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"From th e s e  th in g s  th e  p h y s ic ia n  must p roceed  to  
in v e s t ig a te  c e r t a in  o th e rs  in  p a r t i c u l a r ,  so t h a t ,  when he comes 
in to  a s tra n g e  c i ty  he w i l l  u n d ers tan d  th e  d is e a s e s  th e re  
endemic, and th e  m o d if ic a tio n s  of common m a lad ies  th a t  th e re  
p r e v a i l " *

(H ip p o c ra te s , A irs , W aters, and P la c e s )

"Postrem o observandum e s t  q u o tie s  c o n s t i tu t io  a l iq u a  
v a r ia s  Epidemicorum sp e c ie s  p a r i t ,  s in g u la s  has sp e c ie s  genere  
ab i l l i s  d i f f e r r e ;  quae cum idem p la n e  nomen s o r t i t a n t u r ,  a l i a  
tamen c o n s t i tu t io n e  g e n e re n tu r" .

(Sydenham, Obs. Med*, I ,  2, (18 ))

" I t  i s  a m is fo rtu n e  which makes th e  t h e o r e t i c a l  
c o n s id e ra tio n  o f our su b je c t v ery  d i f f i c u l t  th a t  so few 
o b se rv a tio n s  have been so s e t  out and d e sc r ib e d  th a t  th e y  can 
be p ru d e n tly  u sed . There i s  in  th e  whole f i e l d  s c a rc e ly  a 
p ro p o s it io n  which cannot be supported  and a ls o  r e fu te d  from 
th e  r e s u l t s  o f o b se rv a tio n *  T h is  being  so , some w i l l  warn u s 
to  a b s ta in  from th e o ry  u n t i l  our ex p e rien ce  i s  r i p e r .  I ,  however, 
b e l ie v e  th a t  fo r  th e  r ip e n in g  o f ex p e rien ce  th e  l i g h t  o f an 
i n t e l l i g e n t  th e o ry  i s  r e q u ir e d ."

(Jakob H enle, Yon den Miasmen und K o n tag ien ) .

" I f  th e  l a t e n t  cause o f ep idem ics cannot be d isc o v e re d , 
th e  mode in  which i t  o p e ra te s  may be in v e s t ig a te d .  The law s 
o f i t s  a c t io n  may be determ ined by o b se rv a tio n , as  w e ll a s  th e  
c ircu m stan ces in  which epidem ics a r i s e ,  o r by which th ey  may be 
c o n t r o l l e d ."

(W illiam  F a r r )

"When you can m easure what you a re  speak ing  about and 
ex p ress  i t  in  numbers, ydu know som ething about i t ,  bu t when 
you cannot measure i t ,  when you cannot e x p re ss  i t  in  numbers, 
your knowledge i s  o f a meagre and u n s a t i s f a c to r y  k in d .”

(Lord K elv in )



PREFACE

The q u o ta tio n s  on th e  p rece d in g  page g iv e  a co n c ise  

p ic tu r e  o f th e  problem s which were b e fo re  th e  w r i te r  from  th e  

commencement o f th e  in v e s t ig a t io n s  which form  th e  s u b je c t  o f  

t h i s  Thesis* The whole work i s  e s s e n t i a l l y  a t r e a t i s e  on th e  

r e a c t io n s  o f com m unities to  th e  in tro d u c t io n  o f new ty p e s  o f 

in f e c t io n s ;  and th e  r e s u l t  i s  a d is c u s s io n , from ex p e rim en ta l, 

h i s t o r i c a l ,  and b ib l io g ra p h ic a l  a s p e c ts , o f a s u b je c t which i s  

to o  o f te n  n eg lec ted  even in  th e se  days o f th e  advancement o f 

epidemiology*

The f i r s t  p a r t  of th e  T h esis  i s  f o r  a l l  p r a c t i c a l  

p iirposes a d i s s e r t a t i o n  w r i t te n  w ith  t h i s  end in  view* I t  d e a ls  

w ith  th e  ex p erim en ta l work which th e  w r i te r  c a r r ie d  out on th e  

immunology of d ip h th e r ia .  In  th e  in tro d u c to ry  s e c t io n  i t  i s  

shown th a t  t h i s  work was c a r r ie d  out in  th e  a re a  in  which th e  

g ra v is  s t r a i n  o f th e  C. d ip h th e r ia e  f i r s t  appeared , and in  

which i t  has been most p re v a le n t .  P r a c t i c a l l y  th e  whole o f 

th e se  in v e s t ig a t io n s  were p lanned  n e a r ly  th re e  y e a rs  ago; and 

w ith  th e  ex cep tio n  of one item  (which has s in c e  been d e a l t  w ith ) 

th e  w r i te r  was ab le  to  com plete th e  whole of th e  scheme b e fo re  

he l e f t  Leeds to  ta k e  up an appointm ent in  London.

The second p a r t  o f t h i s  T h esis  d e a ls  w ith  th re e  

d is e a s e s , in f lu e n z a , c h o le ra , and th e  e n c e p h a l i t i s  which i s  a 

r a r e  co m p lica tio n  of v a r i c e l l a .  These th re e  s e c t io n s  have 

been p re v io u s ly  p u b lish e d ; bu t they  a re  in c lu d ed  h e re  because 

th ey  i l l u s t r a t e ,  each in  i t s  own way, th e  r e a c t io n s  o f 

communities to  epidem ic d ise a se s  of a new ty p e . The w r i te r  

o r ig in a l ly  in tended  to  add an ep ilo g u e  l in k in g  up th e se  

d i f f e r e n t  o b se rv a tio n s , and showing t h e i r  co n n ec tio n s , from an



ep id em io lo g ica l s ta n d p o in t , w ith  th e  problem s r a i s e d  by th e  

in t r o d u c t io n 'o f  g r a v i s - d ip h th e r ia  in to  a community. I t  was
t

found , however, t h a t  t h i s  d is c u s s io n  was le a d in g  th e  w r i te r  

f a r  beyond th e  bounds which he had s e t  f o r  th e  p re s e n t  work, 

and he th e re fo r e  decided  th a t  t h i s  g e n e ra l d is c u s s io n  mamt be 

th e  b a s is  f o r  a f u tu re  in v e s t ig a t io n .

Each o f th e  th re e  p ap e rs  which c o n s t i tu t e  th e  second 

p a r t  o f th e  T h es is  i s  summarized in d iv id u a l ly .  At th e  end o f 

P a r t  I  w i l l  be found a very  b r i e f  resume of th e  experim en ts  

connected  w ith  d ip h th e r ia ,  but i t  w i l l  be obvious t h a t  on ly  a 

few o f th e  p o in ts  which a re  d isc u sse d  in  th e  te x t  could  be 

in c lu d ed  in  t h i s  summary.

The B ib lio g rap h y  fo r  th e  whole o f th e  T h es is  w i l l  be 

found a t  th e  end o f th e  volume.

Note re g a rd in g  p u b l ic a t io n . S ec tio n  (h) o f P a r t i  

was p u b lish ed  in  The Lancet (1935, i ,  364 -  68), bu t a l l  th e  

o th e r  s e c t io n s  which make up P a r t  I  a re  q u ite  new. N otes on 

th e  u se  o f " o n e -sh o tn methods appeared in  The B r i t i s h  M edical 

Jo u rn a l (1934, i ,  1140) and The Lancet (1 9 3 5 ,i ,  1 3 7 ). Other 

p ap e rs  on d ip h th e r ia  appeared in  The L ancet (1 9 3 4 ,i , 678) and 

fh e  M edical O ff ic e r  (1924 ,l i ,  195, 205). S e c tio n  (d) o f P a r t  I  

w i l l  be p u b lish ed  u n a l te re d  in  th e  forthcom ing  number o f th e  

Jo u rn a l of H ygiene. Arrangem ents have not y e t been made f o r  

th e  p u b l ic a t io n  of th e  o th e r  s e c tio n s  o f P a r t  I .

The s e c tio n  ofi In f lu e n z a  was p u h lish ed  in  th e  Jo u rn a l 

o f Hygiene (1934, xxx iv , 409). The s e c t io n  on C holera was 

d e liv e re d  b efo re  th e  S ec tio n  of th e  H is to ry  o f M edicine o f th e  

Royal S o c ie ty  o f M edicine, and was p u b lish ed  in  th e  P ro ceed in g s 

(1935, x x v i i i ,  603). The th i r d  s e c t io n  o f P a r t  I I  i s  ap p earin g  

in  s e r i a l  form in  The B r i t i s h  Jo u rn a l o f C h ild re n 's  D ise ase s , 

and the  f i r s t  two in s ta lm e n ts  have now been p u b lis h e d .
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PART I .

SECTION (a)

I n t r o d u c t i o n : The r e c e n t  b e h a v i o u r  o f  D i p h t h e r i a  i n  L eed s

and o t h e r  C i t i e s .

A p e c u l i a r  f e a t u r e  o f  t h e  b e h a v i o u r  o f  t h e  i n f e c t i o u s  

d i s e a s e s  i n  t h e  t w e n t i e t h  c e n t u r y  h a s  been  t h e  i n c r e a s i n g  

d i v e r g e n c e  o f  th e  c h a r a c t e r s  o f  s c a r l e t  f e v e r  and d i p h t h e r i a .  

A l th o u g h  B r e to n n e a u  f i r s t  gave t h e  name " d i p h t h e r i t e "  i n  18£1 -  

i f  he  v/as n o t  t h e  f i r s t  a c t u a l l y  t o  d i f f e r e n t i a t e  t h e  two d i s e a s e s -  

c o n f u s i o n  o f  t e r m i n o l o g y  e x i s t e d  f o r  many y e a r s ,  and i t  was no t  

u n t i l  1859 t h a t  s c a r l e t  f e v e r  was t a b u l a t e d  s e p a r a t e l y  f ro m  

d i p h t h e r i a  i n  t h e  Annual R e p o r t s  o f  t h e  R e g i s t r a r - G e n e r a l .  These  

two d i s e a s e s ,  a l t h o u g h  c l i n i c a l l y  c l o s e l y  r e l a t e d ,  h ave  w i t h i n  

r e c e n t  y e a r s  p r e s e n t e d  many c o n t r a s t s  when r e g a r d e d  f rom  an  e p id e m i 

o l o g i c a l  s t a n d p o i n t .  Woods i n  h e r  i m p o r t a n t  s t u d i e s  on t h e s e  two 

d i s e a s e s  (1928,  1933) showed t h a t  t h e  d i m i n u t i o n  i n  t h e  d e a t h s  f ro m  

s c a r l e t  f e v e r  i n  E ngland  and Wales d u r i n g  t h e  p a s t  t h i r t y  y e a r s  

was e s s e n t i a l l y  due t o  l e s s e n e d  s e v e r i t y  of  t h e  d i s e a s e .  On t h e  

o t h e r  hand ,  th o u g h  d i p h t h e r i a  had n o t  d i m i n i s h e d  t o  a n y t h i n g  l i k e  

t h e  same e x t e n t ,  t h e  t e n d e n c y  o f  t h e  m o r t a l i t y  f rom  t h i s  d i s e a s e  

was t o  c o n c e n t r a t e  on e a r l y  s c h o o l  a g e .

At t h e  t im e  when t h i s  p a p e r  o f  Woods (1928) a p p e a re d  

d i p h t h e r i a  was b e g i n n i n g  t o  behave  i n  a p e c u l i a r  f a s h i o n  i n  v a r i o u s  

p a r t s  o f  E u rop e .  The f i r s t  s u g g e s t i o n  t h a t  a l l  was no t  w e l l  was 

g i v e n  by F i n k e l s t e i n ,  D e i e h e r ,  and A g u ln ic k  ( 1 9 2 7 ) ,  who i n  1927 

r e p o r t e d  t h a t  i n  B e r l i n  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  t h e



number o f  c a s e s  o f  d i p h t h e r i a ,  and e s p e c i a l l y  -of c a s e s  o f  a s e v e r e  

t y p e .  They s t a t e d  t h a t  t h e r e  had been  a s t e a d y  r i s e  i n  t h e  c a s e  

m o r t a l i t y  o f  d i p h t h e r i a  i n  t h e  Virchow K ra n k e n h a u s ,  f rom  f i v e  p e r  

c e n t  i n  1924 t o  2 6 .7  p e r  c e n t  i n  tlae e a r l y  m onths  o f  1927;  t h a t  

t h e r e  was a l s o  a c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  m o r t a l i t y  f o r  A l t  

B e r l i n  a s  a w ho le .  Von Bokay (1931) s t a t e s  t h a t  a s  e a r l y  a s  1926 

he was o f  t h e  i m p r e s s i o n  t h a t  t h e  t y p e  of  d i p h t h e r i a  which  he met 

w i t h  i n  B u d a p es t  was becoming more s e v e r e ,  and t h e  e v e n t s  o f  t h e  

n e x t  few y e a r s ,  marked n o t  o n l y  by an i n c r e a s e  i n  t h e  number o f  c a s e s  

b u t  a l s o  by i n c r e a s e d  f r e q u e n c y  o f  s e v e r e  a n g i n a ,  amply b o r e  o u t  

t h i s  p r e d i c t i o n .  S ev e re  e p id e m i c s  were  a l s o  r e p o r t e d  f rom  P r a g u e  by 

Feieivbend and S c h u b e r t  (1 9 2 9 ) ;  f ro m  L i l l e  by  M ine t  ( 1 9 2 9 ) ;  f rom  I t a l y  

by C a y re l  ( 1 9 3 0 ) ;  and from Roumania by S im ic  ( 1 9 3 1 ) .

I n  t h i s  c o u n t r y  t h e  f i r s t  a p p e a r a n c e  o f  a t y p e  o f  

d i p h t h e r i a  which d i d  n o t  r e s p o n d  t o  a n t i t o x i n  a p p e a r s  t o  have  b e en  

i n  L eeds ,  where  Anderson  was c e r t a i n l y  n o t i n g  such  c a s e s  a s  e a r l y  

a s  1930.  By t h e  u s e  o f  a new  t e l l u r i t e  medium McLeod and h i s  

c o l l e a g u e s  were a b l e  to  show t h a t  t h e r e  were a t  l e a s t  t h r e e  d i s t i n c t  

c u l t u r a l  fo rm s  o f  C . d i p h t h e r i a e , and t h e s e  t h e y  p r o p o s e d  t o  c a l l  

t h e  g r a v i s , m i t i s ,and i n t e r m e d i a t e  s t r a i n s .  Anderson  was a b l e  t o  

d e m o n s t r a t e  t h a t  i n  Leeds  t h e  C . d i p h t h e r i a e  g r a v i s  was a s s o c i a t e d  

w i t h  th e  s e v e r e  t o x i c  c a s e s ,  and was r e s p o n s i b l e  f o r  n e a r l y  a l l  t h e  

d e a t h s .  M i t i s  c a s e s  were  much m i l d e r  i n  d e g r e e ,  t o x a e m ia  was n o t  

i n  e v id e n c e ,  and d i f f i c u l t i e s  o c c u r r e d  o n l y  when t h e r e  was e x t e n s i o n  

t o  t h e  l a r y n x .  The i n t e r m e d i a t e  t y p e s  were  a t  t h a t  t im e  r a r e  i n
\\\ oX

L eeds ,  bu t  i t  was s u g g e s t e d ^ t h e y  were a s s o c i a t e d  w i th  i n t e r m e d i a t e  

fo rm s o f  t h e  d i s e a s e .  (See A nderson  e t  a l .  (1931)  and A n d e r s o n ,1 9 3 2 ) .

C r i t i c i s m  of  t h e  work of t h e s e  a u t h o r s  was made by 

Menton, Cooper and F u s s e l l  ( 1 9 3 3 ) ,  and by  Menton,  Cooper, Duke, and 

F u s s e l l  (1933) on t h e  g ro u n d s  t h a t  i n  S t a f f o r d s h i r e  t h e  s t r a i n s  o f  

th e  C . d i p h t h e r i a e  c o u ld  no t  be c l a s s i f i e d  i n t o  t h r e e  d e f i n i t e  t y p e s  

a c c o r d i n g  to  c o lo n y  a p p e a ra n c e  and b i o c h e m i c a l  r e a c t i o n s ;  t h e y  were 

a l s o  u n a b le  t o  j u s t i f y  t h e  te rm  "g r a v i s " i n  i t s  o r i g i n a l  s e n s e .  

C o r r o b o r a t i o n  soon came, however ,  from c e r t a i n  o t h e r  a r e a s ,  n o t a b l y  

H u l l ,  M a n ch e s te r  and Glasgow. I n  H u l l  a s e v e r e  ty p e  o f  d i p h t h e r i a



had a l s o  a p p e a r e d ,  and L e e t e  had t h e  s t r a i n s  examined by McLeod.

I t  was found  t h a t  i n  H u l l  n e a r l y  s i x t y  p e r  c e n t  o f  a l l  c a s e s  were 

due t o  t h e  g r a v i s  s t r a i n ,  and t h a t  o f  f o r t y  t o x i c  d e a t h s ,  t h i r t y -  

f i v e  were due t o  g r a v i s  and f i v e  t o  i n t e r m e d i a t e  s t r a i n s .  I n  

M a n c h e s t e r  R o b inso n  and M a r s h a l l  (1934)  showed t h a t ,  a p a r t  f ro m

1 . 5  p e r  c e n t  a t y p i c a l  s t r a i n s ,  t h e  s t r a i n s  o f  t h e  C . d i p h t h e r i a e  

co u ld  e a s i l y  be s e p a r a t e d  i n t o  t h e  t h r e e  t y p e s  o f  t h e  Leeds  w o r k e r s ,  

b u t  t h a t  i n  t h a t  c i t y  t h e  i n t e r m e d i a t e  s t r a i n  v/as a t  l e a s t  t h e  

e q u a l  o f  t h e  g r a v i s  s t r a i n  i n  i t s  c a p a c i t y  to  p r o d u c e  s e v e r e  

i n f e c t i o n s .  R ob inson  (1934) l a t e r  showed t h a t  i n  M a n c h e s t e r  

t h e  s t r a i n s  showed a h i g h  d e g re e  o f  t y p e  s t a b i l i t y ,  even  a f t e r  

a n im a l  p a s s a g e .  C a r t e r  ( 1 9 3 3 ) ,  w ork ing  i n  Glasgow, showed t h a t  

n i n e t y  n i n e  p e r  c e n t  o f  510 l o c a l  s t r a i n s  c o u ld  be s e p a r a t e d  i n t o  

t h e  t h r e e  t y p e s  by th e  method o f  t h e  L eeds  w o r k e r s .  I n  l a t e r  p a p e r s  

A nderson ,  McLeod and t h e i r  c o l l e a g u e s  (1933a ,  1933b) e x te n d e d  t h e i r  

o b s e r v a t i o n s  on t h e  c o r r e l a t i o n  be tw een  t y p e s  and c l i n i c a l  s e v e r i t y ,  

on t h e  s t a b i l i t y  o f  t h e  t y p e s ,  and on th e  f e r m e n t a t i o n  r e a c t i o n s .

I t  i s  not  i n t e n d e d  i n  t h i s  I n t r o d u c t i o n  t o  d i s c u s s  

f u r t h e r  t h e  a l r e a d y  e x t e n s i v e  l i t e r a t u r e  r e l a t i n g  t o  t h e s e  s t r a i n s .  

Many o f  th e  l a t e r  p a p e r s  w i l l  be d i s c u s s e d  i n  t h e  a p p r o p r i a t e  p l a c e  

i n  t h i s  t h e s i s .  I t  sh o u ld  however be m en t io n e d  t h a t  th e  c o n t e n t i o n s  

o f  t h e  Leeds w o r k e r s  have n e v e r  been s e r i o u s l y  c h a l l e n g e d  so f a r  a s  

th e  b a c t e r i o l o g i c a l  a s p e c t  i s  c o n c e r n e d .  Agreement r e g a r d i n g  t h e  

c l i n i c a l  a s p e c t  depends  l a r g e l y  on w h e th e r  th e  g r a v i s  o r  i n t e r m e d i a t e  

s t r a i n s  a r e  v e ry  f r e q u e n t  in  th e  a r e a  u n d e r  d i s c u s s i o n .  A p a r t  f rom  

a few comments by R ob in so n  and M a r s h a l l  (1934) no p a p e r  d e a l i n g  w i t h  

t h e  imm unolog ica l  a s p e c t  a p p e a re d  u n t i l  t h e  p u b l i c a t i o n  of  a p a p e r  

which fo rm s  a p o r t i o n  o f  t h i s  t h e s i s  (Underwood, 1 9 3 5 b ) .  I t  sh o u ld  

a l s o  be m en t ion ed  t h a t  no a r e a s  p r e s e n t  such f a v o u r a b l e  o p p o r t u n i t i e s  

f o r  t h e  s tu d y  o f  t h e  b e h a v io u r  o f  d i p h t h e r i a  due t o  t h e  g r a v i s  s t r a i n  

a s  do Leeds and H u l l .  I n  Leeds  e s p e c i a l l y  t h i s  s t r a i n  h a s  b e e n  v e r y  

p r e v a l e n t  f o r  a t  l e a s t  f i v e  y e a r s ,  and t h e  s e c t i o n s  which f o l l o w  w i l l  

show t o  what e x t e n t  i t  h a s  i n t r o d u c e d  d i f f i c u l t i e s  i n  d e a l i n g  w i t h  

d i p h t h e r i a  which a re  in c o m p a ra b ly  g r e a t e r  t h a n  any o t h e r  d i f f i c u l t y



s i n c e  t h e  i n t r o d u c t i o n  o f  a n t i t o x i n  i n t o  t h i s  c o u n t r y  i n  1894 .

The w r i t e r  t o o k  up an o f f i c i a l  p o s i t i o n  i n  L ee d s  i n  

J a n u a r y ,  1932 ,  and f o r  n e a r l y  t h r e e  y e a r s  he was r e s p o n s i b l e  

f o r  t h e  c o n t r o l  o f  t h i s  d e a s e  i n  t h e  C i t y .  D u r ing  t h e  g r e a t e r  

p o r t i o n  o f  t h i s  p e r i o d  he c a r r i e d  o u t  t h e  o b s e r v a t i o n s  which  

w i l l  be d e t a i l e d  i n  l a t e r  s e c t i o n s .  I t  was e a r l y  r e a l i s e d  

t h a t  t h e  i n t r o d u c t i o n  o f  t h e  g r a v i s  s t r a i n  i n t o  L eeds  was n o t  

m e r e ly  a t r a n s i e n t  l o c a l  phenomenon,  b u t  t h a t  t h e r e  were  i n d i c a 

t i o n s  t h a t  a  d e f i n i t e  e p i d e m i o l o g i c a l  change  had t a k e n  p l a c e ,  

and t h a t  t h e  r e s u l t s  were  i n  a way com p arab le  t o  t h o s e  w h ich  o c c u r  

when a new o r  h i t h e r t o  u n e x p e r i e n c e d  d i s e a s e  a p p e a r s  i n  a  

l o c a l i t y .  For  some t im e  an i n v e s t i g a t i o n  h a s  b e e n  p r o c e e d i n g  

on t h e s e  l i n e s ,  b u t  t h e  r e s u l t s  a r e  n o t  y e t  s u f f i c i e n t l y  f a r  

advanced  f o r  p u b l i c a t i o n .  T h is  i n t r o d u c t i o n ,  t h o u g h  i n  no s e n s e  

a c o m p le te  e p i d e m i o l o g i c a l  e n q u i r y ,  i s  i n t e n d e d  t o  g i v e  t h e  l i n e s  

upon  w h ich  t h i s  i n v e s t i g a t i o n  i s  p r o c e e d i n g .  I t  w i l l  s e r v e  t o  

i n d i c a t e  some o f  th e  d i f f i c u l t i e s  a s s o c i a t e d  w i t h * 11 g r a v i s - i n f e c t e d "  

a r e a ,  and t o  e x p l a i n  t h e  need f o r  t h e  i n v e s t i g a t i o n s  which  a r e  

d e t a i l e d  i n  l a t e r  s e c t i o n s  o f  t h i s  t h e s i s .

The I n c i d e n c e  o f  D i p h t h e r i a  i n  England and Wales .

The n o t i f i e d  c a s e s  o f  d i p h t h e r i a  w h ich  o c c u r r e d  in  

England and Wales from 1912 onwards a r e  g iven  in  T a b le  I ,  

t o g e t h e r  w i t h  th e  c a s e  r a t e s  p e r  1 ,0 0 0  o f  t h e  p o p u l a t i o n .

I t  w i l l  be s e e n  t h a t  t h e r e  h a s  been  no v e r y  r e m a r k a b l e  i n c r e a s e  

i n  t h e  i n c i d e n c e  o f  t h e  d i s e a s e  i n  r e c e n t  y e a r s .  P e a k s  o f  t h e  

c u rv e  of  i n c i d e n c e  o c c u r r e d  i n  1 92 0 -2 1 ,  and i n  1 9 3 0 .  T here  i s ,  

however ,  n o t h i n g  h e r e  to  i n d i c a t e  t h a t  t h e  d i s e a s e  h a s  t a k e n  

on t e n d e n c i e s  w hich  a r e  r a t h e r  a l a r m i n g .



TABLE I .  

England and Wales:

. n.

D ip h th e ria  In c id e n c e .

Year Cases Case r a t e  p e r
N o tif ie d 1 ,000  p o p u la tio n

1912 44,687 1 .2 4

1913 50,850 1 .39

1914 58,856 1 .61

1915 53,549 1 .52

1916 51,674 1 .5 0

1917 43,274 1 .28

1918 43,678 :' 1 .31

1919 53,843 1 .5 0

1920 69,407 1 .8 6

1921 66,452 1 .7 6

1922 52,072 1 .37

1923 39,953 1 .0 5

1924 41,948 1 .07

1925 47,684 1 .23

1926 51,034 1 .31

1927 51,973 1 .3 3

1928 61,109 1 .5 5

1929 62,739 1 .59

1930 73,928 1 .8 4

1931 50,208 1 .26

1932 43,339 1 .08

1933 47,388 1 .18



Table I I .

England and W ales: D ip h th e r ia : M o r ta lity

Year D eaths Death r a t e  p e r
  m i l l io n  l iv in g

1890 5150 179
1891 5036 173
1892 6552 222
1893 9466 318
1894 8774 291
1895 7895 259
1896 8993 291
1897 7654 246
1898 7661 243
1899 9295 292
1900 9345 290
1901 8898 273
1902 7802 237
1903 6077 183
1904 5763 170
1905 5456 161
1906 6108 178
19 07 5732 165
1908 5569 158
1909 5235 148
1910 4284 120
1911 3917 136
1912 4298 118
1913 4447 121
1914 5863 159
1915* 5865 165
1916* 5366 153
1917* 4477 130
1918* 4803 140
1919* 4888 137
1920* 5648 ' 151
1921 4772 126
1922 4075 107
1923 2722 71
1924 2501 64
1925 2774 71
1926 2994 77
1927 2732 70
1928 3191 81
1929 3446 87
1930 3497 88
1931 2673 67
1932 2339 58
1933 2646 66

♦The m o r ta l i ty  fo r  th e  y e a rs  1915-1920 r e l a t e s  to  
c i v i l i a n s  o n ly .



Tiie f i g u r e s  f o r  t h e  d e a t h s ,  which a r e  g i v e n  i n  T a b le  I I ,  a r e  

a p p a r e n t l y  even  more s a t i s f a c t o r y .  A f t e r  t h e  p r e l i m i n a r y  a n t i t o x i n  

p e r i o d ,  say  f rom  1894 t o  1900,  t h e  d e a t h  r a t e s  d e c l i n e d  f ro m  t h e  

r e g i o n  o f  290 p e r  m i l l i o n  to  a  f i g u r e  which  v a r i e d  f rom  a b o u t  120 

to  160 i n  t h e  « a r  y e a r s ,  ^ in c e  1921 t h e r e  h a s  b een  a v e r y  d e f i n i t e  

and h i t h e r t o  u n e x p l a i n e d  f a l l  i n  t h e  d e a t h  r a t e .  I n  1921 i t  was 

126 ,  i n  1922 i t  was 107, and by 1923 t h e  f i g u r e  had f a l l e n  t o  71. 

S in c e  t h a t  d a t e  t h e  h i g h e s t  d e a t h  r a t e  h a s  b e e n  88 ( i n  1 9 3 0 ) .  Even 

i n  t h e  l a s t  few y e a r s  t h e r e  h a s  b een  a f u r t h e r  f a l l ,  and t h e  d e a t h  

r a t e  f o r  1932 ( v i z .  58) i s  a c t u a l l y  t h e  l o w e s t  e v e r  r e c o r d e d  f rom  

t h i s  d i s e a s e .  T here  i s  t h e r e f o r e  n o t h i n g  i n  t h e s e  c a s e  o r  d e a t h  

r a t e s  t o  i n d i c a t e  t h a t  d i p h t h e r i a  i n  t h i s  c o u n t r y  i s  n o t  d e c l i n i n g  

i n  i n c i d e n c e  and s e v e r i t y  -  a p a r t  f rom  m o d e ra te  p e r i o d i c  e p id e m i c s  -  

and t h a t  t h e  e f f i c a c y  o f  a n t i t o x i n  i s Ab e i n g  amply d e m o n s t r a t e d  by 

th e  g r a d u a l  r e d u c t i o n  in  t h e  d e a t h  r a t e s .

One of th e  p e c u l i a r  f e a t u r e s  o f  t h e  g r a v i s  s t r a i n s  i s  t h a t  

th e y  t e n d  to  be found  o n ly  in  l a r g e r  u r b a n  a r e a s ,  such  a s  t h e  g r e a t  

c i t i e s .  T h is  s t a t e m e n t  m ust  be  made w i t h  a c e r t a i n  amount o f  

q u a l i f i c a t i o n ,  s i n c e  c o m p a r a t i v e l y  few r e p o r t s  have  a p p e a re d  on t h e  

s u b j e c t  o f  t h e  i n c i d e n c e  o f  g r a v i s  i n f e c t i o n s  i n  s m a l l e r  a r e a s .  The 

p o p u l a t i o n  o f  t h e  A@giSt r a r - G - e n e r a l 1 s 121 &reat  Towns i s  2 0 ,8 5 0 ,0 0 0 ,

which i s  l e s s  t h a n  h a l f  t h e  t o t a l  p o p u l a t i o n  o f  th e  c o u n t r y .  When we
i n f e c t i o n

c o n s i d e r  t h a t  o n ly  a few of t h e s e  ’’G rea t  Towns” have / t o  any d e g re e  

w i t h  g r a v i s  s t r a i n s ,  i t  w i l l  be e v i d e n t  t h a t  a  c o n s i d e r a t i o n  o f  r a t e s  

f o r  England and Wales w i l l  g i v e  l i t t l e  i n d i c a t i o n  o f  t h e  i n c i d e n c e  

and s e v e r i t y  o f  d i p h t h e r i a  i n  t h o s e  a r e a s  i n  which  e p id e m ic s  a r e  most  

l i k e l y  to  be e x t e n s i v e  and s e v e r e  -  v i z . ,  t h e  g r e a t  c i t i e s .  I t  i s  

t h e r e f o r e  n e c e s s a r y  to  c o n s i d e r  in  some d e t a i l  t h e  r a t e s  f o r  t h e s e  

c i t i e s .

I n c i d e n c e  of  D i p h t h e r i a  i n  c e r t a i n  c i t i e s .

I t  m ig h t  be t h o u g h t  t h a t  s t a t i s t i c s  f o r  d i p h t h e r i a  f o r  t h e  

g r e a t  c i t i e s  would be e a s i l y  o b t a i n e d .  Such i s  n o t ,  however ,  th e  

c a s e .  I n  th e  f i r s t  p l a c e ’,’f a s h i o n ” i n  d i a g n o s i s  p l a y s  a n o t - i n c o n 

s i d e r a b l e  r o l e .  There  i s  l i t t l e  doubt  t h a t  th e  p r a c t i c e  o f  t a k i n g
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swabs i n  e v e r y  c a s e  o f  s o r e  t h r o a t ,  however  s l i g h t ,  t e n d s  t o  

m a g n i fy  t h e  number o f  n o t i f i e d  c a s e s  of t r u e  d i p h t h e r i a .  T h is  

t e n d e n c y  i s  t o  a l a r g e  e x t e n t  c o u n t e r - b a l a n c e d  by t h e  f a c t  t h a t  

t h e  n o t i f i c a t i o n  i s  c a n c e l l e d  i f  t h e  p a t i e n t  i s  removed t o  h o s p i t a l  -  

and i n  most l a r g e  c i t i e s  t h e  m a j o r i t y  o f  d i p h t h e r i a  p a t i e n t s  a r e  

removed to  an  i n s t i t u t i o n .  I n  t h e  second p l a c e ,  t h e r e  i s  som etim es  

a r e m a r k a b l e  d i s c r e p a n c y  be tw een  d i f f e r e n t  o f f i c i a l  s t a t i s t i c s  f o r  

t h e  same c i t y .  I n  p r e p a r a t i o n  f o r  a l a r g e r  e p i d e m i o l o g i c a l  i n q u i r y  

t h e  w r i t e r  began  t o  c o l l e c t  s t a t i s t i c s  o f  t h e  i n c i d e n c e  o f  d i p h t h 

e r i a  i n  v a r i o u s  a r e a s ,  and i t  was soon e v id e n t  t h a t  t h e  f i g u r e s  

w hich  a r e  g iv e n  by t h e  R e g i s t r a r - G e n e r a l  i n  h i s  Annual  R e p o r t s  and 

S t a t i s t i c a l  Reviews o f t e n  d i f f e r e d  c o n s i d e r a b l y  from  t h e  f i g u r e s  

g i v e n  i n  t h e  r e p o r t s  o f  t h e  r e s p e c t i v e  M ed ica l  O f f i c e r s  o f  H e a l t h .

I t  may be o b j e c t e d  t h a t  such  a d i s c r e p a n c y  i s  t o  be e x p e c t e d ,  and 

t h a t  i t  may be so s m a l l  t h a t  i t  w i l l  be q u i t e  i n s u f f i c i e n t  to  

a f f e c t  any r a t e s  c a l c u l a t e d  t h e r e f r o m .  I t  i s ,  how ever ,  e a s y  t o  

show t h a t  such o b j e c t i o n s  c a r r y  l i t t l e  w e i g h t .  The f o l l o w i n g  a r e  

s i x  p e r c e n t a g e s  e x p r e s s i n g  t h e  p e r c e n t a g e  d i f f e r e n c e s  be tw een  t h e  

R e g i s t r a r - G e n e r a l 1 s f i g u r e s  and t h e  M e d ic a l  O f f i c e r ^  o f  H e a l t h ’s 

f i g u r e s  f o r  s i x  y e a r s  t a k e n  a t  random i n  r e s p e c t  o f  f o u r  c i t i e s  

2 0 .7 ,  1 7 . 6 ,  3 . 0 ,  5 3 . 8 ,  1 . 1 ,  1 . 3 .  I t  w i l l  be o b v io u s  t h a t  f o r

a c c u r a t e  work t h e  R e g i s t r a r - G e n e r a l Ts f i g u r e s  can n o t  be a c c e p t e d ,  

and t h a t  a s  a r e s u l t  o f  change o f  d i a g n o s i s  i n  h o s p i t a l ,  and 

p o s s i b l y  o t h e r  f a c t o r s ,  t h e  M ed ica l  O f f i c e r ^  of  H e a l t h ’s f i g u r e s  must  

be t a k e n  a s  g i v i n g  a t r u e r  i n d i c a t i o n  of t h e  i n c i d e n c e  o f  

d i p h t h e r i a  i n  any p a r t i c u l a r  l o c a l i t y .  A c t in g  on t h i s  c o n c l u s i o n  

t h e  w r i t e r  c o l l e c t e d  s t a t i s t i c s  f rom  the  r e p o r t s  o f  v a r i o u s  M e d ic a l  

O f f i c e r s ,  and from t h e s e  f i g u r e s  a l l  t h e  r a t e s  which  a r e  c o n t a i n e d  

i n  th e  f o l l o w i n g  t a b l e s  were r e c a l c u l a t e d .  I t  sh o u ld  a l s o  be 

m en t io n ed  t h a t ,  a p a r t  f rom  t h e  d i f f i c u l t y  o f  o b t a i n i n g  c o p i e s  o f  

t h e  o l d e r  r e p o r t s ,  an u n f o r s e e n  o b s t a c l e  was t h a t  t h e  r e p o r t s  o f t e n  

d i d  n o t  g i v e  t h e  i n f o r m a t i o n  which was d e s i r e d .  I n  t h e  e a r l i e r  

r e p o r t s  two f i g u r e s  a re  g iv e n  f o r  i n c i d e n c e  -  one b e in g  t h e  

M edica l  O f f i c e r  of  H e a l t h ' s o f f i c i a l  f i g u r e ,  and th e  o t h e r  b e i n g
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s i m p ly  a s t a t e m e n t  o f  t h e  nu . iber  o f  n o t i f i c a t i o n s  r e c e i v e d  d u r i n g  

t h e  y e a r .  T h is  may sound t r i v i a l ,  bu t  i n  p r a c t i c e  i t  i s  o f t e n

d i f f i c u l t  t o  d e c i d e  w hich  f i g u r e  g i v e s  t h e  t r u e r  e s t i m a t e  o f  t h e

i n c i d e n c e  o f  t h e  d i s e a s e .  I t  sho u ld  a l s o  be m e n t io n e d  t h a t  i n  

e v e r y  i n s t a n c e ^  t h e  eases o f  and d e a t h s  f rom  membranous c ro u p  

were  added  t o  t h e  r e s p e c t i v e  f i g u r e s  f o r  d i p h t h e r i a ,  so t h a t  t h e  

c a l c u l a t e d  r a t e s  i n  t h e  f o l l o w i n g  t a b l e s  r e p r e s e n t  t h e  i n c i d e n c e  

o f  c a s e s  and d e a t h s  f o r  t h e  two d i s e a s e s  t a k e n  t o g e t h e r .  The 

r a t e s  were  c a l c u l a t e d  from t h e  e s t i m a t e d  m i d - y e a r  p o p u l a t i o n  a t  

e ach  y e a r .  The s t a t i s t i c s  f o r  s i x  c i t i e s  -  L e e d s ,  H u l l ,

M a n c h e s t e r ,  London ( A d m i n i s t r a t i v e  C oun ty ) ,  L i v e r p o o l  and

Birmingham -  a r e  s e t  o u t  i n  f a b l e s  I I I  t o  V I I I  i n c l u s i v e .



Table I I I .

LEEDS; D ip htheria: Incidence and M o rta lity .

Year Case r a t e  Death  r a t e
p e r  X 000 p e r  1 , 0 0 0

1897 0 .52  0.18
1898 2 .17  0 .56
1899 4 .32  0 .80
1900 2 .95  0 .60
1901 2.41 0 .41
1902 1 .5 3  0 .22
1903 1 .38  0 .15
1904 0 .84  0 .12
1905 0 .86  0 .10
1906 1 .5 4  0 .1 9
1907 1 .32  0 .18
1908 1 .4 3  0 .11
1909 2 .99 0 .15
1910 2 .14  0 .16
1911 2 .62  0 .25
1912 1 .58  0.21
1913 1 .89 0.19
1914 1 .53  0 .13
1915 0.88 0 .11
1916 0 .95  0.09
1917> 1 .2 5  0 .14
1918 1 .27  0 .11
1919 1.88 0 .10
1920 1 .97  0 .14
1921 1 .4 3  0.08
1922 1 .01  0 .06
1923 0.78 0 .04
1924 0.61 0 .06
1925 0.89 0.08
1926 0 .79 0 .05
1927 0 .92  0 .06
1928 1 .3 4  0 .0 4
192.9 1 .12  0 .05
1930 2 .08  0 .11
1931 2 .05  0.18
1932 1 .8 3  0 .10
1933 2 .18 0.18
1934 4 .62  0 .33
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TABLE IV

HULL: Diphtheria: Incidence and M ortality

Year

1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928 
0929
1930
1931
1932
1933
1934

Case r a t e  
p e r  1 .000

0 .5 0
0 .40
0.48
0.71
0.87
0 .52
0 .67
0 .42
1 .9 6
1 .96  
0.98  
E.07
2 .71  
4.77  
2.61
1 .72  
L.61 
1.59
1 .2 3  
1.10
1 .4 6  
1 .5 5  
2.48  
1 .37
1 .47  
1 .22  
1.68
2 .05
2 .23  
1 .8 1  
1 .4 2  
1 .08  
1 .6 8
2.52
2 .52  
2 .26  
2 .84
2 .72  
3 .63  
5.36  
4 .74  
3 .3  2

Death r a t e  
p e r  1 ,000

0.10
0.09
0.12
0.18
0.08
0 .0 4
0.10
0 .06
0 .16
0 .35
0 .3 0
0 .2 4
0 .28
0 .51
0 .2 4
0 .17
0 .2 2
0 .16
0.08
0.08
0 .12
0.18
0 .2 2
0.09
0.11
0.21
0.12
0.09
0 .1 2
0.09
0.08
0.07
0.09
0 .06
0.11
0 .07
0 .1 2
0 .15
0 .30
0 .42
0.29
0.21



TABLE V,

UAN CHESTER: D iphtheria: In cid en ce .

Year - Case r a t e
p e r 1 ,0 0 0

1893 1 . 2 0
1894 0 .9 8
1895 0 .7 6
1896 0 .4 5
1897 0 .2 8
1898 0 .3 6
1899 0 .4 5
1900 0 .6 1
1901 0 .84
1902 0 .7 7
1903 1 . 1 2
1904 0 .8 5
1905 0 . 8 4
1906 0 .8 6
1907 0 .7 8
1908 0 .8 4
1909 0 .9 1
1910 0 .7 0
1911 0 .6 6
1912 0 .6 5
1913 0 .89
1914 1 .01
1915 0 .7 3
1916 0 .8 3
1917 0 .7 9
1918 0 .69
1919 0 .6 1
1920 1 .2 4
1921 1 . 3 5
1922 1 .0 8
1923 0 .7 1
1924 0 .7 5
1925 1 .3 7
1926 1 . 5 0
1927 1 .5 8
1928 , 1 . 3 5
1929 0*99
1930 1 . 1 0
1931 0 .7 5
1932 1 .1 5
1933 0..95
1934



TABLE VI.

LOCDCB (A dm inistrative County): D iphtheria: Xnoidenee.

Year . Gase r a t e
p e r  1 ,0 0 0

1894 2 .5 7
1895 2 .5 5
1896 3 .1 1
1897 2 .9 5
1898 2 .6 3
1899 3 . 0 0
1900 2 .6 6
1901 2 .6 7
1902 2 .3 4
1903 1 .6 8
1904 1 . 5 5
1905 1 .3 8
1906 1 . 7 0
1907 1 . 8 4
1908 1 .6 7
1909 1*38
1910 1 .2 1
1911 1 . 6 3
1912 1 .5 7
1913 1 .6 9
1914 2 .0 2
1915 2 .1 1
1916 2*06
1917 2 .0 6
1918 1 . 8 4  •
1919 2 .1 7
1920 3 . 0 4
1921 3 . 6 3
1922 3 .3 8  ,
1923 2 .2 6
1924 2 . 3 3
1925 2 .7 1
1926 2 . 9 4
1927 2 .6 8
1928 2 .7 3
1929 2 .6 7
1930 3 .0 6
1931 1 .9 2
1932 1 . 8 6
1933 2 .2 2



TABLE VII

L IVERPOOL: Diphtheria: Incidence
Year Case r a t e

p e r  1,QQQ.
I S 94 0 . 6 5
1895 0 .5 2
1896 0 .8 1
1897 0 .6 5  n
1898 0 .8 3  ^  a  ■ *
1399 1 .1 7
19 00 1 .0 4
1901 1 .2 7
1902 1 . 5 5
19 03 —^  1 .2 2  -  -
1904 1 .4 7
1905 1 .3 7
1906 1 . 2 3  YY,
1907 * 1 . 2 5
1908 ; 'K 1 . 3 6  - a
1909 1 .4 9  : l
1910 1 . 5 0
1911 1 .7 8
1912 1 .4 8  *
1913 1 .4 3  - •
1914 1 .7 9
1915 1 .6 1
1916 1 .4 4
1917 1 .3 1
1918 Y 1 . 6 7  LU;
1919  ̂ 2 .5 1  Y a
1920 2 .1 2  ! Y
1921 1 .4 5
1922 1116 -
1923 1 . 2 0  YY:
.1924 Y 1 . 3 2  Y*Y
1925 1 .7 8  ^ Y i
1926 1 . 8 2  -Y;
1927 1 . 9 4  - Y
1928 2 .2 0
1929 Y:Y 2 .7 5
1930 4 .5 7  ;
1931 3 . 8 0  ^ 'y-
1932 :,;ix. 3 . 8 4  Y
1933 3 .3 7

M m *
m m

y-

...

m u  

m  t  Y



m m .  ym -

arm tmam n. iiii.h th .rH n in e id M g .

U K  8m * » t »
par 1 ,COO.

1890
1891 
1898 
1898 
1894 
1898 
1894
1897
1898
1899
1900 

*1901
1908
1908
1904
1968
1904
1907
1908
1909
1910
1911
1912 
1918 
1914 
1918 
1914
1917
1918
1919
1920
1921
1922 
1928 
1924 
1928 
1924
1927
1928
1929
1930
1931
1932 
1983

0.69
0*46
1.10
0*79
0.83
1*80
2*38
1*41
1*34
1*40
1.06
1*04
1*44
1*82
1*18
1*23
1*44
1*81
1*49
1.38
1*28
1*36
0*98
1*13
1*84
1*21
1*07
0*84
1*02
1*05
1*93
1*80
1*39
1*45
1.97
2*00
1.68
1*40
1*89
1*44
1*73
1.16
0*41
0*83

i . . i £  J-. ) :.i

,;.-u 1 * >: c

ef-.

. - '  ' . r~:~

* ffca figaras from 1901 aaaards relata  t* Oraatar BlmlBelasm*



D i s c u s s i o n  o f  Trend  of  I n c i d e n c e  and M o r t a l i t y .

The i n c i d e n c e  o f  d i p h t h e r i a  a t  e ach  y e a r  i n  s i x  of t h e  

s e l e c t e d  c i t i e s  i s  p l o t t e d  g r a p h i c a l l y  i n  F i g s .  i  t o  Vi i n c l u s i v e .  

( I n  t h e  c a s e  o f  H u l l  i t  was q u i t e  i m p o s s i b l e  f o r  t h e  w r i t e r  t o  

o b t a i n  i n  London c o p i e s  of some o f  th e  pre-Y/ar  r e p o r t s ,  and he i s  

t h e r e f o r e  much i n d e b t e d  t o  Dr. N i c h o l a s  G-ebbie, t h e  M e d ic a l  O f f i c e r  

o f  H e a l t h ,  f o r  s u p p l y i n g  t h e  m i s s i n g  f i g u r e s ) .

From a ro u g h  i n s p e c t i o n  o f  t h e  g r a p h s  i t  w i l l  be se en  t h a t  

t h e  e p id em ic  c y c l e  i s  not  t h e  same i n  a l l  c i t i e s .  I n  L ee d s ,  a s  t h e  

w r i t e r  showed i n  a p r e v i o u s  com m unica t ion  (1 9 3 4 b ) ,  t h e  i n t e r 

e p id e m ic  p e r i o d  i s  10 t o  11 y e a r s ,  and t h i s  i n t e r v a l  h a s  been  

r e m a r k a b l y  c o n s t a n t .  I n  London th e  i n t e r v a l  be tw een  t h e  tw o^m ajor  

e p id e m ic s  was Z Z  y e a r s ;  and t h e  i n t e r v a l ^  b e tw een  m in o r  e p id e m ic s  

seems to  be a b o u t  n i n e  y e a r s .  I n  L i v e r p o o l  t h e  i n t e r v a l  i s  s i m i l a r  

a b o u t  8 t o  11 y e a r s .  On t h e  o t h e r  h an d ,  b o t h  M a n c h e s t e r  and B i rm in g  

ham show a s h o r t  i n t e r - e p i d e m i c  p e r i o d  -  i n  t h e  c a s e  o f  M a n c h e s te r  

a b o u t  s i x  y e a r s ,  and i n  t h e  c a s e  o f  Birmingham f o u r  t o  sev en  y e a r s -  

and u s u a l l y  s i x  or  s e v e n .  I n  H u l l  t h e  minor  e p id e m i c s  a r e  mashed 

by t h e  two o u t s t a n d i n g  p e a k s .  D e s p i t e  t h i s ,  i t  would a p p e a r  t h a t  i n  

H u l l  m inor  e p id e m ic s  tend  t o  o c c u r  a t  i n t e r v a l s  o f  s e v e n  t o  n i n e  

y e a r s .

The second  p o i n t  which  emerges  f rom  a c a p a l  i n s p e c t i o n  o f  t h e  

g r a p h s  i s  t h a t  t h e  i n t r o d u c t i o n  of  t h e  g r a v i s  s t r a i n  i n t o  an a r e a  

does  not  n e c e s s a r i l y  m a n i f e s t  i t s e l f  by a marked i n c r e a s e  i n  t h e  

i n c i d e n c e  of  t h e  d i s e a s e .  As h a s  been s t a t e d  p r e v i o u s l y ,  t h e  g r a v i s  

s t r a i n  was c e r t a i n l y  p r e v a l e n t  i n  Leeds  i n  1930, y e t  t h e  i n c r e a s e d  

i n c i d e n c e  in  t h a t  y e a r  was no t  above what m igh t  have been e x p e c t e d .  

The e f f e c t s  o f  t h e  new s t r a i n  m ig h t  p o s s i b l y  have  shown t h e m s e l v e s  

by an i n c r e a s e  i n  t h e  m o r t a l i t y  r a t e ;  bu t  when i t  was r e a l i s e d  t h a t  

a  s e v e r e  t y p e  o f  d i p h t h e r i a  was p r e s e n t  in  t h e  community, m e a s u r e s  

were im m e d ia te ly  t a k e n  to  d e a l  w i th  t h e  i n c r e a s i n g  s e v e r i t y .  These  

m ea su re s  -  such  a s  t h e  g i v i n g  o f  v e r y  l a r g e  d o s e s  o f  a n t i t o x i n ,  i n  

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

r a t e .  I n  any c a s e ,  t h e  e f f e c t s  of t h e  d i s e a s e ,  th o u g h  d e f e r r e d ,



were n o t  p r e v e n t e d  c o m p l e t e l y  -  a s  t h e  enormous e x p l o s i v e  o u t b r e a k  

o f  1934 showed. tfe shou ld  t h e r e f o r e  be c a u t i o u s  i n  t h i n k i n g  t h a t ,  

i n  a a r e a  such a s  M a n c h e s te r  where  t h e  i n t r o d u c t i o n  o f  t h e  g r a v i s  

and i n t e r m e d i a t e  s t r a i n s  showed i t s e l f  m a in ly  by i n c r e a s e d  s e v e r i t y  

and n o t  by i n c r e a s e d  i n c i d e n c e ,  a  d e f e r r e d  e p id e m ic  w i l l  no t  o c c u r  

a f t e r  a l a g  p e r i o d .

To t h e  d a t a  i n  T a b l e s  I I I  t o  V I I I  s t r a i g h t  l i n e s  showing t h e  

t r e n d s  have  been f i t t e d .  I t  w i l l  be o b v io u s  t h a t  i n  s e v e r a l  i n s t a n c e  

t h e  f i t  i s  n o t  v e r y  good, and i t  m igh t  be t h o u g h t  t h a t  l o g a r i t h m i c  

c u r v e s  would g i v e  b e t t e r  r e s u l t s .  Such a s u p p o s i t i o n  i s  n o t  e n t i r e l y  

j u s t i f i e d  by r e s u l t s ,  s i n c e  t h e  w r i t e r  h a s  i n  some i n s t a n c e s  f i t t e d  

l o g a r i t h m i c  c u r v e s ,  and t h e  f i t  was no t  a l t o g e t h e r  s a t i s f a c t o r y .  

A p p a r e n t l y  a s e r i e s  o f  more complex c u r v e s  f i t t e d  t o  each  g r a p h  

would g i v e  a more r a t i o n a l  e x p l a n a t i o n  o f  t h e  s e q u e n c e  o f  e v e n t s .

But even  th e  s im p le  t r e n d  l i n e  d oes  b r i n g  ou t  some i m p o r t a n t  f e a t u r e s  

and t h e  w r i t e r  h a s  a c c o r d i n g l y  d e c id e d  t o  t r e a t  a l l  t h e  d a t a  i n  t h i s  

manner f o r  t h e  p u r p o s e  o f  t h i s  i n t r o d u c t i o n .

depend on x  i n  such  a way t h a t

Z " a+bx
(which  i s  t h e  e q u a t i o n  o f  a s t r a i g h t  l i n e ) ,  t h e n  t h e  m os t  p r o b a b l e  

v a l u e s  o f  a_ and b a r e  such  t h a t  t h e  sum o f  t h e  s q u a r e s  o f  t h e  

d i f f e r e n c e s  be tween any o b s e r v a t i o n  and t h e  c u rv e  i s  a  minimum.

I t  can be shown t h a t  t h e s e  c o n d i t i o n s  a r e  f u l f i l l e d  when

where n i s  t h e  number o f  o b s e r v a t i o n s ,  and x  i s  t h e  s e r i a l  number 

of  any i n d i v i d u a l  o b s e r v a t i o n  yu

The t r e n d  l i n e s  were f i t t e d  by an a p p l i c a t i o n  o f  t h e  

w e l l -know n th eo rem  o f  l e j s t  s q u a r e s .  I f  an  o b s e r v e d  m a g n i tu d e  £
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TAJBLE IX.

'nT'p'HTTTTgRtA.; Case B a te s  and D eath  R a te s : T rends f o r  D if f e r e n t  C i t i e s *

C ity  T rend  e q u a t io n  Means S .D .

LEEDS: 1897- 
1934

(Case r a t e )  ^  6 179.74  -  0 .5 9 8 *  1 6 8 .1 + 9 .8 8 6 *  9 0 .3 5 ^ 6 .9 9 0

USDS: 1897- 
1934

(D eath  r a t e )  ^  -  33 .58  -  0 .7 9 1 x  1 8 .2 + 1 .7 7 6  1 6 .2 3 + 1 .2 5 6

BULL: 1893- 
1934

(case  r a t e )  a|  = 6 1 . 8 7 + 6 . 0 1 4 *  191 .2+ 12 .028  1 1 5 .5 6 + 8 .5 0 4

HULL: 1897- 
1934

(D eath  r a t e )  Aj r  17215 -  0 .028%  1 6 .6  +  1 .1 6 5  1 0 .6 5 + 0 .8 2 4

MANCHESTER:
1893-1933

(Case r a t e )  62 .20  +  1 .2 5 8 x  8 8 .6 t  3 .0 8 3  2 9 .2 7  +  2 .179

LONDON:
1894-1933

(Case r a t e )  a|  = 217.64  +  0 .538%  228 .7  +  6 .330  6 9 .3 5 ± 4 .4 7 6

LIVERPOOL:
1894-1933

(Case r a t e )  H *  50 .90  +  5 .775%  16 9 .3  +  9 .309  87 .2 9  +  6 .5 8 3
1

BIRMINGHAM:
1893-1933

(Case r a t e )  ^  = 130 .98  +  0 .3 5 4 *  1 3 8 .4 + 4 .0 3 5  3 8 .3 0 +  2 .853

* ghe ±  v a lu e s  th ro a g h o n t t h i s  T h e s is  a re  p ro b a b le , n o t s ta n d a rd , 
e r r o r s .



34.

‘The d e a t h  r a t e s  f o r  Leeds  and f o r  H u l l  were  t r e a t e d  in  

a s i m i l a r  m a n n e r , a n d  t h e  g r a p h s  w i t h  t h e  f i t t e d  c u r v e s  a r e  shown 

i n  F i g s .  Y i i  and V f t i .  T a b le  IX g i v e s  th e  e q u a t i o n s ,  m eans ,  and 

s t a n d a r d  d e v i a t i o n s  f o r  t h e  c a s e  r a t e s  and d e a t h  r a t e s  f o r  e ac h  

o f  t h e  c i t i e s .  On each  g r a p h  (where p o s s i b l e )  l i n e s  h a v e  b e e n  

drawn p a r a l l e l  t o  t h e  t r e n d  l i n e ,  and a t  a  d i s t a n c e  of  1 ,  2 and 3<r 

f rom i t .

I t  w i l l  be s e e n  t h a t  in  t h e  c a s e  of  London no s i g n i f i c a n t  

f e a t u r e  ^ o c c u r re d  s i n c e  t h e  e p id e m ic  o f  1921 ,  and t h a t  i n  Birmingham 

t h e r e  h a s  been  no i n c r e a s e d  i n c i d e n c e ,  p a s s i n g  t h e  l i m i t  o f  +cr 

s i n c e  1925.  In  Leeds  on t h e  o t h e r  hand  t h e  1934 e p id e m i c ,  when 

2 ,239  c a s e s  o f  d i p h t h e r i a  were n o t i f i e d ,  g i v i n g  a c a s e  r a t e  o f  

4 .6 2  p e r  1 ,0 0 0 ,  i s  m ost  i n t e r e s t i n g .  This r a t e  g i v e s  a d e v i a t i o n  

f rom th e  mean which i s  e q u a l  t o  a lm o s t  3 . 4  t im e s  th e  s t a n d a r d  

d e v i a t i o n .  A t a b l e  of th e  p r o b a b i l i t y  i n t e g r a l  shows t h a t  su c h  an 

e v en t  would occu r  by chance  a bou t  once i n  1400 y e a r s .  I n  t h e  

g ra p h  f o r  L iv e r p o o l  i t  i s  seen  t h a t  a l a r g e  p e ak  o c c u r r e d  i n  1930 .  

The m ag n i tu d e  o f  t h i s  p e a k  i s  o v e r - e m p h a s i s e d  by t h e  s i z e  o f  t h e  

p r e c e d i n g  t r o u g h .  A c t u a l l y ,  t h e  d i f f e r e n c e  between t h e  p e a k  r a t e  -  

457 -  and t h e  t r e n d v a l u e  i s  1 9 2 .8 ,  which  i s  o n ly  2 . 2  t i m e s  t h e  

s t a n d a r d  d e v i a t i o n .  T h is  v a l u e  i n d i c a t e s  t h a t  an e p id e m ic  o f  t h i s  

m agn i tu d e  m igh t  be e x p e c te d  t o  o c c u r  by chance  a b ou t  o n c e  i n  

35 y e a r s .  I f  t h e r e f o r e  we c o n s i d e r  th e  two o b s e r v a t i o n s  f rom t h e  

p o i n t  o f  v iew  o f  u n i q u e n e s s ,  t h e r e  i s  no c o m p a r iso n  be tw een  t h e  

L iv e r p o o l  ep idem ic  of  1930 and th e  Leeds  ep idem ic  o f  1934.  I n  o t h e r  

words ,  any i n d i v i d u a l  l i v i n g  i n  L iv e r p o o l  m ig h t  e x p ec t  t o  p a s s  a t  

l e a s t  once i n  h i s  l i f e t i m e  th r o u g h  an ep id e m ic  such a s  was e x p e r i e n 

ced i n  1930 .  The Leeds  ep idem ic  o f  1934 was on t h e  o t h e r  hand an 

e v en t  which would p r a c t i c a l l y  n e v e r  o c cu r  a g a i n  u n l e s s  a s  t h e  

r e s u l t  o f  t h e  o p e r a t i o n  o f  some new o r  e x t r a n e o u s  f a c t o r .  I n  t h e  

c ase  o f  t h e  cu rv e  f o r  i n c i d e n c e  i n  H u l l ,  t h e  main  f e a t u r e s  a r e  

p r o b a b l y  c o n s i d e r a b l y  m o d i f i e d  by th e  f a c t  t h a t  a v e r y  l a r g e  

ep id em ic  o c c u r r e d  i n  1906. The d e v i a t i o n  o f  t h e  v a l u e  f o r  t h e  

1932 H u l l  ep idem ic  i s  2 .0 2  t im e s  t h e  s t a n d a r d  d e v i a t i o n ,  so t h a t



t h e s e  d a t a  g iv e  a p r o b a b i l i t y  o f  t h e  o c c u r r e n c e  o f  s u c h  an e v e n t  

once i n  abou t  tw e n ty  one y e a r s .

T u rn in g  to  t h e  d e a t h  r a t e s  ( F i g s  " f i t  and V iil)  we f i n d  

an i n t e r e s t i n g  c o r $ o l l a r y .  A c c u r a te  d e a t h  r a t e s  7/ere a v a i l a b l e  

f o r  h u l l ,  s i n c e  1897 .  The d e a t h  r a t e  f o r  t h e  1932  e p id e m ic  was 

42 p e r  1 0 0 ,0 0 0  l i v i n g ,  and th e  d e v i a t i o n  -  2 5 .9 3  - o f  t h i s  f rom  t h e  

t r e n d  v a l u e  i s  2 . 4  t im e s  th e  s t a n d a r d  d e v i a t i o n .  Such an o c c u r r e n c e  

cou ld  o n l y  be e x p e c te d  on t h e  b a s i s  o f  ch an ce  once i n  s i x t y  y e a r s .

The c o r r e s p o n d i n g  c a l c u l a t i o n  f o r  th e  d e a t h  r a t e  f o r  t h e  L eeds  1934 

e p id em ic  g i v e s  a p r o b a b i l i t y  o f  o c c u r r e n c e  o f  once i n  t h i r t e e n  y e a r s .

Summaris ing t h e s e  r e s u l t s  we se e  t h a t  i n  t h e  two a r e a s  

in  which  t h e  g r a v i s  s t r a i n  f i r s t  a p p e a re d  and h a s  been most  p r e v a l e n t  

t h e r e  i s  e v id e n c e  t h a t  t h e  r e s u l t i n g  o u t b r e a k s ,  when c o n s i d e r e d  i n  

th e  one c a se  f rom  th e  p o i n t  of v iew  o f  i n c i d e n c e  and i n  th e  o t h e r  f ro m  

th e  p o i n t  o f  v iew  o f  d e a t h s ,  7/ere o f  such m a g n i tu d e  a s  t o  be ,  i n  

one c a se  c e r t a i n l y  and i n  th e  o t h e r  p o s s i b l y ,  beyond t h e  p r o b a b i l i t y  

of  o c c u r r e n c e  a p a r t  f rom  th e  o p e r a t i o n  o f  some new f a c t o r .  I n  London 

t h e  g r a v i s  s t r a i n  h a s  no t  been i n  e v i d e n c e ,  and so f a r  a s  t h e  w r i t e r  

knows i t  h a s  no t  been  r e p o r t e d  from Birmingham. I n  L i v e r p o o l  t h e r e  

h as  been  no marked i n f e c t i o n  w i t h  t h i s  s t r a i n .  On t h i s  e v id e n c e  I t  

Y/ould a p p e a r  t h a t  i n  Leeds  and B u l l  t h e  change  i n  t y p e  o f  t h e  

g . D i p h t h e r i a s  was not  m e r e ly  an i n c i d e n t a l  h a p p en in g  which p roduced :  

no s i g n i f i c a n t  e f f e c t  on t h e  h e r d ,  bu t  was a d i s t i n c t  e p i d e m i o l o g i c a l  

phenomenon, com parab le  to  a c e r t a i n  e x t e n t  t o  t h e  i n t r o d u c t i o n  o f  a  

new d i s e a s e  i n t o  t h e s e  c i t i e s .

E f f e c t  o f  Age I n c i d e n c e .

^ t  may be o b j e c t a t h a t  t h e  age c o n s t i t u t i o n  of  t h e  

p o p u l a t i o n s  o f  t h e s e  c i t i e s  must have  a l t e r e d  v e ry  c o n s i d e r a b l y  

d u r i n g  t h e  l a s t  f o r t y  y e a r s .  This  o b j e c t i o n  i s  v a l i d ,  and i t  m u s t  be 

a d m i t t e d  t h a t  s t a n d a r d i s e d  r a t e s  would have  g i v e n  more e m p h a t i c  

r e s u l t s .  Bewsholme d e a l t  w i t h  t h i s  q u e s t i o n  o v e r  t h i r t y  f i v e  y e a r s  

ago (Hewsholme 1 8 9 8 ) ,  and he co n c lu ded  t h a t  i n  d i s c u s s i n g  t h e  

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

i n t r o d u c e d  as  a r e s u l t  o f  u s i n g  n o n - s t a n d a r d i s e d  r a t e s  would be
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w i t h i n  v e r y  s m a l l  l i m i t s .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  h a s  

so f a r  been i m p r a c t i c a b l e  t o  o b t a i n  t h e  age d i s t r i b u t i o n  o f  t h e  

c a s e s  and d e a t h s  f o r  a l l  t h e  c i t i e s  i n v e s t i g a t e d ,  and c o n s e q u e n t l y  

c o r r e c t i o n  f o r  age h a s  no t  been  p o s s i b l e .  An an i n d i c a t i o n ,  how

e v e r ,  o f  t h e  e x t e n t  t o  which t h e  age f a c t o r  may i n v a l i d a t e  t h e  

r e s u l t s ,  t h e  f o l l o w i n g  s m a l l  i n q u i r y  i n t o  t h e  e f f e c t  o f  t h i s  f a c t o r  

i n  L eeds  may be u s e d .

S te v e n s o n  (1919)  d e v i s e d  a g r a p h i c  m ethod w h ic h  shows 

a t  a g l a n c e  t h e  m ain  c h an g e s  i n  t h e  age  g r o u p in g  o f  c a s e s  o f  any 

p a r t i c u l a r  d i s e a s e  y e a r  by y e a r .  F i g .  iX shows th e  age i n c i d e n c e  

o f  d i p h t h e r i a  c a s e s  i n  Leeds  f rom  1899 t o  1933,  c h a r t e d  a c c o r d i n g  t o  

t h i s  m ethod .  (The f i g u r e s  f o r  1934  a r e  no t  a v a i l a b l e  a t  t h e  t im e  

of w r i t i n g ) .  I t  w i l l  be seen  t h a t ,  a p a r t  f rom  l o n g  t e rm  smooth 

f l u c t u a t i o n s ,  t h e  i n c i d e n c e  f o r  t h e  age g r o u p s  15 to  25 y e a r s  and 

o v e r  25 y e a r s  h a s  no t  a l t e r e d  v e r y  much i n  t h e  l a s t  35 y e a r s .

The p r o p o r t i o n a l  i n c i d e n c e  up to  f i v e  y e a r s  o f  age  h a s  been  g r a d u a l l y  

d e c r e a s i n g  th r o u g h o u t  t h i s  l o n g  p e r i o d ,  bu t  t h e  d e c r e a s e  h a s  n o t  

been  a t  a l l  c o n s i d e r a b l e .  T h is  d e c r e a s e  h a s  been  a s s o c i a t e d  w i t h  

a more or  l e s s  c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  i n c i d e n c e  a t  a g e s  

5 to  15 y e a r s  -  an i n c r e a s e  which h a s  a l s o  b een  g r a d u a l .  I $ a p p e a r s  

t h e r e f o r e  t h a t  t h e  n o n - s t a n d a r d i s a t i o n  o f  t h e  r a t e s  h a s  p r o b a b l y  n o t  

i n t r o d u c e d  an e r r o r  o f  any m a g n i tu d e  i n t o  t h e  r e s u l t s  w hich  a r e  

g i v e n  p r e v i o u s l y .
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PART I .

SECTION ( b ) .

THE SCHICK TEST IN A 11G-RAVIS- INFECTED" CQMUITITY;

VARIATION Off NATURAL IMMUNITY WITH AGE, SEX, AM) SEAS OH.

The S c h ic k  t e s t ,  w h ich  was i n t r o d u c e d  by S c h ic k  and 

M i c h i e l s  (1913)  tw e n ty  two y e a r s  ago,  i s  more o r  l e s s  u n i q u e  

i n  im m u no lo g ica l  work,  s i n c e  i t  i s  t h e  o n l y  a c c u r a t e  t e s t  w h ich  

we have f o r  g p ^ f g i n g  t h e  immunity  o f  a n  i n d i v i d u a l  t o  a common 

i n f e c t i o u s  d i s e a s e .  The t e s t ,  a s  i s  w e l l  known, i s  c a r r i e d  o u t  

by i n j e c t i n g  i n t r a d e r m a l l y  0 .0 2  o f  a M.L.D. o f  d i p h t h e r i a  t o x i n ,  

c o n ta in e d  i n  0 .2  cc. o f  a  s u i t a b l e  d i l u t i n g  medium. A p o s i t i v e  

r e a c t i o n  d e v e l o p s  w i t h i n  t w e n t y - f o u r  t o  f o r t y - e i g h t  h o u r s ,  and 

c o n s i s t s  a t  f i r s t  o f  a c i r c u l a r  p i n k i s h  a r e a .  T h i s  a r e a  r a p i d l y  

becomes o f  a d e e p e r  c o l o u r ,  and a b o u t  t h e  f i f t h  day t h e  s k i n  

becomes d r y  and h a r d ;  t i n y  f i s s u r e s  a p p e a r  and i £ m  d e s q u a m a t io n ,  

which.may be e i t h e r  o f  a f i n e  b r a n n y  n a t u r e  o r  much more d e f i n i t e  

and f l a k y ,  i s  fo u n d .  A n e g a t i v e  r e a c t i o n  shows no a p p a r e n t  e ry th e m a  

a t  t h e  i n f e c t i o n  s i t e ,  even  a f t e r  s e v e n  d a y s .  In  many i n s t a n c e s  

a p o s i t i v e  r e a c t i o n  i s  q u i t e  d e f i n i t e  w i t h i n  t h e  f i r s t  t h r e e  d a y s ;  

bu t  e x p e r i e n c e  g a in e d  f rom  t h o u s a n d s  o f  S c h ic k  t e s t s  p e r fo rm e d  a l l  

ove r  t h e  w or ld  h a s  shown t h a t  t h e  most a c c u r a t e  r e s u l t s  a r e  o b t a i n e d  

i f  t h e  f i n a l  r e a d i n g  i s  made on t h e  s e v e n t h  day .  '

t h e  work o f  Dudley and o t h e r s  h a s  d e m o n s t r a t e d  t h a t  t h e  

immuniz a b i l i t y 11 o f  a community - o r  t h e  r a p i d i t y  w i t h  w h ich  n a t u r a l  

o r  a r t i f i c i a l  im m u n iza t io n  i s  com ple ted  d e pen d s  v e r y  l a r g e l y  upon 

th e  o r i g i n a l  immunity r a t e  o f  th e  community. C o n s e q u e n t ly  i t  

f o l l o w s  t h a t  t h e  d e s c r i p t i o n  o f  any l a r g e  s c a l e  e x p e r im e n t  upon  

im m uniza t ion  and upon t h e  u s e  o f  d i f f e r e n t  p r o p h y l a c t i c s  sh o u ld  

be p re c e d e d  b y ^ d i s c u s s i o n  o f  t h e  n a t u r a l  immunity o f  t h e  p o p u l a t i o n  

upon which th e  e x p e r im e n t  i s  p e r f o r m e d .  D e s p i t e  t h i s  o b v io u s



19.

p r i n c i p l e ,  i t  i s  s u r p r i s i n g  t o  f i n d  t h a t  many r e p o r t s  a r e  q u i t e  

w o r t h l e s s  h e c a u s e  t h e y  omit  t o  g i v e  any o f  t h e s e  p a r t i c u l a r s .

I n  t h e  c a se  o f  L eeds  i t  was e s p e c i a l l y  n e c e s s a r y  t o  have d e t a i l e d  

knowledge o f  t h e s e  f a c t o r s ,  s i n c e  t h e  p r e s e n c e  o f  t h e  g r a v i s  

s t r a i n  s u g g e s t e d  t h a t  t h e  n a t u r a l  immunity  r a t e  would show 

c o n s i d e r a b l e  d i f f e r e n c e s  f rom  t h e  r a t e s  i n  o t h e r  a r e a s .  The 

e s s e n t i a l  b a s i s  o f  t h e  i n v e s t i g a t i o n s  which  a r e  d e t a i l e d  i n  t h i s  

T h e s i s  c o n s i s t e d  t h e r e f o r e  o f  2 ,6 6 6  p r i m a r y  L c h ic k  t e s t s  w hich  were  

p e r fo rm e d  and r e a d  p e r s o n a l l y  by t h e  w r i t e r .  These  t e s t s  were  

c a r r i e d  o u t  be tw een  F e b r u a r y  1933 and Sep tem ber  1934,  and t h e  

p o p u l a t i o n  i n v e s t i g a t e d  was more o r  l e s s  homoger$>us, b e i n g  made 

up o f  s c h o o l  and p r e - s c h o o l  c h i l d r e n  o f  t h e  w ork in g  c l a s s e s  i n  

L ee d s .  a few i n s t i t u t i o n s  were  d e a l t  w i t h ,  b u t  t h e s e  a r e  

c o n s i d e r e d  s e p a r a t e l y  i n  o t h e r  s e c t i o n s  o f  t h i s  T h e s i s  and t h e  

numbers o f  t h e  i n m a te s  'were so s m a l l  i n  c o m p a r iso n  w i t h  t h e  t o t a l  

number o f  c h i l d r e n  t e s t e d  t h a t  t h e i r  i n c l u s i o n  c o u ld  have  l i t t l e  

e f f e c t  upon  t h e  g e n e r a l  r e s u l t s  o f  t h e  i n v e s t i g a t i o n .

I t  sh o u ld  be m en t io n ed  h e r e  t h a t  t h i s  s e c t i o n  i s  n o t  a 

co m ple te  d i s c u s s i o n  o f  t h e  S c h ic k  t e s t  and i t s  i m p l i c a t i o n s .  The 

l i t e r a t u r e  o f  t h e  t e s t  i s  v e ry  l a r g e .  The w r i t e r  had r e a d  a 

c o n s i d e r a b l e  amount o f  i t ,  b u t  i n  h i s  o p i n i o n  many o f  t h e  p a p e r s  

a r e  so i n c o m p le te  t h a t  t h e y  conno t  be u se d  f o r  a c c u r a t e  s t a t i s t i c a l  

work.  The b e s t  o f  t h e  l i t e r a t u r e  up t o  1929 was a d e q u a t e l y  

d i s c u s s e d  by Dudley (1 9 2 9 ) ,  and t h a t  e x c e l l e n t  r e v i e w  must  s t a n d  

a s  t h e  l a s t  word on t h i s  s u b j e c t  up t o  t h e  t im e  o f  i t s  p u b l i c a t i o n .  

I n  a l a t e r  work Dudley (1934) e x te n d e d  h i s  d i s c u s s i o n  on a more 

s p e c i a l i s e d  l i n e .  I n  t h i s  s e c t i o n  of  th e  T h e s i s  t h e  p r e s e n t  w r i t e r  

d e a l s  o n ly  w i t h  t h o s e  f e a t u r e s  o f  t h e  t e s t  which  a p p e a r  to  be 

p e c u l i a r  t o  a  g r a v i s - i n f e c t e d ,T a r e a ;  he a l s o  d e a l s  w i t h  c e r t a i n  

g e n e r a l  f e a t u r e s ,  such  a s  t h e  r e l a t i o n s h i p  be tw een  a ge ,  s e x  and 

se a s o n ,  which i n  t h e  p a s t  have e i t h e r  b e e n  a lm o s t  e n t i r e l y  n e g l e c t e d  

o r  i n a d e q u a t e l y  d e a l t  w i t h .  I t  i s  hoped t h a t  t h e  s t a t i s t i c a l  

methods employed a r e  a s  f i n e  a s  any which  co u ld  be a p p l i e d  t o  t h i s  

ty p e  o f  d a t a ,  and i t  would seem t h a t  t h e  r e s u l t s  o b t a i n e d  a r e  ouch
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wore y r e o i u e  uajr which  have h itherto heen published. . ■

T ec h n iq u e .

The whole o f  t h e  b c h ic k  t e s t  f l u i d  and c o n t r o l  f l u i d  

which was u s e d  was s u p p l i e d  to  t h e  w r i t e r  by Dr R. A. 0 !Bri©n,  

D i r e c t o r  o f  t h e  v/ellcome P h y s i o l o g i c a l  R e s e a r c h  L a b o r a t o r y ,  and 

a l l  t h e  f l u i d s  u s e d  were f r e s h .  A gla  a l l - g l a s s  s y r i n g e s ,  e a c h  of 

1 c c . c a p a c i t y ,  and f i n e  i n t r a d e r m i c  n e e d l e s  were u s e d  i n  every 

i n s t a n c e .  Excep t  i n  v e r y  s p e c i a l  c a s e s  -  such  a s  d e f o r m i t i e s  of 

one arm -  t h e  t e s t  i n f e c t i o n  was g iv e n  i n  t h e  l e f t  f o r e a r m ,  and t h e  

c o n t r o l  i n j e c t i o n  i n  t h e  r i g h t  f o r e a r m .  I n  e ach  i n s t a n c e  a Moloney 

t e s t  was a l s o  p e r f o r m e d ,  and t h e  r e s u l t s  o f  t h e s e  Moloney te s t s  are 

d e a l t  w i t h  i n  a s e p a r a t e  s e c t i o n  o f  t h i s  T h e s i s .  Almost i n v a r i a b l y  

t h e  Moloney i n j e c t i o n  was done on t h e  r i g h t  f o r e a r m ,  p r o x i m a l  t o  

t h e  b c h ic k  c o n t r o l  i n j e c t i o n .  A H  t e s t s  were r e a d  a f t e r  forty  

e i g h t  h o u r s ,  and a l s o  on t h e  s e v e n t h  day ;  i n  many i n s t a n c e s  the 

t e s t s  wore a l s o  r e a d  a t  more f r e q u e n t  i n t e r v a l s .  The r e s u l t s  were 

r e c o r d e d  i n  two ways:  (a) t h e  d i a m e t e r  o f  each  r e a c t i o n  was measured 

i n  m i l l i m e t r e s  by .means o f  a  s t e e l  r u l e :  (b)  e ach  r e a c t i o n  was 

d e s c r i b e d  and c l a s s i f i e d  a c c o r d i n g  t o  i t s  a p p e a r a n c e ,  c o l o u r ,  degree 

o f  h a r d n e s s  o f  t h e  s k i n ,  and o t h e r  f e a t u r e s .  The c l a s s i f i c a t i o n  

adop ted  depended l a r g e l y  on t h e  w r i t e r 1s e x p e r i e n c e  in  r e a d i n g  

i n d i v i d u a l  t e s t s ,  and hen ce  i t  canno t  be r e a d i l y  d e s c r i b e d  i n  a  few/ 

words .  I n  g e n e r a l ,  i t  may be s a i d  t h a t  t h e  f o l l o w . !  g c l a s s i f i c a t i o n  

was u s e d : -  ( a )  P a i n t ,  "+n - any o r d i n a r y  r e a c t i o n  up to  15 mza. i n

d i a m e t e r ,  o r  a f a i n t  r e a c t i o n  up to  £0 mm. (b} M o d e ra te ,  ”++” *

an o r d i n a r y  r e a c t i o n  f rom  20 t o  25 mm. i n  d i a m e t e r ,  o r  a  b r i g h t  

r e a c t i o n  from 15 to  20 ( c } m arked ,  f,-t++M -  any r e a c t i o n  which

was b r i g h t  and of  d i a m e t e r  o v e r  25 mm, o r  any e x c e p t i o n a l l y  l a r g e  

r e a c t i o n ;  e x t r e m e l y  b r i g h t  r e a c t i o n s  u n d e r  25 mm.- m ig h t  a l s o  be 

i n c l u d e d  i n  t h i s  c a t e g o r y .  S p e c i a l  c a r e  was t a k e n  t o  g i v e  e x a c t  

d o se s  i n  each  i n s t a n c e :  t h i s  p o i n t  i n  t e c h n i q u e  h a s  been  a d e q u a t e l y

d i s c u s s e d  by Dudley (1929) 7/ho showed t h a t  25 p e r  c e n t  o v e r  or u n d e r  

t h e  c o r r e c t  d osag e  made no a p p r e c i a b l e  d i f f e r e n c e  t o  t h e  r e s u l t s ,

^are  was a l s o  t a k e n  t o  g i v e  t h e  i n j e c t i o n s  i n t r a d e r m a l l y .  T h i s
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s t a t e m e n t  must  o f  c o u r s e  be  t a k e n  w i t h  a c e r t a i n  amount o f  

r e s e r v a t i o n , s ine© i t  i s  o b v io u s  t h a t  i i |  soni© i n s t a n c e s  a p o r t i o n  

o f  th e  dose  may have  u n w i t t i n g l y  b e en  g i v e n  s u b e u t a n e o u s l y .  I t  

sh o u ld  be s t a t e d ,  however ,  t h a t  t h i s  p o s s i b i l i t y  was no g r e a t e r  

i n  t h e  p r e s e n t  s e r i e s  t h a n  i n  any c a r e f u l l y  p e r f o r m e d  i n t r a d e r m a l  

i n j e c t i o n .  I n  any e v e n t ,  t h e r e  i s  some e v i d e n c e  t h a t  L c h ic k  f l u i d  

i n j e c t e d  e n t i r e l y  s u b e u t a n e o u s l y  g i v e s  r e s u l t s  w h ich  a r e  v e ry  

s i m i l a r  t o  s i m i l a r  t e s t s  p e r fo rm e d  i n t r a d e r m a l l y ,  and in d e e d  

H a idv o g l  (1926) recommended t h e  s u b c u t a n e o u s  i n  p r e f e r e n c e  t o  t h e  

i n t r a d e r m a l  method,  on t h e  g ro u n d s  t h a t  t h e  r e s u l t i n g  r e a c t i o n s  were  

e a s i e r  t o  r e a d ,  and t h a t  p s e u d o - r e a c t i o n s  were l e s s  f r e q u e n t .

General d e s c r i p t i o n  of r e s u l t s  of t e s t s .

I t  i s  no t  p o s s i b l e  t o  d i s c u s s  h e r e  d e t a i l e d  r e s u l t s  o f

th e  w r i t e r ’ s work on t h e  o c h ic k  t e s t m  i n  a r e a s  o t h e r  t h a n  L e e d s ,
b ro ad

b u t  i t  i s  d e s i r a b l e  t o  g i v e  s o m e ^ i n d i c a t i o n  of  t h e  g e n e r a l  d i f f e r e n c e
tvrea

Detween t h e  r e s u l t s  o b t a i n e d  i n  a ”g r a v i s - i n f e c t e d :?fcand t h o s e  f ro m  

o t h e r  d i s t r i c t s .

The w r i t e r  was e a r l y  im p r e s s e d  by t h e  h i g h  f r e q u e n c y ,  

n o t  o n l y  o f  p o s i t i v e  r e a c t i o n s j  b u t  o f  marked p o s i t i v e  r e a c t i o n s  

i n  t h e  Leeds c h i l d r e n .  F a i n t  p o s i t i v e  r e a c t i o n s  were  n o t  a t  a l l  

f r e q u e n t ,  and most p o s i t i v e  r e a c t i o n s  w e r e  o f  t h e  t y p e  which  i s  

c l a s s i f i e d  h e r e  a s  ’’m o d e r a t e 11 -  t h a t  i s ,  o f  d i a m e t e r  up t o  25 mm, 

o r  v e ry  b r i g h t  r e a c t i o n s  o f  d i a m e t e r  20 t o  25SJ mm. Harked p o s i t i v e  

r e a c t i o n s  -  t h a t  i s ,  o f  d i a m e t e r  25 t o  35 mm, o r  o v e r  were compara

t i v e l y  common. I n  a l a r g e  p r o p o r t i o n  o f  p o s i t i v e s ,  and e s p e c i a l l y  

i n  m o d e ra te  and marked p o s i t i v e s ,  d e s q u a m a t io n  was m arked .  The 

w r i t e r  a l s o  found  t h a t  ’’g i a n t ” r e a c t i o n s  were n o t  a t  a l l  i n f r e q u e n t .  

The most  r e m a r k a b le  r e a c t i o n  was t h a t  of  a  p o s i t i v e  r e s u l t  i n  a  

g i r l  o f  t h i r t e e n  y e a r s .  The c o n t r o l  arm showed a b l u i s h  a r e a  of  

a bou t  10 mm. i n  d i a m e t e r ,  which l a t e r  became d u sk y .  The t e s t  arm 

showed a v e r y  l a r g e  a r e a  m e a s u r in g  a b o u t  80 mm by 70 mm. The 

c e n t r a l  a r e a  m e a su r in g  40 mm. i n d i a m e t e r  showed c o m p le te  vesicular  

t i o n  even on t h e  t h i r d  day ;  t h i s  a r e a  was s u r ro u n d e d  by t h e

erythematous zone, 80 mm. in  d iam eter .  Outside th e  a r e a  mentioned
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above t h e r e  was a l a r g e  r i n g  o f  v e r y  f a i n t  e ry th e m a .  On t h e  

s e v e n t h  day  t h e r e  was a c e n t r a l  a r e a  o f  d e s q u a m a t io n  25 mm. i n  

d i a m e t e r ,  and s w e l l i n g  and p a i n  w6t» s t i l l  p r e s e n t .  The r e s u l t  

was so c o n t r a r y  t o  a n y . r e a c t i o n  which t h e  w r i t e r  had p r e v i o u s l y  

met w i th  t h a t  he was i n c l i n e d  t o  s u s p e c t  a p r o t e i n  r e a c t i o n ,  and 

to  assume t h a t  t h e  g i r l  was p r o b a b l y  immune. B lood t i t r a t i o n  

showed, however ,  t h a t  t h e r e  was l e s s  t h a n  l/ lQOO u n i t s  o f  a n t i t o x i n  

i n  t h e  serum, and t h a t  t h e  S c h ick  r e s u l t  was a t r u e  p o s i t i v e  o f  an 

e x c e p t i o n a l l y  s t r o n g  d e g r e e .

