n  c o l o u r ,  and t h e  
mouths o f  t h e  v e i n s  a r e  p r o m in e n t .  Under t h e  m ic ro sco pe  
s m a l l  c e l l s  may be  s e e n , a n d  t h e r e  may be  a  d e g re e  o f  
f i b r o s i s .  A l i n e  o f  s e p a r a t i o n  in  t h e  b r a i n  s u b s t a n c e ,  a  
s h o r t  d i s t a n c e  from t h e  s u r f a c e  f r e q u e n t l y  o c c u r s  
c h r o n i c  c a s e s .
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Pus d oes  n o t  in vad e  t h e  b r a i n  t o  any e x t e n t .  The 
v e s s e l s  d i p p in g  i n t o  i t  a r e  sometimes d i l a t e d ,  and t h e r e  
may be  a  p e r i v a s c u l a r  i n c r e a s e  o f  c e l l s ,
(2)  Changes i n  t h e  v e s s e l s .

I n  a c u t e  c a s e s  l i t t l e  change can be o b s e r v e d .  In
c h ro n ic  c a s e s  t h e  c o a t s  a r e  f r e q u e n t l y  a l t e r e d .

H y a l in e  d e g e n e r a t i o n  i s  common ( H a r r i s ) .  Sometim^B 
t h e r e  i s  a  p r o l i f e r a t i o n  o f  t h e  c e l l s  o f  t h e  c o a t s ,  and 
t h i s  may be  ex trem e a s  i r ^ r t h u r ,  where  some v e s s e l  w a l l s  
a r e  c o m p le t e ly  changed s m a l l  round  c e ^ l s .

Thrombosis  sometimes o c c u r s  i n  t h e  s m a l l e r  v e s s e l s ,
( H a r r i s ) .

S e p t i c  t h r o m b o s i s  was met w i tn  o n ly  on c e .
(3) Hydroc e p h a l u s .

T h is  i s  p r e s e n t  to  some e x t e n t  in  a lm o s t  a i l  c a s e s  oi  
l o n g  d u r a t i o n .  Sometimes i t  may be  e x t r e m e ,  t h e  w a l l s  
o f  t h e  l a t e r a l  v e n t r i c l e s  b e in g  r e d u c e d  t o  ?  i n c h  in
t h i c k n e s s .  S e v e r a l  c a s e s  d i e  i rom t h i s  a l o n e ,  and i t  wa& 
w i t h  a  v iew  t o  t h e  p o s s i b i l i t y  o f  r e l i e v i n g  t h e  c o n d i t i o n  
by o p e r a t i o n ,  t h a t  t h e  method o f  e x a m in a t io n  o f  t h e  foramen 
o f  M ajendie .  oy removal, o f  a d i s c  o f  bone from t h e  s x u l l  
b e h in d ,  was a d o p te d .  In  21 c a s e s  o f  Hydrocepha lus^  t h u s  
exam ined,  t h e  foramen o f  i i a j e n d i e  was d e f i n i t e l y  c i o s e d  
i n  5; t h e  l o b e s  o f  t h e  c e r e b e l lu m  were g lu e d  t o g e t h e r  i n  
o t h e r  6 ;  bu t  i n  10 c a s e s  t h e r e  was no o o s t r u c t i o n  t o  t h e  
f r e e  p a s sa g e  o f  t h e  f l u i d .  ( t h e  l a y e r  o f  c e x l s  o f  t h e  p i a  
m a t e r " d e s c r i b e d  a s  n o rm a l ly  c o v e r in g  th e  foramen was n o t  
o b s e r v e d  i n  t h e s e  p a t h o l o g i c a l  c a s e s ) .

On t h e  o t h e r  h a n d , t h e  c h o ro id  p l e x u s  o f  each  l a t e r a l  
v e n t r i c l e  was o f t e n  b a t h e d  i.n p u s ;  i t s  v e s s e l s  were  o f t e n  
d i l a t e d  and e n g o rg e d ,  t h e r e  were h y a l i n e  and o t h e r  d e g e n e r ­
a t i o n s  i n  v e s s e l s , i n  s e c t i o n s  o f  t h e  pus ;  and t h e  p e r i v a s ­
c u l a r  l y m p h a t i c s  must  be  g r e a t l y  a l t e r e d .  I t  i s  p r o b a b l e  
t h a t  t h e s e  a r e  p o t e n t  c a u s e s  o f  h y d r o c e p h a l u s ;  and t h u s ,  
t h o u g h  o p e r a t i o n  miglit  t e m p o r a r i l y  r e l i e v e  t h e  c o n d i t i o n  
o f  p r e s s u r e  ( a s  lumbar  p u n c tu r e  sometimes does)  i t  i s  
q u e s t i o n a b l e  i f  i t  would u l t i m a t e l y  a l l o w  o f  a c u r e .
(4) S e p t i c a e m ia .