The w r i t e r  c o n s e q u e n t l y  formed t h e  o p i n i o n  e a r l y  i n  t h e  

i n v e s t i g a t i o n  t h a t  Taefrti t h e  f r e q u e n c y  o f  p o s i t i v e  r e a c t o r s  was 

h i g h e r  i n  Leeds  t h a n  i n  many o t h e r  a r e a s ,  and a l s o  t h a t  t h e  d e g r e e  

o f  r e a c t i o n  te n d e d  t o  be much s t ronger* .  P r o lo n g e d  o b s e r v a t i o n  

amply co n f i rm ed  t h i s  v iew ,  and s i n c e  t h e  c o n c l u s i o n  o f  t h e  Leeds 

e x p e r i m e n t s  t h e  w r i t e r  h a s  had o p p o r t u n i t i e s  o f  c a r r y i n g  o u t  and 

r e a d i n g  S c h ic k  t e s t s  i n  London. The d e g r e e  of  r e a c t i o n  i n  t h e  

M e t r o p o l i s  h a s  c e r t a i n l y  be en  lo w er  t h a n  i n  L e e d s ,  and i n  a d d i t i o n  

t h e  n a t u r a l  immunity  r a t e  i s  d e f i n i t e l y  h i g h e r .  D e t a i l e d  r e s u l t s  

o f  some o f  t h e s e  t e s t s  w i l l  be d i s c u s s e d  l a t e r  i n  t h i s  T h e s i s .

In  Leeds o t h e r  p e c u l i a r  f e a t u r e s  i n  c o n n e c t i o n  w i t h  t h e  L ch ick  

r e a c t i o n  soon emerged,  and some o f  t h e s e  w i l l s ,  be d i s c u s s e d  i n  

t h i s  s e c t i o n .

A c o n s i d e r a t i o n  o f  t h e  f i g u r e s  f o r  d i p h t h e r i a  i n c i d e n c e  

i n  Leeds d u r i n g  t h e  p r e v i o u s  few y e a r s ,  a s  g iv e n  i n  t h e  p r e c e d i n g  

s e c t i o n !  o f  t h i s  T h e s i s ,  s u g g e s t e d  a t  f i r s t  t h a t  a c o n s i d e r a b l e  

p r o p o r t i o n  o f  t h e  c h i l d  p o p u l a t i o n  a t  a l l  a g es  would have  b e e n  t h e  

s u b j e c t s  o f  " l a t e n t  im m u n iz a t io n " ,  and t h a t  t h e  n a t u r a l  immunity  

r a t e  i n  n e ed s  would be r a t h e r  h i g h .  The c o n t r a r y  p ro v ed  t o  be  t h e  

c a s e .  I n  a l a t e r  s e c t i o n  t h e  p r o p o r t  ions o f  p o s i t i v e s  i n  d i f f e r e n t  

g ro u p s  o f  c h i l d r e n  <ht compared, and i t  i s  shown t h a t  on an a v e r a g e  

e i g h t y - x i v e  p e r  c e n t  o f  a l l  Leeds  c h i l d r e n  a r e  s u s c e p t i b l e  to  

d i p h t h e r i a ,  a s  shown by a p o s i t i v e  r e s u l t  t o  t h e  S c h ic k  t e s t .

T h is  low d e g re e  o f  n a t u r a l  immunity - v i z .  15 p e r  c e n t  

shou ld  be e m ph as ized .  I t  i n d i c a t e s  t h a t ,  d e s p i t e  t h e  h i g h  i n c i d e n c e
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of  d i p h t h e r i a  i n  Leeds  d u r i n g  t h e  p a s t  few y e a r s ,  l a t e n t  im m u n iz a t io n  

a s  gauged hy t e s t s  w i t h ' o r d i n a r y  S c h ic k  f l u i d ,  h a s  n o t  b e en  p r o c e e d 

in g  to  a n y t h i n g  l i k e  t h e  extenfc which  modern v iew s  on t h e  e p id e m io 

lo g y  o f  d i p h t h e r i a ' w o u l d  l e a d  u s  t o  e x p e c t .  I t  i s  i n s t r u c t i v e  t o  

compare t h i s  a v e r a g e  f i g u r e  o f  e i g h t y - f i v e  | j e r  c e n t  o f  c h i l d r e n  

u n d e r  f o u r t e e n  y e a r s  p o s i t i v e  a t  t h e  p r i m a r y  S c h ic k  t e s t  w i t h  t h e  

r e s u l t s  o b t a i n e d  i n  some o t h e r  a r e a s .  A c c u r a t e  f i g u r e s  on  t h e s e  

l i n e s  a r e  d i f f i c u l t  t o  o b t a i n ,  and t h e  f o l l o w i n g  s a m p le s ,  th o u g h  

few, r e p r e s e n t  o n ly  t h o s e  which  a r e  most  l i k e l y  t o  g i v e  a f a i r l y  

a c c u r a t e  c o m p a r is o n .  (The f i g u r e s  a r e  t a k e n  l a r g e l y  f ro m

t h e  works o f  Graham F o r b e s  (1932a ,  1 9 3 2 b ) .  Birmingham -  1287 

c h i l d r e n  o f  s c h o o l  age -  64 p e r  cen t  p o s i t i v e .  C a r d i f f  - 7862 

s c h o o l  c h i l d r e n  - 54 p e r  c e n t  p o s i t i v e .  Hackney -  1442 c h i l d r e n  o f  

a l l  ages  -  70 p e r  c e n t  p o s i t i v e .  Wandsworth - 1978 c h i l d r e n  , 

m a in ly  f i v e  t o  f i f t e e n  y e a r s  -  74 p e r  c e n t  p o s i t i v e .  I n  F r a n c e ,

Ramon, T im bal ,  and H e l i s  (1933) r e p o r t e d  t h a t  o f  3298 c h i l d r e n  

aged s i x  t o  f o u r t e e n  y e a r s ,  o n ly  4 7 .2  p e r  c e n t  were  p o s i t i v e .  I n  

a r e c e n t  p a p e r  L e v in  and Cary (1934) found  t h a t  8 6 . 0  p e r  c e n t  o f  

1016 c h i l d r e n  be tw een  t h e  a g e s  o f  one and f i f t e e n  y e a r s  i n  P o r t l a n d ,  

U .S .A. were p o s i t i v e ;  84 p e r  c e n t  o f  t h e s e  c h i l d r e n  were  b e tw e e n  t h e  

a g es  o f  f o u r  and t e n  y e a r s .  T h is  s e r i e s  i s  t h e  o n ly  one o f  which  

t h e  p r e s e n t  w r i t e r  h a s  knowledge which ,  f o r  lo w n e s s  o f  t h e  n a t u r a l  

immunity r a t e ,  i s  a t  a l l  com parab le  w i t h  t h e  L eeds  s e r i e s .  T h i s  

s t a t e m e n t  n a t u r a l l y  a p p l i e s  o n l y  t o  f i g u r e s  c o l l e c t e d  f rom  l a r g e  

u r b a n  c e n t r e s .

I t  w i l l  be s e e n  f rom l a t e r  s e c t i o n s  o f  t h i s  Thesis
many

t n a t  t h e r e  a r e  s t i l l  sx^xESixxmxdDKxxEf q u e s t i o n s  i n  r e l a t i o n  t o  

d i p h t h e r i a  which a r e  no t  u n d e r s t o o d ,  o r  c o n c e r n i n g  w h ich  t h e

e x p l a n a t i o n  a t  p r e s e n t  h e l d  can n o t  be a c c e p t e d .  On t h e  c u r r e n t  v iew  

we would have t o  co nc lude  t h a t ,  i f  i n  any a r e a  d i p h t h e r i a  h a s ^ b e e n  

p r e v d e n t  and t h e  n a t u r a l  immunity r a t e  n e v e r t h e l e s s  r e m a in s  low, 

t h e n  t h e  p r e v a l e n t  s t r a i n  must be a p o o r  immunizing  a g e n t .  On 

t h i s  v iew we would have t o  a c c e p t  t h e  t h e o r y  t h a t ,  s i n c e  t h e  

STgy.i s  s t r a i n  had been p r e v a l e n t  i n  Leeds f o r  s e v e r a l  y e a r s ,  i t s

immunizing pow ers  must be low. The w r i t e r  i s  *• ~-ie w r i t e r  i s  no t  s a t i s f i e d  t h a t
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t h i s  i s  a c o m p le te  e x p l a n a t i o n  o f  t h e  low na tu ra lf ) /  immunity  r a t e  

i n  L eeds ,  h u t  f o r  t h e  p r e s e n t  t h i s  e x p l a n a t i o n  w i l l  he a l l o w e d  t o

s t a n d .

The e f f e c t  o f  age  on n a t u r a l  im m uni ty .

I t  i s  an  o ld  o b s e r v a t i o n  -  see  P a r k  and Z in g h e r  (1916) 

Z in g h e r  (1917) and t h e  l a r g e  s e r i e s  o f  Z in g h e r  (1923) -  t h a t  t h e  

p r o p o r t i o n  o f  p o s i t i v e s  i n  a community i s  v e r y  h i g h  a t  t h e  e a r l y  

s t a g e s  of  l i f e ,  and d e c r e a s e s  g r a d u a l l y  t i l l  t h e  p e r c e n t a g e  become; 

s m a l l  a s  a d u l t  l i f e  i s  r e a c h e d .  The e x c e p t i o n  to  t h i s  s t a t e m e n t

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

f i r s t  s i x  m onths ,  a c o n s i d e r a b l e  number o f  i n f a n t s  show a  n e g a t i v e  

S c h ic k  t e s t  a s  a r e s u l t  o f  imm unity  a c q u i r e d  f rom  t h e  m o th e r .

The r e s u l t s  which emerged f rom  t h e  w r i t e r 1s s e r i e s  o f

c a s e s  i n  Leeds  were no e x c e p t i o n  t o  t h e  g e n e r a l  r u l e .  T a b le  I *

g i v e s  t h e  p e r c e n t a g e  n e g a t i v e  f o r  e ac h  y e a r  o f  l i f e  f ro m  u n d e r  1 

t o  19 y e a r s .  The r e s u l t s  a r e  p l o t t e d  d i a g r a m a t i c a l l y  i n  F i g u r e  x .

TABLE X.

I n c i d e n c e  o f  n e g a t i v e  S c h ic k  t e s t s  a t  d i f f e r e n t  a g e s .

Age Eo. P e r c e n t a g e
n e g a t i v e  n e g a t i v e

Under 1 8 1 6 . 3 3
1 3 1 .6 2
2 3 1 .6 9
3 8 4 . 1 2
4 21 8 .9 3
5 39 1 1 .7 1
6 67 1 7 .3 6
7 38 2 0 .2 1
8 39 2 5 .0 1
9 44 2 7 .8 5

10 45 34 .88
11 51 4 5 .5 4
12 62 4 3 .9 7
13 37 4 3 .0 2
14 19 63 .3 4

15-19 86 8 0 .3 7

I t  i s  s e e n  f rom th e  d a t a  p r e s e n t e d t h a t  u n d e r  t h e  age o f  one y e a r

1 6 .3 3  p e r  cen t of c h i l d r e n showed a n e g a t i v e  S c h ic k  t e s t ,  and t h a t

by t h e  f i r s t  y e a r t h i s f i g u r e  had ir
f a l l e n ^ l .6 2  p e r  c e n t .  The

p r o p o r t i o n  o f  n e g a t i v e r e a c t o r s  r em a ined  more o r  l e s s  unchanged

u n t i l  t h e  t h i r d y e a r ,  ///hen t h e r e  wra s  a s i i g h t i n c r e a s e . From  t h i s

age onwards u n t i l t h e e l e v e n t h  y e a r  t h e r e  was a p r o g r e s s i v e  and

"x i - a r ^ n t l y  c o n t i n u o u s  i n c r e a s e  in  t h e  p r o p o r t i o n  oil c h i l d r e ^ n  v/no
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46.

were o c h ic k  n e g a t i v e .  Between t h e  e l e v e n t h  a n d ’ t h e  t h i r t e e n t h  

y e a r s  t h e  p e r c e n t  age o f  b c h ic k  n e g a t i v e s  f e l l  s l i g h t l y  f ro m  45*54 

p e r  c e n t  t o  4 3 .0 2  p e r  cen t*  T h i s  s l i g h t  f a l l  was su c c e e d e d  hy a  

marked r i s e  t o  3 0 .3 7  p e r  c e n t  i n  i n d i v i d u a l s  aged  f rom  f i f t e e n  to

n i n e t e e n  y e a r s .

More i n t e r e s t i n g  r e s u l t s  a r e  o b t a i n e d  when t h e s e
I

f e a t u r e s  a r e  p l o t t e d  on a l o g a r i t h m i c  s c a l e  ( F i g  x i ) .  I t  i s  s e e n  

t h a t  t h e  l o s s  o f  c o n g e n i t a l  S c h ic k  immunity  d u r i n g  t h e  f i r s t  and 

second y e a r s  i s  e x t r e m e l y  r a p i d .  A p e r i o d  o f  a p p a r e n t  q u i e s c e n c e  

i s  succeeded  by a p e r i o d  o f  r a p i d  i n c r e a s e  o f  n a t u r a l  immunity  

be tw een  t h e  second  and t h e  f o u r t h  y e a r s .  T h i s  i s  d e f i n i t e l y  t h e  

p e r i o d  i n  which  n a t u r a l  immunity  i s  most r a p i d l y  a c q u i r e d .  A f t e r  

t h e  age o f  f o u r  y e a r s  t h e  r a t e  d i m i n i s h e s  c o n s i d e r a b l y ,  b u t  con

t i n u e s  more o r  l e s s  c o n s t a n t  u n t i l  e a r l y  a d u l t  l i f e .  I t  m ig h t  be 

t h o u g h t  t h a t  t h e  e a r l y  s c h o o l  p e r i o d  would be t h e  t i n e  when t h e  c h i l d  

would come most i n  c o n t a c t  w i t h  o t h e r s  who were h a r b o u r i n g  t h e  

1 . D i p h t h e r i a s , so t h a t  n a t u r a l  immunity would be most r a p i d l y  

a c q u i r e d  a f t e r  t h e  age of  f i v e  y e a r s .  I n  L e e d s ,  however ,  t h i s  

was a p p a r e n t l y  n o t  t h e  c a s e .  F i g u r e  x i  shows t h a t  t h e  a s s o c i a t i o n  

o f  th e  young c h i l d  w i t h  o t h e r s  i n  h i s  home and e lsewhere-  must  have  

been  s u f f i c i e n t  t o  in d u ce  l a t e n t  im m u n iz a t io n  a t  a v e r y  s a t i s f a c t o r y  

r a t e .

The i n c i d e n c e  o f  t h e  d i f f e r e n t  t y p e s  of  r e a c t o r s  a t  a l l  

a ges  f rom one y e a r  t o  f i f t e e n  - n i n e t e e n  y e a r s  i s  shown i n  T a b le  XI ,  

which i s  an e x t e n s i o n  o f  T ab le  X. I t  i s  s e en  f rom  t h i s  T a b le  t h a t  

t h e  b e n a v io u r  o f  t h e  d i f f e r e n t  t y p e s  o f  p o s i t i v e  r e a c t i o n  i s  n o t  

n e a r l y  so c o n s i s t e n t  a s  we would e x p e c t  f rom  a c o n s i d e r a t i o n  o f  t h e  

g r a d u a l  d e c r e a s e  o f  t h e  p e r c e n t a g e ^  o f  p o s i t i v e  r e a c t o r s  o f  a l l  

t y p e s  f rom one y e a r  t o  t h e  n e x t .  The t a b l e  b r i n g s  o u t  t h e  f a c t  

t h a t ,  a l t h o u g h  t h i s  p e r c e n t a g e  o f  p o s i t i v e s  f a l l s  f rom  9 8 . 4  a t  one . 

y e a r  t o  1 9 .6  i n  t h e  ag& group 15-19 y e a r s ,  t h e  d e c r e a s e  t a k e s  p l a c e  

a lm os t  e n t i r e l y  a s  a  r e s u l t  o f  a p r o g r e s s i v e  d e c r e a s e  i n  t h e  

p r o p o r t i o n  o f  m o dera te  (++) r e a c t o r s ;  t h e  p r o p o r t i o n s  o f  (+) and 

(+++) r e a c t o r s  remain® a lm o s t  unchanged  t h r o u g h o u t  t h e  'whole o f
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c h i l d h o o d  and e a r l y  a d u l t  l i f e .  T h i s  i s  o f  c o a r s e  a r e l a t i v e  

s t a t e m e n t .  fhy  such  a r e l a t i o n s h i p  sh o u ld  h o ld  i s  unknown. 

P o s s i b l y  i t  s u g g e s t s  t h a t  t h e  ++ r e a c t o r  i s  t h e  one who r e s p o n d s  

n o r m a l ly  t o  t h e  a n t i g e n i c  s t i m u l i  i n  an e n v i r o n m e n t , hecoming 

immune w i t h i n  a r e a s o n a b l e  t im e  i f  t h e  s t i m u l u s  i s  s u m f i c i e u t l y  

s t r o n g ;  and t h a t  t h e  + and +++ r e a c t o r s ,  r e p r e s e n t  t } p  r e s i d u e  - 

made up l a r g e l y  o f  i n d i v i d u a l s  who do n o t  r e s p o n d  r e a d i l y  t o  such

s t  i m u l i . vifhy such  "Sch ick - : f a s t "  i n d i v i d u a l s  sh o u ld show m a in ly

+ o r  +++ r e a c t i o n s  i s d i f f i c u l t  to u n d e r s t a n d .

TABLE XI
I n c i d e n c e  o f D i f f e r e n t  Typ es  o f  S c h ic k R e a c t i o n a t d i f f e r e n t a g e s .

Age i n  
y e a r s

N e g a t iv e  
No. P e r  

c e n t

+
No. P e r

c e n t
Ho.

++
P e r
c e n t

+++
No. P e r  

c e n t

T o t a l
t e s t e d

Under 1 8 1 6 .3 8 1 6 .3 31 6 3 .3 2 4 . 1 49

1+ 3 1 . 6 16 8 . 6 140 7 5 .7 26 1 4 .1 185

2+ 3 1 . 7 14 7 .9 129 72 .9 31 1 7 . 5 177

3+ 8 4 . 1 15 7 .7 132 6 8 .0 39 2 0 .1 194

4+ 21 8 .9 19 8 . 1 148 6 3 .0 47 2 0 .0 235

5+ 39 1 1 .7 35 1 0 . 5 188 5 6 .5 71 2 1 .3 333

6+ 67 1 7 . 4 40 1 0 . 4 207 5 3 .6 72 1 8 .6 386

7+ 38 2 0 .2 21 1 1 .2 90 4 7 .9 39 2 0 .7 188

8+ 39 2 5 . 0 13 8 . 3 71 4 5 .5 33 2 1 .2 156

9+ 44 2 7 .8 14 8 .9 79 5 0 .0 21 1 3 .3 158

10+ 45 34 .9 7 5 . 4 51 3 9 .5 26 2 0 .2 129
11+ 51 4 5 .5 6 5 .4 45 4 0 .2 10 8 .9 112

12+ 62 4 4 . 0 17 1 2 .1 35 2 4 .8 27 1 9 .1 141
13+ 37 4 3 .0 14 1 6 .3 16 1 8 .6 19 2 2 .1 86

14+ 19 6 3 .3 4 1 3 .3 4 1 3 .3 3 1 0 . 0 30

15 -19 86 8 0 .4 3 2 .8 10 9 . 3 8 7 . 5 107

T o ta l 570 2 1 .4 246 9 .2 1376 5 1 .6 474 1 7 .8 2666

The r e l a t i o n s h i p be tw een  sex , and t h e  deve lopm en t  o f  n a t u r a l
im m uni ty .

I t  h a s  l o n g  been  known t h a t  f e m a le  c h i l d r e n  ten d  to  show 

a h i g h e r  p e r c e n t a g e  o f  S c h ick  p o s i t i v e s  t h a n  do male  c h i l d r e n .  Fo r  

example,  Z in g h e r  (1917) found  t h a t ,  i n  an American  i n s t i t u t i o n ,

4 .1  p e r  c e n t  o f  t h e  boys and 1 5 .5  p e r  c e n t  o f  t h e  g i r l s  had 

p o s i t i v e  S c h ic k  r e a c t i o n s .  K e l l y ,  S t e v e n s  and B e a t t i e  (1925)

r e p o r t e d  on 60CC Sc h ick  t e s t s  p e r fo rm e d  on C a l i f o r n i a n  c h i l d r e n ;



t h e n  shov/ed t h a t  60 p e r  c e n t  o f  3o32 f e m a le s  .'/ere p o s i  fci.ve,as 

a g a i n s t  50 p e r  c e n t  o f  3032 m a l e s .  The d i f f e r e n c e ,  v i z ,  t e n  p e r  

c e n t ,  i s  c o n s i d e r a b l e .  In  a s e r i e s  o f  1200  c h i l d r e n  who were 

t e s t e d  a t  Asbury P a r k ,  U .S .A .  ( s e e  Dudley 1929) 74 p e r  c e n t  of  

f e m a le s  a s  a g a i n s t  62 p e r  c e n t  o f  m a le s  ’were p o s i t i v e .  I n  H o l l a n d  

Bessemans found t h a t  46 p e r  c e n t  o f  t h e  g i r l s  and 41 p e r  c e n t  o f  

t h e  hoys were p o s i t i v e  r e a c t o r s .

I n  t h e  p r e s e n t  s e r i e s  o f  L eeds  c h i l d r e n  t h e r e  were 1391 

m a le s  and 1275 f e m a l e s .  The g ro u p  o f  i n d i v i d u a l s  a t  a g e s  15 t c  

19 y e a r s  was composed a lm o s t  e n t i r e l y  o f  m a le s  i n  a l a r g e  r e s i d e n t i a l  

s c h o o l ;  and t h e  t o t a l  p o p u l a t i o n  i n v e s t i g a t e d  d i d  n o t  embrace  any 

s i m i l a r  s e r i e s  o f  f e m a l e s  a t  t h e s e  a g e s .  I n  most  o f  t h e  f o l l o w i n g  

d i s c u s s i o n s  t h e  105 m a le s  ( o f  whom 20 were p o s i t i v e )  a t  t h e s e  a g e s  

were d e d u c ted  f rom t h e  t o t a l  male  p o p u l a t i o n  b e f o r e  any c o m p u t a t i o n  

was c a r r i e d  o u t .  Of t h e  1286 m a le s  1026 were p o s i t i v e ,  which  g i v e s  

a p r o p o r t i o n  o f  7 9 .8 + 0 .8  p e r  c e n t .  The c o r r e s p o n d i n g  f i g u r e s  f o r  

f e m a le s  were 1050 and 8 2 .4 + 0 .7  p e r  c e n t .  Hence i n  t h i s  s e r i e s  a l s o  

t h e  p r o p o r t i o n  o f  p o s i t i v e  r e a c t o r s  was h i g h e r  amongst  f e m a l e s  t h a n  

i n  m a le s .  The d i f f e r e n c e  i s  2 .6 + 1 .1  p e r  c e n t .  I t  i s  s m a l l  -  i n  

f a c t ,  much s m a l l e r  t h a n  i n  t h e  few o t h e r  s e r i e s  i n  which t h e  d a t a  

were g iv e n  a r r a n g e d  a c c o r d i n g  t o  s e x .  F u r t h e r ,  t h e  o b s e rv e d  

d i f f e r e n c e  be tw een  t h e  two s e x e s ,  though  mere t h a n  t w i c e ,  i s  l e s s  

t h a n  t h r e e  t i m e s  i t s  p r o b a b l e  e r r o r ,  and i s  t h e r e f o r e  of  d o u b t f u l  

s i g n i f i c a n c e .  The d i f f e r e n c e s  o f  f rom seven  t o  t e n  p e r  c e n t  o r  

more which were found  i n  o t h e r  l o c a l i t i e s  were t h e r e f o r e  no t  

con f i rm ed  i n  L eeds .

K in lo c h ,  Smith and T a y lo r  (1927) d i s c u s s e d  t h e  i n c i d e n c e  

o f  a p o s i t i v e  S c h ic k  r e a c t i o n  i n  1448 Aberdeen c h i l d r e n  and young 

a d u l t s ,  and t h e y  showed t h a t  t h e  i n c i d e n c e  i n  m a le s  and f e m a le s  

r e s p e c t i v e l y  a t  t h e  d i f f e r e n t  age g ro u ps  was: ( a )  0 -5  y e a r s  ( t o t a l  

m ales  and f e m a le s ,  63 ) ;  m a le s ,  8 3 . 3  p e r  c e n t ;  f e m a le s  9 6 .8  p e r  c e n t :  

(b)  5-10 y e a r s  ( t o t a l  m a les  and f e m a l e s ,  602) ;  m a l e s ,  8 1 .5  p e r  c e n t ;  

f e m a le s ,  8 0 .6  p e r  c e n t ;  (c )  10-15  y e a r s  ( t o t a l  m a le s  and f e m a le s  

oo4) ,  m a le s ,  65 .1  p e r  c e n t ;  t e m a l e s ,  7 4 .4  p e r  c e n t ;  (d)  1 5 -2 0  r̂e a^ s  

( t o t a l  males  and f e m a le s ,  1 1 9 ) ;  m a le s ,  S8 .4  p e r  c e n t ;  f e m a l e s ,  3 8 . 5
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i t  i s  seer, the ii'J. C i  d i i ' .p 31* c e n t  • X.:.i t ll j.s s e r  ic.>■.. 

o f  o c h ic k  p o s i t i v e  r e a c t i o n s  i n  f e m a le s  d id  n o t  h o ld  a t  a l l  a g e s :  

i n  t h e  v e r y  i m p o r t a n t  g roup  o f  c h i l d r e n  aged 5 - 1C y e a r s  t h e r e  was 

even a s l i g h t  e x c e s s  i n  t h e  m a l e s .  The f o l l o w i n g  t a b l e  shows t h e  

c o r r e s p o n d i n g  f i g u r e s  f o r  t h e  p r e s e n t  w r i t e r 1s L e e d s  s e r i e s .

(T ab le  x i i ) .

Age ' 
G-roup

T o t a l
t e s t e d

iAx>AA Aim. .

K 1  L^E S F E M A L E S.
T o t a l
t e s t e d

T o t a l
p o s i 

P e r
c e n t

Tot a l  
t e s t e d

Tot a l  
p o s i 

P e r
c e n t

t i v e p o s i -  
t  i v e

t i v e p o s i -  
t  iv e

0-4 840 414 391 9 4 .4 + 0 .8 426 406 9 5 .3 + 0 .7

5-9 1221 606 480 7 9 .2 + 1 .1 615 514 8 3 . 6 + 1 . 0

9 -1 4 498 266 5 8 .3 + 2 .0 232 129 59 . 6 + 2 .2

15-19 107 105 •'igj) 1 9 .0 + 2 .6 2 1 —

2656 1391 ■*(10412) 7 5 .2 + 0 .8 1050 8 2 . 4 + 0 . 7

As h a s  been  p r e v i o u s l y  m e n t io n e d ,  i n  com par ing  t h e  t o t a l s  

f o r  m a le s  and f e m a le s ,  i t  i s  d e s i r a b l e  t o  e x c lu d e  t h e  105 m a le s  

aged 15-19 y e a r s ,  so t h a t  t h e  t o t a l  p e r c e n t a g e  f o r  m a le s  becomes 

7 9 .8 + 0 .8 .  I t  i s  se en  from  t h i s  t a b l e  t h a t  t h e  i n c i d e n c e  o f  a p o o i t -iv 

p o s i t i v e  S c h ic k  t e s t  was p r a c t i c a l l y  i d e n t i a l  i n  m a les  and f e m a l e s ,  

a t  a l l  ages  up t o  14 y e a r s .  The l a r g e s t  d i f f e r e n c e  -  4 . 4  p e r  c e n t  - 

was i n  t h e  group aged 5 - 9  y e a r s ,  and was v e ry  s m a l l .

The S e a s o n a l  v a r i a t i o n  i n  n a t u r a l  immunity .

Of a l l  a s p e c t s  o f  t h e  Sch ick  t e s t ,  t h e  p o s s i b i l i t y  o f  

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

been l e a s t  i n v e s t i g a t e d .  I n  f a c t  i t  may be s a i d  t h a t ,  o f  t h e  t h r e e  

i n v e s t i g a t i o n s  which have been c a r r i e d  ou t  on t h e s e  l i n e s ,  one was 

p e r fo rm ed  on h o s p i t a l  p a t i e n t s ,  and a n o t h e r  d e a l t  w i th  o n ly  a 

c o m p a r a t i v e l y  sm a l l  number o f  c h i l d r e n .  Only one i n v e s t i g a t i o n  

d e a l t  w i t h  c h i l d r e n  i n  t h e  g e n e r a l  p o p u l a t i o n  and was o f  any 

m ag n i tu d e .  The p r e m i e r  o b s e r v a t i o n  was t h a t  o f  H a r r i e s  (1927) 

who n o t i c e d  t h a t  i n  c o n v a l e s c e n t  s c a r l e t  f e v e r  p a t i e n t s  i n  

Birmingham t h e  S c h ic x  immunity f e l l  f rom  55 p e r  c e n t  n e g a t i v e ^  i n  

F e b r u a r y  and March t o  27 p e r  c e n t  n e g a t i v e  a t  t h e  end o f  t h e  summer.



s x .

o t .  T u b ia sz  (1932 ;  r e p o r t e d  t h a t  abou t  ou p e r  c e n t  01 a ecmmuniuy 

n e a r  'Warsaw were 8c h ic k  immune i n  t h e  w i n t e r  o f  1 9 3 3 - l a -31, b u t  

o ve r  75 p e r  c e n t  were S c h ic k  n e g a t i v e  i n  t h e  l a t e  summer of  1930 .

The most d e t a i l e d  i n v e s t i g a t i o n  was t h a t  o f  J e l i s  (1933)  who 

r e p o r t e d  t h e  r e s u l t s  o f  3799 S c h ic k  t e s t s  w hich  were c a r r i e d  o u t  

i n  Belgium d u r i n g  1931? 1932 and 1933.  IT e l is  fo u nd  t h a t  t h e  

p e r c e n t a g e  o f  p o s i t i v e  r e a c t o r s  was:  i n  w i n t e r ,  48; i n  summer 52; 

i n  s p r i n g ,  51.  H is  work d id  n o t  t h e r e f o r e  c o n f i r m  t h e  o b s e r v a t i o n s  

of  H a r r i e s  and S t .  T u b ia s z .

A l l  t h e s e  i n v e s t i g a t i o n s  s u f f e r e d  f ro m  an  i m p o r t a n t  

d e f e c t :  t h e y  d id  n o t  t a k e  f u l l y  i n t o  a c c o u n t  t h e  d i f f e r e n c e s  i n

n a t u r a l  immunity  which  a r e  caused  by age and s e x  r e s p e c t i v e l y .

-F a i lu re  t o  d i s c u s s  t h e  age f a c t o r  s a t i s f a c t o r i l y  i s  o b v i o u s l y  

s e r i o u s .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  w r i t e r  h a s  examined t h e  

q u e s t i o n  f u l l y ,  and i t  i s  hoped t h a t  a s  many a s  p o s s i b l e  o f  such 

f a l l a c i e s  have  been  a v o id e d .

The i n c i d e n c e  o f  t h e  d i f f e r e n t  t y p e s  o f  S c h ic k  r e a c t  i o n ,  

i n  t h e  Leeds s e r i e s  p e r fo rm ed  by t h e  w r i t e r ,  f o r  d i f f e r e n t  a g e s ,  s e x e s  

and s e a s o n s  s e t  ou t  i n  t a b l e s  x i i i  t o  x v i  i n c l u s i v e .  F o r  t h e  

p u rp o se  o f  t h e s e  t a b l e s  t h e  s e a s o n s  were c o n s i d e r e d  a s  f o l l o w s :

S p r in g  - March, A p r i l ,  May; Summer -  Ju n e ,  J u l y ,  A ugus t :

Autumn - Sep tem ber ,  O c to ber ,  November: W in te r  -  December, J a n u a r y ,

F e b r u a r y .  The i n v e s t i g a t i o n  embraced two S p r i n g s  and two Summers, 

t o g e t h e r  w i th  one if /inter  and f o u r  Autumn m o n th s .  In  o r d e r  to  

e l i m i n a t e  t h e  changes  o f  S c h ick  immunity which r e s u l t e d  f rom  a h i g h  

p r e v a l e n c e  o f  d i p h t h e r i a  be tw een ,  say ,  one S p r i n g  and th e  n e x t ,  i t  

would have been  d e s i r a b l e  t o  c a r r y  t h e  i n v e s t i g a t i o n  a s t a g e  f u r t h e r  

by r e - c l a s s i f y i n g  a l l  t h e  c a s e s  i n t o  s i x  s e a s o n s  i n s t e a d  o f  f o u r .

T h is  w i l l  u l t i m a t e l y  be done,  bu t  up t o  t h e  t im e  of w r i t i n g  i t  h a s  

no t  been found p o s s i b l e  t o  f i n d  t im e  f o r  t h i s  l a b o r i o u s  work.  T h i s  

c r i t i c i s m  i s  p r o b a b l y  n o t  a v e r y  s e r i o u s  one .  I n s p e c t i o n  of t h e  

r e s u l t s  of  t h e  p r i m a r y  o c h ic k  t e s t s  f o r  each  g ro up  (which w i l l  be 

found i n  t h e  a p p e n d ix  to  t h e  p a p e r  on t o x o i d  and alum t o x o i d )  w i l l  

show t h a t  t h e r e  was no v e ry  marked v a r i a t i o n s  a s  t h e  m onths  o a sse d
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so t h a t  i t  i s  p r o b a b l e  t h a t  any  d i f f e r e n c e s  which a r e  found, i n  

t h i s  i n q u i r y  must  be a t t r i b u t e d  t o  s e a s o n a l  f a c t o r s ,  and n o t  

t o  th e  e f f e c t  o f  l a t e n t  im m u n iz a t io n .

The p e r c e n t a g e  o f  p o s i t i v e  r e a c t o r s  a t  e ach  

s e a s o n ,  c a l c u l a t e d  f o r  m a l e s  and f o r  f e m a le s  r e s p e c t i v e l y ,  

f rom  t h e  d a t a  in  T a b l e s  X I I I  t o  XVI a r e  s e t  o u t  i n  T a b le  XVII. 

I n  t h e  s p r i n g  t h e  a c t u a l  number o f  m a le s  t e s t e d  was 520, b u t  

t h i s  number i n c l u d e d  105 m a le s  aged 14 t o  19 y e a r s  who ware 

t e s t e d  i n  a r e s i d e n t i a l . i n s t i t u t i o n .  The n e c e s s a r y  d e d u c t i o n s  

were t h e r e f o r e  made a s  p r e v i o u s l y  e x p l a i n e d  b e f o r e  t h i s  and 

s i m i l a r  p e r c e n t a g e s  were c a l c u l a t e d .  The d i f f e r e n c e s  b e tw een  

t h e s e  v a r i o u s  r e s u l t s  a r e  s e t  ou t  i n  T ab le  X V II I .

-  V i -o4. A I. I

X io f i a  a I f a f

X l a % % ■■ %; t f X ' $

f  1A, X t  - § ■: 1. I i  t

x  m % ■j'Sfo c
******

4 f  -



TABLE XIII*

Schick Tests by Sexes (2666) (a) Spring*

N e g a t i v e  + ++ +~r"'
M F

Age If. M. To- M .F. To- M .F. To- M .F. To- M.F. T o ta l
t a l  t a l  t a l  t a l

Under
1 1 Z 3

r*\
m - 3 - # ( ^ - - m 4 12

1 1 1 Z & Z 5 15 17 32 6 2 &I 23 22 47

2 1 Z 3 5 1 6 18 24 42 2 6 8 26 33 59

s 1 X Z 3 1 4 19 27 46 3 6 9 26 35 61

4 8 1 4 3 4 7 26 26 52 3 5 a 35 36 71

5 13 7 20 12 4 16 25 32 57 6 13 19 56 56 112-—"I
6 9 6 15 11 15 31 39 70 13 11 24 64 60 124

7 4 3 7 3 5 S 9 16 25 4 5 9 20 29 49

8 8 5 13 1 3 4 14 13 27 8 4 12 31 25 56

9 5 6 11 4 3 7 7 14 21 3 2 5 19 25 44

10 9 8 17 1 Z 3 6 6 12 3 3 6 19 19 38

11 10 10 20 2 2 16 7 23 1 1 <S 29 18 47

12 15 8 23 7 2 9 9 8 17 8 7 15 39 25

13 6 10 16 2 - 2 4 3 7 1 7 8 13 20 33

14 7 7 14 1 2 3 *» 1 1 1 2 3 9 12 21\zz)
15-19 85 ..A, 86 3 «* 3 10 - 10 7 - 7 105 1 106

T o ta la  ITS T8 886 « H N I U I N « a n N  148 880 484 944



JABLB XIV.

S ch ick  'Jests by S exes (2666)  (b) Susicer.

ITegative  + ++ +++ T o t a l
rt ; n -  n , r  r n  : n ~  7.«r LP T > ^  7 '  ' W v  ' ;Age u i . F . To

t a l
M • To

t a l
id. J?\ To

t a l .
M. \T1-L*» To

t a l
T. B o th

Under 1 - 2 2 3 4 7 5 6 11 - 1 1 8 13 21

1+ 1 - 1 2 4 6 19 23 42 4 1 5 26 28 54

2+ - - - 3 1 4" 24 12 36 6 4 10 33 17 50

3+ - 4 4 2 2 4 19 19 38 9 9 18 30 34 64

4+ 8 2 10 1 2 3 21 32 53 8 & 17 38 45 83

5+ A o 13 9 2 11 26 32 58 11 12 23 50 55 105

6+ 14 15 29 6 7 13 29 39 68 14 15 29 63 76 139

7+ b 3 16 2 1 3 19 21 40 13 i4 17 42 34 76

8 + 13 9 22 4 3 7 11 12 23 7 8 15 35 32 67

9 + 14 10 24 cv 1 3 19 19 38 4 5 9 39 35 74

10+ 9 9 18 1 1 11 12 23 4 2 6 24 24 48

11+ 15 7 22 1 2 3 11 5 16 5 1 6 32 15 47

12+ 17 10 27 3 2 5 9 6 15 5 L 6 34 19 53

13+ 8 8 16 2 3 5 6 2 8 7 2 9 23 15 38

14+ - 2 2 1 - 1 2 1 3 - - 3 r70 6

15-19 1 1 1 1

111 95 206 41 35 76 231 241 4 1 2  97 75 172 480 446 926
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TABLE XV
SchioL Tests by Sexes: (c) Autumn-

n e g a t i v e  + ++ +++ T o t a l
i-j'S ivi.

----
r • To X. To M. X • To M. X. To i..x. X. .XU

.der 1 1 —

t a l

1 _,

t a l

2 2

t a l

4 1 _

t a l

1 4 2 6

1+ - - - 1 3 4 19 12 31 4 5 9 24 20 44

2+ - - - - - - 13 1C 23 2 4 . 6 15 14 29

3+ - i 1 1 2 3 9 14 23 2 3 5 12 20 32

4'+ 2 l ' 3 5 1 6 9 12 21 6 5 11 22 19 41

5+ - 2 2 4 1 5 24 21 45 6 10 16 34 34 63

6+ 4 7 11 5 3 9 22 22 44 6 ; 6 12 38 38 76

7+ 4 4 8 2 2 4 6 8 14 6 3 9 18 17 35

8 + 3 - 3 1 - 1 2 4 6 2 3 5 8 7 15

91 3 - 3 1 - 1 4 2 6 - - - 8 ' 2 10

10+ 2 3 5 3 - 3 3 1 4 2 - 2 10 4 14

11+ 2 2 4 1 - 1 - .1 1 - - - 3 3 6

12+ 4 3 7 - 1 1 - 2 2 1 1 2 5 7 12

13+ 1 3 4 - 1 1 1 - 1 - - - 2 4 6

14+ 1 1 2 - - - - - - - - - 1 1 2

15-19 — —  - - —  ■ - - * .  ■ - ~  ' ' : —  ‘ " ‘ ' X X IL_

27 27 54 25 14 39 114 111 225 38 40 78 204 192 39 (

I



TuBLE XVI,
Schick. T e a t s  ~b;y S e x e s :  (d) W in te r .

I•e.0s t i v e + ++ +++ T o t a l
1 . To-

t a l
01. T. To

t a l
Li. F . To

t a l
id • F , -LQ~

t a l
•ivx « x1 » B  o'

3r 1 2 - 2 — 1 1 5 2 7 - - - 7 3 10

1+ - - - - 1 1 20 15 35 1 3 4 21 19 40

2+ - - - 3 1 4 14 14 28 2 5 7 19 20 39

3+ - 1 1 2 2 4 13 22 25 1 6 7 16 21 37

4+ 2 2 4 2 1 3 12 10 22 7 4 11 23 17 40

5+ 3 1 4 2 1 3 14 14 28 7 6 1—1 03 26 22 48

6+ 8 4 12 2 1 3 10 15 25 3 4 7 23 24 47

7+ 6 1 7 2 4 6 5 6 11 2 2 4 15 13 23

8 + 1 - 1 - 1 1 4 11 15 1 - 11 6 12 18

9+ 2 4 .6 1 2 3 6 8 14 2 5 7 11 19 r* r  -O'J

10+ 2 3 5 - - - 4 8 12 1 11

CVJ 
1—1 7 22 29

11+ 1 4 5 - - - 2 3 5 2 - 2 < 5 7 12

12+ 1 4 5 1 1 2 1 - 1 1 3 4 4 8 12

13+ - 1 1 3 3 6 - - - - 2 2 3 6 9

14+ 1 - 1 1 - 1

5-19 _ _ _ . _ — — — «...

29 25 54 18 19 37 110 118 228 30 51 81 187 213 400



( i )  S p r in g *

( i  i ) Summer 

( iia) Autumn 

( i v )  W in te r

*The f i g n r f i f i ^ f o r  Sor  1 n s Tg iv e u ) a r e  a f t e r  d e d u c t i o n  o f  105 
m a le s  o f  whom 20 were p o s i t i v e  ( s e e  "before)

TABLE XVIII

'Males f e m a l e s
D i f f e r e n c e  D i f f e r e n c e

S p r i n g  and Summer 0 .7 + 1 .9 2 .9 + 1 . 9

S p r in g  and Autumn 9 . 2 + 2 . 1 4 . 3 + 2 . 2

S p r in g  and W in te r 6 .9 + 2 .3 6 . 7 + 2 . 0

Summer and Autumn 9 .9 + 2 .1 7 .2 + 2 . 2

Summer and Autumn 7 .6 + 2 .2 9 . 6 + 2 . 0

Autumn and . / i n t e r 2 . 3 + 2 . 4 2 . 4 + 2 . 3

I t  w i l l  be s e e n  t h a t  many o f  t h e s e  d i f f e r e n c e s ,  t h o u g h  

n o t  v e ry  marked,  a r e  a p p r e c i a b l e ,  and t h a t  f rom  a c o n s i d e r a t i o n  o f  

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

f u r t h e r  i n s p e c t i o n  o f  T ab le  XVII w i l l  show t h a t  t h e  p e r c e n t a g e s  

a p p ea r  t o  be e a s i l y  c a p a b le  o f  g ro u p in g  i n t o  p a i r s ,  f o r  m a l e s ,  t h e  

f i g u r e s  f o r  S p r in g  and Summer a r e  a lm o s t  i d e n t i c a l  ( d i f f e r e n c e  

= 0 .7 + 1 .9  p e r  c e n t ) :  and t h e  f i g u r e s  f o r  Autumn and - / i n t e r  a r e  a l s o  

more or  l e s s  i d e n t i c a l  ( d i f f e r e n c e  = 2 . 3 + 2 . 4  p e r  c e n t ) .  Combining 

t h e s e  to  form two g ro u p s  we f i n d  t h a t  t h e r e  were  8 . 5 + 1 . 5  p e r  c e n t  

more p o s i t i v e s  among m ales  i n  Autumn and W in te r  t h a n  i n  S p r i n g  and 

Summer.

f o r  f e m a le s ,  th e  d i f f e r e n c e  betY/een S p r i n g  and 

Summer was 2 .9 + 1 .9  p e r  c e n t ;  and be tw een  Autumn and W in te r  2 . 4 + 2 . 3  

p e r  c e n t .  Combining t h e s e  we f i n d  t h a t  t h e r e  were 7 .1 + 1 . 4  oer

f e m a le s

h o . +  P e r  T o t a l  To .+  P e r
( a l l  t y p e s )  c e n t  t e s t e d  ( a l l  

p o s i 
t i v e

T A h  i . <-■ A  7 1 X »

M ales

T o t a l  
t e s t e d

415 322

480 369

204 177

187 158

7 7 .6 + 1 .4 424

7 6 .9 + 1 .3 446

3 6 .8 + 1 .6 192

8 4 .5 + 1 .8 213

ceiio 
t y p e s )  p o s i 

t i v e

346 8 1 . 6 + 1 . 3

351 7 8 .7 + 1 . 3

165 8 5 .9 + 1 . 7

188 8 8 . 3 + 1 .5



c e n t  more p o s i t i v e s  among f e m a le s  i n  Autumn and w i n t e r  cnan i n  

Snri.-m and Sumner. These r e s u l t s  a r e  s e t  ou t  i n  T ab le  XIX

TABLE XIX.

( a ) S p r i n g  & 
Summer

(b)Autumn & 
W in te r

M ales.

T o t a l
t e s t e d

T o t a l  P e r  
p o s i -  c e n t  

t i v e  p o s i 
t i v e

f e m a l e s

T o t a l  T o t a l  
t e s t e d  p o s i 

t i v e

895 691

391 335

b i f f e r e n c e : ( a)  and (b)  -  8 . 5 + 1 . 5

7 7 .2 + 0 .9 5

8 5 . 7 + 1 . 2

P e r
c e n t
p o s i 
t i v e

870 697 8 0 .1 + 0 .9 1

405 353 8 7 . 2 + 1 . 1

Dif f e r e n c e  (a )  and (b)  
= 7 . 1 ± 1 . 4

The e f f e c t  of  s e a s o r f \ l  i n c i d e n c e  was t h e r e f o r e  more 
c.

o r  l e s s  i d e n t i c a l  i n  m a le s  and f e m a le s  r e s p e c t i v e l y .  Though t h e  

d i f f e r e n c e s  a r e  no t  so marked a s  t h o s e  r e p o r t e d  by S t . T u b i a s z  and 

by H a r r i e s ,  t h e y  a r e  q u i t e  d e f i n i t e ,  and p r o c e e d  i n  t h e  same 

d i r e c t i o n .

I t  seems p r o b a b l e  th a t  in  th e  e a r ly  S p r i n g  th e  p r o c e s s  

o f  n a t u r a l  im m u n iza t io n  was h a s t e n e d  t o  such  an e x t e n t  t h a t  an 

a d d i t i o n a l  e i g h t  p e r  c e n t  o f  c h i l d r e n  became n e g a t i v e .  We must  now 

e n q u i r e  on what c l a s s  o f  i n d i v i d u a l  t h i s  e f f e c t  was p ro d u c e d  

Table XX shows th e  p e rcen tag e  d i s t r i b u t i o n  of th e  

d i f f e r e n t  types  of p o s i t i v e  r e a c to r s  basecf- on the  t o t a l  p o s i t i v e s  

a t  each season, f o r  bo th  sexes and f o r  males and fem ales 

r e s p e c t iv e ly .  For both  sexes the s t r i k i n g  f e a tu r e  i s  th e  

s u rp r i s in g  u n ifo rm ity  of th e  p e rce n tag e s  of  ++ r e a c to r s  in  th e  

fou r  seasons. There i s  a lso  co n s id e rab le  co n s is te n c y  in  th e  + 

and +++ groups. When, however, we s p l i t  the  f ig u r e s  acco rd in g  

to  sex, we see th a t  th e  u n ifo rm ity  of the  ++ group i s  m is le a d in g .  

A c tu a lly ,  in  the  case of th e  males th e re  was a p ro g re s s iv e  in c re a s e  

in  the  p ro p o r t io n  of p o s i t i v e s  as  sp r in g  advanced to  w in te r :  th e

d if fe re n c e  between sp r in g  and w in te r  was 7 .6  per c e n t .  In  th e  

case of th e  fem ales, th e re  was a p ro g re s s iv e  d ec rease  in  the  

p ro p o r t io n  of p o s i t i v e s  as sp r in g  advanced to  w in te r  -  th e



TABLE XX

Inc idence  of d i f f e r e n t  ty p es  of p o s i t iv e  r e a c t io n  

a t  d i f f e r e n t  seasons

Season T o ta l  P er  cent* of t fc ta l  p o s i t i v e s
p o s i t i v e s

+ ++ +++

(a) Both sexes 
combined

( i )  Spring  668 13 .2  64.1 19 .8
(ii)Summer 720 10 .6  65.6 23.9

( i i i )  Autumn 342 1 1 .4  65.8 22.8
( iv )  Winter 346 10 .7  65*9 23 .4

(b) Males 
on ly

( i )  Spring  342 17.8  62*0 20 .2
( i i )  Summer 369 1 1 .1  62.5  26 .3

( iii)A utum n 177 14 .1  64 .4  21 .5
( iv )  W inter 158 1 1 .4  69.6  1 9 .0

(c) Females 
only

(1) Spring  346 9 .5  69.1 2 1 .4
(ii)Stwuaer 351 1 0 .0  68.7 2 1 .4

( iii)A utum n 165 8 .5  67.3 24 .3
( iv )  Winter 188 10 .1  62 .7  27 .1

/ f o r  Spr ing
(The f ig u r e s  g iv e n / fo r  bo th  sexes and f o r  males a r e  a f t e r  

deduction  of 20 p o s i t iv e  males ages 15-19 y e a rs  ( see  t e x t ) )
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d if fe re n c e  here  being  6 .4  p e r  c e n t .  B ut, in  th e  ease of m ales 

th e re  was an in c re a se  of 5 .2  p e r  c e n t . ,  and# in  th e  case of 

fem ales a dec rease  of 4 .6  p e r  c e n t ,  between autumn and w in te r .

These changes occurred  th e r e fo r e  fo r  th e  most p a r t  d u r in g  th e  

l a t e  autumn or th e  w in te r  months.

These d i f f e r e n c e s  a re  so sm all t h a t  i t  i s  d i f f i c u l t  

to  draw any d e f in i t e  co n c lu s io n s  from them. There i s ,  however, 

some ground fo r  su g g e s tin g  th a t  l a t e  autumn and e a r ly  w in te r  a re  

th e  p e r io d s  when th e  most s ig n i f i c a n t  changes a re  l i a b l e  to  

take  p la c e  in  n a tu r a l  immunity to  d ip h th e r i a .  This s ta tem en t 

i s ,  of course , p u re ly  t e n t a t i v e .  A hard  and f a s t  co n c lu s io n  

could only  be made on a r e s u l t  of f ig u r e s  f o r  a s e r i e s  of y e a r s ,  

and a f t e r  due allowance has been made fo r  in c re a se  in  p rev a len ce  

of th e  d is e a se  a t  th e se  p e r io d s .  When, however, we ta k e  in to  

account th e  f a c t  t h a t  th e  d is e a s e  showed a co n s tan t h igh  p rev a len ce  

in  Leeds during  th e  p e r io d  under c o n s id e ra t io n ,  th e re  does appear 

to  be some j u s t i f i c a t i o n  f o r  s t a t i n g  th a t  in  Leeds such changes 

are  most l i k e l y  to  take  p la c e  a t  t h i s  p a r t i c u l a r  season . A 

d i f f i c u l t y  i s  t h a t  th e  change i s  in  o p p o s ite  d i r e c t io n s  in  th e  

two sexes.

The p re l im in a ry  deduc tions  from d a ta  such as th e se  

must be accepted w ith  c a u tio n .  But when we co n s id e r  the  f a c t  

t h a t  the  degree of co n tac t  between c h i ld re n  i s  obv iously  h ig h e s t  

in  w in te r ,  we may in f e r  th a t  th e  marked drop among males in  th e  

percen tage  of ++ r e a c to r s  th a t  i s ,  in  th e  bulk  of a l l  p o s i t i v e  

r e a c to r s  - which occurs between w in te r  and sp r in g ,  in d ic a te s  a 

ready  response on th e  p a r t  of th e  male to  a n t ig e n ic  s t im u l i  in  

the  environment. Among fem ales on th e  o th e r  hand th e  p e r io d  of 

maximum a n t ig e n ic  s t im u la t io n  i s  fo llow ed by a co rrespond ing  f a l l  

in  the p ro p o r t io n  of ++ r e a c to r s  only  a f t e r  some months. There 

i s  a suggestion  here  th a t  th e  d i f f e re n c e  may not be e n t i r e l y  a r t i f 

i c i a l ,  but t h a t  the  slower response of th e  fem ale may be due to  

a t ru e  sex d i f f e re n c e .



61,

As s oc i a t i o n  'be t ween a c h i c a  o t a t e  and ^ge  a t  D i f f e r e n t  u e a s o n s .

I t  i s  common knowledge t h a t  t h e  n a t u r a l  imm uni ty  o f  a 

c h i l d  p o p u l a t i o n  v a r i e s  d i r e c t l y  w i th  t h e  a g e s  o f  t h e  i n d i v i d u a l s  

who compose i t .  But p r e c i s e  d a t a  on t h i s  s u b j e c t  a r e  s c a r c e .

For  example ,  a c o n s i d e r a t i o n  o f  T ab le  X and F i g u r e  x  m igh t  l e a d  u s  

t o  b e l i e v e  t h a t  t h e  a s s o c i a t i o n  be tw een  S c h ic k  immunity and age i s  

s t r o n g ,  b u t  we a r e  i m m e d ia te ly  c o n f r o n t e d  w i t h  t h e  d i f f i c u l t y  t h a t  

,Ta g e !T i n d i c a t e s  no t  o n l y  t h e  p a s s a g e  o f  y e a r s  so f a r  a s  t h e  i n d i v i d 

u a l  c h i l d  i s  c o n c e rn e d ,  b u t  a l s o  i n c r e a s e d  o p p o r t u n i t i e s  f o r  c o n t a c t  

w i th  t h e  C . d i p h t h e r i a e . T here  i s  no doub t  t h a t  t h e  v a l u e s  a t  

d i f f e r e n t  a g e s  v a ry  c o n s i d e r a b l y  i n  d i f f e r e n t  a r e a s  and p o s s i b l y  a t  

d i f f e r e n t  t i m e s ;  e v id e n c e  on t h i s  p o i n t  may e a s i l y  be o b t a i n e d  by 

comparing  F i g u r e  x  o f  t h i s  T h e s i s  w i t h  F i g u r e  v i i  on p age  284 o f  

t h e  M e d ica l  R e s e a r c h  C o u n c i l ’ s Monograph on ’’D i p h t h e r i a ” (1 9 2 3 ) .

I t  w i l l  be s e e n  t h a t  in  t h e  S c h ic k  c u rve  which  i s  g i v e n  i n  t h e  

Monograph, t h e  p e r c e n t a g e  o f  n e g a t i v e  r e a c t o r s  a p p r o a c h e s  i t s  

maximum v e r y  much more q u i c k l y ,  and i s  a t  a l l  e a r l i e r  a g e s  a t  a 

v e ry  much h i g h e r  l e v e l  t h a n  i n  t h e  Leeds c u r v e .  T h i s  c o m p a r i s o n  

sh ou ld  em phas ise  t h e  f a c t  t h a t  t h e  f o l l o w i n g  o b s e r v a t i o n s  and 

d e d u c t i o n s  do no t  n e c e s s a r i l y  a p p ly  t o  a r e a s  i n  which  iTg r a v i s -  

i n f e c t i o n ” i s  no t  p r e v a l e n t .  To t h e  b e s t  o f  t h e  w r i t e r ’ s knowledge  

t h e  e x a c t  d e g re e  of  a s s o c i a t i o n  between S c h ick  s t a u e  and a g e ,  ana  

e s p e c i a l l y  t h e  a s s o c i a t i o n  f o r  d i f f e r e n t  s e x e s  and f o r  d i f f e r e n t  

s e a s o n s ,  h a s  n e v e r  been  d e t e r m i n e d .  An a t t e m p t  t o  m easu re  t h i s  

a s s o c i a t i o n  h a s  been  made i n  t h e  f o l l o w i n g  s e c t i o n ,  and i t  i s  

b e l i e v e d  t h a t  no i n v e s t i g a t i o n  o f  a s i m i l a r  n a t u r e  h a s  e v e r  been  

p u b l i o h e d . Hie s c a t i s t i c a l  methods employed w i l l  be u s e d  a g a i n  

i n  o t h e r  p o r t i o n s  o f  t h i s  T h e s i s ,  and a s  some o f  them a r e  by no 

means w e l l  known, i t  i s  d e s i r a b l e  to  commence w i t h  a b r i e f  

e x p l a n a t o r y  n o t e .

Bote on S t a t i s t i c a l  M ethods.

The .o r d i n a r y  methods f o r  t h e  c a l c u l a t i o n  o f  t h e

c o r r e l a t i o n  c o e f f i c i e n t  ”r ” imply  t h a t  t h e  two v a r i a b l e s  a r e  

g r a d u a t e d .  I n  p r a c t i c a l l y  a l l  t h e  p ro b lem s  which  a r e  d e a l t  w i th
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i n  P a r t  I  o f  t h i s  T h e s i s  we have  t o  c o n s i d e r  v a r i a b l e s  which 

can n o t  be g r a d u a t e d ,  and i n  t h e s e  c a s e s  P r o f e s s o r  K a r l  P e a r s o n ' s  

methods f o r  c o n t i n g e n c y  a r e  a p p l i c a b l e .  S u p p o s e  t h a t  t h e  whole 

p o p u l a t i o n  which i s  b e in g  i n v e s t i g a t e d  i s  a r r a n g e d  m  columns 

a c c o r d i n g  to  t h e  c l a s s e s  o f  one v a r i a t e ,  and i n  rows a c c o r d i n g  t o  

th e  c l a s s e s  o f  t h e  o t h e r  v a r i a t e ,  so t h a t  t h e  whole p o p u l a t i o n  

sampled i s  r e p r e s e n t e d  by t h e  t o t a l  M and i s  d i s t r i b u t e d  i n  c e l l s  

t o  fo rm  a c o n t i n g e n c y  t a b l e .  Mow l e t  be bbe f r e q u e n c y  o f

t h e  c e l l  i n  t h e  joth row and t h e  £ t h  column, and l e t  t h e  v e r t i c a l  

m a r g i n a l  f r e q u e n c i e s  be g i v e n  by and t h e  h o r i z o n t a l  m a r g i n a l

f r e q u e n c i e s  by /Vw^; . Hence we have

" " ' n  +  •4m' h v' ................

-  -  -  . . . .  =  /h n , j , .  ,

How, i f  t h e  v a r i a t e s  a r e  i n d e p e n d e n t ,  t h e  e x p e c t e d  f r e q u e n c y  i n  

t h e  pq^n c e l l  w i l l  be /̂ v. f and such  v a l u e s  can be c a l c u l a t e d
A7f o r  e ach  c e l l .

2
From t h i s  t h e  t r u e  v a l u e  o f  mean s q u a r e  c o n t i n g e n c y  [ f a  ) can  be 

c a l c u l a t e d  i n  e x a c t l y  t h e  same manner a s  t h a t  i n d i c a t e d  f o r  t h e  

c a l c u l a t i o n  o f  th e  a p p ro x im a te  v a l u e  which  i s  g iv e n  below.

I n  most s t a t i s t i c a l  phenomena, however ,  we do n o t  Know 

t h e  sam p led  p o p u l a t i o n  e x c e p t  by  i n v e s t i g a t i o n  o f  t h e  sam ple ,  and 

h en ce ,  a s  K a r l  P e a r s o n  h a s  shown ( P e a r s o n ,  1900)  we must  u s e  f o r  

Mi 4*^ >a n d 4^ .  t h e  v a l u e s  which  a r e  known t o  u s ,  v i z ,  a n d ^ .  .

The e x p e c te d  f r e q u e n c y  f o r  th e  c e l l  i n  t h e  p.th row and £ t h  column 

t h e n  becomes /ltl«4,/Ĥ :. and t h e  c o n t i n g e n c y  f o r  t h a t  c e l l  i s
A /

V  ’ The c o n t r i l n r t i o r l  o f  eaob c e l l  t o  t h e  v a l u e  o f  

i s  o b t a i n e d  by d i v i d i n g  t h e  s q u a re  o f  t h i s  l a t t e r  v a l u e  by t h e  

e x p e c te d  f r e q u e n c y ,  so t h a t

From t h e  v a lu e  o f  t h e  c o r r e s p o n d i n g  v a l u e  o f  *j?, which

i n d i c a t e s  t h e  p r o b a b i l i t y  t h a t  such a d i s t r i b u t i o n  a s  t h a t  

a c t u a l l y  found would o c c u r  on t h e  a s s u m p t io n  t h a t  i t  was due t o
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ch an c e ,  i s  e a s i l y  found  i f  t h e  d e g re e  o f  f r ee d o m ,  n, i s  known.

In  a l l  t h e  exam ples  in  t h i s  T h e s i s  t h e  v a l u e  o f  IP  was fo un d  

assum ing  t h a t  n was e q u i v a l e n t  to  P e a r s o n 1s n - 1 ( s e e  F i s h e r ,  

1935}.
J3 ZThe v a l u e  o f  &  , t h e  a p p ro x im a te  v a l u e  o f  t h e  mean

s q u a r e  c o n t i n g e n c y  which we a r e  a b l e  t o  c a l c u l a t e  f rom  t h e  sample
Y z

o f  th e  p o p u l a t i o n ,  i s  g i v e n  hy , and t h e  mean s q u a r e  c o n t i n 

gency c o e f f i c i e n t  (Cg) i s  g iv e n  by t h e  e q u a t i o n

r  ~~ V  /  +
The d e t e r m i n a t i o n  of  t h e  p r o b a h l e  e r r o r  o f  t h e  

c o n t i n g e n c y  c o e f f i c i e n t  i s  more d i f f i c u l t .  P e a r s o n  (1915)  h a s  

shown t h a t  t h e  p r o b a b l e  e r r o r  o f  i s  more e a s y  to  c a l c u l a t e

t h a n  t h a t  o f  and i s  s u f f i c i e n t l y  a c c u r a t e  f o r  a l l  p r a c t i c a l  

p u r p o s e s .  The p r o b a b l e  e r r o r  o f  th e  mean s q u a r e  c o n t i n g e n c y  

c o e f f i c i e n t ,  a s  t h u s  d e t e r m i n e d ,  i s  g i v e n  by t h e  e x p r e s s i o n

. 6^44^9 I y h / f « . - t -  /  -  < P >

S N  / ( !  +

H ' . j s  /K -y / , m-.-̂
'  N  1 ^  I  ■*'/>:

N  N

I n  a l l  s e c t i o n s  o f  t h i s  T h e s i s  t h e  p r o b a b l e  e r r o r s  o f  mean

s q u a r e  c o n t in g e n c y  c o e f f i c i e n t s  were  c a l c u l a t e d  i n  t h i s  mariner.

I t  should  be m ent ioned  t h a t  t h e  v a l u e s  f o r  0% c o u ld  

h a v e ■been  t r a n s f o r m e d  i n t o  a p p ro x im a te  v a l u e s  f o r  t h e  c o r r e s 

p on d in g  c o e f f i c i e n t s  o f  c o r r e l a t i o n ,  o f  w hich  t h e  p r o b a b l e  e r r o r s  

a r e  e a s i l y  found ,  but  i t  was c o n s i d e r e d  t h a t  more a c c u r a t e  

r e s u l t s  would be o b t a i n e d  by g i v i n g  t h e  c o e f f i c i e n t s  i n  t h e  form 

of  mean s q u a r e  c o n t i n g e n c i e s .  The s i g n i f i c a n c e  o f  d i f f e r e n c e s  

be tween  c o n t in g e n c y  c o e f f i c i e n t s  was d e te r m in e d  i n . t h e  u s u a l  

manner,  a s  i n  t h e  c a l c u l a t i o n  o f  t h e  p r o b a b l e  e r r o r s  o f  

d i f f e r e n c e s  be tween means.

S c h ic k  S t a t e  and Age: Sex D i f f e r e n c e s .

Tn ic tb le s  xXI and 1XII  a r e  g i v e n  t h e  a c t u a l  and e x n e c te o



t a b le  xxt.

C on tin gen cy  T a b le : Soh lck  S ta te  and A ge; A l l  S ea so n s: Mai a s .

Soh i ck 
S ta te

Age Group

To 2+ 3+ to  6 i to
5+ 8

9+ t o
11+

IS  and 
o v er T o ta ls

P o s i t iv e
+++

2 3  69 79  
( 3 5 .6 6 ) ( 6 1 .9 0 ) ( 4 1 .0 7 )

27
(3 4 .6 8 )

31
(40*71)

234

P o s i t iv e
++

187 817 162  
( 1 0 1 .7 ) ( 1 7 6 .4 ) ( 1 7 4 .1 )

89
(9 8 .7 8 )

42
(116*0 )

667

P o s i t iv e 20 46  40
(2 2 .1 0 )  (3 8 .3 6 )  ( 3 7 .8 4 )

16
(2 1 .4 8 )

S3
(25*23)

145

N eg a tiv e 7 36 82  
( 8 2 .5 7 ) ( 9 1 .2 6 ) ( 9 0 .0 4 )

74
(5 1 .1 0 )

144
(60*01)

345

T o ta ls 812 366 363 206 242 1391

TABLE ZOCX.

C on tin gen cy  T ab le: S e h ie k  s t a t e  and Age: A l l  S ea so n s; .

S ch ick
S ta te

Age Groqp

To 2+ 3  to  6+ to  
8+ 8-

9+ to
11+

12 and 
e v er T o ta ls

P o s i t iv e-j- -j_ -j-
31 88  68 

( 3 7 .4 6 ) ( 7 4 .1 7 ) ( 6 9 .08)
30

(3 6 .3 3 )
26

(2 2 .9 7 )
240

T f f l t i t l 143 251 206 86  88  
(1 1 0 .6 6 ) (8 1 9 .1 0 ) ( 2 0 4 .0 8 ) ( 1 0 7 .3 2 ) ( 6 7 .8 4 )

709

P o s i t iv e 18 23 34  
(1 5 .7 6 )  ( 3 1 .2 1 ) (2 9 .0 7 )

11
(1 5 .8 9 )

15
(9 .6 6 )

101

N egatiy* 7 88  62  
( 3 8 .1 2 ) ( 6 9 .8 3 ) ( 6 4 .7 4 )

66 86  
( 8 4 .0 6 )  (8 1 .8 8 )

225

T o ta ls  199 894 84? 193 188  1878
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T a b le  i x i i i .

Oo n t i n g e a c y  T a b le :  S c h ic k  S t a t e  and Age: S p r i n g :  M ales

h i c k  Age Group T o t a l s
a t e  To 2+ 3+ t o  6+ t o  9+ - to 12 and

5+ 8+ 11+ o v e r

P o s i t i v e
+++

8
( 7 .3 0 )

12
( 1 5 .5 3 )

25
(1 5 .2 6 5 (8

7
.8 9 )

17
( 2 2 .0 3 )

69

P o s i t i v e
++ 36

( 2 2 .4 2 )
70

( 4 7 .7 0 )
54 29 

( 4 6 . 8 9 ) ( 2 7 . 3 2 )
23

(6 7 .6 8 )
212

P o s i t i v e
+

8
( 6 .4 5 )

18
( 1 3 .7 3 )

15 7 
( 1 3 . 4 9 5 ( 7 . 8 6 )

13
( 1 9 .4 7 )

61

Begat  ive 3
( 1 8 .8 3 )

17
( 4 0 .0 5 )

21 24 
(3 9 .3 7 )  ( 2 2 .9 4

113
) (5 5 .8 2 )

178

55 117 115 67 166 520

TABLE .Z2IV.

C o n t in g e n cy  T a b le :  S c h ic k  S t a t e and A ge: Summer : M ales

S c h ic k
S t a t e To 2+ 3+ t o  

5+

Group 
6+ t o  
8 +

9+ t o  12 and 
11+ o v e r

Tot a l :

P o s i t  ive  
+++

10
(1 5 .5 4 )

28
( 2 3 .8 5 )

34
(2 8 .2 9 )

13 12 97 
( 1 9 . 2C) (1 2 .1 3 )

P o s i t i v e
++

48
(32 .24 )

66
( 5 6 .7 9 )

59
(5 7 .3 8 )

41.
( 4 5 .7

17 231 
2) (2 8 .8 8 )

P o s i t i v e
+

8
( 5 . 7 2 )

12 • 
(1 0 .0 8 )

12
(1 1 .9 6 )

3
( 8 .1 2

6
) ( 5 .1 3 )

41

N e g a t iv e 1
( 1 .5 5 )

12
( 2 7 .2 9 )

35 
(3 2 .3 8 )

38
('21.9

25
7) (13 .88

111
)

T o t a l s 67 118 I4C 95 60 480



TABLE XXV.

Sent  i; oven0,7 T a b le :  Peh io n  onat© a lid Age: Autumn: Male

o Gil 1 Civ Age Group T o t a l s
>-> d a u s To 24 3+to 6+ t o 9+ and

5+ 8 + o v e r

P o s i t i v e 7 14 14 3 38
+++ (8 .01} (12 .67} (1 1 .9 2 ) ( 5 . 4 0 )

P o s i t i v e 34 42 30 8 114
4+ ( 2 4 .0 3 ) ( 3 8 .0 0 ) ( 3 5 .7 7 ) ( 1 6 .2 1 )

P o s i t  i v e 1 10 9 5 25
4 (5 .27 } ( 3 .3 3 ) ( 7 .8 4 ) ( 3 .5 5 )

Begat  iv e (5*69) ( 9 . S o ) ( 8 ^ 7 ) (3*§4)
27

To t  a l s 43 68 64 29 204

TABLE XXVI.

■Jo:it im*ency T a b le :  8 c h i c l S t a t e  and Age: W in te r : Male;

Sob. ion  
S t a t e To 2+

Age 3-roup 
34 t o  6+ t o 9+ and

Tot a l i

5+ 8 + o v e r

P o s i t  i v e
4 4 4 3

( 7 .5 4 )
15

( 1 0 .4 3 )
6

( 7 . 0 6 )
6

( 4 . 9 7 )
30

P o s i t i v e
4 4 39

( 2 7 .6 5 ) , 39 , ( 3 8 .2 4 )
19
(2 5 .8 8 )

13
( 1 8 .2 4 )

110

P o s i t i v e
4

3
( 4 . 5 2 )

6
(6 .2 6 )

4
( 4 . 2 4 )

5
( 2 .9 8 )

18

U e g a t iv e 2
( 7 . 2 9 )

5
(1 0 .0 8 ) 1 1 .8 2 )

7
( 4 .8 1 )

29

T o t a l s  47 65 44 31 187



IABLS XXYII.

Ciontln&ency la b le :  Schick  S ta te  aad Age: S pring : Female 3̂ .

S c h ic k Age G-roup T o t a l s
S t a t e To 2+ 3+ t o 6+ t o 9+ t o  12

5+ 8 + 11+ and
over

P o s i t i v e 8 24 20 6 16 74
+++ (1 1 .0 0 ) (2 2 .1 7 ) ( 1 9 . 9 0 ) ( 1 0 . 8 2 ) ( 1 0 . 1 2 ;

P o s i t  i v e 47 85 68 27 12 239
++ (3 5 .5 1 ) ( 7 1 .5 9 ) (6 4 .2 6 ) ( 3 4 . 9 5 ) ( 3 2 . 6 9 )

P o s i t  ive 3 9 12 5 4 33
+ (4 .9 0} ( 9 .8 8 ) ( 8 .8 7 ) ( 3 . 8 3 ) ( 4 . 5 1 )

N e g a t iv e 5 9 14 24 26 78
(1 1 .5 9 ) ( 2 3 .3 6 ) ( 2 0 .9 7 ) ( 1 1 . 4 1 ) ( 1 0 . 6 7 )

T o t a l s 63 127 114 62 58 424

TABLE X O T I I ,

C on t in g en cy  T a b le : S c h ic k S t a t e  a nd Age: Summer: FeinaL

S c h ic k
S t a t e To 2+

Age G-roup 
3+ t o  6 t o  
5+ 8 +

9.+t o  
11+

12 and 
o v e r

Tot a l  s

P o s i t i v e
+++

6
( 9 .7 5 )

30
(2 5 .5 3 )

27 8 
( 2 3 . 8 8 ) ( 1 2 . 4 4 )

4
( 6 .3 9 )

75

Pos i t  iv e  
++ 41

(3 1 .3 4 )
83

( 7 2 .4 1 )
72

(7 6 .7 3 )
36 9 

( 3 9 . 9 9 ) ( 2 0 . 5 3 )
241

P o s i t i v e  
+

9
( 4 . 5 5 )

6
(1 0 .5 2 )

11 4 5 
(1 1 .1 4 )  ( 5 .8 1 )  ( 2 .9 8 )

35

P e g a t i v e 2
(1 2 .3 5 )

15 
( 2 8 .5 4 )

32
( 3 0 .2 5 )

26 20 
( 1 5 .7 6 )  ( 8 .0 9 )

95

T o t a l s 58 : 134 142 74 38 446
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TABLE XXIX* 

C ontingency T ab le: S c h ic k  S t a t e  and Age: Autumn: F em ales

Schick
S ta te

Age Group T o ta ls

To 3 + 4+  to  
4 +

7+ to  
9 +

10 and 
over

P o s it iv e
+++

IS
(11 .47)

£1
(10 .90 )

0
(8*41) (* .9 6 )

40

P o s it iv e++
38

(33 .58)
SO

( s e .a i )
14

(16 .03)
«

(1 0 .9 8 )
m

P o s it iv e4* S
(4 .0S )

s
(S ..4 )

0
(1-90)

a
(1 .8 9 )

14

Mftafelv. I
. J M i l  _

10
{1S.OO)

4 U
i t * M )

t f

T otals 34 §1 00 1 . 193

'M n t

Ooatlaganajr Tafclas. M U .k  S ta ll. <»d I» m 1m

Seliiek
S ta te

TO 3 +

Age Grotg?

#+ to  7 + to  
§+ 9 +

10 004
ever

T ota ls

P o s it iv e
+++

10
(10a09)

14
(16 .09)

t  10 
(10 .84) (10*00

81

p o s it iv e++ 43
(04 .00)

09
(34 .90 )

00 11 
(0 4 .0 0 ) (03 .00 )

118

p o s it iv e
+

0
(8 .62 )

0
(0 .0 0 )

f  4
(0 .9 0 )  (0*34)

19

negative I
T r ( f• f# 4 -

f
..........(9 .3 9 )

0 10 06
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f r e q u e n c i e s  f o r  a l l  m a le s  and f o r  a l l  f e m a l e s  r e s p e c t i v e l y

a r r a n g e d  i n  5 x  4 t a b l e s ,  

were  c a l c u l a t e d

From t h e s e  t a b l e s  t h e  f o l l o w i n g  v a l u e s

X
Males 3 10 .76 0 0

1 9 5 ,5 1 23

n

12
12

< 0 .0 1  0 .4 2 7 3 + ^ 3 7 2
< 0 . 0 1  0 .3 6 4 6 ^ .0 1 7 4Females

o
The v a l u e s  o f  ^  and ?  i n d i c a t e  i n  each  c a s e  t h a t  t h e  

d i s t r i b u t i o n  i s  no t  a random one .  i t  i s  r a t h e r  s u r j j r i s i n g  t h a t  

t h e  va lues  o f  Cg f o r  b o t h  s e x e s  i n d i c a t e  o n ly  a m o d e ra te  d e g re e  

o f  a s s o c i a t i o n  be tw een  age and t h e  deve lopm en t  o f  a n e g a t i v e  

S ch ick  r e s u l t .  The a s s o c i a t i o n  i s  i n  f a c t  v e r y  much lo w e r  t h a n  

one would have  e x p e c t e d .  The d i f f e r e n c e  be tw een  t h e - c o e f f i c i e n t s  

i s  0 . 0627+.D411; t h a t ^ t h e  d i f f e r e n c e  i s  v e r y  s m a l l  and i s  n o t  

s i g n i f i c a n t .

S c h ic k  S t a t e  and Ag e i Sex and S e a s o n a l  'V a r i a t i o n s .

The d a t a  were t h e n  t r e a t e d  in  a more d e t a i l e d  manner ,  

in  o r d e r  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  any change i n  t h e  

s t r e n g t h  o f  t h e  a s s o c i a t i o n  be tw een  S c h ick  s t a t e  and age a t  

d i f f e r e n t  s e a s o n s .  T a b l e s  JGLIlIeto'  XXX g i v e  t h e  c o n t i n g e n c y  

t a b l e s  f rom which  t h e  c o e f f i c i e n t s  were c a l c u l a t e d .  I n  f o r m in g  

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

t h e  same i n  a l l  c a s e s ,  s i n c e  t h i s  method would have  l e f t  c e r t a i n  

c e l l s  w i t h  z e r o  f r e q u e n c y .  I n  most  e a s e s  i t  w i l l  be s e e n  t h a t  

t h e  g r o u p i n g  i s  5 x  4, and i n  o n l y  two i n s t a n c e s  was i t  n e c e s s a r y  

t o  make a s l i g h t  a l t e r a t i o n  i n  t h e  p o s i t i o n  o f  t h e  d i v i s i o n s  on 

t h e  v e r t i c a l  s c a l e .  These, a l t e r a t i o n s  do n o t ,  o f  c o u r s e ,  have  

any e f f e c t  p e r  se  on t h e  v a l u e  o f  t h e  c o e f f i c i e n t .  The a c t u a l

r e s u l t s  a r e  s e t  o u t  i n  T ab le  XXXI.
TABLE XXXI.

Season

| i )  S p r in g
( i i ) Summer 
i i i )Autumn 

fly) V i n t e r

X
152 .8S02

54.6468
47 .8181
32 .2414

(a )  M a les .  
n
12
12

9
9

Y'l
i .  ^2

< 0 .0 1  0 .47 6 6+ .  0188
< 0 . 0 1  0 . 3 1 9 7 + .0272
< 0 . 0 1  0 .43 5 8+ .  0440
< 0 .0 1  0 .3 8 39 + .  0410



(b) Fem ales .

S eason n . P

( i )  S p r i n g  8 2 ,9 7 9 2
( i i  ) Sum ler  66 .11 5 5
( i i i )Autumn 51 .7478
( i v ) Vifinter 32. 58.85

12
12

9
9

< 0 .0 1  0 .4 0 4 6 + .0 2 7 5
< 0 .0 1  0 .3 5 9 3 + .0 2 8 0
< 0 .0 1  0 .4 60 8 + .0 5 58
< 0 .0 1  0 .3 6 4 3 + .0 3 8 4

2
I n  t h i s  t a b l e  t h e  v a l u e s  o f  and o f  P i n d i c a t e  t h a t  i n  e ach

c ase  t h e  d i s t r i b u t i o n  i s  n o t  random. Prom a c a s u a l  i n s p e c t i o n  o f  

t h e  v a l u e s  o f  Cg i t  would a p p e a r  t h a t  t h e  a s s o c i a t i o n  f o r  m a l e s  

i s  s t r o n g e s t  i n  frfee S p r i n g ,  and l o w e s t  i n  Suamer. I n  t h e  c a s e  o f  

f e m a le s ,  t h e  a s s o c i a t i o n  i s  a g a i n  l o w e s t  i n  Sumner, b u t  i t  i s  

a p p a r e n t l y  s t r o n g e r  i n  Autumn t h a n  i n  S p r i n g .  I n  o r d e r  t o  

a p p r e c i a t e  t h e  meaning  o f  t h e s e  r e s u l t s  i t  i s  n e c e s s a r y  t o  

i n v e s t i g a t e  th e  d i f f e r e n c e s  more f u l l y .

p r o b a b l e  e r r o r s  show t h a t  none o f  t h e  d i f f e r e n c e s  i n  t h e  f e m a le  

group i s  s i g n i f i c a n t . I n  t h e  male group  however ,  t h e  d i f f e r e n c e  

b e tw een  t h e  c o e f f i c i e n t  f o r  S p r in g  and Summer i s  c o n s i d e r a b l e ,  and 

i s  d e f i n i t e l y  s i g n i f i c a n t ,  s i n c e  i t  i s  more t h a n  f i v e  t i m e s  i t s  

p r o b a b l e  e r r o r .  The d i f f e r e n c e s  be tw een  t h e  c o e f f i c i e n t s  f o r  • 

S p r i n g  and W in te r  and f o r  Summer and Autumn r e s p e c t i v e l y  a r e  a l s o  

c o n s i d e r a b l e ,  and e ach  i s  p r o b a b l y  s i g n i f i c a n t ,  s i n c e  i t  i s  more 

t h a n  t w i c e  i t s  p r o b a b l e  e r r o r .

I n  Table  XXXII t h e  d i f f e r e n c e s  be tw een  t h e  v a l u e s  i n  

Table  XXXI a r e  s e t  o u t  a lo n g  w i th  t h e i r  p r o b a b l e  e r r o r s .  The

TABLE XXXII.

D i f f e r e n c e s  be tween  s e a s o n a l  v a l u e s  o f  Cg i n Table^ofxT.

M ales . B e m a le s .
( i )  and ( i i )  0 .1 56 9+ .0331
( i )  amd j[i i i )  0 .0 4 0 8 + . 0479
( i )  and ( i v )  Q.G927+.0451
( i i )  " ( i i i )  0 .1 1 6 1 ? .  0517
( i i )  n ( i v )  0.06424^.0492 
( i i i  ” ( i v )  0 .0519+ .0601

( i )  and ( i i )  0 .0 4 5 3 + .0 3 9 3  
( i )  and ( i i i )  0 .05 6 2+ .  0622
( i )  and ( i v )  0 . 0 4 0 3 + . 0472
( i i )  11 ( i i i )  0 . 1015+. 0624
( i i )  " ( i v )  0 .0 0 5 0+ .04 7 5
( i i i )  " ( i v )  0 .0 96 5 + .0 67 7

These d i f f e r e n c e s  a r e  e x t r e m e l y  i n t e r e s t i n g .  I n  

c o n s i d e r i n g  t h e i r  meaning  we must  remember t h a t ,  i n  t h e  w o rk in g  

c l a s s  p o p u l a t i o n  o f  a  c i t y  l i k e  Leeds  f rom which  t h e s e  sam p le s



were drawn, age i s  p r a c t i c a l l y  synonymous w i t h  l e n g t h  o f  e x p o s u r e  

t o  t h e  1 . d i p h t h e r i a s . We may assume t h e r e f o r e  t h a t ,  t h o u g h  t h e  

a s s o c i a t i o n  b e tw een  t h e  deve lopm en t  of- a  n e g a t i v e  S c h ic k  r e a c t i o n  

and. e x p o s u r e  t o  t h e  o r g a n i s m  i s  p r a c t i c a l l y  t h e  same i n  m a l e s  and 

f e m a le s  r e s p e c t i v e l y ,  v a r i a t i o n s  i n  t h e  d e g re e  o f  t h i s  a s s o c i a t i o n  

n e v e r t h e l e s s  t a k e §  p l a c e  i n  m a le s  th ou g h  not  i n  f e m a l e s .  Dudley  

(1929) d i s c u s s e d  t h e  e v id e n c e  which  was g i v e n  by t h e  i n c i d e n c e  o f  

p s e u d o - r e a c t o r s  in  d i f f e r e n t  c o m m un i t ie s ,  and he c o n c lu d e d  t h a t  t h i s  

e v id e n c e ,  th o u g h  by no means d e f i n i t e ,  f a v o u r e d  t h e  h y p o t h e s i s  t h a t  

t h e  p o t e n t i a l i t y  o f  r e s p o n d i n g  t o  a n t i g e n i c  s t i m u l i  f rom  t h e  

d i p h t h e r i a  b a c i l l i  i n  t h e  e n v i ro n m en t  i s  g r e a t e r  i n  t h e  a v e r a g e  

male t h a n  i n  t h e  a v e r a g e  f e m a le .  The d a t a  which  a r e  g iv e n  h e r e  

l e n d  c o n s i d e r a b l e  s u p p o r t  t o  t h i s  h y p o t h e s i s  and even  c a r r y  i t  a  

s t a g e  f u r t h e r .  I t  w i l l  be n o te d  t h a t  t h e  g r e a t e s t :  d i f f e r e n c e  

f o r  m ales  i s  be t? /een  t h e  c o e f f i c i e n t s  f o r  S p r i n g  and Summer and 

t h a t  t h e  n e x t  g r e a t e s t  d i f f e r e n c e  i s  b e tw een  t h o s e  f o r  Summer and 

Autumn. A n t i g e n i c  s t i m u l i  i n  t h e  en v i ro n m en t  a r e  l i a b l e  t o  be 

most f r e q u e n t  i n  t h e  W in te r  and e a r l y  S p r i n g ,  and hen ce  we m ust  

assume t h a t  t h e  i n c r e a s e d  l i a b i l i t y  o f  t h e  male  to  become Dchick 

n e g a t i v e  i n  t h e  S p r in g  i s  i n  some way; a s s o c i a t e d  w i t h  t h e s e  

i n c r e a s e d  s t i m u l i .  Though c o n t i n g e n c y  d oes  n o t  n e c e s s a r i l y  indicate  

c a u s a t i o n ,  i t  i s  n o t  n e c e s s a r y  t o  n e g l e c t  t h e  s u g g e s t i o n s  w hich  

may a r i s e  f rom  a c o n s i d e r a t i o n  o f  c o n t i n g e n c y .  There  seems 

t h e r e f o r e  t o  be some j u s t i f i c a t i o n  f o r  c o n c l u d i n g  t h a t  t h e  m ale  

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

s t i m u l i  when i t  i s  most w a n ted .  F o r  some unknown r e a s o n  t h e  

f em a le  does  n o t  a p p e a r  t o  have t h i s  c a p a c i t y .  The e v id e n c e  p o i n t s  

to  th e  f a c t ,  a l r e a d y  s u g g e s t e d  by Dudley, t h a t  s u s c e p t i b i l i t y  t o  

d i p h t h e r i a  i s  a  t r u e  h e r e d i t a r y  s e x - l i n k e d  f a c t o r .



The Incidence and S ig n if ica n ce  of P ro te in  Reactions*

D uring  t h e  c o u r s e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  

w r i t e r  was f r e q u e n t l y j a t  a  l o s s  t o  i n t e r p r e t  c e r t a i n  S c h ic k  

r e a c t i o n s .  T h i s  was r a t h e r  r e m a r k a b le  s i n c e  d i f f i c u l t y  had 

n o t  p r e v i o u s l y  been  e x p e r i e n c e d  i n  d i s i n t g u i s h i n g  p s e u d o - r e a c t i o n s  

from t r u e  S c h ick  r e a c t i o n s .  Dudley  (1929)  and o t h e r s  c la im e d  

t h a t  c e r t a i n l y  i n  n o t  more t h a n  2 p e r  c e n t  of c a s e s  sh o u ld  i t  be 

i m p o s s i b l e  t o  i  t e r p r e t  t h e  ^ c h i c k  r e a c t i o n ,  and i t  i s  e v i d e n t  t h a t  

Dudley b e l i e v e s  t h a t  an e x p e r i e n c e d  o b s e r v e r  would be a b l e  t o  g i v e  

a more or  l e s s  d e f i n i t e  o p i n i o n  on  p r a c t i c a l l y  e v e r y  t e s t .  I t  i s  

a d m i t te d  by many a u t h o r s  t h a t  t h e  f r e q u e n c y  o f  p s e u d o - r e a c t i o n s  may 

v a ry  in  d i f f e r e n t  p l a c e s  ariJt a t  d i f f e r e n t  t i m e s .  I ’o r  exam ple ,  

D ick in son  (1922) n o te d  t h a t  76 p e r  c e n t  o f  109 c o n v a l e s c e n t  

d i p h t h e r i a  p a t i e n t s  had p o s i t i v e  p s e u d o - r e a c t i o n s .  Dudley (1929)  

a l s o  n o ted  a veyy h i g h  i n c i d e n c e  o f  p s e u d o - r e a c t i o n s  a t  Greenwich  

j u s t  a f t e r  a b i g  e p id e m ic  of  d i p h t h e r i a  i n  t h e  o c h o o l .  The 

d i f f i c u l t y  i n  L eeds ,  however ,  was not  t h e  f r e q u e n c y  o f  anom alous  

r e a c t i o n s ,  f o r  a c t u a l l y  t h e y  were c o m p a r a t i v e l y  f a r e .  The s o u r c e  

of c o n f u s i o n  was t h e  t y p e  of r e a c t i o n .  In  t h e  p a s t  i t  h a s  b e e n ,  

c u s to m a ry  to  diride p s e u d o - r e a c t i o n s  i n t o  o r d i n a r y  p seudo  :g~u:

( np s e u d o - n e g a t i v e " ) and p se u d o  and p o s i t i v e  ( " c o m b i n e d " ) r e a c t i o n s .  

In  t h e  fo rm er  t h e  e ry th e m a  e f f e c t s  o n ly  t h e  c o n t r o l  a rm ; in  t h e  

l a t t e r  i t  a f f e c t s  b o t h  arms, b u t  t h e  e ry th em a  on t h e  t e s t  arm i s  u

more marked t h a n  t h s t  on th e  c o n t r o l .  In  any c a s e  t h e  p r o t e i n  

r e a c t i o n s  f a d e  w i t h i n  two o r  t h r e e  d a y s ,  and by t h e  s e v e n t h  day  

a d e f i n i t e  n e g a t i v e  o r  p o s i t i v e  d c h ic k  r e g i o n  can u s u a l l y  be  r e a d .  

I n  D ic k in s o n s  s e r i e s  4 .5  p e r  c en t  of  222 p s e u d o - r e a c t i o n s  were 

v i s i b l e  a t  t h e  end of  a week, and he does  n o t  a p p e a r  to  have  had

a g r e a t  d e a l  o f  d i f f i c u l t y  i n  i n t e r p r e t i n g  them. I n  t h e  p r e s e n t
t h e

s e r i e s  such  p s e u d o - r e a c t i o n s  were o f  c o u r s e  met w i t h ,  b u t / r e a c t i o n  

which w i l l  now be d i s c u s s e d  was o f  a  d i f f e r e n t  t y p e .  I n  t h i s  

reac t ion  t h e  e ry th em a  d e v e lop ed  by th e  second day a t  t h e  s i t e  o f  

b o th  th e  t e s t  and t h e  c o n t r o l .  These two a r e a s  o f  e ry th e m a  were  

- T a c t i c a l l y  i d e n t i c a l  i n  a p p e a r a n c e .  I n s t e a d  o f  t h e  p r o t e i n  n r e u



r e a c t i o n s  d i s a p p e a r i n g  a b o u t  th e  t h i r d  o r  f o u r t h  day ,  h o w ever ,  

t h e  r e a c t i o n s  on b o t h  arms c o n t i n u e d  to  d e v e lo p  p a r i  p a s s u  u n t i l ,  

by t h e  s e v e n t h  day t h e  two were  s t i l l  a lm o s t  i d e n t i c a l .

R e a c t i o n s  o f  t h i s  t y p e  do no t  a p p e a r  t o  have  been 

p r e v i o u s l y  d e s c r i b e d .  I n  d e s i g n a t i n g  theia i t  i s  o b v i o u s l y  

u n d e s i r a b l e  to  r e f e r  t o  a s  " p seu do "  r e a c t i o n s ,  s i n c e  t h i s

t e r m  h a s  u s u a l l y  b een  a p p l i e d  t o  r e a c t i o n s  w h ich ,  w h i l e  d e v e l o p i n g  

i n  b o th  arms s i m u l t a n e o u s l y ,  b e g in  t o  show d i f f e r e n c e s  in  t h e i r  

a p p e a ra n c e  a f t e r  a few d a y s ,  so t h a t  i t  sh o u ld  be p o s s i b l e  t o  

a r r i v e  i n  most c a s e s  a t  a  d e f i n i t e  d e c i s i o n  by t h e  s e v e n t h  day .

In  t h e  r e a c t i o n s  w hich  a r e  h e r e  d e s c r i b e d  th e  e ry th e m a  d e v e l o p s  

s i m u l t a n e o u s l y  i n  b o t h  arms,  and t h e  f u r t h e r  c o u r s e  i s  a s  g iv e n  

above.  f u r t h e r  f o r  t h e  p u r p o s e s  o f  t h i s  p a p e r  i t  i s  p r o p o s e d  to  

d e s i g n a t e  th esec p h ea o m e n a  a s  " t e s t - c o n t r o l "  r e a c t i o n s ,  and f o r  

co n v en ien c e  " T .0 .+ "  may be t a k e n  to  i n d i c a t e  t h a t  t h e  r e a c t i o n  t h u s  

d e s c r i b e d  showed p r a c t i c a l l y  i d e n t i c a l  a p p e a r a n c e s  a t  t h e  t e s t  and 

c o n t r o l  s i t e s  on t h e  s e v e n t h  day .  A d i s c u s s i o n  of  t h e  t i t r a t i o n  

r e s u l t s  i n  t h e s e  c a s e s  w i l l  be g i v e n  in  t h e  n e x t  s e c t i o n ,  and i t  

w i l l  be shown t h a t  i f  t t h e s e  r e a c t i o n s  had b e e n  r e a d  a s  a b n o r m a l l y  

p e r s i s t e n t  p s e u d o - r e a c t i o n s ,  i n d i c a t i n g  t h a t  t h e  i i . d i v i d u a l s  were  

immune, t h e  i n f e r e n c e  would have  b e e n  wrong i n  a b o u t  f i f t y  p e r  

c e n t  o f  i n s t a n c e s .

The i n c i d e n c e  of  t r u e  pseudo  and t r u e  combined r e a c t i o n s  

c e r t a i n l y  v a r i e s  m a r k e d ly - w i t h  a ge ;  b u t  i t  seems t h a t  i n  a d d i t i o n  

t o  t h e s e  v a r i a t i o n s  t h e  i n c i d e n c e  h a s  b een  f a l l i n g  in  r e c e n t  y e a r s .  

I n  1923 t h e  f r e q u e n c y  of  p s e u d o - r e a c t i o n s  was found by Dudley  (1923) 

to  be a b o u t  2 . 3  p e r  c e n t  i n  a s e r i e s  o f  boys  aged 11 t o  16 y e a r s .  

K e l l y , & te v en s ,an d  B e a t t i e  (1935} i n  t h e i r  C a l i f o r n i a n  s e r i e s  

found  t h a t  t h e  i n c i d e n c e  o f  a l l  t y p e s  o f  p s e u d o - r e a c t i o n s  was 

abou t  1 . 5  p e r  c e n t .  I n  most r e c e n t  r e p o r t s  on t h e  S c h ic k  t e s t  

which t h e  w r i t e r  h a s  r e a d  t h e  i n c i d e n c e  o f  p s e u d o - r e a c t i o n s  h a s  

oeen so s m a l l  thau  l i t  ule m e n t io n  h a s  b een  made of t h e  c o n d i t i o n .

In  t h e  p r e s e n t  s e r i e s  t h e  i n c i d e n c e  o f  any ty p e  o f  pseudo-reaction 
was no t  more t h a n  4 p e r  c e n t .  T h i s  d e c B e a s e  in  t h e  f r e q u e n c e



i s  p r o b a b l y  to  be a t t r i b u t e d  l a r g e l y  t o  im provem ents  .in t h e  •

method of  p r o d u c t i o n  of  S c h ic k  t e s t  f l u i d .  I n  young a d u l t s  and 

a d u l t s ,  however ,  a  c o n s i d e r a b l e  p e r c e n t a g e  may s t i l l  o c c u r .

An example  of  t h i s  i s  g iv e n  by t h e  s e r i e s  o f  559 a d u l t s  i n  an  

i n s t i t u t i o n ,  who v/ere t e s t e d  by Young, Bunney,  C rooks ,  Cummings, 

and F o r s b e c k  ( 1 9 3 4 ) .  These a u t h o r s  found  t h a t  p s e u d o - r e a s t o r a  

c o n s t i t u t e d  13 p e r  c e n t ,  a n d  combined r e a c t o r s  2 p e r  c e n t  o f  t h e  

t o t c i l .

The i n c i d e n c e  o f  t r u e  p s e u d o - r e a c t i o n s  and p o s i t i v e  

t e s t - c o n t r o l  r e a c t i o n s  among p e r s o n s  i n  t h e  Leeds  s e r i e s  who had 

p o s i t i v e  S c h ic k  t e s t s ,  i s  g i v e n  i n  T ab le  XXXIII..  I t  w i l l .  bjeu,. 

seen  t h a t  t h e  f r e q u e n c y  of  b o th  t y p e s  o f  r e a c t i o n  i s  so low a s  ? 

t o  be a lm o s t  n e g l i g i b l e .  The c o r r e s p o n d i n g  f i g u r e s  f o r  t h e  

d i f f e r e n t  t y p e s  o f  p s e u d o - r e a c t i o n s  and o f  t e s t - c o n t r o l  r e a c t i o n s  

i n  p e r s o n s  who had S c h ick  t e s t s  p e r fo rm e d  a f t e r  i n o c u l a t i o n  a r e  

g i v e n  i n  T a b l e s  X X X I a n d  XXXIY(b). I t  w i l l  be n o t e d  t h a t  t h e  

f r e q u e n c y  o f  p s e u d o - r e a c t i o n s  and o f  t e s t - c o n t r o l  r e a c t i o n s  had 

i n c r e a s e d  v e r y  m a rk e d ly  -  t h e  p s e u d o - r e a c t i o n s  by a b o u t  e i g h t e e n  

t im e s  and t h e  t e s t - c o n t r o l  r e a c t i o n s  by abou t  f i v e  t i m e s .  F u r t h e r ,  

t h e  i n c i d e n c e  f o r  t h e  two t y p e s  o f  r e a c t i o n  i s  p r a c t i c a l l y  I d e n t i c a l ,  

Yon G-roer and K a sso w i tz  (1919) were p r o b a b l y  t h e  f i r s t  t o  s u g g e s t  

t h a t  p s e u d o - r e a c t i o n s  a r e  due to  b a c i l l a r y  s u b s t a n c e s ,  and a re  

r e a l l y  t r u e  a l l e r g i c  r e a c t i o n s .  Dudley (1923,  1929) l a t e r  showed 

t h a t  th e  o c c u r e n c e  of  a  p s e u d o - r e a c t i o n  i n d i c a t e d  f a i r l y  r e c e n t  

s e n s i t i z a t i o n  o f  t h e  s k i n  by t h e  p r o t e i n s  o f  t h e  0 . d i p h t h e r i a e .

When we t a k e  i n to  c o n s i d e r a t i o n  t h e  s i m i l a r  f r e q u e n c y  ( i n  t h e  

p o s t - S c h i c k  t e s t s )  o f  t h e  two r e a c t i o n s  which a r e  u n d e r  d i s c u s s i o n ,  

t h e r e  would seem to  be some g rounds  f o r  B e l i e v i n g  t h a t  t h e  t e s t -  

c o n t r o l  phenomenon i s  a l s o  due t o  s e n s i t i z a t i o n  o f  t h e  i n d i v i d u a l  

by th e  p r o d u c t s  o f  t h e  0 . d i p h t h e r i a e , and p o s s i b l y  by i t s  t o x i n  

d e r i v a t i v e s .

Sex i n c i d e n c e  o f  p s e u d o - r e a c t o r s .  I t  i s  a  w e l l  known f a c t  

t h a t  rjseudo and n e g a t i v e  r e a c t i o n s  a r e  a b o u t  t h r e e  t i m e s  a s  

common a s  pseudo  and p o s i t i v e  r e a c t i o n s .  In  t h e  p r e s e n t  s e r i e s

t h e  d i f f e r e n c e  i n  t h e  p o s t - S c h i c k  t e s t s  was n o t  q u i t e  so marked
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s i n c e  t h e  r e s p e c t i v e  p e r c e n t a g e s  were  2 . 5  and 1 . 2 .  The 

d i f f e r e n c e  i s  1 .3 + .0 4 7  p e r  d e n t ,  wh ich  i s  b a r e l y  s i g n i f i c a n t .

The sex  d i f f e r e n c e s  in  c e r t a i n  l a r g e  s e r i e s  o f  t e s t s  have  b een  

f a i r l y  m arked ,  F o r  exam ple ,  Dudley (1929)  showed t h a t  i n  t h e  

C a l i f o r n i a n  s e r i e s  ( K e l l y , o t e v e n s  and B e a t t i e j  1925) combined 

r e a c t i o n s  a r e  more f r e q u e n t  i n  m a le s  t h a n  i n  f e m a l e s ,  w h i l e  t h e  

p seudo  and n e g a t i v e  r e a c t i o n s  a r e  e q u a l  i n  b o t h  s e x e s .  I n  t h e  

p r e s e n t  s e r i e s  o f  p r i m a r y  S c h ic k  t e s t s  th e  d i f f e r e n c e s  b e tw ee n  

t h e  p e r c e n t a g e s  f o r  m a le s  and f e m a l e s  r e s p e c t i v e l y  were  : 

f o r  p seudo  and combined r e a c t i o n s  G .0 2 £ .1 3 ;  f o r  t e s t - c o n t r o l  

r e a c t i o n s ,  Q .2 8+ .2 3 .  In  t h e  p o s t - S c h i c k  t e s t s  t h e r e  i s  o b v i o u s l y  

no se x  d i f f e r e n c e  f o r  t h e  i n c i d e n c e  o f  t e s t - c o n t r o l  r e a c t o r s  

( s e e  T able  XXXIV(b)}. I n  o r d i n a r y  p s e u d o - r e a c t i o n s  t h e  

d i f f e r e n c e s  be tw een  t h e  p e r c e n t a g e s  f o r  m a le s  and f e m a le s  

r e s p e c t i v e l y  a r e  : f o r  p seudo  and combined r e a c t i o n s ,  2 .14^ ,92 : .  

f o r  combined r e a c t i o n s ,  0.08+.43; f o r  p s e u d o - r e a c t i o n s ,  1 . 2 + . 76 

p e r  c e n t .  Done o f  t h e s e  d i f f e r e n c e s  i s  d e f i n i t e l y  s i g n i f i c a n t .

I t  i s  f e l t  t h a t  t h i s  s h o r t  d i s c u s s i o n  g oes  o n ly  p a r t  

o f  t h e  way to w a rd s  t h e  e l u c i d a t i o n  o f  t h e  s i g n i f i c a n c e  o f  p r o t e i n  

r e a c t i o n s  i n  a g r a v i s - i o f e c t e d  a r e a ,  and t h a t  mifuch more work 

w i l l  be r e q u i r e d  b e f o r e  a c l e a r  u n d e r s t a n d i n g  i s  r e a c h e d .  r 

The p ro b lem  was, however ,  a t t a c k e d  f rom  a n o t h e r  a n g l e  and t h e  

c o n c l u s i o n s  which were r e a a c h e d  w i l l  be found  i n  s e c t i o n  (dr) 

which d e a l s  w i t h  t h e  Moloney t e s t .
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PART I  

S e c t i o n  (o)

QE  TEE RELATIONSHIP BETV/EEIT TES SCHICK TEST AND THE DIPHTHERIA 

ANTITOXIN LEVEL OF THE BLOOD.

S in c e  Horner (1909)  f i r s t  announced h i s  method o f  

d e t e r m i n i n g  t h e  a n t i t o x i n  c o n t e n t  o f  b loo d  serum f r e q u e n t  

a t t e m p t s  have b e e n  made to  a s c e r t a i n  w h e th e r  t h e r e  i s  an  e x a c t  

r e l a t i o n s h i p  be tw een  such f i n d i n g s  and t h e  r e s u l t s  o f  S c h ic k  

t e s t s  p e r fo rm e d  on t h e  same i n d i v i d u a l s .  The q u e s t i o n  i s ,  how

e v e r ,  one which  i s  hedged a b o u t  by many i n h e r e n t  d i f f i c u l t i e s ,  

and i t  s t i l l  e l u d e s  a  d e f i n i t e  s o l u t i o n .  The a c t u a l  p r e s e n c e  o f  

a n t i t \ o x i n  i n  t h e  b loo d  o f  S c h ic k  n e g a t i v e  i n d i v i d u a l s  was f i r s t  

d e m o n s t r a te d  by Karasawa and S c h ic k  (1 9 1 0 ) ,  u s i n g  H om er 's  m ethod ,  

and t h e y  a l s o  showed t h a t  a n t i t o x i n  was more o f t e n  p r e s e n t  i n  t h e  

b lood  o f  a d u l t s  t h a n  o f  c h i l d r e n .  Three  y e a r s  l a t e r  m i c h i e l s  and 

S c h ic k  (1913) d e c i d e d  t h a t  a s u i t a b l e  a n t i t o x i n  l e v e l  f o r  t h e  

S c h ic k  t e s t  was l /3 Q  u n i t  -  S c h ic k  p o s i t i v e  c a s e s  h a v i n g  l e s s  

t h a n  t h a t  amount, and s c h i c k  n e g a t i v e  c a s e s  m ore.  Kolrner and 

Moshage (1915) co n f i rm ed  t h e s e  f i n d i n g s .  I n  t h e i r  work t e n  

i n d i v i d u a l s  who had p o s i t i v e  S c h ic k  t e s t s  each  showed l e s s  t h a n  

1 /4 0  u n i t  o f  a n t i t o x i n  p e r  c .cm, o f  b l o o d ;  w hereas  tw e n ty  

i n d i v i d u a l s  w i t h  n e g a t i v e  t e s t s  had each  more t h a n  l /EG u n i t ,  and 

some had a s  rnucn as  10 u n i t s .  Yon G-roer and Kaiqpwitz (1915) 

p u b l i s h e d  a v e ry  i m p o r t a n t  i n v e s t i g a t i o n  d e a l i n g  w i t h * a n t i t o x i e  

c o n te n t  o f  t h e  blood o f  i n f a n t s ,  and t h e ?  found  t h a t  - - f j f  

p e r  cen t  o f  t h e s e  had 1 /2 0 0  u n i t  o r  more o f  a n t i t o x i n .  I n  a  

f u r t h e r  p a p e r  (1917) t h e ?  showed t h a t  a t  l e a s t  81 p e r  c e n t  o f  

normal  a d u l t s  had more t h a n  1 / 20O u n i t *  o f  a n t i t o x i n  i n  t h e i r  

b lo o d ,  and t h a t  o f  t h i s  p e r c e n t a g e  t h e  m a j o r i t y  had a t  l e a s t  

l /o O  u n i t .  I n  1919 t h e s e  a u t h o r s  added s t i l l  f u r t h e r  t o  t h e i r  

i n v e s t i g a t i o n s  on t h e  p o p u l a t i o n  o f  Vienna and r e p o r t e d  t h e  resu lts



o f  t i t r a t i o n  o f  t h e  b lo o d  o f  1 ,0 6 2  norm al  i n d i v i d u a l s  o f  a l l  agesv

The d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  l a t t e r  p a r t  o f  t h e  flar p e r i o d

i n  A u s t r i a  p r e v e n t e d  t h e  i n v e s t i g a t o r s  f rom  m aking  t h e  i n v e s t i g a t i o n

a s  c o m p le te ,  f rom  t h e  q u a l i t a t i v e  s t a n d p o i n t ,  a s  i n  t h e i r  p r e v i o u s

-work, and t h e y  had t o  c o n f i n e  t h e m s e l v e s  t o  t h e  e s t i m a t i o n  o f  t h e

p r e s e n c e  o r  a b se n c e  i n  e ach  c a se  o f  1/20^' u n i t  o r  more o f  c i r c u l a t i n g

a n t i t o x i n .  The c u rv e  which  t h e y  p u b l i s h e d  shows t h a t  t h e  i n c r e a s e

i n  t h e  p e r c e n t a g e  o f  p e r s o n s  w i t h  t h i s  amount i s  i n c l i n e d  t o  a d v ance  
n

by a s e r i e s ^ a p p r o x i m a t e l y  t h r e e  s t e p s  t o  t h e  h i g h  p e r c e n t a g e  o f  84 

i n  young a d u l t  l i f e .  The t h r e e  s t e p s  a r e  q u i t e  marked i n  t h e  

g ra p h ,  and p r o b a b l y  i n d i c a t e  c e r t a i n  d e f i n i t e  s t a g e s  i n  t h e  l i v e s  

of  t h e  i n d i v i d u a l s .  These  a n t i t o x i n  e s t i m a t i o n s  were  accompanied  

by S c h ick  t e s t s  on each  i n d i v i d u a l ,  b u t  a c o m p a r is o n  betweem t h e  

two l e v e l s  i s  somewhat v i t i a t e d  by t h e  f a c t  t h a t  t h e s e  a u t h o r s  had  

an u n d u ly  h i g h ' p e r c e n t a g e  o f  p s e u d o - r e a c t i o n s , '  and a l s o  by t h e  f a c t  

t h a t  i n  t h e  l a r g e r  p a r t  of  t h e  i n v e s t i g a t i o n  t i t r a t i o n s  were  c a r r i e d  

ou t  o n ly  w i t h i n  v e r y  b ro ad  l i m i t s .  As a  r e s u l t  o f  t h e i r  work i t  i s ,  

however,  p o s s i b l e  t o  s t a t e  t h a t  t h e  c u rv e  showing t h e  p e r c e n t a g e  o f  

p e r s o n s  who have  more t h a n  1 /2 0 0  u n i t  o f  a n t i t o x i n  i n  t h e i r  b lo o d  

a g r e e s  f a i r l y  c l o s e l y  w i t h  t h e  c u rv e  showing t h e  p e r c e n t a g e s  o f  

Sch ick  n e g a t i v e  r e a c t o r s  a t  d i f f e r e n t  a g e s .  From t h e i r  e a r l i e r  work 

i t  would f u r t h e r  a p p e a r  t h a t  t h e s e  a u t h o r s  were o f  o p i n i o n  t h a t t m o s t  

immune p e r s o n s  have l / 5 0  u n i t  o f  a n t i t o x i n  i n  t h e i r  b l o o d ,  bu t  t h a t  

c o n s i d e r a b l e  immunity may a l s o  be g i v e n  i n  some c a s e s  by amounts  

v a r y i n g  from 1 /2 0 0  t o  1 / 5 0  u n i t .  I n  a l a t e r  p a p e r , S c h ic k ,  von Oroer  

a^d K a sso w i tz  (1924) d e f i n i t e l y  d e f i n e d  t h e  Sc h ick  l e v e l  o f  immunity 

a s  1 /2 0 0  u n i t .  A l th ou g h  t h i s  l a r g e  s e r i e s  o f  c a s e s  u n d o u b t e d l y  

c o n s t i t u t e s  an i m p o r t a n t / i n v e s t i g a t i o n ,  i t  sh o u ld  be n o t e d  t h a t  

t n e  r e s u l t s  c anno t  be a c c e p t e d  w i t h o u t  c e r t a i n  r e s e r v a t i o n s .  The 

c r i t i c i s m  h as  been  inane t h a t  no t  o n ly  was th e  p o p u l a t i o n  p e c u l i a r  

i n  h a t  i t  was s u f f e r i n g  g e n e r a l l y  f rom  t h e  u n d e r —n u t r i t i o n  

a s s o c i a t e d  w i th  t n e  ««ar, b u t  t h e  i n d i v i d u a l s  were drawn f rom  a 

s p e c i a l i s e d  h o s p i t a l  c l a s s  and many o f  them were  a c t u a l l y  r e s i d e n t s  

in  i n s t i t u t i o n s .  S i m i l a r  c r i t i c i s m s  may be l a i d  a g a i n s t  many such  

*~ v e s t i &a t i o n s ,  and i t  i s  d o u b t f u l  w h e th e r  we sho u ld  r e g a r d  t h e s e /



d o .

o f  von Groer  and K a ss o w i tz  a s  s e r i o u s l y  i n v a l i d a t e d .  B eber  ( 1 9 2 1 ) ,  

f ro m  g u i n e a - p i g  e x p e r i m e n t s ,  s u g g e s t e d  t h a t  l / 2 0  u n i t  was n e c e s s a r y  

t o  p r o t e c t  a g a i n s t  one f a t a l  d o se  i n  t h e s e  a n i m a l s ;  he a l s o  t h o u g h t  

t h a t  l / lQ O  u n i t  m ig h t  g i v e  p r o t e c t i o n  a g a i n s t  l e s s  s e v e r e  i n f e c t i o n s

In  t h i s  c o u n t r y  i t  h a s  become c u s to m a ry  t o  r e g a r d  t h e  

S c h ic k  l e v e l  o f  immunity a s  c o n s i d e r a b l y  h i g h e r  t h a n  l / 2 0 0 u n i t .

Fo r  example ,  O 'B r ie n  and h i s  c o l l e a g u e s  (1922) d e t e r m i n e d  t h e  

a n t i t o x i n  c o n t e n t  o f  t h e  b loo d  o f  66 i n d i v i d u a l s  and t h e y  c o n c lu d e d  ( 

t h a t  l/-3Q u n i t  o f  a n t i t o x i n  was n e c e s s a r y  t o  p r e v e n t  t h e  d e v e lo pm en t  

o f  a p o s i t i v e  S c h ic k  r e a c t i o n .  T h i s  s t a n d a r d  was f o r  l o n g  r e g a r d e d  

a s  a u s e f u l  a v e r a g e  b a s i s  on which  t o  work,  bu t  w i t h i n  t h e  l a s t  

few y e a r s  i t  h a s  come t o  be r e c o g n i s e d  t h a t  t h i s  l e v e l  i s  much t o o  

h i g h .  F o r  exam ple ,  H e w le t t  (1930) s t a t e s  t h a t  immunity  t o  d i p h t h e r i a  

r u n s  p a r a l l e l  w i t h  t h e  p r e s e n c e  o f  a  s m a l l  amount -  1 /2 0 0  t o  l / 4 0  

u n i t  p e r  c .cm. -  o f  a n x t i t o x i n  i n  t h e  b lo o d .  T o p le y  (1933) i s  o f  

o p i n i o n  t h a t  l e s s  t h a n  l / lO O  u n i t  o f  a n t i t o x i n  p e r  c .cm. w i l l  r e n d e r  

an i n d i v i d u a l  immune to  d i p h t h e r i a .  I n  h i s  r e c e n t  work a t  

Greenwich H o s p i t a l  S choo l  Dudley (1934) found  t h a t ,  o f  89 boys  

who were n a t u r a l l y  o r  a r t i f i c i a l l y  immune and on whom b lo o d  t i t r a 

t i o n  had been  p e r f o r m e d ,  o n ly  one had l e s s  t h a n  1 /1 0 0  u n i t  o f  a n t i 

t o x i n  b u t  20, o r  2 2 .5 + 3 .0  p e r  c e n t  had l / 2 5  o r  l e s s .  From h i s  

o b s e r v a t i o n s  Dudley s u g g e s t s  t h a t  a t  Greenwich t h e  S c h ic k  l e v e l  

was n e a r e r  t o  l / l 0 ^ u n i t  t h a n  t o  l / 3 0  u n i t ,  and i t  i s  t o  be n o t e d  

t h a t  t h e s e  i n v e s t i g a t i o n s  were c a r r i e d  ou t  i n  a s e m i - c l o s e d  community 

i n  which i n f e c t i o n  by 0 . d i p h t h e r i a e  g r a v i s  had t a k e n  p l a c e .

O 'B r ie n  r e c e n t l y  i n d i c a t e d  t h a t  he was o f  o p i n i o n  t h a t  i n d i v i d u a l s  

who have a t i t r e  o f  1 /2 5 0  u n i t  have r e a s o n a b l e  immunity ,  and t h a t  

most c a s e s  w i th  a t i t r e  o f  1 /1 0 0  sho u ld  show n e g a t i v e  S c h ic k  

r e a c t i o n s .

Im America t h e  t e n d e n c y  h a s  b e en  t o  r e t a i n  t h e  o r i g i n a l  

s t a n d a r d ,  i n  t h e  r e g i o n  o f  l / 3 0  u n i t  o f  a n t i t o x i n  p e r  c .cm . F o r  

example ,  Moloney and F r a s e r  (1927) t i t r a t e d  t h e  b lo o d  serum o f  

133 i n d i v i d u a l s  b e f o r e  im m u n iza t ion  was c a r r i e d  o u t .  Of 65 who 

showed p o s i t i v e  S ch ick  t e s t s ,  a l l  had l e s s  t h a n  l / 5 0  u n i t s .  I n



a s e r i e s  o f  41 n e g a t i v e  r e a c t o r s  -  24 o f  whom showed a p o s i t i v e  

Moloney t e s t  -  t h e  t i t r a t i o n  r e s u l t s  were  a s  f o l l o w s :  33 had

l / l O  u n i t  o r  more;  two had l / l 5 ;  two had l / 2 G ;  one had l / 2 5 :  

two had 1 / 3 5 ;  and one had l e s s  t h a n  l / 5 0 .  I t  i s  e v i d e n t  t h a t  

i n  t h i s  s e r i e s  t h e  S c h ic k  l e v e l  was a b o u t  l / 5 0 .  T h i s  c o n c l u s i o n  

f rom  t h e  e a r l y  work o f  Moloney and F r a s e r  i s  bo rn e  o u t  by t h e  l a t e r  

p a p e r  o f  F i t z g e r a l d ,  D e f r i e s ,  F r a s e r ,  Moloney and McKinnon (1 9 3 2 ) ,  

from which  t h e  i n f e r e n c e  may be drawn t h a t  i n  T o ro n to  i n d i v i d u a l s  

who have  l e s s  t h a n  1 / 5 0  u n i t  a r e  r e g a r d e d  a s  p o s i t i v e  S c h ick  

r e a c t o r s ,  and t h a t  a f t e r  im m u n iza t io n  a  t i t r e  o f  1 /2 5  u n i t  i s  

r e g a r d e d  a s  s a t i s f a c t o r y .  I n  a r e c e n t  i n v e s t i g a t i o n  M e s s e l o f f  

and K a r sh  (1932) found  t h a t  94 p e r  c e n t  o f  f i f t y  one S c h i c k  . 

n e g a t i v e  c h i l d r e n  had a t  l e a s t  1 /3 0  u n i t  o f  c i r c u l a t i n g  a n t i t o x i n .  

F lood  (1930) r e p o r t e d  l e s s  t h a n  l / 3 0  u n i t  o f  a n t i t o x i n  i n  a  c e r t a i n  

p e r c e n t a g e  o f  S c h ic k  n e g a t i v e  p e r s o n s .  K l e i n  (1934)  on t h e  o t h e r  

hand con f i rm ed  t h e  r e s u l t s  o f  M e s s e l o f f  and K a r s h .  He t i t r a t e d  . 

t h e  b loo d  o f  s i x t y - s i x  S c h ic k  n e g a t i v e  c h i l d r e n ,  most  o f  whom were 

a r t i f i c i a l  immunes, and found  t h a t  s i x t y - f i v e  had a b lo o d  t i t r e  

o f  o v e r  1 /3 0  u n i t  p e r  c .cm: t h e  o t h e r  c a se  had b e tw ee n  1 / 7 5  and

l / 3 0  u n i t .  I n  n a t i v e  r a c e s  t h e  r e s u l t s  seem t o  be more o r  l e s s  

com parab le  t o  t h e s e .  Fo r  example ,  G r a s s e t ,  P e r r e t  -  G-en ti l ,  

and F r iedm an  (19 33) c a r r i e d  o u t  a s e r i e s  o f  i n v e s t i g a t i o n s  on t h e  

n a t u r a l  immunity  to  d i p h t h e r i a  o f  Sou th  A f r i c a n  B a n tu s .  They 

showed t h a t  7 .5 6  p e r  c e n t  o f  172 na t iv es*  s e r a  had l e s s  t h a n  l / 5 Q  

u n i t  o f  a n t i t o x i n .  They assumed t h a t  l / 5 0  u n i t  r e p r e s e n t e d  t h e  

l e v e l  below which t h e  i n d i v i d u a l  w i l l  show a p o s i t i v e  S ch ick  

r e a c t i o n  -  t h e  a s su m p t io n  b e in g  based  l a r g e l y  on t h e  f a c t  t h a t  a  

s i m i l a r  p e r c e n t a g e  ( v i z .  8 .2 9 )  o f  n a t i v e s  who were t e s t e d  showed 

p o s i t i v e  S c h ick  r e a c t i o n s .

On t h e  C o n t in e n t  such c o m p a r a t i v e l y  s t r i c t  s t a n d a r d s  

a r e  b e in g  abandoned.  Fo r  example,  Meersseman,  F r i e s s ,  and Renard  

(1933) t e s t e d  f o r t y  sev en  s u b j e c t s  w i t h  two s t r e n g t h s  o f  S c h ic k  

t o x i n ,  one f l u i d  was o f  t h e  normal s t r e n g t h  p r e s c r i b e d  by t h e  

I n s t i t u t  P a s t e u r ,  and t h e  o t h e r  was o f  d o u b le  t h i s  s t r e n g t h .  The



b lo od  a n t i t o x i n  r e s u l t s  were c o r r e l a t e d  w i t h  t h e  r e a d i n g s  o f  t h e s e  

t e s t s ,  and i t  was found  t h a t  i n d i v i d u a l s  who showed, a  n e g a t i v e  , 

r e a c t i o n  t o  t h e  normal  d i l u t i o n ,  b u t  a p o s i t i v e  r e a c t i o n  t o  t h e
i

d o ub le  s t r e n g t h  f l u i d ,  had an a n t i t o x i c  c o n t e n t  o f  l e s s  t h a n  l / 3 G  

u n i t ,  C laus  J e n s e n  (1931a)  c a r r i e d  ou t  a s e r i e s  o f  i n v e s t i g a t i o n s  

(a )  on t w e n ty  n i n e  n a t u r a l  immunes, and (b)  on 141 a r t i f i c i a l  

immunes (179 t e s t s  on 141 i n d i v i d u a l s ) .  A l l  t h e  i n d i v i d u a l s  i n v e s 

t i g a t e d  were  S c h ic k  n e g a t i v e .  I n  g roup  ( a )  he found  t h a t  4 (14  p e r  

c e n t )  had a t i t r e  o f  l e s s  t h a n  1 /2 0 0 0 ,  and i n  group (b )  9 (5  p e r  c e n t )  

had t i t r e s  o f  l e s s  t h a n  l / 2 0 0 .  J e n s e n  s a y s :  11I I  n ! e x i s t e  p a s ,

oomrne on l Ta admis gen e ra i rm en t , un  t i t r e  a n t i t o x i q u e  f i x e  ( 0 , 0 3  ou 

0 ,01  U . A . ) -  f t h e  S c h ic k  l e v e l *  -  p o u r  l e q u e l  d e s  i n d i v i d u s  p a s s e n t  

du g roupe  1 n e g a t i f * .  au g rou p e  f p o s i t i f f ou v i c e - v e r s a ,  c e t t e  l i m i t e  

p r e s e n t e  d e s  v a r i a t i o n s  i n d i v i d u e l l e s  c o n s i d e r a b l e s 51. I n  a p r e v i o u s  

p a p e r  J e n s e n  (1931b) n o te d  t h a t  an i n d i v i d u a l Ahad o n l y  0 .0 0 00 7  u n i t s  

o f  a n t i t o x i n  p e r  c .cm, had a n e g a t i v e  S c h ick  r e a c t i o n .  F u r t h e r ,  he  

showed ( J e n s e n ,  1931c) t h a t  90 p e r  c e n t  o f  s t r o n g  p o s i t i v e  S c h ic k  

r e a c t o r s  have  l e s s  t h a n  l /2 0 Q 0  u n i t  o f  a n t i t o x i n  i n  t h e i r  b l o o d .

A f t e r  im m un iza t ion  on t h e  o t h e r  hand p o s i t i v e  r e a c t o r s  u s u a l l y  h ave  

a n y th i n g  up t o  l / 4 0  u n i t  o f  a n t i t o x i n  p e r  c .cm o f  serum.

D e s c r i p t i o n  o f  t h e  I n v e s t i g a t i o n .

The aim of  t h e  p r e s e n t  i n v e s t i g a t i o n  was t w o - f o l d :  ( a )  to  

g a in  some i d e a  o f  th e  c o r r e s p o n d e n c e  be tw een  t h e  r e s u l t s  o f  S c h ic k  

t e s t s  and t h e  a n t i t o x i n  c o n t e n t  o f  t h e  b lo o d  i n  a community h e a v i l y  

i n f e c t e d  w i t h  G . d i p h t h e r i a s  g r a v i s : and (b)  t o  i n v e s t i g a t e  t h e  a c t u a l  

a n t i t o x i n  c o n te n t  o f  t h e  b lood  i n  a number o f  e a s e s  i n  which  i t  was 

d i f f i c u l t  o r  i m p o s s i b l e  t o  form a d e f i n i t e  o p i n i o n  on t h e  S c h ic k  

s t a t e  o f  t h e  i n d i v i d u a l .  The a c t u a l  t i t r a t i o n  o f  t h e  b lood  sa m p le s  ' 

was c a r r i e d  o u t  a t  th e  Je l l e o m e  P h y s i o l o g i c a l  R e s e a r c h  L a b o r a t o r a e ? ; 

f o r  t h i s  s e r v i c e  I  am d e e p ly  i n d e b t e d  t o  Tarsry(YfrTTTrirfyarrr

x& Dr. R. A. 0 TB r i e n  and Mr A. T. Clenny.

I n  every^ c a se  - e x c e p t  t h o s e  where t h e  sam ples  were  

t a k e n  i n  h o s p i t a l  — th e  b lood  was drawn on t h e  s e v e n t h  day a f t e r  

t h e  p e r fo rm an ce  o f  t h e  S ch ick  t e s t ,  a t  t h e  t im e  when t h e  l a t t e r  was



r e a d .  xt  may be o b j e c t e d  t h a t  t h i s  i n t e r v a l  was p e r h a p s  s u f f i c i e n t  

t o  a l l o w  t h e  p r o c e s s  o f  s e c o n d a r y  s t i m u l a t i o n  t o  come i n t o  p l a y ,  

and t h a t  t h e r e f o r e  t h e  a n t i t o x i n  c o n t e n t  m ig h t  be i n  e v e r y  c a s e  

h i g h e r  t h a n  i t  a c t u a l l y  was.when t h e  S c h ic k  t e s t  was p e r f o r m e d .

There  a r e ,  however ,  t h r e e  good r e a s o n s  f o r  b e l i e v i n g  t h a t  t h i s  * 

o b j e c t i o n  d id  no t  c a r r y  much w e i g h t :  (a )  i n  g ro up  A o v e r  75 p e r  

c e n t  and in  g ro up  B o v e r  50 p e r  c e n t ,  o f  t h e  t e s t s  were  " p r i m a r y " 

t e s t s  - t h a t  i s ,  t h e  b lo o d  was t a k e n  f rom ,  and t h e  S c h ic k  t e s t s  were  

p e r fo rm ed  on, i n d i v i d u a l s  who had n o t  p r e v i o u s l y  had any im m unis ing  

i n j e c t i o n s .  I n  t h e  n a t u r a l  s t a t e  we do n o t  e x p e c t  t h a t  a  p r i m a r y  

s t i m u l u s  h a s  p r e v i o u s l y  f u n c t i o n e d  t o  any e x t e n t ,  and we t h e r e f o r e  

do no t  suppose  t h a t  t h e  s m a l l  amount o f  t o x i n  which  i s  u se d  f o r  t h e  

Sch ick  t e s t  w i l l  have any e f f e c t  i n  r a i s i n g  t h e  a n t i t o x i n  l e v e l .  

F u r t h e r ,  i t  i s  d o u b t f u l  i f  t h i s  s m a l l  amount o f  t o x i n  c o u ld  e f f e c t  

an a p p r e c i a b l e  i n c r e a s e  i n  t h e  a n t i t o x i n  c o n t e n t  i n  t h e  s h o r t  sp a c e  

o f  seven  d a y s .  From J e n s e n 1s c u rv e s  ( J e n s e n  1935) i t  would a p p e a r  

t h a t  i n  h i s  e x p e r i m e n t s  t h e  a n t i t o x i n  l e v e l  r e a c h e d  i t s  p e a k  o n l y  

a f t e r  a bou t  a f o r t n i g h t  o r  l o n g e r .  (b)  A second r e a s o n  f o r  b e l i e v 

in g  t h a t  t h e  i n t e r v a l  does  n o t  v i t i a t e  th e  r e s u l t s  i n  t h e  | ) r e s e n t  

s e r i e s  o f  c a s e s  i s  t h a t  i n  t h e  b o r d e r l i n e  c a s e s  t h e  d i s c r e p a n c y  i s  

on t h e  wrong s i d e  of  th e  l i n e  o f  d e m a r c a t io n  to  f a v o u r  such  v i t i a t i o n .  

This  p o i n t  w i l l  be d i s c u s s e d  more f u l l y  l a t e r .  ( c )  The most  

im p o r ta n t  e v id e n c e  i s  g i v e n  by a sm a l l  i n v e s t i g a t i o n  which  t h e  

w r i t e r  c a r r i e d  o u t ,  r e p e a t i n g  t h e  t e s t s  i n  t h e  same i n d i v i d u a l s .

This  w i l l  be d e s c r i b e d  l a t e r .

The p r e s e n t  s e r i e s  o f  e a s e s  i s  d i v i d e d  i n t o  two g r o u p s :

( i )  t h o s e  c a s e s  i n  which t h e  r e a d i n g  o f  t h e  S c h ic k  t e s t  was q u i t e  

d e f i n i t e ;  and ( i i )  t h o s e  c a s e s  i n  which i t  was d i f f i c u l t  o r  i m p o s s i 

b l e  t o  r e a d  t h e  S c h ic k  r e s u l t s . ’

Blood C onten t  o f  Cases i n  which  t h e  b c h ic k  R e s u l t  was D e f i n i t e .

The main p a r t i c u l a r s  r e g a r d i n g  t h e s e  c a s e s  a r e  s e t  o u t  

i n  T ab le  XKXV. The i n f o r m a t i o n  i s  summarised in  T ab le  XXXVI, w h ich  

g i v e s  t h e  p e r c e n t a g e  o f  c a s e s  showing a n e g a t i v e  b c h ic k  t e s t  f t - w i th in  

each s e t  of  l i m i t s  f o r  each  a n t i t o x i n  c o n t e n t .  I t  w i l l  be s e e n



T A B L E  XXXV,

AOCEPTED DEFINITE OH POSITIVE OASES

8A.

Case
Fo.

Age S c h ic k
r e s u l t

Moloney
r e s u l t

Ant i t o x in  
c o n t e n t  o f  

"blood

P s P r i m a r y  S c h ic k  
S e S c n ic x  t e s t

a f t e r  i n o c u 
l a t i o n  

H = WooU, \y\ h cS|” k i

01 6 ++(25)  0 < 1 / 1 0 0 0 S
02 6 + (20) < 1 / 1 0 0 0 S

S03 6 + (1 5 x 20 )0 < 1 /1 0 0 0
04 6 ++(30) — < 1 /1 0 0 0 s
05 6 ++(30) <L/lOOC £>
06 6 +(17x20)  0 l/lQOO s
07 3 +(15x20)  0 l / lCCO 0
09 6 +(20x10)  0 • <l/ lCCG s
010 6 + (18 ) 0 <l / lCCC s
011 5 + (20) <1/1CC0 s
012 5 + (23) 0 <1 /1 00 0 s
013 5 ++(20x25)0 <1 /1 00 0 00
014 6 ++(25x30)0 <L/1C00 s
015 5 + (25) <1 /1 0  0 s
016 6 0 0 1 / 1 0 s
017 6 ++(25) F t •+ <1 / 'IC C C s
018 7 0 +D* 2 p
019 9 0 + 1 ■S'
020 8 ++(30)  +D < 1 /1 0 0 0 p
022 13 0 +++ 1 / 2 p
023 11 0 + 1 p
024 5 ++(22) + < 1 /1 0 0 0 p
025 14 + ( F t : 2 5 )  + < 1 /1 0 0 0 p
026 14 0 +++ ,1 /2 p
027 10 + ( F t .25)+++ < 1 /1 0 0 0 p
028 5 0 0 l / i o  -  1 ■pJk.
029 8 0 0 1 /5 0 p
030 7 + ( F t . )  +D 1 /2 5 p
031 11 0 ++ 1 /1 0  -■ 1 p
034 6 + ( / t . 2 0 )  - < 1 /1 00 0 s
035 6 + ( i? t .20 )  - < 1 /1 0 0 0 s
036 9 + ( E t .1 0 )  - 1 /2 5 0  ' s
037 10 0 ++ 1 /2 5 p
038 8 +(22)  0 l / lO O p
039 9 0 +++ 1 /2 5 p
040 • 8 + (17)  ++ <  1/lCOO p
041 11 0 + l / 5 p
042 7 0 +D 1 /1 0 p
044 14 + ( F t . 2 5 )  +D <l/ lO C C p
045 13 0 + 1 / 5 p
046 11 + (25) ++ <L/1CC0 p
047 9 0 +++ 1 p

p048 11 0 + 2
049 12 o o 1 / 5 p050 9 0 0 1 / 2 "D
051 11 0 + 1 / 2 p
052 12 0 + 2 p
053 12 0 ++ 1 p
054 11 0 + 2 p

p055 9 0 + 1
057 8 0 +D l / lO O 'D«L.
058 10 0 +D 1 / 2

2
p

059 11 0 ++ p060 15 0 ++ 1 p062 11 0 .... Q >  1 p

* see end of Tahle
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Ja s e
Ju J o •

TABLE X3QCY (OOMT))

Age Sohicji; ■
r e s u l t

Moloney
r e s u l t

Ant i t  ox i n  
c o n t e n t  of  
Blood

1 .  = B n :
S. - Jcli'

a 64 10 0 +D 1 /2 5 0
065 13 ++(20) ++ <l/ lGGG X -

066 1C +++(24) ++ ^»1 /1  a a v X'
067 10 + (25) +i) • e l / 1 0 0 0 Ju
068 13 ++++(70) + d / l O C O -L
069 1ft 0 +•£ '  1 P
070 15 0 ++ 1 P
071 14 0 + 1 / 5 P
072 14 0 ++ 1 P
072 10 0 ++ 1 P
074 13 0 +++ 1 / 5 P
075 8 O' 0 1 /2 5 P
076 13 0 + 1 P
077 13 0 ++ ! / 5 P
078 13 0 + 1 /2 5 0 P
079 3 0 0 1 /2 5 0 JU
080
081

17
18

0
0

+D
+1)

l / 5
1 / 5

P
P

082 18 0 +P ! / 5 P
085 15 0 +D ! / 5 P
086 18 0 +D ! / 2 P
087 10 0 + 1 / 1 0 P
088 11 0 0 ! / 5 P
039 12 0 + 1 /5 ? P
090 12 0 + 1 / 2 5 0 P
091 9 + ( V. f t ) p++ 1 / 2 5 0 P
092 13 0 +++ i / 5 P
095 13 + ( f t . 3 5 X + < 1 / 1 0 0 0 P

20
1 / 5095 7 + (20 with, 

desquama
t i o n )

++ P

096 14 0 + 2 P
097 4 B + 2 P
099 5 0 ++ > 5 P
0100 7 0 ++ 2 P
0101 13 0 0 1 / 2 P '
0102 11 0 +£ 2 p-
01C3 11 0 ++ 1 P
0104 9 0 ++ 2 P
0108 12 0 - 2 S
0109 12 + (25) ++ 1 / 2 P
0113 . 6 0 — > 5 H
0114 14 + ( F t . 22) + < 1 / 1 0 0 0 P
0115 23 + (F t  • 28 ) ++ < l / lO C O P
0116 25 + ( F t .30 ) + < l / lC C C P
0118 9 + (16) - 1 / 50C

< 1 /1 00 0
E

0120 10 ++(30) +++ P
0123 12 + (25) - 1 /1 0 0 0 -S
0124 10 0 - 1 /2 5 0 H0125 IQ. 0 - 1 /2 5  -  1 / 1 0 H
0126 13 0 +++ 5 P0127 9 0 +D 1 / 2 P
0128 13 +(30x15 ) 0 < 1 / 1 0 0 0 P0129 9 0 + 5 P
811? 6

3 1
0
++(27)

+D
+D

2
< 1 /1 0 0 0

P
P0132 7 ++(24 ~ 1 / 5 E

w i t h

0133
0134

d e s q . )
10

7
+ (28) 

0
+ l/lOOO

1 / 5
P
H0135 6 0 - 1 / 5 0 H



table xsxv (coktd)
Case Age S c h ic k  Moloney A n t i t o x i n  z  -  B r t a a r j

r e s u l t  r e s u l t ;  content ;  ox 3 — ^ c x i c x10 b lo o d  H -

0139 7 0
0140 8 0
0142 9 . 0
0143 9 0
0144 4

;

o

* For

:

a d esc r ip
I \ 

t io n  of th is ;
t h i s  fh eh i .S .: ,C

■ i ' ... . ■ ;

l / lO O
5

l / l O
l / lO O
1 /lGO

r e a c t i o n  see  s e c t i o n :  (d)  o f
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88.

t h a t  t h e  c a s e s  f a l l  b r o a d l y  i n t o  two g r o u p s :  ( a )  c a s e s  i n  w hich ,  

f o r  e v e r y  t i t r e  t h e  b lo o d  c o n t e n t  a g re e d  w i t h  t h e  S c h ic k  t e s t #  

r e s u l t s ;  (b)  g r o u p s  o f  c a s e s ,  a p r o p o r t i o n  o f  which showed a t  

c e r t a i n  t i t r e s  d i s c r e p a n c i e s  be tw een  t h e  S c h ic k  t e s t  and t h e  b lo o d  

f i n d i n g s .  Group (a )  em braces  a l l  t h e  c a s e s  i n  which t h e  b lo o d  

a n t i t o x i n  was l e s s  t h a n  l / 2 5 0  u n i t  p e r  c .cm ,  (38 c a s e s ) ,  and 

c a s e s  i n  which  t h e  b lood  c o n t e n t  was o v e r  \  u n i t  (-30 c a s e s ) .

Group (b)  l i e s  be tw een  t h e s e  two e x t r e m e s  and i s  made up o f  

50 c a s e s .  These  w i l l  r e q u i r e  f u r t h e r  e x a m i n a t i o n .

The c a s e s  which  have  l / b O  u n i t  and l / l G  u n i t  r e s p e c t i v e l y  

may be l e f t  ou t  o f  f u r t h e r  c o n s i d e r a t i o n ,  s i n c e  a l l  c a s e s  i n  whioh 

t h e s e  g ro u p s  had an a n t i t o x i n  c o n t e n t  v/hieh a c c o rd e d  i n  each  i n s t a n c e  

w i th  t h e  Ochick r e s u l t .  P a r t i c u l a r s  o f  t h e  o t h e r  43 c a s e s  a r e  

g iv e n  i n  T a b le  XXXVII.
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TABLE aXXVII.

Blood c o n t e n t . Cases  (P -  p r i m a r y  Bcliiclc t e s t s
8 -  t e s t e d  a f t e r  i n o c u l a t i o n )

i / 2 5 0

l / lO O

1 /2 5

l / 5

1 /2

* se e  below.

P o s i t i v e 2
n e g a t i v e 5

P o s i t i v e 1
n e g a t i v e  ' 4

P o s i t i v e ]_
H e g a t iv e 3

P o s i t i v e 2

N e g a t iv e 14
P o s i t i v e 1
Negat  i v e 10

i P ;  13)
4P; one c a s e  b l e d  when S c h ic k  

p e r f o r m e d >
IP  )
I P :  3b)

I P  )
3P )

I P :  one c a s e  b l e d  when S c h ic k  
p e r f o r m e d )

13P: one c a se  b l e d  when S c h ic k  
IP* )  p e r f o r m e d )
10P )

The p o s i t i v e  c a se  which had \  u n i t  p e r  c .cm .  r e c e i v e d  .

,2  c.cm o f  t o x o i d  when t h e  S c h ick  t e s t  was p e r f o r m e d .  m l though

t h e r e  i s  some r e a s o n  t o  doub t  w h e th e r  t h i s  amount o f  t o x o i d  i n  

a \ \  n a t u r a l  s u s c e p t i b l e  would a f f e c t  t h e  b lo o d  c o n t e n t  t 6  an^pmarked 

e x t e n t ,  t h i s  c a se  w i l l  n o t  be f u r t h e r  c o n s i d e r e d  h e r e .  vife a r e  

l e f t  w i t h  42 c a s e s ,  35 o f  which  were p r i m a r y  S ch ick  t e s t s ,  f o u r  

were 11 s e c o n d a r y ” S c h ic k  t e s t s ,  and t h r e e  were c a s e s  i n  which t h e  

b lood  was drawn a t  t h e  t im e  when t h e  S c h ic k  t e x t  was pe rfo rm ed- .

I t  i s  o b v io u s  t h a t  i n  t h e  1 /2 5 0  and l / lO O  u n i t  g r o u p s  we must  p a y  

p a r t i c u l a r  a t t e n t i o n  t o  t h e  n e g a t i v e  r e a c t o r s ;  on t h e  o t h e r  h and ,  

i n  t h e  l / 5  and l / 2  u n i t  g ro u p s  we must  s c r u t i n i s e  e s p e c i a l l y  t h e  

p o s i t i v e  r e a c t o r s .

I t  w i l l  be n o te d  t h a t  i n  t h e  1 /2 5 0  and l / lO 'S  -anIt  g r o u p s

one of t h e  n e g a t i v e  r e a c t o r s  was b l e d  a t  t h e  t im e  when t h e  S c h ick

t e s t  was p e r fo rm ed  and f i v e  of  t h e  o t h e r  e i g h t  c a s e s  were p r i m a r y  

S c h ick  t e s t s .  Even i f  we allow/ f o r  t h e  i n f l u e n c e  o f  t h e  S c h ic k  

t o x i n  i n  a c t i n g  a s  a s e co n d a ry  s t i m u l u s  t h e  r e s u l t  would be t h a t ,  

by t h e  t im e  t h e  b lood  was drawn t h e  a n t i t o x i n  c o n t e n t  would be 

h i g h e r  t h a n  t h e  v a lu e  a c t u a l l y  r e p r e s e n t e d  by t h e  S c h ic k  t e s t .

On t h i s  v iew t h e  n e g a t i v e  S ch ick  t e s t s  i n  t h e s e  two g r o u p s  must 

have r e p r e s e n t e d  an a n t i t o x i n  c o n te n t  o f  l / lO O  a t  t h e  h i g h e s t .

The c o n c l u s i o n  must be t h a t  a n e g a t i v e  S c h ic k  t e s t  i s  n o t  i n f r e q u e n t  

i n  i n d i v i d u a l s  who have n o t  more t h a n  l / lQ O  u n i t  o f  a n t i t o x i n  i n
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t h e i r  b lo o d .

C o n s i d e r i n g  now t h e  g r o u p s  w i t h  l / 5  o r  l / 2  u n i t  o f  

a n t i t o x i n  p e r  c .cm .  we f i n d  t h r e e  c a s e s  w i t h  p o s i t i v e  r e a c t i o n s .

I t  h a s  a l r e a d y  been  a g re e d  t o  e x c lu d e  one o f  t h e s e  ( s e e  1 0 9 ) .

Of t h e  o t h e r  two p o s i t i v e  c a s e s ,  i n - o n e  t h e  b lo o d  was Urawn i n  

h o s p i t a l  a t  t h e  t im e  when t h e  S ch ick  t e s t  was p e r f o r m e d ;  t h e  

r e s u l t i n g  t e s t  was m ark e d ly  p o s i t i v e  w i th  d e s q u a m a t io n .  The o t h e r  

c a s e  was a p r i m a r y  S c h ic k  and t h e  r e a c t i o n  was q u i t e  d e f i n i t e  w i t h  

d e s q u a m a t io n .  These two c a s e s  a r e  q u i t e  opposed t o  what i s  u s u a l l y  

fo u n d ,  bu t  on c o n s i d e r a t i o n  i t  would seem t h a t  t h e  e v id e n c e  m ust  

be a c c e p te d  and t h a t  t h e r e f o r e  i n  a s e r i e s  o f  c a s e s  we may e x p e c t  

t o  f i n d  a few i n d i v i d u a l s  who g i v e  s i m i l a r  anomalous r e s u l t s .

The d i f f i c u l t y  a b o u t  any i n v e s t i g a t i o n  o f  t h i s  t y p e  i s  

t h a t  t h e  m a j o r i t y  of  t h e  c a s e s  must a lw ays  l i e  a t  one o r  o t h e r  o f  

t h e  e x t r e m e s  o f  a n t i t o x i n  c o n t e n t ;  h e n c e ,  i n  o r d e r  t o  o b t a i n  a  

s a t i s f a c t o r y  number o f  c a s e s  whose a n t i t o x i n  c o n t e n t  l a y  w i t h i n  

t h e  n a rrow  l i m i t s  -  s a y ,  l / l Q O  t o  l / l Q  u n i t  p e r  c .cm  -  i n  which  we 

a r e  e s p e c i a l l y  i n t e r e s t e d ,  a  very, l a r g e  s e r i e s  would have t o  be 

i n v e s t i g a t e d .  There  has  been n o t h i n g  o f  t h i s  n a t u r e  s i n c e  t h e  

work of. von G reer  and ICassowitz ,  and u n f o r t u n a t e l y  i n  t h e  b u l k  o f  

t h e i r  i n v e s t i g a t i o n s  th e  t i t r a t i o n  v a l u e s  were  no t  s u f f i c i e n t l y  

f i n e  t o  e l u c i d a t e  t h e  q u e s t i o n  a t  i s s u e .  T h is  p o i n t  h a s  a l r e a d y  

been  r a i s e d  by Glenny (1 9 3 1 ) .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i f  

we e x c lu d e  c a se  109, we f i n d  t h a t  o f  44 p o s i t i v e  r e a c t o r s ,  t h r e e  

( 6 .8  p e r  c e n t )  had a n t i t o x i n  c o n t e q t  o f  o v e r  1 /5 0  u n i t ,  and o f  

73 n e g a t i v e  r e a c t o r s  n in e  ( 1 2 .3  p e r  c e n t )  had an a n t i t o x i n  c o n t e n t  

o f  l e s s  t h a n  l / 5 0  u n i t .  I t  must t h e r e f o r e  be c o n c lu d e d  t h a t  t h e  

zone of  d e m a r c a t io n  which  r e p r e s e n t s  t h e  S c h ick  l e v e l  o f  immunity ,  

w i t h  t h e  f l u i d  a t  p r e s e n t  u s e d ,  i s  in d eed  a v e r y  b ro ad  one .  The 

a c t u a l  S ch ick  l e v e l  i n  any i n d i v i d u a l  c a se  may be t o w a rd s  e i t h e r  

t h e  u p pe r  o r  uhe low er  l i m i t s  o f  t h i s  zone,  b u t  t h e  chan c es  a r e  

r o u g h l y  t h r e e  t o  one i n  f a v o u r  o f  t h e  a n t i t o x i n  c o n t e n t  o f  a  

n e g a t i v e  r e a c t o r  b e in g  a round  t h e  l / lO Q  u n i t  l i m i t .



Blood Content in  Gases in  which the Schick R eaction  was Doubtful.

I n  t h e  p r e c e d i n g  s e c t i o n  o f  t h i s  T h e s i s  t h e  i n c i d e n c e  o f  

p s e u d o - r e a c t i o n s  and t h e  d i f f i c u l t y  i n  i n t e r p r e t i n g  c e r t a i n  

S c h ic k  t e s t  r e s u l t s  was d i s c u s s e d .  F u r t h e r ,  an  u n f a m i l i a r  t y p e  

o f  r e a c t i o n ,  which t h e  w r i t e r  pro j jGses  to  c a l l  a  ’' p o s i t i v e  t e s t  

c o n t r o l  r e a c t i o n * ’ ( " T . C . + Tf) was d e s c r i b e d .  I t  was shown t h a t  

t h e s e  T .C.  r e a c t i o n s  a r e  f a i r l y  f r e q u e n t ,  and t h a t  t h e y  make i t  

a lm o s t  i m p o s s i b l e  t o  a r r i v e  a t  a  d e c i s i o n  r e g a r d i n g  t h e  a c t u a l  

r e s u l t  o f  t h e  S c h ic k  t e s t .  The a c t u a l  s i g n i f i c a n c e  o f  t h e s e  

r e a c t i o n s  was no t  c o n s i d e r e d  t h e n ,  b u t  t h e  q u e s t i o n  w i l l  be d e a l t  

w i t h  now.

T ab le  XXXVIII g i v e s  p a r t i c u l a r s  o f  26 o f  t h e s e  e a s e s  i n  

which t h e  r e s u l t s  o f  b lo o d  t i t r a t i o n  a r e  a v a i l a b l e .  Of t h e s e  

f o u r t e e n  were r e a d  on th e  second  day a s  w e l l  a s  on t h e  s e v e n t h  

day;  t h e  r e m a in d e r  were r e a d  o n ly  on t h e  s e v e n t h  day .  I t  w i l l  be 

n o ted  t h a t  i n  c a s e s  Q 56, 0 117, and 0137 t h e  c o n t r o l  showed no 

r e a c t i o n .  These  t h r e e  c a s e s  were a d m i t t e d  t o  t h i s  t a b l e  b e c a u s e  

t h e  s c h i c k  r e a c t i o n  was d o u b t f u l ,  and t h e y  c o u ld  n o t  t h e r e f o r e  be 

p l a c e d  i n  T ab le  XXXV. I n  c a se  0 117 t h e  Moloney t e s t  was ++ a t  

t h e  t im e  o f  t h e  S ch ick  t e s t ,  and i t  i s  p o s s i b l e  t h a t  t h e  f a i n t

r e a c t i o n  t o  t h e  S ch ick  t o x i n  may be due t o  t h e  developernent  o f  a

l o c a l  a l l e r g y ;  t h i s ,  however ,  does  no t  e x p l a i n  why t h e r e  was no 

r e a c t i o n  a t  t h e  c o n t r o l  s i t e .  In  c o n n e c t i o n  w i t h  Case C137 i t  

shou ld  be n o te d  t h a t  t h e  Moloney t e s t  was d e f i n i t e l y  n e g a t i v e  one 

month b e f o r e  t h e  S ch ick  t e s t , w h i c h  i s  r e f e r r e d  t o  i n  t h e  T a b le ,  

was p e r fo rm e d .  F u r t h e r ,  s i n c e  t h e  f i r s t  S c h ic k  t e s t  -  a l s o  c a r r i e d  

ou t  one month p r e v i o u s l y  -was p o s i t i v e ,  i t  i s  e v i d e n t  t h a t  t h e  

i n d i v i d u a l  d ev e lo p ed  a v e r y  n ig h  d e g re e  o f  immunity (5 a n t i t o x i c  

u n i t s /  i n  t h i s  s n o r t  p e r i o d .  Tne Moloney t e s t  was n o t  r e p e a t e d  a t  

t h e  t im e  of t h e  second  S ch ick  t e s t ,  and i t  i s  p o s s i b l e  t h e r e f o r e

t h a t  i t  may have  b e e n  p o s i t i v e .  I f  t h i s  were, t h e  c a s e ,  t h e  f a i n t

r e a c t i o n  on t h e  t e s t  arm may a g a i n  have  been  an exxoress ion  o f  

l o c a l  a l l e r g y .

Of t h e  r e m a in i n g  tw e n ty  t h r e e  c a s e s  each  o f  which
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p r e s e n t e d  more o t  l e s s  e q u i v a l e n t  r e a c t i o n s  on t h e  c o n t r o l  and 

t e s t  arms on t h e  s e v e n t h  day ,  tw e lv e  showed a b lo o d  a n t i t o x i n  

c o n t e n t  o f  l / 5  u n i t  o r  more (most  c a s e s  b e in g  one u n i t  o r  o v e r } ;  

e i g h t  showed a c o n t e n t  o f  1 / 5 0 0  o r  l e s s ;  and t h r e e  g ave  1 / 2 5 0 ,  

l / lO O ,  and 1./50 r e s p e c t i v e l y .  In  o t h e r  words t h e s e  c a s e s  may be 

d i v i d e d  r o u g h l y  i n t o  two more o r  l e s s  e q u a l  g r o u p s  -  t h e  b loo d  

r e s u l t s  showing t h a t  t h e  c a s e s  i n  one o f  t h e s e  g r o u p s  s h o u ld  have  

been  p o s i t i v e ,  and i n  t h e  o t h e r  n e g a t i v e  t o  t h e  S c h ic k  t e s t s .  T h i s  

means t h a t  i f  a t y p i c a l  seven  day  r e a c t i o n  o f  t h i s  t y p e  i s  met  w i t h ,  

i t  i s  q u i t e  i m p o s s i b l e  t o  d e c i d e ,  a p a r t  f rom  b lo o d  t i t r a t i o n ,  

w h e th e r  t h e  i n d i v i d u a l  h a s  o r  h a s  no t  s u f f i c i e n t  a n t i t o x i n  i n  h i s  

b lo o d .  T h i s  d i s p o s e s  o f  t h e  v i e w  t h a t  p s e u d o - r e a c t i o n s  a lw ay s  

d i s a p p e a r  b e f o r e  t h e  s e v e n t h  day ,  and t h a t  S c h ic k  t e s t s  c an  t h e r e 

f o r e  be e a s i l y  r e a d  t h e n .  I t  w i l l  a l s o  be n o te d  t h a t  two of  t h e s e  

e a s e s  showed s l i g h t  b u t  d e f i n i t e  d e s q u a m a t io n .  I n  Case C 21 t h e  

d e sq u am a t io n  a p p e a re d  o n l y  on t h e  t e s t  arm, and t h e  b lood  showed 

t h a t  t h e  t e s t  sh o u ld  have  b een  p o s i t i v e .  I n  Case C 107 d e s q u a m a t io n  

was n o t i c e d  on b o th  a rm s ,  and t h e  b lo o d  showed t h a t  t h e  p a t i e n t  was 

d e f i n i t e l y  immune.

These ,ft e s t ~ c o n t r o l  r e a c t i o n s ” may be d i v i d e d  b r o a d l y  

i n t o  two t y p e s :  (a )  Those i n  which  e ach  r e a c t i o n  h a s  on t h e

second day more o r  l e s s  t h e  a p p e a ra n c e  o f  a  p o s i t i v e  S c h ic k  

r e a c t i o n :  t h a t  i s ,  i t  e x h i b i t s  d e f i n i t e  e ry th em a ;  on t h e  s e v e n t h  

day t h e  a p p e a ra n c e  and s i z e  o f  t h e  r e a c t i o n s  a r e  n o t  much a l t e r e d ,  

bu t  t h e  e ry them a  may have  become o f  a " f l e s h y ” n a t u r e ,  o r  on t h e  

o t h e r  hand i t  may be m o t t l e d .  (b)  On t h e  second day t h e  r e a c t i o n s  

may be a s  i n  ( a ) ,  bu t  by t h e  s e v e n th  day t h e y  have  b o t h  f a d e d ,  and 

th e  t e s t  and c o n t r o l  arms show a dusky s t a i n i n g  which i s  a lw ay s  

p e r f e c t l y  d e f i n i t e .  I n  T ab le  XXXIX t h e  c a s e s  a r e  d i v i d e d  i n t o  

t h e s e  two g r o u p s ,  and t h e y  a r e  a l s o  a r r a n g e d  a c c o r d i n g  t o  t h e  t y p e  

of  S c h ic k  r e s u l t  which  t h e y  sh o u ld  have shown -  judged  f rom  t h e  

r e s u l t s  o f  b lood  t i t r a t i o n .  The r e s u l t s  o f  Moloney t e s t s  a r e  

a l s o  g i v e n .  I t  w i l l  be a p p a r e n t  f rom t h i s  t a b l e  t h a t  no c o n c l u s i o n  

a s  t o  t h e  p o s s i b l e  a n t i t o x i n  c o n t e n t  o f  t h e  b lo o d  can  be drawn



TA
BL

E 
X

X
X

IX
,

ft
•J
to

K

/'

*
o

S ;

£
<t
<£

4 *
<

r?~ i

2  * ' s  C T >

£  3  £  ?Vj r 
t----1 U U

1^1---^
•T ^
^  ^  o o

*u 
£  ^

C

¥

l"S.

c *

to*'<r-
\j

U O Q
m o >-. ■- 
cr ,

S. rg *»
V> ~  ^
\  C \

2 ^ 4  O Q
•. f* x> ^
S  ^  - 
s  «  *-

Vj °“ " 
uXi Vj xj

4
AQ
O

u.
o

K
*

R
*

v5

*
\

£

£

-1*

- i s

i «

i?«-»
o:

Vj

r—i
sS
eo

C — (

«<l
«c

- ?u K
3  *  
*  (C
t*
<3 «V 

'a
l o  f '

i s  *
4 L

0̂ ' v>
do r\
*  C

6  i  < X )
U  C r - |
•<i _ ^
£  ^  4-

V> ^  "
•----) \ j  ^

Vj
r̂ T
CO
v. c y

o»

or

'I T
i-

•u <=:
Pe <£•
t  *
«■ >:
<* <c 
° & 

4 v> <J

< L

o*'
<3">

^r—i
^  « i

°  c  4 -
<o
»« r-<-o •.
«c s

w i ' *

^  ^  3
H  5  Viro ^

■ *  4.' 4

" J c  <XD
'£  *? <y~
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f ro m  t h e  a p p e a ra n c e  o f  t h e s e  r e a c t i o n s  e i t h e r  on  t h e  second  o r  

on t h e  s e v e n t h  d ay .  i t  i s  s u g g e s t i v e ,  however ,  t h a t  a l l  t h e  

c a s e s  which  showed dusky  r e a c t i o n s  on t h e  s e v e n t h  day ,  and i n  

which t h e  a n t i t o x i n  c o n t e n t  was l / 5  u n i t  o r  more,  a l s o  showed 

p o s i t i v e  Moloney r e a c t i o n s *  F u r t h e r ,  t h e s e  were t h e  o n ly  e a s e s  

i n  g roup  (b)  which  gave p o s i t i v e  Moloney r e s u l t s .  T h i s  may 

p o s s i b l y  be some g u id e  t o  t h e  i n t e r p r e t a t i o n  o f  t h e s e  p u z z l i n g  

r e a c t i o n s .

I t  w i l l  be n o te d  t h a t  i n  c a s e s  063 and C 107 t h e  t e s t s

were  r e p e a t e d  on t h e  s e v e n t h  day when t h e  o r i g i n a l  r e a c t i o n s  were

r e a d .  The r e s u l t  i n  0 63 was a norm al  p o s i t i v e  Scliicfc r e a c t i o n  -

which  a g re e d  w i t h  t h e  a n t i t o x i c  c o n t e n t  o f  t h e  b l o o d .  The r e s u l t

i n  G 107 was a n o t h e r  p o s i t i v e  t e s t - c o n t r o l  r e a c t i o n .  I t  would 

t h u s  a p p e a r  t h a t  t h e s e  r e a c t i o n s  may o r  may n o t  r e c u r ,  and i t  i s  

p o s s i b l e  t h a t  t h e y  h a v e  l i t t l e  r e l a t i o n  t o  t h e  a c t u a l  a n t i t o x i n  

c o n t e n t  o f  t h e  b lo o d .  T h is  s u g g e s t i o n  b e a r s  ou t  t h e  c o n c l u s i o n s  

drawn f rom T ab le  XXXIX. These r e a c t i o n s  a r e  e v i d e n t l y  n o t  due 

t o  S ch ick  t o x i n ,  w hich  i s  t h e r m o - l a b i l e  -  o t h e r w i s e  t h e y  would n o t  

ap p e a r  a t  t h e  c o n t r o l  s i t e .  Again ,  i t  seems u n l i k e l y  t h a t  t h e y  

can be caused  by t h e  o r d i n a r y  p r o t e i n  c o n s t i t u e n t s  which  a r e  

u s u a l l y  h e ld  r e s p o n s i b l e  f o r  t h e  o c c u r r e n c e  o f  p s e u d o - r e a c t i o n s .

I t  ha s  f o r  l o n g  been  a fu n d a m e n ta l  p r i n c i p l e  i n  r e a d i n g  S c h ic k  

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

day.  There  i s  a p o s s i b i l i t y ,  however ,  t h a t  t h e s e  t e s t - c o n t r o l  

r e a c t i o n s  may be due t o  some o t h e r  c o n s t i t u e n t  o f  t h e  r e a g e n t  

which i s  t h e r m o - s t a b l e  i n  n a t u r e  and which  i s  no t  i d e n t i c a l  w i t h  

th e  o r d i n a r y  p r o t e i n s  which  cause  t h e  p s e u d o - r e a c t i o n .  When we 

t a k e  i n t o  a cc o u n t  t h e  f r e q u e n c y  w i t h  w hich  t h e y  a p p e a r  i n  Moloney 

p o s i t i v e  r e a c t o r s ,  i t  seems p o s s i b l e  t h a t  t h e y  may be o f  an  

a l l e r g i c  n a t u r e .  The p e c u l i a r  f e a t u r e  i s  t h a t ,  i f  we adm it  t h a t  

t h e s e  r e a c t i o n s  a r e  a l l e r g i c  and a f f e c t  b o t h  arms e q u a l l y ,  i n  

i n d i v i d u a l s  who have  l e s s  t h a n ,  say ,  1 /2 5 0  u n i t  o f  a n t i t o s i f e -  

t h e  norm al  p o s i t i v e  S c h ic k  r e a c t i o n  a p p e a r s  to  be i n h i b i t e d  

a l t o g e t h e r ,  and does  n o t  become supe r im po sed  on t h e  a l l e r g i c  

m a n i f e s t a t i o n . .
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D i s c u s s i o n .

I t  h a s  b e e n  s t a t e d  t h a t  i n  t h i s  i n v e s t i g a t i o n . t h e  b lo o d  

sam p les  were p r a c t i c a l l y  a l l  drawn, n o t  a t  t h e  t im e  when t h e  

t e s t  i n f e c t i o n  was made, b u t  s i x  days  l a t e r .  The o n l y  e x c e p t i o n  

t o  t h i s  p r o c e d u r e  was in  t h e  r e l a p s e d  c a s e s ,  which  a r e  s p e c i a l l y  

r e f e r r e d  t o ,  and which  have  b e e n  d e a l t  w i t h  i n  a s e p a r a t e  i n v e s t i 

g a t i o n  (Underwood, 1935b) and s e c t i o n  (h)  o f  t h i s  T h e s i s .  The 

main r e a s o n  f o r  t a k i n g  a  p a r t i c u l a r  b lood  sample  was t o  d e t e r m i n e  

w h e th e r  t h e  i n d i v i d u a l  c a s e  was immune a c c o r d i n g  t o  t h e  r e s u l t  o f  

t h e  b lo o d  e s t i m a t i o n .  Hence i t  f o l l o w s  t h a t  a l a r g e  number o f  

t h e  c a s e s  i n  t h i s  s e r i e s  p r e s e n t e d  some anom alous  f e a t u r e  'which 

made i n t e r p r e t a t i o n  o f  t h e  S c h ic k  r e a c t i o n  d i f f i c u l t .  I f  t h e  

b lood  sa m p les  had been t a k e n  a t  t h e  t im e  when th e  S c h ic k  t e s t s  

were  p e r f o r m e d ,  t h e  o n ly  method of  s e c u r i n g  th e  i n v e s t i g a t i o n  of  

a s a t i s f a c t o r y  number of  such  anomalous r e a c t o r s  would have  b e en  

to  t a k e  a v e r y  I s r g e  number of  b lo od  s a m p le s .  T h is  c o u r s e  was 

o b v i o u s l y  i m p r a c t i c a b l e .  I n  one s e n s e ,  however ,  i t  was f o r t u n a t e  

t h a t  t h e  b lo o d  sam ples  were  no t  t a k e n  a t  t h e  t im e  when t h e  S c h ic k  

t e s t s  were  p e r f o r m e d ,  f o r  th e  r e s u l t s  o f f e r  a commentary upon  t h e  

e x t e n t  to  which a sm a l l  s e c o n d a ry  s t i m u l u s  w i l l  o p e r a t e .

Grlenny and Siidmersen (1921) showed t h a t  i n  an  e x p e r i m e n t a l  

an imal  t h e  i n j e c t i o n  of  an a n t i g e n  m igh t  p r o d u c e  a f a i r l y  r a p i d  

r i s e  i n  th e  a n t i t o x i c  c o n t e n t  o f  th e  a n i m a l ' s  serum, but  t h i s  

r i s e  was su c ceeded  by a r a p i d  f a l l .  A "s e c o n d a ry  s t i m u l u s ' 1 

however,  i n  t h e  form o f  a  su b s e q u e n t  i n j e c t i o n ,  even th o u g h  i t  

were much s m a l l e r  q u a n t i t a t i v e l y  t h a n  th e  o r i g i n a l  s t i m u l u s ,  

would be f o l l o w e d  by a r a p i d  r i s e  o f  th e  a n t i t o x i n  c o n t e n t ,  and 

t h i s  r i s e  would be m a i n t a i n e d  o v e r  a c o n s i d e r a b l e  p e r i o d .  Grlenny 

and A l l e n  (1922) shoY/ed t h a t  a  r a b b i t  which had p r e v i o u s l y  

r e c e i v e d  a p r im a r y  i n j e c t i o n  w i t h o u t  t h e  su b s e q u e n t  p r o d u c t i o n  o f  

d e t e c t a b l e  a n t i t o x i n ,  p roduced  1 u n i t  p e r  c .cm.  i n  sev en  days 

a f t e r  th e  i n j e c t i o n  o f  a dose  of  t o x i n  e q u i v a l e n t  t o  t h a t  u se d  

in  th e  S c h ick  t e s t .  I n  sum m ariz ing  h i s  work on a n im a l s  Grlenny

(1925) l a t e r  suggested  th a t  in  human communities the individuals



c o u ld  be d i v i d e d  i n t o  f i v e  g r a d e s  o f  r e l a t i v e  im m unity ,  . the 

c l a s s i f i c a t i o n  b e in g  b a s e d ,  n o t  o n l y  on t h e  Schick- r e s u l t s  b u t  

a l s o  on t h e  i n d i v i d u a l s  p r e v i o u s  a c q u a i n t a n c e  w i t h  s p e c i f i c  

s t i m u l i .  I n  ma^n Grlenny1 s work was c o n f i r m e d  by 0 TB r i e n  (1926) 

who showed t h a t  th e  amount o f  t o x i n  u s e d  f o r  th e  S c h ic k  t e s t  c o u ld ,

i n  c e r t a i n  i n d i v i d u a l s  w i t h  a  b a s a l  o r  a c t i v e  imm unity ,  t u r n  t h e  j
j

s c a l e  b e tw e e n  a p o s i t i v e  and a n e g a t i v e  Sc h ick  r e s u l t .  I f  O le n n y ’ s ■ 

l a t e r  ’v iew s  (Grlenny, 1931) a r e  s t u d i e d  i t  w i l l  be se en  t h a t  i n  j

a n im a l s  t h e  minimum l a t e n t  p e r i o d  b e f o r e  d e t e c t a b l e  a n t i t o x i n  i s  ;

p ro du ced  by a p r i m a r y  s t i m u l u s  i s  n in e  d a y s ,  w h e rea s  a f t e r  a  j
J
!

seco n d a ry  s t i m u l u s  i t  i s  two d a y s .

■The d e t a i l s  o f  t h e  T a b le s  sh o u ld  be s t u d i e d  i n  t h e

l i g h t  o f  t h e s e  e x p e r i m e n t a l  c o n s i d e r a t i o n s .  From T ab le  XXXV :

i t  w i l l  be s e e n  t h a t ,  o f  t h e  118 c a s e s ,  27 were  u s e c o n d a r y 11

S c h ick  t e s t  c a s e s  -  t h a t  i s ,  t h e  S c h ic k  t e s t s  had b e e n  p e r fo rm e d

a t  l e a s t  one month a f t e r  a  c o u r s e  o f  i n o c u l a t i o n s ,  and t h e  b lo o d

was drawn s i x  days  a f t e r  t h e  p e r f o r m a n c e  o f  t h e  S c h ic k  t e s t .

Yet i n  no l e s s  t h a n  tw e n ty  two of  t h e s e  tw en ty  s e v e n  c a s e s  t h e

a n t i t o x i n  c o n te n t  o f  t h e  b loo d  was l / lG O  u n i t  o r  l e s s  p e r  c .cm .

The a c t u a l  d e t a i l s  o f  t h e s e  tw e n ty  two c a s e s  a r e  g i v e n  i n  t h e ;

f o l l o w i n g  t a b l e  (T ab le  XL)

Table  XL. ^  ■
< 1 /1 0 0 0  171000 , 1/500 1 /250  1/100

A n t i t o x i n
c o n te n t
( u n i t s  p e r  ,
c.cm
Gases 15 3 -  1 3

a
The f a c t  t h a t  s u c h / l a r g e  p r o p o r t i o n  o f  th e  c a s e s  had l e s s  t h a n  

1 /500  u n i t  o f  a n t i t o x i n  p e r  c .cm shows d e f i n i t e l y  t h a t  i n  many 

c a s e s  which  a re  S ch ick  t e s t e d  a t  l e a s t  a  month  a f t e r  t h e  c o m p l e t i o n  

o f  a c o u r s e  o f  i n o c u l a t i o n s  th e  amount o f  t o x i n  i n  t h e  S c h ic k  

i n j e c t i o n  i s  no t  s u f f i c i e n t  t o  cause  any r i s e  w h a te v e r  i n  t h e  

a n t i t o x i n  c o n t e n t  o f  t h e  b l o o d .  I t  may be o b j e c t e d  t h a t  f o u r  o f  

t h e  t w e n ty  sev en  c a s e s  gave an a n t i t o x i n  c o n te n t  o f  1 /2 5 0  u n i t  

or  o v e r .  But i t  w i l l ’ be  r e a d i l y  s e e n  t h a t  t h i s  o b j e c t i o n  c a r r i e s

no w^efght, s i n c e  t h e r e  i s  no e v id e n c e  t h a t ,  a s  a  r e s u l t  o f  t h e
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in o c u la t io n s , th e  blood co n ten t had n o t r i s e n  to  t h i s  l e v e l  b e fo re  

th e  Schick t e s t  was perfo rm ed , I t  would seem th a t  th e s e  r e s u l t s  

suggest th a t  in  man th e  amount o f to x in  in  th e  Schick t e s t  dose 

i s  not a s u f f i c i e n t ly  s tro n g  secondary s tim u lu s  to  have ah app rec

ia b le  e f f e c t  upon th e  a n t i to x in  co n ten t o f th e  b lood s ix  days a f t e r  

th e  perform ance of th e  Schick te s t#  T h is c o n s id e ra tio n  a ls o  le n d s  

w eight to  th e  p rev io u s  argument t h a t , in  t h i s  s e r ie s  o f c a ses  th e  

a n t i to x in  r e s u l t s ,  in  re s p e c t o f in d iv id u a ls  from whom th e  blood 

was w ithdrawn s ix  days a f t e r  th e  perform ance o f a p rim ary  Schick 

t e s t  were not m a te r ia l ly  a f fe c te d  by th e  in te rv a l#

In  most o f th e  p ap e rs  which a re  c i te d  here  th e  blood 

samples were not taken  a t  th e  tim e o f perform ance o f th e  Schick  

t e s t s  • Q uite r e c e n t ly  i t  has been suggested  th a t  th e  amount o f 

to x in  in  th e  Schick t e s t  f l u id  i s  s u f f i c i e n t  to  a c t a s  a secondary  

s tim u lu s  -  e s p e c ia l ly  in  perso n s who have red e iv ed  p ro p h y la c tic  

in o c u la t io n s . Dudley (1934) s p e c i f i c a l ly  r e f e r s  to  t h i s  p o s s i b i l i t j  

and in  a^number of h is  ca ses  th e  blood sam ples were drawn a t  th e  

tim e when th e  Schick t e s t  was perform ed. E xperim ental work i s  

e v id e n tly  n ecessa ry  to  s e t t l e  t h i s  q u e s tio n ; bu t th e  w r i te r  does 

not know o f any in v e s t ig a t io n  in  which blood sam ples were ta k e n  a t  

th e  tim e of perform ance o f th e  Schick t e s t s ,  and re p e a te d  s ix  days 

l a t e r  on th e  same in d iv id u a ls  when th e  t e s t s  were f i n a l l y  re a d .

Table XLI g iv e s  th e  r e s u l t s  o f a sm all in v e s t ig a t io n  on th e se  l i n e s ,  

which was c a r r ie d  out by th e  w r i te r  on London c h i ld re n .