The b lo o d  was examined, by t h e  method a d o p te d  f o r  
S t i r l i n g ,  i n  31 c a s e s .  In  two o f  t h e s e  t h e  d i p l o c o c c u s  
o f  Weichselbaum was fo u n d .  One ( S t i r l i n g )  was a  v e r y  
v i r u l e n t  i n f e c t i o n ;  t h e  o rg an ism s  sv/anued i n  t h e  c e r e o r o -  
s p i n a l  f l u i d ,  and were  se ldom found  in  t h e  c e l l s ;  i n  b lood,  
c o u n ts  t h e  l e u c o c y t e s  were  u n de r  6 ,0 0 0  p e r  cub .  m . ; and 
t h e  p a t i e n t  l i v e d  o n ly  22 h o u r s .  The o t h e r  c ase  (Watson) 
was a  l a t e  s e p t i c a e m i a .  T here  was pus i n  b o t h  knee 
j o i n t s .
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C u l t u r e s  o f  t h e  d i p l o c o c o u s  were  o b t a i n e d  from t h e  
b l o o d ,  from t h e  pus i n  t h e  j o i n t s ,  f rom t h e  s p l e e n ,  and 
from a m e s e n t e r i c  g l a n d ;  t h e y  answered  t h e  t e s t s  on s u g a r s  
f a r  t h e  d i p l o c o c c u s  o f  c e r e b r o - s p i n a l  f e v e r .  The o rgan ism  
was found  i n  sm ears  o f  t h e  pus  in  t h e  j o i n t s ,  and o f  t h e  
s p l e e n  p u l p .

(5) E m a c i a t i o n .
There  i s  a lw ays  a  d e g re e  o f  e m a c i a t i o n ,  and i t  may be 

e x t r e m e ,  some p a t i e n t s ,  i n  whom t h e  d i s e a s e  h a s  been  l o n g -  
s t a n d i n g  b e i n g  s t u d i e s  i n  t h e  anatomy o f  t h e  b o n e s .  I t  
f r e q u e n t l y  comes on su d d e n ly ,  and p r o c e e d s  w i t h  such 
r a p i d i t y  t h a t  one i s  f o r c e d  to  b e l i e v e j j b ^ a ^ a n  a c t i v e  
p r o c e s s ,  and n o t  m e r e ly  one e f  n m l - o i^m f i f î fg ^ r^ io n . The 
t im e  o f  o n s e t  o f t e n  a g r e e s  w i t h  t h a t  o f  t h e  b r e a k i n g  down 
o f  t h e  pus  c e l l s .

(6) Pus i n  t h e  l a r g e  j o i n t s .
T h is  was found i n  two o u t  o f  109 c a s e s .  I n  one c ase  

(7/atson)  b o th  knees  were a f f e c t e d ;  in  t h e  o t h e r  c a s e  
( P i n l a y s o n ) ,  a e t .  10 y e a r s ,  t h e r e  was pus i n  t h e  r i g h t  
k n e e - j o i n t .  There  was no a c u t e  i n f l a m m a t io n ;  t h e  s y n o v i a l  
membrane was oedem atous ,  b u t  was n o t  e ro d e d ,  and t h e r e  was 
no bone l e s i o n .  D ip lo c o c o i  were found i n  th e  pus i n  b o th  
c a s e s .  In  Watson,  th e y  were a l s o  found in  t h e  b lo o d ;  in  
P i n l a y s o n ,  b lo o d  c u l t u r e s  were  n e g a t i v e .

I t  w i l l  t h u s  be seen  t h a t  t h e  imm edia te  a f t e r - e f f e c t s  
o f  th e  p u s ,  e s p e c i a l l y  a s  r e g a r d s  n e r v e  e l  changes ,
a r e  o f t e n  more t o  be d r e a d e d  t h a n  S îe ' ’" œ £ i x a e l f .