TABLE XLI -  R e su lts  o f rep ea ted  t i t r a t i o n s  in  same in d iv id u a ls  j 

Prim ary t e s t s : Case Ho. 1 2 3

A n tito x ic  u n i t s
(a) day Sc&ick t e s t  perform ed 1/1000 1 /5  1 /5

(b) S ix  days l a t e r  l/lOOO l / 5  l / 5

Schick t e s t s  a f t e r  in o c u la tio n :
(Jase Ho. ^  5 6 9 8 9 10 11 12 13 14
(a ) - a s  above 5 i  l / lO  20 1 /10  a 1 /5  1 /25  1 /2 5  1 /500  3
(b ) -a s  above 5 f  l / 5  10 l / lO  2 l / 5  1 /25  l /2 5  1 /500  2

This s e r ie s  i s  ad m itte d ly  veryjc sm a ll, but th e  ta k in g  o f repeated  

samples a t  such sh o r t in te r v a ls  p re s e n ts  d i f f i c u l t i e s .  Such a s  i t  

i s ,  however, t h i s  experim en ta l evidence b ea rs  out the th e o r e t ic a l



c o n c l u s i o n s  which were drawn b e f o r e .  I t  would seem t h a t  even 

i n  i n d i v i d u a l s  who have r e c e i v e d  t h r e e  d o s e s  o f  a p r o h p y l a c t i c  

t h r e e  months p r e v i o u s l y  t h e  amount o f  t o x i n  u s e d  i n  t h e  S c h ic k  t e s t  

i s  n o t  a s t i m u l u s  o f  s u f f i c i e n t  m a g n i tu d e  t o  cah.se an  a p p r e c i a b l e  

r i s e  i n  t h e  a n t i t o x i n  t i t r e  of t h e  serum w i t h i n  t h e  l imit ;- :  o f  s i x  

days  which was o b s e r v e d  t h r o u g h o u t  t h e  whole  o f  t h e  p r e s e n t  i n v e s t i 

g a t i o n .

A f u r t h e r  i n t e r e s t i n g  p o i n t  i n  r e l a t i o n  t o  T a b le  XXXV 

i s  t h a t ,  g e n e r a l l y  s p e a k in g  t h e r e  was no marked a s s o c i a t i o n  be tw een  

t h e  amount o f  a n t i t o x i n  i n  t h e  b lood  and t h e  s t r e n g t h  o f  t h e  S c h ic k  

r e a c t i o n .  I n  g u i n e a  p i g s  G-lenny and H a d d in g to n  (1929) showed t h a t  

t h e r e  was a marked d i r e c t  r e l a t i o n s h i p  b e tw een  th e  number o f  S c h ic k  

T e s t  d o s e s  o f  t o x i n  w h ich  was t o l e r a t e d  and t h e  a n t i t o x i n  c o n t e n t  

o f  t h e  b lo o d .  At Greenwich Dudley (1934) fo u n d  t h a t  e x c e p t i o n s  t o  

t h i s  r a l e  were f a i r l y  f r e q u e n t .  I n  t h e  p r e s e n t  s e r i e s  t h e  m ain  

f e a t u r e s  a r e  g iv e n  i n  T a b le  X L II .

TABLE XLII. '

A n t i t o x i n  c o n te n t  v
o f  b lo o d .  S c h ic k  r e s u l t  T o t a l

+++ ++ +

I n d i v i d u a l s  w i t h
< 1 /1 0 0 0  Z  ,  11 20 3 3

” w i t h  l /lOOO o r
1 /5 0 0  -  5 5

” n 1 /2 5 0  o r
1 /1 0 0  -  ~ 3 3

" 11 > 1 /1 0 0  - ■ ^ r w:- 1 g 4

B 12 31 45

I n  t h i s  t a b l e  t h e  f i g u r e s  f o r  t h e  +++ and ++ r e a c t o r s  a r e  p r o b a b l y  

u n d u ly  low, s i n c e  th e  t en d en cy  was to  w i thd raw  b lo o d  f rom f a i n t  

p o s i t i v e  r e a c t o r s .  N e v e r t h e l e s s ,  i t  would seem t h a t  t h e  a s s o c i a t i o n  

between t h e  two c o n d i t i o n s  was no t  ve ry  marked.



PAST I.

SECTION (a )

THE DIPHTHERIA TOXOIP-REAOTIQN (MOLONEY) TEST:

ITS APPLICATIONS AND SIGNIFICANCE.

The d ip h th e r ia  to x o id - re a e tio n  t e a t  was in tro d u ced  in  

1927 by P . J .  Moloney and C. J .  E ra se r  fo r  th e  purpose of 

d e te c t in g  th o se  in d iv id u a ls  who would he l i k e ly  to  g iv e  u n d e s ira b le  

r e a c t io n s  on th e  in je c t io n  of to x o id  fo r  d ip h th e r ia  p ro p h y la x is  

(Moloney and F ra s e r ,  1927). The t e s t  was soon te e d  as  a r o u t in e  

measure in  Toconto, and Burke (1930) c o l le c te d  th e  r e s u l t s ;  a

la rg e r  s e r ie s  was p u b lish ed  by McKinnon and Ross (1933). A lthough
*

th e  Moloney t e s t  has now been very  e x te n s iv e ly  used  in  Canada, 

very  l i t t l e  work has been done on i t  in  t h i s  co u n try . O’B rie n  

and P a r is h  (1932) d esc rib ed  th e  r e s u l t s  o f  t e s t i n g  906 in d iv id 

u a ls ,  and decided  th a t  th e  Moloney t e s t  was e q u a lly  e f f e c t iv e  in  

p ic k in g  out p e rso n s  who were l i k e l y  to  r e a c t  u n fav o u rab ly  to  th e  

much s tro n g e r  to x o id s  which th e y  had used as i t  was in  in d ic a t in g  

those  who would r e a c t  to  th e  weaker to x o id s  o f th e  Canadian 

w orkers; and P a r is h  (1933) l a t e r  p u b lish ed  a sm a lle r  s e r i e s .  

Underwood (1934)(a) p u b lish ed  th e  r e s u l t s  o f 905 t e s t s  and 

d iscu ssed  th e i r  r e l a t io n  to  th e  r e a c t io n s  which fo llo w  th e  

in je c t io n  of p o te n t form ol to x o id s ; he a lso  d e sc r ib e d  a delayed  

r e a c t io n  to  th e  Moloney t e s t  (+D r e a c t io n ) ,  which w i l l  be 

d iscu ssed  in  more d e t a i l  l a t e r .  The paper by MoSweeney (19315) 

d isc u sse s  c e r ta in  f e a tu re s  of 837 t e s t s  perform ed a t  C a rd if f .

T his s e c tio n  o f th e  p re se n t work i s  based on 2666 

Moloney t e s t s  perform ed b efo re  th e  in je c t io n  o f a p ro p h y la c tic , 

and 595 t e s t s  c a r r ie d  out a f t e r  th e  in je c t io n  o f to x o id s . The 

whole of th e  work, in c lu d in g  bo th  th e  in je c t io n s  and th e
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subsequent re a d in g s  of th e  r e a c t io n s ,  was c a r r ie d  out by th e  

w r i te r ,  so th a t  th e  f a l l a c i e s  which a re  sometimes a s s o c ia te d  w ith  

th e  d i f f e r e n t  s ta n d a rd s  o f read in g  adopted by in d iv id u a ls  in  

groups of o b se rv e rs  do no t a r ise *  I t  should  be m entioned th a t  

a l l  th e  t e s t s  were perform ed in  Leeds, in  th e  c h i ld re n  of schoo l 

and p re -sc h o o l age whose Schick t e s t s  were d isc u sse d  in  s e c t io n

(b) of t h i s  T h es is .

B efore p roceed ing  to  d is c u s s  th e  r e s u l t s  a word should  

be sa id  re g a rd in g  nom encla tu re . In  t h e i r  o r ig in a l  com munication 

Dr. P . J* Moloney and M iss C. J .  F ra s e r  used  d i lu te d  to x o id  no t 

only  to  d e te c t  s e n s i t iv e  in d iv id u a ls ,  but a ls o  as  a s u b s t i tu te  

fo r  th e  Schick c o n tro l  t e s t .  They s a id :  "P rev io u s  work has

shown th a t  d i lu te d  to x o id  i s  as e f f e c t iv e  a s  th e  h ea ted  c o n tro l  

f o r  de term in ing  pseudo r e a c to r s ;  in  a d d i t io n  d i lu te d  to x o id  

se rv e s  to  in d ic a te  th o se  in d iv id u a ls  who may r e a c t  to  a 

subcutaneous in je c t io n  o f to x o id ." In  Canada the  t e s t  ap p e a rs  

to  have been known g e n e ra lly  by th e  name of th e  " d ip h th e r ia  to x o id -  

r e a e t  ion  t e s t " ,  and th e  name "Moloney t e s t "  seems to  have been 

given  f i r s t  by OfB rien  and P a r is h  (1932). In  a re c e n t ad d re ss  

Dr. OfB rien  (1934) r e f e r r e d  to  th e  t e s t  as  th e  "M oloney-Fraser 

r e a c t io n " .  As th e  t e s t  i s  now f a i r l y  w e ll known in  t h i s  co u n try  

by th e  name of th e  "Moloney t e s t "  t h i s  name w i l l  be adopted in  

t h i s  T h e s is . I t  should a ls o  be noted t h a t  Z o e lle r  (1925) 

in troduced  a m o d if ic a tio n  of th e  Schick t e s t  which c o n s is te d  of 

th e  in je c t io n  of a l/lO O  d i lu t io n  o f Ramon1 s an a to x in  a t  th e  same 

tim e as the  Schick t e s t  was perform ed. Z o e lle r  th o u g h t, 

however, th a t  a p o s i t iv e  r e s u l t  a t t h i s  s i t e  was a t r a n s i t i o n  

s tag e  between s u s c e p t ib i l i t y  to  d ip h th e r ia  and com plete immunity*

He a lso  thought th a t  such a p o s i t iv e  r e a c t io n  could ag a in  become 

n e g a tiv e , and acco rd in g ly  com plete immunity was re p re se n te d  by 

a S ch ick -n eg ativ e  combined w ith  an a n a to x in -n e g a tiv e  r e a c t io n .

In any case Z o e lle r  does not seem to  have reco g n ised  th e  

im portant u se  of th e  t e s t  f o r  th e  pdrpose of d e te c t in g  to x o id -  

r e a c to r s ,  and hence th e  name "Moloney t e s t "  i s  j u s t i f i a b l y  

r e ta in e d .
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D e sc r ip tio n  of th e  T est

The t e s t  c o n s is ts  of th e  in tra d e rm a l in je c t io n  o f 

d i lu te d  to x o id . The amount in je c te d  i s  u s u a l ly  0 .2  o .c .  and 

th e  to x o id  d i lu t io n  1 :2 0 0 . A p o s i t iv e  r e a c t io n  u s u a l ly  deve lops 

w ith in  24 hours and i s  a t  i t s  maximum in  about 48 h o u rs . The 

t e s t  can be read  e i th e r  a f t e r  24 or a f t e r  48 h o u rs . In  th e  

s e r ie s  which w i l l  be d esc rib ed  a l l  th e  t e s t s  were read  a f t e r  48 

h o u rs , though some were a ls o  read  a t  24 h o u rs . The p o s i t iv e  

r e a c t io n  i s  u s u a lly  d esc rib ed  as of th re e  g ra d e s , +, ++, o r +++• 

F i tz g e ra ld ,  Moloney, F ra s e r  and t h e i r  co lle a g u e s  (1932) d e s c r ib e  

th e  d i f f e r e n t  ty p e s  as fo llo w s : "1+ s ig n i f i e s  an a re a  of red n ess  

no g r e a te r  th an  1cm.; 2+ an a re a  o f red n ess  g r e a te r  th a n  la m ., 

bu t w ith  l i t t l e  o r no in d u ra tio n ; 3+ in d ic a te s  d e f in i t e  in d u ra t

ion  a t  th e  s i t e  of th e  in je c t io n ."  In  th e  p ap er by McKinnon 

and Ross (1933) th e  r e a c t io n s  a re  c l a s s i f i e d  a s  fo llo w s : + * 

red n ess  o f 1 cm. o r l e s s ,  w ith  no in d u ra tio n ; ++ ■ re d n e ss  

g re a te r  than  1 cm., w ith  no .in d u ra tio n ; +++ = red n ess  

accompanied by in d u ra tio n . O’B rien  and P a r is h  (1932) gave th e  

fo llo w in g  d e s c r ip t io n  o f th e  " d e f in i te "  r e a c to r  (co rresp o n d in g  

to  +-H*): " ’D e f in i te 1 in d ic a te s  a c e n tr a l  zone of red n ess  w ith  a 

p a lp ab le  th ic k e n in g  o f th e  sk in  15 to  35 mm. w ide; t h i s  i s  

surrounded by ] a f lu sh e d  zone v ary in g  from an e a s i ly  d e lim ite d  

a re a  40-120 mm. to  a f a i n t  f lu s h  10-15 cm. w ide, m erging in to  th e  

co lou r o f th e  surround ing  s k in ."  A "m ild" r e a c t io n  (co rrespond

ing to  ++) th e y  d e sc rib e  as "a f a i n t  red  f lu s h  25-100 mm. w ide" .

In  a l a t e r  paper P a r is h  (1933) gave th e  fo llo w in g  d e s c r ip t io n :  

"M+++ or ’ d e f i n i t e ’ in d ic a te d  a la rg e  zone Of red n ess  w ith  

p a lp a b le  th ic k en in g  of th e  sk in ; M++ or ’mild* was an a re a  ©f 

b r ig h t hyperaemia of more th an  10 mm. in  d iam ete r, w ith  very  

s l ig h t  in d u ra tio n ; where in d u ra tio n  was a b se n t, a very  f a i n t  

f lu s h  i r r e s p e c t iv e  of i t s  d iam eter, o r a b r ig h t r e a c t io n  of l e s s  

th an  10 mm. was c l a s s i f i e d  as M+ or ’f a i n t ’ " .  The c l a s s i f i c a t i o n  

which th e  w r i te r  adopted was more o r l e s s  th a t  o f P a r is h ,  bu t was
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m odified  s l i g h t ly  as a r e s u l t  o f p re lim in a ry  work* A ll th e  t e s t s  

d esc rib ed  in  t h i s  paper were c l a s s i f i e d  acco rd in g  to  th e  d e f i n i t 

ions which were g iven  in  a p rev io u s  p ap er (Underwood, 1934a):

" ( 1 ) ’D e f in ite  re a c tio n *  (M+++): a la rg e  a re a  o f  erythem a up to  

40 mm. or more in  d iam ete r, w ith  a d e f in i t e  p a lp a b le  a re a  of 

in d u ra tio n  in  th e  c e n tre ;  (2) ’m ild  r e a c t io n 1 (M++): an a re a  o f

erythem a of more th an  10 mm* in  d iam ete r, w ith  an a re a  o f s l i g h t  

in d u ra tio n ; (3) ’ f a i n t  r e a c t io n 1 (M+): a d e f in i t e  a re a  of

erythem a of l e s s  th an  10 mm. im d ia m e te r, w ithou t in d u ra tio n , 

or any a re a  o f a f a i n t  p in k  co lo u r which showed no th ic k e n in g , 

and which was no t &ue to  traum a*" With th e  ex c ep tio n  o f th e  

c l a s s i f i c a t i o n  of McKinnon and R oss, th e se  d e f in i t io n s  a re  a l l  

more or l e s s  s im ila r ,  but th e  one which i s  used in  t h i s  p ap e r 

p robab ly  a llow s o f th e  most s a t i s f a c to r y  c l a s s i f i c a t i o n  o f th e  

r e a c t io n  which c o n s is ts  o f a d e f in i t e  a re a  o f erythem a of about 

15 mm* in  d iam eter, but which shows no th ic k e n in g . In  a c tu a l  

p r a c t ic e  a l l  r e a c t io n s  f a l l  n a tu r a l ly  in to  one or o th e r  of th e s e  

th re e  groups, and r e a c t io n s  which a re  d i f f i c u l t  o t c l a s s i f y  a re  

not o f te n  met with* The B r i t i s h  system s of c l a s s i f i c a t i o n  seem 

to  be f in e r  and more u s e fu l  th an  th a t  e f  McKinnon and R oss. For 

example, th e  ca ses  c l a s s i f i e d  in  t h i s  paper as  n++n or M++4*n

would a l l  be c l a s s i f i e d  in  th e  l a t t e r  ca teg o ry  by th e se  w r i te r s .

Yet the  d i s t in c t io n  i s  e a s i ly  made, and th e re  i s  o f te n  an 

ap p rec iab le  d if fe re n c e  in  th e  r e a c t io n s  o f the-tw o  c la s s e s  on th e  

in je c t io n  o f to x o id s . The w r i te r  i s  o f op in ion  th a t  i t  i s  

b e t te r  to  have th e  f i n e r  d iv is io n  in  th e  re g io n  of th e  s tro n g  

p o s i t iv e  r e a c to r s .

D is tr ib u tio n  of p o s i t iv e  r e a c to r s  in  th e  p o p u la tio n

The Moloney s ta te  of 2666 c h ild re n  and young a d u l ts  in  

Leeds befo re  th e  in o c u la t io n  of a p ro p h y la c tic  i s  g iven  in  T able

X L III, th e  in d iv id u a ls  being  grouped accord ing  to  t h e i r  Schick

s ta te  and age. The e s s e n t i a l  f e a tu r e s  of t h i s  t a b le ,  so f a r  as  

age i s  concerned, a re  g iven  in  Table XLXV, from which F i g .x i i  was



Age
Group

Under 1 

1 

2

3

4 

3 

6

ios.

TABLE ZL1II

S ch ick  and M oloney S ta te s  o f  2663 In d iv id u a ls

M oloney S ch ick R e su lt
R e su lt N egat S l ig h t M oderate Marked T o ta ls

iv e (+) (+*4) (4 4 4 )

0 8 8 30 2 48
- - - - -

4 - - 1 — 1
44 - - - - —
4+4 * *

■

0 3 16 136 26 181
+D - - - -  ■ -
* - - 4 - 4
++ - - - —
+4*4 .mm. •

"

0 13 124 30 167
+J> - 2 - 2
+ z 1 2 1 6
44 1 - 1 - 2
+++ •* ■**

0 6 14 121 38 179
+D - 1 - 1
4 - 1 - 6 1 8
4+ 1 1 4 - 6
444 — • "*

0 16 16 143 46 221
4© - • - - 4
4 4 1 5 - 10
44 1 - - 1 2
4++ • 2 • “ 2

0 29 29 176 65 298
........ +B ' ....... 1 ■ - 3 1 5

4 5 5 8 3 21
44 4 1 1 2 8
444 • *■’ — — 1

0 45 36 197 67 345
4© 5 - 1 • 6
4 9 - 5 4 18
44 6 4 4 1 15
44+ Z • — • 2

49

165

-  177

0
+»
4
44
444

21
3
7
5
3

14
1
4

11
1

77

5
7
1

36
1
1
1

146
5

17
14
4

194

235

335

386

182
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<EAMB n i l !  (oaatd. 1

Age S c h ic k  R e s u lt
Group Moloney

R e s u lt  N eg a t- s l i g h t  M oderate Marked T o ta ls
ive (+) C++) (++*)

8 0 20 12 60 29 121
3 -  -  1 4

4 9 -  4  2 15
44 5 1 6  1 13
+ t+ 2 -  1 3 156

9 0 16 10 65 16 111
+D 1 1 1 3
+ 7 1 9  1 18
44 14 -  2 1 17
44+ 4 2 2 1 9 156

10 0 17 4 43 21 85
4J) 2 6 1 -  3
4 13 2 3 -  1J8
44 7 -  2 3 12
444 6 1 2 2 11 129

11 0 17 5 32 7 61
4P 1 - 1  -  2
4 12 -  5 2 19
44 14 1 5  1 21
4 4 4  7 -  2 9 112

12 0 26 7 27 23 83
+D 2 1 1  -  4
4 17 6 4 3 30
44 9 3 3 -  15
444 8 -  -  1 9 141

13 0 13 9 13 14 49
+D 1 1 2
4 8 1 2  3 14
+4 9 1 1  -  11
4+4 7 2 1 10 86

14 0 5 3 2 10
+D 1 1 1 8
+ 2 2 4 
++ 8 1 1  -  10
+4+ 3 ' -  -  3 30

15-19 0 33 1 3 3 40
+3> 5 g
+ 19 2 2 1 24
4*  ' 19 -  5 3 27
+++ 10 -  -  1 11 167

t t d
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drawn. I t  should be em phasised h e re  t h a t / t h e  fo llo w in g  

d is c u s s io n  a p p l ie s  to  th e  community a s  a whole and no t to  

in d iv id u a ls .  The assum ption th a t  th e  in d iv id u a l alw ays behaves 

in  th e  same manner a s  th e  herd  i s  l i a b l e  to  le a d  to  c e r t a in  

f a l l a c i e s  in  th e  in te r p r e t a t i o n  of th e  Moloney t e s t .  These 

f a l l a c i e s ,  and the  s ig n if ic a n c e  o f in d iv id u a l t e s t s ,  w i l l  be 

d is c u s se s  in  d e t a i l  l a t e r .

TABLE XLIV

In flu e n c e  o f age on p o s i t iv e  Moloney in c id en ce

M oloney -positive  P rim ary  Schick t e s t s

Age T o ta l
t e s t s

Ho. + 
( a l l  
ty p es)

*
p o s i t iv e

Ho.
n e g a tiv e

*
negat iv e

Under 1 49 1 2 .04 8 16 .33
1+ 185 4 2.16 3 1 .6 2
2+ 177 10 5 .65 3 1 .69
3+ 194 15 7.73 8 4 .1 2
4+ 235 14 5.96 21 8 .9 3
5+ 333 35 10.51 39 11.71
6+ 386 41 10.62 67 17.36
7+ 188 40 21.28 38 20.21
8+ 156 35 22.44 39 25.01
9+ 158 47 29.74 44 27.85

10+ 129 44 34.11 45 34.88
11+ 112 51 45.54 51 45.54
12+ 141 58 41.14 62 43.97
13+ 86 37 43.02 37 43 .02
14+ 30 20 66.66 19 63.34

15-19 107 67 62.61 86 80.37

Prom th e  d a ta  p re se n ted  in  Table XLIV i t  i s  seen  th a t  

th e  percen tag e  o f c h ild re n  who show a p o s i t iv e  Moloney r e a c t io n  

in c re a se s  more or l e s s  co n tin u o u s ly !a s  age advances. The ta b le  

a lso  shows t h a t ,  a s  a p o s i t iv e  Schick i s  most common in  th e  e a r ly  

y ea rs  o f ch ildhood , a p o s i t iv e  Moloney t e s t  i s  on th e  c o n tra ry  

most o f te n  met w ith  l a t e r  in  childhood or in  a d u lt  l i f e .  I t
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should he em phasised h e re  th a t  th e  f ig u re s  f o r  th e  Schick t e s t s  

a t  th e  d i f f e r e n t  ages a re  g iven  s o le ly  fo r  re fe re n c e  p u rp o se s .

The rem arkable p a r a l le l i s m  between th e  g raphs f o r  M o lo n ey -p o sitiv e  

r e a c to r s  and fo r  S ch ick -n eg a tiv e  r e a c to r s ,  which is  app aren t in  

F ig .  x i i ,  i s  to  a la rg e  e x te n t f i c t i t i o u s ,  and th e  g raphs cannot 

th e re fo re  be used  fo r  any o th e r  purpose th an  th a t  of s ta t in g th e  

in c id en ce  of th e  two r e a c t io n s  a t  th e  d i f f e r e n t  ag e s . The 

f ig u re  does no t in  i t s e l f  ex p re ss  any fundam ental r e la t io n s h ip  

between th e  in c id en ce  of th e  r e s p e c t iv e  c o n d it io n s . T h is p o in t  

i s  im p o rtan t, s in c e  i t  i s  o f te n  assumed th a t  th e  r e a c t io n s  no t 

only run  a p a r a l l e l  co u rse , bu t th a t  in  th e  l a t e r  y e a rs  of 

childhood a p o s i t iv e  Moloney r e a c t io n  i s  p r a c t i c a l l y  synonymous 

w ith  a n eg a tiv e  Schick r e a c t io n .  R eference to  Table X LIII w i l l  

show th a t  a t  th e  age o f 12 y e a rs , o f 62 n e g a tiv e  Schick r e a c to r s ,  

26 showed a n e g a tiv e  Moloney r e a c t io n ;  and o f 79 p o s i t iv e  S chick  

r e a c to r s ,  22 showed a p o s i t iv e  Moloney r e a c t io n .  T his f e a tu r e  

may be found in  a co rrespond ing  degree in  th e  o th e r  age g roups, 

and the  e a r ly  re c o g n it io n  of t h i s  f a c t  was One of th e  s t a r t i n g  

p o in ts  of th e  p re se n t in v e s t ig a t io n .  T his q u e s tio n  w i l l  be 

d e a lt  w ith  more f u l l y  by o th e r  methods in  a l a t e r  s e c t io n , and i t  

i s  in troduced  h e re  m erely to  em phasise th e  p o in t |th a t no co n c lu s

ions can be drawn from  th e  apparen t s im i la r i ty  between th e  

frequency o f M oloney-positive  and S ch ick -n eg a tiv e  r e a c to r s ,  which 

i s  seen in  th e  f ig u r e .

The inc idence  o f p o s i t iv e  Moloney r e a c to r s  a t  d i f f e r e n t  

ages may be compared w ith  th e  f ig u re s  in  th e  co rresp o n d in g  s e r i e s  

of McKinnon and ROss« In  th e  p re se n t s e r ie s  i t  may be sa id  

tha t*  in  c h ild re n  who had no t a t ta in e d  t h e i r  second y ea r on ly  

about 2 p e r c e n t . ,  and in  th o se  in  th e  next th re e  succeed ing  

y e a rs  not mote th an  7 p e r  c e n t . ,  showed any r e a c t io n  a t  a l l  to  

th e  Moloney t e s t .  T h e re a fte r  th e  p e rce n ta g e s  o f p o s i t iv e  

Moloney r e a c to r s  in c re ase d  s te a d i ly  a s  age advanced w ith  th e  

ex cep tio n  of a s l i g h t  f a l l i n g  o f f  between th e  age o f 11 and 13

y e a rs , and in  th e  group of 15 y e a rs  and over. McKinnon and Ross
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found th a t  over 90 p e r  cent# o f c h i ld re n  under 6 y e a rs  o f age 

gave n eg a tiv e  r e a c t io n s ,  and th a t  only  46 p e r  cent# o f  th e  

14 -year o ld  group gave n e g a tiv e  re a d in g s . In  th e  p re s e n t  s e r i e s  

th e  co rrespond ing  p e rc e n tag e s  a re  93 .3  and 36 .5  r e s p e c t iv e ly .

From th e se  f ig u re s  i t  would he p o s s ib le  to  say som ething re g a rd in g  

th e  tendency  of p e rso n s  a t  d i f f e r e n t  ages to  develop r e a c t io n s  

a f t e r  th e  in f e c t io n  of p ro p h y la c tic  doses of to x o id , bu t i t  i s  

ad v isa b le  to c c o n s id e r  t h i s  q u e s tio n  in  r e l a t i o n  to  th e  d i f f e r e n t  

ty p es  of Moloney r e a c t io n .

The r e s u l t s  f o r  th e  Moloney t e s t s  a t  d i f f e r e n t  ages 

were p lo t t e d  on a lo g a rith m ic  sc a le  (F ig . x i i i ) .  I t  i s  seen 

from th e  graph th a t  th e  p ro c e ss  o f s e n s i t i s a t i o n  s t a r t s  v e ry  

e a r ly  in  l i f e ,  and, a lth o u g h  th e  r a te  i s  slow  d u rin g  th e  f i r s t  

18 months, i t  i s  d e f in i t e ly  in  p ro g re ss  d u rin g  t h i s  p e r io d .

During th e  f i r s t  and second y e a rs  o f l i f e ,  however, th e  r a t e  

in c re a se s  very m ark ed ly .In  f a c t ,  we may say th a t  in  th e se  two 

y ea rs  th e  r a t e  of development o f a p o s i t iv e  Moloney r e a c t io n  i s  

h ig h er th an  a t  any o th e r  p e rio d  o f th e  c h i ld 1s e x is te n c e .

Between th e  th i r d  and fo u r th  y e a rs  th e re  i s  a tem porary , though 

co n s id e rab le , r e ta r d a t io n ;  but from th e  f i f t h  y ea r onwards u n t i l  \ 

th e  e lev en th  y ea r th e re  i s  a more or l e s s  con tinuous in c re a se  in  

the  development of s e n s i t i v i t y  to  to x o id .

There i s  a co n s id e rab le  amount of ev idence , much o f 

which w i l l  be d iscu ssed  in  l a t e r  s e c t io n s ,  th a t  th e  development 

of a p o s i t iv e  Moloney t e s t  i s  due to  th e  acqu ain tan ce  o f th e  

in d iv id u a l w ith  the p ro te in s  of th e  0. d ip h th e r ia e .  McKinnon 

and Ross r i g h t ly  em phasise the  p o in t th a t  immunity may be 

ob ta ined  w ithou t s e n s i t iv i ty  being  developed a t  any tim e d u rin g  

th e  p ro c e ss . They a ls o  suggest th a t  age p e r se may be a f a c to r  

in  th e  development o f s e n s i t i v i t y .  From an exam ination  o f 

F ig . x i i i  i t  would not appear th a t  th e  r e s u l t s  of th e  p re s e n t 

in v e s t ig a t io n  g ive  much support to  t h i s  su g g e s tio n . In  c e r t a in  

in d iv id u a ls  s e n s i t i s a t io n  e v id e n tly  s t a r t s  a t  a veyy e a r ly  p e rio d  

of l i f e ,  though th e  numbers who develop a p o s i t iv e  r e a c t io n  a re
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very  sm a ll. I t  i s  a t  t h i s  p e r io d  th a t  th e  in d iv id u a l i s  most 

out o f f  from oon tao t w ith  o th e r  c h i ld re n .  But d u rin g  th e  

second y e a r , when th e  o p p o r tu n it ie s  f o r  c o n ta c t w ith  th e  

0. d ip h th e r ia e  a re  g r e a t ly  in c re a se d , th e  p ro ce ss  o f s e n s i t i s a t 

ion  becomes very  m arked. The f a l l  in  th e  r a t e  between th e  th i r d  

and fo u r th  y e a rs  i s  p o s s ib ly  a s s o c ia te d  w ith  th e  f a c t  th a t  th e  

c h ild  h as , du ring  th e  p reced in g  thfcee y e a rs , more or l e s s  

exhausted  th e  p o s s i b i l i t i e s  of f r e s h  c o n ta c t in  th e  neighbourhood 

of h i s  home. When he goes to  schoo l he e n te r s  in to  a new 

environm ent w ith  co n s id e rab ly  in c rease d  p o s s i b i l i t i e s  o f c o n ta c t 

w ith  c h ild re n  who may be h arb o u rin g  th e  C. d ip h th e r ia e .  At any 

r a t e  from th e  f i f t h  y ea r onwards th e re  i s  a more o r l e s s  

continuous in c re a se  in  th e  p ercen tag e  o f c h i ld re n  who become 

Moloney p o s i t iv e .  T his ev idence c e r ta in ly  su g g e s ts  th a t ,  

s e n s i t i s a t i o n ,  l i k e  th e  development of acq u ired  immunity to  th e  

C. d ip h th e r ia e , i s  due to  th e  in d iv id u a l 's  acq u a in tan ce  w ith  

the  p ro d u c ts  of th a t  organism . I t  i s ,  o f co u rse , d i f f i c u l t  to  

draw any d e f in i t e  co n c lu sio n sn w ith  reg a rd  to  th e  in f lu e n c e  o f 

age. I f ,  however, age in  i t s e l f  i s  an im portan t f a c to r  in  th e  

development o f s e n s i t i s a t i o n ,  we would be in c lin e d  to  expect on 

the  lo g a rith m ic  sc a le  a curve which would not show th e  marked 

v a r ia t io n s  which a re  brought out a t  th e  e a r l i e r  ages in  th e  

p resen t s e r i e s ,  and which can be q u ite  w e ll ex p la in ed  by th e  view  

th a t  s e n s i t i s a t i o n  i s  due to  exposure of th e  in d iv id u a l to  th e  

_C. d ip h th e r ia e .

M a te r ia l in fo rm atio n  on t h i s  q u e s tio n  could p rd b ab ly  

be ob ta ined  by a s tudy  of Moloney t e s t  r e s y l t s  in  v i r g in  r a c e s ,  

o r , f a i l i n g  th a t  in  c lo sed  or sem i-closed  com m unities. I t  

should be no ted  th a t  McKinnon and Ross s t a t e  th a t  l e s s  s e n s i t i v 

i ty  i s  encountered  in  r u r a l  com m unities, and i t  i s  w e ll known 

th a t  in  th e se  communities th e re  i s  a h ig h e r r a t i o  o f  S ch ick- 

p o s i t iv e  in d iv id u a ls .
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Degree of Reaction

A lthough th e se  c o n s id e ra tio n s  a re  i n t e r e s t i n g  from a 

s c i e n t i f i c  p o in t of view, th ey  have l i t t l e  b ea rin g  on th e  p r a c t i c a l  

a p p l ic a t io n  of th e  t e s t  because th e  d i f f e r e n t  g rad es of p o s i t iv e  

Moloney r e a c t io n  do no t in d ic a te  equal l i a b i l i t y  to  th e  develop

ment of a p p re c ia b le  r e a c t io n s  on th e  in o c u la t io n  o f s tro n g  to x o id s . 

In  a p rev io u s  paper (Underwood, 1934a) i t  was su g g ested  from 

p re lim in a ry  work th a t  ca re  was n ec e ssa ry  when u s in g  s tro n g  to x o id s , 

e s p e c ia l ly  new and u n tr ie d  to x o id s , in  th e  case of an in d iv id u a l 

who showed any type  o f p o s i t iv e  Moloney r e a c t io n .  T his p o in t  

w i l l  be d iscu ssed  more f u l l y  l a t e r .  Meanwhile i t  may be sa id  

th a t  w ith  known to x o id s  in d iv id u a ls  who show th e  +D o r  + r e a c t io n s  

may be in je c te d  w ith  th e  u su a l d o ses; g re a t  ca re  must be 

e x e rc ise d  w ith  ++ r e a c to r s ,  and +++ r e a c to r s  should no t be g iven  

toxo id  a t  a l l .  The sta tem en t i s  f re q u e n tly  made th a t  in f a n ts  

and p re -sc h o o l c h ild re n  can be in o cu la ted  w ith  to x o id  w ith o u t a 

Moloney t e s t ,  s in c e  th ey  seldom or never show a ++■ or +++ r e a c t io n  

(see McKinnon and R oss; Burke; a ls o  L ancet, 1935, E d i to r ia l ,  e t c ) .

T his p o in t i s  brought out in  E ig . x iv , which shows th e  

percen tage  in c id en ce  o f each type o f Moloney r e a c t io n  a t  each y e a r  

of l i f e .  The f ig u re  a ls o  shows th e  combined in c id en ce  of ++ and 

+++ re a c to r s  a t  each y e a r . I t  w i l l  be seen th a t  a l l  th re e  

grades o f r e a c t io n  in c re a se  in  frequency  as age advances. The 

+D and + r e a c t io n s  (combined grouping) a re  most f re q u e n t , and th e  

+++ re a c tio n  l e a s t  so . The graph fo r  th e  ++ r e a c t io n  i s  alm ost 

throughout in  an in te rm e d ia te  p o s i t io n  between th e  two extrem e 

ty p e s . This s ta tem en t does not apply  to  groups over th e  agW o f 

13 y e a rs . A fte r  t h i s  age M++ re a c t io n s  become much more f r e q u e n t .

Erom th e  u t i l i t a r i a n  p o in t o f view th e  r e a c t io n s  which 

a re  most im portant a re  th e  ++ and th e  +++. Any in d iv id u a l who 

g iv es  one o r the  o th e r  of th e se  r e a c t io n s  i s  d e f in i t e ly  l i a b l e  to  

develop some symptoms on th e  in je c t io n  o f to x o id  in  p ro p h y la c tic  

doses. These r e a c t io n s  w i l l  not n e c e s s a r i ly  be in conven ien t o r
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t  ro u b le  some; th ey  may c o n s is t  m erely  of marked erythem a a t  th e  

in f e c t io n  s i t e ,  On th e  o th e r  hand, a lo c a l  r e a c t io n  may be 

accompanied by a g e n e ra l r e a c t io n ,  and i t  i s  o b v io u sly  im portan t 

to  dec ide  which in d iv id u a ls  a re  l i k e l y  to  g ive  t h i s .  In  t h i s  

paper p erso n s who are  l i a b l e  to  show a r e a c t io n  of some type  on 

th e  in je c t io n  o f to x o id  in  p ro p h y la c tic  doses a re  c a l le d  fo r  

convenience T,p o te n t ia l  to x o id  r e a c to r s 1*, and th e  term  i s  only 

used in  t h i s  s p e c ia l  sen se . The in c id en ce  of such " p o te n t ia l  

to x o id  r e a c to r s ” i s  g iven  by th e  b a rred  l in e  in  F ig . x iv ;  t h i s

l in e  r e p re s e n ts  th e  combined p e rce n ta g e s  fo r  ++ and +++ r e a c to r s .

I t  w i l l  be s e e n t th a t  up to  th e  age of 5 y e a rs  th e  combined 

p e rc e n tag e s  of c h ild re n  who show such r e a c t io n s  do no t exceed 

3 p e r  c e n t, a t  any age. At 6 y e a rs  th e  in c id en ce  i s  4 .4  p e r 

c e n t . ;  a t  7 y ea rs  9 .6  p er c e n t . ;  and th e r e a f te r  th e  p e rce n tag e s  

in c re a se  r a p id ly .  In  t h i s  s e r ie s  o f cases  th e  maximum in c id en ce  

of such " p o te n t ia l  to x o id  r e a c to r s ” was reached  a t  th e  fo u r te e n th

y e a r , when 4 3 . 3  p e r  c e n t,  o f th e  in d iv id u a ls  a t t h i s  age showed

a ++ or +++ r e a c t io n .

McKinnon and Ross a t a te  th a t  in  in fan cy  and th e  p re 

school group s e n s i t i v i t y  to  to x o id  i s  p r a c t i c a l l y  a n e g l ig ib le  

q u a n tity , and th a t  c h i ld re n  a t  th e se  ages can, th e re fo r e ,  in  

g en era l be g iven  to x o id  w ithou t a p re lim in a ry  Moloney t e s t .  Ig  

comparing t h e i r  f ig u re s  w ith  th o se  of t h i s  s e r i e s  i t  should be 

remembered th a t  th e  +++ re a c t io n  o f th e  Toronto w orkers p r a c t i c -
i

a l ly  embraces bo th  th e  ++ and th e  +++ ty p es  o f r e a c t io n  h e re  

d esc rib ed . In  the Canadian s e r ie s  no r e a c t io n  which showed any 

in d u ra tio n  was found ini 184 c h ild re n  under th e  age of 5 y e a r s .

In  th e  Leeds s e r ie s  IE such r e a c to r s  were met w ith  in  840 

c h ild re n  (1 .4  p er c e n t .)  a t  th e se  ages. Hence, a lthough  such 

" p o te n t ia l  to x o id  re a c to r s "  a re  r a r e  in  the  p re -sc h o o l group, 

they  undoubtedly  e x i s t .  The course o f a c tio n  which i s  to  be 

adopted depends upon the  in d iv id u a l who i s  a c tu a l ly  g iv in g  th e  

in o c u la t io n s ; but i f  i t  i s  p a r t i c u la r ly  d e s ire d  t  o exclude o* 

t r e a t  s p e c ia l ly  a l l  " p o te n t ia l  to x o id  r e a c to r s "  th en  th e  Moloney



t e s t  nrust be employed fo r  c h ild re n  over th e  age of 2  y e a rs .

R e la tio n  o f Teat to  Symptoms on In je c t io n  of P ro p h y la c tic s

These c o n s id e ra tio n s  a re  to  a c e r ta in  e x te n t th e o r e t i c a l  

by reaso n  o f th e  f a c t  th a t  not a l l  p o s i t iv e  Moloney r e a c to r s  

do a c tu a l ly  show u n d e s ira b le  r e a c tio n s  on th e  in fe c t io n  o f to x o id s  

in  p ro p h y la c tic  d o ses . Most +++ r e a c to r s  w i l l  do so , and many 

++ r e a c to r s  a lso  show such symptoms w ith  f u l l  doses o f p rophy lac

t i c .  A more p r a c t i c a l  approach to  th e  problem i s  a r r iv e d  a t  by 

th e  c o n s id e ra tio n  o f th o se  c h ild re n  who a c tu a l ly  showed 

u n d e s ira b le  symptoms on th e  in fe c t io n  of p ro p h y la c tic s . In  t h i s  

s e c tio n  of th e  T hesis  r e a c t io n s  w i l l  not be d e a lt  w ith  in  d e t a i l ,  

but the  main r e s u l t s  a re  s e t  out in  Table XLV. This ta b le  i s  

based on 2041 p ersons who were in o c u la te d . A ll of th e se  had F3?

or alum to x o id s , except 100 who had T.A .F. ( In  Table XLY ll++,,

in c lu d es  2 p ersons and ”+++** 4 p ersons who had only  T .A .F .) .  In  

a l a t e r  s e c tio n  th e  q u es tio n  of any r e a c t io n  a t  a l l  w i l l  be 

co n s id ered . The persons d e ta ile d  in  Table XLV a re  only th o se  

who showed s ig n i f ic a n t  r e a c t io n s ,  which a re  defin ed  here  as 

fo llo w s: ( l )  any lo c a l  r e a c tio n  which was more th an  a mere 

erythema -  e .g .  sw e llin g , te n d e rn e ss , f u l ln e s s ,  e t c . ;  ( 2 ) g en e ra l 

r e a c t io n s  -  in c lu d in g  s l ig h t  vom iting , marked nausea, headache, 

or d e f in i t e  d i s t a s t e  f o r  a t  l e a s t  one m eal. Of th e  42 persons 

inc luded  in  Table XLY 25 were seen by th e  w ri te r  on th e  day 

fo llo w in g  th e  in je c t io n .

Table XLV shows q u ite  c le a r ly  th e  value o f  th e  Moloney 

t e s t ,  e s p e c ia l ly  in  c h ild re n  over th e  age of 5 y e a rs . I t  w i l l  

be seen th a t  only  two c h ild re n  f a i l e d  to  g ive  a p o s i t iv e  responwe 

to  th e  t e s t .  N eith er of th e se  was seen u n t i l  some days a f t e r  

th e  in o c u la tio n , but fhemQthexdpfecrlptlOnh.which was g iven  o f th e  

co n d itio n  of the  c h ild re n  one probably  had a d e f in i t e  to x o id  

re a c t io n , and in  th e  o th e r case th e re  was co n s id e rab le  doubt 

w hether the  in je c te d  toxo id  was a c tu a l ly  th e  cause of th e  

co n d itio n . I t  i s  obvious th a t  the most im portant r e a c t io n s



TABLES XLV

Moloney s t a t e  o f Persona who showed R eac tio n s a f t e r  
p ro p h y la c tic  doses oif' toxb'iid'

N egative +D + ++ +-M-
Age P er- Age P er Age P er Age P er- Age Per-

(y rs ) sons (y rs ) sons (y rs ) sons (y rs )sons (y rs ) soni

5 1 3 1 5 1 7 5 4 1
6 1 5 1 7 1 8 1 9 a
- - • - 9 1 1 0 3 1 0 3
- - * mm 13 1 1 1 4 1 1 1
- • - mm 14 1 ia 3 13 1
- - ttm mm _ 13 1 15 1
— m m . ' mm 14 1

mm m . mm mm mm 16 3
m. m . mm mm mm 17 a _

— •* — 18 i —

a a 5 24 •» 9
T

Occurred t£nn the ++ and th e  +++ g roups. The t o t a l  f o r  the +++

Is  sm all when compared w ith  th a t  f o r  th e  ++ group. But i t  should 

not he in fe r re d  from t h i s  th a t  +++ perso n s were l e s s  l i k e ly  to  

develop u n p leasan t symptoms than  were ++ p e rso n s . T his i s  f a r  

from being the  ca se . The w r i t e r ’ s experience i s  th a t  th e  

m a jo rity  o f +++ r e a c to r s  w i l l  g ive  such symptoms i f  in je c te d  w ith  

f u l l  doses of to x o id s , and th a t  many of them w i l l  behave in  t h i s  

way even a f t e r  th e  in je c t io n  o f much sm alle r d o ses. The t o t a l  

of 9 fo r  th e se  +++ r e a c to r s  i s  sm all because n e a rly  a l l  such 

re a c to r s  were d e a lt  w ith  sp e c ia lly ^  e .g .  in je c t io n  of T .A .F .) ©r 

were n a tu r a l ly  immune, and were consequen tly  not in o c u la te d .

This sta tem en t a p p lie s  in  le s s  degree to  th e  ++ r e a c to r s .  The 

evidence from th i s  s e c tio n  of th e  in v e s t ig a t io n  p o in ts  to  th e  

f a c t  th a t  c h ild re n  of school age should not be in o cu la ted  w ithou t 

a p re lim in a ry  Moloney te s t*



Note on S t a t i s t i c a l  Methods

Although Pearson*s c o e f f ic ie n t  o f mean square 

contingency (Gg) i s  f a i r l y  w ell known, h is  c o e f f ic ie n t  of

a s s o c ia t io n  (gg) in  a fo u rfo ld  ta b le  i s  not so w idely  used* I f

in d iv id u a ls  a re  c l a s s i f i e d  by th e  c h a ra c te rs  in to  A and not-A ,

B and not-B , th en  a te t r a c h o r ic  ta b le  may be formed in  which th e

c e l l  f re q u e n c ie s  a re  re p re se n te d  by ( a ) ,  ( b j ,  ( o ) 9 (d j in  th e

p o s i t io n  in d ic a te d  in  Table XLVII (Pearson , 1901)* I f  th e  

t o t a l  frequency  be N, then  fo r  th e  fo u rfo ld  ta b le

X  ss. -------- N ( a3 . - ^ c2 -----------  ̂ ari£  q ^  1  where
A  +  + +  Z  V l  + K*

^ ___________ f y q . l c e l . N  Z

( o .c L - & c ) z  (o .- t - c L ) ( lr  + c )

In  t h i s  s e c tio n  a lso  th e  p robab le  e r ro r s  of th e  v a lu es  

o f Gg a re  deriv ed  from f t  and not from fa  •

A sso c ia tio n  between th e  S ch ick -n eg ativ e  and th e  Moloney-

p o s i t iv e  s t a t e s

A casu a l exam ination of Pig* x i i  m ight suggest t l ia t  

th e  p r a c t i c a l ly  sim ultaneous t r a n s i t io n  from S ch ic k -p o s itiv e n es*  

to  S ch ick -n eg a tiv en ess  and from M oloney-negativeness to  Moloney- 

p o s i t iv e n e s s , which i s  so marked in  the  community might app ly  to  

th e  in d iv id u a l as  w ell* This su g g estio n  has in  e f f e c t  been 

made, s in ce  d e r ta in  workers have s ta te d  th a t  th e  m a jo rity  o f 

s tro n g  p o s i t iv e  Moloney r e a c to r s  a re  immune and do not r e q u ire  

in ocu la tion*  I f  t h i s  sta tem en t i s  t r u e ,  th en  the  Moloney t e s t  

may to  a c e r ta in  ex ten t be used as a s u b s t i tu te  f o r  th e  Sehiok- 

te s t*

I t  was thought d e s ira b le  to  in v e s t ig a te  th e  a s s o c ia t io n  

between th ese  two c o n d itio n s  more c lo s e ly ,  and fo r  t h i s  purpose 

Pearson* s methods f o r  contingency were u sed . Table XLV I  i s  a 

4 X 4  ta b le  compiled from th e  main ta b le  (Table X LIII) and showing

i



th e  d i s t r ib u t io n  of th e  2666 persons acco rd ing  to  t h e i r  Schick 

s ta te  and th e i r  Moloney c o n d itio n . For t h i s  t a b l e ^  = 504.76; 

fo r  n & 9 th e  value of P oo rresponsing  to  t h i s  v a lue  o f ^  i s  

l e s s  th an  0 . 0 1 , which shows th a t  th e  d i s t r ib u t io n  i s  not a 

chance one. The degree of a s s o c ia t io n  between the  S ch ick-

TABLE XLVI 

S eh ic k -p o s it ive

Marked
(+++)

Mod.
(++)

S lig h t 
( + )

Schick-
n eg a tiv e T o ta ls

M oloney-negat ive  
Moloney +(+D and +) 
Moloney +4*
Moloney +++

427
27
14

6

1249
76
42

9

194
30
14

S

277
139
103

51

2147
272
173

74

T o ta ls 474 1376 246 570 2666

n eg a tiv e  and M oloney-positive s t a t e s  was es tim a ted  by c a lc u la t in g  

P earso n ’ s c o e f f ic ie n t  of mean square contingency (Cg). The 

value of Cg i s  0.399 + .013, which would seem to  in d ic a te  a 

m oderate degree of a s s o c ia t io n . While th e re  i s  th e r fo re  a 

co n s id e rab le  degree of a s s o c ia tio n  between th e  two c o n d itio n s , 

t h i s  i s  by no meanB p e r f e c t .  I t  should be noted t h a t ,  o f a 

t o t a l  o f 74 4++ Moloney r e a c to r s ,  15 showed a marked or m oderate 

r e a c t io n  to  th e  Schick t e s t  (20*3 p er c e n t . ) .  Again, o f a 

t o t a l  o f 173 in d iv id u a ls  who gave a ++ Moloney r e a c t io n , 56 

showed a marked o r m oderate Schick re a c t io n  (32 .4  p e r  c e n t)•

The tendency in  th e  in d iv id u a l, as in  the  community, i s  f o r  

in c re a s in g  toxo id  s e n s i t iv i ty  to  develop p a r i  passu  w ith  Schick 

immunity. The degree of a s s o c ia tio n  between th e  two c o n d itio n s  

i s  brought out more c le a r ly  by a fo u rfo ld  ta b le  (Table XLVII).

In  t h i s  ta b le  th e  +D and + re a c tio n s  a re  inc luded  w ith  th e  

M oloney-negative r e a c t io n s ,  s in c e  we a re  r e a l l y  in te re s te d  in  

S ch iok-negativeness and Moloney re a c tio n s  which in d ic a te  d e f in i t e



TABLE XLVII

S c h ic k -p o s itiv e  
( a l l  degrees)

S ch ick -negat ive T o ta ls

M oloney-negat ive 
Moloney +B 2003 416 2419
Moloney + (a) (b)

Moloney ++ 93 154 247
Moloney +++ ( 0 ) (d)

T o ta ls 2096 570 2666

s u s c e p t ib i l i t y  to  to x o id . For t h i s  ta b le  = 271*81. For 

t h i s  value of ^  w ith  n B 1, P i s  l e s s  th an  0 .01 -  which 

in d ic a te s  th a t  th e  d ivergence in  th e  ta b le  i s  not random. The 

amohnt o f a s s o c ia tio n  was determ ined by c a lc u la t in g  ^ 5  ( th e  

c o e f f ic ie n t  of a s s o c ia t io n ) ,  which i s  0.632 £  *024* For th e  

same ta b le  th e  value  of (Pearson*s equ ip robab le  c o e f f ic ie n t )  

i s  0 .667, which i s  p r a c t i c a l ly  th e  same. These v a lu es  confirm  

the  p rev io u s f in d in g s .

A sso c ia tio n  between p o s i t iv e  Moloney re a c t io n s  and 

p o s i t iv e  S ch ic k -c o n tro l r e a c t io n s

I t  has a lread y  been s ta te d  t h a t ,  in  t h e i r  o r ig in a l  

paper, Moloney and F ra se r  (1927) used th e  d i lu te d  to x o id  which 

they  employed in  th e i r  t e s t ,  not only to  d is t in g u is h  to x o id  

r e a c to r s ,  but a lso  as a s u b s t i tu te  f o r  th e  heated  c o n tro l i r  th e  

Schick t e s t .  S uggestions have been made on se v e ra l o ccasio n s 

th a t  th e  one t e s t  might be made to  se rve  f o r  both  purposes*

Burke (1930) adm itted th a t  in  the  Toronto campaign the  immbpr o f 

Schick t e s t s  which were d i f f i c u l t  or im possib le  to  in te r p r e t  by 

th i s  p rocedure was in c re a se d ; as a r e s u l t  i t  was f i n a l l y  decided 

to  abandon th i s  m odified Sohick t e s t  a l to g e th e r  and to  employ 

only the  Moloney te s t*  T his procedure was adopted on th e  

assum ption th a t  most o f th e  +++ Moloney r e a c to r s  were a lre ad y



immune -  a su g g estio n  which, has a lre a d y  heen d e a l t  with*

Dudley (1934) s ta te d  th a t  those  who g ive  s tro n g  Moloney t e s t s  

w i l l  g e h e ra lly  g ive  a pseudo-Schick as w e ll;  and in  a re c e n t 

e d i to r i a l  (L an ce t> 1935$ i t  was p o in ted  out th a t  " th e  occurrence 

o f a p se u d o -re a c tio n , i f  a p re lim in a ry  Schick t e s t  has been done, 

i s  evidence o f p robab le  s e n s i t i v i t y  to  b a c te r ia l  p ro te in " ,  and 

th e  w r i te r  o f t h i s  e d i to r i a l  recommends th a t  i f  t h i s  s e n s i t i v i t y  

i s  shown to  e x i s t  e i th e r  by th e  p resence o f a pseudo-Schick or. 

by a p o s i t iv e  Moloney t e s t ,  s p e c ia l  methods should be adopted fo r  

immunization* The q u es tio n  i s  of im portance, s in ce  i f  th e se  

s ta tem en ts  a re  c o r r e c t ,  one of th e se  t e s t s  can e v id e n tly  be 

d isc a rd e d . The p re se n t w r i te r  has never been convinced th a t  

th e se  two r e a c t io n s  a re  more or l e s s  in te rc h an g e ab le ; and th e  

accum ulation of th e se  p e rso n a l re co rd s  of Moloney r e a c t io n s ,  

p r a c t i c a l ly  a l l  of which have been rdad a t  l e a s t  tw ice a f t e r  th e  

t e s t  in je c t io n s ,  has rendered  p o s s ib le  a more d e ta i le d  exam ination  

of th e  problem  than  has h i th e r to  been a ttem p ted .

T his i s  nA p la c e  to  d isc u ss  th e  r a th e r  complex f e a tu re s

of pseudo-Schick re a c tio n s*  Some n o tes  on th e  p e c u l i a r i t i e s  o f

th e se  r e a c t io n s  have a lre ad y  been g iven in  S ec tio n  (b) o f t h i s

T h es is . In  th e  p re se n t S ec tio n  a p o s i t iv e  S ch ic k -c o n tro l t e s t

i s  taken  to  mean any re a c t io n  a t  a l l  a t  the  s i t e  o f th e  in je c t io n

of heated  to x in  -  ex c lu d in g ,o f cou rse , r e a c t io n s  which a re  due to

traum a. The whole of th e  in d iv id u a ls  in  the s e r ie s  were grouped

accord ing  to  th e  n a tu re  o f th e  r e a c t io n s  to  the  S ch io k -co n tro l

and Moloney t e s t s ,  and th e  r e s u l t s  a re  s e t out in  Table XLVIII.

In  th e  fo llo w in g  d isc u ss io n  +D and + re a c tio n s  to  th e  Moloney
2 -t e s t  a re  grouped to g e th e r . F o r  t h i s  ta b le  ■ 309.31; fo r  

n » 3 th e  P  corresponding  to  t h i s  value i s  l e s s  than  0 .0 1 , which 

shows th a t  th e  d i s t r ib u t io n  i s  no t a random one. The degree o f 

a s s o c ia tio n  between th e  M oloney-positive s t a t e  and th e  l i a b i l i t y  

Af th e  in d iv id u a l to  show a re a c t io n  a t  the  s i t e  of the  Schick- 

c o n tro l in je c t io n  was estim ated  as b efo re  by c a lc u la t in g  th e  V alue 

o f the  c o e f f ic ie n t  Cg* T his value was found to  be 0.322 + .033 .



TABLE XLVIII

A ll Schick te s ts : in c id e n c e  
o f p se u d o -re a c to rs  

( a l l  degrees) Neg
a t iv e

Moloney r e s u l t s  

+D + ++ +++ T o ta ls

C ontro l t e s t :  no r e a c t io n 2119
4 5 ^ 2 1 6

261
153 48 2581

C ontro l t e s t :  + r e a c t io n 28
1 1

2 0 26 85

T o ta ls 2147
45 227 

272
173 74 2666

Table XLVIII was then  in v e s tig a te d  by th e  fo u rfo ld  method, making 

the  dichotomy between M oloney-negative r e a c to r s  on th e  one hand, 

and M oloney-positive r e a c to r s  ( a l l  ty p es) on th e  o th e r .  For
i

th e  ta b le  th u s  formed th e  value of Y was 126.84; fo r  t h i s  v a lu e  
z '

of ^  w ith  n s 1 , P was found to  be le s s  th an  0 . 0 1 , in d ic a t in g  

th a t  th e  d i s t r ib u t io n  was not random. The value o f th e  

c o e f f ic ie n t  o f a s s o c ia t io n  (g§) was 0.672 + .022, and th e  

equ ip robab le  c o e f f ic ie n t  (rg)- was 0.679* A fte r making th e  

dichotom ies a t  two o th e r p o in ts  in  th e  main ta b le ,  i t  was found 

th a t  th e  r e s u l t in g  c o e f f ic ie n ts  were not m a te r ia l ly  a f fe c te d  by 

th e  a l t e r a t i o n .  These c o e f f ic ie n ts  a re  se t out in  Table XLIX* 

Though th e se  c o e f f ic ie n ts  in d ic a te  a co n s id e rab le  or 

even a f a i r l y  h igh  degree o f p o s i t iv e  a s s o c ia t io n  between p o s i t iv e  

Moloney and p o s i t iv e  S ch ick -c o n tro l r e a c t io n s ,  t h i s  a s s o c ia t io n  

i s  f a r  from being p e r f e c t .  When i t  i s  remembered th a t  th e  

o b jec t o f t h i s  p a r t  of the  in v e s t ig a t io n  i s  to  f in d  w hether e i th e r  

of th e se  t e s t s  can be used as  a s u b s t i tu te  fo r  th e  o th e r , i t  w i l l  

be obvious th a t  th e  answer to  t h i s  q u es tio n  must be in  th e  

n e g a tiv e . S u b s ti tu t io n  im p lies  p e r fe c t  o r p r a c t i c a l ly  p e r f e c t  

a s s o c ia tio n  i f  th e  in form ation  gained from th e  t e s t s  used i s  to

be of any value w hatever, and t h i s  s e r ie s  of oases does no t g iv e



TABLE XL IX

Type of 
grouping P

4x2 grouping 309.31 , 0.@1 0.3224
4-. 0329

( i )  F o u rfo ld :
0.6731.022 0^679

ty p es)

( i i )  F o u rfo ld :
(a) M-.negat iv e ,

M+B, M+ 310.12 0.01 -  0.642+.023 0.720
(b) M++,M+++

( i i i )  F o u rfo ld :
(a) M -negative,

M+B,M+,M++ 251.67 0.01 -  0.603+.025
(b) M+H

muoh support to  th e  c o n ten tio n  which was expressed  a t  th e  

beginn ing  o f t h i s  s e c t io n .

o ra tio n *  and th a t  p o ss ib ly  th ey  hare  no marked connection  w ith  

th e  p r a c t i c a l  q u es tio n , w hether a r e a c t io n  a t  th e  s i t e  of th e  

S ch ick -c o n tro l t e s t  does a c tu a l ly  in d ic a te  th a t  th e  in d iv id u a l i s  

l i a b le  to  experience  an ap p rec iab le  r e a c t io n  on th e  in j e c t io n  o f 

tfcxoid, or a l t e r n a t iv e ly  w hether or not most in d iv id u a ls  who 

re a c t  to  to x o id  r e a c t  a ls o  to  the  heated  S c h ic k -c o n tro l to x in .

To answer t h i s  q u es tio n  Table L was p rep ared . I t  g iv es  th e  

S c h ick -co n tro l r e a c t io n s  and Moloney r e a c t io n s  in  every case in  

which any r e a c t io n  was noted a f te r  th e  in je c t io n  o f p ro p h y la c tic s  

-  to x o id , alum to x o id s , or f lo c c u le s .  I t  w i l l  be noted  th a t  th e

number o f cases  i s  la rg e r  than  th a t  g iven  in  Table XLV. Thfe l a

reason  f o r  the  in c re ase  i s  th a t  in  Table L a l l  cases  o f r e a c t io n  

were inc luded , th e  o b je c t being  to  determ ine th e  r e la t io n s h ip  

between th e se  t e s t s  and l i a b i l i t y  to  r e a c t  a f t e r  toxo id  in  

p ro p h y la c tic  doses. Almost o n e -h a lf  o f th e  cases  in  Table L

th e re fo re  experienced re a c tio n s  which were sp m ild  a s  to  be

unn o ticed  by th e  in d iv id u a l in o c u la te d , and many of them

I t  may be o b jec ted  th a t  (fi&ose a re  th e o r e t i c a l  consid-



ta b u ; l

No. of cases ' *MCloney
showing re a e -  + Moloney +Schick- and + Both T o ta l
t io n s  ( a l l  (any degree) c o n tro l Schick- t e s t s

ty p es)  c o n tro l n eg a tiv e

(a)C ases not seen 8  1 1 4  14

(b)C ases seen 55 6  16 77

T o ta l 63 1 7 20 91

c o n s is te d  m erely o f  an a rea  o f erythem a m easuring 25 mm* in  

d iam eter or more. The s tan d ard  adopted was ra t j ie r  a s e v e r e  one, 

and t h i s  probab ly  ex p la in s  th e  number o f cases in  th e  l a s t  group 

of l in e  (b)* I t  should be noted th a t  in  Table L th e  p h ra se s  

"cases  not seen” and "cases  seen" do no t apply  to  th e  a c tu a l  

r e a c to r s .  In subgroup (b) every person  who had to x o id  in  th e  

p a r t i c u la r  groups o f c h ild re n  was examined by th e  w r i te r  on th e  

day fo llo w in g  th e  in f e c t io n ;  and in  subgroup (a) every  in d iv id 

u a l whfc was in o cu la ted  was not th u s  examined, w hether he had a 

r e a c t io n  or n o t, though many of th e  a c tu a l  r e a c to r s  were seen*

Comment on t h i s  ta b le  i s  unnecessary . I t  i s  obvious 

th a t  th e  t e s t  w ith  hea ted  Schick to x in  i s  v a lu e le s s  f o r  th e  

purpose of determ in ing  " p o te n tia l  to x o id  r e a c to r s " ,  and th e  

conclusions a r r iv e d  a t  from more th e o r e t ic a l  c o n s id e ra tio n s  a re  

amply confirmed*

R e la tio n  o f Moloney r e s u l t  to  a n t i to x in  content; o f blood

The only  in v e s t ig a t io n  of any ex ten t d ea lin g  w i th t th l s  

q u es tio n  which has come to  th e  w r i t e r ’ s knowledge i s  th a t  

d escrib ed  in  th e  o r ig in a l  paper by Moloney and F ra se r  (1927).

In  th e  p re se n t In v e s tig a tio n  th e  blood se ra  of 108 persons upon 

whom the Moloney t e s t  was perform ed were t i t r a t e d  f o r  d ip h th e r ia  

a n t i to x in .  The com plete r e s u l t s  a re  g iven in  Table L I. The 

serum from th e  blood samples was t i t r a t e d  to  1 0 0  p e r  c e n t.
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d if fe re n c e s .  For example, l / 5 0  u n i t  in  t h i s  ta b le  s ig n i f i e s  

l /5 0  u n i t  o r more o f c i r c u la t in g  a n t i to x in  p e r cc*, b u t no t l /2 5  

u n i t .  T i t r a t io n  to  c lo s e r  le v e ls  would not appear to  be 

n ec essa ry . The m a jo rity  o f th e  sam ples were taken  6  days a f t e r  

th e  Schick and Moloney t e s t s  were perform ed; most o f th e  samples 

were from  p erso n s who had not had any p ro p h y la c tic  trea tm en t*

Once ag a in , m ention should be made of th e  w r i t e r 's  in d eb ted n ess  

to  Mr. A. T. Glenny fo r  c a rry in g  out th e se  t i t r a t i o n s .  From 

t h i s  main ta b le  two 4x3 ta b le s  were p rep a red . In  each case  th e  

d iv is io n s  on the  h o r iz o n ta l  a x is  were 1 /500 , l/2 5 0 * .l/2 5 ,

1 /1 0 -1 /2 , 1 or 1 +. On th e  v e r t i c a l  a x is  th e  d iv is io n s  were: 

grouping (a) -  ( i)M oloney-negative , ( i i )  M+B and M+, ( i i i )  M++ 

and M+++; grouping (b) -  ( i )  M oloney-negative, ( i i )  M+B,

( i i i )  M+, M++, M+++. The c o e f f ic ie n ts  ob ta in ed  w ere:

X* ^  £  h
4x3 ta b le :  Grouping (a) 16*3647 6  0,0120 0,3628 £  *0484
4x3 ta b le :  Grouping (b) 21.3765 6  < 0 . 0 1  0.4065 T  *0455

The q u es tio n  was th en  in v e s tig a te d  by th e  fo u rfo ld  method.

In th e  fo llo w in g  s e r ie s  th e  dichotomy on the  v e r t i c a l  ax i& eis

in  each case between M oloney-negative oases on th e  one hand and

M oloney-positive oases ( a l l  ty p e s  ) on th e  o th e r .  The p o s i t io n

of th e  dichotomy on th e  h o r iz o n ta l  a x is  i s  g iven  in  Table L I I .
%

For each grouping th e  v a lu es  o f and Jg  denote p r a c t i c a l ly

the  same degree of a s s o c ia t io n . I t  should be noted  th a t  the  

v a lu es  in c re a se  p ro g re s s iv e ly  a s  the  dichotomy i s  s h if te d  

tow ards th e  h ig h er v a lu es  of a n t i to x in  c o n te n t. From th e se  

f ig u re s  i t  cannot be maid th a t  th e re  was in  Leedd more th an  a 

co n s id e rab le  in te n s i ty  o f  a s s o c ia tio n  between a n t i to x ic  oin^Niht 

o f th e  serum and a p o s i t iv e  Moloney reac tio n *



TABIiB LI I

Type of grouping A

X
W  ? ? Kn0  ■‘■(i0 0  ? “i t !  6.6503 0 .01 0.447+.039(b) 1 /50  u n i t  and + —

( i i )  (a) Up to  l/5Q  u n i t ;  
(b) 1 /25  u n i t  and +

( i i i )  (a) Up to  1 /25  u n i t ;  
(b) 1 / 1 0  u n i t  and +

( iv )  (a) Up to  l / lO  u n i t ;  
(b) l / 5  u n i t  and +

8.8463 0 .01 0.506+*050

9.1199 0 .01 0.530+*055

10.1688 0 .01 0.568+.063

3foe Belayed (+D) Moloney React ion

I t  has a lre ad y  been s ta te d  th a t  t h i s  r e a c t io n  was 

d escrib ed  by th e  w r i te r  in  1934. In  th e  e a r l i e r  p o r tio n  o f 

t h i s  s e r ie s  of oases seven of th e se  delayed r e a c t io n s  were 

found, and th e  number has now been in c reased  to  a t o t a l  o f 4 5  

cases in  th e  p re se n t s e r ie s .  The frequency  i s  th e re fo re  1 .69 

+0.17 p e r c e n t. In  th e  delayed re a c t io n  th e re  a re  no v i s ib l e  

s ig n s of erythema a t  th e  Moloney in fe c t io n  s i t e  when read  a t  24 

or 48 h o u rs; by th e  seventh  day, however, a r e a c t io n  which i s



u s u a l l y  f a i n t  h a s  m a n i f e s t e d  i t - s e l f .  The e x a c t  day  o f  a p p e a ra n c e  

i s  unknown and p r o b a b l y  v a r i e s  i n  d i f f e r e n t  c a s e s .  I t  i s  

p o s s i b l e ,  however,  t h a t  t h e  r e a c t i o n  does  d e v e lo p  l a t e  -  p o s s i b l y  

ab o u t  t h e  f i f t h  or  s i x t h  day .  The p o s i t i v e  d e la y e d  r e a c t i o n  . 

p r a c t i c a l l y  a lw ays  c o n s i s t s  m e r e ly  of an a r e a  o f  e ry th e m a .  I n  

t h e  45 c a s e s  met w i t h  a  s l i g h t  d e g re e  o f  i n d u r a t i o n  was f e l t  o n ly  

once .  On th e  i n j e c t i o n  o f  1 c . c .  o f  t o x o i d  th e  c h i l d  had m a l a i s e  

and d i s t a s t e  f o r  food  which l a s t e d  f o r  a b ou t  a day ,  but  t h e r e , w a s

no l o c a l  r e a c t i o n ;  a lm o s t  i d e n t i c a l  symptoms were met w i th  a f t e r
second _a / p r o p h y l a c t i c  i n j e c t i o n  o f  t o x o i d .  The r e a c t i o n  i s  sometimes o f

a b r i g h t  r e d  o r  a d e f i n i t e  p i n k  c o l o u r .  More o f t e n  i t  i s  f a i n t  r e d

i n  a p p e a ra n c e ,  and sometimes i t  c o n s i s t s  m e re ly  of  a b l u s h ,  o r  even

a d u l l  s t a i n .  The edges  a r e  no t  i n f r e q u e n t l y  d i f f i c u l t  t o  d e l i m i t

from th e  s u r r o u n d i n g  s k i n ;  bu t  when t h i s  i s  p o s s i b l e  i t  i s  s e e n

t h a t '  t h e  e ry th e m a to u s  a r e a  i s  n e a r l y  al?<rays c i r c u l a r .  The d i a m e t e r

o f  t h e  r e a c t i o n  v a r i e s .  »*ith such a sm a l l  number of i n d i v i d u a l s

an a v e rag e  v a l u e  i s  not  o f  much u s e ;  bu t  i t  may be s a i d  t h a t  many

of  t h e s e  d e la y e d  r e a c t i o n s  m easured  from 8 to  14 mm. i n  d i a m e t e r .

The l a r g e s t  d e la y e d  r e a c t i o n  which t h e  w r i t e r  e n c o u n te re d  was i n

a y o u th  o f  17 y e a r s ;  i t  m easu red  22 mm. in  d i a m e te r  (The c r i t i c i s m

may be r a i s e d  t h a t  a r e a c t i o n  o f  8 mm. i n  d i a m e t e r  i s  no t  o f  much

cnseq uen ce ,  and may be due t o  c a u se s  o t h e r  t h a n  t h e  m a t e r i a l

i n j e c t e d .  I t  sho u ld  be n o te d ,  however, t h a t  Moloney and F r a s e r

in t h e i r  o r i g i n a l  p a p e r  (1927) gave i n s t a n c e s  o f  o r d i n a r y  p o s i t i v e

r e a c t i o n s  which  measured  6 mm. in  d i a m e t e r ) .  The d e la y e d  r e a c t i o n

i s  t h e r e f o r e  much l e s s  i n t e n s e  t h a n  an o r d i n a r y  Moloney r e a c t i o n .

F u r t h e r ,  t h i s  d e la y ed  r e a c t i o n  o b v i o u s l y  d e v e lo p s  s p o n t a n e o u s ly ,

and h a s  no r e l a t i o n  t o  t h e  t raum a  of t h e  n e e d le  p r i c k .  I n  t h i s

s e r i e s  t h e r e  a r e  a few d a t a  on th e  d u r a t i o n  o f  t h e s e  r e a c t i o n s ,
g

b u t  i t  would a p p ea r  t h a t  t h e  t im e  o f  th e  d ^ a p p e a ra n c e ,  l i k e  t h e  

t im e  of t h e  a p p e a ra n c e ,  i s  v a r i a b l e .  C e r t a i n l y  i n  some i n s t a n c e s  

t h e  r e a c t i o n  p e r s i s t s  f o r  a few days and th e n  f a d e s ,  l e a v i n g  a 

f a i n t  s t a i n .  In  t h o s e  i n s t a n c e s  i n  which a  s t a i n  a lo n e  was n o te d  

on t h e  s e v e n th  day i t  may be t h a t  t h e  a c t u a l  e ry them a a p p e a re d  a

a day o r  two p r e v i o u s l y  and t h e n  faded  q u i c k l y .



In  one i n s t a n c e  th e  r e a c t i o n l e o n s i s t e d  of  a  f a i n t  r e d  ‘a r e a t ^ l i .

The c h i l d ,  a hoy of  9 y e a r s ,  was i n j e c t e d  w i t h  t o x o i d  and s u f f e r e d  

no r e a c t i o n .  A month l a t e r  a second Moloney t e s t  was p e r f o r m e d ;  

t i e  r e s u l t i n g  r e a c t i o n  was now d e f i n i t e l y  p o s i t i v e  on t h e  sbcond 

day .  On b o th  o c c a s i o n s  th e  S ch ick  c o n t r o l  t e s t  was n e g a t i v e .

The w r i t e r  was o r i g i n a l l y  l e d  t o  d e s c r i b e  t h e  r e a c t i o n  

b eca u se  two o f  t h e  sev en  c a s e s  which  had been met w i t h  up to  t h a t  

t im e  had shown r e a c t i o n s  o f  some d e g re e  a f t e r  th e  i n j e c t i o n  o f  

t o x o id  i n  p r o p h y l a c t i c  d o se s  (Underwood, 1 9 3 4 ) .  I n  'one o f  t h e s e  

i n s t a n c e s  t h e  r e a c t i o n  'vjas q u i t e  a sh a rp  one. S in ce  l i t t l e  ?/as 

known i n  t h i s  c o u n t r y  e i g h t e e n  m onths  ago r e g a r d i n g  t h e  r e a c t i o n s  

which an i n d i v i d u a l  might  e x p e r i e n c e  on t h e  i n j e c t i o n , o f  uncon-  

c e n t r a l e d  t o x o i d s  of h i g h  p o t e n c y ,  t h i s  e x p e r i e n c e  seemed t o  r e n d e r  

i t  a d v i s a b l e  t o  recommend g r e a t e r  c a r e  in  th e  r e a d i n g  of t h e '

Moloney t e s t .  A l though t h e s e  two o b s e r v a t i o n s  show t h a t  t h e s e  

d e la y ed  r e a c t i o n s  may o c c a s i o n a l l y  e x p e r i e n c e  d e f i n i t e  r e a c t i o n s ,  

i t  would seem t h a t  th e  numbers who do so a r e  no t  i n  e x c e s s  o f  t h e  

M o lo n e y -n e g a t iv e  r e a c t o r s  who may l i k e w i s e  r e a c t  -  a l t h o u g h  a c t u a l l y  

t a k i n g  i n t o  a cc o u n t  t h e  f a c t  t h a t  t h e  i n c i d e n c e  i n  n e g a t i v e  r e a c t o r s  

was 2 in  2147 c a s e s  (o r  C . l  p e r  c e n t . )  w hereas  the  i n c i d e n c e  i n  

+1) c a s e s  was 2 i n  45 c a s e s  ( o r  4 . 4  p e r  c e n t ) ,  the  i n c i d e n c e 1 i n  t h e  

l a t t e r  was r e a l l y  v e ry  much g r e a t e r .  Even t h i s  l a t t e r  p e r c e n t a g e  

i s  to o  low, s i n c e  on ly  24 o f  th e  45 +D r e a c t o r s  were i n j e c t e d  

w i th  t o x o id  -  t h e  r e m a in d e r  b e in g  e i t h e r  immune o r  h a v in g  f a i l e d  

to a t t e n d  a t  the  t im e  f i x e d .  I n  t h e s e  24 c a s e s ,  b e s i d e s  th e  two 

m ent ioned  above who showed s i g n i f i c a n t  r e a c t i o n s ,  a n o t h e r  sev en  

m a n i f e s t e d  i n s i g n i f i c a n t  r e a c t i o n s  such as  r e d n e s s  a t  t h e  i n j e c t i o n  

s i t e  w i th o u t  o t h e r  Symptoms. I t  w i l l  be a p p a r e n t  f rom what h a s  

been w r i t t e n  p r e v i o u s l y  t h a t  t h e  +D r e a c t i o n  may a p p e a r  a t  a n y '  

age ove r  th e  f i r s t  y e a r  of  l i f e ,  b u t  g e n e ra l ly , . . t h e  c a s e s  t e n d  t o  be 

r e l a t i v e l y  more numerous i n  t h e  l a t e r  y e a r s  o f  c h i ld h o o d .



The Moloney Test perform ed a f t e r  th e  I n je c t io n  o f Toxoid

In  a d d itio n  to  th e  prim ary Moloney t e s t s  which have so f a r  

been d e a lt  w ith , a f u r th e r  s e r ie s  of t e s t s  was perform ed on 562 

in d iv id u a ls  a f t e r  th e  in je c t io n  of to x o id s  in  p ro p h y la c tic  doses;

33 of th e se  were rep ea ted  fo r  purposes of c o rro b o ra tio n . In  

g en e ra l th e se  post-M oloney t e s t s  were perform ed 1 month a f t e r  th e  

in je c t io n  o f th e  p ro p h y la c tic  -  or 5 weeks a f t e r  th e  i n i t i a l  

Moloney t e s t .  A Schick t e s t  was perform ed a t  th e  same tim e. Table 

L I I I  g iv es  th e  r e s u l t s  o f th e se  t e s t s  on th e  562 in d iv id u a ls .

TABLE L II I

(a) Prim ary M oloney-negatives which remained M -negative 514
(b) + cases which rem ained + (approx im ately  same degree) 1 2
(c) Cases o r ig in a l ly  f a i n t  + which became n eg a tiv e  10
(d) Cases o r ig in a l ly  nog. or f a i n t  + which became d e f . M+ 26

The most s ig n i f ic a n t  f e a tu re  which emerges from Table L I I I  

i s  th a t  p rim ary  n eg a tiv e  Moloney r e a c to r s  do n i t  tend  to  develbp 

a p o s i t iv e  Moloney re a c t io n  on th e  in je c t io n  o f toxo id  in  p rophy l

a c t ic  d oses. Of th e  26 cases c l a s s i f i e d  under (d) 24 were 

o r ig in a l ly  M oloney-negative, and became M oloney-positive a f t e r  

in o c u la t io n . S6me of th e se  re a c t io n s  were very  f a i n t ,  but a few 

were of moderate s iz e  though unaccompanied by in d u ra tio n . In  

a d d itio n  to  th e se  24 cases  in  t h i s  group, one case was o r ig in a l ly  

M oloney-positive and a f t e r  in o c u la tio n  developed a more in te n se  

re a c t io n :  th e  o th e r Sase was o r ig in a l ly  a +D r e a c to r ,  and a fte r

in o c u la tio n  showed a d e f in i t e  M+ re a c t io n  on th e  sedond day. 

Reference has a lread y  been made to  t h i s  case . An in te r e s t in g  

fe a tu re  of th e  in d iv id u a ls  in  group (d) was th e  case of two 

b ro th e r s .  They were o r ig in a l ly  te s te d  on th e  same day and both  

gave n eg a tiv e  r e a c t io n s .  When r e te s te d  aga in  a f t e r  in o c u la t io n  

both  m an ifested  d e f in i te  M+ r e a c t io n s .  Group (b) c a l l s  f o f  l i t t l e  

comment except to  account f o r  th e  sm all number of cases  in  t h i s  

group. I t  should be remembered th a t  most M oloney-positive 

re a c to r s  were d e a lt  w ith  by a sp e c ia l p rocedure and th a t  th ey  were 

not th e r fo re  due fo r  t e s t in g  along w ith  th e  o th e r  members of th e  

p a r t ic u la r  groups o f c h ild re n  to  which they  belonged. Group (c) 

i s  more in te r e s t in g .  Two of th e  te n  cases  in  t h i s  group were
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d e f in i t e  M+ r e a c to r s  who became M oloney-negative. Another seven 

gave o r ig in a l ly  a d e f in i t e  but very  f a in t  r e a c t io n .  The te n th  

case was o r ig in a l ly  a +D re a c to r  on th e  seventh  day. On r e t e s t in g  

th e  p a t ie n t  was hefeative on th e  second day, bu t a read in g  on th e  

seven th  day was u n fo r tu n a te ly  not made. I t  should be e s p e c ia l ly  

noted  in  connection  w ith  t h i s  subgroup of cases  th a t  none o f them 

showed any in d u ra tio n . I t  i s  p o s s ib le  th a t  th e  f e a tu re s  no ted  in  

t h i s  group may have been due to  th e  elem ent of e r r o r ;  f o r  example, 

a s l ig h t  v a r ia t io n  in  the  amount o r s tr e n g th  of th e  in je c te d  f lu id  

may have been re s p o n s ib le . On th e  o th e r  hand, th e re  i s  a p o s s ib i l 

i t y  th%t th e re  may be a t r a n s i t io n  f i e l d  between the  n e g a tiv e  and 

p o s i t iv e  Moloney s t a t e s ,  in  which a c e r ta in  amount o f f lu c tu a t io n  

may tak e  p la c e . At a l l  ev en ts , once a d e f in i t e  p o s i t iv e  Moloney 

s t a t e  -  w ith  in d u ra tio n  -  i s  e s ta b lis h e d , i t  seems to  be perm anent 

w ith in g th e  l im i t s  of t h i s  experim ent.

0 f8 r ie n  and P a r is h  (1932) d id  not no te  a n y ^ e n s i t i s a t io n "  

by th e  in fe c t io n  of to x o id , and th ey  am p lified  t h i s  d e f in i t io n  by 

say ing  th a t  none of th e  ch ild re n  who showed M oloney-negat ive 

r e a c tio n s  b efo re  imm unization gave "m ild” or " d e f in i t e ” r e a c t io n s  

a fte rw a rd s . On th e  whole th e  p re se n t s e r ie s  su p p o rts  t h i s  view . 

I t  i s  obvious th a t  " s e n s i t i s a t io n " ,  i f  i t  ta k e s  p la c e , i s  

com paratively  r a r e .  WeAa lso  bear in  mind th a t  t r a n s i t io n  from  

th e  M oloney-negative to  th e  M++ or M+++ s t a t e  i s  norm ally a 

g radual p ro c e s s . Hence we would expect th a t  a c e r ta in  number of 

ch ild re n  who had p re v io u s ly  g iven a M oloney-negative r e a c t io n  

would on r e te s t in g ,  even w ithou t the  in je c t io n  o f to x o id , g iv e  a 

f a in t  p o s i t iv e  r e a c t io n . From Table XLIV i t  i s  seen th a t  in  15 

y ea rs  th e  percen tage  of p o s i t iv e  Moloney r e a c to r s  changes from 2 

to  6 6  p e r  cen t -  or roughly  64 p er c e n t. Assuming th a t  th e  r a t e  

of change over t h i s  p e rio d  i s  co n stan t -  an assum ption which i s  

of course not s t r i c t l y  j u s t i f i e d  in  th e  l ig h t  of F ig .x iv  -  t h i s  

g iv es  an average r a te  of change of 4 .3  p er cent p e r annum fo r  a l l  

ages in  th e  p o p u la tio n  under 15 y e a rs . On t h i s  b a s is  th e  562 

in d iv id u a ls  who were r e te s te d  should have shown about 24 whose
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b o lo n e y  c o n d i t i o n  would h ave  changed'. . towards t h e  p o s i t i v e  end 

o f  th e  s c a l e .  I t  i s  i m p o s s i b l e  t o  decide-  w he ther '  o r  n o t - t h #  ~ han 

t o x o id  i n f e c t i o n s  h a s t e n e d  th e  p r o c e s s  in  t h e  26 c a s e s  i n  which 

t h i s  a c t u a l l y  happened .  I t  may he t h a t  t h e  t o x o i d  caused  a t r a n s i 

t i o n ,  which would n a t u r a l l y  have t a k e n  a b ou t  a y e a r ,  t o  become

e f f e c t e d  i n  a few w e ek s . ;- v

Sex I n c i d e n c e  o f  P o s i t i v e  Moloney H e a c t o r s .

The p o s s i b i l i t y  o f  a d i f f e r e n c e  i n  th e  sex  in c id en c e ih d f  -c  

p o s i t i v e  Moloney r e a c t o r s  d oes  not  a p p ea r  t o  have  been  i n v e s t i g a t e d  

p r e v i o u s l y .  In  t h e  p r e s e n t  s e r i e s ,  o f  t h e  2666 i n d i v i d u a l s  ,-U3f39X 

were m a le s  and 1275 wsrre f e m a l e s .  The i n c i d e n c e '  o f  t h e  d i f f e r e n t ,  

t y p e s  of  r e a c t i o n  i n  t h e  s e x e s  was a s  f o l l o w s :  -

+D t  ++ +++ T o t a l s
Males 33 136 97 40 306

f e m a le s  12 ' 91 76 34 213

Even when a cc o u n t  i s  t a k e n  o f  t h e  t o t a l  p r e p o n d e r a n c e  o f  m a t e s ,  

t h e s e  f i g u r e s  app ea r  to  i n d i c a t e  t h a t  a  p o s i t i v e  r e a c t i o n  i s  much 

more f r e q u e n t  in  t h e  m a le .  The group 15-19 y e a r s  i n  T ab le  XLIV 

however , was composed e n t i r e l y  of m a le s  i n  a l a r g e  r e s i d e n t i a l  

s c ho o l  (and t h e  t o t a l  p o p u l a t i o n  i n v e s t i g a t e d  d id  no t  embrace

any s i m i l a r  s e r i e s  o f  f e m a le s  a t  t h e s e  a g e s ) .  I f  t h e  p o s i t i v e '

c a s e s  a t  t h e s e  ages  a r e  d ed u c ted  f rom th e  d i f f e r e n t  g r o u p s ,  and 

th e  t o t a l  number o f  m a le s  i n  t h i s  s c h o o l  a t  t h e s e  a g es  (105) i s "  

d educted  from th e  t o t a l  number o f  m ales ,  a more a c c u r a t e  c om par iso n  

i s  o b t a i n e d .  The r e s u l t s ,  w i th  th e  p e r c e n t a g e s  f o r  a l l  m a le s  and 

fe m a le s  r e s p e c t i v e l y  f o r  each ty p e  of  r e a c t i o n ,  a r e  s e t  out  ihg 

Table  XIV* (The p e r c e n t a g e s  a r e  shown in  b r a c k e t s ) .

TABLE XIV
+D + + + +++ T o t a l s

Males 28 112 70 . 29 239
(1268) (2 .1 8 ) (8 .7 1 ) ( 5 .4 4 ) ( 2 .2 5 ) (1 8 .5 8 )
Females IS 91 76 34 213 -
(1275) (0 .9 4 ) (7 .1 4 ) ( 5 .9 6 ) ( 2 ,6 7 ) ( 1 6 .7 1 )

I t  i s  o bv io u s  from t h e s e  r e s u l t s  t h a t  t h e  i n c i d e n c e  o f  

a p o s i t i v e  Moloney r e a c t i o n  i s  p r a c t i a l l y  i d e n t i c a l  i n  m ales  and 

f e m a le s .



The Moloney T est in  D if fe re n t Members of th e  game Fam ily

The p o s s ib le  in f lu en c e  o f f r a t e r n a l  r e la t io n s h ip s  ** and 

th e  c lo se  a s s o c ia t io n  which th e se  imply -  in  h a s ten in g  th e  

development of p o s i t iv e  Moloney r e a c t io n s  has not h i th e r to  been 

in v e s t ig a te d . A part a l to g e th e r  from the  co n g e n ita l s ta n d p o in t, 

we might expect t h a t ,  i f  a number of b ro th e rs  and s i s t e r s  l i v e  

to g e th e r  in  a sm all house, and grow up th e re  exposed to  th e  

unmeasured e f f e c t s  of subminimal in f e c t io n s ,  th e  r e s u l t  m ight be 

th a t  s e n s i t i v i t y  m ight develop e a r l i e r  than  i t  would do i f  th e  

c h ild re n  were members o f se p a ra te  f a m il ie s .  I t  i s  d i f f i c u l t  to  

g e t d e f in i t e  evidence on th e se  q u e s tio n s .

In  th e  p re se n t s e r ie s  o f 2666 c a se s , 1430 in d iv id u a ls  

belonged to  as many se p a ra te  f a m il ie s ,  a fh e irem ain in g  1236 

in d iv id u a ls  were members of 503 d i f f e r e n t  f a m il ie s ,  and in  each 

of th e se  f a m il ie s  a t  l e a s t  two members were te s te d .  Table LV 

g iv es  d e t a i l s  of the  number in  each fam ily  and the  number o f th e se  

who gave a p o s i t iv e  Moloney r e a c t io n .  From t h i s  main ta b le  an 

ab b rev ia ted  ta b le  was p rep ared , th e  d iv is io n s  being : (a) on th e

h o r iz o n ta l  s c a le , 2 , 3, 4, 5 and over; and on th e  v e r t i c a l  

s c a le , a l l  n e g a tiv e , 1 p o s i t iv e ,  2 or more p o s i t iv e .  For t h i s  

ta b le  ^  m 41*68; f o r  n * 6, th e  corresponding  v alue  of P i s  

l e s s  than  0 .01 , which shows th a t  th e  d i s t r ib u t io n  i s  not random* 

The value  of -  v iz .  0.277 + *030 -  in d ic a te s  th a t  th e  

a s s o c ia tio n  between th e  number o f  c h ild re n  in  a fam ily  and th e  

number o f th e se  who w il l  g ive p o s i t iv e  Moloney re a c t io n s  i s  v ery  

s l i g h t .
TABLE LV

Moloney s t a t e
A ll n ega tive
1 p o s i t iv e
2 p o s i t iv e
3 p o s i t iv e
4 p o s i t iv e

T o ta ls

m  o of t  ch ild re n  $ e s ted in  fam ily
2 3 4 5 6 7 T o ta ls

252 54 23 3 1 . . 333
66 32 12 1 - - 111
24 15 10 2 - mm 51

3 3 1 • * 7
-  - mm •* 1 1

342 104 48 7 1 1 503

I t  has been po in ted  out th a t  in  a “fa m ily n in v e s t ig a t io n  
of t h i s  ty p e  i t  i s  im possib le  to  exclude more th an  a few o f th e



f a c to r s  which may presum ably in flu en c e  th e  r e s u l t s ,  N ev e rth e le ss ,

t h e s e  f i g u r e s  do su g g e s t  t h a t ,  when we meet with, s e v e r a l  members 

of  a f a m i l y  who happen to  g i v e  p o s i t i v e  Moloney r e a d i n g s ,  we can 

assume t h a t  t h i s  i s  due n o t  t o  t h e  f a c t  t h a t  t h e y  a r e  a l l  l i v i n g

t o g e t h e r  u n d e r  one r o o f ,  bu t  t o  th e  f a c t  t h a t  t h e y  must g e n e r a l l y

be of  d i f f e r e n t  a g e s ,  and t h a t  t h e r e f o r e  t h e  o l d e r  members have 

been l o n g e r  exposed  to  t h e  C . d i p h t h e r i a e . T h i s  c o n c l u s i o n  i s  

f u r t h e r  borne  o u t  by t h e  o b s e r v a t i o n  t h a t  i n  t h e e p r e s e n t  s e r i e s  

t h e r e  a r e  15 p a i r s  of t w i n s ;  i n  two of  t h e s e  p a i r s  one tw in  gave

a p o s i t i v e  r e a c t i o n  and t h e  o t h e r  a n e g a t i v e  r e a c t i o n ;  i n  t h e  o t h e r

t h i r t e e n  p a i r s  b o th  members gave n e g a t i v e  r e s u l t s .  C e r t a i n l y  t h e r e  

a re  some g ro u nd s  f o r  c o n s i d e r i n g  t h a t ,  i n  a l a r g e  u rb a n  a r e a '  i n  

which d i p h t h e r i a  i s  p r e v a l e n t ,  t h e  c han ces  o f  s e n s i t i s a t i o n  of  

c h i l d r e n  owing to t h e  f a c t  t h a t  t h e y  a r e  members o f  l a r g e  f a m i l i e s  

i s  not  g r e a t e r  t h a n  i t  would be i f  t h e y  were members o f  f a m i l i e s  

c o n s i s t i n g  o f  o n ly  one or  two c h i l d r e n ,  p r o v i d e d  t h a t  t h e y  were 

s t i l l  exposed t o  o t h e r s  o f  s i m i l a r  age o u t s i d e  t h e i r  homes.

D i s c u s s i o n  o f  t h e  s i g n i f i c a n c e  and a p p l i c a t i o n s  of  th e  T e s t .

A c o n s i d e r a t i o n  o f  th e  mechanism o f  p r o d u c t i o n  o f  a p o s i t i v e  

Moloney t e s t  i s  an i n t e r e s t i n g  s p e c u l a t i o n  on th e  b o r d e r l a n d  o f  

t h e  s tu d y  o f  a l l e r g y .  I t  was r e c o g n i s e d  by t h e  o r i g i n a t o r s  o f  t h e  

t e s t  t h a t  a p o s i t i v e  r e s u l t  did. id  no t  n e c e s s a r i l y  mean t h a t  t h e  

i n d i v i d u a l  was immune, and th e  p o in t - w a s  f u r t h e r  a m p l i f i e d  by 

McKinnon and Ross (1933) .  F u r t h e r  e v id e n c e  on t h i s  q u e s t i o n  i s  

p r e s e n t e d  i n  t h i s  p a p e r  in  th e  s e c t i o n  d e a l i n g  w i t h  t h e  r e l a t i o n s h i p  

between a p o s i t i v e  Moloney r e a c t i o n  and a p o s i t i v e  r e a c t i o n  to  th e  

h e a ted  t o x i n  o f  th e  S c h ick  c o n t r o l .  There  i s  a p o s s i b i l i t y  t h a t  

a p o s i t i v e  r e a c t i o n  may be an e x p r e s s i o n  of  t h e  development  o f  

a l l e r g y  due t o  e x p osu re  of  th e  i n d i v i d u a l  t o  p r o t e i n s  o f  d i f f e r e n t  

t y p e s .  The w r i t e r  has  n e v e r  been  s a t i s f i e d  w i t h  t h i s  view, and i n  

t h i s  p a p e r  a c e r t a i n  amount o f  i h d i r e c t t  e v id e n c e  i s  adduced which  

s u g g e s t s  t h a t  a p o s i t i v e  Moloney t e s t  p r o b a b l y  i n d i c a t e s  p r e v i o u s  

c o n t a c t  w i th  t h e  0 . d i p h t h e r i a s . So f a r  a s  our  p r e s e n t  knowledge 

e x te n d s ,  th e  ana lo g y  w i th  p r o t e i n  a l l e r g i c  r e a c t i o n s  i s  f a i r l y  

c l o s e .  Very s u g g e s t i v e  a r e  t h e  f a c t s  t h a t  t h e  s k i n  r e s p o n s e s  a r e  

s i m i l a r  in  th e  two c o n d i t i o n s ] . . t h a t  t h e  d e g re e  of  r e a c t i o n  f o r  th e



herd  a t  l e a s t  i f  n o t  f o r  t h e  i n d i v i d u a l , 1 i n c r e a s e s  i n  p r o p o r t i o n

to  th e  l e n g t h  o f  c o n t a c t  w i t h  t h e  a l l e r g e n  -  t h a t  i s ,  t h e  

J . d i p h t h e r i a e ; and t h a t  r e p e a t e d  t e s t s  a r e  u s u a l l y  i d e n t i c a l  i n  

ty p e ,  w i t h  t h e  e x c e p t i o n  o f  t h e  b o r d e r l a n d  r e a c t i o n s  a l r e a d y  

d i s c u s s e d .  I f  we a c c e p t  t h i s  t h e o r y ,  however, a p e c u l i a r - f e a t u r e  

em erges .  True p r o t e i n  s k i n  a l l e r g y  i s  found o n ly  i n  a v e ry  sm a l l  

p e r c e n t a g e  of  normal  i n d i v i d u a l s .  For example Bray  (1931) q u o te s  

B a k e rTs f i g u r e s  o f  t e n  p o s i t i v e  and e l e v e n  d o u b t f u l  r e a c t i o n s  t o  

v a r i o u s  t e s t  p r o t e i n s  i n  937 h e a l t h y  c h i l d r e n .  On t h e  o t h e r  hand,  

a l a r g e  p e r c e n t a g e  o f  a l l e r g i e s  -  f o r  example ,  a s t h m a t i c s  -  w i l l  

g iv e  a p o s i t i v e  s k i n  r e a c t i o n  t o  t e s t  p r o t e i n s ,  and i n  t h e  p a r t i c u l a r  

c ase  o f  t h e  Moloney t e s t  i t  would seem t h a t  we must  r e g a r d  ev e ry  

i n d i v i d u a l  i n  an u r b a n  community a s  a r e a l  o r  p o t e n t i a l  a l l e r g i c  f o r  

t h i s  p a r t i c u l a r  p r o t e i n  which i s  c o n ta in e d  i n  t h e  Moloney t e s t  f l u i d .

Many o t h e r  s u g g e s t i v e  f e a t u r e s  emerge from a c o n s i d e r a t i o n  o f  

t h e  t e s t  f rom t h i s  p o i n t  o f  v iew. For  example , Gibson and McGibbon 

(1932) w ork ing  w i t h  an s o l u b l e  i n t r a c e l l u l a r  p r o d u c t s  o f  h a e m o ly t i c  

s t r e p t o c o c c i ,  showed t h a t  i n  a c o n s i d e r a b l e  p r o p o r t i o n  of  s c a r l e t  

f e v e r  p a t i e n t s  an a l l e r g i c  s k i n  r e a c t i o n  cou ld  be p ro d uced  by t h e  

i n t r a d e r m a l  i n f e c t i o n  of  t h i s  m a t e r i a l  i n  t h e  second week of  t h e  

d i s e a s e  or  l a t e r .  I t  i s  n o te w o r th y  t h a t  t e  a l l  t h e i r  p a t i e n t s  

who were ove r  s e v en  y e a r s  o f  age deve loped  marked a l l e r g y .  These 

r e a c t i o n s  were a t  t h e i r  h e i g h t  i n  t h i r t y  s i x  h o u r s .  Coburn (1931) 

had p r e v i o u s l y  obse rv ed  t h a t  c a s e s  o f  a c u t e  rh eum a t i sm  were hype r 

s e n s i t i v e '  t o  t h e  n u e l e o - p r o t e i n s  o f  h a e m o ly t i c  s t r e p t o c o c c i ,  and 

s i m T i l a r  r e s u l t s  were o b t a in e d  by O o l l i s  (19 3 1 ) .  I f  we assume t h a t  

th e  Moloney r e a c t i o n  i s  i n  e f f e c t  t h e  r e s u l t  o f  h y p e r s e n s i t i v e n e s s  

to  some p r o t e i n  d e r i v e d  from t h e  d i p h t h e r i a  b a c i l l u s ,  o t h e r  f a c t s  

may be e n l i g h t e n e d  by t h e  a n a lo g y .  For  example, H a r l e y  (1933) 

working w i th  t h e  s e r a  o f  v a r i o u s  a n im a l s  d e s c r i b e d  d e la y e d  r e a c t i o n s  

which were p e r h a p s  s i m i l a r  i n  ty p e  to  t h e  d e la y e d  moloney r e a c t i o n .

Much work s t i l l  rem a in s  t o  be done on t h e  i n t e r v a l  be tw een  t h e  

i n j e c t i o n  o f  t e s t  p r o t e i n s  and t h e  t im e  o f  apxoearance o f  r e s u l t i n g  

r e a c t i o n s .  I t  i s  t h e r e f o r e  im p o s s ib l e  t o  g iv e  any r a t i o n a l

exP l a n a t i o n  o f  t h e  d e la y e d  Moloney r e a c t i o n .  There  seems t o  be



m .

"A , ■; ■ . . ' V
some e v id e n c e  t h a t  i t  r e p r e s e n t s  ah i n t e r m e d i a t e  s t a g e  be tw een  

th e  M olo n e y -n eg a t  ive- s t a t e  and t h e  development  o f  a f r a n k . , • 

p o s i t i v e  r e a c t i o n .  The i n f r e q u e n c y  o f  +1) r e a c t o r s  and t h e  e v id e n c e  

o b t a i n e d  f rom  c o n t in g e n c y  c o e f f i c i e n t s  d i s c u s s e d  p r e v i o u s l y  l e n d  

some s u p p o r t  t o  t h i s  v iew .  Obvious ly  i s  i s  n o t  m e re ly  a t im e  

f a c t o r  which  i s  i n v o lv e d .  D ic k in so n  (1922) saw s i x  i n s t a n c e s  i n  

1091 p o s i t i v e  S c h ick  t e s t s  where t h e  r e a c t i o n  d id  n o t  ap p ea r  u n t i l  

a f t e r  t h e  f o u r t h  day,  and some work o f  t h e  p r e s e n t  w r i t e r  c o n f i r m s  

t h e s e  o b s e r v a t i o n s .  Bu t ,  once t h i s  d e la y e d  S c h ic k  r e a c t i o n ,  

h a s  d e v e lo p e d ,  i t  r u n s  a normal  c o u r s e .  The d e la y e d  Moloney 

r e a c t i o n ,  on t h e  c o n t r a r y ,  i s  i n  e f f e c t  a r e a c t i o n  which i s  so 

m ild  t h a t  i t  f a i l s  t o  a p p e a r  a t  t h e  u s u a l  t im e .

Some f u r t h e r  f e a t u r e s  a r i s e  f rom  a d i s c u s s i o n  o f  t h e  v iew 

t h a t  a p o s i t i v e  Moloney r e a c t i o n  i s  due l a r g e l y . t o  p r e v i o u s  

c o n t a c t  w i t h  t h e  p r o d u c t s  o f  th e  J . d i p h t h e r i a e , and i s  e s s e n t i a l l y  

an a l l e r g i c  phenonomem. I t  h a s  a l r e a d y  been s t a t e d  i n  an  e a r l i e r  

s e c t i o n  t h a t  McKinnon and Ross t h o u g h t  t h a t  age m igh t  i n  i t s e l f  

be a f a c t o r  i n  t h e  development  o f  t h e  r e a c t i o n ;  and i t  was s u g g e s 

t e d  t h a t  t h e  r e s u l t s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  d id  n o t  g iv e  

much supxjort t o  t h e i r  v iew. The d a t a  on which t h e y  b ase  t h e i r  

opjin ion a r e  w o r th  c o n s i d e r i n g  more f u l l y .

These  a u t h o r s  d i v i d e d  t h e i r  c a s e s  a c c o r d i n g  to  age and 

Moloney s t a t e  r e s p e c t i v e l y .  They a l s o  gave a s e p a r a t e  t a b l e  

which i s  e n t i t l e d  " R e a c t io n  t e s t  r e a d i n g s  i n  TS c h i c k - n e g a t i v e s 1n.

I t  seems p r o b a b l e  f rom t h e i r  p a p e r  t h a t  t h i s  t a b l e  i n c l u d e s  

a l l  t h e  S c h i c k - n e g a t i v e  i n d i v i d u a l s  i n  t h e i r  main s e r i e s ,  b u t  

i t  shou ld  be emphasised  t h a t  t h i s  f a c t  i s  no t  d e f i n i t e l y  s t a t e d .

A p o r t i o n  o f  t h i s  t a b l e  i s  p roduced  h e r e  (T ab le  LVI )w i th  s l i g h t  

r e a r r a n g e m e n t .

Tab le  LVI (Abridged from McKinnon and Ross)

Age. No.Moloney- P e r c e n t -  No.Moloney P e r c e n t -  T o t a l
n e g a t i v e  age n e g a t i v e  p o s i t i v e ( a l l  age p o s -  Sch ick

t y p e s )  i t i v e  N e g a t iv e
0-1 5 ‘ 100 5

1 6 100  -  -  6
2 14 100 -  -  14
3 13 100 -  -  13
4 11 78.8  3 2 1 .4  14
5 58 9 3 .6  4 6 .5  62

14 5 2 .7  207 4 7 .3  438



McKinnon and Roos make t h e  f o l l o w i n g  comments on t h i s  t a b l e :

"The f a c t  t h a t  33 S c h ic K - n e g a t iv e  c h i l d r e n ,  1 -3  y e a r s  o f  age ,  

show no s e n s i t i v i t y  i s  s t r o n g  e v id e n c e  t h a t  immunity  may be 

o b t a i n e d  w i t h o u t  s e n s t i v i t y  d e v e lo p in g  a t  any t im e  d u r i n g  t h e  

p r o c e s s .  (The f a c t , t o o ,  t h a t  when u s i n g  t h e  d i l u t e d  t o x o i d  a s  a 

c o n t r o l  i n  t h e  S c h ick  t e s t  one f i n d s  in  t h e  p r e - s c h o o l  group  

a p p r o x i m a t e ly  one s e n s i t i v i t y  r e a c t i o n  f o r  ev e ry  f i v e  or s i x  

immune r e a c t i o n s ,  w h i l e  f rom s i x  y e a r s  on t h e  r a t i o  changes  t i l l  

a t  14 i t  i s  1: 1 , p r a c t i c a l l y  c o n f i rm s  t h i s  and s u g g e s t s  t h a t  age

p e r  se  i s  a f a c t o r  i n  t h e  development  o f  s e n s i t i v i t y . ) "  The 

argument o f  t h e  a u t h o r s  i s  e v i d e n t l y  a lo n g  t h e  f o l l o w i n g  l i n e s :

In  t h e  e a r l y  y e a r s  o f  l i f e . c e r t a i n  i n d i v i d u a l s  deveLp immunity  a s  

a r e s u l t  o f  c o n t a c t  w i t h  t h e  O . d i p h t h e r i a e ,  and y e t  no s e n s i t i z a t i o r
—n r - r i — r -*• « i- —■ ~ —. r -

o c c u r s ;  a s  age  ad van ces  s e n s i t i s a t i o n jb e c o m e s  i n c r e a s i n g l y  f r e q u e n t ,  

and t h e  p r o c e s s  p r o c e e d s  a t  a r e l a t i v e l y  g r e a t e r  r a t e  t h a n  t h e  

p r o c e s s  o f  n a t u r a l  im m u n iza t io n .  Hence i t  i s  p o s s i b l e  t h a t  age i n  

i t s e l f  i s  a f a c t o r  I n  t h e  deve lopm en t .  On f u r t h e r  e x a m in a t io n  of  

th e  t a b l e s  o f  McKinnon and Ross i t  was found  t h a t  t h e  t o t a l  number 

o f  c h i l d r e n  t e s t e d  a t  G - l ,  1 ,  2 and 3 y e a r s  was 12, 30, 39, 55 

r e s p e c t i v e l y .  I n  th e  p r e s e n t  s e r i e s  t h e  r e s p e c t i v e  t o t a l s  a t  t h e s e  

ages  were 49, 185, 177, 194, and amongst t h e  n e g a t i v e  S ch ick  

r e a c t o r s  in  t h e s e  c h i l d r e n  f i v e  p o s i t i v e  Moloney r e a c t o r s  were 

found ( s e e  TableXLIII*) • I t  might  be su g g e s te d  t h a t  t h e  f a i l u r e  t o  

f i n d  p o s i t i v e  Moloney r e a c t o r s  i n  t h e  T oronto  s e r i e s  was due t o  

t h e  s m a l l n e s s  o f  t h e  sam ples  a t  t h e s e  a g e s .  F u r t h e r  e x a m in a t io n  

showed, however ,  t h a t ,  whereas  i n  t h e  Toronto  s e r i e s  no p o s i t i v e  

Moloney r e a c t o r s  were found i n  38 Sch ick  n e g a t i v e  c h i l d r e n  u n d e r  

f o u r  y e a r s ,  t h e  f i v e  p o s i t i v e  Moloney r e a c t o r s  i n  t h e  Leeds se r ies*  

were found among o n ly  22 S ch ick  n e g a t i v e  c h i l d r e n .  R ig h t  t h r o u g h  

t h e  d i f f e r e n t  age g roups  marked d i f f e r e n c e s  were found in  t h e  

p e r c e n t a g e s  o f  c h i l d r e n  who were S ch ick  n e g a t i v e  i n  t h e  Leeds and 

Toronto s e r i e s  r e s p e c t i v e l y ;  b u t ,  s i n c e  i t  was m ent ioned  above t h a t  

i t  i s  n o t  c e r t a i n  t h a t  th e  Canadian Sch ick  n e g a t i v e  f i g u r e s  

in c lu d ed  a l l  such c a s e s  i n  t h e  main s e r i e s ,  t h i s  q u e s t i o n  w i l l  no t



F requency  o f  p o s i t i v e  Moloney r e a c to r s  ( a l l  d e g re e s )  i n  S ch i ck -ne g a t Ive  s  . 
expressed , a s  p e rc e n t age o f  t o t a l  S c h ic k -n e e a tiv e s  a t  eaoli a g e .

(D elayed  r e a c to r s  a re  in c lu d e d  a s  M oloney-negative i n  th e  Leeds s e r i e s )

tm tn a TOB0HTO

Age T o ta l H oIon- 
S ch ic k  ey  p e e . 

n eg .

P e r  cen t 
p o s i t iv e

T o ta l
S ch ick

n eg .

Molon
ey  p o s .

P e r  c e n t 
p o s i t i v e DS7PHBEVGB

0-1 8 0 0 5 0 0 -----

1 3 0 0 6 0 0 -----

2 3 3 100 14 0 0 -----

3 8 2 25 .0  ±10.3 13 0 0 ------

4 21 5 23*8 1 6*3 14 3 2 1 .4 1 7 .4 2 .4 1 9 .7

3 39 9 23 .1  ± 4 .6 62 4 6 .5 1 2 .1 1 6 .6 1 5 .1

6 67 17 2 5 .4 1  3 .6 439 70 1 5 .9 1 1 .2 9 .6 + 3 .S

7 38 14 3 6 .8  1 5 .3 536 84 1 5 .7 1 1 .1 2 1 .1 1 5 .4

8 39 16 4 1 .0  ± 5 .3 762 173 2 2 .7 1 1 .0 1 8 .3 1 5 .4

9 44 25 5 6 .8 1  5 .0 795 206 2 5 .9 1 1 .1 3 0 .9 1 5 .1

10 45 26 6 7 .8  ± 5 * 0 824 237 2 8 .8 1 1 .1 2 9 .0 1 5 .1

11 51 33 64 . 7 ± 4 .5 860 305 3 5 .5 ± 1 .1 2 9 . 214 .6

12 62 34 54 .8  ± 4 .3 662 337 3 9 .U 1 .1 1 5 .7 1 4 .4

13 37 24 6 4 .9 ±  5 .3 681 269 3 9 .5 1 1 .3 2 5 .4 1 5 .5

14 19 13 6 8 .4 1 7 .2 438 207 4 7 .3 1 1 .6 2 1 .1 1 7 .4

15-19 86 48 5 5 .8±  5 .6 mm



be c o n s i d e r e d  f u r t h e r  h e r e . .  The p e r c e n t a g e s  o f  Moloney -  p o s i t i v e ,  

r e a c t o r s  i n  S c h ic k  n e g a t i v e s  were i n  a d i f f e r e n t  c a t e g o r y ,  s i n c e  t h e  

f i g u r e s  were t a b u l a t e d  in  t h e  o r i g i n a l  p a p e r .  These f i g u r e s  f o r  t h e  

two c i t i e s  a r e  g iv e n  a lo n g  w i t h  t h e  p r o b a b l e  e r r o r s  i n  T ab le  LVII 

Since d e la y e d  r e a c t i o n s  a r e  n o t  i n c lu d e d  i n  t h e  Toronto  s e r i e s ,  t h e  

de layed  r e a c t o r s  i n  Leeds ai’e h e re  c o n s id e r e d  a s  Moloney n e g a t i v e s .

I t  i s  s e e n  from th e  t a b l e  t h a t  a t  n e a r l y  e v e ry  age o v e r  

f o u r  y e a r s  -  when t h e  p e r c e n t a g e s  become s i g n i f i c a n t  -  t h e  p e r c e n t a g e  

of  Leeds S c h ic k  n e g a t i v e  r e a c t o r s  who showed p o s i t i v e  Moloney 

r e a c t i o n s  was a lm o s t  doub le  t h e  p e r c e n t a g e  f o r  Toron to  S c h ic k  n e g a 

t i v e s  a t  c o r r e s p o n d i n g  a g e s .  These d i f f e r e n c e s  m ight  be due t o  a t  

l e a s t  t h r e e  s e p a r a t f i f a c t o r s .  F i r s t l y ,  a d i f f e r e n t  s t a n d a r d  of  

r e a d i n g  may have  been  a d o p te d .  In  c o n s i d e r i n g  t h i s  p o i n t  i t  sho u ld  

be remembered t h a t ,  a l t h o u g h  t h e  c l a s s i f i c a t i o n s  a dop ted  were n o t  

s t r i c t l y  i d e n t i c a l  i n  t h e ^ s e r i e s ,  t h e  broad  t e rm  " p o s i t i v e  Moloney 

reactor** i n c l u d e s  f o r  b o th  s e r i e s  a l l  p e r s o n s  who showed any r e a c 

t i o n  a t  a l l  a t  t h e  i n f e c t i o n  s i t e .  The second p o s s i b i l i t y  i s  t h a t  

the  Moloney t e s t  f l u i d  used  i n  Toron to  may have d i f f e r e d , !  i n  

s t r e n g t h  o r  q u a l i t y  o r  b o th  from t h a t  u sed  i n  t h i s  c o u n t r y .  The 

w r i t e r  ha s  some e v id e n c e  t h a t  th e  s t r e n g t h  o f  t h e  t o x o id  u se d  does  

have an e f f e c t  on t h e  numbers o f  p e r s o n s  who g i v e  p o s i t i v e  r e s u l t s ,  

but  t h e  d i f f i c u l t y  o f  e x c lu d in g  age and o t h e r  f a c t o r s  p r e v e n t s  i t s  

p r e s e n t a t i o n .  T h i r d l y ,  t h e  d i f f e r e n c e s  may be due t o  e n v i r o n m e n t a l  

or  b i o l o g i c a l  f a c t o r s  which canno t  e a s i l y  be a s s e s s e d .  I t  sh o u ld  be 

remembered, however, t h a t  d u r in g  t h e  t im e  when t h e s e  i n v e s t i g a t i o n s  

were p r o g r e s s i n g  i n  Leeds ,  t h e  p red o m in an t  ty p e  o f  0 . d i p h t h e r i a e  

in  t h e  c i t y  was t h e  g r a v i s  s t r a i n ,  which in  a d d i t i o n  to  c a u s i n g  a 

se v e re  form o f  t h e  d i s e a s e  a l s o  e x e r t s  i t s  e f f o r t s  i n  t h e  d i r e c t i o n  

of t h e  b r e a k i n g  down o f  e s t a b l i s h e d  immunity (Underwood, 1935b) and 

s e c t i o n  (h)  o f  t h i s  Thesis).*

The p e r c e n t a g e s  which a r e  g iv e n  i n  T ab le  LYII-were  

P l o t t e d  on a l o g a r i t h m i c  s c a l e  (Fig..; xv ) .  I t  i s  s e e n  from t h e  

g raphs  t h a t ,  a l t h o u g h  t h e r e  were such  marked d i f f e r e n c e s  i n  t h e  • 

a c t u a l  v a l u e s ,  t h e  r a t e s  a t  which S ch ick  n e g a t i v e s  d ev e lo p



C ranstoun , 
Briber Lanef

ANSWC

2 8 th  O ctober, 1935*

ESHER,
Surrey*

She R e g i s t r a r ,
She U n iv e r s i ty ,
GLASGOW.

Dear S i r ,

On th e  3 rd . i n s t .  I  forw arded p e r  r e g is t e r e d  p o s t ,  ad d re ssed  to  

the  Dean o f  th e  F a c u l ty  o f  M edicine, a t  th e  R e g i s t r a r 's  O ff ic e ,  a  T h e s is  f o r  

the deg ree  o f  H*D* 1 have n o t so f a r  re c e iv e d  an  acknow ledgm ent, and I  

should be g la d  to  know w hether th e  package was re c e iv e d  sa fe ly *

P art 1 o f  th e  T h es is  was e r ro n e o u s ly  cop ied  and bound up -  a s ,  1 th in k ,  page 

140 o f  th e  com plete T hesis*  As th e  t e x t  r e f e r s  to  th e  l a t e r  v e r s io n ,  w hich 

1 enc lo se  h e re w ith , some s l i g h t  co n fu s io n  may r e s u l t .  I  shou ld  th e re fo re  be 

very g r a te f u l  i f  you could  have t h i s  draw ing in s e r te d  a t  th e  a p p ro p r ia te  p lace*  

1 may m ention th a t  th e  p a r t i c u l a r  s e c t io n  -  S e c tio n  (d) -  in  w hich t h i s  

f ig u re  o c c u rs  w i l l  be p u b lish e d  in  th e  Jo u rn a l o f  Hygiene in  a  few w eeks, and 

i f  any f u r th e r  p ro o f  i s  re q u ire d  1 should  be p le a se d  to  fo rw ard  a  u n iv e r s i ty  

of Cambridge P re s s  p ro o f ,  d a te d  29 th  J u ly , 1935, in  w hich th e  en c lo se d  v e r s io n  

of th e  f ig u re  i6  p r in te d *

I t  has j u s t  come to  my n o t ic e  th a t  an  e a r l i e r  v e r s io n  o f  Fig* xv in

Yours f a i t h f u l ly ,
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s e n s i t i v i t y  t o  t o x o i d  a s  age advances  i s  p r a c t i c a l l y  t h e  same i n  

th e  two c i t i e s .  I t  h a s  a l r e a d y  been  m en t ioned  t h a t  i n  t h e  d i f f e r e n t  

age groups t h e r e  were marked d i f f e r e n c e s  i n  t h e  p e r c e n t a g e s  of  

c h i l d r e n  who were S ch ick  n e g a t i v e  i n  t h e  Leeds and T oron to  s e r i e s  

r e s p e c t i v e l y .  Hence, t h i s  s i m i l a r i t y  i n  t h e  r a t e s  o f  deve lopm ent  

of  i i o l o n e y - p o s i t i v e n e s s  i n  S c h i c k - n e g a t i v e s  i s  a d d i t i o n a l  e v id e n c e  

t h a t  deve lopm ent  o f  t h e  two c o n d i t i o n s ,  S c h i c k - n e g a t i v e n e s s  and 

M o l o n e y - p o s i t i v e n e s s ,  i s  c l o s e l y  a s s o c i a t e d  -  p o s s i b l y  more so t h a n  

would be t h e  c a se  i f  age i n  i t s e l f  were an im p o r t a n t  f a c t o r  i n  th e  

development  o f  t h e  s e n s i t i v i t y .

P r a c t i c a l  c o n s i d e r a t i o n s .

The p r a c t i c a l  w orker  who i s  abou t  t o  u s e  u n d i l u t e d  t o x o i d s  

of  h ig h  p o t e n c y  w i l l  be f a c e d  writh t h e  q u e s t i o n  o f  w h e th e r  i t  i s  

p s s i ib l e  o r  e x p e d i e n t  t o  d i s p e n s e  w i t h  t h e  Moloney t e s t  i n  v iew o f  

th e  f a c t  t h a t  by i t s  i n c l u s i o n  t h r e e  i n j e c t i o n s  have t o  be g i v e n  a t  

t h e  t im e  when t h e  p r im a r y  Sch ick  t e s t  i s  p e r fo rm e d .  The e v id e n c e  

of  t h i s  p a p e r  i s  t h a t  t h e  t e s t  i s  ex t re m e ly  u s e f u l  from t h e  p r a c t i c a l  

p o i n t  o f  v iew, and t h e  w r i t i n g s  o f  Burke and of  Meliinnon and Hoss 

show t o  what e x t e n t  i t  has  been  employed i n  Canada. The d i f f i c u l t y  

which f a c e s  w o rk e r s  i n  t h i s  c o u n t r y  was e v i d e n t l y  met w i t h  i n  T o ro n to  

a l s o ,  f o r  i t  w i l l  be remembered t h a t  t h e  S c h i c k - c o n t r o l  i n j e c t i o n  was 

abandoned i n  t h a t  c i t y .  Hence, when t o x o id  i s  u s e d  a s  a p r o p h y l a c t i c  

in  t h i s  c o u n t r y  t h e r e  would seem t o  be a c a se  f o r  t h e  r e t e n t i o n  of 

the  t e s t .  Of t h e  2666 c a s e s  which a r e  d e s c r i b e d  h e r e ,  519 p o s i t i v e  

Moloney r e a c t i o n s  o f  a l l  t y p e s  were met w i th ;  b u t  i n  t h e  same c a s e s  

the  number o f  p s e u d o - r e a c t i o n s  t o  t h e  Sch ick  t e s t  was o n ly  85 .  I n  a 

pape r  which i s  a t  p r e s e n t  i n  p r e p a r a t i o n  i t  w i l l  be shown t h a t  i t  i s  

im p o s s ib le  t o  d e c i d e ,  a p a r t  from a n t i t o x i n  t i t r a t i o n  o f  t h e  b lo od  

serum, w h e th e r  many o f  t h e s e  p s e u d o - r e a c t o r s  a r e ,  o r  a r e  n o t ,  immune. 

The w r i t e r  i s  consequen t ly  o f  o p i n io n  t h a t ,  i f  one t e s t  h a s  t o  be 

o m i t te d ,  t h a t  t e s t  shou ld  c e r t a i n l y  be t h e  S ch ick  c o n t r o l  and n o t  

the  Moloney i n j e c t i o n .  I t  has  been shown t h a t  one t e s t  c anno t  

he used  a s  a s u b s t i t u t e  f o r  t h e  o t h e r ,  and of  t h e  two t h e  i n f o r m a t i o n  

g iv en  by t h e  Moloney t e s t  i s  much t h e  more i m p o r t a n t .



A word should be sa id  reg a rd in g  th e  im portance of the  

Moloney t e s t  where alum p re p a ra tio n s  are  u sed . Many of th e  

persons d e a lt  w ith  in  t h i s  s e c tio n  were in je c te d  w ith  such 

p re p a ra t io n s , and a p rev io u s  communication (Underwood, 1935a) 

d e a lt  w ith  th e  s ig n if ic a n c e  of th e  t e s t  when used p r io r  to  th e  

in fe c t io n  in  p ro p h y la c tic  doses of th e  l a t e s t  development of th e  

alum group -  v iz , a lu m -p re c ip ita te d  toxo id  (A .P .T .) , and th e  

q u es tio n  has been considered  fu r th e r  in  S ec tio n  (g) o f t h i s  

T h es is . I t  i s  only  n ecessa ry  to  say here  th a t  w ith  t h i s  

m a te r ia l  M oloney-negative perso n s gave no t ro u b le ,  whereas 

r e a c t io n s  of v a rio u s  ty p es  were met w ith  in  M o lo n ey -p o s itiv es . 

The w r i te r  i s  o f op in ion  th a t  t h i s  t e s t  i s  e s s e n t i a l  whenever 

such p re p a ra t io n s  are  to  be used in  any th ing  more than  minimum 

p ro p h y la c tic  do ses.



PART I .

SECTION(e)

ON THE USE OP TOXOID AND OP ALUM TOXOID IN MULTIPLE

DOSES IN DIPHTHERIA PROPHYLAXIS.

Of a l l  substances which have been used in the past 

twelve years as diphtheria prophylactics few are so in teresting  

as toxoid and i t s  alum modifications. Toxoid was f ir s t  prepared 

by Ehrlich before the War, and Lowenstein in  h is  work on diphtheria  

and tetanus toxoids showed that these could act as e f f ic ie n t  

antigens. Glenny and Sudmersen (1921) succeeded in changing 

diphtheria toxin to toxoid completely by the agency of jfiormaldehyde, 

and Olenny and Hopkins (1923) suggested i t s  use for human

immunization. The advantages of such a preparation are obvious;

the toxoid contains no sera and consequently serum phenomena do 

not follow  i t s  use; and since the toxin has been more or le s s  

completely converted into toxoid by the aid of heat and formalin, 

there i s  no p o ss ib ility  of d issociation  with the subsequent 

liberation  of free toxin. Schroder and Park (1923) immunized 

a number of children with a modified toxin d ilu tion , and in  the 

same year Ramon (1923) used a completely modified toxin upon

humans. This was the origin of "anatoxine”, which has been

extensively used in Prance and other Continental countries during 

the la st twelve years.
i t  i s  no part of the purpose of th is paper to discuss 

Ramon’ s claim for priority; th is  writer has set out h is fu l l  case 

in numerous contributions to the litera tu re  (see £or example 

(Ramon (1931a) and Ramon (1934a) and 1934b). These claims have 

been b riefly  though adequately dealt with by Okell (1831). It  

should however be mentioned at th is  point that for many years the 

toxoid which Ramon and h is colleagues used was consistently  of an

Lf
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Lf v alue  of about 10 u n i t s  p er com. R ecently  th e se  w orkers have 

used to x o id s  o f £0 and 30 u n i t s  p e r ccm. (see  N ic o lle  (1933), and 

Ramon, N e lis  and Lacomble (1933). A ll th e  to x o id s  which were used 

in  t h i s  in v e s t ig a t io n  were o f Lf value o f a t  l e a s t  20 u n i t s  p e r 

ccm. and th e  s tro n g e s t to x o id  employed had an a n tig e n ic  value  o f 

65 Lf u n i t s  p e r ccm.

In &reat B r i ta in  toxo id  was used on a few n u rse s  by 

Nash in  1924. T h e ra f te r  th e re  was a break  u n t i l  1932 when Dudley 

(1932) p u b lish ed  th e  r e s u l t s  of an im portan t in v e s t ig a t io n  c a r r ie d  

out on you ths a t  Greenwich H o sp ita l School. T his in v e s t ig a t io n  

w il l  be r e f e r r e d  to  l a t e r .  O’B rien  and P a r ish  (1932) re p o r te d  

th e  u se  o f  p o te n t u n concen tra ted  form ol to x o id  in  248 Schick 

p o s i t iv e  c h ild re n ; 95 p e r  cen t were n eg a tiv e  w ith in  two to  fo u r  

weeks of th e  f i n a l  in f e c t io n .  P a r ish  (1933) l a t e r  d e a l t  w ith  th e  

use of t h i s  m a te r ia l  f o r  theim m unization o f tu b e rc u lo u s  c h i ld re n . 

Underwood (1934a) d esc rib ed  the  r e s u l t s  ob ta in ed  by u s in g  th e se  

p o te n t form ol to x o id s  in  348 Schick p o s i t iv e  c h ild re n , and found 

th a t  84 to  96 p e r cen t were Schick n eg a tiv e  w ith in  fo u r  weeks, 

and 90 to  100 p e r cen t w ith in  e ig h t weeks. L a te r p ap e rs  d ea lin g  

w ith  to x o id s  w i l l  be d iscu ssed  in  th e  t e x t .  V arious r e p o r ts  have 

emanated from o th e r  c o u n tr ie s  reg a rd in g  th e  use  o f  to x o id . P ark  

and Z ingher (1924) in o cu la ted  over 1 ,700 c h ild re n  w ith  t h i s  

m a te r ia l  and Zingher (1925) l a t e r  made a sp e c ia l s tudy  of 100 

in d iv id u a ls .  R oubinovitch , L oiseau and L a f a i l le  (1924) s tu d ied  

260 c a se s . In  Canada Bloomberg and Fleming (1927) in o c u la ted  

278 c h ild re n  w ith  Ramon’ s ana tox ine , and in  the  U nited S ta te s  

Schwartz and Janney (1930) immunized 128 c h ild re n  w ith  to x o id , 

and Ray (1931) made a su g g estiv e  study  of 358 in d iv id u a ls .  F u rth e r  

p a r t i c u la r s  reg a rd in g  th e  h is to ry  of toxo id  w i l l  be found in  th e  

papers by Ray (1931) and by K re itz  (1932). Most o f th e se  to x o id s  

have been of Lf value under 10 u n i t s .

The work of Glenny and h is  co lleag u es  (Glenny and B arr 

(1931) and Glenny, B u tt le  and Stevens (1931)) showed th a t  i t  was 

p o ss ib le  to  p r e c ip i t a t e  th e  a c tiv e  f a c to r  o f c e r ta in  to x o id s  by



by means of alum, and th a t  th e se  p r o p e r t ie s  possessed  very  

h igh  a n t ig e n ic  p r o p e r t ie s ,  w ith  th e  a d d i t io n a l  advantage th a t  

th e  p r e c ip i t a t e  was absorbed slow ly from the  t i s s u e s .  Glenny and 

h is  co-w orkers (1931) suggested from th e i r  ex p erim en ta l work in
i S

anim als t h a t ,  when an a n tig e n  wsps in je c te d  in to  th e  t i s s u e s ,  a 

co n d itio n  o f c o n tin u a l s tim u la tio n  i s  produced “by le s s e n in g  

q u a n t i t ie s  of a n tig e n  a c tin g  on t i s s u e s  whose power of response 

i s  r a p id ly  in c re a s in g " . They further suggested  th a t  the  a c t io n  o f 

th e  alum was to  r e ta in  th e  a n tig e n  in th e  t i s s u e s  u n t i l  th e se  had 

acq u ired  th e  power of responding ra p id ly  to  th e  s tim u lu s .

Saunders (193B) in  Cork showed th a t  alum to x o id  (A.M.T.) was a 

v ery  e f f i c i e n t  immunizing agent when employed in  th re e  d oses.

A d isadvan tage  in  u s in g  i t  i s  the  p o s s i b i l i t y  of th e  occurrence 

of subcutaneous ab scesses  due to  th e  r e te n t io n  of th e  alum in  th e  

t i s s u e s .  In  the  s e r ie s  of 579 cases  which Saunders d esc rib ed  

subcutaneous ab scesses  were met w ith  fo u r  tim es . A part from 

D u d ley ^  work in  th e  sem i-closed  community a t  Greenwich alum 

p re p a ra t io n s  were f i r s t  used in  s in g le  doses on th e  g en e ra l 

p o p u la tio n  by th e  p re se n t w r i te r  (1934c), (1935a). T his communica

t io n  w i l l  d ea l w ith  alum p re p a ra tio n s  when used in  two doses, and 

a f u l l e r  d isc u ss io n  ofl the  h is to ry  of toxo id  p r e c ip i t a n t s  i s  

g iven  in  s e c tio n  ( f ) .

Scape of th e  P re sen t I n v e s t ig a t io n .

T his p aper d ea ls  w ith  c h ild re n  who were immunized in  Leeds 

w ith  p o te n t form ol to x o id s  and w ith  alum to x o id s  d u rin g  th e  p e r io d  

from March 1933 to  September, 1934. The in v e s t ig a t io n  in c lu d es  

th o se  cases which were rep o rted  in  a p rev io u s paper (Underwood, 

1934) and o th e r  f e a tu re s  of th e  immunity s t a t e  have been 

d iscu ssed  in  o th e r communications. The appendix c o n ta in s  d e t a i l s  

o f th e  p ro toco ls which were used in  t h i s  in v e s t ig a t io n .  I t  should  

be s ta te d  th a t  c e r ta in  sm all gfolipa had to  be om itted  from th e  

in q u iry  owing to  the  f a c t  th a t  they  were used fo r  th e  p re lim in a ry  

t e s t in g  out o f new m a te r ia ls  which n e c e s s i ta te d  th e  use of grouper; 

which were too  sm all to  g ive s ig n i f ic a n t  r e s u l t s .
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SUB-SECTION A - POTENT FORMOL TOXOIDS.

N a tu ra l Immunity S ta t e .

I t  has been shown re p e a te d ly  th a t  in  g en e ra l th e  h ig h e r  the  

frequency o f Schick s u s c e p tib le s  in  th e  p o p u la tio n  th e  low er is  

th e  irm nunizA bility of th a t  p o p u la tio n . For example, Z ingher (1922) 

found th a t  when immunizing c h ild re n  from d i f f e r e n t  schoo ls w ith  

to x in  a n t i to x in  m ix tu re , th e  schoo ls w ith  a low r e l a t i v e  immunity 

r a te  were more d i f f i c u l t  to  immunize than  those in  which th e  r a t e  

was i n i t i a l l y  h ig h e r . This f a c to r  i s  o f im portance in  co n s id e rin g  

the  e f f e e t  of v a rio u s  p ro p h y la c tic s  on c h ild re n  drawn from d i f f e r e n t  

a re a s , s in c e  obv iously  a p ro p h y la c tic  which g iv e s  a s a t i s f a c to r y  

r e s u l t  in an a re a  in  which th e  im m unizab ility  i s  h ig h  may not do 

n e a rly  so w ell in  ano th er a rea  in  which im m un izab ility  i s  low. Too 

much s t r e s s  cannot be la id  on t h i s  p o in t s in ce  in  th e  l i t e r a t u r e  i t  

is  not uncommon to  f in d  c r i t i c is m s  of r e s u l t s  which a re  made w ithou t 

any reg a rd  fo r  th e  n a tu ra l  immunity r a te  of th e  sam ples upon which 

the  in v e s t ig a t io n s  a re  c a r r ie d  o u t. F u rth e r , in a la rg e  urban a rea  

the immunity r a te  may vary  accord ing  to  the  environm ent from which 

the v a r io u s  groups a re  drawn, and consequently  undue c r e d i t  may be 

given to  a p a r t i c u la r  p ro p h y la c tic .

The question  as to  what c o n s t i tu te s  a re a so n ab le  degree 

of im m unizab ility  i s  com plicated and cannot be d e a lt  w ith  in  t h i s  

paper. In  s e c tio n  (b) o f th i s  T hesis w i l l  be found, however, a 

d iscu ss io n  o f th e  n a tu ra l  immunity r a t e  in Leeds and o th e r  a re a s .

I t  was shown then  th a t  th e  n a tu ra l  immunity r a t e  in  Leeds i s  much 

lower th an  in  most o th e r a re a s .

The c h ild re n  in  su b -sec t ion|A. of t h i s  paper can be d iv id ed  

broadly  in to  two o a te o g rie s  -  th o se  who had two or th re e  doses of 

toxo id  r e s p e c t iv e ly . The p e rcen tag es  of p o s i t iv e  r e a c to r s  on i n i t i a l  

te s t in g  o f th e  groups which made up th e se  two groups a re  g iven  in  

Table ^V III.



Table LVIII.

Resulta of Primary Schick Teste.

3- dose Groups 2- dose Groups

G-roup T o ta l Tot a l P e rcen t- G-roup T o ta l T o ta l P ercen t
Ho. te s te d p o s i t iv e p o s i t iv e No. te s te d p o s i p o s i t iv e

t iv e
1 25 20 80 .0 9 34 29 85 .3
2 23 18 78.3 11 51 43 84 .3
3 85 68 80 .0 13 60 49 81.7
4 22 21 95.5 15 54 48 88.9
5 29 26 89.7 16 45 34 75.6
6 207 174 84 .0 17 45 36 8 0 .0
7 31 29 93.6 18 40 35 87.5
8 33 29 87.9 19 93 87 93 .5
10 63 60 95.3 20 76 66 86.8
12 62 54 87*1 21 91 82 90.1
14 _ 39 j s a 71.8 22 54 46 85 .2

24 55 50 90.9
619 527 25 52 45 86.5

26 27 20 74.1
27 53 44 8 3 .0

830 714

3 doses fo r  a l l groups, t o t a l  positiv<3 - 85 .1+0.97 p e r  cen t

2 closes fo r  a l l  g roups, t o t a l  p o s i t iv e  - 86.0+0.81 p e r cent

The p e rcen tag e  of p o s i t iv e  r e a c to r s  in  th e  619 in d iv id u a ls  

was 85 .1+0.97; fo r  th e  two dose ca teg o ry , as a whole, th e  p ercen tag e  

of p o s i t iv e s  in  830 in d iv id u a ls  was 86 .0^0 .81 . I t  w i l l  he ev id en t 

th a t none of th e  in d iv id u a l groups v a rie d  s ig n i f i c a n t ly  from th e se  

f ig u re s , and th a t  th e  c h i ld  p o p u la tio n  o f Leeds, d e s p ite  th e  continued  

high inc idence  of d ip h th e r ia  from 1931 onwards, was la r g e ly  made up 

of c h ild re n  who were S c h ic k -p o s itiv e ; and who th e re fo re  had a very  

low im m unizab ility .

Time to  produce e f f e c t iv e  immunity.

The e a r l i e r  p a r t  of th e  p re sen t in v e s t ig a t io n  was concerned 

not only  w ith  th e  es tab lish m en t of a s a t i s f a c to r y  dose, but a ls o  w ith  

the  d e te rm in a tio n  o f a s u ita b le  in te r v a l  between the  l a s t  dose and 

the  f in a l  Schick t e s t .  This in te r v a l  i s  very im p o rtan t, e s p e c ia l ly  

when a community i s  beginning to  experience a r i s e  in  d ip h th e r ia  

inc idence. I f  th e  in te rv a l  n ecessary  fo r  th e  p ro d u c tio n  of a nega

t iv e  Schick t e s t  i s  a long  one, then  th e re  w il l  be l i t t l e  l ik e l ih o o d  

th a t an im m unization campaign w il l  be ab le  to  produce th e  d e s ire d  

r e s u l t s  in  th e  tim e which i s  a v a i la b le .  T o x o id -an tito x in  m ix tu re



( nT.A.Mir) was very  la rg e ly  used in  t h i s  coun try  u n t i l  com parative ly  

r e c e n tly ,  when i t s  p la ce  was p a r t ly  taken hy to x o id -a n t i to x in  

f lo c c u le s  (T .A .F ). In  c e r ta in  a re a s  the r e s u l t s  o b ta in ed  w ith  

!,T.A.Mn were s a t i s f a c to r y ,  but in  Leeds i t  was found th a t  t h i s  

p ro p h y la c tic  re q u ire d  an unduly long in te r v a l  b e fo re  th e  e s ta b l i s h 

ment o f immunity could be dem onstrated . For example, in  one group 

of 549 c h ild re n  upon whom a f i n a l  Schick t e s t  was perform ed, about 

s ix  months a f t e r  th e  f i n a l  in f e c t io n  8 f l!T.A#Mlf 138 (25 .1+1.25  

p e r ce n t)  showed a p o s i t iv e  r e s u l t .  In  one group o f 105 c h ild re n  

between the  ages o f f iv e  and seven y e a rs , 46 p e r  cen t were p o s i t iv e  

when te s te d  seven months a f t e r  th e  th i r d  in f e c t io n .  Such r e s u l t s  

could presum ably be improved by the  u se  of more pow erfu l m a te r ia ls  

fo r  im m unization. The e a r l i e r  group in  the p re s e n t s e r ie s  were 

f i n a l  te s te d  approxim ately  n ine  weeks a f t e r  th e  th i r d  immunizing 

in fe c t io n . TablejLIX g iv es  th e  r e s u l t s  ob ta in ed  fo r  th e se  f iv e  

groups.

TABLE LIX.

Group Ho. T o ta l in o c u la ted  Ho. o f  P ercen t
and te s te d  n eg a tiv e  n eg a tiv e

1 17 16 94.1+3.9
2 18 18 100 -
3 56 56 100
4 20 18 .9 0 .0+ 4 .5
5 20 19 95 .0+ 3 .3

Three of th e se  groups were r e a l ly  te s te d  a f t e r  an in te r v a l  of 

seven weeks (see  Appendix). The assum ption th a t  th e  in te rv a l  was 

nine weeks in  every group e r r s  on the  sa fe  s id e , s in c e  i f  th e  

in d iv id u a ls  had been te s te d  aga in  a t n ine weeks i t  i s  p r a c t i c a l l y  

c d r ta in  th a t  a la rg e r  p ro p o rtio n  would have been n e g a tiv e . The 

mean* fo r  t h i s  s e r ie s  i s  96.9+1.02 p e r  c e n t. P a r t i c u l a r s  fo r  

s ix  groups of ch ild re n  whose ages were more o r le s s  s im ila r  and 

who a lso  had th re e  doses b u t who were te s te d  fo u r  weeks a f t e r  th e  

th i r d  dose, a re  g iven in  Table I*X.

♦Note - In  t h i s  paper th e  means fo r  d i f f e r e n t  groups are  a l l  

w eighted.



TABLE IX

Group T o ta l in o c u la te d  N o.nega- P _ercen t
Bo. and t e s te d  t iv e  n e g a tiv e .

6 144 121 8 4 .0 ^2 .1
7 25 24 96 .0+ 2.6
8 26 24 92 .3+3.5
10 53 41 77.4+3.9
12 46 37 80 .4+ 4 .0
14 20 15 75 .0+6.5

The mean f o r  th i s  s e r ie s  i s  83.1+1.43 p e r c e n t. The d if fe re n c e  

between th e se  two means, v iz , 13.8+1.76 p e r c e n t, i s  s ig n i f ic a n t  

and o f c o n s id e rab le  m agnitude. B roadly , t h i s  d if fe re n c e  p ro b ab ly  

r e p re s e n ts  th e  in c reased  p ro d u ctio n  of immunity which took  p la c e  

d u ring  the  fo u r or f iv e  weeks which e lapsed  a f t e r  th e  f i r s t  month. 

( I t  w i l l  be seen l a t e r ,  however, th a t  the m a te r ia l s  and in te r v a ls
th o i t

of Table IX a re  d if f e r e n t  from feast of Table LIX, so th a t  em phasis 

cannot be p laced  upon t h i s  in c re a se  in  the  r a t i o  immunized).

Ohet p o in t does, however, emerge from t h i s  c o n s id e ra tio n . The 

r e s u l t s  o b ta in ed  a f t e r  an in te rv a l  o f fo u r weeks were s u f f i c i e n t ly  

s a t i s f a c to r y  to  w arrant th e  adop tion  o f t h i s  p e rio d  as a s tan d ard  

f o r  th e  rem ainder o f  th e  in v e s t ig a t io n .

R e la tiv e  e f f ic ie n c y  of th re e  doses and of two doses 
________________ of to x o id________________________

Few in v e s t ig a t io n s  d ea l w ith  t h i s  p o in t in  a s a t i s f a c to r y  

manner. In  many th e  m a te r ia l  employed i s  not the same in  d i f f e r e n t  

groups o f  c h ild re n , and in  o th e rs  the  doses a re  not o f the same 

s iz e .  In  the  p re se n t in q u iry  two comparable s e r ie s  were a v a i la b le ,  

c o n s is t in g  of 145 and 140 c h ild re n  r e s p e c t iv e ly . The m a te r ia l  

employed -  a form ol toxo id  (B8337) o f Lf 53 u n i t s  p e r ccm. -  was 

th e  same tho roughout.

T ables IXI and IX II g ive  the  d e ta i le d  r e s u l t s  and the 

means fo r  th re e  doses and fo r  two doses r e s p e c t iv e ly .  In  Table 

IXIljthe in te rv a l  be t wen th e  doses was fo u r weeks, excep t in  

greup 11 in  which i t  was th re e  weeks.



ISO.

TABLE LXI.

B8337 (Lf 53 u n i ts )  3 doses (each 1 com- ) a t  weekly in t e r v a l s .

Group Ho. in o c u la te d  In te rv a l*  Ho. P e rc e n t
Ho. and te s te d  nega- n eg a tiv e

t iv e
8 2B 4 £4 92 .3+3.5
10. 53 4 41 77.4+3.9
1£ 46 4 37 80 .4+ 4 .0
14 £0 4 15 75.0+6.5

Mean = 80.7+2.21 p er cent

♦ In te rv a l in  weeks between th i r d  dose and f i n a l  Schick t e s t .

TABLE f f l L

B8337 (Lf u n i t s  53) 2 doses (each 1 ccm .) a t-w e e fe ly - in te rv a ls  

Group Ho. in o c u la ted  In te rv a l*  Ho.nega- P ercen t
Ho. and te s te d  t iv e  n e g a tiv e

9 18 3 16 88 .9+ 5 .0
11 36 4 29 80 .6+ 4 .5
13 46 4 39 84 .8+ 3 .6
15 40 4 30 75 .0+4.6

Mean = 81.4+2.22 p e r cen t
♦See no te  to  Table LXI.a

The d if fe re n c e  betw een th e se  means i s  0 .7+3.13 p e r  

c e n t, -  which i s  o b v io u sly  not s ig n i f i c a n t ,  Hence th e re  i s  a 

prim a f a c ie  ease fo r  b e lie v in g  th a t  th e  r e s a l t s  ob ta in ed  by th e  

use o f  th re e  doses i s  id e n t ic a l  w ith  th a t ob ta ined  w ith  two doses. 

The r e s u l t  may p o s s ib ly  dppemd more i$>on th e  in te rv a l  between doses 

and th e  s iz e  of dose than upon th e i r  a c tu a l  npnber. But th e se  

f ig u re s  do not t e l l  us w hether two doses wouldbe as s a t i s f a c to r y  

as th re e  a f t e r ,  say, not one month but th re e  o r  fo u r  months.

In  o th e r words, would th re e  doses be more su c c e s s fu l than  two 

doses, in  immunizing th e  20 p e r  cent or so o f c h ild re n  who s t i l l  

remained Schick p o s i t iv e  a f t e r  one mon&h ? From the  T ables which 

a re  g iven  in  a p rev io u s  paper (Underwood,1935b) and se c tio n  (h) 

of th i s  th e s i s  i t  w il l  be seen th a t  so f a r  as any r e l ia n c e  ean be 

p laced  on th e  sm all number o f Schick p o s i t iv e s  who r e la p s e ,  th o se  

c h ild re n  who had had two doses of FT were ap p a ren tly  no more l i a b l e  

to  co n tra c t c l in ic a l  d ip h th e r ia  th an  were c h ild re n  who had had 

th re e  doses.



These f in d in g s  should he compared w ith  th o se  of o th e r  

w r i te r s .  For example, H arrison  (1930) g iv es  the r e s u l t s  o f 

im m unization o f c h ild re n  w ith  to x o id s  which were of Lf 4 to  11 

u n i t s  p e r  ccm. (The a c tu a l  numbers of th o se  who were n eg a tiv e  

are  not g iven  in  th e  p a p e r ) .  These f ig u re s  and th e  p robab le  

e r ro r s  have th e re fo re  been c a lc u la te d  from the  p e rc e n ta g e s , which 

a re  g iv e n .}Three doses of to x o id  immunised 91 .9+ 2 .0  p e r cen t o f 

86 c h i ld re n . Two doses o f v a rio u s  to x o id s  immunised -  a f t e r  119 

days -  94 .7+ 1 .0  p e r  cent of 318 c h ild re n . The d if fe re n c e  between 

th e se  p e rcen tag es  i s  2 .8+ 2 .2 , which i s  not s ig n i f i c a n t .  Again, 

two doses o f  to x o id  o f Lf 4 u n i t s  immunised 98.6+0.9 p e r  cen t of 

72 c h ild re n . The d if fe re n c e  between t h i s  f ig u re  and 91£+2.0 

i s  6 .7+2.2  -w hich i s  not very  s ig n i f i c a n t .  Hence i t  would appear 

th a t  H arriso n s  f ig u re s  do not s u b s ta n t ia te  th e  assum ption th a t  

th re e  doses a re  b e t t e r  or worse than  two doses when a p o s t-S c h ic ^  

t e s t  i s  perform ed about fo u r  months a f t e r  th e  f i n a l  in f e c t io n .  

Munroe and Volk (1934) t r e a te d  461 c h ild re n  w ith  Hew York C ity  

to x o id  (8-J- Lf u n i t s  p e r ccm.) and they  found th a t  two doses each 

of 1 ccm. immunised 85 .5  p e r cent a f t e r  two months, and th a t  th re e  

doses, each o f 1 com., immunised 92 .3  p e r cent in  th e  same in te r v a l .  

I t  i s  p robab le  th a t  th e  d if fe re n c e : was no t s ig n i f i c a n t ;  

th i s  i s ,  however, only  an assum ption, s in ce  the  a c tu a l numbers 

upon which th e  p e rcen tag es  were c a lc u la te d  a re  not g iven  in  t h e i r  

paper. On th e  o th e r  hand, a f t e r  twfelve months th e  p e rcen tag es  

fo r  the  same two dose and th re e  dose groups were 93 .1  and 95 .6  

r e s p e c t iv e ly . This does not suggest th a t  th re e  doses were any 

b e t te r  than  two doses even a f t e r  t h i s  lo n g  in te r v a l .

E ffe c t of t o t a l  amount of Toxoids used fo r  im m unization.

I t  i s  o f te n  assumed th a t  th e  E ff ic ie n c y  of a p ro p h y la c tic  

depends upon i t s tfs t r e n g th B -  th a t  i s ,  upon i t s  Lf v a lu e . For 

example, Dudley (1932) showed th a t  s tro n g  to x o id  was a much more 

e f f i c ie n t  an tig en  than  weak toxo id  -  Dudley1s "weak" to x o id  being 

a to x o id  d i lu te d  1 in  10. When the  p re se n t in v e s t ig a t io n  was 

planned over two y ea rs  ago i t  was assumed th a t  p robab ly  e f f ic ie n c y  

increased  d i r e c t ly  w itJ^increase in  Lf v a lu e , and th a t  p rob ab ly



an u l t im a te  optimum value w4H be reached  which would g ive  

e f f i c i e n t  im m unization. Throughout th e  in v e s t ig a t io n  th e  groups 

were arranged  to  throw  some l ig h t  on t h i s  q u e s tio n . The a v a ila b le  

d a ta  w i l l  be d iv id ed  in to  two s e c tio n s  -  th o se  groups which had 

th re e  doses and two dOses r e s p e c t iv e ly .

The groupsjkhich had th re e  doses and which were f i n a l  

te s te d  fo u r  weeks a f t e r  th e  th i r d  in f e c t io n  a re  s e t  out in  

Table IX I I I .  In  th e se  groups th e  d if fe re n c e  between the

TABLE LXI 11 

Three dose groups in  o rder o f e f f ic ie n c y

Group

7
8
6

IS  
10 
14

h ig h e s t and low est B8337 groups i s  17 .3  + 7 .4 . This i s  not 

d e f in i t e ly  s ig n i f i c a n t ,  so th a t  th e  w eighted mean of th e se  groups 

should re p re se n t th e  e f f ic ie n c y  o f B8337. The mean i s  80*7+2.2 

per c e n t. The d if fe re n c e  between t h i s  mean p e rcen tag e  and th e  

p ercen tag es fo r  groups 7 and 6 a re  15 .3  + 3 .4  and 3 .3  + 3 .0 .

The form er i s  s ig n i f ic a n t ,  th e  l a t t e r  i s  n o t .  In  both  th e  

r e s u l t s  produced by th re e  doses o f to x o id  o f m oderate Lf va lue  

were b e t te r  th an  those  produced by a very  s tro n g  to x o id .

In  th e  same way th e  groups which had two doses a re  

s e t out in  o rder of e f f ic ie n c y  in  Table LXIV. (Groups 26 

and 27 were o f a s p e c ia l  n a tu rd , and were o m itted ; tw jr  

w i l l  be d iscu ssed  l a t e r .  Summing the  r e s u l t s  in  th e  ta b le

Bo. M a te ria l T o ta l Lf Per c e n t.
U n its  n e g a tiv e

60 84 .0  + 2 .1

B248C 78 96 .0  + 2 .6
B8337 160 92.3  + 3 .5
B8152*
B263*
B8337 160 8 0 .4  + 4 .0
B8337 160 77 .4  + 3.9
B8337 160 75 .0  £  6 .5

* eq u iv a len t b a tch es  of m a te r ia l



TABLE LXIV.

Two dose ted tiiies In  o rd e r of e f f ic ie n c y

Group Ho. M a te r ia l T o ta l Lf u n i t s Humber
in je c te d

P ercen t 
negat ive

9 B8337 110 18 88 .9+ 5 .0
21 B8553 110 52 88 .5+ 3 .0
25 B8553 110 37 86.5+3.8
17 B8553 110 27 85 .2+ 4 .6
13 B8337 110 46 84 .8+ 3.6
11 B8337 110 36 80.6+ 4.5
16 B8553 110 25 80 .0+ 5 .4
20 B8553 110 54 79.6+3.7
19 B8553 110 67 76.1+3.5
15 B8337 110 40 75.0+4.6
24 B8553 110 48 75.0+4.2
18 B8553 110 22 63.6+6.9
22 B8605 130 31 58.1+ 6 .0

fo r  th o se cgttgtypft which had one hundred and te n  u n i t s  - i . e . ,

a l l  th e  groups except Ho. 22 - we f in d  th a t  th e  mean i s  80 .3+ 1 .2  

p e r c e n t. The d if fe re n c e  between t h i s  mean and the p e rcen tag e  fo r  

th e  s in g le  group which had 130 u n i t s  i s  22.2+6.1 p e r c e n t, which 

i s  ju s te  s ig n i f i c a n t .  I t  should be noted th a t  t h i s  d if fe re n c e  i s  

co n s id e rab le , and th a t  th e  groups fchich had th e  sm a lle r t o t a l  I f  

u n i t s  gave b e t te r  r e s u l t s  th an  th e  group which had 130 u n i t s .

Thai con c lu sio n s which a re  to  be drawn from t h i s  s e c t io n  

and from th e  p reced in g  one appear to  be th a t ,  so f a r  as th e  r e s u l t s  

one month a f t e r  th e  f i h a l  in je c t io n  a re  concerned, i t  does no t 

m a tte r w hether we use two doses o r th re e ,  nor does i t  m a tte r  how 

many t o t a l  Lf u n i t s  a re  g iven , provided th a t  a minimum t o t a l  

dosage i s  in je c te d .  In  t h i s  in v e s t ig a t io n  th e  minimum t o t a l  

dosage was between 60 and 80 u n i t s  - but i t  i s  p o s s ib le  th a t  a 

sm a lle r dose might have been eq u a lly  e f f e c t iv e .  With o th e r  

p ro p h y la c tic s  th e  r e s u l t s  might o f course have been d i f f e r e n t .

I t  i s  in te r e s t in g  to  compare th e se  r e s u l t s  w ith  th o se  

ob ta ined  by o th e rs .  Monroe and Volk (1934) used a co n cen tra ted  

toxoid of 30 Lf u n i t s  p e r ccm. on 229 c h ild re n , th e  dose being  

a s in g le  in je c t io n  of 1 ccm. A fte r  two months 68.7 p e r  c e n t, 

and a f t e r  tw elve months 90.5 p er cent were n e g a tiv e . On th e  o th e r  

hand, w ith  a s in g le  1 ccm. in je c t io n  o f  Hew York to x o id (L f 8 j)  

only 40 p e r cen t were n eg a tiv e  a t  the  end o f two months, and 57 

p er cent a t th e  end of a y e a r. The r e s u l t  w ith  a M ichigan to x o id



is*.

of Lf 7-jg- were very  s im ila r .  Hence th e se  w r i te r s  have g iv en

some ev idence th a t  th e  a n tig e n ic  value  does have some e f f e c t

on th e  e f f ic ie n c y  o f a to x o id  so f a r  as a s in g le  in f e c t io n  i s

concerned. But i t  should he borne in  mind th a t  a t o t a l  dosage

of about 8 u n i t s  is  p o s s ib ly  not s u f f ic ie n t  to  p rov ide  a minimum

stim u lu s re q u ire d  fo r  e f f e c t iv e  im m unization. Ramon and h is

co lleag u es  have c a r r ie d  out se v e ra l in v e s t ig a t io n s  on th e se  l i n e s  -

though i t  must be sa id  th a t  none of the  to x o id s  used in  h is

in v e s t ig a t io n s  appears to  have been o f r e a l ly  h igh  v a lu e ; th e

Lf value o f th e  s tro n g e s t to x o id  used was 30 u n i t s .  Ramon, Tim bal,
n

and N e lis  (1932) used to x o id  of 16 L f, Lf and 2 Lf r e s p e c t iv e 

ly  on groups o f c h ild re n . The w r i te r  has c a lc u la te d  the  p ereen tage i 

and p robab le  e r ro r s  from th e  f ig u re s  g iven  by th e se  a u th o rs .

The d if fe re n c e  Betwefen th e  means fo r  th e  16 Lf and 7 Lf groups 

was 14 .4+2.2  p e r cen t; and between th e  7 Lf and 2 Lf groups was 

71.0+5.2  p e r c e n t. More e x ten s iv e  f ig u re s  were g iven  by th e  same 

au th o rs  in  a l a t e r  paper (1933). The to x o id s  used  were a p p a re n tly  

th e  same, and th e  re s p e c tiv e  d if fe re n c e s  were 12.9+2.1  p e r  cen t 

and 66.3+6.6  p e r c e n t. In  o th e r  words Ramon's work ten d s  to  

show th a t  th e  s tre n g th  of th e  toxo id  does a f f e c t  th e  f e s u l t s  

w ith  to x o id s  up to  16 L f . In  th e  p re se n t in v e s i tg a t io n  no to x o id  

had an Lf fcalue below 20. Hence th e re  would seem to  be some 

ground fo r  sug g estin g  th a t  th e  t o t a l  dosage of to x o id  must be o f 

a c e r ta in  minimum value i f  optimum r e s u l t s  a re  to  be o b ta in ed , 

but over th e  minimum value th e  s tre n g th  does not appear to  e x e rc is e  

any marked e f f e c t .

The f in d in g s  from anim al experim ents m o re  o r  l e s s  b ear 

out th ese  co n c lu s io n s . For example, Asakava (1933), working w ith  

Ramon, c a rr ie d  out experim ents s i  18 r a b b i ts  w ith  to x o id s  o f 7,

12 .5 , 20 and 30 Lf u n i t s  r e s p e c t iv e ly .  The course o f im m unisation 

was fo llow ed by a n t i to x in  t i t r a t i o n  o f th e  pooled se ra  from th e  

d if fe re n t  groups, andby in trac u tan e o u s  re a c t io n s  on in d iv id u a l 

anim als. From th e  ta b le s  which Asakava g iv e s  th e re  appears to  

be a s l ig h t  balance in  favour of th e  to x o id  of 30 Lf u n i t s ,  but



but t h i s  i s  by no means d e f in i t e .  The 7 Lf to x o id  gave alm ost 

as good r e s u l t s  as th e  to x o id  o f 20 L f. The experim ents may o f 

course be c r i t i c i s e d  from th e  p o in t o f  view o f th e  sm alln ess of 

th e  sam ples. D esp ite  th e  f in d in g s  which a re  se t out in th e  p aper 

Asakava concludes r a th e r  p a ra d o x ic a lly  th a t  a l l  th e  in fo rm atio n  

which h is  experim ents fu rn ish ed  could have been su p p lied  e q u a lly  

w ell by th e  f lo c c u la t io n  r e s u l t ,  th a t  i s ,  by Ramon* s Lf v a lu e . 

Schmidt (1933) used to x o id s  o f  16-17, 8 .5 , 4 .5 , and 0 .8  Lf u n i t s  

r e s p e c t iv e ly  on gu inea p ig s ; f i f t y  anim als were p u t up a t each 

t e s t .  Schmidt concluded th a t  q u a l i ta t iv e  d if fe re n c e s  between 

to x o id s  p layed an im portant p a r t  in  de term in ing  t h e i r  a n t ig e n ic i ty ,  

though in  the  absence of q u a l i ta t iv e  d if fe re n c e s  th e  Lf v a lu e  gave 

a good idea  of th e  potency o f a p a r t i c u la r  to x o id . P o v itzk y  (1932) 

a lso  showed th a t  in  gu inea p ig s  the  degree o f im m unization in c rease i 

w ith  th e  s tre n g th  of the to x o id , but here again  th e  s tro n g e s t 

to x o id  used had an Lf value o f on ly  11.6  u n i t s .

I t  w i l l  be obvious th a t  t h i s  q u es tio n  has not y e t  been 

d e f in i t e ly  s e t t l e d .  The m a tte r  i s  o f some im pprtance, s in c e  in  th e  

m anufacture of an alum toxo id  i t  i s  d e s ira b le  th a t  the  s in g le  dose 

should co n ta in  s u f f ic ie n t  Lf u n i t s  to  e f f e c t  ra p id  im m unization.

A cursory  rev iew  of the  l i t e r a t u r e  of th e  q u es tio n  w i l l  show th a t  

th e  in v e s t ig a t io n s  d e a lt  w ith  in  most p ap e rs  r e f e r  to  to x o id s  o f  

Lf value below 20 u n i ts  - th e  excep tio n  being  th e  work of Ramon 

and h is  colleagues who used to x o id s  up to  30 u n i t s  in  v a lu e .

In  th e  p re se n t in v e s t ig a t io n  th e  weakest to x o id  used had an Lf 

value o f 20 u n i t s ;  most of th e  to x o id s  were o f  Lf 53 u n i t s ,  and 

the  s tro n g e s t toxo id  had an Lf value  of 65. These f a c t s  suggest 

th a t  when to x o id s  a re  (s^Jed in  two or th re e  doses, each of lcem . 

the  a n tig e n ic  value i s  of im portance up to  20 to  30 Lf u n i t s ,  bu t 

th a t a f t e r  t h i s  l im i t in g  value has been reached  no th ing  i s  to  be 

gained by u s in g  an even s tro n g e r  to x o id .
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I n te r v a ls  between doses.

I t  i s  o f te n  s ta te d  th a t  a to x o id  g iven  in  th re e  doses 

a t  in te r v a ls  o f  two weeks between th e  doses i s  much more e f f e c t iv e  

th an  th e  same to x o id  given in  th re e  doses a t  weekly i n t e r v a l s .

T his in v e s t ig a t io n  was designed to  t e s t  t h i s  and s im ila r  s ta tem en ts  

T ables LXV and LXVI show the  r e s u l t s  o b ta in ed  w ith  two d i f f e r e n t  

to x o id s , each of Lf 53 u n i t s  p e r ccm., when used in  two doses 

a t  in te r v a ls  of fo u r and th re e  weeks r e s p e c t iv e ly .  The d if fe re n c e  

between th e  mean fo r  fo u r  weeks and th re e  weeks fo r  B8337 i s  

1*2+5.2 p e r  c en t, and th e  corresponding  d if fe re n c e fo r  B8553 

is  6 .1+ 3 .0  p e r  c e n t. Hence th e re  was no s ig n i f ic a n t  d if fe re n c e  

between th e  r e s u l t s  o b ta in ed  w ith  in te rv a ls  of fo u r  weeks and o f  

th re e  weeks re s p e c tiv e ly  w ith  e i th e r  b a tch  o f m a te r ia l  u sed .

TABLE LXV,

B8337 (Lf 53 u n i t s ) :  Two doses, each 1 ccm.

4 weeks i n t e r v a l .

Group T o ta l H o.of Per cent
Ho. in je c te d  n eg a tiv e  n eg a tiv e

9
13
15

18
46
40

16
39
30

88.9+5.0
84.8+3.6
75.0£4.6

Mean* 81 .8+2.6

3 weeks in te r v a l

Group T o ta l Ho. P e rcen t 
Ho. in je c te d  Hega- nega

t iv e  t iv e

11 36 29 80 .6+ 4.5

TABLE LXVI.

B8553 (Lf 53 u n i t s ) :  Two doses, each 1 ccm.

4 weeks in te rv a l

Group T o ta l H o.of P ercen t
Ho. in je c te d  Hega- n eg a tiv e

t iv e

20 54 43 79.6+3.7
21 52 46 88 .6+ 3 .0

Mean « 84 .0+ 2.4

3 weeks in te rv a l

Group T o ta l Ho. P e rcen t 
Ho. in |e e td d  nega- nega

t iv e  t i v e

80 .0+ 5 .4  
85 .2+ 4 .6  
63.6+6.9  
76.1+3.5  
75.0+4.2  
86 .5+3.8

16 §5 20
17 27 23
18 22 14
19 67 51
24 48 36
25 36 32

Mean * 77.9+1.9
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In  exam ining th e  groups which had th re e  doses, groups

1 to  6 in c lu s iv e  were not a v a ila b le  s in ce  th e se  c h ild re n  had th e i r

p p st-S ch ick  t e s t  a t  n ine  weeks. Table Lxvh g iv e s  th e  r e s u l t s
and one week

obta ined  w ith  in te r v a ls  of two w eeks/re s p e c t i^ y b e t  ween each dose . 

I t  w i l l  be noted from th e  d e t a i l s  g iven  in  th e  Appendix th a t  groups 

6 and 7 were t r e a te d  w ith  d i f f e r e n t  though eq u iv a le n t to x o id s ; 

groups 8, 10, IE and 14 were a l l  t r e a te d  w ith  th e  same to x o id  

(B8337). The d if fe re n c e  between th e  two means in  Table LXVII

TABLE LXVII.

Three doses, each 1 ccm.

Two weeks in te r v a l

Group T o ta l No. v f  P ercen t 
No. in je c te d  nega- n eg a tiv e  

t iv e

6 144 121 84.0+2.1
7 25 24 96 .0+2.6

Mean = 85.8+1.8

One weeks in te r v a l

Group T o ta l No. P e rcen t
No. in je c te d  nega- n eg a tiv e

t iv d

8 26 24 92 .3+3.5
53 41 77.4+3.9

t Z  46 37 80 .4+ 4 .0
20 15 75.0+6.5

Mean = 80 .7+2.2  ~
14

is  5 .1+2.9  p e r c e n t. Hence, w ith  th e  p a r t i c u la r  to x o id s  used ,

i t  ap p a re n tly  did  not m a tte r  w hether th e  in te r v a l s  between th e

doses were of one week or of two weeks. Ide and Kato (1933)

used Ramon1s to x o id  on 3579 c h ild re n . The f i r s t  s e r ie s  re ce iv ed

toxo id  a t in te rv a ls  of th re e  weeks between th e  f i r s t  and second

doses, and two weeks between th e  second and th i r d .  A fte r  fo u r

months 73 p er cent were n e g a tiv e . In  th e  second s e r ie s  th e  th re e

doses were g iven a t  weekly in te r v a ls ,  and a f t e r  fo u r  months 74.6

per cen t were n e g a tiv e . In th a t  in v e s t ig a t io n  a l t e r a t i o n  of the

in te rv a l  had th e re fo re  no e f f e c t  upon th e  e f f ic a c y  of th e  to x o id .

H arrison  (1932) in o c u la ted  318 c h ild re n  w ith  two 1 ccm. doses o f
one

toxo id  w ith  an in te rv a l  o f th i r ty /d a y s  between th e  d o ses;

94.0+0.9 p e r  cent were n eg a tiv e . Another s e f ie s  o f 72 c h ild re n  

rece iv ed  the same doses w ith ! an in te rv a l  o f 42days between; 98.6+ 

0.9 per cent were n eg a tiv e . There was a p p a re n tly  some evidence 

th a t  the  in c reased  in te rv a l  tended to  produce a s l i g h t Improvement 

in  the  immunizing e f f e c t ;  s in ce  th e  d if fe re n c e  between th e se



r e s u l t s  i s  4 .6 + 1 .3 , which i s  ju s t  s ig n i f i c a n t .

Summing up t h i s  s e c tio n  we may conclude th a t ,  c o n tra ry  

to  what i s  o f te n  s ta te d ,  weekly in te r v a ls  between doses where 

th re e  doses a re  g iven , and in te r v a l s  o f th re e  weeks between doses 

where two doses a re  g iven  w il l  g ive q u ite  s a t i s f a c to r y  r e s u l t s .

E ffe c t  of s i t e  o f I n je c t io n .

T his f a c to r  i s  seldom co n sid ered , and indeed seldom 

m entioned, in  p ap ers on th i s  s u b je c t .  Most w orkers in je c t  th e  

p ro p h y la c tic  subcu taneously  in  the  arm; a few employ th e  le g .

Clfcus Jensen  recommends th a t  th e  in je c t io n  should be g iven  sub

cu t aneously  in  th e  scap u la r  re g io n , in  o rder to  avoid i r r i t a t i o n  

and a p o s s ib le  r e a c t io n  as a r e s u l t  of m uscular movement (see  

Leach, Glaus Jensen  and Poch, 1935). The whole q u es tio n  i s  o f  

im portance only  so f a r  as th e  in d iv id u a l’s l i a b i l i t y  to  develop 

r e a c t io n s  i s  conce^edp and i t  w i l l  be considered  from th a t  ang le 

in  ano ther communication. In  t h i s  s e c tio n  i t  i s  however d e s ira b le  

to  co n sid er w hether th e  s i t e  and mode of in je c t io n  have any bearing  

upon th e  r e s u l t s  o b ta in ed  w ith  any p a r t i c u la r  to x o id .

F o r  o rd in a ry  work th e  w r i te r  has a s l ig h t  p re fe re n c e  fo r  

in tram u scu la r in je c t io n  in  th e  l a t e r a l  a sp ec t of th e  th ig h . I f  the 

need le i s  en tered  normal to  the sk in  and w ith  a ra p id  movement, 

th e re  i s  p r a c t i c a l ly  no p a in  as a r e s u l t  o f the  in je c t io n ;  f u r th e r ,  

th e  la rg e  m uscles r e ta in  th e  f lu id  e a s i ly  and do not p d n a it a$y 

t r a n s ie n t  sw e llin g . The w r i te r  was a lso  under th e  im pression  th a t  

th e  s l ig h t  red  a rea  which i s  l i a b l e  to  fo llo w  a subscutaneous 

in je c t io n  was much le s s  marked i f  th e  in tram u scu la r method was 

u sed . T his f e a tu re  w i l l  be d iscu ssed  e lsew here. In  the  p re se n t 

s e r ie s  in tram u scu la r in je c t io n  in  th e  th ig h  was employed fo r  a l l  

groups up to  No. 23 in  th e  appendix. As a s t a r t  was th en  about to  

be made w ith  alum p re p a ra tio n s  and as i t  was thought d e s ira b le  

to  in je c t  th e se  subcutaneously , an experim ent was c a r r ie d  out 

to  decide w hether th e  r e s u l t s  of th e  in je c t io n s  a t th e  two s i t e s  

would be com parable.

Groups 24 and 25 were formed by s p l i t t i n g  a la rg e

group o f 107 c h i ld re n . Oft p re lim in a ry  S c h i c k  t e s t in g  t h e s e
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groups were found to  have approx im ately  th e  same degree o f 

n a tu ra l  immunity* The c h ild re n  in  bo th  groups came from th e  

same ty p es  of houses and th e  s p l i t t i n g  of th e  o r ig in a l  group 

was done w ithout any s e le c t io n  of in d iv id u a ls .  The c h ild re n  in  

both  groups were in je c te d  on th e  same day on each of th e  two 

o ccasio n s on which in o c u la tio n s  were g iv en . The f i n a l  t e s t s  

were a lso  c a rr ie d  out on th e  same day. Group 24 re c e iv e d  th e  

in o c u la tio n s  in  th e  l a t e r a l  a sp ec t of th e  th ig h . Group 25 in  

th e  l e f t  d e l to id  re g io n .

The r e s u l t  o f Schick t e s t s  perform ed fo u r weeks 

a f t e r  th e  l a s t  in o c u la tio n s  were: Group 24 ( th ig h )  -  74.0j*4.2

p er cent n e g a tiv e . Group 2 5 (d e lto id )  - 86.5+3.8  p e r  cent n e g a tiv e  

The d if fe re n c e  between th e se  two r e s u l t s  i s  11 .5+5.7  p e r c e n t, 

which i s  not s ig n i f i c a n t .  Hence, so f a r  as th e  degree o f
i*

immunity which i s  e f fe c te d  in  fo u r  weeks far concerned, th e  s i t e  

and mode o f in f e c t io n  appear to  have no e f f e c t .

E ffe c t o f  age upon Im m unizab ility .

Com paratively few in v e s t ig a t io n s  have d e a l t  w ith  th e  e f f e c t  

of th e  age o f the  person in o o u la ted  on th e  f a c i l i t y  w ith  which 

he can be immunised. Indeed, d e sp ite  th e  la rg e  number of. r e p o ts  

on th e  use  o f p ro p h y la c tic s  which have been p u b lish ed  in  re c e n t 

y e a rs , very  few show the d a ta  in  a form which p e rm its  o f  any 

in v e s t ig a t io n  o f t h i s  q u es tio n . A lthough d e f in i t e  statem ents on 

th e  e f f e c t  o f age upon im m unizab ility  a re  seldom made, th e  o p in io n  

seems to  be f a i r l y  g e n e ra lly  held  th a t  im m unizab ility  in c re a se s  

as th e  c h ild  grows o ld e r . Even i f  t h i s  th eo ry  i s  t r u e ,  i t  does 

not n e c e s s a r i ly  fo llo w , of course , th a t  age in  i t s e l f  i s  th e  

f a c to r  which i s  re sp o n s ib le . Length o f exposure to  organism s 

a f a c to r  which would n a tu r a l ly  be a s so c ia te d  w ith  age would be 

much more lik d y to  have an e f f e c t .  Foo- example, Dudley (1938) 

says th a t  ”th e  degree of Schick immunity o f a group i s  . . . . a n  

index of th e 1im m unizab ility"o f th e  p o s i t iv e  Schickft r e a c to r s  of 

th a t  group” . S ince the  Schick immunity i s  a fu n c tio n  o f a g e ( a f te r  

the  f i r s t  year ) i t  fo llo w s th a t  im m unizab ility  should a ls o  be
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d i r e c t ly  p ro p o r tio n a l to  the age o f th e  Schick p o s i t iv e  r e a c to r .

In  co n s id e rin g  t h i s  q u es tio n  i t  i s  obv iously  d e s ira b le  

to  work on m a te r ia l  which i s  more or l e s s  homogeneous -  th a t  i s ,  

th e  e s s e n t i a l  r e la t io n s h ip  between age and im m unizab ility  shou ld , 

i f  i t  i s  p re s e n t ,  not be obscured by such ex tran eo u s f a c to r s  as 

g ro ss  a l t e r a t i o n  of techn ique or v a r ia t io n s  in  th e  m a te r ia l  u sed .

In  th e  p re se n t s e r ie s  th e re  were a v a ila b le  f o r  in v e s t ig a t io n  on 

th e se  l in e s  16 groups, c o n s is t in g  o f 617 c h i ld re n . These groups 

were d iv id ed  in to  fo ^ r  subgroups as fo llo w s (T able EXVIII):

ta b u ;  m r i n

Sub- Group No, in  M a te ria l Lf p e r No. o f I n te r v a l
groups Nos. Group ccm. doses between

doses(w k4l

(a) 8,1*0,12,14 145 B8337 53 3 1

(b) 9 ,1 1 ,1 3 ,1 5  140 B8337n 53 2 4*

(fi) 1 6 ,1 7 ,1 8 ,1 9 , 226 B8663 53 2 3

(d) 20,21 106 B855S 53 2 4

*0ne group - ’No. 11 -  had an in te rv a l  of 3 weeks between d o se s . 
I t  i s  inc luded  in  t h i s  group in  view of th e  co n c lu sio n s 
which were reached in  connection  w ith  Table LXV.

The age d i s t r ib u t io n  o f th e  in d iv id u a ls  in  th e se  groups i s  g iven  

in  Table LXIX. In  th e  f i r s t  p la c e , th e se  f ig u re s  were arranged  

accord ing  to  fo u r broad age groups, and th e  p e rce n tag e s  n eg a tiv e  

a t th e se  ages were c a lc u la te d  • The r e s u l t s  a re  shown in  Table 

LXX. This ta b le  a lso  shows the p robab le  e r ro r s  o f th e  two 

la rg e s t  d if fe re n c e s  between p e rcen tag es  fo r  each o f th e  groups 

( a) ,  ( b) ,  ( c ) ,  (d) .  I t  w i l l  be seen from  th e  ta b le  th a t  th e re  

a re  ap p a re n tly  no s ig n i f ic a n t  d if fe re n c e s  between th e  p e rce n tag e s  

of Schick p o s i t iv e s  a t  d i f f e r e n t  ages who became immunized. In  

none of th e  groups do th e  d if fe re n c e s  equal th re e  tim es t h e i r  

p robab le  e r r o r s ,  and only in  group (b) do th ey  exoeed tw ioe t h e i r  

p robab le  e r r o r s .
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T his evidence su g g ests  th a t  age does not p la y  as 

im portant a p a r t  in  determ in ing  im m un izab ility  as i s  commonly 

assumed. T his method i s ,  however, somewhat cru d e . The ca lcu 

l a t io n  of a c o r r e la t io n  c o e f f ic ie n t  i s  im p ra c tic a b le , s in c e  

a lthough  one of th e  v a r ia b le s  i s  g rad u a ted , the  o th e r  i s  what 

Pearson has termed " c a te g o r ic 11 -  th a t  i s ,  capab le  o f  being  

g raduated  only  in to  two a l te r n a t iv e  g roups. An e le g an t and 

l i t t l e  known method of e s tim a tin g  th e  c o r r e la t io n  in  such a 

d is t r ib u t io n  i s  by c a lc u la t io n  o f P earsons " b i - s e r i a l  £"

(Pearson 1909). T h is c o e f f ic ie n t  not only makes allow ance fo r  th e  

f a c t  th a t  one o f th e  v a r ia b le s  i s  co n tin o u s, bu t i t  a lso  determ ine^  

w hether th e  c o r r e la t io n  i s  p o s i t iv e  or n e g a tiv e . The v a lu e s  of 

b i - s e r i a l  r  f o r  th e  fo u r groups a re  g iven  in  Table"Exx7.(The method 

of c a lc u la t io n  of th e  value o f b i - s e r i a l  r  i s  not e a s i ly  g iven  

in  a few words, and th e  read e r  i s  th e re fo re  r e f e r r e d  to  P ea rso n 1s 

p a p e rs ) .
TABLE LXXI

C o rre la tio n  between age and im m un izab ility . Value o f 
b i - s e r i a l  r

Croup (a) r  « .0805
" ( b )  r  -  .1097
" ( c) r  = .0572
" (d) r  = .0180

j

Prom th e se  r e s u l t s  we conclude th a t  th e re  is  a s l i g h t ,  

though s e n s ib le , c o r r e la t io n  between age and im m un izab ility , and 

th a t  in  a group o f Schick positive p erso n s th e  p ro p o rtio n  of 

p o s i t iv e s  a f t e r  im m unization d ecreases w ith  age, in  o th e r  words 

th e re  i s  a se n s ib le  tendency fo r  im m unizab ility  to  be in c re a se d  

as a Schick p o s i t iv e  person#  become o ld e r . (These r e s u l t s  app ly  

only up to  14 y ea rs ) .

H arriso n  (1930) g iv e s , arranged  accord ing  to  age groups,

th e  p e rcen tag es  o f  n eg a tiv e  r e a c to r s  a f t e r  im m unization in
. . to x in -
(a) 355 S c h ic k -p o s itiv e  w hite c h ild re n  in o c u la ted  w i th /a n t i 

to x in  m ix tu re ; (b) 475 sch ick  p o s i t iv e  w hite  c h ild re n  in o c u la te d

w ith  to x o id ; and (c) 386 Schick p o s i t iv e  negro c h ild re n  in o c u la t-
rs U n fo rtu n a te ly

ed w ith  t o x in - a n t i t o x in  m ix tu re , j  H a rriso n ’ s f i r s t  age group



embraces a l l  c h ild re n  under 6 y e s r  of age. Prom th e  ta b le  whihh 

he g iv es  th e  p re se n t w r i te r  c a lc u la te d  the c o r r e la t io n  between 

age and im m u n izab ility . The r e s u l t s  a re  shown in  Table LXXII.

TABLE LXXII

Age and im m un izab ility . Values of b i - s e r i a l  r  c a lc u la te d
-rrew" r o  WBoa+y w rcr------------------------------23-----------------------

Group ( a ) :  w hite c h ild re n  (T .A .T .) r  -  +.0498
n ( b) :  n " ( to x o id ) r  = - .1 9 1 4
11 ( c l :  negro ” (T .A .T .) r  * +.0661

The c o e f f ic ie n ts  in d ic a te  th a t  th e re  was a s l i g h t  though s e n s ib le  

c o r r e la t io n  in  a l l  groups between age and im m u n izab ility ; and 

th a t  whereas in  th e  toxo id  group in c re a s in g  age was a s so c ia te d  

w ith  in c re a se  of im m un izab ility , in  th e  groups t r e a te d  w ith  to x in -  

a n t i to x in  m ix ture in c re a s in g  age was a s so c ia te d  w ith  a d ec rease  

of im m un izab ility .

The r e s u l t s  f o r  to x o id  th e re fo re  confirm  th e  r e s u l t s  

of the  p re se n t in v e s t ig a t io n .  SDt seems c u rio u s  th a t  th e  c o r r e l 

a tio n  should be of o p p o site  s ig n  fo r  bo th  groups t r e a te d  w ith  

to x in -a n t i t  ox in  m ix tu re , and i f  th e  a s s o c ia t io n  were of h ig h e r  

degree one would f e e l  in c lin e d  to  enqu ire  whether th e  ty p e  of 

p ro p h y la c tic  would ex p la in  th e  d isc rep an cy .

SUB-SE6TI01T B ALUM TOXOIDS

This s e c tio n  d e a ls  w ith  th e  use  of alum p re p a ra t io n s  -  

toxoid  w ith  added alum and a lu m -p re c ip ita te d  to x o id  -  in  two doses* 

P u ll  p a r t i c u la r s  o f th e  n ine  groups of c h ild re n  w i l l  be found in  

th e  Appendix.

N a tu ra l Immunity S ta te

The n a tu ra l  immunity r a t e  of th e se  groups i s  g iven  in  

Table EXXIII. The mean r a t e  f o r  S o h ic k -p o s itiv e s  -  viz* 81,8+1.51 

per cent -  i s  s l i g h t ly  lower th a n  th e  r a te s  f o r  th e  th re e  dose and
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TABLE I3X II1

Group T o ta l T o ta l P er cen t
Wo* te s te d p o s i t iv e p o s i t iv e

11 17 9 52*9
14 39 37 94*9
16 42 34 81*0
17 40 39 9 7 .5
IS 18 13 72*2
19 26 24 9 2 .3
110 27 17 62*9
111 54 42 77.8
117 33 27 81.8

296 242

Mean f o r  a l l groups we 81*8 + 1 .5 1 .

two dose groups in  Table LYTII* The differences -  3*3+1*10 and 

4.2+1.26 -  are not definitely sign ifican t, and the original 

immunity of these alum groups was much the same as in the case 

of the toroid groups* Individual groups showed somewhat wide

variations because many of them were drawn from resid en tia l
xschools or homes for children; man? of tpm were older and had 

already become immune*
A toxoid with added alum was f ir s t  used in two doses on 

a ser ies of seven g ir ls  in a resid en tia l in stitu tio n  (Group 11 ). 

Four weehs after the second dose a l l  were negative* Full d e ta ils  

of the other grdups which were treated with two dosesjtof alum 

preparations are given in  the Appendix* These do not include 

certain very small groups of children which were used for the 

preliminary testin g  of new supplies of alum toxoids, and in  which 

the fin a l te stin g  was dohe at ifcregular in terva ls. Particulars  

of groups which were treated by means of s single in jection  are 

dealt with in  another Section of th is  Thesis, and are therfore 

omitted from the Appendix*

Generally, the technique in inoculating children with 

alum toxoid was the same as in  the case of formol toxoids* A 

Moloney te s t  was performed on each ch ild , and p ositive  rea ltors
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were excluded . The n o n -re a c to rs  were th en  in o c u la ted  in  the  

l e f t  d e l to id  re g io n . In  a l l  th e  groups th e  second dose was lo c m .; 

th e  f i r s t  dose v a rie d  in  s iz e  up to  1 com., acco rd ing  to  th e  

n a tu re  of the  in v e s t ig a t io n .  I t  w i l l  "be seen from  th e  Appendix 

th a t  th e  r e s u l t s ,  w ith  th e  excep tion  of th o se  fo r  Group A ll, in  

which a s p e c ia l  techn ique  w ith  a vmrybsmall f i r s t  dose was used , 

were e x c e l le n t .  The average p ercen tag e  of c h ild re n  who were 

immune when te s te d  from th re e  to  f iv e  weeks a f t e r  th e  wecond 

in f e c t io n  was 8 4 .5 .

G eneral E ff ic ie n c y  of Toxoid w ith  added Alum in  two doses

A ll except one of the  groups of c h ild re n  in  S ec tio n  B 

of thd  Appendix were in o cu la ted  w ith  h a tch  B8725 -  which was a 

to x o id  ftf approxim ately  30 l f  u n i t s  p er ccm. w ith  added alum.

(The s in g le  ex cep tio n , group A17, was t r e a te d  w ith  a very  p o te n t 

a lu m -p re c ip ita te d  to x o id , B9017, which gave e x c e lle n t r e s u l t s  

when used in  a s in g le  dose (Underwood, 1935a, and S e c tio n  ( f )  o f 

t h i s  T h e s is ) ) .  Hence th is * to x o id  w ith  added alum f u l f i l l e d  th e  

c r i t e r io n  a lread y  e s ta b lis h e d  th a t  th e  m a te r ia l  should he of 

Lf value of a t  l e a s t  20 u n i t s  p e r  com.; hut i t  should he no ted  

th a t  the t o t a l  Lf u n i t s  which were in je c te d  were in  many in s ta n c e s  

co n s id erab ly  l e s s  th an  th e  amount which was g iven  in  to x o id  

groups -  even in  th o se  groups which rece iv ed  th e  sm a lle s t t o t a l  

Lf u n i t s  o f to x o id . Too much s t r e s s  must mot he l a id  on t h i s  

f a c to r ,  s in ce  th e  e f f ic ie n c y  of an alum toxo id  does no t depend 

la rg e ly  on th e  f lo c c u la t io n  value of th e  to x o id  from which i t  i s  

made. I t  w i l l  he seen from th e  Appendix th a t  th e  r e s u l t s  fo r  

two doses of alum compared very  fav o u rab ly  w ith  those  which were 

Obtained w ith  f u l l  doses of to x o id . For example, th e  mean 

percen tage  fo r  groups A4, A7 and A9, which rece iv ed  two doses of

alum to x o id , each of 1 com., i s  84.9  + 2 .6 . The mean of th e

two dose toxo id  groups which a re  s e t  out in  Table LXIV i s

78.9 £ 1 .2 *  The d if fe re n c e  between th e se  p e rcen tag es  i s  6 .0

+ 2 . 9  -  which i s  not d e f in i t e ly  s ig n i f ic a n t .



E ffe c t of in te r v a l  between doses and f r a c t i o n a l  i n i t i a l  dose

P a r t i c u la r s  reg a rd in g  th e  th re e  groups which had two 

doses o f B8725, each of 1 ccm., a re  g iven in  Table LXXIV. The 

only v a r ia b le  f a c to r  was th e  in te rv a l  between th e  do ses . The 

d if fe re n c e s  a re  : between A4 and A7 -  1 .6  + 6 .4 ; between A7

and A9 -  13 .4  5 .9 ; between A4 and A9 -  11.8 +_ 5 .5 .

TABLE LXXIV

2 doses of B8725. each 1 com.

Group T o ta l I n te rv a l  Wo. P er e e n t.
Wo. in je c te d  between n eg a tiv e  n e g a tiv e

doses (weeks)

A4 35 4 29 82 .9  + 4 .3
A7 32 3 26 8 1 .3  + 4*7
A9 19 2 18 94 .7  £  3 .5

Mean -  84.9  + 2 .6

There i s  th e r fo re  no s ig n i f ic a n t  d if fe re n c e  between th e  th re e  

p e rcen tag es  in  Table LXXIV. The groups had alm ost id e n t ic a l  

herd Immunity to  s t a r t  w ith , and a l l  were given th e  same m a te r ia l  

in th e  same d o ses. Hence t h i s  evidence su g g ests  th a t  th e se  

r e s u l t s  a re  ntet dependent upon th e  in te rv a l  between th e  two doses ■ 

th a t  i s  , provided  th a t  th e  in te rv a l  i s  not le s s  th an  th e  minimum 

of two weeks which has been employed in  t h i s  p a r t i c u la r  s e c tio n  

of th e  in v e s t ig a t io n .

I t  w i l l  now be ad v isab le  to  examine the  e f f e c t  of reduc

ing th e  s ix e  of th e  f i r s t  dose -  a procedure which i s  sometimes 

d e s ira b le  when alum p re p a ra tio n s  which a re  more or l e s s  u n tr ie d  

are  being u sed . Table LXXV g iv es  p a r t i c u la r s  concerning  th o se  

groups in  which the  f i r s t  dose v aried  from 0 .2  to  0 .5  com. The 

d if fe re n c e  between th e  means f o r  T ables LXXIV and LXXV i s  

9 .6  + 4 .0  p e r c e n t. Hence, w ith  t h i s  alum p re p a ra t io n  two doses, 

c o n s is tin g  of a sm all i n i t i a l  dose fo llow ed by a dose o f 1 oom., 

gave alm ost as good r e s u l t s  as  two doses, each of 1 oom.
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TABLE 12X7

2 doses -  a fractional dose followed by 1 com*

3-roup T o ta l Boses In te rv a l Bo. P er c e n t.
Bo. in je c te d ( ccm .) between 

doses (weeks)
negat ive n e g a tiv e

Al 7 .3 :  1 4 7 100
A6 31 .5 :  1 3 26 83 .9  + 4 .5
A8 11 .3 :  1 2 10 90.9  + 5*9
A10 15 .5 :  1 1 11 73 .3  + 7 .7
A ll 33 .2 :  1 1 19 57.6  + 5 .8

Mean k 75*3 + 3 . 0  p er c e n t. / ■**

I t  was shown above th a t  th e  in te r v a l  between th e  doses 

does not appear to  have much e f f e c t ,  p rov ided  th a t  the minimum 

in te rv a l  i s  two weeks. But th e  mean 75.3  + 3 .0  p e r s e n t ,  i s  

derived  from a s e r ie s  two groups (A10, A ll)  o f which had doses 

a t  in te r v a ls  of one week. I f  we s p l i t  Table LXXV we f in d  th a t  

the  mean fo r  groups A l, A6 and A8 i s  87.8 +_ 3 .2  p er c e n t . ;  

whereas th e  mean f o r  groups A10 and A ll i s  62.5 + 4 . 7  p e r c e n t .  

The d if fe re n c e ; is :  th e re fo re  25 .3  + .5 .7  p er c e n t.  ( I t  should be 

noted th a t  the  f i r s t  p o s t-S ch ick  t e s t  which was perform ed on 

group A ll was n in e  weeks a f t e r  th e  second dose . I f  th e  group 

had been te s te d  e a r l i e r ,  th e  p ercen tag e  would alm ost c e r ta in ly  

have been lower th an  57. This would have made th e  d if fe re n c e  

even more su g g e s tiv e ) . The d if fe re n c e  between th e  two groups 

i s  d e f in i t e ly  s ig n i f ic a n t ,  and i t  suggests  th a t  i f  th e  in te r v a l  

between th e  two doses i s  l e s s  th a  two weeks, th e re  w i l l  be a 

d e f in i te  red u c tio n  in  th e  e f f ic ie n c y  of alum p re p a ra t io n s  when 

th e  f i r s t  dose i s  a  sm all one.

Groups A10 and A ll re q u ire  f u r th e r  d is c u s s io n . I f  a 

sm all dose i s  to  be used as a p rim ary  stim u lus to  s t a r t  w ith , 

th e re  w i l l  obviously  b e  a lower l im i t  to  t h i s  dose, so f a r  a s  

e f f ic ie n c y  i s  concerned. Groups A6, Al, and A8 show th a t  0 .5  

ccm. and 0 .3  ccm. a re  q u ite  s a t i s f a c to r y  as prim ary  doses 

provided th a t  the  next dose i s  not g iven  u n t i l  a f t e r  an in te rv a l  

of two weeks. When t h i s  in te rv a l  i s  reduced , the  q u e s tio n



becomes more d i f f i c u l t .  Group A10 shows th a t  w ith  an in te r v a l  

of one week between doses, a f i r s t  dose o f 0 .5  ceip. g iv e s  q u ite  

a s a t i s f a c to r y  r e s u l t  (73 p e r c e n t, n eg a tiv e  in  th re e  w eeks).

On th e  o th e r  hand w ith  a f i r s t  dose o f 0 .2  ccm. (Group A ll)  only 

57 p er c e n t, were n eg a tiv e  a f t e r  n ine  weeks. Bfhis i s  d e f in i t e ly  

not s a t i s f a c to r y ,  and th e  poor r e s u l t  i s  ap p a re n tly  due to  th e  

sm allness o f th e  f i r s t  dose . When th e  r e s u l t s  of th e  second 

te rm in a l Schick t e s t  (see Appendix) on th e se  two groups a re  

examined , however, i t  i s  seen th a t ,  w hile th e  p ercen tag e  n eg a tiv e  

fo r  A10 had in c reased  from 73 to  86 (o r by about 13 p er c e n t .)  in  

13 weeks, th e  percen tage  fo r  A ll had in c reased  by 21 p e r  c e n t,  

(from 57 to  78) in  only f iv e  weeks. T his su g g ests  th a t  even a 

very sm all f i r s t  dose of an alum p re p a ra t io n , when fo llow ed  a f t e r  

one week by a dose of 1 ccm., w i l l  g i* e  s a t i s f a c to r y  r e s u l t s  

w ith in  th re e  or fo u r  weeks.

This s e c tio n  should be q u a l if ie d  by th e  fo llo w in g  

s ta tem en ts : (a) The r e s u l t s  should be read  in  co n ju n c tio n  w ith

th e  r e s u l t s  fo r  t h i s  p a r t i c u la r  b a tch  of m a te r ia l  (B8725) when 

used in  a s in g le  dose (Underwood, 1934c). (b) T his m a te r ia l

(B8725) was th e  f i r s t  a lu ji p re p a ra t io n  to  be u sed , and i t  was 

not n e a rly  as e f f i c i e n t  as th e  l a t e r  p re p a ra tio n  (A .P .T .) .  The 

r e s u l t s  a re , however, d iscu ssed , s in ce  A .P.T . was used l a t e r  

m ostly  in  s in g le  d o ses.

The "prim ing dose” : i t s  use and e f fe c t iv e n e s s

In  S ec tio n  (d) of t h i s  T hesis th e  w r i te r  d iscu ssed  th e  

u ses  o f th e  Moloney t e s t .  The op in ion  was th e re  expressed  th a t  

th e  t e s t  i s  d e f in i t e ly  o f value injt d ec id in g  which in d iv id u a ls  

a re  l i a b l e  to  develop u n p leasan t r e a c t io n s  on th e  in je c t io n  of 

to x o id s  in  p ro p h y la c tic  doses. The perform ance of t h i s  t e s t ,  

to g e th e r  w ith  a prim ary Schick t e s t ,  in v o lv es  th e  in d iv id u a l in  

a number o f v i s i t s  to  th e  c l in ic ,  and i t  would obv iously  be 

advantageous i f  some of th e se  v i s i t s  could be d ispensed  w ith .

The su g g estio n  was made by Chesney (1934) th a t  i f  a



sm all dose of th e  a c tu a l  to x o id  which i s  to  he used  p rophy lac- 

t i c a l l y  he in je c te d  suhcu taneously  when th e  Schick fcewt i s  rea&t 

erythema a t  th e  in je c t io n  s i t e  w i l l  in d ic a te  th a t  th e  in d iv id u a l 

i s  to x o id - s e n s i t iv e ,  and th a t  a la rg e r  dose should not he g iv en .

I f  th e re  i s  no re a c t io n  to  t h i s  t e s t  in je c t io n  -  o r , as Ghesney 

c a l l s  i t ,  " d e te c to r  dose" -  then  the  su b je c t i s  not to x o id -  

s e n s i t iv e ,  and f u l l  doses may he gifcen a f t e r  a few days. The 

w r i te r  t r i e d  t h i s  method independen tly  b efo re  Chesneyf s paper 

appeared, hut he was unab le  to  s a t i s f y  h im se lf  th a t  a sm all 

subcutaneous in je c t io n  of toxo id  would indeed g ive th e  d e s ire d  

in fo rm atio n . An in v e s t ig a t io n  was th e re fo re  c a r r ie d  out on a 

number of c h ild re n , each o f whom was te s te d  fo r  to x o id - s e n s i t iv i ty  

by th e  Moloney t e s t .  When t h i s  t e s t  was read  a subcutaneous 

in je c t io n  of a sm all dose -  0 .2  or 0 .3  ccm. -  of to x o id  or alum 

toxodd was g iven , and each c h ild  re tu rn e d  a f t e r  24 h o u rs , and 

sometimes a lso  a f t e r  48 h o u rs , fo r  exam ination  of the  in je c t io n  

s i t e .  D e ta iled  n o te s  were kept of th e  a rea  o f erythema o r 

in d u ra tio n  which r e s u l te d .

D iscussion  of the  r e s u l t s  i s  r a th e r  com plicated by th e  

f a c t  th a t  a co n s id e rab le  p ro p o rtio n  of c h ild re n  show a s l ig h t  

a rea  of red n ess  a t  th e  s i t e  o f in je c t io n  of a sm all dose of to x o id , 

or e s p e c ia l ly  of alum to x o id . The m a jo rity  of th e se  c h ild re n  

show no u n p leasan t symptoms whatever on th e  in je c t io n  o f , say ,

1 ccm. of toxo id  or of alum to x o id . F u rth e r^  many Moloney 

p o s i t iv e  r e a c to r s  showed no erythema a t  th e  s i t e  o f th e  t e s t  

in je c t io n .  Some in d ic a t io n  of th e  s tre n g th  of th e  evidence jpay 

be ob ta ined  from th e  sta tem en t thfct, among th e  d e f in i t e  p o s i t iv e  

(++ or +++) Moloney r e a c to r s  in  th e  groups which were s p e c ia l ly  

observed fo r  t h i s  p u rp o se ,e ig h t showed no r e a c t io n  w hatever a t  

th e  s i t e  of th e  t e s t  in je c t io n  o f toxo id  (0 .2  o r 0 .3  ccm .), and 

eleven  showed s l ig h t  erythem a. Even in  them selves th e se  

f ig u re s  do not suggest th a t  th e  subcutaneous in je c t io n  of to x o id  

may be used as a s u b s t i tu te  f o r  the  in trad e rm al in je c t io n  o f a 

weak d i lu t io n  of to x o id , as  used in  th e  Moloney t e s t .  F u rth e r ,



l t l .

(

th e se  f ig u re s  tak e  no account of th e  numerous Moloney n eg a tiv e  

r e a c to r s  who showed some erythema a t  th e  s i t e  of th e  te x t  in je c 

t io n  of to x o id . The ex p lan a tio n  of th e  d isc rep an cy  i s  p o s s ib ly  

due to  th e  d i f f e r e n t  s i t e  of th e  in je c t io n  of to x o id  or i t s  

d i lu t io n  in  th e  two t e s t s ;  toxo id  in je c te d  in to  th e  deep 

subcutaneous t i s s u e s  may not come s u f f i c i e n t ly  in to  co n tac t w ith  

the  ep iderm is to  cause a ty p ic a l  r e a c t io n .

I t  w i l l  be ev id en t from th e  d is c u s s io n  of th e  r e s u l t s  

in  p rev io u s  s e c tio n s  th a t  0 .2  o r 0 .3  ccm. of to x o id  i s  s u f f i c ie n t  

to  a c t as a to le r a b ly  s a t i s f a c to r y  prim ary  s tim u lu s . The 

su g g estio n  now arose  t h a t ,  i f  t h i s  "prim ing dose" -  as i t  may be 

c a lle d  fo r  convenience -  could be in je c te d  a t  th e  tim e when th e  

Schick and Moloney t e s t s  were f i r s t  perform ed, the  second 

in je c t io n  could be g iven a week l a t e r  when th e  Schick t e s t  was 

f i n a l l y  re a d . Such a procedure would obv iously  save a t  l e a s t  

one v i s i t  to  th e  c l i n i c .  A d i f f i c u l t y  was the  p o s s i b i l i t y  th a t  

the  in je c t io n  of a sm all dose of to x o id  might in te r f e r e  w ith  th e  

in te r p r e ta t io n  of th e  prim ary  Schick t e s t .  To t e s t  t h i s  p o in t  

th e  c h ild re n  who made up group 26 were Schick and Moloney t e s t e d .  

The t e s t s  were read  48 hours l a t e r ,  and f i n a l l y  on th e  seven th  

day. On t h i s  day 0 .2  ccm. of toxo id  (B8605) was g iven  

subcutaneously  in  th e  l e f t  d e l to id  reg io n , and th e  Schick t e s t  

was repeated*  S ix  days l a t e r  a l l  the  t e s t s  were read  ag a in .

The r e s u l t s  were a v a ila b le  fo r  20 in d iv id u a ls .  In  each case 

the  two Schick t e s t s  agreed s u rp r is in g ly  w ell -  th * t i s ,  when 

the  seventh  day read in g  of th e  dtifcxk f i r s t  t e s t  was compared w ith  

the  seventh  day read in g  of th e  second. The second t e s t  was as 

fre q u e n tly  a l i t t l e  b r ig h te r  as i t  was a l i t t l e  f a i n t e r  when 

compared w ith  th e  f i r s t  t e s t .  In  s iz e  th e  two r e a c tio n s  were 

p r a c t i c a l ly  always id e n t ic a l ,  and in  no in s tan ce  would th e  second 

Schick t e s t  not e a s i ly  have been recogn ised  as p o s i t iv e  i f  th e  

f i r s t  t e s t  m m  was p o s i t iv e .  The conclusion  was th e re fo re  drawn 

th a t  a sm all "prim ing dose" of to x o id , i f  g iven  a t th e  tim e when 

th e  p re lim in a ry  Schick t e s t  was perform ed, would not in t e r f e r e



w ith  th e  read in g  of th a t  t e s t .

In  a l l ,  fo u r groups o f c h i ld re n  were immunized by 

u sin g  t h i s  method o f a "prim ing dose**. These groups (Nos. 26, 

27, A ll ,  and A17) a re  th e  only groups in  th e  Appendix which 

have not so f a r  been d isc u sse d . I t  w i l l  be seen th a t  th e  

n a tu ra l  immunity r a t e  in  th e se  fo u r  groups ranged from 74.1  to  

83 .0  p e r c e n t. Groups 26 and 27 were t r e a te d  w ith  form ol 

to x o id , group A ll w ith  to x o id  to  which alum hind been added, and 

group A17 w ith  a lu m -p re c ip ita te d  to x o id . In  the  f i r s t  th re e  

groups th e  "prim ing dose" was 0 .2  ccm., and in  group A17 i t  was

0 .3  ccm. In  each case th e  in te rv a l  between th e  two doses was 

one week -  s in ce  th e  second dose was g iven  on th e  day on which 

th e  p rim ary  Schick t e s t  was re a d . Table LXXVT g iv e s  th e  r e s u l t s  

ob ta ined  in  each g roup .

TABLE LXXVI 

R e su lts  ob ta ined  by u s in g  a "prim ing dose” .

Group
No.

M a te r ia l
used

Lf p e r 
ccm.

In te rv a l  
between < 

doses 
(weeks)

T o ta l
in je c 
ted

No.
n eg a t

ive

P er c e n t• 
n e g a tiv e

26
27
A ll

A17

Toxoid: B8605 
Toxoid: B8553 
Toxoid w ith  

added alum 
A lum -preo ip it- 

a ted  to x o id

65
53

1
1
1

1

19
39
33

24

11
27
19

20

57.9+7.6
69.2+5.0
57.6+5.8*

83*3+5.1

* R esu lt of f u r th e r  t e s t  13^ weeks a f t e r  second in f e c t io n  -
78.8 + 4 .8  p e r c e n t.

I t  w i l l  be seen th a t  th e  r e s u l t  f o r  group 26 i s

u n s a t is f a c to ry .  Toxoid B8605, which had th e  h ig h e s t a n tig e n ic

value of any m a te r ia l used in  th e se  in v e s t ig a t io n s ,  was s p e c ia l ly  

chosen fo r  th i s  reaso n  to  t e s t  th e  th eo ry  of th e  "prim ing dose" -

although a t th e  tim e whan t h i s  was done s u f f i c ie n t  tim e had no t

elapsed  to  o b ta in  th e  r e s u l t s  of f i n a l  Schick t e s t s  a f t e r  i t s  

use in  more orthodox doses. From what has been w r i t te h  a lre ad y



i t  w i l l  be ev id en t th a t ,  d e s p ite  i t s  h igh  Lf value  B8605 was no t 

n ea rly  suoh a good a n tig e n , when te s te d  on th e  Leeds p o p u la tio n , 

as were B8337 and B8553. The second group -  Ho. 27 -  was 

t r e a te d  w ith  B8553, and the  r e s u l t s  were very  p ro m isin g . The 

f i r s t  alum b a tch  which was used -  i . e .  B8725 -  very  s u rp r is in g ly  

gave a poor r e s u l t  as judged by th e  f i r s t  p o s t-S ch ic k  t e s t .  I t  

has a lre ad y  been p o in ted  o u t, however, th a t  in  a f u r th e r  p erio fl 

of f iv e  weeks th e  percen tag e  of n e g a tiv e s  in  A ll had in c rease d  

by 21 p e r  c e n t . ,  which, co n s id e rin g  th e  low im m un izab ility  of 

Leeds c h ild re n , i s  not u n s a t is f a c to ry .  The l a s t  b a tch  to  be 

used -  B9017 -  was d e f in i t e ly  very  s a t i s f a c to r y ,  83 .3  £  5 .1  p e r 

c e n t, of th e  in d iv id u a ls  being  n eg a tiv e  w ith in  th re e  weeks of 

th e  l a s t  in je c t io n .  This p e rcen tag e  should be compared w ith  

th a t  o f 83.6  + 2 .0 , which was th e  mean of th e  r e s u l t s  f o r  f iv e  

groups of c h ild re n  in o c u la ted  w ith  a s in g le  dose of t h i s  m a te r ia l  

(see  S ec tio n  ( f )  of t h i s  'Thesis and Underwood, 1935a). In  

th e  case of th e  s in g le  dose groups th e  f i n a l  t e s t  was perform ed 

one month a f t e r  th e  in je c t io n ,  whereas in  th e  case of the  

"prim ing dose" group th e  p o st-S ch ick  t e s t  was perform ed th re e  

weeks a f t e r  th e  second in je c t io n .  I t  w il l  be seen th a t  w ith  

t h i s  m a te r ia l  80 to  85 p er c e n t, of in d iv id u a ls  should be n eg a tiv e  

w ith in  one month of th e  d ate  of th e  f i r s t  in je c t io n .

I t  i s  r e g r e t ta b le  th a t  th e  d ep a rtu re  of th e  w r i te r  

from Leeds p reven ted  f u r th e r  experim ents on th e  e f f e c t iv e n e s s  of 

t h i s  "prim ing dose" on a p o p u la tio n  which p re s e n ts  so many 

p e c u lia r  f e a tu re s  so f a r  as  i t s  response to  the  C. d ip h th e r ia e  

and i t s  p ro d u c ts  i s  concerned. There i s ,  in  th e  w r i t e r ’ s 

o p in io n / q u ite  wrongly, a c e r ta in  amount of p re ju d ic e  a g a in s t 

th e  use of p ro p h y la c tic s  in  s in g le  doses, and th e  employment o f 

t h i s  method adds only one e x tra  v i s i t  to  th e  number which i s  

necessary  f o r  the  s in g le  dose method, and in  th e  sh o rt tim e



req u ired  a l l  th e  in fo rm atio n  which can reaso n ab ly  be co n s id ered  

as n ecessa ry  may be o b ta in ed . With a p ro p h y la c tic  which i s  a s  

e f f e c t iv e  as  B9017 th e re  i s  no reaso n  why th e  method should not 

be developed to  g ive very  s a t i s f a c to r y  r e s u l t s .
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PART I .

SECTION ( f ) .

IMAUHIZATIGII BY m m S  OP ALUM PREPARATIONS IN SINGLE BOSES

Those who have had e x p e r i e n c e  o f  t h e  p r a c t i c a l  a s p e c t

of d i p h t h e r i a  im m un iza t io n  w i l l  r e a l ; s e  t h a t  th e  h i s t o r y  o f  t h i s  

s u b j e c t  i s  a  r e c o r d  o f  a t t e m p t s  on t h e  p a r t  o f  a d m i n i s t r a t o r s  and 

l a b o r a t o r y  w o rk e rs  to  hhumour t h e  p a t i e n c e  of p a r e n t s  and t h e i r  

c h i l d r e n .  The e x p e r im e n ta l  work which i s  d e t a i l e d  i n  p r e v i o u s  

s e c t i o n s  w i l l  show t h a t  r e p e a t e d  v i s i t s  on t h e  p a r t  of  t h e  c h i l d r e n  

a t  l e a s t  were  n e c e s s a r y  i f  t h e  d e s i r e d  i n f o r m a t i o n  were to  be 

o b t a i n e d  from t h e  i n v e s t i g a t i o n .  But q u i t e  a p a r t  from e x p e r i m e n t a l

v i s i t s  t o  th e  c l i n i c .  There i s  no doubt t h a t  t h o s e  who a re  p r e p a r e d  

to  make t h e s e  v i s i t s  w i l l  u l t i m a t e l y  r e a p  t h e i r  rew ard  in  th e  form 

of a more o r  l e s s  a s s u r e d  immunity to  d i p h t h e r i a .  But though  t h e  

a t t e n d a n c e s  a t  t h e  Leeds c l i n i c s  were e x c e l l e n t ,  t h i s  r e s u l t  was 

o b t a in e d  t o  a l a r g e  e x t e n t  a s  a r e s u l t  o f  p ro p ag an da  which was 

c a r r i e d  ou t  by th e  w r i t e r .  At a l a t e r  d a t e  i t  was due more to  

f e a r  -  t h e  g r e a t e s t  o f  a l l  p r o p a g a n d i s t s .  Every  one who h a s  had a t  

any t im e  any c o n n e c t io n  w i t h  an im m uniza t ion  c l i n i c  must  have  f e l t  

t h e r e  was a need f o r  some method of  r e d u c in g  t h e  number o f  a t t e n d a n c e s  

which a re  n o rm a l ly  r e q u i r e d .  The i n t r o d u c t i o n  of  a method of

p r e c i p i t a t i n g  t o x o id  by alum su g g e s te d  t h a t  t h e r e  was a p o s s i b i l i t y  

t h a t  a  p r o p h y l a c t i c  would be evolved which would immunize w i t h  one 

dose .  No a t t e m p t s  were made i n  t h i s  c o u n t r y  t o  su pp ly  t h e  need -  

a l t h o u g h  Great  B r i t a i n  w a .s f o r  a l l  p r a c t i c a l  p u r p o s e s  th e  c o u n t r y  

of  o r i g i n  o f  alum t o x o id  -  bu t  n e v e r t h e l e s s  t h e  wish  was i n  

e v id e n c e .  In  1929, however,  Dudley (1929) ,  who had u sed  alum 

to x o id s  on sm a l l  numbers of boys a t  t h e  Greenwich H o s p i t a l  Schoo l ,  

w ro te :  11 At p r e s e n t  t h e r e  i s  l i t t l e  hope o f  b e in g  a b le  t o  p roduce  

an e f f e c t i v e  he rd  immunity to  d i p h t h e r i a  w i th  o n ly  one i n j e c t i o n  ~

TOrk, t h e  o r d i n a r y  r o u t i n e  p r a c t i c e  o f  im m uniza t ion  demands f r e q u e n t



iY6-

t h e  i d e a l  p r o p h y l a x i s  f o r  which t h e  p u b l i c  h e a l t h  a d m i n i s t r a t o r  a t  

p r e s e n t  s i g h s  i n  v a i n . ” Though no one can q u e s t i o n  D u d le y ' s  

g r e a t  c o n t r i b u t i o n s  t o  th e  ep id em io log y  o f  d i p h t h e r i a ,  t h e r e  i s  

l i t t l e  doubt  t h a t  t h i s  s t a t e m e n t  - a s  he h i m s e l f  a d m i t s  (1934) -  

was l a r g e l y  r e s p o n s i b l e  f o r  th e  d e la y  i n  t h e  a d o p t io n  of  t h e  

o n e - s h o t  method in  ih jbhis  c o u n t r y .

F o l lo w in g  upon h i s  e x p e r im e n t s  w i t h  alum t o x o id  when u sed  

in  two d o s e s ,  t h e  w r i t e r  d e te rm in ed  t o  t e s t  t h e  p o s s i b i l i t y  o f  

making p r a c t i c a l  u s e  o f  s i n g l e  i n j e c t i o n s ,  and t h e  e a r l i e r  e x p e r i 

ments  which  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n  r e p r e s e n t  t h e  f i r s t  

o c c a s i o n  on which t h e  o n e - s h o t  method was p r a c t i s e d  i n  G rea t  B r i t a i n .

H i s t o r y  o f  t h e  P r e c i p i t a t i o n  o f  Toxo ids .

I t  i s  g e n e r a l l y  r e c o g n i s e d  t h a t  t h e  e f f i c i e n c y  o f  a 

d i p h t h e r i a  p ro r jh y la c t  i c  depends no t  o n ly  upon t h e  a n t i g e n i c  v a lu e  

o f  t h e  t o x i n  employed, but  a l s o  upon t h e  r a p i d i t y  w i th  which t h e  

a n t i g e n  i s  ab so rb ed  from t h e  s i t e  of i n j e c t i o n .  One dose  o f  a 

p r o p h y l a c t i c  which i s  r a p i d l y  abso rbed  and e l i m i n a t e d  l e a d s  o n ly  

to  a sm a l l  i n c r e a s e  i n  a n t i t o x i c  t i t r e  o f  t h e  serum, and to  p ro d u ce  

a s u f f i c i e n t l y  h ig h  immunity r e p e a t e d  doses  a r e  n e c e s s a r y .  

C onsequen t ly ,  h ig h  v a lu e  form ol  t o x o i d s ,  which have been  shown i n  

t h e  p r e c e d in g  s e c t i o n  to  be e x c e e d i n g ly  e f f e c t i v e  when g iv e n  in  t h e I
u s u a l  m u l t i p l e  d o se s ,  a r e  u n s u i t a b l e  f o r  u se  a s  a s i n g l e - d o s e  

p r o p h y l a c t i c  because  th e  r a t e  o f  a b s o r p t i o n  i s  to o  g r e a t  t o  p r o v i d e  

a c o n t in u o u s  s t i m u l u s  over  a p e r i o d  of t im e .  F or  example , I r o n  

(1934) used  a s i n g l e  dose o f  u n c o n c e n t r a t e d  fo rm o l  t o x o i d ,  

e q u i v a l e n t  to  50-100 Lf u n i t s  g iv e n  a t  one i n j e c t i o n ,  on a  s e r i e s  

of  110 c h i l d r e n .  One month a f t e r  t h e  i n j e c t i o n  49 .09  p e r  c e n t  were 

Sch ick  n e g a t i v e ,  and two months a f t e r  t h e  i n j e c t i o n  o n ly  57 .2  p e r  

c en t  were n e g a t i v e .  These r e s u l t s  a re  more or  l e s s  i n  acco rd  w i t h  

th o se  o f  d h i t e  and S c h l a g e t e r  (1934) who found 4 9 .2  p e r  c e n t  of  i

c h i l d r e n ,  i n o c u l a t e d  w i th  a s i n g l e  dose o f  t o x o i d ,  S ch ick  n e g a t i v e  , j 

i n  two months and 82 p e r  cen t  i n  s i x  months .  q u i t e  r e c e n t l y  i t  

has come to  be r e a l i s e d  t h a t  t h e s e  i n t e r v a l s  a r e  much to o  lo n g  

f o r  any p r a c t i c a l  scheme of  im m uniza t ion .



I t  i s  no new o b s e r v a t i o n  t h a t  c e r t a i n  b a c t e r i a l  t o x i n s  can 

be p r e c i p i t a t e d  f rom c u l t u r e  f i l t r a t e s  by t h e  a d d i t i o n  o f  v a r i o u s  

s a l t s .  As e a r l y  a s  1899 Roux and X e r s in  (1899) d e m o n s t r a te d  t h a t  s a l t s  

of  c a lc iu m  and a lum in ium  when added t o  d i p h t h e r i a  b r o t h  form 

p r e c i p i t a t e s  which r e t a i n  s m a l l e r  o r  l a r g e r  amounts o f  t h e  a n t i g e n .  

G-lenriy, Pope ,  P a d d in g to n  and Wallace (1926) u se d  alum f o r  p r e c i p i t a 

t i n g  d i p h t h e r i a  t o x o i d ,  and no ted  t h e  i n c r e a s e d  a n t i g e n i c  e f f i c i e n c y  

shown by th e  p r e c i p i t a t e .  'Wallace (1927) c a r r i e d  ou t  f u r t h e r  

e x p e r im e n t s  on t h e  p r e c i p i t a t i o n  o f  t o x o i d  by alum, and i n t r o d u c e d  

th e  u se  o f  ^ o e h e l l e  s a l t  a s  a s o l v e n t  f o r  t h e  p r e c i p i t a t e .  Hosoya 

and m iy a t a  (1928) u sed  z in c  c h l o r i d e  and u r a n y l  a c e t a t e  s u c c e s s i v e l y  

f o r  p r e c i p i t a t i o n  and p u r i f y i n g  t e t a n u s  t o x i n .  S a l t s  o f  z i n c  have 

a l s o  been u sed  f o r  th e  same p u r p o s e  by Ohyama (19 31) ,  who used  as  

w e l l  th e  h y d r o x id e s  and p h o s p h a t e s  o f  t h e  a l k a l i n e  e a r t h s .  Abt (1928) 

added c a lc iu m  c h l o r i d e  and p o t a s s i u m  p h o sp h a te  to  d i p h t h e r i a  t o x i n  

to  p r e c i p i t a t e  c a lc iu m  j jhosphate  which c a r r i e d  down t h e  t o x i n  w i t h  i t ;  

he r e c o n s t i t u t e d  h i s  p r e c i p i t a t e d  t o x i n  by s o l u t i o n  i n  sodium 

c i t r a t e .  d r o s s  (1929) was a b l e  t o  remove t h e  d i p h t h e r i a  t o x i n  from 

c u l t u r e  f i l t r a t e s  by a b s o r p t i o n  on magnesium h y d ro x id e  s u s p e n s io n ,  

and r e c o v e r e d  th e  ab so rb ed  t o x i n  by t r e a t m e n t  w i th  ca rb o n  d i o x i d e s  

or  ammonium p h o s p h a t e .  Schmidt (1931)d id  im p o r ta n t  work on th e  

p r e p a r a t i o n  of  h ig h  v a lu e  t o x o i d s  and he u se d  t a p i o c a  i n  a d d i t i o n  to  

alum as  a p r e c i p i t a n t .  Grlenny and B a r r  (1931) showed t h a t  such 

p r e c i p i t a t e s  p o s s e s s e d  v e ry  h ig h  a n t i g e n i c  p rox>er t ie s  w i t h  t h e  

a d d i t i o n a l  advan tage  t h a t  t h e  p r e c i p i t a t e  was abso rb ed  s lo w ly  from 

the  t i s s u e s .  They a l s o  showed t h a t  as  t h e  amount o f  alum i s  i n c r e a s 

ed, th e  amount of  t o x o id  and n o n - s p e c i f i c  s u b s t a n c e s  p r e c i p i t a t e d  

i n c r e a s e ^ . t  f i r s t  and t h e n  d e c r e a s e s ,  b u t  t h a t  t h i s  d e c r e a s e  i s  f a r  

g r e a t e r  f o r  n o n - s p e c i f i c  t h a n  f o r  s p e c i f i c  m a t t e r ,  so t h a t  p r e c i p i 

t a t e s  formed w i t h  l a r g e  amounts o f  alum a re  r e l a t i v e l y  p u r e r .

P r e c i p i t a n t s  which have been  used  a r e  by no means c o n f in e d  t o  

t h e  s u b s ta n c e s  m en t io n ed .  I t  ha s  been  shown t h a t  d i p h t h e r i a  t o x o id  

can be p r e c i p i t a t e d  from s o l u t i o n  by s a l t s  o f  most m e t a l s  which have 

i n s o l u b l e  h y d r o x id e s ,  by some p h o s p h a te s ,  and by v a r i o u s  g e l a t i n o u s



p r e c i p i t a t e s .  L le w e l ly n  Smith (1932) c a r r i e d  o u t  a v e ry  - ex te n s iv e  

l a b o r a t o r y  i n v e s t i g a t i o n  i n t o  th e  m e th o d  of  p r e c i p i t a t i o n  o f  v a r i o u s  

t o x o id s  w i t h  s p e c i a l  r e f e r e n c e  to  t h e  a n t i g e n i c  e f f i c i e n c y  of  th e  

r e s u l t i n g  p r e c i p i t a t e s  when u se d  in  e x p e r i m e n t a l  a n im a l s ,  a p e r u s a l  

of h e r  p a p e r  w i l l  show t h a t  among o t h e r s  t h e  f o l l o w i n g  s u b s t a n c e s  

a re  a b le  t o  e f f e c t  s a t i s f a c t o r y  p r e c i p i t a t i o n  of  t o x o i d s :  p o t a s s i u m  

alum, sodium a lu m i n a t e ,  c o l l o i d a l  a luminium h y d r o x id e ,  c o l l o i d a l  

f e r r i c  h y d r o x id e ,  magnesium h y d ro x id e ,  c e r o u s  n i t r a t e  and s u l p h a t e ,  

z in c  s u l p h a t e ,  z i r c o n iu m  o x y c h l o r i d e ,  th o r iu m  a c e t a t e ,  u r a n y l  a c e t a t e ,  

ca lc ium  p h o s p h a t e ,  and t u n g s t i c  a c i d .  Of a l l  t h e s e  s u b s t a n c e s  alum 

was apparently  t h e  b e s t ,  though  aluminium cream, z i r c o n y l  c h l o r i d e  

and c a lc ium  p h o s p h a te  a l s o  g iv e  e x c e l l e n t  r e s u l t s .  I t  was found 

t h a t  t o x o id  p r e c i p i t a t e d  by v a r i o u s  p r e c i p i t a n t s  and a t  v a r i o u s  

h y d r i o n  c o n c e n t r a t i o n s  i s  t o  U p t i m e s  a s  p u re  a s  t h e  o r i g i n a l  

t o x o id ,  and t h a t  t h e  y i e l d s  o f  s p e c i f i c  t o x o i d s  a r e  in  most  c a s e s  

from 70 to 95 p e r  c e n t .  Toxoid p r e c i p i t a t e d  f i r s t  by a c i d  and 

s u b s e q u e n t ly  by a m e t a l l i c  s a l t  a p p a r e n t l y  r e t a i n s  i t s  o r i g i n a l  h i g h  

p u r i t y  and a t  t h e  same t im e  a c q u i r e s  an a n t i g e n i c  e f f i c i e n c y  a s  

h ig h  as  t h a t  o f  c rude  t o x o i d s  p r e c i p i t a t e d  by m e t a l l i c  s a l t s .  Th is  

method i s  v a l u a b l e  i n  t h a t  i t  s e c u r e s  an a n t i g e n  which i s  a s  f r e e  

as p o s s i b l e  from n o n - s p e c i f i c  n i t r o g e n o u s  m a t e r i a l .  The l a t t e r  i s  

a lm ost  c e r t a i n l y  t h e  cause  o f  most o f  t h e  r e a c t i o n s  which a r e  

c o n s id e r e d  i n  d e t a i l  i n  th e  s e c t i o n s  o f  t h i s  T h e s i s  which  d e a l  

w i th  r e a c t i o n s  a sd  w i th  th e  L oloney  T e s t .

The immunizing p r o p e r t i e s  o f  D i p h t h e r i a  Toxoid P r e c i p i t a t e s .

G-lenny, Tope,  Haddington and Hal l a c e  (1926) found t h a t  an 

em uls ion  o f  t h e  alum p r e c i p i t a t e  from d i p h t h e r i a  t o x o i d  was a b e t t e r  

immunizing a g en t  t h a n  t h e  o r i g i n a l  t o x o i d ,  and t h e y  su g g e s te d  t h a t  

t h i s  i n c r e a s e d  e f f i c i e n c y  i s  due to  t h e  r e t e n t i o n  of  t h e  t o x o id  by 

th e  alum and to  i t s  d e la y ed  a b s o r p t i o n  and e l i m i n a t i o n  i n  t h e  body. 

About th e  same t im e  Ramon (1926) found t h a t  t h e  a d d i t i o n  o f  t a p i o c a  

to  to x o id  i n c r e a s e d  i t s  a n t i g e n i c  r e s p o n s e .  G-lenny, B u t t l e  and 

S tevens  (1931) su g g e s te d  from t h e i r  e x p e r im e n ta l  work i n  a n im a l s  

t h a t ,  when an a n t i g e n  i s  i n j e c t e d  i n t o  th e  t i s s u e s  a c o n d i t i o n  of



c o n t in u a l  s t i m u l a t i o n  i s  p ro du ced  "by l e s s e n i n g  q u a n t i t i e s  o f  a n t i g e n  

a c t i n g  on t i s s u e s  whose power of  r e s p o n s e  i s  r a p i d l y  i n c r e a s i n g . ”

This  enhanced a n t i g e n i c  r e s p o n s e  may "be due to  two f a c t o r s .  F i r s t l y ,  

i t  may he, due t o  r e t e n t i o n  o f  t h e  t o x o id  by t h e  p r e c i p i t a t e  so t h a t  i t  

i s  o n ly  s lo w ly  l i b e r a t e d  i n t o  th e  sys tem  and a c t s  a s  i t s  own seco n 

dary  s t i m u l u s  (G-lenny, Pope,  Waddington and W allace ,  192 6 ) .

Secondly ,  i t  may due to  l o c a l  i r r i t a t i o n  caused  by th e  p r e c i p i t a t e  

a t  t h e  s i t e  of i n j e c t i o n  (G-lenny & Haddington ,  1 928) .  I t  i s  

p r o b a b le  t h a t  b o t h  t h e s e  f a c t o r s  a r e  i n  p a r t  r e s p o n s i b l e .  G-lenny, 

B u t t l e  and L te v e n s  (1931) were a b le  t o  d e m o n s t r a te  t o x o i d  a t  t h e  

i n j e c t i o n  s i t e  t h r e e  days a f t e r  i n j e c t i o n  when alum p r e c i p i t a t e s  

were u s e d ,  w hereas  w i t h  c o n t r o l l e d  t o x o id  on ly  a t r a c e  was l e f t  a f t e r  

t h i s  t im e .  On t h e  o t h e r  hand t h e  f a c t  t h a t  such s u b s t a n c e s  a s  

t u r p e n t i n e  and t o l u o l  a l s o  cause  an i n c r e a s e d  r e s p o n s e  i s  e v id e n c e  

f o r  th e  i r r i t a t i o n  h y p o t h e s i s .

Alum p r e p a r a t i o n s  -were e a r l y  used  i n  t h e  h y p e r - im m u n iz a t io n  

of h o r s e s  f o r  t h e  p r o d u c t i o n  o f  d i p h t h e r i a  a n t i t o x i n .  At th e  Wellcome 

L a b o r a t o r i e s  good r e s u l t s  a r e  a p p a r e n t l y  b e in g  o b t a i n e d  by t h i s  

method, bu t  i n  c e r t a i n  q u a r t e r s  i n  America t h e  r e s u l t s  do no t  seem 

t o  have been  (d $  f a v o u r a b l e .  As t h e s e  e x p e r i e n c e s  have a c e r t a i n  

b e a r i n g  on th e  u se  o f  alum i n  t h e  human, one i n s t a n c e  w i l l  be men

t io n e d  h e r e .  Leonard and F a r l e y  (1932) found i n  t h r e e  g ro u p s  

o f  h o r s e s  t h a t  t h e  a n t i g e n i c  e f f e c t i v e n e s s  o f  im m uniza t ion  w i t h  alum 

t r e a t e d  t o x o i d  and t o x i n  was about  t h r e e  t im e s  a s  g r e a t  a s  t h a t  of  

to x o id  and t o x i n  w i th o u t  t h e  a d d i t i o n  o f  alum- But a c u m u la t iv e  

t o x i c  e f f e c t  was ob se rv ed  i n  t h e  h o r s e s  which r e c e i v e d  alum p r e p a r a 

t i o n s  so t h a t  t Two t h i r d s  o f  them g r a d u a l l y  d ied  w i t h  symptoms of  

alum p o i s o n i n g .  These a u t h o r s  a r e ,  however,  c a r e f u l  t o  s t a t e  t h a t  

th e  e x t r e m e ly  sm a l l  amount o f  alum which would be r e q u i r e d  i n  human 

immunizat ion  would be u n l i k e l y  to  p roduce  such  t o x i c  e f f e c t s .

The u se  of  T r e a te d  Toxoids i n  human Im m uniza t ion .

G-lenny (1930) a p p e a r s  to  have been t h e  f i r s t  to  s u g g e s t  

the  u se  o f  alum p r e p a r a t i o n s  f o r  th e  im m uniza t ion  o f  human subjects ,  

but  the  method seems to have been f i r s t  s u b j e c t e d  to  afc p r a c t i c a l



t e s t  by b a r k  and S e h ro ^ d e r  (1932) i n  1930. From th e  l a t t e r  p a p e r

i t  would a p p e a r  t h a t  i n  t h e  sm a l l  s e r i e s  o f  c a s e s  which- were th u s

t r e a t e d  alum t o x o i d  gave d e f i n i t e l y  b e t t e r  r e s u l t s  t h a n  t o x o i d  o r  
- m i x t u r e

t o x i n  - a n t i t o x i n /  - th ou g h  t h e  r e s u l t s  w i t h  th e  l a t t e r  were i n 

comparably b e t t e r  t h a n  t h o s e  which were p r e v i o u s l y  g i v e n  by t h e  

w r i t e r  f o r  L eed s ,  I n  a s h o r t  t im e  t h e s e j p r e p a r a t i o n s  came t o  be u sed  

in  m u l t i p l e  d o se s  on sm a l l  g roups  of  American c h i l d r e n .  C laus  

J e n se n  (1931) was p r o b a b ly  t h e  f i r s t  t o  u se  such  p r e p a r a t i o n s  i n  

s i n g l e  d o s e s .  He i n o c u l a t e d  21 c h i l d r e n ,  each  c h i l d  r e c e i v i n g  1 com. 

of  fo rm ol  t o x o id  c o n c e n t r a t e d  by alum. The r e s u l t i n g  p r e p a r a t i o n  

had an  Lf v a l u e  of  u n i t s  p e r  com. One month a f t e r  th e  i n j e c t i o n

twenty  o f  t h e  c h i l d r e n  had become S c h ick  n e g a t i v e .  Graham, Murphree,  

and G i l l  (1933) u sed  an a l u n - p r e c i p i t a t e d  fo rm ol  t o x o i d ,  which was 

p re p a re d  a f t e r  t h e  method of  G-lenny by Havens and h e l l s  (1 9 33 ) .

A s i n g l e  i n o c u l a t i o n  'was g iven  t o  135 c h i l d r e n  who were a l l  Sch ick  

p o s i t i v e .  When t e s t e d  two t o  s i x  months  l a t e r  171 (9 2 .4  p e r  c e n t )  

of t h e  c h i l d r e n  had become S c h ic k  n e g a t i v e .  S t r a u s  (1933) used  

to x o id  made up t o  aft s p e c i a l  l a n o l i n e  m ix t u r e  w i th  s t e r i l e  hydrous  

wool f a t .  S t r a u s  i n j e c t e d  98 p r e - s c h o o l  c h i l d r e n  and f i v e  n u r s e s ,  

and 102 o f  t h e  103 s u b j e c t s  were n e g a t i v e  a f t e r  two m on ths .  I n  t h e  

c h i l d r e n  t h e r e  were p r a c t i c a l l y  no r e a c t i o n s ,  bu t  t h e  r e a c t i o n s  i n  

th e  a d u l t s  were q u i t e  s e v e r e .

I n  1932 Saunders  (1932) u sed  alum t o x o i d s  i n  t h r e e  

d oses ,  on 436 c h i l d r e n  i n  Cork, I r e l a n d .  I n  a l a t e r  communication 

he d e a l t  w i t h  th e  r e a c t i o n s  f o l l o w i n g  t h e i r  u s e  (1933) .

I n  t h i s  c o u n t ry  alum t o x o i d  was u sed  up to  1 9 3 4  o n ly  

by Dudley (1929) i n  Greenwich H o s p i t a l  s c h o o lb o y s .  In  1934 and 

e a r l y  in  1935 t h e r e  appea red  t h e  two s h o r t  communicat ions  o f  t h e  

p r e s e n t  w r i t e r  upon  which t h i s  s e c t i o n  i s  b a s e d .  The i n v e s t i g a t i o n  

can be d i v id e d  i n to  two p a r t s .  The f i r s t  r e s u l t s  d e a l  w i th  t h e  

use  o f  a b a t c h  of to x o id  w i th  added alum (LIFT B8725).  A l th o ug h  

t h i s  m a t e r i a l  gave s u g g e s t i v e  r e s u l t s ,  i t  sh o u ld  be r e a l i s e d  t h a t  

the a d d i t i o n  of  t h e  alum d id  not  a l t e r  t h e  c o m p o s i t io n  o f  t h e  t o x o i d

very m a t e r i a l l y ,  s i - c e  t h e r e  was no a c t u a l  precipitation.



1*1 .

The second p a r t  o f  t h e  i n v e s t i g a t i o n  d e a l s  w i th  t h e  u s e  o f  a ve ry  

e f f e c t i v e  a l u m - p r e c i p i t a t e d ’ to x o id  (APTB9017) .  I n  th e  i n t e r v a l  

between th e  u s e  o f  t h e s e  t w o . p r e p a r a t i o n s ,  w hi le  th e  w r i t e r  was 

p r e p a r in g  t o  l e a v e  Leeds he i n o c u l a t e d  about  150 c h i l d r e n  w i t h  a 

sing€& dose  of  a n o t h e r  t o x o id  w i th  added alum. The e f f i c i e n c y  

of t h i s  b a t c h  was o f  c o u rs e  q u i t e  unknown, and t h e  s h o r t  t ime 

a v a i l a b l e  d id  n o t  p e r Q n i t  o f  d e l a y  u n t i l  t h e  r e s u l t s  o f  f i n a l  S c h ic k  

t e s t s  on p r e l i m i n a r y  g roups  were known. On f i n a l  t e s t i n g  .it was 

found t h a t  t h e  immunizing power o f  t h i s  p a r t i c u l a r  m a t e r i a l  was 

ex t rem e ly  low, so t h a t  i t  was q u i t e  u n s u i t a b l e  f o r  u s e  i n  s i n g l e  

d oses .  As a r e s u l t  t h i s  m a t e r i a l  was w as ted  so f a r  as  r e s u l t s  of  

s i n g l e  d o s e s  a r e  conce rn ed ;  but  t h e  c a s e s  were  a v a i l a b l e  f o r  t h e  

s tu dy  o f  th e  f e a t u r e s  which a r e  d e a l t  w i t h  i n  o t h e r  s e c t i o n s .

Since t h e  p u b l i c a t i o n ] p f  t h e s e  a r t i c l e s  two f u r t h e r  comm unica t ions  

have a p p e a re d .  J e n s e n  h a s  c o n t in u ed  h i s  u s e  o f  th e  W i l l s t & t t e r  

p r e p a r a t io n f t  o f  alum h y d ro x id e  A1 (GE);7, which was p r e p a r e d  f o r  him 

by Schmidt  (19 3 2 ) .  J e n s e n  has  a p p a r e n t l y  immunised abou t  6 ,000  

b a n is h  c h i l d r e n  by t h i s  method, but  t h e s e  r e s u l t s  a re  so f a r  un 

p u b l i s h e d .  K is  most r e c e n t  p a p e r  i s  a j o i n t  one d e s c r i b i n g  th e  

im m uniza t ion  o f  553 c h i l d r e n  i n  a sm a l l  A u s t r i a n  town i n  which 

ft ipht  h e r i a  had b e e n  p a r t i c u l a r l y  p r e v a l e n t .  (Leach, J e n s e n  and 

Loch, 19 35 ) .  The r e s u l t s  were gauged not by S ch ick  t e s t i n g  but  by 

a n t i ^ t o x i n  e s t i m a t i o n ,  c a r r i e d  o u t  by th e  w e l l  known method of  

J e n s e n  ( J e n s e n , 1933}. The r e s u l t s  o f  im m uniza t ion  ap p ea r^ #  t o  have 

been e x c e l l e n t .  From America t h e r e  h a s  j u s t  ap p ea re d  a s t u d y  o f  

th e  o n e - s h o t  method by Volk (1935) ,  who was a b le  to  r e n d e r  a b o u t  65 

p e r  cen t  o f  722 c h i l d r e n  n e g a t i v e  in  f o u r  weeks by means of alum 

p r e c i p i t a t e d  t o x o i d s .

The e f f i c i e n c y  of t o x o i d  w i th  added a lum .

The r e s u l t s  o f  immunizing f o u r  sm a l l  g ro u p s  w i th  ALFT (B8725) 

a re  s e t  out  i n  TableLXXYII.The f i r s t  two g ro u p s  were f o l lo w e d  up in  

£ s c h o o l .  I t  was found in  each group t h a t ,  though  th e  p e r c e n t a g e s  

n e g a t iv e  on t e s t i n g  one month a f t e r  the  s i n g l e  dose were low - 

47 and 43 p e r  cen t  r e s p e c t i v e l y  - t h e s e  p e r c e n t a g e s  i n c r e a s e d  f a i r l y  

ra -pidly  a f t e r  a s h o r t  i n t e r v a l .
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In group U 1  a r e - t e s t  was c a r r i e d  o u t  two weeks a f t e r  th e  . f i r s t  

p o s t - S c h i c k  and t h e  p e r c e n t a g e '  immune had. in c re a s e d ,  frani 47 t o  71 -

i . e . , a 50 p e r  c e n t  i n c r e a s e .  When . t h i s  £ ro u ih  was t e s t e d  a g a i n  

a f t e r  a l a p s e  o f  t h r e e  months the  p e r c e n t a g e  o f  immunes had r i s e n  

by o n ly  a f u r t h e r  12 p e r  c e n t .  The second group  - 1A2 -  on t h e  

o th e r  hand d id  no t  r e s p o n d  so w e l l .  At the  f i r s t  p o s t - S c h i c k  

t e s t  th e  p e r c e n t a g e  o f  immunes was s i m i l a r  to  t h a t  o f  group 1A1, 

but a f t e r  a l a p s e  o f  f o u r  months i t  had i n c r e a s e d ; b y  on ly  20 p e r  

cen t  to  67. The c h i l d r e n  who made up t h e s e  two g ro u p s  were irjery 

s i m i l a r  a s  r e g a r d s  age and s o c i a l  s t a t u s ,  and th e r e ,  wasno a p p a r e n t  

r e a so n  why t h e  two g roups  sh o u ld  have respo n ded  i n  d i f f e r e n t  ways.

The t h i r d  group which was t r e a t e d  c o n s i s t e d  e n t i r e l y  

of  y o u th s  aged 14 to  19 y e a r s ,  who were in m a tes  o f  aft l a r g e  

r e s i d e n t i a l  s c h o o l .  So f a r  as  t h e  g e n e r a l  r e s u l t  i s  co nce rned ,  

i t  must be s a i d  t h a t  85 p e r  cen t  n e g a t i v e  w i t h  a s i n g l e  dose  o f  

p r o p h y l a c t i c  was e x c e l l e n t .  At fmst  s i g h t  i t  might -be t h o u g h t  

t h a t  t h i s  r e  s u i t  H i s  c o n t r a d i c t o r y  to  th e  f i n d i n g s  f o r  t h e  a s s o c i a 

t i o n  be tween fcte  age and im m u n i z a b i l i t y  which were d i s c u s s e d  i n  t h e  

l a s t  s e c t i o n  o f  t h i s  T h e s i s .  The c o n t r a d i c t i o n  i s ,  however,  o n ly  

a p p a r e n t ,  f o r  i t  'w i l l  be remembered t h a t  t h e  p r e v i o u s  d i s c u s s i o n  

d e a l t  o n ly  w i th  c h i l d r e n  below th e  age of  15 y e a r s ,  and i t  seems 

p r o b a b le  on g e n e r a l  p r i n c i p l e s  t h a t  an  i h v e s t i g a t i o n  which  d e a l s  

w i th  a d u l t s  m igh t  g iv e  d i f f e r e n t  r e s u l t s .  F u r t h e r ,  t h e  tw en ty  

p o s i t i v e  i n d i v i d u a l s  in  group 1A4 were th e  only  p o s i t i v e s  in  t h e  

29 i n d i v i d u a l s  who were g iv e n  a p r im a ry  Schick  t e s t  - i . e . ,  t h e  

immunity r a t e  was 80 p e r  c e n t . T h is  f i g u r e  i s  m a rk e d ly  d i f f e r e n t  

f r o m  t h e  r a t e s  f o r  a l l  o t h e r  g ro u p s  o f  c h i l d r e n ,  and i t  would a p p e a r  

t h a t  th e  e x c e l l e n t  r e s u l t  o b t a in e d  was a s s o c i a t e d  w i th  t h e  h i g h  

degree  of  h e rd  immunity r a t h e r  t h a n  w i t h  th e  i n c r e a s e d  age .

The f o u r t h  group o f  c h i l d r e n  who were t r e a t e d  w i t h  t h i s  

m a t e r i a l  gave t h e  p o o r e s t  r e s u l t s  o f  a l l  -  v i z ,  41 p e r  -cent n e g a t i v e  

a f t e r  t e n  weeks. Again ,  t h e r e  was no obv ious  r e a s o n  why t h i s  

r e s u l t  should  have been  so low, th e  ages  and s o c i a l  c o n d i t i o n s  of  

the  c h i l d r e n  were v e ry  s i m i l a r  to  t h o s e  o f  th e  f i r s t  two g ro up s

tr e a te d .



I t  i s  e a s y  t o  be c r i t i c a l  a f t e r  th e  e v e n t .  These 

f i g u r e s  a r e  p r e s e n t e d  h e r e , n o t  b ecause  of  t h e i r  i n h e r e n t  m e r i t s  

or  d e f e c t s ,  bu t  b eca u se  t h e y  form a m i l e s t o n e , t o  th e  w r i t e r  a t  

l e a s t ,  i n  t h e  s e a r c h  f o r  an e f f i c i e n t  o n e - s h o t  p r o p h y l a c t i c .

I n d e e d ,  a t  t h e  t i m e  when t h e  e a r l i e r  r e s u l t s  w e r e  o b t a i n e d  t h e  

w r i t e r  was  c o n s i d e r a b l y  e n c o u r a g e d ,  and he  was  t h e n  o f  o p i n i o n  

t h a t  a  g o o d  a l u m -  p r e c i p i t a t e d  t o x o i d  w o u ld  g i v e  s a t i s f a c t o r y  

r e s u l t s .  A f t e r  a  s h o r t  e x p e r i m e n t a l  p e r i o d  D r .  0 TB r i e n  k i n d l y  

s u p p l i e d  h im  w i t h  t h e  m a t e r i a l  w h ic h  w i l l  b e  d i s c u s s e d  i n  t h e  

r e m a i n d e r  o f  t h i s  s e c t i o n .

B e fo re  f i n a l l y  t a k i n g  l e a v e  of t o x o id  w i t h  added alum, 

i t  w i l l  be a s  w e l l  t o  d i s c u s s  b r i e f l y  i t s  a d v a n ta g e s  and d e f e c t s .  

This  m a t e r i a l  c e r t a i n l y  h a s  i n  i t  t h e  p o s s i b i l i t i e s  o f  alum- 

p r e c i p i t a t e d  t o x o i d ,  but  t h e r e  i s  no com par ison  between t h e  

e f f i c i e n c y  o f  t h e  two m a t e r i a l s  I n  two doses  to x o id  w i th  added 

alum does  no t  ap p ea r  t o  be any b e t t e r  t h a n  o r d i n a r y  fo rm o l  t o x o i d ;  

b u t  t h e  w r i t e r  i s  o f  o p i n i o n  t h a t  i t  i s  d e f i n i t e l y  b e t t e r  frhen 

used  In  a s i n g l e  d o s e .  The f i g u r e s  i n  Tableixxvii show t h a t  i t s  

a c t i o n  i s  slow bp.t p r o g r e s s i v e .  One ad v an tag e  i n  u s i n g  i t  i n  

p r e f e r e n c e  t o  o r r d i n a f y  t o x o id  would p o s s i b l y  be t h a t  t h o s e  

c h i l d r e n  who d e f a u l t e d  a f t e r  t h e  f i r s t  i n j e c t i o n  would have  a 

good chance  o f  becoming immune, though  in  about  50 p e r  cen t  of 

c a s e s  t h i s  would happen on ly  a f t e r  t h e  l a p s e  of  a few m onths .

When i t  i s  remembered t h a t  t h e s e  p r o d u c t s  were s u p p l i e d  t o  th e  

w r i t e r  by t h e  L a b o r a to r y  o f  o r i g i n  o f  A l u m - p r e c i p i t a t e d  t o x o i d ,  

i t  may be wondered why t h i s  m a t e r i a l  was not  u s e d  i n  th e  f i r s t  

i n s t a n c e .  The answer may be g iv e n  in  a s i n g l e  word -  r e a c t i o n s .

The w r i t e r  i s  s t r o n g l y  o f  o p i n io n  t h a t  in c a r r y i n g  ou t  im m uniza t ion  

work on th e  g e n e r a l  p o p u l a t i o n ,  i t  i s  d e s i r a b l e ,  even e s s e n t i a l ,  

t o  p r o c e e d  w i th  ex treme c a u t i o n .  O ther  t o x o i d s  had n e v e r  

p r e v i o u s l y  been  used on th e  g e n e r a l  p o p u l a t i o n  o f  t h i s  c o u n t r y ,  

and t h i s - b a t c h  of t o x o id  w i t h  added alum c e r t a i n l y  s e r v e d ,  i f  i t  

d id  n o th in g  e l s e ,  to  g iv e  th e  w r i t e r  v a l u a b l e  e x p e r i e n c e  o f  th e  

b e h a v io u r  o f  such p r e p a r a t i o n s .
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The e f f i c i e n c y  of A l u m - p r e c i p i t a t e d  Toxoid (A.P.T)

The p a r t i c u l a r  m a t e r i a l  u sed  was an a l u m - p r e c i p i t a t e d  to x o id
ft(ft9017) o f  h i g h  a n t i g e n i c  v a l u e .  T h is  m a t e r i a l  had been  t r e a t e d

a c c o rd in g  t o  a method w;orked out  by 1. 0. Pope which removed a

l a r g e  p r o p o r t i o n  o f  i n a c t i v e  m a t e r i a l ,  and was e x p e c te d  t o  p ro d u ce

much l e s s  r e a c t i o n  t h a n p r e v i o u s  p r e p a r a t i o n s .

The m a t e r i a l  f o r  th e  i n v e s t i g a t i o n  c o n s i s t e d  of  228 c h i l d r e n ,

d iv id e d  i n t o  f i v e  g ro u p s ,  which a r e  h e r e  l a b e l l e d  1A5 to  1A9.

The ages  of  t h e  c h i l d r e n  ran g e d  from 1 y e a r  t o  14 y e a r s ,  bu t  t h e

m a j o r i t y  were be tw een  1 and 5 y e a r s  o f  age .  P a r t i c u l a r s  of  th e

o c h i c k - s t a t e  o f  t h e s e  c h i l d r e n  a r e  g iv e n  i n  T ab le  LXXVIII.

TABLE LXXVIII

Group B o . t e s t e d  Lumber P e r c e n t
p o s i t i v e  P o s i t i v e

1A5 47 35 7 4 .5 1 4 .3
1A6 53 37 69 .8+ 4 .3
1A7 36 33 9 1 .7 + 3 .1
1A8 48 35 72 .9 + 4 .3
iA9 44  39___ 8 3 .6 + 3 .5

T o t a l s  228 179 78 .5+1 .8

Each c h i l d  r e c e i v e d  p r e l i m i n a r y  Sch ick  and Moloney t e s t s ,  and t h e  

S ch ick  p o s i t i v e ,  Moloney n e g a t i v e  r e a c t o r s  were each g i v e n  1 c c .  of  

A.P.T (B a tch  B9C17) s u b c u t a n e o u s l y  i n  t h e  l e f t  d e l t o i d  r e g i o n .

Of th e  c a s e s  so t r e a t e d  i t  was p r a c t i c a b l e  to  p e r fo rm  a f i n a l  

S ch ick  t e s t  on 152 f o u r  weeks a f t e r  t h e  i n j e c t i o n .  The r e s u l t s  

i n  t h i s  p a p e r  a r e  t h e r e f o r e  based  on t h e s e  15 2 c a s e s .  T ab le  LXXIX 

summarises t h e s e  r e s u l t s .

TABLE LXXIX.

Group B e , f i n a l  t e s t e d  H o .n e g a t iv e  P e r  cen t
w i t h i n  1 month a f t e r  1 month n e g a t i v e ,
a f t e r  s i n g l e  dose

1A5 29 22 7 5 .9 + 5 .4
1A6 25 24 9 6 .0 + 2 .6
1A7 28 23 8 2 .1 + 4 .9
1A8 33 26 78 .8+4 .8
1A9 57 32 8 6 .5 + 3 .8

T o t a l s  152 127 8 3 .6 + 2 .0
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S ince th e  p robab le  e r ro r s  not only  fo r  the c o l le c te d  

r e s u l t s  but a lso  fo r  th e  r e s u l t s  o f each in d iv id u a l group 

show th a t  th e se  f ig u re s  a re  h ig h ly  s ig n i f ic a n t ,  i t  would seem 

th a t  th e  in v e s t ig a t io n  has y ie ld ed  a very  prom ising l in e  of a  

en q u iry . I t  i s  t ru e  th a t  th e  f ig u re s  f o r  in d iv id u a l groups show 

some v a r ia t io n ,  and th e  probable e r ro r s  of c e r ta in  d if fe re n c e s  

suggest th a t  th e se  d if fe re n c e s  are  p robab ly  s ig n i f i c a n t .  Hence 

too much s t r e s s  should not be p laced  on th e  f ig u re s  fo r  in d iv id 

u a l g roups. Apart from th i s ,  however, th e  r e s u l t s  as they  

appear in  Table LXXIX re q u ire  f u r th e r  exam ination.

(a) In  the  f i r s t  p la c e , th e re  i s  a p o s s i b i l i t y  th a t th e  

high p ercen tag e  of n eg a tiv e  r e a c to r s  on r e t e s t in g  may have been 

due to  th e  in c lu s io n  of an u n u su a lly  la rg e  number of c h ild re n  a t 

one p a r t i c u la r  age. A rough idea of the  r e s u l t s  as r e la te d  to  

the  age d i s t r ib u t io n  i s  g iven in  Table LXXX. (Hote: In  T ab les

LXXX and LXXXI only  th e  152 c h ild re n  included in  column 2 of 

Table LXXIX a re  d e a lt  w ith ) .

TABLE LXXX

Age Croup under 1 -2 -5 -7 -10 10+

T o ta l te s te d 11 27 57 18 20 19

H esu lts  of t e s t s -  
{a ) P o s i t iv e 2 2 9 2 4 6
(b) n eg a tiv e 9 25 48 16 16 13

Per c e n t, n eg a tiv e 82 93 84 89 80 68

These f ig u re s  in d ic a te  in  a broad way th a t  up to  th e  

end of te n  y ea rs  th e re  was no marked d if fe re n c e  in  th e  immunizing 

e f f e c t  of th e  p ro p h y la c tic . C hildren  over ten  y ea rs  were 

ap p a ren tly  r a th e r  more d i f f i c u l t  to  immunize by t h i s  method.

At a l l  even ts th e  f ig u re  8 3 .6 J2 .0  must be taken as r e p re s e n ta t iv e  

of the  average percen tage  of c h ild re n  in  any age-group who would, 

in  th e  Leeds d i s t r i c t ,  be made immune w ith in  one month of th e  

a d m in is tra tio n  of a s in g le  dose of a p ro p h y la c tic .

(b) In  th e  second p la c e , th e  f ig u re s  in  Table LXXIX 

give no in d ic a t io n  of th e  s ta te  of immunity of tjte 152 Schick
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p o s i t i v e  s u b j e c t s  b e f o r e  i n o c u l a t i o n .  I t  m ig h t  be o b j e c t e d  t h a t
a

p o s s i b l y  many of  t h e  c h i l d r e n  . h a d / c o n s i d e r a b l e  d e g re e  of immunity 

to  s t a r t  wi th}  i .  e . , t h e  p o s i t i v e  S ch ick  r e a c t i o n  would be s l i g h t  i n  

d e g r e e ) ,  and t h a t  t h e r e f o r e  a s m a l l  s t i m u l u s  would be s u f f i c i e n t  

t o  induce  e f f e c t i v e  immunity and t o  change th e  s l i g h t  p o s i t i v e  i n t o  

a n e g a t i v e  S c h ic k  r e a c t i o n .  T h is  p o i n t  i s  d e a l t  w i th  in  T a b l e LXXXI 

which g i v e s  t h e  i n i t i a l  S c h ick  s t a t e  and th e  e f f e c t  o f  i n o c u l a t i n g  

t h e  152 c a s e s ,
TABLE LXXXI

P r im ary  S ch ick  F i n a l  S ch ick  (1 month a f t e r  i n o c . ) P e r  c e n t
Type Lumber and h o . p o s i t i v e  h o . n e g a t i v e  n e g . l  month

p e r  c en t  a f t e r  i n o c u 
l a t i o n  .

S l i g h t  16 ( 1 0 .5 )  • 1 15 93 .8

Moderate  97 ( 6 3 .8 )  15 82 8 4 .5

Marked 39 ( 2 5 .7 )  9 30 76.9

T o ta l  152 25 127

As would be e j e c t e d  t h e r e  i s  a d i f f e r e n c e  in  t h e  e a se  

w i th  which  t h e  t h r e e  g ro u p s  can be immunised, bu t  th e  d i f f i c u l t y  

i s  o b v i o u s l y  p r o g r e s s i v e ,  and th e  d i f f e r e n c e  i n  t h e  p e r c e n t a g e s  

f o r " s l i g h t "  and f o r  "Marked" g roups  r e s p e c t i v e l y  i s  no t  a s  g r e a t  

as m ight  have been  a n t i c i p a t e d .  The o u t s t a n d i n g  p o i n t s  which 

emerge from t h i s  t a b l e  a r e  t h a t  t h e  a v e r a g e  p e r c e n t a g e  o f  c h i l d r e n  

S ch ick  n e g a t i v e  a f t e r  one month ( v i z .  8 3 .6 + 2 .0 )  i s  a r e p r e s e n t a t i v e  

f i g u r e  f o r  "M odera te11 and f o r  "Marked7' p r im a ry  S ch ick  r e a c t o r s ;  

and f u r t h e r ,  t h a t  a lm os t  e i g h t y  p e r  c en t  o f  "marked" S ch ick  r e a c t o r s  

can t h u s  be r a p i d l y  immunized by t h i s  method.

I t  shou ld  be m en t ioned  t h a t  t h e  w r i t e r  f o l lo w e d  h i s  

u s u a l  p r a c t i c e  o f  r e a d i n g  a s " p o s i t i v e "  a l l  Sch ick  r e a c t i o n s  i n  

which t h e r e  was th e  s l i g h t e s t  s u s p i c i o n  of  e ry them a .  As a c o n se 

quence o f  t h i s  p r o c e d u r e  one c ase  i s  i n c l u d e d  a s  " p o s i t i v e "  in  t h e  

above f i g u r e s  f o r  t h e  f i n a l  Bchick t e s t s ,  a l t h o u g h  t h e  r e s u l t  

of b lood  t i t r a t i o n  showed t h a t  t h e  p a t i e n t  was immune a t  t h e  t im e  

when t h e  S ch ick  t e s t  was c a r r i e d  o u t .

I t  shou ld  be remembered itq a s s e s s i n g  any r e s u l t s  o f
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s i n g l e  i n f e c t i o n s  t h a t  a  S c h ick  t e s t  pe rfo rm ed  s i x  weeks a f t e r  

th e  i n j e c t i o n  i s  e q u i v a l e n t ,  so f a r  a s  t h e  t o t a l  t im e  i s  concerned ,  

to  a s i m i l a r  t e s t  p e r  formed f o u r  weeks a f t e r  th e  second i n j e c t i o n  

where t h e r e  i s  an i n t e r v a l / o f  two.weeks be tween th e  i n j e c t i o n s .  

C onsequen t ly  t h e s e  A .P .T .  g ro u p s  a re  e q u i v a l e n t  t o  t o x o i d  g ro u p s  

t e s t e d  two weeks a f t e r  t h e  s e c o n d . dose ( i n t e r v a l  o f  two weeks 

between d o s e s } .  Regarded  i n  t h i s  l i g h t  t h e s e  A .P .T .  r e s u l t s  a r e  

most s a t i s f a c t o r y .

I t  sh o u ld  be m en t io n ed  t h a t  on ly  one communication 

d e a l i n g  w i th  o n e - s h o t  im m uniza t ion  i n  t h i s  c o u n t ry  h a s  a p p ea red  

s i n c e  t h e  p u b l i c a t i o n  o f  t h e  w r i t e r ’ s d a t a .  The p a p e r  r e f e r r e d  

to (M u rph y ,1935) d e a l s  w i th  t h e  im m uniza t ion  o f  s c h o o l  and p r e 

schoo l  c h i l d r e n ,  b u t  o n ly  a l i t t l e  over  one t h i r d  o f  t h e  i n o c u l a t e d  

c h i l d r e n  were r e - t e s t e d ,  and t h i s  o p e r a t i o n  was not c a r r i e d  ou t  

u n t i l  some months  a f t e r  t h e  i n o c u l a t i o n .  The m a t e r i a l  used  

emanated from a l a b o r a t o r y  o t h e r  t h a n  t h a t  which s u p p l i e d  t h e  

w r i t e r  w i th  h i s  m a t e r i a l .

'The f u t u r e  o f  t h e  s i n g l e - d o s e  method i s  s t i l l  t o  be 

d e c id e d ,  and i t  i s  y e t  to o  e a r l y  t o  be dogm at ic .  There, would 

seem to  be g rounds  f o r  b e l i e v i n g ,  however,- t h a t ,  g iv en  p a t i e n c e  

and c a r e  oh t h e  p a r t  o f  t h e  f i e l d  worker v e r y  s a t i s f a c t o r y  r e s u l t s  

w i l l  u l t i m a t e l y  be a c h ie v e d ,  -  w i t h  a  c o n se q u e n ? jn § t  on ly  of  

expense bu t  a l s o  o f  t h e  t im e  o f  p a r e n t s  and c h i l d r e n .



PART I .

SECTION U )  

A STUDY Off THE REACTIONS EOLLOWINS FORMOL TOXOID 

AND AU&I TOXOIDS ■

In  s e v e r a l  p u b l i s h e d  p a p e r s  and i n  v a r i o u s  p a r t s  o f  t h i s  

T h e s i s  t h e  w r i t e r  h a s  r e f e r r e d  to  t h e  r e a c t i o n s  f o l l o w i n g  fo rm o l  and 

alum t o x o i d s ,  b u t  t h e s e  r e f e r e n c e s  have been ve ry  b r i e f .  I t  i s  

w e l l  known t h a t  t h e  f e a r  l e s t  such  r e a c t i o n s  would d ev e lo p  d e la y e d  

th e  use  o f  fo rm o l  t o x o id  i n  t h i s  c o u n t r y ,  and t h a t  t h i s  f e a r  i s  

even y e t  m i l i t a t i n g  a g a i n s t  t h e  u s e  o f  alum t o x o i d s .  So f a r  no 

d e t a i l e d  s tu d y  o f  t h e  w r i t e r Ts c a s e s  h a s  been  p r e s e n t e d  w i th  

r e f e r e n c e  t o  s u b s e q u e n t  r e a c t i o n s ,  and t h i s  e x p o s i t i o n  w i l l  now be 

a t t e m p te d  h e r e .  I t  shou ld  be m en t ioned  t h a t  t h e  w r i t e r  k ep t  ve ry  

f u l l  n o t e s  o f  a l l  r e p o r t e d  r e a c t i o n s ,  and in  most  c a s e s  he examined 

th e  r e a c t o r s  a s  e a r l y  as  p o s s i b l e .  F u r t h e r ,  i t  w i l l  a l s o  be 

s h o r t l y  a p p a r e n t  t h a t ,  o f  t h e  19 68 i n d i v i d u a l s  Yrho r e c e i v e d  p r o p h y l a  

t i c s ,  over  36 p e r  cen t  were examined p e r s o n a l l y  by t h e  w r i t e r  on 

t h e  day f o l l o w i n g  th e  f i r s t  i n f e c t i o n ,  so t h a t  v e ry  d e t a i l e d  n o t e s  

r e g a r d i n g  th e  i n c i d e n c e  o f  r e a c t i o n s  a f t e r  t h e  f i r s t  i n f e c t i o n  a re  

a v a i l a b l e .

From a p e r u s a l  o f  t h e  s e c f i o n  which d e a l s  w i t h  t h e  Moloney 

t e s t  i t  w i l l  be o b v ious  t h a t  r e a c t i o n s  a f t e r  t h e  p o w e r f u l  p r o p h y 

l a c t i c s  which were u sed  i n  t h e s e  i n v e s t i g a t i o n s  a r e  of  v a r i o u s  

d e g re e s  o f  s e v e r i t y .  Many r e a c t i o n s  a r e  so m i ld  a s  t o  be q u i t e  

u n n o t i c e d  by t h e  i n d i v i d u a l ,  w h i l e  i n  o t h e r  i n s t a n c e s ,  e s p e c i a l l y  

i n  p o s i t i v e  Moloney r e a c t i o n s ,  s e v e r e  l o c a l  ahd "genera l  r e a c t i o n s  

may o c c u r .  I t  shou ld  be p o i n t e d  out  t h a t  a l l  d e g r e e s  o f  r e a c t i o n  

i n d i c a t e  some ten d en cy  on t h e  p a r t  o f  t h e  i n d i v i d u a l  t o  r e a c t  

abnorm al ly  to  t h e  s t i m u l u s  o f  a p r o p h y l a c t i c . Hence, a l t h o u g h  f o r  

p r a c t i c a l  p u r p o s e s  s e v e r e  r e a c t i o n s  a r e  more im p o r t a n t  owing to



t i i e i r  d r a m a t i c  e f f e c t s ,  from t h e  p o i n t  o f  v iew o f  t h e  r e s e a r c h  

worker t h e  m i ld  r e a c t i o n  i s  e q u a l l y  i n t e r e s t i n g .

D e f i n i t i o n s .  Lor t h e  p u rpo se  of  t h i s  s e c t i o n  r e a c t i o n s  

a r e  d i v i d e d  i n t o  two t y p e s ,  (a)  l o c a l  r e a c t i o n s ,  and (b) g e n e r a l  

r e a c t i o n s .  L oca l  r e a c t i o n s  a r e  d e f i n e d  as  any r e a c t i o n  a t  a l l  a t  

t h e  i n j e c t i o n  s i t e  which Y/as more t h a n  a mere e ry them a;  such 

r e a c t i o n s  i n c l u d e d  s w e l l i n g  o f  a g e n e r a l  n a t u r e ,  t e n d e r n e s s ,  and 

" f u l n e s s " .  S t i f f n e s s  o f  t h e  a m ,  u n l e s s  i t  was accompanied by 

o t h e r  f e a t u r e s ,  was n o t  i n c lu d e d  a s  a l o c a l  r e a c t i o n ,  s i n c e  such 

a c o n d i t i o n  i s  q u i t e  o f t e n  t r a u m a t i c ,  and i s  no t  due to  t h e  m a t e r i a  

i n j e c t e d .  G enera l  r e a c t i o n s  i n c l u d e  any sy s te m ic  d i s t u r b a n c e  which  

i s  s u f f i c i e n t l y  s e v e r e  to  i n t e r f e r e  w i th  t h e  no rm al  c o u rs e  of t h e  

i n d i v i d u a l ’ s d a i l y  r o u t i n e  or h a b i t s .  G enera l  r e a c t i o n s  i n c l u d e  

v o m i t in g ,  marked n a u se a ,  marked h e ad ach e ,  o r  d e f i n i t e  d i s t a s t e  

f o r  fo o d .

I n  some of  t h e  t a b l e s  which f o l l o w  i t  w i l l  be s e en  t h a t  

c e r t a i n  l o c a l  and g e n e r a l  f e a t u r e s  a r e  t a b u l a t e d  s e p a r a t e l y ,  and 

t h a t  t h e  r e s u l t i n g  t o t a l s  do no t  a lways a g re e  w i th  t h e  t o t a l  number 

of  l o c a l  and g e n e r a l  r e a c t o r s .  The e x p l a n a t i o n  of t h i s  d i s c r e p 

ancy i s  t h a t  i s o l a t e d  symptoms do no t  n e c e s s a r i l y  c o n s t i t u t e  a 

r e a c t i o n .  These i n d i v i d u a l  f e a t u r e s  ware n o ted  a t  t h e  t im e  when 

th e  e x a m in a t io n  was made, bu t  a d e f i n i t e  no te  was a l s o  made a s  t o  

w he ther  t h e  i n d i v i d u a l  was o r  was no t  s u f f e r i n g  from a l o c a l  or  

g e n e r a l  r e a c t i o n .

ho a t t e m p t  w i l l  be made h e re  t o  d i s c u s s  f u l l y  t h e  

l i t e r a t u r e  of r e a c t i o n s  f o l lo w in g  t o x o id  o r  alum t o x o i d .  The 

fo rm er  i s  a l r e a d y  c o n s i d e r a b l e ,  and th e  l a t t e r  i s  i n c r e a s i n g  

g r a d u a l l y .  I t  w i l l  be obse rved  t h a t  th e  d e f i n i t i o n  o f  what 

c o n s t i t u t e s  a r e a c t i o n  must v a ry  a c c o rd in g  to  t h e  judgment o f  t h e  

o b s e r v e r ,  and th e  Y/hole q u e s t i o n  i s  f u r t h e r  c o m p l ica te d  when i t  i s  

remembered t h a t  r e p o r t s  on d i p h t h e r i a  im m uniza t ion  work v e ry  o f t e n  

emanate from groups  o f  o b s e r v e r s ,  t h e  i n d i v i d u a l s  of  which may
C0f)

c o n s c i o u s ly  or un^sciously have d i f f e r e n t  viewirs r e g a r d i n g  such a 

d e f i n i t i o n .  A p e r u s a l  of  a few o f  Harnon1 s p a p e r s  w i l l  show t h a t
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i n  g e n e r a l  he t r e a t s  r e a c t i o n s  v e r y  c a s u a l l y ,  and i t  i s  t h e  

p r a c t i c e  i n  F r a n c e  t o  immunize t u b e r c u l o u s  c h i l d r e n  w i t h  a n a t o x i n e .  

C e r t a i n  o f  t h e  s m a l l e r  grouxjs of c h i l d r e n  which  a r e  d i s c u s s e d  in  

t h i s  T h e s i s  were in m a te s  o f  a c h i l d r e n ' s  s a n a to r iu m ,  and even 

though ex trem e  c a r e  was u se d  and t h e  Moloney t e s t  employed, t h e  

w r i t e r  found t h a t  l o c a l  r e a c t i o n s  were by no means i n f r e q u e n t ,  

and t h a t  a s l i g h t  d e g re e  o f  p y r e x i a  was no t  uncommon. D e s p i t e  

RamonTs a s s u r a n c e s  t o  t h e  c o n t r a r y  A u b e r t i n  and Boudou (1932) 

a s s e r t  t h a t  a f l a r e  up o f  t u b e r c u l o u s  f o c i  a f t e r  im m u n iza t io n  w i t h  

a n a t o x in e  h a s  o c c u r r e d .  W ith in  r e c e n t  y e a r s  a t t e m p t s  have been  

made, e s p e c i a l l y  i n  America,  t o  p r e s e n t  r e l i a b l e  i n f o r m a t i o n  oil t h e  

i n c i d e n c e  of  r e a c t o r s .

Dudley (1932) was e s p e c i a l l y  f a v o u r a b l y  s i t u a t e d  f o r  t h e  

o b s e r v a t i o n  o f  r e a c t i o n s  i n  t h e  408 boys upon whom he r e r j o r t e d .

He found t h a t  weak t o x o i d  p roduced  10+1.8 p e r  c en t  of l o c a l  

r e a c t i o n s ,  o v e r  o n e - t h i r d  of  which were accompanied by m i ld  

c o n s t i t u t i o n a l  d i s t u r b a n c e s .  S t r o n g e r  to x o id  caused  15+2.5  p e r  

cen t  o f  r e a c t i o n s .  A v e ry  i n t e r e s t i n g  f e a t u r e  about  D ud ley ’ s work 

i s  t h a t  he u sed  Ramon1s a n a t o x in e  on 51 s u b j e c t s  and he found  

t h a t  45+4.7  p e r  c e n t  were fo l lo w e d  by a l o c a l  r e a c t i o n  o f  more 

t h a n  3 ccm. i n  d i a m e t e r ,  and t h a t  on an  av e rag e  t h e s e  r e a c t i o n s  

were more i n t e n s e  t h a n  t h o s e  f o l lo w in g  t h e  u se  of  E n g l i s h  t o x o i d .

To t h e  b e s t  o f  t h e  p r e s e n t  w r i t e r Ts knowledge Dudley i s  t h e  o n ly  

B r i t i s h  o b s e r v e r  who has  r e p o r t e d  upon t h e  u s e  of  F re n ch  t o x o i d ,  

and h i s  h ig h  p r o p o r t i o n  o f  r e a c t o r s  o f f e r s  an i n t e r e s t i n g  commentary 

upon a r a t h e r  n e g l e c t e d  a s p e c t  o f  Ramon’ s work. I n  f a i r n e s s  to  

Ramon i t  shou ld  be s a i d  t h a t  he does n o t  employ any t o x o i d  r e a c t i o n  

t e s t ,  and t h a t  he recommends t h e  u s e  o f  a n a to x in e  in  t h e  e a r l i e r  

y e a r s  o f  c h i ld h o o d .  D ud ley ’ s s u b j e c t s  were  o f  c o u rse  j u s t  a t  t h e  

age when r e a c t i o n s  would be most l i k e l y  t o  d e v e lo p .

S aunders  (1933) made a v e r y  f u l l  s t u d y  o f  r e a c t i o n s  

f o l l o w in g  alum to x o id  and he found t h a t  f o u r  a b s c e s s e s  o c c u r r e d  

in  a s e r i e s  o f  579 e a s e s .  McG-innes, S t e b b in s  and H ar t  (1934) and 

Monroe and Volk (1934) made s t u d i e s  o f  t h e  r e a c t i o n s  f o l l o w i n g
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toxoid  w i t h  and w i th o u t  alum. These r e s u l t s  w i l l  he r e f e r r e d  to  

l a t e r ,  Tomcsik (1932) compared P a s t e u r  I n s t i t u t e  a n a t o x i n e ,  Budapes t  

to x o id ,  and sam ples  o f  E n g l i s h  t o x o i d  and conc luded  t h a t  such mater late  

p rep a red  in  d i f f e r e n t  ways were v e ry  s i m i l a r  i n  t h e i r  ten d e n c y  t o  

g ive r i s e  t o  u n d e s i r a b l e  r e a c t i o n s .  I t  i s  v e r y  f r e q u e n t l y  s t a t e d  t h a t  

to x o id  may he s a f e l y  g iv e n  t o  v e ry  young c h i l d r e n ,  and i n  t h i s  connec

t i o n  i t  i s  o f  i n t e r e s t  t o  n o te  t h a t  Greengard (1931) i n o c u l a t e d  145 

c h i l d r e n  aged f o u r  days t o  two y e a r s ,  s i x t y  p e r  cent  o f  whom were 

under  e i g h t  months o f  ag e .  I n  t h i s  s e r i e s  he had two r e a c t i o n s  o f  

a c o n s t i t u t i o n a l  n a t u r e .  I n  t h e  p r e s e n t  w r i t e r 1s s e r i e s  t h e  

s i g n i f i c a n t  r e a c t o r s  were p r a c t i c a l l y  a lways i n  o l d e r  c h i l d r e n .  Poch  

and Leach (1934) i n o c u l a t e d  n e a r l y  5000 c h i l d r e n ,  aged two t o  e i g h t  

y e a r s ,  w i t h  t o x o i d ,  and t h e y  found t h a t  4 .8  p e r  c en t  gave l o c a l  and 

g e n e r a l  r e a c t i o n s .

I n c i d e n c e  of, r e a c t i o n s  a f t e r  i n f e c t i o n  o f  Toxoid and
Alum Toxoid".

In  t h e  p r e s e n t  s e r i e s  o f  1941 c a s e s  who r e c e i v e d  FT o r  

alum p r e p a r a t i o n s  36 showed s i g n i f i c a n t  r e a c t i o n s ,  which g i v e s  a 

p e rc e n t a g e  o f  1 .9 + 0 .2 1 .  In. 100 i n d i v i d u a l s  who had T .A .F .  t h e r e  

were s i x  s i g n i f i c a n t  r e a c t o r s ,  which g i v e s  an i n c i d e n c e  of  6 . (H I .  60 

pe r  c e n t .  I t  should  he m en t io n ed  t h a t  t h i s  i s  no t  a f a i r  s t a t e m e n t

of th e  p o s i t i o n  w i t h  r e g a r d  t o  T . A . F . , h u t  i t  shows how e a sy  i t  i s

to  m i s i n t e r p r e t  f i g u r e s  which a r e  p u b l i s h e d  r e g a r d i n g  t h e  i n c i d e n c e  

of r e a c t i o n s .  A par t  from a s p e c i a l  group of  c h i l d r e n  T .A .F .  was 

only  u sed  i n  Moloney p o s i t i v e  c a s e s ,  who would a lm ost  c e r t a i n l y  have 

g iven  more s e v e r e  r e a c t i o n s  w i t h  t o x o i d ,  a more a c c u r a t e  comparison»s 

o b ta in e d  f rom t h i s  s p e c i a l  group o f  73 S ch ick  p o s i t i v e  c h i l d r e n  who 

were a l l  i n o c u l a t e d  w i th  T .A .F . ,  and who were o b se rv ed  by t h e  w r i t e r  

on t h e  day f o l l o w i n g  t h e  i n j e c t i o n s .  I n  t h e s e  t h e r e  was one 

s i g n i f i c a n t  r e a c t o r  -  an  M +++ c a se  -  so t h a t  t h e  t im e  i n c i d e n c e  of  

r e a c t i o n s  i n  u n s e l e c t e d  i n d i v i d u a l s  t r e a t e d  w i t h  T .A .F .  i s  1 . 4 + 0 .9 3  

p e r  c e n t .  Again t h e  compar ison  i s  not  a t  a l l  a c c u r a t e ,  s i n c e  t h e

p e rc e n ta g e  o f  1 .9  f o r  to x o id ;  and alum e x c lu d e s  a l l  t h e  d e f i n i t e

boloney p o s i t i v e  r e a c t o r s  who would have been  most  l i k e l y  t o  g iv e  

u n p le a s a n t  symptoms on i n o c u l a t i o n  w i th  t o x o id  o r  alum t o x o i d .
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Age and nex Differences in the Incidence of Heactors.
Fo r  t h e  p u r p o s e s  o f  t h i s  p a p e r  t h e  whole of  t h e  

i n d i v i d u a l s  who r e c e i v e d  t o x o i d s  o r  alum t o x o i d s  may he d i v i d e d  

in to  two main  c a t e g o r i e s ,  v i z .  u n ob se rv ed  and o b se rv ed  g ro u p s .

In th e  u n o b s e rv e d  g r o u p s ,  v/hich c o n s i s t  o f  1173 i n d i v i d u a l s ,  t h e  

c h i l d r e n  o r  t h e i r  p a r e n t s  were  asked about  t h e  a pp ea ran ce  of  r e a c 

t i o n s ,  and when such were r e p o r t e d  t h e  s u b j e c t s  were u s u a l l y  

examined. The o b se rv ed  g ro u p s  c o n s i s t  of  768 i n d i v i d u a l s ,  each  of 

whom was examined by t h e  w r i t e r  on t h e  day f o l l o w i n g  a t  l e a s t  t h e  

f i r s t  i n f e c t i o n ,  so t h a t  a l l  t y p e s  of  r e a c t i o n s  i n  t h i s  l a r g e  s e r i e s  

are  a c c u r a t e l y  known.

(a)  Unobserved Groups.  P a r t i c u l a r s  r e g a r d i n g  t h e  u n o b se rv ed  

groups a r e  g i v e n  i n  f a b l e s  IWXII For  a l l  ages  and b o t h  s e x e s

(1078 i n d i v i d u a l s ) ,  14 i n s i g n i f i c a n t  r e a c t i o n s  (1 .3 + 0 ,2 3  p e r  c e n t /  

and s i x  s i g n i f i c a n t  r e a c t i o n s  (0 .6 + 0 .1 6  p e r  c e n t )  were r e p o r t e d  a f t e r  

immunizat ion  w i t h  t o x o i d .  When t h e s e  f i g u r e s  a r e  d i v id e d  f o r  s e x e s ,  

i t  i s  found t h a t  t h e  i n c i d e n c e  o f  i n s i g n i f i c a n t  r e a c t i o n s  i n  m a les  

and fe m a le s  r e s p e c t i v e l y  was 1 .5 + 0 .3 6  p e r  c en t  and 1 . 1 + 0 .3 0  p e r  c e n t .  

The d i f f e r e n c e  i s  0 .4 + 0 .4 7  p e r  c e n t .  The c o r r e s p o n d in g  f i g u r e s  f o r  

s i g n i f i c a n t  r e a c t i o n s  a r e :  m a les ,  Q.4+0.19 p e r  c e n t ;  f e m a le s  

0 .7+0 .24  p e r  c e n t .  The d i f f e r e n c e  i s  0 .3 + 0 .31  p e r  c e n t .  T here  i s  

t h e r e f o r e  no sex  d i f f e r e n c e  i n  t h e  i n c i d e n c e  o f  such r e a c t i o n s .

When th e  c o r r e s p o n d i n g  alum g ro u p s  a r e  c o n s i d e r e d ,  i t  i s  found  t h a t  

fou r  ou t  o f  n i n e t y  f i v e  i n d i v i d u a l s  gave s i g n i f i c a n t  r e a c t i o n s .

This g i v e s  a p e r c e n t a g e  of  4 .2 + 1 .3 9 .

The d i f f e r e n c e  in  t h e  i n c i d e n c e  of  s i g n i f i c a n t  r e a c t i o n s  

after t o x o id  and aluin r e s p e c t i v e l y  ( f o r  a l l  ages  and s e x e s )  i s  

3 .6+1 .40  p e r  c e n t .  There  i s  a p o s s i b i l i t y  t h a t  some s i g n i f i c a n c e  

must be a t t a c h e d  t o  t h i s  f i g u r e ,  and hence  t h e r e  does a p p e a r

to  be a t e n d e n c y ,  so f a r  a s  t h e  ev id en ce  of t h e s e  u n ob se rv ed  g ro u p s  

i s  concerned ,  f o r  alum p r e p a r a t i o n s  t o  p roduce  a s l i g h t l y  h i g h e r  

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

(b) Observed G-roups. The p a r t i c u l a r s  r e g a r d i n g  t h e  o b se rv e d  

groups a r e  g iv e n  in  T ab le s  LXXXI/*t& DGCXV. C o n s id e r in g  f i r s t  t h e  

i n d i v i d u a l s  who r e c e i v e d  fo rm a l  t o x o id  i t  w i l l  be seen  t h a t  t h e
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TABLE LXXXII 

R eac tio n s  in  Unobserved Groups in je c te d  w ith  FT

Age-
group

T o ta l 
r e c e iv 
ing  FT

No.

No r e 
a c tio n

of re a c to rs  

In s ig .  S ig,

i Per

No r e 
a c tio n

c e n t• r e a c to r s

In s ig .  S ig .

(a | M ales:-

0-3 147 145 1 1 98.6+0.65 0.7+0.46 0.7+0.46

4-7 310 307 2 1 99.1+0.36 0.6+0.30 0.3+0.66

8-11 58 55 3 - 94.8+1.97 5.2+1.97 --------

12 & + 12 10 2 - 83.3+7.27 16.7+7.27 --------

A ll
ages 527 517 8 2 98.1+0.40 1.5+0.36 0.4+0.19

(b) Fem ales:-

0-3 149 147 2 mm 98.7+0.63 1 .3+0.63 —

4-7 325 317 4 4 97.6+0.57 1.2+0.41 1.2+0.41

8-11 65 65 - - 100 ------ ------

12 & + 12 12 - - 100 — -----

A ll
ages 551 541 6 4 98.2+0.38 1.1+0.30 0.7+ 0.24

(o) Both sexes.
■

a l l a g e s :-

1078 1058 14 6 98.1+0.28 1.3+0.23 0 .6+0.16

TABLE LXXKIII 

R eac tions in  Unobserved Alum Groups

A ll T o ta l 
ages re c e iv 

ing a l 
um toxoic

Males 48 
Females 47

No. o f r e a c to r s

No r e -  In s ig .  S ig . 
a c tio n

45 1 2 
45 -  2

P er c e n t, r e a c to r s

No r e -  In s ig .  S ig . 
a c tio n

93*4+2.42 2.2+1.43 4.4+2*0 
95.6+2.02 4.4+*2*02

B° th  _ 
sexes 95 90 1 4 94.7+1.55 1 .1+ 0 .72  4.2+1.39
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i n c i d e n c e  o f  d e s i g n a t e d  r e a c t o r s  i n  t h e  166 o b s e r v e d  i n d i v i d u a l s  

was 1 0 . 8 + 1 . 6 3  p e r  c e n t .  T h i s  f i g u r e  i s  o f  c o u r s e  v e r y  much h i g h e r  

t h a n  t h e  i n c i d e n c e  o f  s i g n i f i c a n t  r e a c t o r s  i n  t h e  u n o b s e r v e d  g r o u p s .  

The t e r m  " d e s i g n a t e d  r e a c t i o n 1’ i n c l u d e s  a n y  c o n d i t i o n ,  w h e t h e r  

n o t i c e d  by  t h e  s u b j e c t  o r  n o t ,  w h i c h  m i g h t  r e a s o n a b l y  h a v e  b e e n  

c o n s i d e r e d  t o  i n d i c a t e  on h i s  p a r t  a t e n d e n c y  t o  d e v e l o p  u n p l e a s a n t  

r e a c t i o n s .  I t  t h e r e f o r e  i n c l u d e s  e r y t h e m a  o f  an  a r e a  o v e r  20  t o  

25 mm. i n  d i a m e t e r ,  and e v e r y  t y p e  o f  c o n s t i t u t i o n a l  d i s t u r b a n c e ,  

i n c l u d i n g  s l i g h t  r e s t l e s s n e s s ,  and  e v e n  m i l d  d e g r e e s  o f  m a l a i s e .

The i n c i d e n c e  o f  s u c h  d e s i g n a t e d  r e a c t i o n s  i n  m a l e s  an d  f e m a l e s  

was 1 1 . 7  an d  1 0 . 1  r e s p e c t i v e l y : t h e  d i f f e r e n c e  -  1 . ' 6 + 3 .2 8  -  i s  

v e r y  s m a l l  a n d  i s  n o t  s i g n i f i c a n t .  C o n s i d e r i n g  t h e  i n c i d e n c e  o f  

a r e a s  o f  e r y t h e m a  o f  o v e r  20  mm. i n  d i a m e t e r ,  we s e e  t h a t  t h e r e  i s  

c o n s i d e r a b l e  f l u c t u a t i o n  b e t w e e n  t h e  a g e s  o f  0 and  11 y e a r s ,  b u t  

t h a t  o v e r  t h e  a g e  o f  11 y e a r s  t h e r e  i s  a v e r y  m a rk e d  i n c r e a s e  i n  t h e  

f r e q u e n c y  o f  t h i s  c o n d i t i o n .  I n d u r a t i o n  showed t h e  same f e a t u r e s ,  

s i n c e  o v e r  t h e  a g e  o f  11 y e a r s  t h e  i n c i d e n c e  was  2 9 . 4  p e r  c e n t .  A l l  

t h e s e  f e a t u r e s  a r e  shown t o  b e  r e m a r k a b l y  s i m i l a r  i n  f r e q u e n c y  i n  

t h e  two s e x e s .  The o n l y  o u t s t a n d i n g  d i f f e r e n c e  i s  t h a t  f o r  i n d u r a 

t i o n ,  b e t w e s n m a l e s  an d  f e m a l e s ,  b u t  t h e  d i f f e r e n c e ,  v i z ,  4 . 4 + 2 . 4 4  

p e r  c e n t  -  i s  n o t  s i g n i f i c a n t .  From T a b l e  LXXXiV i t  w i l l  a l s o  b e  s e e n  

t h a t  t h e  i n c i d e n c e  o f  d e f i n i t e  g e n e r a l  r e a c t i o n s  was v e r y  l o w  -  v i z  

0 . 6  p e r  c e n t .

T u r n i n g  now t o  t h e  l a r g e  g r o u p  o f  602 i n d i v i d u a l s  who make  

up t h e  o b s e r v e d  g r o u p s  t r e a t e d  w i t h  a lu m  p r e p a r a t i o n s  ( TableIVXXV), 

i t  w i l l  be  s e e n  t h a t  f o r  b o t h  s e x e s  t h e  i n c i d e n c e  o f  d e s i g n a t e d  

r e a c t o r s  was 9 . 6 + 0 . 8 1  p e r  c e n t .  The d i f f e r e n c e  b e t w e e n  t h i s  an d  

t h e  c o r r e s p o n d i n g  f i g u r e  f o r  f o r m o l  t o x o i d  i s  1 . 2 + 1 . 8 2  p e r  c e n t .

T h e re  i s  t h e r e f o r e  no d i f f e r e n c e  b e t w e e n  t h e  i n c i d e n c e  o f  d e s i g n a t e d  

r e a c t i o n s  f o l l o w i n g  t o x o i d  aUd a lu m  t o x o i d  r e s p e c t i v e l y  I n  t h e  a lu m  

g r o u p s  t h e  i n c i d e n c e  o f  t h e s e  r e a c t i o n s  f o r  m a l e s  and  f e m a l e s  

r e s p e c t i v e l y  was  1 0 . 2  and 9 . 0  p e r  c e n t ,  so  t h a t  a g a i n  t h e  s e x  

i n c i d e n c e  i s  i d e n t i c a l .  R e f e r e n c e  t o  T a b l e  Ixxxv w i l l  show t h a t  

"the f r e q u e n c i e s  o f  e r y t h e m a  o v e r  20 mm. i n  d i a m e t e r  an d  o f  

i n d u r a t i o n  w e re  a l s o  i d e n t i c a l  i n  t h e  two s e x e s ,  and  a  c o m p a r i s o n
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of the  f i g u r e s  g i v e n  w i t h  t h e  c o r r e s p o n d in g  f i g u r e s  f o r  t o x o id  i n  

f a b le  DOOOV w i l l  show t h a t  t h e  i n c i d e n c e s  were a g a i n  i d e n t i c a l  f o r  

t h i s  deg re e  o f  e ry th em a  and f o r  i n d u r a t i o n .

■Tonsidsring now t h e  v a r i a t i o n s  i n  t h e  f r e q u e n c y  o f  t h o s e  

c o n d i t i o n s  atT# v a r i o u s  a g e s ,  i t  i s  se en  t h a t  t h e r e  i s  a g r a d u a l  

i n c r e a s e  i n  t h e  f r e q u e n c y  of  r e a c t o r s  a s  age a d v a n c e s ,  and t h a t  t h e  

e a r l i e r  age g ro u p s  do n o t  show any v e ry  marked d i f f e r e n c e s .  There  

i s ,  however, a  r a t h e r  o u t s t a n d i n g  sex  d i f f e r e n c e  i n  t h e s e  c o n d i t i o n s .  

I t  w i l l  he seen  t h a t  so f a r  as  m ales  a r e  concerned  t h e  main i n c r e a s e  

in  f r e q u e n c y  of  r e a c t i o n s  o c c u r s  be tw een  th e  4 - 7  age group and t h e  

3- 11 age g ro u p .  I n  f e m a le s ,  on t h e  o t h e r  hand, t h e  marked i n c r e a s e  

i s  not  found u n t i l  a l a t e r  y e a r  -  v i z  -  be tween th e  8 - 1 1  age 

group and t h e  group of 12 y e a r s  and o v e r .

./hen we a r e  c o n s i d e r i n g  t h e  i n c i d e n c e  of  g e n e r a l  r e a c t i o n s
•n

and th e  v a r i o u s  symptoms a s s o c i a t e d  t h e r e w i t h  we a r e ^ l e s s  d e f i n i t e  

ground,  s i n c e  t h e  f r e q u e n c i e s  g iv e n  depend upon t h e  s t a t e m e n t s  ana 

s e n s a t i o n s  o f  many i n d i v i d u a l s ,  and no t  upon th e  judgment of  a 

s i n g l e  o b s e r v e r .  I t  w i l l  be seen ,  however ,  t h a t  t h e  f r e q u e n c y  o f  

g e n e r a l  r e a c t i o n s  i n  t h e s e  alum g ro u p s  was 1 .7  p e r  c en t  f o r  b o t h  

sexes ,  a v a lu e  which i s  n o t  m ark ed ly  d i f f e r e n t  from t h a t  found f o r  

the  o b se rv ed  groups o f  ITT. I n  t h e  alum groups  th e  f r e q u e n c y  o f  

l o c a l  and g e n e r a l  r e a c t i o n s  was n a t u r a l l y  somewhat h i g h e r  -  v i z .

3 .2  p e r  c e n t .  The i n f r e q u e n c y  o f  t h e  o b s e r v a t i o n s  makes i t  

d i f f i c u l t  t o  c o n s i d e r  i n d i v i d u a l  symptoms i n  d e t a i l ,  b u t  i t  w i l l  be 

noted t h a t  in  b o th  s e x es  m a l a i s e  and headache  were a bou t  tw ic e  a s  

common as  n ausea  or v o m i t in g .  The p e r c e n t a g e  of  1 9 .7  f o r  n i a l a i s e  

in  m ales  o f  tw e lv e  y e a r s  and over  i s  c o n s i d e r a b l y  h i g h e r  t h a n  any 

of t h e  o t h e r  f r e q u e n c i e s  found,  and i s  p r o b a b ly  p a r t l y  a c c o u n te d  f o r  

hy th e  f a c t  t h a t  i t  i n c l u d e s  a  number o f  y o u th s  a g es  from 15 to  19 

y e a rs  who, as  ha s  been  ment ioned  i n  o t h e r  s e c t i o n s  o f  t h i s  T h e s i s ,  

were r a t h e r  l i a b l e  - as  was a l s o  shown by Moloney t e s t s  - t o  have 

s l i g h t  d e g re e s  o f  i n d i s p o s i t i o n  a f t e r  t h e  i n j e c t i o n  of alum t o x o i d .

I t  w i l l  be no ted  t h a t  t h e  i n c l u s i o n  o f  t h e s e  l a r g e  numbers of  

ooserved i n d i v i d u a l s  ha s  g iv e n  r e s u l t s  which a r e  much more p r e c i s e

th e  vague and i n d e f i n i t e  s t a t e m e n t s  which a r e  u s u a l l y  made



m .

r e g a rd in g  t h e  i n c i d e n c e  o f  r e a c t i o n s .  There i s  e s s e n t i a l l y  no 

sex d i f f e r e n c e ,  and t h e  s t a t e m e n t  o f  Ramon, Timbal and H e l i s  (1933) 

t h a t  r e a c t i o n s  a r e  more f r e q u e n t  i n  g i r l s  t h a n  i n  hoys i s  t h e r e f o r e  

not conf i rm ed  f o r  Leeds .  A f u r t h e r  i n t e r e s t i n g  o b s e r v a t i o n  a r i s i n g  

out o f  t h e s e  r e s u l t s  i s  found  when we compare them w i th  f r e q u e n c i e s  

of r e a c t o r s  i n  c e r t a i n  American i n v e s t i g a t i o n s .  Monroe and Yolk 

(1934), who r e l i e d  f o r  t h e i r  i n f o r m a t i o n  s o l e l y  on w r i t t e n  r e p o r t s
thfcl*

from p a r e n t s ,  found  a bou t  5 p e r  c e n t  o f  c h i l d r e n  gave m o d era te  l o c a l* * A
r e a c t i o n s  a f t e r / '  i n o c u l a t i o n  w i th  s e v e r a l  t y p e s  of o r d i n a r y  or  alum 

to x o id s .  I n  t h e  p r e s e n t  s e r i e s  t h e  i n c i d e n c e  i s  somewhat h i g h e r .

On th e  o t h e r  hand t h e y  found t h a t  w i t h  t h e  t o x o id  u s u a l l y  empAyed 

(excep t  c o n c e n t r a t e d  t o x o i d )  up t o  e i g h t  p e r  c en t  o f  c h i l d r e n  showed 

a m odera te  o r  s e v e r e  g e n e r a l  r e a c t i o n  -  a f i g u r e  which i s  s e v e r a l  

t im es  t h a t  found  f o r  t h e  p r e s e n t  s e r i e s  o f  o b se rv e d  t o x o id  and alum 

ca se s .  Again ,  McG-innes, L te b b in s  and H ar t  (1934) g iv e  p a r t i c u l a r s  

of t h e  r e a c t i o n s  found  i n  353 i n d i v i d u a l s  who r e c e i v e d  alum- 

p r e c i p i t a t e d  t o x o i d .  From t a b l e s  which th ey  g iv e  i t  would a p p ea r  

t h a t  abou t  Z Z  p e r  c e n t  had a l o c a l  r e a c t i o n  o n l y ,  abou t  17 a g e n e r a l  

r e a c t i o n  o n ly ,  and abou t  30per  c en t  b o th  l o c a l  and s y s t e m i c . r e a c t i o n s  

of  a l l  t y p e s .  I f  i s  o f  i n t e r e s t  to  n o te  t h a t  t h e r e  i s  no m en t io n  

t h a t  a p r e l i m i n a r y  t o x c i d  r e a c t i o n  t e s t  was employed. These f i g u r e s  

a re  so much h i g h e r  t h a n  t h e  c o r r e s p o n d in g  f i g u r e s  in  t h e  p r e s e n t  

i n v e s i t g a t i o n  t h a t  i t  i s  d i f f i c u l t  t o  avo id  t h e  c o n c l u s i o n  t h a t  t h e  

a l u m - p r e c i p i t a t e d  t o x o i d  which was u se d  by t h e s e  w r i t e r s  was much 

more l i a b l e  to  g iv e  r e a c t i o n s  t h a n  t h e  m a t e r i a l s  employed in  t h e  

p r e s e n t  s e r i e s .

Absc e s s  f o r m a t i o n . In  t h e  s e r i e s  o f  alum t r e a t e d  c a s e s  

which a r e  r e p o r t e d  i n  t h i s  T h e s is  t h e r e  was no example o f  a b s c e s s  

f o r m a t io n .  T h is  c o m p l i c a t i o n  i s  c e r t a i n l y  t h e  m ost  s e r i o u s  which  

may occur  a f t e r  t h e  i n j e c t i o n  of  alum p r e p a r a t i o n s .

I t  should  be m ent ioned  t h a t  t h e  i n j e c t e d  s i t e  a f t e r  a 

dose of an alum to x o id  i s  p e c u l i a r  i n  t h a t  t h e  dose can  be f e l t  

in  th e  sub c u tan e o u s  t i s s u e s  f o r  some t im e .  A f t e r  a day o r  so t h e  

Reel ing  i s  a s  i f  a sm a l l  pea  had become embedded i n  t h e  t i s s u e s .



The w r i t e r  found  t h a t  t h i s  sm a l l  nodu le  was p r e s e n t  i n  at',  l e a s t  

two t h i r d s  o f  h i s  c a s e s .  Such a phenomenon i s  to  he e x p e c te d ,  

and i t  sho u ld  no t  he c l a s s i f i e d  a s  a r e a c t i o n .  The no du le  i s

q u i te  p a i n l e s s  and u n l e s s  a s l i g h t  r e a c t i o n  d e v e lo p s ,  t h e  o v e r l y i n g  

sh in  shows no e ry th e m a .

I n  c o n c l u d in g  t h i s  s e c t i o n  i t  shou ld  he m en t ioned  t h a t  

the  c lo s e  s i m i l a r i t y  be tween t h e  f r e q u e n c i e s  o f  d i f f e r e n t  t y p e s  of  

r e a c t i o n  i n  d i f f e r e n t  g ro u p s  i s  an  index  of  t h e  c o n s i s t e n c y  o f  t h e  

s t a n d a rd  o f  r e a d i n g  which was a d o p te d .  These s t a n d a r d s  a r e  s u b j e c t  

to th e  i n f l u e n c e  o f  so many e x t e r n a l  f a c t o r s  t h a t  t h e  w r i t e r  f u l l y  

expec ted  t h a t ,w h e n  r e s u l t s  came t o  be examined,  t h e  d i s c r e p a n c i e s  

would be c o n s i d e r a b l e .

I t  i s  a l s o  n e c e s s a r y  t o  p o i n t  out  f i n a l l y  t h a t  a  

Moloney t e s t  was p e r fo rm ed  on each i n d i v i d u a l .  Eence,  t h e  f i g u r e s  

which a re  g i v e n  i n  t h i s  s e c t i o n  c e r t a i n l y  do no t  g iv e  a  t r u e  

i n d i c a t i o n  o f  t h e  number o f  r e a c t i o n s  which would' occu r  i f  a l a r g e  

group o f  u n s e l e c t e d  S c h i c k - p o s i t i v e  i n d i v i d u a l s  were i n j e c t e d  w i t h  

to x o id  or  i t s  alum d e r i v a t i v e s .



PART I .

SECTION (h)

SCHICK IMMUNITY AMP DIPHTHERIA IHEECTIOB.

The p reced in g  se c tio n s  of t h i s  T hesis have d e a lt  w ith  

the m easures which th e  w r i te r  adopted in  d ea lin g  w ith  many of 

the d i f f i c u l t i e s  which were caused through the  h igh  degree of 

in fe c tio n  of th e  community w ith  the  g ra v is  s t r a in  o f C .d ip h th e r ia e . 

We s h a l l  now co n sid er ano ther eq u a lly  im portant p ro p e r ty  of t h i s  

s t r a in  - a p ro p e rty  which, u n t i l  the  p u b lic a t io n  of the  i n v e s t i 

g a tio n  which forms th e  su b je c t o f th i s  s e c tio n , was p r a c t i c a l ly  

nunsuspected .

The in c re a se  in  th e  p ra c t ic e  of p re v e n tiv e  in o c u la tio n  

ag a in s t d ip h th e r ia  in  re c e n t y e a rs , and th e  o ccas io n a l occurrence 

of cases of d i jp h th e r ia  in  persons who have been "immunized" has 

led  to  a s c i e n t i f i c  in te r e s t  in  the r e la t io n s h ip  between th e  

Schick le v e l  o f immuunity and th e  le v e l  which i s  n ecessa ry  to  

prevent th e  onse t o f t h i s  d ise a se . Although such cases  a re  r e 

ported  from tim e to  tim e, com paratively  few p apers o f any im port

ance have been p u b lish ed , s in ce  in  most cases a n eg a tiv e  response  

to  the  Schick t e s t  has not been ob tained  befo re  th e  onse t of th e  

d ise a se .

In  1929 O’B rien  s ta te d  th a t  in  r a r e  in s ta n c e s  cases  of 

"mild d ip h th e r ia "  had been seen in  p a t i e n t s  who were known to  be 

negative  to  the  Schick t e s t ,  and th a t  th e se  cases were c h a ra c te r 

ized by th e  form ation  of on ly  a sm all amount of membrane, a s l ig h t  

r i s e  of tem peratu re and an absence of co m p lica tio n s . O’B rien ,

Okell ,and P a r ish  (1929) s ta te d  th a t  in  an immunized S ch ick-negative  

popu la tion  of 20,000 persons they  had been ab le to  tr a c e  the  

occurrence of 18 d e f in i te  cases of d ip h th e r ia  in  a p e rio d  of s ix  

y ea rs . They d iv ided  th e se  cases in to  two groups: (a) re la p se d  

s °liiok8, (5 \i)  , persons who were Seh iek-pofttive, but a c t iv e ly



immune, and a b le  to  respond r a p id ly  to  th e  secondary s tim u lu s  of 

the d is e a se ; (b) p a t ie n t s  who gave a n eg a tiv e  response to  th e  

Schick t e s t  w ith in  48 hours o f  th e  onset o f c l i n i c a l  d ip h th e r ia . 

These au th o rs  s t a t e  th a t  I n  17 out o f the  18 cases the  d ise a se  

was very m ild , and th e  m ildness was ascribed  to  the  capacityfof 

those who had once been Schick n eg a tiv e  to  respond ra p id ly  by th e  

p roduction  of c i r c u la t in g  a n t i to x in .  Neale (1928) rep o rte d  th e  

occurrence o f d ip h th e r ia  in  two n u rses , each of whom had been 

immunised and in  whom subsequent n eg a tiv e  Schick t e s t s  had been 

o b ta in ed . N eale a lso  r e f e r s  to  the m ildness of the  a t ta c k s ;  but 

in  one case th e re  was d e f in i t e  p a ra ly s is  of th e  o cu la r m uscles 

and th e  p a la te ,  and th e re  was ap p a re n tly  a lso  some d iaphragm atic  

weakness. Saunders (1933) r e c e n tly  reviewed the  cases of 

d ip h th e r ia  which had occurred in  "immunized” p ersons in Cork 

during a p e r io d  o f approxim ately  fo u r y e a rs . Of a t o t a l  of 78 

such cases i t  was shown th a t  th e  m a jo rity  could be exp lained  away, 

e i th e r  on the  grounds of in c o rre c t  d ia g n o s is , th e  non-com pletion 

of the course o f in o c u la tio n s , or th e  shortnessjof th e  l a te n t  

period  between the  com pletion of trea tm en t and the onse t o f th e  

d ise a se ; t& ere rem ained, however, two cases which had been inocu

la te d  and in  each of which a n eg a tiv e  Schick t e s t  had been ob ta in ed  

and in which d ip h th e r ia  developed. In  both of th e se  cases th e  

d isease  was m oderately  severe , b u t- th e  response to  trea tm en t was 

ra p id . I t  i s  notew orthy th a t  in  only seven of Saunders? s in o c u la te d  

cases was a n eg a tiv e  f in a l  Shhick te s t  o b ta in ed . Nash (1933) 

s ta te d  th a t  no case of d ip h th e r ia  had occurred among 2019 c h ild re n  

who had become Schick n eg a tiv e  a f t e r  in o c u la tio n .

I t  i s  of in te r e s t  to  compare th e se  f in d in g s  w ith  th o se  

obtained in  o th e r c o u n tr ie s .

Park (1926) in  America s ta te d  th a t  he had never seen 

an undoubted! c l in i c a l  case of d ip h th e r ia  in a ch ild  who had
It

re c e n tly  had a n eg a tiv e  Schick re a c t io n  a f t e r  a t e s t  perform ed 

by an e x p e rt. The number of Schick n eg a tiv e  p erso n s upon which 

th i s  s ta tem en t i s  based i s  not s ta te d , but th e  very  ex ten s iv e



experience of t h i s  au thor i s  w ell known. Bauer (1931) d iscussed  

the f ig u re s  f o r  P h i la d e lp h ia ,  and he showed t h a t ,  out of 96,252 

ch ild ren  in  whom n eg a tiv e  f i n a l  Schick t e s t s  had been ob ta ined  s ix  

months or more a f t e r  in o c u la t io n ,  only 21 cases of c l i n i c a l  

d ip h th e r ia  occurred , Bauer i s  ap p a ren tly  in c l in e d  to  th in k  t h a t  

these cases were r e a l l y  S c h ic k -p o s i t iv e ;  he says th a t  " th i s  

extremely sm all number of cases among immunes would re p re se n t  th e  

human element of e r r o r  in th e  i n t e r p r e t a t i o n  of Schick r e a c t io n s  " 

In Munich P fau n d le r  (1931) rep o r ted  the  occurrence of d ip h th e r ia  in  

only 18 out of 2485 ch i ld re n  who had been in o cu la ted . Tomcsik 

(1932) s ta te d  th a t  th e  number of  c h i ld re n  who have been in o c u la ted  

in  Hungary i s  250,000. During 1930 the  m orb id ity  from d ip h th e r ia  

among the  in o c u la ted  was only on e- ten g th  of th a t  among the non

inocu la ted  c h i ld re n ,  and the m a jo r i ty  of cases of d ip h th e r ia  which 

occurred among th e  ino cu la ted  c h i ld re n  were m ild . Meersseman, 

F r ie s s ,  and Renard (1933) mentioned th a t  they noted th a t  d ip h th e r i a  

occurred in  a p ro p o r t io n  of  1 per cent in  s e v e ra l  thousands 

Schick-negative  s u b je c ts .

I t  i s  obvious from th ese  s ta tem en ts  th a t  the  occurrence 

of such eases  of d ip h th e r ia  in inocu la ted  persons, though by no 

means r a r e ,  i s  not common. Most of th e se  p ap e rs , however, have 

l i t t l e  bea ring  on the  p o in t  a t  is s u e ,  s ince  th e re  was no d e f i n i t e  

statem ent as to  whether the in o cu la ted  persons had been shown toby 

"immune" by means of the  Schick t e s t .  An important in v e s t ig a t io n  

of the type which we are  seeking i s  th a t  of Dudley (1934), who 

re p o r ts  23 eases which were n o t i f i e d  as d ip h th e r ia  a t  Greenwich 

H osp ita l School, and each of which had e i th e r  p re v io u s ly  been 

n a tu ra l ly  Schick n eg a tiv e ,  or had been in o c u la ted . From a study 

of Dudley’s p a r t i c u l a r s  i t  i s  ev ident th a t  only 1 of  th e  18 cases  

described in d e t a i l  was an example of c l i n i c a l  d ip h th e r ia  in  a 

person who had a t  one time had a n eg a tiv e  Schick r e a c t io n ;  and 

in t h i s  case the  r e a c t io n  was weak p o s i t iv e  two days a f t e r  the 

onset o f  the  d is e a se .  I t  i s  a lso  ev ident th a t  in most of Dudley’ s 

23 cases th e  d i p h th e r i t i c  n a tu re  of the i l l n e s s  was not obvious.

Th is  f a c t  i s  worth considering  along w ith  h is  s ta tem ent th a t  " a l l
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p ra c t ic a l  ex p erien ce  shows th a t  cases w ith  n eg a tiv e  Schick t e s t s  

do not g ive re c o g n isa b le  d ip h th e r i a ”

I n v e s t ig a t io n  of cases  in Leeds.

The p re s e n t  in v e s t ig a t io n  was c a r r ie d  out in  an a t t e n P p t  

to e lu c id a te  th e  r e la t io n s h ip  between the  type of in f e c t in g  organism 

and th e  breakdown in  immunity to  d ip h th e r ia .  A r t i f i e a l  immunization 

was begun in  Leeds in  1928, and from th a t  da te  u n t i l  February, 1933, 

T.A.M was used as a ro u t in e  p ro p h y la c t ic .  Although 2004 cases  were 

dealt w ith  in t h i s  p e r io d , n eg a tiv e  f in a l  Schick t e s t s  were a v a i la b le  

in only 794 of th e se  cases . From February, 1933. u n t i l  September, 

1934, in  the  course of work on various p ro p h y la c t ic s  which i s  d e a l t  

with in  p reced ing  s e c t io n s  of t h i s  T hesis , th e  w r i te r  ob ta ined  1403 

negative f i n a l  Schick t e s t s ,  and 564 eases were known to  be n a t u r a l l y  

immune because the  p re lim in a ry  Schick te s ts  in  th ese  cases were 

nega tive . The popu la tion  under observa tion  th e re fo r e  c o n s is t s  

of 2761 p e rso n s . Too much emphasis however cannot be p laced  on 

t h i s  f ig u r e ,  because some cases in which no neg a tiv e  f i n a l  Schick 

t e s t s  had. been ob ta ined  in  the  ro u t in e  fa sh io n  were adm itted  when i t  

was found a t  th e  omset of th e  d isease  th a t  they were a p p a re n tly  

immune (see T ab le s ) .

The day o f  d ise a se ,  i . e . ,  s ince  the f i r s t  onset of 

symptoms - on which the  blood was withdrawn and the  Schick t e s t s  

were performed i s  given in  p a re n th e s is  a f t e r  each case , as 

follow s Case 1(second; Case 7 ( fo u r th ) ,  Case 9 (second) Case 15 

( f i r s t ) ,  C ase j16 (second); Case 17 (second); Case 19 { f i r s t ) ;

Case 20 ( t h i r d ) .  The serum from the  blood samples was t i t r a t e d  to  j 

100 p e r  cent d i f fe re n c e s  - e .g  l /5 0  u n i t  in  the  ta b le  s ig n i f i e d  

1/50 u n i t  o r  more of c i r c u la t in g  a n t i to x in  per c.cm, and not l /2 5  

u n i t .  T i t r a t i o n  to  c lo se r  l e v e l s  would not appear to  be n e c e ssa ry .

P a r t i c u l a r s  of these  cases o f  d ip h th e r ia  which occurred  

in the  p o p u la tio n  under ob se rv a tio n  are  se t  out in  Tables LXXXVT 

and IXjgmil*  I t  should be mentioned th a t o th e r  cases of d ip h th e r ia  

were n o t i f i e d  in  in ocu la ted  persons, but in  none of these  had a 

negative Schick r e s u l t  been o b ta in ed , and in m o s t  o f  th e se  cases  flje,

*̂ he difflc.&jjfe n ’



disease  supervened sh o r tly  a f t e r  th e  d a te  o f th e  f in a l  

in je c t io n . These cases  a re  not re le v a n t to  th e  p resen t 

in q u iry , and th ey  w i l l  not he fu r th e r  d iscu ssed .

From T a b le T w iit  is  seen th a t in  th e  f i r s t  18 cases  

a d e f in i te  n e g a tiv e  Schick t e s t  was o b ta in ed . In cases 6 and 

9 these  were prim ary n eg a tiv e  Schick t e s t s  - i . e . ,  th e se  two f

ch ild ren  were n a tu ra l  immunes, and were th e re fo re  not in o c u la te d .

The o th e r 16 cases were natf~urally  su s c e p tib le , and had been re n d e r

ed a r t i f i c a l l y  immune. Cases 19 and 20 have been sep ara ted  from 

the  o th e rs  in  th e  T ab les, because in  n e i th e r  of th e se  cases was a |

negative  Schick ob ta ined  in  ro u tin e  fash io n  a f t e r  in o c u la tio n . |

Case 19 was "immunized" by a p r a c t i t io n e r ,  and a f i n a l  Schick t e s t  j

was not c a r r ie d  o u t. Case 20 gave a very f a in t  p o s i t iv e  r e s u l t  j

a t exam ination on 1 3 /2 /3 4 . Tlfc req u ired  d e s id e ra ta  were f u l f i l l e d  

in both th e se  ca se s , however, by th e  p rod u ctio n  of d e f in i t e  evidence 

of immunity -  accord ing  to  th e  accepted s tan d ard s  - a t th e  onset I

of the  d isea .se . |

From th e  p a r t i c u la r s  in  T ables JWXXVl and L̂ XXVU i t  may |

be concluded t h a t  a l l  th e se  20 eases had been d e f in i t e ly  immune ;

accord ing  to  accepted  s ta n d a rd s , a t some tim e b efo re , or a c tu a l ly  

a t th e  onse t o f d ise a se . TableLXXXVli shows th e  r e s u l t  of in fe c t io n  

of th ese  cases by th e  C .d ip fa theriae . I t  w il l  be seen th a t  16out 

of th e  20 cases were d e f in i t e ly  diagnosed as " c l in i c a l  d ip h th e r ia "  

and the  o th e r fo u r cases were of a s u b -c l in ic a l  ty p e , one being 

t o n s i l l i t i s  w ith  a p o s i t iv e  swab. T h irtee n  of the  16 d e f in i t e  

cases re q u ired  serum in  doses vary ing  from 8000 to  lOOpOOO u n i t s  

(Cases 1 , 2 , 4 £ ,8 ,9 , 1 1 , 1 2 ,13,14^.6,1 8 , 2 0 )

I t  may be' o b jec ted  th a t  in  c e r ta in  of th e se  16 cases I

a re la p se  of th e  immune s t a t e  may have taken p la c e . Such an |

argument might apply to  Cases 4, 8, 12, 13, 14. P a rish  and Bkell

(1928) showed)28, or 2.9 per cent of 973 c h ild re n  who had been 

Schick n eg a tiv e  re lap sed  to  the  p o s i t iv e  s t a te  w ith in  a p e rio d  

of from one to  seven y e a rs . F u rth e r , th ip  re la p se  of the  Schick 

s ta te  was alm ost f iv e  tim es more l i a b le  to  occur in a r t i f i c a l  

immunes than  i t  was in  n a tu ra l  immunes.



H elis  (1934) r e - te s t e d  162 c h ild re n  a t v a rio u s  long 

in te rv a ls  a f t e r  they  had g iven  n eg a tiv e  Schick r e s u l t s  subsequent 

to  a r t i f i c i a l  im m unisation. He showed th a t  97 p e r cent were s t i l l  

negative , but h is  groups a re  too  sm all to  be of much v a lu e . A 

la rg e r  s e r ie s  comes from A u s tra l ia  (see Melbourne 1932) where in  

1931, 93 p er cent o f those  who had rece iv ed  th e  f u l l  course of 

in je c t io n s  in  1927 were found to  be s t i l l  n eg a tiv e . In th e  p re se n t 

s e r ie s , however, i f  f o r  the sake of argument we assume th a t  in  5 of 

these 13 cases a r e la p s e  had taken  p la c e , we are  s t i l l  l e f t  w ith  

8 eases (Gases 1 ,2 ,6 ,9 ,11  16 ,18 ,20) 4n which the Schick n eg a tiv e  s t a te  

was known to  o b ta in  a t the  time o f in fe c t io n , and in which the 

r e s u lt in g  d ise a se  was so severe th a t  in every case except one 16,000 

u n i ts  or more o f an tiserum  were considered  necessary  fo r  tre a tm e n t.

I t  i s  th e re fo re  d i f f i c u l t  t o  escape th e  conclusion  th a t  in  th e  Leeds j 

area th e  immunity s t a t e ,  as in d ic a te d  by a Schick t e s t  perform ed 

with the f lu id  which i s  a t p re se n t adopted as s tan d ard , i s  not always || 

s u f f ic ie n t ly  pow erful to  p reven t the  development o f d e f in i t e  c l i n i c a l  j
!j

d ip h th e ria  on in fe c t io n  by the  G. d ip h th e r ia e .

Rdle of th e  G-ravis s t r a in .

To ex p la in  th i s  phenomenon o f the  occurrence of 

c l in ic a l  d ip h th e r ia  in  ,fimmune” persons th e re  are  two p o s s i b i l i t i e s :

(a) th e  immunity le v e l  of th e  a f fe c te d  p ersons may have been lower j 

than i s  g e n e ra lly  found in  so c a lle d  "immune" sub jec ts , (b) the  

in fe c tin g  organism s may have been of such a type , or so v i r u le n t ,  

th a t th e  accepted  le v e l  of immunity did not a ffo rd  complete 

p ro te c tio n . These p o s s i b i l i t i e s  w il l  be d iscussed  s e p a ra te ly .

(a ) . The immunity s ta te  in th e se  e ig h t cases was shown by n eg a tiv e  

responses to  Schick t e s t s  perform ed w ith the  standard  f lu id  su p p lied  

by Messrs Burroughtfs Wellcome & Go. This f lu id  has been used a l l  j 

over th e  world and hafi always g iven  e x c e lle n t r e s u l t s .  F u r th e r , in  

four of th e  e ig h t cases immunity of a degree s u f f ic ie n t  to  p rev en t 

the onset of d ip h th e r ia  was shown to  e x is t  by th e  dem onstra tion  of 

the blood of immune bodies in  th e  accepted tilre  (see l a t e r ) .

{b> On th e  o th e r  hand, i t  i s  ev iden t th a t  in 19 out o f  thm  o
* 0  o a se s
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in the Tables the organism was of a p a r ticu la r ly  v iru len t s tr a ih .

In each o f th e se  th e  b a c i l l i  were of the  g ra v is  type which 

Anderson e t a l .  (1931, 1933) showed was re sp o n s ib le  fo r  th e  most 

severe eases o f d ip h th e r ia  in  Leeds. 0TB rien  Okell and P a r is h

(1929) s ta te d  th a t  r!a Schick n eg a tiv e  person  i s  provided w ith  

s u f f i c ie n t  d ip h th e r ia  a n t i to x in  to  dea l w ith  any o rd in ary  in fe c t io n , 

but one can conceive th a t  i t  might not be s u f f ic ie n t  i f  th e  amount 

of to x in  produced by th e  invading m icro-organism  i s  ap p rec iab ly  

g re a te r  th an  th e  norm al” . So f a r  no q u a l i ta t iv e  d if fe re n c e  has 

been d isco v ered  between th e  to x in s  l ib e ra te d  by the  g ra v is  and th e  

Park-W illiam s s t r a in s  of C .d ip h th e ria e  (P a rish  Whatley, and 

0TB rien  1932), but McLeod i s  of op in ion  th a t  i t  i s  p o s s ib le  th a t  

the organism s d i f f e r  in  th e i r  in v asiv e  power.

In  view of th e  im portance o f th e se  r e s u l t s ,  i t  w il l  be 

as w ell tojexamine th e  p o s s ib le  f a l l a c i e s .  Dudley (1929) s ta g e s  

th a t ,  b e fo re  i t  can be assumed th a t  ty p ic a l  membranous d ip h th e r ia  

can o r ig in a te  in  an in d iv id u a l who has a Schick n eg a tiv e  r e a c t io n , 

th re e  c r i t e r i a  must be s a t i s f i e d :  (a) th e re  must be no doubt r e 

gard ing  the  c l in ic a l  d ia g n o s is ; (fe) a r e a l  to x ig en ic  s t r a i n  of 

C .d ip h th e ria e  must be is o la te d  from the th r o a t ;  (e) the Schick 

t e s t  must have been n eg a tiv e  befo re  the o n se t of symptoms, and 

the  to x in  used  fo r  te s t in g  must have been beyond a l l  su sp ic io n .

These p o s s ib le  o b je c tio n s  w il l  be answered se r ia tim .

(a) The d ia g n o s is  in  each of th e se  20 cases was made p e rso n a lly  

by Dr. J .  S. Anderson, whose experience in  t h i s  work is  w ell known. 

I t  can be assumed th a t in  a l l  the  eases which a re  ld P e lle d  as 

"Mild” , ”m oderate” or ”sev ere” in  TableLXXXWthe p a t ie n t s  were 

su ffe r in g  from c l in i c a l  d ip h th e r ia .

(b) The organism was not te s te d  fo r  v iru le n c e  in  any of th e se  

cases . But in 19 out o f the  20 the  g ra v is  s t r a in  was determ ined 

by P ro f. J .  W. JjjteLeod, whose experience i s  th a t  a l l  g ra v is  s t r a in s  

are  v i r u le n t .  Dudley1s experience a t Greenwich (Dudley 1934) 

was the  same.

(c) In Cases 3, 5, 6, 7, 9, 12, 13, 14, 15, 16, 17, 20 th e  f i n a l
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Schick r e s u l t s  reco rd ed  in  TableDTO/1were o b ta in ed  by the  w r i te r  

using Schick f lu id  which had re c e n tly  a r r iv e d  from the  Wellcome 

la b o ra to r ie s . The same ba tch es o f  f lu id  were used to  t e s t  o th e r  

in d iv id u a ls , and i n  no case was th e re  any reaso n  to  doubt the 

e ff icacy  o f  the  m a te r ia l .  The Schick t e s t s  in  Cases 1 and 2 

were perform ed by Dr.Anderson w ith  s im ila r  m a te r ia l .  The t e s t s  

recorded in  th e  l a s t  colum*|Of Table LXXXVU were a lso  perforiaed by 

Dr. Anderson; in  each ease th e  t e s t  f lu id  was in je c te d  a t  l e a s t  

one hour b e fo re  serum was ad m in is te red , and in  those  c a s e s '^ h ic h  

a n tito x in  t i t r a t i o n  was c a r r ie d  out the  blood was drawn a t  th e  time 

the t e s t  was perform ed. I t  i s  th e re fo re  reaso n ab le  to  assume th a t  

the cases l i s t e d  as "m ild", "moderate" o r "severe" were undoubtedly 

cases o f  d ip h th e r ia  o ccu rrin g  in  persons who had had n eg a tiv e  

Schick r e a c t io n s .

These r e s u l t s  a re  on l in e s  s im ila r  to  those of Robinson 

and M arshall (1934) who no ted  12 cases o f d ip h th e r ia  in  Schick 

negative r e a c to r s .  In  t h e i r  s e r ie s  one case was " se v e re" , th re e  

were "m oderately se v e re" , and th e  o th e r  e ig h t were "m ild". In  e ig h t 

of th e i r  cases  the  organism was o f  the  g rav is  s t r a in ,  and in  fo u r  

i t  was Of the  in te rm ed ia te  s t r a i n .  I t  i s  worthy o f  no te  th a t ,  

although th e  in te rm ed ia te  s t r a in  was tan  tim es more common in  

Manchester th a n  th e  g r a v is , th re e  o f  th e  fo u r cases which were "sev ere"  

or "m oderately  severe"  were due to  th e  g ra v is  s t r a in .

I t  i s  an o ld  e s ta b lis h e d  claim  th a t  d ip h th e r ia  in
i

inocu lated  in d iv id u a ls  i s  always m ild . This s e r ie s  of cases does n o t 

bear out t h i s  s ta tem en t com pletely , s in c e , fo r  example, Case 13 was 

"severe", and f iv e  o th e r  cases were of "moderate" s e v e r i ty .  When 

account i s  tak en , however, o f the  h igh  in c id en ce  o f severe  cases  in  

Deeds, i t  may be assumed th a t  the  in o c u la tio n s  had some in f lu e n c e  on 

the course o f  the  d ise a se . Sven more im portan t i s  the  com parative 

absence of co m p lica tio n s . Two cases developed a lbum inuria , b u t a p a r t  

from th is  th e  p ro g ress  was ra p id , and no com plications were met w ith  

in the o th e r  ca ses .
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R e la tio n  to a n t i to x ic  co n ten t o f  B lood.

I t  i s  r e g r e t ta b le  th a t  a n t i to x in  t i t r a t i o n  c f  the 

blood was no t c a r r ie d  ou t in  more o f  th e se  cases a t  the  onset 

of the d is e a s e . There was sometimes, however, an ap p re c ia b le  

in te rv a l  between th e  a c tu a l  n o t i f ic a t io n  of the  case and th e  

r e a l i s a t io n  th a t  in o c u la t io n s  had been given a t  some tim e p re v io u s ly . 

The r e s u l t s  which a re  a v a ila b le  a re  in te r e s t in g .  I t  i s  seen from 

Table lxxkvii th a t  th e  a n t i to x ic  co n ten t v a r ie d  between 1/250 u n it  

and 5 u n i t s  p e r com, and th a t  in  th e  cases which have been adcep ted  

as d e f in i t e  c l i n i c a l  d ip h th e r ia  the  l im i t s  were 1/250 u n i t  and 1 /5  

u n it p e r  c.em . Prom TableJLTOVJI i t  cannot be sa id  th a t  th e  se v e r

i ty  of the d ise a se  -  as judged by the amount o f  serum re q u ire d  -  

was in  a l l  cases in v e rs e ly  p ro p o rtio n a l to  the  a n t i to x ic  co n ten t 

of the  p a t i e n t ’s h lood a t  the  o n se t.

®he minimum quantity o f  a n t i to x in  which th e  blood must 

co n ta in  in  o rd e r th a t  com plete p ro te c tio n  may be e s ta b lis h e d  has 

never been d e f in i t e ly  a s c e r ta in e d ; th e re  i s  in  f a c t  a p o s s i b i l i t y  

th a t o th e r  f a c to r s  may have an e f f e c t ,  and th a t  th i s  minimum quan-
i

t i t y  o f  a n t i to x in  cannot be a s c e r ta in e d  w ith  e x a c ti tu d e .

In  s e c tio n  (e) of th i s  T hesis an a ttem p t was made to  

c o r r e la te  th e  Schick s t a t e  o f  the  in d iv id u a l w ith  h is  b lood a n t i 

to x in  e o n te n t. Owing to  the  in h e re n t d i f f i c u l t i e s  o f t h i s  s u b je c t ,  

i t  wannot be s a id  th a t  th e  in v e s t ig a t io n  was su c c e s s fu l in  

e s ta b lis h in g  a hard  and f a s t  l in e  o f dem arcation  between th e  a n t i 

to x in  eo n ten t o f  th e  Schick pos<tiv\e and Schick n eg a tiv e  in d iv id u a ls .  

N everthe less i t  would seem th a t  w ith  th e  m a te r ia ls  in  use on the  

popu la tio n  o f <lreat B r i ta in  th e  most s a t i s f a c to r y  le v e l  o f immunity

i s  about 1/100 u n i t .  On th i s  b a s is  f iv e  ou t o f  th e  seven d e f in i t e
In

oases in  t h i s  s e rie s /w h ic h  such r e s u l t s  are a v a ila b le  should  have 

been d e f in i t e ly  immune; th e  o th e r  two should have had a reaso n ab le  

degree o f immunity, which would probab ly  have been broken down 

only by a very v iru le n t  in fe c t io n .
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R e la tiv e  in c id en c e  in  " s u s e e p tib le s "  and in  
"immunized” p e rso n s .______________________

In  th i s  s e c tio n  the  words " su sc e p tib le "  and "immunized" 

are used in  th e  accep ted  sense  of the  te rm s. That i s ,  an "immunized" 

person i s  one who has been in o c u la te d  a g a in s t d ip h th e r ia  and in  whom 

a subsequent Schick t e s t  w ith  s tan d ard  Schick t e s t  to x in  has g iven a
»'$ orje

negative  r e s u l t .  A " su sc e p tib le "  p e rso n ftwho has given a p o s i t iv e  

r e s u l t  to  a Schick  t e s t  perform ed w ith  th i s  m a te r ia l .  In  a d isc u ss  too. 

of th is  type i t  i s  im possib le  to  e lim in a te  a l l  f a l l a c i e s ,  bu t i n  th e  

fo llow ing an a tte m p t has been made to  make th e  r e s u l t s  as a c cu ra te  as 

the a v a ila b le  d a ta  w i l l  p e rm it.

From th e  1951 census f ig u re s  i t  was c a lc u la te d  th a t  22.044 

per cen t o f  th e  t o t a l  p o p u la tio n  o f Leeds were under 15 y ea rs  o f  age. 

The es tim a ted  p o p u la tio n  o f  th e  c i t y  fo r  1933 was 485,000, and a 

c a lc u la tio n  from t h i s  f ig u re  shows th a t ,  on th e  r a t io  o f  th e  1931 

census f ig u re s ,  th e re  were 106,913 c h ild re n  under 15 in  th e  c i ty  in  

1933* The w r i te r  p e rs o n a lly  perform ed 2559 p re lim in ary  Schick t e s t s  

on Leeds c h ild re n  under 15 y ea rs  o f  age, and 81*09 p er cen t o f  th e se  

gave p o s i t iv e  r e s u l t s .  Applying th i s  percen tage  to  the  1933 f ig u re s ,  

we can e s tim a te  b ro ad ly  th a t  in  th e  y ea rs  1935-34 th e re  were approx

im ately  86,696 susceptityA|f c h ild re n  in  Leeds. But 794 o f  th e se  had 

been rendered  immune between 1928 and February 1933, and a f u r th e r  

1403 between February 1933, and September, 1934. The f i n a l  e s tim a te  

is  th a t  th e re  were 84,499 s u sc e p tib le  c h ild re n  under 15 y ea rs  in  the  

c i ty  in  1933-34. In  1933 th e re  were 934 cases of d ip h th e r ia  in  

ch ild ren  under 15 years -  which g ives a case r a te  o f  11.05 p e r  1000 

su sc ep tib le  c h ild re n  under 15.

In  th e  s e le c te d  p o p u la tio n  o f  immunes i t  i s  ad v isab le  

to omit those which were n a tu r a l  immunes. The reason  fo r  t h i s  i s  

th a t ,  as has been s ta te d ,  a lthough  Cases 6 and 9 were th e  only  two 

cases o f d ip h th e r ia  in  n a tu ra l  immunes which came to  the  w r i t e r 's  

fcaowledfee, i t  i s  n o t c e r ta in  th a t  th e re  may n o t have been one o r 

two o th e r cases o f th i s  ty p e . W© a re  l e f t  th e re fo re  w ith  12 

d® fin ite  cases o f d ip h th e r ia  (aged under 15 y ea rs) which occurred



in  794 p lu s  1403 -  i . e . ,  2197 a r t i f i c a l  immunes under 15 years 

between Septem ber, 1933, and September, 1934. This g iv es  a case 

r a te  o f  5 .46 p e r 1000 immune c h ild re n  under 15 y e a rs . I t  i s  thus 

seen th a t  in  Leeds during  1933-34 su s c e p tib le  c h ild re n  were more 

than tw ice as l i a b l e  to  develop c l i n i c a l  d ip h th e r ia  as were c h ild re n  

who had been ren d ered  a r t i f i c a l l y  immune. These r e s u l t s  a re  of 

considerab le  im portance, e s p e c ia l ly  in  the l i g h t  o f f in d in g s  in  

o ther a re a s .

The in c id en ce  o f d e f in i t e  d ip h th e r ia  in  the S 'ch ick-negati ve 

popu lation  d esc rib ed  by 0 #B rien , O kell and P a r is h  (1929| was 0 .9  p e r  

1000. In  Cork la u n d e r6 f (1933) two cases o f  d ip h th e r ia  in  n eg a tiv e  

Schick r e a c to r s  occu rred  in  a p o p u la tio n  o f  2998 such n eg a tiv e  r e a c 

to r s ,  which i s  eq u iv a le n t to  an in c id en ce  o f 0 .83  p er 1000. In  

Munich (P fa u d le r , 1931) the  in c id en ce  in  a n o n -in o cu la ted  p o p u la tio n  

of 39,582 c h ild re n  -  m ainly 2 to  7 years o f age -  was 32.0 p e r  1000. 

In 2485 c h ild re n  o f  eq u iv a len t age who had been in o c u la ted  -  bu t who 

had not n e c e s s a r i ly  given n eg a tiv e  f in a l  Schick re a c t io n s  -  18 cases 

occurred. T h is  g iv es  an in c id en ce  of 7 .4  p e r  1000, which i s  rough ly  

a q u a rte r  of th e  in c id en ce  in  the  n o n -in o cu la ted . Tomcsik (1932) 

s ta te s  th a t  in  Hungary the  in c id en ce  o f  d ip h th e r ia  in  the in o c u la ted  

was on ly  one*-tenth of th a t  in  th e  n o n -in o cu la ted . Bezancon and 

Dreyfus (1932), working on P a r is  schoo l and p re -sch o o l c h i ld re n , 

Reported th a t  between 1928 and 1931 3,837 in d iv id u a ls  had been 

inocu la ted  w ith  th re e  in je c t io n s .  In  1930 th e re  were 43.12 cases  

par 1000 in  th e  u n in o eu la ted , and only  p e r  1000 in o c u la te d , 

la  1931 the  r a t e  f o r  th e  u n in o cu la ted  was 42 .99 , and f o r  th e  inocu

la te d  i t  was 1 .82 . Hence the r a t i o  o f the  in c id en ce  in  u n in o cu la ted  

to  th a t in  in o c u la te d  f e l l  from 7 to  1 in  1930 to  approx im ately  

25 to l  in  1931. The inc idence  o f d ip h th e r ia  in  an in o c u la te d  popu

la t io n  depends, o f course , upon th e  degree o f e f f ic ie n c y  o f the  

immunization. For example, Sdrodowski (1934) showed th a t  15§p00 

chiidr©n were in o c u la te d  a g a in s t d ip h th e r ia  in  Leningrad in  1931 

a&d 1932. More than 50 p r  cen t were fo llow ed up; the  in c id en ce  o f

d iph theria  in  th o se  who had th re e  in je c t io n s  was 12.8  p e r 10,000;
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among th o se  who had on ly  one in je c t io n  i t  was 49 .0  p e r 10,000.

F u rth e r  examples of the  r e l a t iv e  in c id en ce  o f 

d ip h th e r ia  in  im x P u la te d  and in  n o n -in o cu la ted  p o p u la tio n s  

re p p e o tiv e ly  a re  s e t  ou t in  Table LXXXViif. I t  should be no ted  th a t  

in  only  c e r ta in  of th e se  cases d id  th e  in o cu la ted  p o p u la tio n  

c o n s is t e n t i r e ly  o f  known Schick Immunes. From t h i s  Table i t  

w il l  be seen th a t  in  most a rea s  the  n o n -in o cu la ted  were a t  l e a s t  

s ix  tim es more l i a b l e  to  c o n tra c t d ip h th e r ia  than  were the 

in o c u la te d , and th a t  in  only th re e  in s ta n c e s  (w ith  the  ex cep tio n  

of Leeds) d id  the  r a t i o  f a l l  to  approxim ately  4 . In  Leeds, on 

the o th e r hand, th e  n o n -in o cu la ted  were on ly  tw ice as l ik e ly  to  

co n tra c t th e  d ise a se  as were th o se  who had been ^ch ick  te s te d  

and found immune. I t  i s  ev id en t th a t  in  Leeds some f a c to r  i s  

a t  work whfech ren d e rs  a breakdown o f immunity much more l i a b le  

to  occur.

p i sous s i  on.

The argument o f th i s  paper i s  th a t  the  only  c o n s ta n t 

f a c to r  which can be adduced to  e x p la in  th e  occurrence o f  t h i s  

h igh in c id en ce  o f  cases  o f c l i n i c a l  d ip h th e r ia  amongst in o c u la te d  

persons in  Leeds i s  th e  in c id en ce  o f the  g ra v is  s t r a i n  of 

0 . d ip h th e r ia s  in  th e  community. During the  l a s t  few y ea rs  few 

a reas  have su ffe re d  more from d ip h th e r ia  than  Leeds (see  Underwood, 

1934b), and in  1934 th e  in c id en ce  o f th e  d ise a se  con tinued  to  

in c re a se . Most o f  th e  cases were due to  the  g ra v is  s t r a i n  o f  th e  

organism . The p re se n t in v e s t ig a t io n  suggests  th a t ,  when th i s  

s t r a in  of th e  organism i s  very  common in  a community, a breakdown 

o f immunity w i l l  r e s u l t  no t in f re q u e n tly , and th a t ,  when th i s  

occurs, the  chances a re  th a t  th e  in f e c t io n  o f  the  in d iv id u a l cases  

* i l l  be by the  g ra v is  s t r a i n .

I t  should be no ted  th a t  cases 6 and 9 were th e  only  

cases which came to  the  n o tic e  o f th e  w r i te r  o f p ersons who were 

Schick te s te d  and found n e t w l l y  immune, and who l a t e r  developed 

c l in ic a l  d ip h th e r ia . Although a sp e c ia l  enqu iry  was made on t h i s
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p o in t, no o th e r  cases  were tra c e d . I t  is  d i f f i c u l t  to  g ive th e  

ac tu a l numbers o f  n a tu r a l  and a r t i f i c i a l  immunes in  th e  c i ty  over 

th is  extended p e r io d , because fo r  one th in g , the  numbers were 

su b jec t to  c o n s ta n t f lu c tu a t io n ,  e s p e c ia l ly  in  the  d i r e c t io n  o f 

in c re a se . By th e  end o f  September, 1934, however, i t  i s  e s tim a ted  

th a t th e re  were in  Leeds about 570 known, n a tu ra l  immunes, and about 

2200 c h ild re n  who had been a r t i f i c a l l y  immunized. This s e r ie s  

th e re fo re  g iv es  some support to  the  co n ten tio n  th a t  a r t i f i c i a l  

immunes a re  l i k e ly  to  re la p s e  more e a s i ly  than  n a tu ra l  immunes, 

though th e  d if fe re n c e  fes* th e  numbers e# the  two groups i s  no t 

very marked. The in v e s t ig a t io n  a lso  su g g ests  th a t  t h i s  breakdown 

in  immunity may ta k e  p lace  a t  any tim e, s in ce  th e  f ig u re s  in  column 

9 o f TableLwv] show so much v a r ia t io n  th a t  no r e l i a b l e  in fe re n c e  

can be drawn. As a c o ro lla ry  i t  seems l ik e ly  th a t  the  a c tu a l  cause 

of the  breakdown may u su a lly  l i e  more o u ts id e  than  in s id e  th e  

in d iv id u a l’s body, i . e . ,  i t  i s  th e  fu n c tio n  o f th e  germ r a th e r  than  

of the  h o s t .  One f e a tu re ,  however, suggests th a t  th e  p o s s i b i l i t y  

of an a l t e r a t i o n  in  th e  h o st cannot be l i g h t l y  d isc a rd ed . I t  i s  

seen th a t ,  a lthough  imm unization had been c a r r ie d  e a t  on in  Leeds 

since  1928, the  f i r s t  case o f d ip h th e r ia  in  an in o e u la te d  person  

did no t occur u n t i l  1933; th e r e a f te r  th e  m a jo rity  o f  th e  cases 

occurred in  th e  m iddle of the  months o f jUne and Ju ly  1934.

The p o s s i b i l i t y  o f th e  a l t e r a t i o n  of th e  r e s is ta n c e  o f 

a host a t  d i f f e r e n t  tim es has never been adequate ly  d e a lt  w ith .

I t  should be n o ted , however, th a t  Meersseman and Renard (1934) 

ob tained  a c e r ta in  amount o f  evidence to  show th a t  in f lu e n z a  

lowers immunity to  d ip h th e r ia , and they  suggest th a t  t h i s  p o s s ib ly  

ex p la in s th e  occurrence o f d ip h th e r ia  in  Schick n e g a tiv e s , in  

th is  connection  th e  read e r  w i l l  f in d  in  F a r t  I I  o f t h i s  T hesis a 

l u l l  d isc u ss io n  o f  a co n s id e rab le  epidem ic o f  in f lu e n z a  which 

occurred in  Leeds in  th e  w in te r  o f 1932 and th e  sp rin g  o f  1933. 

D espite th i s  th e  m a jo r ity  o f th e  in s tan ce s  o f  th e  breakdown o f 

immunity occurred  in  1934.
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The evidence i s ,  however, in  favour o f  the  view th a t  these 

cases were due to  th e  continued  p resence in  the  community o f 

the g ra v is  s t r a i n  o f C. d ip h th e r ia s . During the  summer o f  1934 j

the  in c id en ce  o f  d ip h th e r ia  in  Leeds was very  h ig h , and a l l  

members o f  the community, in o c u la ted  and n o n -in o cu la ted  a l ik e ,  

would be b rough t much in to  c o n tac t w ith  t h i s  s t r a in .  I t  i s  

g e n e ra lly  assumed th a t  the  g ra v is  s t r a i n  produces i t s  severe  

e f f e c t  owing to  i t s  g re a t in v a s iv e n e ss . P ov itzky , E isn e r,a n d  

Jackson (1933) have, on th e  o th e r  hand, suggested  from t h e i r  

experim ents th a t  the  g ra v is  e f f e c t s  a re  due to  th e  r a p id i ty  w ith  

which th i s  s t r a i n  produces i t s  to x in . On th i s  assum ption, th e re  i 

would be, in  g ra v is - in fe c  ted  ca se s , l i t t l e  tim e fo r  th e  body to
|

respond tc  th e  prim ary stim u lu s o f th e  in f e c t io n .  I t  would seem 

th a t  th e  b lood t i t r a t i o n  re s fc lts  in  t h i s  s e r ie s  o f  cases len d  ! 

some support to  t h i s  view. The only case in  which th e re  was 

what m ight be c a l le d  a very  h igh  lwwel o f  immunity (Case 15) was j 

s u f fe r in g  m erely  from a chance in fe c t io n  superim posed on a so re  

th r o a t .  In  the o th e r  cases  th e  a n t i to x ic  le v e l  was p robab ly  no t 

h igh enough to  cause a ra p id  response , no t on ly  to  th e  prim ary 

etfemulus, b u t a lso  to  th e  con tinued  ra p id  p ro d u c tio n  o f  to x in  

^kc g r a t i s  s t r a i n  o f  organism s.

The evidence can be in te rp re te d  as a p le a  fo r  in c re a se d  

im m unization in  communities which a re  in fe c te d  w ith  th e  g r a v i s 

s t r a in  o f C .d ip h th e r ia s . During the  y ear 1933 the  number o f 

cases o f  d ip h th e r ia  which were n o t i f ie d  in ,L eeds was 1057, and 

th e  d ea th s  numbered 88. T his g iv es a c a s e -m o r ta l ity  r a t e  o f
j-

8 .8  p er c e n t. During the f i r s t  te n  weeks o f  1934 th e  ca se -  

m ortal i t y  r a t e  ro se  to  9 .5  p e r  cen t -  a f ig u re  which i s  h ig h e r  

than th a t  f o r  any o th e r  a re a  in  England and Wales. When we 

compare t h i s  f ig u re  w ith  th a t  f o r  th e  Schick n eg a tiv e  p o p u la tio n , 

v iz  0 p e r  cen t -  i t  i s  ev id en t th a t ,  although  the  e f f e c t  o f 

im m unization on the in c id en ce  o f  th e  d ise a se  may not have been 

as g re a t as we might have expected , th e  in f lu e n c e  on th e  course

o f the d ise a se  was so marked as to  be in  i to o I f
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Case Bate C lin ic a l  1Complic Amount S tra in  T i t r a t • Schick
No. of

Onset
Type a tio n s of

Serum
of

Or gansm (AU)
t e s t  

on adm.

1 15 /5 /33 Mod.Fau* N il 70,000 G+ 1/250 
-1 /1 0 0

Neg.

2 22 /8 /33 w « * tt 20*000 a it
3 21 /9 /33 B a c t.c a se it N il a a
4 1 /1 1 /3 3 Mild fa u .* n 8 *000 a . . . .
5 15 /11 /33 Sub. c l in . 11 N il a Nog.
6 16 /1 /3 4 M ild fa u .* w 16,000 &
7 13 /2 /3 4 » ri * it N il a  1 / 1 0 K ef.
8 26 /3 /34 it n * it 8; ©bo a . . .

9 87 /3 /34 « " * n 8 , 0 0 0 a  1 / 5 0 . . .
10 8 /6 /3 4 Sub. c l i n . it N il G Neg.
11 20 /6 /34 Mild fa u .* it 16,000 N t. n
12 22 /6 /34 ft » * S I•a lb • 16,000 G
13 28 /6 /3 4 Severe 11 * Alb. 100,000 G . . .
14 5 /7 /3 4 Mod. " * N il 20,000 G
15 7 /7 /3 4 Sub. c l in . n N il G > 5 Neg.
16 14 /7 /3 4 Mod. fa u .* w 16,000 G 1/250 >1

17 18 /7 /34 S lid  fa u .* it N il G 1/25 
-1 /1 0 If

18 23 /8 /34 Hod. fa u .* n 20,000 G R

19 9 /9 /3 4  Mild fa u .*  N il N il a 1 / 5 R

20 11 /9 /34  Mod. fa u .*  " 20,000 a 1/50 II

B ao t. s b a c te r io lo g ic a l .  Fau. » f a u c ia l .  S I . a lb .  
a s l ig h t  a lbum inu ria . N t. ■ not ty p ed . * * B ie f s (Copenhagen) 
o la s s if ic fc tio n  (B ie , 1922). +G -  g ra v is  s t r a i n .



TABI35 L tttfI II .

Relative Incidence of Diphtheria in Inoeulated 
and in  Non-inoculated Populations.

Author and 
lo c a l i ty

Inoculated

1. P ou la in , 1932 
L o ire , France

8. Soyer, 1931
Hi 1 vers urn, H olland

3. Ib id , H olland

4. Sparrow, 1931
Warsaw, Poland

5. Isa b o lin sk i 
e t . a l  1931 
Smolensk, B u ssia

6. Park, 1922
New York U .S.A .

7. K inloeh, 1927
Aberdeen

8. Rae* Aberdeen 

Adams, O ntario  

10. Underwood, Leeds

4»

11,771

1,900

5,430

5,000

4,185

90.000 

8 ,103

7,254

11.000 

8,197

0$ •H U  *4o eA  09 4»ex t
00 P i  * *HO P

47

2

3

15

6

e-p *
i o  « e o  w««-* p <0 rim

« O i  O OW  E-»0

4 .0  8646

1 .1  10800 

0 .6  18750

Non-
in o cu la ted .®4̂

u  o ®*3
C O  4*•  jA 
m  P i  tJ
O  P

I o  • oCQ *H 
C0o  u
ja  ft

aJ
P
o
•rl-p05
PS

131 15 .1  3 .8

87

78

3 .0  295800 3400

8 .1  7 .4

4 .2  7 .0

11.4  3 .8

1 .4  19000 285 15.0 10 .7

14 0 .16  90000 56 0 .6  4 .0

23 2 .8  33300 612 18 .4  6 .6

44 6 .0  23600 913 36.9 6 .5

17 1*6 9000 103 11.4 7 .1

12 5 .5  84862 934 11 .1  2 .0

*Quoted by Forbes 1932.
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in  i t s e l f  p r a c t i c a l l y  an argument fo r  im m unization. This in f lu e n c e  

not only  m an ife s ted  i t s e l f  in  th e  complete p rev en tio n  of f a t a l  

r e s u l ts ;  i t  a lso  undoubtedly m odified the  d ise a se  and p reven ted  

those co m p lica tio n s which so so l i a b le  to  fo llow  in fe c t io n  w ith  

g ra v is  s t r a i n .

I t  should  be m entioned th a t ,  the  p u b lic a tio n  of th e  

m a te ria l which i s  con ta in ed  in  t h i s  s e c tio n  was the  f i r s t  evidence 

Which had appeared on t h i s  question  o f  th e  r e la t io n s h ip  between 

a n t i - d ip h th e r ia l  immunity -  as shown by Schick t e s t s  and b lood 

t i t r a t i o n s  -  and a  p a r t i c u la r ly  in v a s iv e  s t r a in  of 0 .d ip h th e r ia s . 

This paper was soon fo llow ed by independent co rro b o ra tio n  o f the  

w r i te r ’s v iew s. P a r is h  and W right (1935) made s im ila r  o b se rv a tio n s , 

though the  p o p u la tio n  under review  was in  th e i r  case much sm a lle r  

and was not homogeneous. M arsha ll and Robinson (1935) have a t  th e  

time of w r i t in g  p u b lish ed  a paper which extends t h e i r  work in  

M anchester, and th ey  re p o r t  th e  death  from d i jh th e r ia  o f  an immune 

p a t ie n t  -  a s  shown by a n e g a tiv e  Schick test*; bu t not by a n t i to x in  

e s tim a tio n  which was n o t c a r r ie d  o u t. In  t h e i r  case the in f e c t in g  

s t r a in  was a lso  f fra v is .

A f a i r l y  obvious su g g estio n  a r is in g  out of th e  p re se n t 

se c tio n  o f  t h i s  T hesis i s  th a t  th e  Schick t e s t  f lu id  which i s  now 

in  use i s  not s u f f c ie n t ly  s tro n g . 3?he w r i te r  f re q u e n tly  co n sid ered  

whether i t  would n o t be w ise to  use a s tro n g e r  f lu id ,  b u t he was 

always of op in io n  th a t ,  d e sp ite  the p o s s ib i l i t y  o f  p a r t i a l  f a i l u r e  

in  the use  o f o rd in a ry  Schick  f lu id ,  i t  was d e s ira b le  to  r e t a in  i t ,  

r a th e r  than  to s e t  up a new s tan d ard  fo r  a l l  fu tu re  Schick t e s t s .

His id eas on th i s  su b je c t a re  s e t  out in  th e  concluding s e c tio n  

of P a r t  I .  Now, however, P a r ish  and Wright (1935) have te n ta tiv e ly  

suggested th a t  th e re  should  be some a l t e r a t i o n  in  th e  s tr e n g th  o f 

the Schick f lu id ,  and Chesney (1935) has used such s tro n g e r  f lu id s  

In a few fo u r - fo ld  Schick t e s t s .



After due consideration the present writer fe e ls  

that science, lik e  art, i s  long, whereas the existence of 

gravis strains in epidemic proportions is  a matter for 

discussion. Let us therefore retain the Schick flu id  which 

has given such good resu lts in the past, and from which a l l  

s ta t is t ic s  for the te s t  are derived.
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FART I .

SECTION ( i )

EZFERmEETS HITS. SCHICK TEST FLUIDS DERIVED FROM 

GRAVIS STRAINS.

The S c h i c k  t e s t  e x p e r i m e n t s  w h i c h  h a v e  b e e n  d e s c r i b e d  

i n  t h e  p r e c e d i n g  s e c t i o n s  o f  t h i s  T h e s i s  w e re  a l l  c a r r i e d  o u t  

w i t h  o r d i n a r y  S c h i c k  t e s t  f l u i d  d e r i v e d  f r o m  t h e  s t a n d a r d  h a r k  

.V i l i i a m s  s t r a i n ,  an d  t h e  r e s u l t s  s h o u l d  t h e r e f o r e  b e  c o m p a r a b l e  

w i t h  s i m i l a r  r e s u l t s  f r o m  m o s t  a r e a s  i n  t h e  c i v i l i s e d  w o r l d .

^ u i t e  n e a r  t h e  b e g i n n i n g  o f  t h e s e  i n v e s t i g a t i o n s ,  h o w e v e r ,  i t  

o c c u r r e d  t o  t h e  w r i t e r  t h a t  t h e r e  m i g h t  be a d i f f e r e n c e  i n  t h e  

r a t e  a t  w h i c h  i n d i v i d u a l s  become imnuue t o  o r d i n a r y  s t r a i n s  and 

o-'Q-W 1 n s t r a i n s  r e s p e c t i v e l y  o f  t h e  O . d i p h t h e r i a e . The p r e c e d 

in g  s e c t i o n  o f  t h i s  T h e s i s  h a s  g i v e n  f a i r l y  c o n c l u s i v e  e v i d e n c e  

t h a t  an  i n d i v i d u a l  who i s  d e f i n i t e l y  immune t o  d i p h t h e r i a ,  a s  

Judged  by t h e  t e s t s  w h i c h  a r e  so f a r  known t o  u s ,  may y e t  be  

s u s c e p t i b l e  t o  i n f e c t i o n  w i t h  t h e  g r a v i s  s t r a i n .  F o r  t h e s e  

r e a s o n s  i t  seemed d e s i r a b l e  t o  i n v e s t i g a t e  t h e  s u s c e p t i b i l i t y  o f  

t h e  p o p u l a t i o n  t o  g r a v i s  i n f e c t i o n .

So l o n g  ag o  a s  t h e  e a r l y  s p r i n g  o f  1934- t h e  w r i t e r  

a p p r o a c h e d  P r o f e s s o r  1 .  Wh McLeod and r e q u e s t e d  h im  t o  p r e p a r e  

S c h i c k  t e s t  f l u i d  f r o m  g r a v i s  s t r a i n s .  P r o f e s s o r  McLeod k i n d l y  

p r o c e e d e d  w i t h  t h i s  w o r k ,  b u t  h e  was c o n f r o n t e d  w i t h  t h e  d i f f i c u l t y  

t h a t  t h e s e  s t r a i n s  a r e  n o t  good  t o x i n  p r o d u c e r s ,  and  u n f o r t u n a t e l y  

bo s a t i s f a c t o r y  f l u i d  had  b e e n  p r o d u c e d  by  t h e  t i m e  t h a t  t h e  w r i t e r  

l e f t  L e e d s .  S i n c e  t h e n  Mr. G-lenny, th e  I m m u n o l o g i s t  t o  t h e  

Wellcome P h y s i o l o g i c a l  R e s e a r c h  L a b o r a t o r i e s ,  h a s  s u c c e e d e d  i n  

p r o d u c i n g  a s u f f i c i e n t  q u a n t i t y  o f  t h i s  m a t e r i a l  and  t h e  w r i t e r  

h a s  u s e d  i t  o n  349 L o n d o n  c h i l d r e n .  At t h e  same t i m e  my former 

c° l l Qa g u e , D r .  J .  S .  A n d e r s o n ,  c o - o p e r a t e d  i n  t h e  s t u d y  by u s i n g
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t h i s  f l u i d  o n  158 c h i l d r e n  who w e re  a d m i t t e d  t o  t h e  L e e d s  

C i t y  H o s p i t a l  s u f f e r i n g  f r o m  s c a r l e t  f e v e r  o r  d i p h t h e r i a .

These  r e s u l t s  w i l l  h e  p u b l i s h e d  i n  a  j o i n t  i n v e s t i g a t i o n .

I n  t h i s  T h e s i s  a  b r i e f  d e s c r i p t i o n  w i l l  he  g i v e n  o f  t h e  L o n d o n  

r e s u l t s ,  and  o n l y  t h e  s a l i e n t  f e a t u r e s  o f  t h e  L e e d s  s e r i e s  w i l l  

be u s e d  f o r  c o m p a r a t i v e  p u r p o s e s .

T e c h n i q u e .

I n  e v e r y  c a s e  t h e  c o n t r o l  t e s t s  w e re  p e r f o r m e d  on  t h e  

r i g h t  a rm ,  a n a  t h e  S c h i c k  t e s t s  o n  t h e  l e f t  a rm .  G r a v i s  f l u i d s  

w ere  i n j e c t e d  p r o x i m a l l y  and  o r d i n a r y  f l u i d s  d i s t a l l y .  The 

d i s t a n c e  w h i c h  s e p a r a t e d  t h e  two t e s t s  on a n y  arm v a r i e d  f r o m  6 

t o  16 man d e p e n d i n g  on t h e  a g e  o f  t h e  c h i l d .  The t e s t s  w e r e  

r e a d  o n  t h e  s e c o n d  d a y  and  a l s o  on t h e  s e v e n t h  d a y .  A c c u r a t e  

m e a s u r e m e n t s  w e r e  t a k e n  o f  t h e  s i z e  o f  t h e  d i f f e r e n t  t y p e s  o f  

e r y t h e m a ,  an d  f u l l  n o t e s  w e r e  mace o f  t h e  a p p e a r a n c e  o f  t h e  

r e a c t i o n s .  , '

D e g r e e  o f  N a t u r a l - I m m u n i t y .

As j u d g e d  by  t h e  o r d i n a r y  S c h i c k  t e s t  r e s u l t  1 3 0  o f  • 

t h e  349 i n d i v i d u a l s  w e r e  n e g a t i v e ,  and  219 p o s i t i v e .  The 

p e r c e n t a g e s  w e r e  t h e r e f o r e :  n e g a t i v e ,  3 7 . 2 ;  p o s i t i v e  6 2 . 7 .

The a g e s  o f  t h e  c h i l d r e n  w e re  v e r y  s i m i l a r  t o  t h o s e  i n  t h e  much 

l a r g e r  L e e d s  s e r i e s ,  w h i c h  h a s  b e e n  d e a l t  w i t h  i n  p r e c e d i n g  

s e c t i o n s  o f  t h i s  T h e s i s .  I t  w i l l  be  n o t e d  t h a t  t h e  p e r c e n t a g e  

o f  p o s i t i v e s  -  v i z .  63 -  i s  o v e r  20 p e r  c e n t  l o w e r  t h a n  t h e  

a v e r a g e  f o r  t h e  d i f f e r e n t  L e e d s  g r o u p s ,  and  t h e s e  r e s u l t s  t h e r e f o r e  

e m p h a s i z e  t h e  e x t r a o r d i n a r y  l o w  r a t e  o f  n a t u r a l  i m m u n i t y  i n  L e e d s .  

I n  t h e  s m a l l  London  s e r i e s  w h ic h  i s  a t  p r e s e n t  u n d e r  d i s c u s s i o n  

t h e  p e r c e n t a g e s  o f  +,  ++, and  +++ S c h i c k  r e a c t o r s  w e r e  3 0 . 4 ,  2 9 . 8 ,  

and 2 . 6  o f  t h e  w h o le  s a m p l e .  T h e s e  f i g u r e s  a g a i n  e m p h a s i z e  t h e  

f a c t  t h a t  t h e  s l i g h t  p o s i t i v e  r e a c t o r  i s  much m ore  common i n  

London and  m a r k e d  p o s i t i v e  r e a c t o r s  a r e  m o re  f r e q u e n t  i n  L e e d s .



m .

lie s u i t s  o f  t h e  T e s t s . '

The  m a in  r e s u l t s  o f  t h e  t e s t s  a r e  s e t  o u t  i n  f a b l e  LXXXIX. 

These  r e s u l t s  do n o t  i n c l u d e  t h e  f i n a l  g r o u p ,  w h i c h  w i l l  "be d e a l t  

w i t h  s e p a r a t e l y .  From t h e s e  r e s u l t s  i t  w i l l  h e  e v i d e n t  t h a t  9 1 . 2  

p e r  c e n t  of  t h e  t e s t s  a g r e e d  so f a r  a s  t h e  f i n a l  i n t e r p r e j k t i o n  was

c o n c e r n ied,  b u t t h a t i n  a  f u r t h e r  6. 6 p e r  c e n t t h e g r  a  v i  s t e s t  was

d e f i n i t e l y  p o s i t i v e  'w h i l e  t h e  o r d i n a r y  t e s t  wa,s n e g a t i v e •

TABLE LXXXIX.

R e s u l t s  o f  g r a v i s  S c h i c k  t e s t  s  p e r f o r m e d  i n L o ndon .

Group T o t a l i  0. i .n a r y  a n d / S c h i c k r e s u l t s * f s e u d o - - r e a c t i o n s
t e s t e d S + G+ b—Gr~ b— G+ D o u b t f u l  

r e a c t  i o n
LI 56 27 5 4 — - - -

L2 33 22 6 4 1 1 - -

L3 70 41 22 6 1 1 - —

L4 49 31 16 2 2 1
L5 44 20 21 3 - - - -

L6 43 22 16  2 3 - 1 -
L7 16 8 8 , - _ - - -

L8 13 8 4 1 _ - - -
L9 28 24 2 2 - - - -

T o t a l 332 , 203 1 0 0  22 7 4 r, 2 -

P e r c e n t a g e 6 1 . 1 3 0 . 1  6 . 6 2 . 1 + 0 . 5 3  1 . 2;+ 0 .  6+ -
+ 1 .80  +1 .70  + 0 . 9 2  0 . 4 0  0 . 2 9

* A b b r e v i a t i o n s  u s e d  i n  t a b l e : S ~ o r d i n a r y  S c h i c k  r e s u l t .

0 r  Or a v i s  S c h i c k  r e s u l t .  S 'f  -  p s e u d o - r e a c t i o n  a t  o r d i n a r y

S c h i c k  s i t e s ,  ffif = p s e u d o  r e a c t i o n s  a t  g r a v i s  S c h i c k  s i t e s .

A l t h o u g h  f r o m  t h e  n u m e r i c a l  p o i n t  o f  v i e w  t h i s

d i s c r e p a n c y  i s  n o t  v e r y  m a r k e d ,  n e a r l y  e v e r y  c a s e  showed a

d i f f e r e n c e  i n  t h e  d e g r e e  o f  r e a c t i o n  o f  t h e  two t e s t s .  I n  t h e  c a s e

o f  m arked  p o s i t i v e  r e a c t o r s  t h e  t e s t s  w e r e  v e r y  s i m i l a r , b u t  i n

m o d e r a t e  r e a c t o r s  t h e  g r a v i s  t e s t  was u s u a l l y  a f e w  m i l l i m e t r e s

"broader and  much b r i g h t e r  t h a n  t h e  o r d i n a r y  t e s t .  B e s q u a m a t i o n ,
, . m a r k e d

wnich  was o f t e n  c o a r s e ,  was u s u a l l y  p r e s e n t  i n  t h e s e  m o d e r a t e  a n d /

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

d e s q u a m a t i o n  was u s u a l l y  much l e s s  i n  d e g r e e  and  was m t f r e r o f t e n

° f  a  p o w d e ry  n a t u r e .  A l th o u g  Xj. t i l  i  S (3,3 o 01 -i*jP u lO il O ciLi.i 0 3 cxjp j01 3- Q Ci. "t/Q

most o f  t h e  t e s t s  t h e r e  w e r e  q u i t e  a number  o f  i n s t a n c e s  i n  w h i c h

t n e  o r d i n a r y  S c h i c k  t e s t ,  a l t h o u g h  c l a s s i f i e d  i n  t h e  T a b l e  a s



p o s i t i v e ,  w as  v e r y  f a i n t  and  c o n s i s t e d  m e r e l y  o f  a  s m a l l  p a l e  

p i n k  a r e a ;  w h e r e a s  i n  t h e s e  c a s e s  t h e  g r a v i s  t e s t s  w e r e  o b v i o u s l y  

m a r k e d l y  p o s i t i v e .

A l t h o u g h  t h e s e  r e s u l t s  seem t o  i n d i c a t e  t h a t  t h e r e  i s  

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

f l u i d s ,  b e f o r e  m a k in g  a  d e c i s i o n  i t  s h o u l d  be  r e m e m b ered  t h a t  t h e  

p o s s i b i l i t y  o f  d i f f e r e n c e s  b e i n g  due  t o  n o n - s p e c i f i c  p r o t e i n  e f f e c t

must be  t a k e n  i n t o  a c c o u n t .  S i n c e  g r a v i s  s t r a i n s  a r e  p o o r  p r o -
\

d u c e r s  o f  t o x i n  i n  v i t r o ,  t h i s  t o x i n  w i l l  t h e r e f o r e  r e q u i r e  v e r y

l i t t l e  d i l u t i o n  i n  o r d e r  t h a t  0 . 0 2  M .L .I ) .  s h o u l d  be c o n t a i n e d  i n

0 . 2 e c . o f  t h e  d i l u t i n g  f l u i d .  C o n s e q u e n t l y  t h e  g r a v i s  s c h c k  t e s t

f l u i d  w h i c h  w as  u s e d  m u s t  h a v e  h a d  a h i g h e r  n i t r o g e n  c o n t e n t  t h a n

t h e  o r d i n a r y  f l u i d .  To o v e rco m e  t h i s  d i f f i c u l t y  A.T.GKLenny

p r e p a r e d  a b a t c h  o f  g r a v i s  t e s t  and c o n t r o l  f l u i d s ,  w h ic h  w e r e  made

up i n  s u c h  a  way t h a t  t h e  n i t r o g e n  c o n t e n t  was s t r i c t l y  c o m p a r a b l e
t,o

w i t h  t h a t  o f  t h e  o r d i n a r y  S c h i c k  f l u i d  w h i c h  was u s e d .  U p / t h e  

p r e s e n t  t h e  w r i t e r  h a s  o n l y  b e e n  a b l e  t o  u s e  t h e * s p e c i a l  f l u i d s  

on s e v e n t e e n  i n d i v i d u a l s .  Of t h e s e  12 w e re  p o s i t i v e  t o  b o t h  

o r d i n a r y  S c h i c k  and  g r a v i s  t e s t s ;  f o u r  w e r e  n e g a t i v e  t o  b o t h  t e s t s ;  

and i n  o n e  i n s t a n c e  t h e  o r d i n a r y  t e s t  was n e g a t i v e ,  b u t  t n e  g r a v i s  

t e s t  showed a  p s e u d o - r e a c t i o n  w h ich  i n t e r f e r e d  w i t h  t h e  r e a d i n g  o f  

t h e  t e s t .  I n  t h i s  l a t t e r  i n s t a n c e  i t  i s  p r o b a b l e  t h a t  t h e  g r a v i s  

r e s u l t  was  o f  t h e  n a t u r e  o f  a t e s t - c o n t r o l  r e a c t i o n ,  s i n c e  t h e  

r e s u l t s  o f  t h e  t i t r a t i o n  o f  b l o o d ,  w h ic h  was d raw n  a t  t h e  t i m e  o f  

p e r f o r m a n c e  o f  t h e  b e h i c k  t e s t ,  showed t h a t  t h e  i n d i v i d u a l  h a d  1 / 5  

of  a u n i t  o f  a n t i t o x i n .  B lo o d  t i t r a t i o n  i n  a  f u r t h e r  two c a s e s  

o f  t h i s  g r o u p  o f  c h i l d r e n  g a v e  no  u n u s u a l  r e s u l t s .

I t  i s  u n f o r t u n a t e  t h a t  t h i s  l a s t  g r o u p  o f  c h i l d r e n  was  

so s m a l l  a n d  t h a t  i t  h a p p e n e d  t o  i n c l u d e  no i n d i v i d u a l  who showed 

a* m arked  d i s c r e p a n c y  i n  t h e  r e s u l t s  o f  t h e  two t e s t s ,  f u r t h e r  

T i g h t  on t h e  p r o b l e m  may, h o w e v e r ,  b e  o b t a i n e d  f r o m  a  c o n s i d e r a t i o n  

° f  t h e  p s u e d o - r e a c t i o n s  i n  t h e  349 i n d i v i d u a l s  i n  t h e  g r o u p s  w h i c h  

i n c l u d e d  i n  T a b l e  LXXXIX. f o u r  i n d i v i d u a l s  -  1 . 2  p e r  c e n t  -  

shov/ed p s e u d o - r e a c t i o n s  a t  t h e  s i t e s  o f  b o t h  t h e  o r d i n a r y  S c h i c k



and g r a v i s  S c h i c k  t e s t s ,  an d  two i n d i v i d u a l s  -  0 . 6  p e r  c e n t  -  

showed a  p s e u d o - r e a c t i o n  a t  t h e  s i t e  o f  g r a v i s  and  g r a v i s  c o n t r o l  

i n j e c t i o n s  o n l y .  I n  t h e  17 i n d i v i d u a l s  who w e r e  t e s t e d  w i t h  t h e  

s p e c i a l  m a t e r i a l  m e n t i o n e d  a b o v e ,  t h e r e  was one  p s e u d o - r e a c t i o n  

a t  t h e  s i t e  o f  t h e  g r a v i s  i n o c u l a t i o n s .  I f  t h e  d i f f e r e n c e s  

be tw een  t h e  r e s u l t  o f  o r d i n a r y  and  g r a v i s  S c h i c k  t e s t s  i n  t h e  m a i n  

s e r i e s  o f  fableLXXKJXare due t o  t h e  h i g h e r  n i t r o g e n  c o n t e n t  o f  t h e  

g r a v i s  f l u i d s ,  t h e n  we w ould  e x p e c t  t h i s  a d d i t i o n a l  p r o t e i n  

m a t e r i a l  t o  g i v e  i n c r e a s e d  r e a c t i o n s  n o t  o n l y  a t  t h e  s i t e  o f  t h e  

t e s t  i n j e c t i o n s  b u t  a l s o  a t  t h e  c o n t r o l  s i t e s .  From a  c o n s i d e r a 

t i o n  o f  t h e  f i g u r e s  f o r  t h e p s e u d o - r e a c t l o n s  i t  d o e s  n o t  seem  t h a t  

t h i s  a c t u a l l y  o c c u r s ,  and c o n s e q u e n t l y  t h e r e  a p i j e a r  t o  be  some 

g r o u n d s  f o r  s u g g e s t i n g  t h a t  a n y  d i f f e r e n c e s  w h ic h  h a v e  b e e n  n o t e d  

b e tw e e n  t h e  g r a v i s  and o r d i n a r y  t e s t  r e a d i n g s  m u s t  b e  d u e  t o  

d i f f e r e n c e s -  i n  t h e  r e s p o n s e  t o  t h e  s p e c i f i c  t o x i n s .

T e s t s  a f t e r  I n o c u l a t i o n .

The i n d i v i d u a l s  who a r e  d i s c u s s e d  i n  t h i s  s e c t i o n  w e r e  

i n o c u l a t e d  w i t h  t h r e e  d o s e s  o f  T . A . F . ,  and w e re  r e - t e s t e d  by t h e  

w r i t e r  a p p r o x i m a t e l y  t h r e e  m o n t h s  a f t e r  t h e  l a s t  i n j e c t i o n .  So 

f a r  t h e  r e s u l t s  o f  g r a v i s  and o r d i n a r y  S c h i c k  t e s t s  a r e  a v a i l a b l e  

f o r  70 c h i l d r e n .  Of t h e s e  61 were d e f i n i t e l y  n e g a t i v e  t o  b o t h  

t e s t s ;  f o u r  w e re  p o s i t i v e  t o  b o t h  t e s t s ;  two w ere  d e f i n i t e l y -  

n e g a t i v e  t o  t h e  o r d i n a r y  t e s t  an d  p o s i t i v e  t o  t h e  g r a v i s  t e s t ;  

two w e re  d e f i n i t e l y  n e g a t i v e  t o  t h e  o r d i n a r y  t e s t  b u t  d o u b t f u l l y  

p o s i t i v e  t o  t h e  g r a v i s  t e s t ;  an d  i n  o n e  i n s t a n c e  t h e  g r a v i s  t e s t  

was n e g a t i v e ,  b u t  t h e r e  was a t  t h e  o r d i n a r y  t e s t  s i t e  a  r e a c t i o n  

w hich  m i g h t  h av e  b e e n  i n t e r p r e t e d  a s  a v e r y  f a i n t  p o s i t i v e .

C o m p a r i s o n  w i t h  t h e  L e e d s  s e r i e s .

The f u l l  i m p l i c a t i o n s  o f  A n d e r s o n ’ s L e e d s  s e r i e s  and 

■fche w r i t e r ’ s London s e r i e s  h a v e  n o t  y e t  b e e n  f u l l y  ’w orked  o u t .

* r ol i m i n a r y  i n v e s t  i g a t i o n  show s ,  h<dwev§r, t h a t  w h e r e a s  i n  L o n d o n  

f i e  p e r c e n t a g e  o f  c h i l d r e n  who g a v e  a  n e g a t i v e  o r d i n a r y  S c h i c k  

^ t t  a p o s i t i v e  g r a v i s  S c h i c k  was 6 . 6 + 0 . 9 2 ,  t h e  c o r r e s p o n d i n g  f i g u r e  

f o r  L e e d s  was o n l y  2 . 5 + 0 . 8 4 .  ( I t  may be m e n t i o n e d  t h a t  Dr.

s u n



t i s

wilder s o n  a n d  t h e  w r i t e r  a g r e e d  t o  r e a d  and r e c o r d  t h e  t e s t s  i n  

th e  same m a n n e r } .  The d i f f e r e n c e  "between t h e s e  two p e r c e n t a g e s  

i s  4 .1 jh L .2 5 .  The d i f f e r e n c e  i s  t h e r e f o r e  s t a t i s t i c a l l y  s i g n i f i 

c a n t .  w h e t h e r  o r  n o t  a n y  i m p o r t a n c e  c a n  be p l a c e d  on t h i s  s m a l l  

d i f f e r e n c e  f u r t h e r  i n v e s t i g a t i o n  m us t  show. I n  t h e  m e a n t im e  t h e  

r e s u l t s  c a n  b e  r e g a r d e d  w i t h  some i n t e r e s t .  The g r a v i s  s t r a i n  

h a s  b e e n  e n d e m ic  i n  L e e d s  f o r  .so l o n g  t h a t  we u o u l d  c e r t a i n l y  

e x p e c t  t h a t  rn&st i n d i v i d u a l s ,  i f  t h e y  become immune t o  d i p h t h e r i a  

a t  a l l ,  w i l l  a l s o  d e v e l o p  a n  im m u n i t y  t o  t h i s  s t r a i n .  I n  L ondon ,  

on t h e  o t h e r  h a n d ,  t h e  g r a v i s  s t r a i n  h a s  n o t  b e e n  n e a r l y  so 

p r e v a l e n t ,  so t h a t  we m i g h t  e x p e c t ,  i f  t h e r e  i s  a n y  i m m u n o l o g i c a l  

d i f f e r e n c e  b e t w e e n  t h e  two s t r a i n * ,  t h a t  t h e r e  w o u ld  be a  ^l ' lyi 

p r o p o r t i o n  o f  i n d i v i d u a l s  i n  t h e  com m uni ty  who a r e  immune t o  t h e  

o r d i n a r y  s t r a i n  b u t  n o t  t o  g r a v i s . T h i s  d i f f e r e n c e  h a s  now 

a c t u a l l y  b e e n  d e m o n s t r a t e d ,  b u t  o n l y  t o  a s l i g h t  d e g r e e .  I f  t h e  

r e s u l t s  a r e  n o t  a s  d e f i n i t e  a s  we m i g h t  r e q u i r e  them t o  be i f  t h e y  

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

a r e  a t  l e a s t  s u f f i c i e n t l y  s u g g e s t i v e  t o  w a r r a n t  t h e  p u r s u e r  o f  t h i s  

l i n e  o f  i n q u i r y .



GENERAL SUMMARY OF PART I

In  t h i s  summary i t  i s  p o s s ib le  to  mention only a few 

of the p o in t s  which have been d iscussed  in  the p reced ing  

s e c t io n s .

From a d isc u ss io n  of the  case r a t e s  and death  r a t e s  

fo r  England and Wales and f o r  c e r t a in  c i t i e s ,  i t  has been shown 

th a t  the  r a t e s  f o r  England and Wales as a wholfc do not express  

the g r a v i ty  of th e  s i t u a t i o n  in  c e r t a in  l o c a l i t i e s .  The 

in t ro d u c t io n  of the  g ra v is  s t r a i n  of C. d ip h th e r ia e  in to  Leeds 

and Hull was p o s s ib ly  a d i s t i n c t  ep idem io log ica l occurrence .

The r e s u l t i n g  epidemics were of such magnitude of o f  such 

s e v e r i ty  a s  t o  be beyond th e  p r o b a b i l i ty  of occurrence a p a r t  

from th e  o p e ra t io n  of some new f a c to r ;  and some evidence i s  

given th a t  t h i s  new f a c to r  was the  g ra v is  s t r a i n  of th e  

organism.

P e c u l i a r i t i e s  o f  Schick t e s t  r e a c t io n s  in  a g r a v is -  

in fec ted  a r e a  are  d iscu ssed . I t  i s  shown th a t  in  Leeds th e re  

was only a s l i g h t l y  h igher  percen tage of p o s i t iv e s  among fem ales  

than among m ales.

The seasonal incidence of p o s i t iv e  r e a c t io n s  i s  

d iscussed  f o r  th e  two sexes, and i t  i s  shown th a t  the  p e rc e n t 

ages are  h ig h er  in  autumn and w in te r  th a n in  sp ring  and summer, 

and the  d i f f e re n c e s  a re  more or l e s s  equal in  th e  two sex es .

The degree of a s s o c ia t io n  between Schick s t a t e  and age 

i s  d iscussed  s t a t i s t i c a l l y  in  some d e t a i l ,  and i t  i s  shown t h a t  

the two sexes d i f f e r  on some fundamental p o in ts .  The 

evidence which i s  adduced suggests  th a t  s u s c e p t i b i l i t y  to  

d ip h th e r ia  i s  a t r u e  h e r e d i ta ry  sex -li»ked  f a c t o r .

P ro te in  r e a c t io n s  are  d iscu ssed , and one such r e a c t io n  

which i s  d i f f e r e n t  from o rd inary  p seu d o -reac tio n s  i s  d esc r ib ed .



A study  of th e  r e la t io n s h ip  between th e  Schick t e s t  

r e s u l t  and th e  a n t i to x in  content 0f the blood showed th a t  th e re  

was no d e f i n i t e  l i n e  of dem arcation between Schick p o s i t iv e  

and Schick n eg a tiv e  perso n s . The d iv id in g  zone i s  very  broad; 

and th e  a c tu a l  Schick l e v e l  in  any in d iv id u a l case may be 

towards e i t h e r  the  upper or the  lower l i m i t s  of t h i s  zone. The 

chances a re ,  however, roughly  th re e  to  one in  favour of th e  

a n t i to x in  con ten t of a nega tive  r e a c to r  being around the 1/100 

u n i t  l i m i t .

In  a sm all s e r i e s  of eases blood f o r  a n t i to x in  

t i t r a t i o n  was taken  a t  th e  time when th e  Schick t e s t  was 

performed, and a f u r th e r  sample was obta ined  s ix  days l a t e r .

The r e s u l t s  suggested th a t  th e  amount of to x in  which i s  g iven  

in  th e  Schick t e s t  dose i s  not s u f f i c i e n t  to  ac t as  a p rim ary  

or secondary s tim ulus  in  th e  human.

The s tu d ie s  on the  Moloney t e s t  were based on 2666 

t e s t s  performed before  th e  in j e c t io n  of p ro p h y la c t ic s  and 595 

t e s t s  c a r r ie d  out a f t e r  th e  i n je c t io n  of toxo ids  in  p ro p h y la c t ic  

doses. Methods of read ing  the  t e s t  r e a c t io n s  a re  d e sc r ib e d .

C e rta in  in d iv id u a ls  develop s e n s i t i v i t y  to  toxo id  a t  

a very  e a r ly  s tage  o f  t h e i r  ex is ten c e  -  even during the  f i r s t  

18 months of l i f e .  In th e  herd th e  p e r io d s  of most r a p id  

development of s e n s i t i v i t y  to  toxo id  a re  between th e  f i r s t  add 

second y e a rs ,  between th e  fo u r th  and t h e  seventh  y e a rs ,  and 

ju s t  befo re  th e  age of fo u r te en  y e a rs ,

For p r a c t i c a l  purposes the  Important r e a c t io n s  are  

those which a re  des ignated  ++ and +++• Up to  th e  age of 5 

yea rs  th e  combined percen tages  of c h i ld re n  who showed th e se  ++ 

and +++ r e a c t io n s  did not exceed 3 per cent a t  any age. At 

7 years  th e  inc idence was 9 .6  per ce n t,  and t h e r a f t e r  th e r e  was 

a rap id  in c re a se  u n t i l  th e  maximum (43.3  p e r  cen t) was reached 

14 y e a rs .  Uot every in d iv id u a l  who shows such ++ or +++ 

r e s u l t s  w i l l  develop unp leasan t r e a c t io n s  on th e  in je c t io n  of



u & .

toxoids in  p ro p h y la c t ic  doses. But an in v e s t ig a t io n  in to  th e  

age and Moloney s t a t e  of 2041 persons who rece iv ed  p ro p h y la c t ic s  

demonstrated f u i t e  d e f i n i t e l y  th a t  c h i ld re n  who showed g en e ra l  

and lo c a l  r e a c t io n s  a f t e r  in o c u la t io n  were n e a r ly  always over 

5 yea rs  of age, and most of them (79 p e r  cen t)  showed ++ or +++ 

r e s u l t s  w ith  th e  Moloney t e s t .  Hence the  t e s t  whould he used 

whenever i t  i s  in tended to  in o c u la te  c h i ld re n  of school age 

w ith prophylact/8$ doses of toxoid  or i t s  alum p re p a ra t io n s .

The assumption th a t  s tro n g  p o s i t iv e  Moloney r e a c to r s  

are  u s u a l ly  immune i s  u n j u s t i f i e d .  Of 74 in d iv id u a ls  who 

showed a +++ Moloney r e a c t io n  20.3 p e r  c e n t . ,  and of 173 

in d iv id u a ls  who showed a ++ Moloney r e a c t io n  32.4 per c e n t ,  

were d e f i n i t e l y  non-immune as  judged by the  Schick t e s t .  The 

c o e f f ic ie n t  of a s s o c ia t io n  (gg) between th e  two co n d it io n s  

was 0.632.

The r e l a t io n s h ip  between p o s i t iv e  pseudo-Schick r e a c t io n s  

and p o s i t iv e  Moloney r e a c t io n s  i s  examined s t a t i s t i c a l l y ,  and 

i t  i s  shown t h a t  the a s s o c ia t io n  i s  not s u f f i c i e n t l y  h igh  to  

warrant the  s u b s t i t u t i o n  of one t e s t  fo r  th e  o th e r .  Confirmat

ion of t h i s  conc lusion  was obta ined  from an exam ination of  the  

pseudo-Schick and Moloney s t a t e s  of a l l  in d iv id u a ls  who showed 

any degree of  lo c a l  or genera l r e a c t io n  a f t e r  th e  i n j e c t io n  of 

p ro p h y la c t ic  doses o f  to xo ids  or o the r  p ro p h y la c t ic s .

She degree of a s s o c ia t io n  between th e  a n t i to x ic  conten t 

of th e  blood serum and the p o s i t iv e  Moloney s t a t e  was 

in v e s t ig a te d  in  108 cases . The c o e f f ic ie n t  (g^) was found to  

be in  the  reg io n  of 0 .5 .

The delayed Moloney r e a c t io n  (+D) i s  described  and i t s  

s ig n if ic a n c e  i s  d iscu ssed . The frequency o f  +D re a c t io n s  i s  

1*69 + 0.17 p er  ce n t .

In  g en e ra l ,  a d e f in i t e  M oloney-positive s t a t e  appears to  

be permanent. The in je c t io n  of toxo id  in  p ro p h y la c t ic  doses 

floes not ten d to  render  th e  in je c te d  in d iv id u a l  s e n s i t iv e  to  

to a o id . Exceptions to  t h i s  r u le  may be due to  th e  a c c e le r a t io n

$£xa xS£S&ftix2£££&sax
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of a normal process*

The inc idence  of p o s i t iv e  Molomey r e a c t io n s  i s  

p r a c t i c a l l y  id e n t i c a l  in  males and fem ales .

The a s s o c ia t io n  between the  number of c h i ld re n  in  a 

fam ily  and th e  number of those  who w i l l  g ive p o s i t iv e  Moloney 

re a c t io n s  i s  very  s l ig h t*  The e f f e c t  of an urban  environment 

appears t o  be more im portant than  the  a c tu a l  fam ily  environment 

in  determ in ing  th e  development of s e n s i t i v i t y  to  to x o id .

The r e la t io n s h ip  between p ro te in  sh in  t e s t s  and th e  

Moloney r e a c t io n  i s  d iscu ssed . Toxoid s e n s i t i v i t y  i s  

probably an a l l e r g i c  co n d i t io n  which i s  due to  p rev ious  

con tac t w ith  th e  p roducts  of th e  C. d ip h th e r ia e . There i s  

l i t t l e  evidence th a t  age i s  in  i t s e l f  a f a c to r  in  th e  

development of s e n s i t i v i t y .

In  a la rg e  in v e s t ig a t io n  on th e  use of p o ten t formol 

toxoids and alum to x o id s  i t  was shown th a t  e f f e c t iv e  b a tch es  

of m a te r ia l  should g ive a s a t i s f a c to r y  percen tage of n e g a tiv e s  

w ith in  a month a f t e r  th e  l a s t  in je c t io n .

When te s te d  a t  t h i s  in te rv a l  most toxo ids  a re  as e f f e c t iv e  

whenjgiven in  two doses as they  are in  th r e e .  But i t  i s  

probable th a t  th e  th re e  dose method would be more e f f e c t iv e  i f  

the  t e s t s  were performed a f t e r  s e v e ra l  months.

S im ila r ly ,  i t  does not seem to  m a tte r  how many t o t a l  

I*f u n i t s  a re  g iven, provided th a t  a minimum t o t a l  dosage i s  

in je d te d .

The minimum e f f e c t iv e  i n t e r v a l  between doses

appears to  be one wee l. Weekly in te r v a l s  bwtween doses where

th ree  doses are  g iven, and in te rv a ls  of th re e  weeks between 

doses where two doses a te  g iven , w i l l  g ive q u i te  s a t i s f a c t o r y  

r e s u l t s .

The s i t e  of in j e c t io n  of toxo id  -  i . e .  arm or le g  -  

has no e f f e c t  upon th e ;e f f i c i e n c y  of thei- to x o id .

A study  of th e  c o r r e la t io n  between age and im m unizab ility
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showed t h a t ,  f o r  c h i ld re n  up to  14 y ea rs  of age, th e re  i s  a 

se n s ib le  tendency f o r  im m unizability  to  be inc reased  as a 

S ch ick#positive  person  becomes o ld e r .  The c o e f f ic ie n t  i s  

u su a lly  l e s s  than  0.1*

The e f f e c t  of s iz e  of dose and of in te rv a l  between 

doses i s  d iscu ssed  f o r  alum to x o id s .  A method of immunizing 

by u s in g  a "prim ing dose11 i s  d esc r ib ed .

The w r i t e r 1s work on immunization by the "one-shot" 

method i s  d iscu ssed  in  d e t a i l .  The most e f f e c t iv e  m a te r ia l  

which was used was a batch  of a lu m -p re c ip i ta te d  toxo id  (A .P .T .) .  

In 152 cases  83 .6  £  2 .0  became immune w ith in  one month a f t e r  

a s in g le  in f e c t io n  of t h i s  m a te r ia l .

The paper on r e a c t io n s  d isc u sse s  age, sex, and o th e r  

f a c to r s  which may have some e f f e c t  upon the  inc idence of ± 

unpleasan t symptoms a f t e r  the in fe c t io n  of to x o id s ,  but th e  

evidence i s  YatfaBgydtffTggx not s u i t a b le  fo r  p r e s e n ta t io n  in  

summary form.

The in v e s t ig a t io n  on th e  breakdown of Schick immunity 

dea ls  w ith th e  n o t i f i e d  cases of d ip h th e r ia  which occurred  in  

a Sch ick -negative  p o p u la tio n  of 2761 persons in  Leeds. Twenty 

cases of d ip h th e r ia  were n o t i f i e d ,  and i t  was found t h a t  16 

of th e se  were d e f in i t e  c l i n i c a l  cases of d ip h th e r ia .  T h ir te e n  

of th e se  cases re q u ired  serum in  doses varying from 8,000 

to  100,000 u n i t s .

E ight of the  13 se rum -trea ted  eases  gave a nega tive  

response to  the  Schick t e s t  a t  the  time of oneet of th e  i l l n e s s .

In  19 out of 20 cases the  in fe d t in g  organism was of th e  

g rav is  s t r a i n .  I t  i s  concluded th a t  t h i s  s t r a i n  was th e  

cause of th e  breakdown in th e  immunity of th ese  c a se s .
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Blood t i t r a t i o n  a t  th e  onset was c a r r ie d  out in  8 of 

these  c a se s .  According to  th e  accepted standards fo r  th e  

a n t i to x in  l e v e l  o f  immune s u b je c ts ,  5 of th e  7 d e f in i t e  cases 

in  which t h i s  was done should have been d e f in i t e ly  immune; 

the o th e r  two cases  should have had a reasonab le  degree of 

immunity.

I t  i s  c a lc u la te d  th a t  in  Leeds in  1933-34 th e  case-  

r a t e  f o r  d ip h th e r ia  ( in  cases under 15 y ea rs )  was 11.1 p e r  

1000 s u s c e p t ib le  c h i ld re n  under 15. In  the  same p e r io d  th e  

c a s e - r a te  f o r  d ip h th e r ia  in  c h i ld re n  rendered a r t i f i c i a l l y  

immune was 5.46 p er  1000 immune c h i ld re n  -under 15 y e a r s .

N on-inoculated c h i ld re n  were th e re fo re  more than tw ice as 

l i a b l e  to  develoojd iph theria  in  Leeds as were ch i ld re n  who had 

been "immunized” accord ing  to  accepted s tan d ard s .

The c a s e -m o r ta l i ty  r a t e  from d ip h th e r ia  in  Leeds ro se  

to  9 .5  per cent in  th e  f i r s t  th re e  months of  1934* In  th e  

20 cases w ith  which t h i s  papdr dea ls  no dea ths  occurred .

I t  isE concluded t h a t ,  although n a tu ra l  and a r t i f i c i a l  immun i t y  

i s  much more l i k e l y  to  be broken down in  a community in  which 

g rav is  in f e c t io n s  predom inate, the r e s u l t in g  d ise a se  i s  

much m ilder  than  i t  would otherw ise have been. Although 

one of the  13 cases  which req u ired  serum was "sev ere11, and 

f iv e  o th e rs  were of  "moderate s e v e r i ty " ,  the  only com plica tion  

which occurred  was a lbum inuria ,

In  an in v e s t ig a t io n  which the" w r i te r  c a r r ie d  out in  

London, and in  which Schick t e s t  fo x in s

derived from g r a t i s  s t r a i n s  were employed, i t  was shown th a t  

the d iscrepancy  between g ra v is  Schick and o rd in a ry  Schick r e s u l t s  

was n e a r ly  7 p e r  cen t.  The f u l l  im p lica t io n s  of th e se  r e s u l t s  

have not y e t  been worked o u t .



P A R T  I  I

S T  V  D I  R S_______ I  N

I N F L U E N Z A ,  C H O L B  R A.  

A N D  F A R I C E L L A .



PART I I .

SECTION (a)

THE EPIDEMIOLOGY OF AN INFLUENZA OUTBREAK IN LEEDS.

Although in f lu e n z a  caused many more deaths in  England and 

Wales during  th e  seven y e a rs  1926-32 than d id  s c a r l e t  f e v e r ,  

d ip h th e r ia ,  m easles and whooping-cough taken  to g e th e r ,  

com paratively few accounts of the c l i n i c a l  and ep idem io log ica l 

fe a tu re s  of in f lu e n z a  outbreaks have been pub lished . This i s  

probably explained  by the  f a c t  th a t  in f lu en za  i s  not a n o t i f i a b l e  

d isease ; consequently , r e l i a b l e  f ig u r e s  are d i f f i c u l t  to  o b ta in ,  

and in v e s t ig a t io n s  are  robbed of much of t h e i r  i n t e r e s t .  During 

the ou tbreak  of in f lu e n z a  which a f f e c te d  Leeds in  the  w in te r  of 

1932-3, th e  w r i t e r  was ab le , through the  courtesy  of the heads 

of many la rg e  commercial f irm s and o f f i c i a l  departm ents, to  o b ta in  

inform ation  re g a rd in g  the  ex ten t to  which t h e i r  r e s p e c t iv e  

es tab lish m en ts  were a f f e c te d .  These p a r t i c u l a r s  served to  augment 

the da ta  which were o therw ise  a v a i la b le ,  and made p o s s ib le  the  

follow ing account.

The outbreak  e v id e n t ly  s t a r t e d  e a r ly  in  December,1932, s in c e  

in  the second week of t h i s  month th e re  was a s ig n i f i c a n t  in c re a se  

in the n o t i f i c a t i o n s  of in f lu e n z a l  pneumonia. T h e re a f te r ,  a l though  

i t  was ev iden t from o the r  inform ation  th a t  in f lu en za  was very 

p reva len t in  the  c i t y ,  th e re  was a s l i g h t  la g  u n t i l  the  f i r s t  week 

January 1933, when the  n o t i f i c a t i o n s  of in f lu e n z a l  pneumonia 

reached e leven , and in  the  fo llow ing  week they  reached t h e i r  peak 

f ig u re  of th i r ty - tw o .  The number of deaths r e g is t e r e d  as due to  

in f lu en z a l  pneumonia continued to  r i s e  u n t i l  the  weeks ending 

January 21st and 28th , during each of which f o r ty - e ig h t  dea ths from 

th i s  co n d it io n  were r e g i s t e r e d .  Since i t  was probab le  th a t  in  each
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of these  cases  some days had e lapsed  between the  a c tu a l  onset 

of the d is e a se  and the  f a t a l  te rm in a tio n , i t  seemed l i k e l y  th a t  

the peak o f  the  epidemic in  Leeds was reached during  the week 

ending January 14 th . The n o t i f i c a t i o n s  of in f lu e n z a l  pneumonia 

decreased f a i r l y  r a p id ly  a f t e r  the  peak p e r io d ,  and by th e  beginning 

of March 1933, cases  were very few.

In v e s t ig a t io n  of a s e le c te d  p o p u la tio n .

During the  d ec lin e  of the  epidemic arrangem ents were 

made w ith  th e  heads of la rg e  f irm s and co rp o ra tio n  departm ents , 

and these  gentlemen k in d ly  supp lied  f ig u re s  showing the  number of 

new cases of  in f lu e n z a  among t h e i r  r e s p e c t iv e  employees, which had 

been n o t i f i e d  to  them week by week. Owing to  la ck  o f  r e l i a b l e  

records th e  f ig u re s  from c e r t a in  f irm s  and departm ents had to  be 

neglec ted . The remaining f ig u re s  were sub jec ted  to as thorough an 

examination as was p o s s ib le  in  the  circum stances, and every e f f o r t  

was made to  ensure th a t  the  cases had a c tu a l ly  been c e r t i f i e d  as 

in fluenza  by medical p r a c t i t i o n e r s .  In  many in s ta n c e s  consent was 

given fo r  an o f f i c i a l  of th e  H ealth  Department, ac tin g  under th e  

w r i t e r 1s su p e rv is io n ,  to  examine the  s ickness  r e tu r n s  of d i f f e r e n t  

es tab lish m en ts . As a r e s u l t  of t h i s  s e le c t io n  i t  was p o s s ib le  to  

give weekly f ig u r e s  f o r  the  inc idence  of in f lu e n z a  in  a s e le c te d  

popu la tion  of 17,195 persons during  the p er io d  from the  week 

ending December 3rd, 1932, to  th e  week ending February 25th, 1933. 

This s e le c te d  p o p u la t io n  was made up of twenty groups. Table I 

gives the  t o t a l  number of persons in  each group, to g e th e r  w ith  th e  

^o ta l number of eases and dea ths in  each during  the  p e r io d  under 

in v e s t ig a t io n ,  and c e r t a in  o th e r  p a r t i c u l a r s .

In  t h i s  in v e s t ig a t io n  i t  was u n fo r tu n a te ly  im possib le  

to o b ta in  the age and sex of each p a t i e n t ,  so th a t  th e  age and sex 

d i s t r ib u t io n  of th e  2772 cases of in f lu en z a  i s  unknown. I t  was not 

thought necessa ry , th e re fo re ,  to  give d e t a i l s  regard ing  th e  sex 

d is t r ib u t io n  of each group of the  se lec ted  p o p u la tio n , s ince  t h i s



would have e n t a i l e d  a  f u r t h e r  s p e c i a l  e n q u iry  and a d d i t i o n a l  

inco nven ience  t o  t h e  f i r m s  and d e p a r tm e n ts  c o n c e rn e d . The 

in fo rm a tio n  i n  column Z o f  T ab le  I  i s  o f  no im p o rtan ce  so f a r  

as th e  i n v e s t i g a t i o n  i s  co n ce rn e d :  th e  e s t im a t e s  in  t h i s  column

serve  m ere ly  t o  g iv e  a b road  i n d i c a t i o n  o f  th e  sex  c o n s t i t u t i o n  

of th e  s e l e c t e d  p o p u l a t i o n  and i s  added a s  a m a t t e r  o f  i n t e r e s t .

At t h i s  p o i n t  i t  may be b r i e f l y  s t a t e d  t h a t  o n ly  f i v e  

dea th s  were r e p o r t e d  in  t h i s  s e l e c t e d  p o p u l a t i o n .  T h is  i s  e q u iv a 

l e n t  to  a d e a t h - r a t e  o f  0 .29  p e r  1000, and to  a c a s e - m o r t a l i t y  r a t e  

o f 0 .18  p e r  c e n t .  The c a s e - r a t e  f o r  th e  s e l e c t e d  p o p u l a t i o n  a s  a 

whole was 1 6 .1  p e r  c e n t .

T ab le  I  shows t h a t  th e  d i f f e r e n t  g ro u p s  can  be combined 

in to  f o u r  m ain  c a t e g o r i e s :  (a )  f a c t o r y  w o rk e rs  (g ro u p s  A, D, E ) ;

(b) shop w o rk e rs  (g ro u p s  B ,C ); (c )  c l e r i c a l  w o rk e rs  and t e a c h e r s  

(g roups 0, H (b ) ,  I ,  K, S, T ( a ) ,  T (b ) ;  (d) o u td o o r  w o rk e rs  (g ro u p s  

H (a), K, M, U, P ) .  ( I n  g ro u p s  E, J ,  L, 0 and Q, th e  d a t a  co u ld  n o t  

be s u b d iv id e d  to  f i t  i n t o  t h i s  g ro u p in g ;  th e s e  g ro ups  have  t h e r e f o r e  

been o m it te d  from  t h i s  c l a s s i f i c a t i o n )  . I f  th e  in c id e n c e  o f  

i n f lu e n z a  i n  t h e s e  f o u r  main c a t e g o r i e s  o f  w o rk ers  i s  noily 

i n v e s t i g a t e d  s e p a r a t e l y ,  some i n t e r e s t i n g  f e a t u r e s  emerge.

Table  I I  sum m arises th e  e s s e n t i a l  p o i n t s .

Designation of firm
or department eonstitutio

Business firms :
A (factory) $
B (departmental store) $
C 9
D (printers) <?>$
E (wholesale chemists) $ >3
F (sweet factory) ? +  +
G (bank) 3=9

Official departments:
H (a) Outdoor 3

(5) Clerical 3 >9
I Clerical 3  >9

t  J Clerical and executive 3
K Mainly outdoor 3
L Outdoor and works 3
M Mainly outdoor 3
N 3
O Outdoor and works 3
P Outdoor 3
Q Clerical and nurses 3  =9
It Clerical $ >3
S Clerical 9 >c?

Schools (Staffs):
T (a) Elementary $ =75 %

c?=25 %
(b) Secondary 3  =9

Table I. Incidence of influenza in selected 'population.

* Approx. sex Total Total Total
Average
duration No. off duty

Case-rate per 
100 of selected

employees cases deaths in days over 7 days population

2296 294 _ 14-1 203 (69-1 %) 12-8 ±0-5
1250 225 -- 9 123 (54-6 %) 18-0 ±0-7
450 87 -- 7 30 (34-5 %) 19-3 ±1-3
500 50 -- 15 34 (68-0 %) 10-0 ±0-9
162 23 -- 9 16 (69-6 %) 14-2 ±1-9
400 59 -- 18 59 (100 %) 14-7 ±1-1
162 66 -- 7 15 (22-7 %) 40-7 ±2-6

217 71 _ 28 71 (100 %) 32-7 ±2-2
45 12 — 10 9 (75-0 %) 26-7 ±4-4

338 101 2 6-6 39 (38-6 %) 29-8 ±1-7
199 107 — 6 31 (29-0 %) 53-7 ±2-4
716 158 1 24-8 156 (98-7 %) 22-1 ±3-3

1091 156 — 19-5 137 (87-8 %) 14-3 ±0-7
182 31 — 19 27 (87-1 %) 17-0 ±1-9

3423 538 2 17 538 (100 %) 15-7 ±0-4
1360 139 — 16-6 139 (100 %) 10-2 ±0-1
315 62 ■— 21 56(90-3%) 19-7 ±1-5
965 135 — 11 96 (71-1 %) 14-0 ±0-9
112 24 — 10 10 (41-6 %) 21-4 ±2-6
341 46 — 13 32 (69-5 %) 13-5 ±1-2

2175 330 — 10-5 182 (55-2 %) 15-2 ±0-5

496 58 — 9-5 32 (55-2 %) 11-7 ±1-0
17,195 2772 5 16-1 ±0-2Totals

* Where only one sex is stated it is understood that either (a) the particular population consists entirely of this sex, 
°r (6) that the other sex is very much in a minority.

t  There is some evidence that in this group many cases of colds were included along with cases of influenza.
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T o ta l Cases o f C a s e - r a t e
Type o f  work p e rs o n s  

a t  r i s k
in f lu e n z a p e r  c e n t

( i ) F a c to r y  w o rk e rs  (g ro u p s  A ,D ,F) 3196 403 1 2 .6  + 0 .4

( i i ) S h o p - a t t e n d a n t s ( g r o u p s  B,C) 1700 312 1 8 .4  ±  0 .6

( i i i ) C l e r k s , e t c .  and t e a c h e r s
(g ro u p s  G-,H(b), I , R , S , T ( a ) , T(b) 3669 

( iv )O u td o o r  w o rk e rs  (g ro u p s  H (a ) ,
637 1 7 .4  ±  0 .4

K,M,N,P) 4853 860 1 7 .7  + 0 .4

The d i f f e r e n c e  in  th e  l a s t  column betw een  c a t e g o r i e s  ( i i )  

and ( i i i )  i s  1 . 0  + 0 .7 ;  be tw een c a t e g o r i e s  ( i i )  and ( iv )  i t  i s  

0 .7 + 0 . 7 ;  and be tw een  ( i i i )  and ( i v ) ,  0 .3  + 0 .6 .  None o f  t h e s e  

d i f f e r e n c e s  i s  s i g n i f i c a n t .  On th e  o t h e r  hand , t h e r e  i s  a  s i g n i 

f i c a n t  d i f f e r e n c e  i n  th e  c a s e - r a t e  i n  c a te g o r y  ( i )  from  t h a t  i n  

the  o th e r  t h r e e  c a t e g o r i e s .  T h is  i s  shown a s  f o l lo w s :

D i f f e r e n c e  i n  c a s e - r a t e  betw een c a t e g o r i e s  ( i )  and ( i i )  5 .8  + 0 . 7  

« " " ” " n . ( i )  w ( i i i )  4 .8  ± . 0 . 6

ft H It n ff II ( i )  II ( i v )  5 . 1  + 0 . 6

I t  ^ o u ld  seem, t h e r e f o r e ,  t h a t  in  t h i s  s e l e c t e d  

p o p u la t io n  th e  w o rk e rs  i n  f a c t o r i e s  were l e s s  l i a b l e  t o  c o n t r a c t  

i n f lu e n z a  th a n  were a s s i s t a n t s  i n  l a r g e  sh o p s , o u td o o r  w o rk e rs  o f  

v a r io u s  t y p e s ,  c l e r k s  and o f f i c e  w o rk e rs ,  and sc h o o l  t e a c h e r s .  The 

d a ta  a r e  i n s u f f i c i e n t  to  o f f e r  any e x p la n a t io n  o f  t h e s e  d i f f e r e n c e s ,  

but i t  may be m en tioned  t h a t  t h e  t h r e e  f a c t o r i e s  a r e  among th e  b e s t  

of t h e i r  r e s p e c t i v e  ty p e s  i n  th e  c i t y .  F u r t h e r ,  i t  i s  o f  i n t e r e s t  

to  n o te  t h a t  th e  em ployees in  a l l  t h r e e  f a c t o r i e s  (A, D, F) had 

f r e q u e n t l y  had t a l k s  by members o f  t h e  H e a l th  D epartm ent on th e  

s u b je c t  o f  g e n e r a l  h y g ie n e ,  w i th  s p e c i a l  r e f e r e n c e  to  c o ld s  and 

in f lu e n z a ;  and a l s o ,  t h a t  th e s e  were th e  on ly  g ro u p s  o f  em ployees 

in  th e  s e l e c t e d  p o p u l a t i o n  which had e v e r  had such p ro p ag a n d a ,  

a t  l e a s t  w i t h in  r e c e n t  y e a r s .  At th e  p r e s e n t  t im e ,  when so much 

em phasis i s  p la c e d  on p e r s o n a l  a t t e n t i o n  i n  th e  p r o p h y la x i s  o f  

in f lu e n z a ,  such o b s e r v a t io n s  a re  n o t  w i th o u t  i n t e r e s t .



Course o f  t h e ep id em ic  i n  th e  s e l e c t e d  p o p u l a t i o n .

The t o t a l  c a s e s  r e t u r n e d  f o r  each  week from  each  

e s ta b l i s h m e n t  a r e  s e t  o u t  i n  T ab le  I I I .  I t  w i l l  be seen  t h a t ,  

w hile  many o f  t h e  g ro u p s  showed a r e g u l a r  i n c r e a s e  o f  c a s e s  to  

a maximum a s  th e  ep idem ic  c o n t in u e d ,  o t h e r s  d id  n o t .  In  some 

of th e s e  t h e  o u tb r e a k  a p p ea red  to  s t a r t  a b r u p t l y .  This phenomenon 

was p r o b a b ly  due t o  th e  f a c t  t h a t  th e  e a r l i e r  c a s e s  were n o t  

r e p o r te d  t o  th e  r e s p e c t i v e  a u t h o r i t i e s ,  o r  were r e p o r t e d  a s  o t h e r  

c o n d i t i o n s .  On th e  o th e r  hand , t h e r e  i s  a p o s s i b i l i t y  t h a t  many 

of th e  w o rk e rs  in  t h e s e  g roups were i n f e c t e d  o u t s i d e  t h e i r  p l a c e  

of b u s in e s s ,  so  t h a t  th e  a p p ea ra n c e  o f  a number o f  c a s e s  was t h e  

f i r s t  i n d i c a t i o n  o f  th e  p re s e n c e  o f  th e  d i s e a s e .

Table III. Weekly distribution of cases of influenza in selected population.
Designation

of firm or ,-------------
department Dec. Dec. 
(see Table I) 3 10

A
B
C
D
E
F
G

H (a) and (b)

JK
L

M

NO
PQ
I t
S

T (a) and (b)

Week ending

Dec. Dec. Dec. Jan. Jan. Jan.
17 24 31 7 14 21

Jan. Feb. 
28 4

6 3 5
4 1 3

—  —  10
3 — —

1211
2

4
1011
61

43
16
411
3
4 
2

14
8

11
16

6
21
5

—  1

75
48
20

6
5 

15
9

11
22
10
36
41
6 

96 
23

6
282
71

68
75
15
23

3
23
15
11
21
21
27
36

8
153
36
22
29
5

17
61

31
24
13
7
3 

11 
12 
13 
11 
19 
28 
34

8
97
40
12
38
4 

10
145

29
16
10
4
4
3 
8

23
6

15
18
10
5 

62 
15 
13 
101
4 

85

15
16 
6 
2
32
3

15
9
6

18
7
2

47

4
5 

48

Feb. Feb.
11 18

9 2
8 4
4 —
3 — 2 1 
2
4 1 
2
5 1 1

19 
4 
2 1 
4 
3 

27

41
4
5 1

201
42

Feb.
25 Totals
— 294
2 225
2 87
— 50 

23 
59 
66 
83

101 
107 
158 
156 
31 

538 
139

1 —

—  11 1 
4 
3 2 
3 1 
9 
3 1 
2 
2

14

135
24
46

388

Dura
tion of 

outbreak 
in weeks

12
13
11
11
11
9

13
13
13
13
13
13
8

13
13
13
13
8
6

12
Totals 37 35 47 43 138 467 669 560 341 228 103 63 41

Mean duration =11-55 ±0-29 weeks, a =1-92 weeks.
2772



2,39.

When th e  c a s e s  a re  summed f o r  each  week, how ever, an 

o rd e r ly  sequ en ce  i s  o b ta in e d ,  which shows th e  c o u rs e  o f  e v e n ts  

week by week f o r  th e  s e l e c t e d  p o p u l a t i o n  a s  a w hole . P l o t t e d  

out as  a g ra p h  ( F i g . l )  t h e s e  t o t a l s  form a cu rve  o f  t h e  t y p i c a l  

epidemic ty p e .  T here  i s  no s u g g e s t io n  from  t h i s  cu rve  t h a t  th e  

ou tb reak  was o t h e r  th a n  a  s o l i t a r y  one, showing a s i n g l e  p e a k .

The obse rv ed  d i s t r i b u t i o n  a p p ro x im a te s  c l o s e l y  enough to  a smooth 

curve to  s u g g e s t  t h a t  th e  c o u rse  o f  e v e n ts  i n  t h e  s e l e c t e d p o p u l a t i o n  

g iv es  a f a i r  id e a  o f  th e  c o u rse  o f  e v e n ts  in  th e  p o p u la t i o n  a s  a 

whole. F ig .  2 shows th e  same f i g u r e s  p l o t t e d  on an a r i t h l o g  s c a l e .  

The g rap h  s u g g e s t s  t h a t  th e  change from  a s c e n t  to  d e s c e n t  was n o t  

n e a r ly  so a b ru p t  a s  F ig  1 i n d i c a t e s ,  and t h a t  i t  was p o s s i b l y  

a f f e c t e d  d u r in g  th e  week end ing  J a n u a ry  1 4 th ,  which was th e  peak  

week f o r  th e  s e l e c t e d  p o p u l a t i o n .  I t  i s  a l s o  seen  from  F i g . 2 t h a t ,  

w ith  th e  e x c e p t io n  o f  th e  f i r s t  f o u r  weeks, th e  r a t e  o f  a s c e n t  and 

descen t o f  t h e  cu rv e  was s u r p r i s i n g l y  smooth.
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An a t t e m p t  was made t o  f i t  a  cu rve  to  th e  d a t a .  The 

value of th e  c r i t e r i o n ,  k 2 , b e in g  0 .0138 , i . e . ,  > 0  - C l , i n d i c a t e d  

th a t  th e  a p p r o p r i a t e  cu rv e  was a P e a r s o n 's  Type IV f o r  which th e  

e q u a tio n  i s :

I n s e r t i n g  th e  v a lu e s  o b ta in e d  from  th e  d a te ,  th e  e q u a t io n  becomes

T ab le IV g iv e s  th e o b se rv ed  and c a l c u l a t e d f r e q u e n c i e s

week by week:

T able IV
Gases as C ases a s

Week A c tu a l c a l c u l a t e d V , Week A c tu a l c a l c u l a t e d
end ing c a s e s . from  cu rve end in g c a s e s . from  cu rv e

Dee. 3 37 9 .2 J a n . 21 560 5 6 2 .0
10 35 2 1 .4 28 341 430 .9
17 47 4 9 .4 F e b .4 228 24 8 .2
24 43 1 0 9 .8 11 103 1 1 4 .1
31 138 222 .7 18 63 4 5 .2

Jan . 7 467 3 8 7 .3 25 41 1 6 .6
14 669 537 .9

I t  w i l l  be r e a d i l y  se en  t h a t  t h a t  cu rve  does n o t  f i t  t h e  

observed d i s t r i b u t i o n  v e ry  w e l l .  The d i s c re p a n c y  i s  found  e s p e c i a l l y  

towards th e  p e a k ,  and i $  c o n s i d e r a b l e .  The o c c u rre n c e  o f  two 

epidemic waves i n  t h e  c i t y  m igh t e x p la in  t h e  h ig h e re p e a k  o f  t h e  

curve o f  o b se rv e d  f r e q u e n c i e s ,  bu t when we ta k e  i n to f c o n s id e r a t io n  th e  

smoothness o f  th e  l o g a r i t h m i c  c u rv e ,  t h i s  e x p la n a t io n  does n o t  seem 

a t  a l l  l i k e l y .  On th e  o t h e r  hand , e x a m in a t io n  o f  T able  I I I  shows 

th a t  th e  n o t i f i c a t i o n  o f  c a s e s  from  c e r t a i n  e s t a b l i s h m e n t s  s t a r t e d  

°n ly  in  ifcfee weeks en d in g  December 3 1 s t  and J a n u a ry  7 th .  T h is  

su g g e s ts  t h a t  a number o f  c a s e s  o c c u r re d  d u r in g  th e  f i r s t  f o u r  

weeks o f  th e  o u tb r e a k  which were n e v e r  r e p o r t e d  a s  i n f lu e n z a  to  

^he heads  o f  t h e  r e s p e c t i v e  e s t a b l i s h m e n t s  .

I n  t h e  l a s t  column in  T ab le  I I I  i s  g iv e n  in  weeks t h e  

approxim ate  d u r a t i o n  o f  th e  o u tb r e a k  i n  each  e s t a b l i s h m e n t . Owing 

to  th e  f a c t  t h a t  c a s e s  o f  i n f l u e n z a  p ro b a b ly  o c c u r re d  b e fo r e  t h e  

i n i t i a l  l i m i t i n g  d a te  o f  th e  inv@§££g$,£iflt/i an^ t h a t  th e y  c o n t in u e d



in .

to  occu r i n  s m a l l  numbers i n  t h e  c i t y  a f t e r  th e  f i n a l  l i m i t i n g  

d a t e , . t h e r e  i s  a p o s s i b i l i t y  t h a t  th e s e  e s t i m a t e s  sometimes f a l l  

s l i g h t l y  s h o r t  o f  th e  a c t u a l  d u r a t i o n .  I t  i s  n o tew o rth y ,  how ever, 

th a t  the- g e n e r a l  w eekly  d e a t h - r a t e  f o r  th e  c i t y  a s  a whole r o s e  

above th e  a v e ra g e  f o r  t h i s  p e r i o d  over  th e  p r e c e d in g  t e n  y e a r s  

only d u r in g  th e  week e n d in g  December 2 4 th .  I f  a p e r io d  o f  two 

weeks i s  a l lo w e d  f o r  l a g  betw een  o n se t  o f  d i s e a s e  and d e a th s  o f  

p a t i e n t s ,  i t  i s  s e e n  t h a t  th e  commencement o f  th e  chosen  p e r i o d  

i s  s u f f i c i e n t l y  e a r l y .

I n  t h e  s e l e c t e d  e s t a b l i s h m e n t s  th e  d u r a t i o n  o f  th e  o u t 

break ran g e d  from  s i x  to  t h i r t e e n  v/eeks (S .D .=  1 .9 2  w eek s) .  T h is  

g iv es  a mean d u r a t i o n  o f  1 1 .5 5  + 0 .29  weeks.

Qourse o f  t h e  o u tb r e a k  i n  th e  c i t y  a s  a w h o le ..

I n f l u e n z a  i n  th e  c i t y  a s  a whole fo l lo w e d  c l o s e l y  t h e  

course  which h a s  been d e s c r ib e d  i n  th e  s l e e t e d  p o p u l a t i o n .  T ab le  V 

g iv e s  t h e  m ain s t a t i s t i c s  f o r  r e s p i r a t o r y  d i s e a s e s  i n  t h e  c i t y  

du r in g  t h e  p e r io d  from  th e  week en d in g  November 5 th  to  t h e  week 

ending A p r i l  1 s t .  The g r o s s  w eekly  d e a t h - r a t e s  from  a l l  c a u s e s  

fo r  th e  t e n  y e a r s  1922-33 , o v e r  t h a t  p o r t i o n  o f  each  y e a r  w hich  

co rresp ond ed  t o  th e  p e r io d  from  December 3 rd ,  1932, to  March 1 1 th ,  

1933, a r e  s e t  o u t  in  T ab le  VI. In  a d d i t i o n ,  th e  a c t u a l  number o f  

d e a th s  from  a l l  c a u se s  r e g i s t e r e d  each  week a r e  g iv e n  in  d e t a i l  f o r  

the  y e a r s  1 928 -9 , and 1923-4 , s in c e  t h e s e  were Mi n f l u e n z a  y e a r s ” .

The mean w eekly  d e a t h - r a t e  f o r  t h i s  p e r io d  d u r in g  t h e s e  t e n  

y e a rs  was 1 7 .1 0 .

From T ab le  V i t  i s  s e e n  t h a t  th e  g e n e r a l  d e a t h - r a t e  f i r s t  

exceeded t h i s  t e n - y e a r  a v e ra g e  d u r in g  th e  week e n d in g  December 2 4 th .  

du r in g  th e  week e n d in g  December 3 r d , t h e  n o t i f i c a t i o n s  o f  a c u te  

p rim ary  penumonia showed an i n c r e a s e ,  and in  th e  f o l lo w in g  week 

(ending  December 1 0 th )  t h e r e  was a d i s t i n c t  i n c r e a s e  i n  th e  

n o t i f i c a t i o n s  o f  i n f l u e n z a l  pneum onia. I t  i s  e v id e n t  t h a t  d u r in g  

t h i s  p e r io d  th e  " i n f l u e n z a l  c o n s t i t u t i o n ” was becoming m a n i f e s t .
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The d e a t h - r a t e  showed no v e ry  marked changes u n t i l  th e  b e g in n in g  

of J a n u a ry ,  when t h e r e  was an e v id e n t  upward te n d e n c y ,  th e  p eak  

being  r e a c h e d  d u r in g  t h e  week e n d in g  J a n u a ry  . 2 1 s t . These f e a t u r e s  

f i t  i n  w i th  t h e  g e n e r a l  te n d e n c y  shown i n  th e  s e l e c t e d  p o p u l a t i o n ,  

excep t t h a t ,  a s  i s  t o  be e x p e c te d ,  th e  d e a th  curve  shows a s l i g h t  

time l a g . E a r l y  i n  F e b ru a ry  th e  g e n e r a l  d e a t h - r a t e  f e l l  r a p i d l y  

below t h e . t e n - y e a r  a v e ra g e .

S i r  George Newman (1920) s t a t e d  t h a t  an in c r e a s e d  in c id e n c e  

of pneum onia and b r o n c h i t i s  no t  i n f r e q u e n t l y  p re c e d e s  an in c r e a s e d  

in c id e n c e  o f  i n f l u e n z a ,  and t h a t  ” th e  t r u e  curve  o f  i n f l u e n z a  

m o r t a l i t y  can  a p p a r e n t l y  be c o n s t r u c t e d  by com bining w i th  i t  t h e  

s im u lta n e o u s  waves o f  penumonia and b ro n ch o -p n e u m o n ia .” I n  L eeds 

th e  d e a th s  from  i n f l u e n z a l  pneum onia re a c h e d  t h e i r  maximum ( f o r t y -  

e ig h t  in  e a c h  week) d u r in g  t h e  weeks en d in g  Ja n u a ry  2 1 s t  and 2 8 th .  

In  each  o f  t h e s e  two weeks th e  d e a th s  from  broncho-pneum onia  and 

from b r o n c h i t i s  r e a c h e d  t h e i r  maxima, which were c o n s i d e r a b ly  above 

th e  norm al r a n g e .  On th e  o t h e r  hand , th e  d e a th s  from  l o b a r  

pneumonia showed no v e ry  marked i n c r e a s e .  P a r i  p a s s u  w i th  t h e s e  

in c re a s e d  d e a t h s ,  t h e  n o t i f i c a t i o n s  o f  a c u te  p r im a ry  pneumonia 

reach ed  t h e i r  maximum ( s e v e n t y - f i v e ) i n  th e  second week p r e c e d in g  

the  o c c u r r e n c e  o f  t h e  maximum number o f  d e a th s  from  b ron ch o 

pneumonia, from  b r o n c h i t i s  a n d .f ro m  i n f lu e n z a  and i n f l u e n z a l  

pneumonia r e s p e c t i v e l y  -  t h a t  i s ,  d u r in g  th e  week en d in g  J a n u a ry  

1 4 th .  Van Loghem (1928) showed t h a t  th e  cu rv e  f o r  i n f l u e n z a l  

pneumonia fo l lo w e d  b r o a d ly  t h a t  from  o t h e r  r e s p i r a t o r y  a f f e c t i o n s .

I t  would s e e m ,n e v e r t h e l e s s ,  t h a t  th e  i n f lu e n z a  v i r u s ,  d i r e c t l y  o r  

i n d i r e c t l y ,  was r e s p o n s i b l e  f o r  a l a r g e  number o f  t h e s e  d e a th s  

which were r e g i s t e r e d  a s  wbroncho -pn eu m on ia” o r  a s  ”b r o n c h i t i s ” .

A no the r  i n t e r e s t i n g  p o i n t  which i s  seen  in  Ta13e V i s  t h a t ,  

wh.il© th e  d e a th s  from  a l l  r e s p i r a t o r y  d i s e a s e s  u n d e r  c o n s i d e r a t i o n  

had re a c h e d  m inim al f i g u r e s  by A p r i l  1 s t ,  th e  n o t i f i c a t i o n s  o f  

acu te  p r im a ry  pneum onia, w hich had f a l l e n  to  v e ry  low f i g u r e s  

du rin g  th e  second h a l f  o f  F e b ru a ry ,  had a g a in  shown a r i s e ,  and by 

A p r i l  1 s t  had re a c h e d  s i g n i f i c a n t  f i g u r e s .  Whether t h i s  was
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simply a t r a i l e r  i n  th e  wake o f  t h e  i n f lu e n z a  e p id em ic , a 

"sym pathetic  r i s e ” o f  an  e n t i r e l y  d i s t i n c t  c o n d i t i o n ;  o r  w he ther  

i t  was due t o  t h e  c o n t in u e d  n o t i f i c a t i o n  o f  n o n - f a t a l  c a s e s  o f  

i n f lu e n z a l  pneum onia , c an n o t  he d e te rm in e d .

The c i t y  o f  Glasgow s u f f e r e d  from  a s i m i l a r  o u tb re a k  o f  

in f lu e n z a  a b o u t  t h e  same p e r i o d ,  and f o r  t h i s  th e  main s t a t i s t i c s  

have been g iv e n  by Dr. A. S. M. M aegregor (1 9 3 3 ) .  From h i s  f i g u r e s  

i t  i s  e v id e n t  t h a t  th e  i n f e c t i o n  became ep idem ic  i d  Glasgow 

p rob ab ly  d u r in g  t h e  l a s t  week in  November -  t h a t  i s ,  p r a c t i c a l l y  

s im u l ta n e o u s ly  w i th  t h e  Leeds o u tb r e a k .  The peak  o f  t h e  Glasgow 

epidemic e v i d e n t l y  o c c u r re d  d u r in g  t h e  week en d in g  December 2 4 th ,  

when 117 n o t  i f i c a t i o n s  o f  i n f l u e n z a l  pneumonia were r e c e i v e d :  th e  

peak d e a t h - r a t e  f o r  t h i s  c o n d i t i o n  o c c u r re d  i n  th e  f o l lo w in g  'week.

In Leeds, on th e  o t h e r  hand , th e  peak  o f  th e  ep idem ic  d id  n o t  

occur u n t i l  a b o u t  J a n u a ry  2 1 s t  - t h a t  i s ,  a p p ro x im a te ly  f o u r  weeks 

a f t e r  th e  Glasgow p e a k .  A lthough  th e  f i g u r e s  a r e  g iv e n  o n ly  up 

to  J a n u a ry  2 8 th ,  th e y  su g g e s t  t h a t  t h e  Glasgow ep idem ic  had 

p r a c t i c a l l y  t e r m in a t e d  by t h e  t im e  t h a t  th e  Leeds ep idem ic  had 

developed i t s  maximum f o r c e .

P e a r l  (1 9 2 4 ) ,  i n  h i s  s t u d i e s  on th e  1918-19 i n f lu e n z a  

epidemic a s  i t  a f f e c t e d  d i f f e r e n t  American c i t i e s ,  d e v is e d  a s e r i e s  

of s i x  e p id e m ic i ty  i n d i c e s  ( I ^ . . . I ^  which a r e  o f  v a lu e  i n  com paring  

the e x p lo s iv e n e s s  o f  o u tb r e a k s  i n  d i f f e r e n t  l o c a l i t i e s .  F o r  o u r

p re s e n t  p u rp o se  th e  in d ex  Ig  i s  m ost s u i t a b l e .  The e x p r e s s io n  i s :
T P-MfI 6 -  - T+-

where P d e n o te s  th e  maximum peak  m o r t a l i t y  o b se rv ed  d u r in g  th e  

d u ra t io n  o f  th e  e p id e m ic ;  and TT i s  th e  number o f  weeks w hich  

©lapsed be tw een  (a )  th e  d a te  when th e  m o r t a l i t y  cu rv e  f i r s t  p a s s e d  

o u ts id e  t h e  ra n g e  o f  f l u c t u a t i o n  e x h ib i t e d  by th e  cu rve  be tw een  

a week p r e c e d in g  th e  ep idem ic  r i s e  by abou t s i x  o r  e ig h t  weeks, 

abd th e  end o f  t h e  week im m e d ia te ly  p r e c e d in g  th e  ep idem ic  r i s e  

°T th e  c u rv e ,  and (b) th e  week in  which th e  m o r t a l i t y  cu rv e  a t t a i n e d  

i t s  f i r s t  ep idem ic  p e ak .  M1 i s  th e  mean d e a t h - r a t e  i n  t h e  p e r io d  

hoted u n d e r  ( a )  above.



In  the  p re se n t  ou tbreak  the  a v a i la b le  f ig u re s  f o r

Glasgow and Leeds r e s p e c t iv e ly  a re  as fo llow s:

November December January
5. 12. 19. 26 3. 10. 17. 24. 31. 7. 14. 21. 28

12.4 14.9 15 .2  14.9 14 .6  18.2 20.0 28.7 27.3 19.4 18 .4  18.0  18 .0

13.2 12.3 10.8  15 .3  14.8 16.1 15.6  17.6 16.8 19.7 22.9 31.7 31.6

In  bo th  the  Glasgow and the Leeds outbreaks i t  has a lread y

been s ta te d  th a t  th e  commencement can in  each case be taken  as the

beginning of th e  week ending November 26th. The f ig u re s  a v a i la b le

for the c a lc u la t io n  of MT are  r a th e r  few. With the  a v a i la b le  d a ta ,  

however, the  in d ic e s  g ive :

I g (Glasgow) « ?.8.‘.7 ~ = 2.9

Ig (Leeds) s 31.7 -  12.1 - 2 .4
8

It is  thus seen  th a t  d e s p i te  the  much longer r i s e  of th e  Leeds 

outbreak, in  ep id em ic ity  i t  d id  not f a l l  f a r  sh o r t of the  Glasgow 

outbreak.

Age and s e x  d i s t r i b u t i o n  o f  d e a t h s .

Of the  228 p a t i e n t s  who died  in  the c i ty  between the

beginning of the  week ending November 5th , 1932, and the  end of the

week ending A p ri l  1 s t ,  1933, 226 were r e s id e n ts  in the  c i ty ;  the

other two were n o n - re s id e n ts  who died in  c i ty  i n s t i t u t i o n s .  The age

and sex d i s t r i b u t i o n  o f  the 226 cases i s  as fo llow s:
. Under
%es i  2- 5- 10- 15- 20- 25- 30- 35- 45- 50- 55- 60- k>s- 7S-ts- rofntS
Males 4. 3 2 -  -  % 2  a  3 12 1 ia  ii+ 7 /*? /? 3 no
ggmales i ( a a i -  3 a Z  )<? n  ■'? $ m  ai+ 3 nh

TbTtLS s’ (+ 1+ 2 I % 5  ft- S  i l  20 At Si IS 3 i fti (, Mi,
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From t h e  i n f o r m a t io n  s u p p l i e d  by th e  d e a th  r e t u r n s  i t  

seems p r o b a b le  t h a t  t h e r e  were no marked d i f f e r e n c e s  i n  th e  sex  

d i s t r i b u t i o n  o f  th e  d i s e a s e .

S in c e  t h e  pandem ic o f  1918 th e  age in c id e n c e  o f  i n f l u e n z a  

in  d i f f e r e n t  o u tb r e a k s  h a s  been a f e a t u r e  o f  c o n s id e r a b le  

im p o rtan ce .  The l a t e  Dr. T. H. G. S tev en so n  (1919) showed t h a t  

in  London t h e  age in c id e n c e  o f  i n f lu e n z a  had been more o r  l e s s  

c o n s ta n t  from  1890 u n t i l  1918. T u r in g  th e  J u l y  o u tb r e a k  o f  1918 

th e r e  was an  a b ru p t  change , t h e  em phasis  f a l l i n g  h e a v i l y  on young 

a d u l t s ,  and p e r s o n s  o v e r  45 y e a r s  b e in g  r e l a t i v e l y  l i t t l e  a f f e c t e d .  

This p e c u l i a r i t y  was even more marked in  th e  O ctober o u tb r e a k  o f  

1918. I t  was su g g e s te d  i n  th e  M in i s t r y  o f  H e a l th  r e p o r t  on th e  

pandemic t h a t  th e  t o l l  ta k e n  a t  th e  young a d u l t  a g es  o f  l i f e  was 

w ith o u t  any known West European o r  N orth  Am erican p r e c e d e n t  

( M in is t ry  o f  H e a l th  R e p o r t ,  1920, p . 4 0 ) .

. The e x p e r i e n c e  o f  Leeds s in c e  1900 i s  shown in  f i g u r e  3 .

The method u se d  i s  t h a t  employed by S tev en so n  to  d e m o n s tra te  th e  

age in c id e n c e  i n  th e  London o u tb r e a k  from  1890 to  1918. The 

p e c u l i a r  age in c id e n c e  o f  th e  1918-19 o u tb r e a k s  i s  e v id e n t .  An 

i n t e r e s t i n g  f e a t u r e  i s ,  how ever, t h a t  w hereas th e  t r a n s i t i o n  to  

th e  1918-19 g ro u p in g  was a b r u p t ,  th e  r e t u r n  to  t h e  s t a t u s  quo 

has been g r a d u a l .  These f e a t u r e s  a r e  most c l e a r l y  se e n  i n  th e  

age g ro u p s  em brac ing  th e  e x tre m e s  o f  l i f e  -  0 -25  y e a r s ,  and 65 y e a r s  

and o v e r .  The f i g u r e s  a t  th e  to p  o f  each  column g iv e  t h e  t o t a l  

number o f  d e a th s  on which each  s e t  o f  p e r c e n t a g e s  was c a fc u la te d .

The y e a r s  1918, 1919, 1924, 1929 and 1933 a r e  marked X, s i n c e  i n  

th e s e  y e a r s  i n f l u e n z a  was e v i d e n t l y  e p id e m ic .  (As t h e  m a j o r i t y  

° f  th e  d e a th s  from  i n f lu e n z a  d u r in g  th e  ep id em ic  w hich  i s  u n d e r  

c o n s i d e r a t i o n  o c c u r re d  i n  th e  f i r s t  q u a r t e r  o f  1933, f o r  t h e  

Purpose o f  d i s c u s s i n g  m o r t a l i t y  f i g u r e s  t h i s  y e a r  h a s  been 

co n s id ered  to  be th e  ep id em ic  y e a r  i n  p r e f e r e n c e  t o  1 9 3 2 ) .

From th e  d iag ram  i t  would a p p e a r  t h a t  th e  norm al b a la n c e  o f  a g e s  

a f f e c te d  was re a c h e d  i n  th e  1929 ep id e m ic .  I t  i s  a l s o  se en  from  

the d iagram  t h a t  t h e s e  ep id em ic  y e a r s  f i t  i n  w i th  th e  t h e o r y  o f
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the gradual r e tu r n  to  th e  s ta tu s  quo b e t t e r  than do some of the  

in te r-ep idem ic  y e a r s .  This f e a tu r e  may be due to  the  small 

number of d ea th s  in  some of these  in te r-ep id em ic  y e a rs ,  o r , 

on the o th e r  hand, some unknown f a c to r  may be r e s p o n s i b l e .

At a l l  ev e n ts ,  th e re  seems to  be some j u s t i f i c a t i o n  fo r  the  

assumption th a t  th e  1918-19 erjidemic was not an is o la te d  peak, 

e n t i r e ly  u n re la te d  to  the  main waves of epidemic in f lu en z a  which 

preceded and follow ed i t .  Granted th a t  i t s  onset was c a ta s t ro p h ic  

and p r e c ip i t a t e d  by in f lu e n c es  which are  not ye t understood; in  

i t s  wake th e re  remained changes in  the  tTin f lu e n z a l  c o n s t i t u t i o n ” 

which as f a r  as th e  age incidence i s  concerned, in  round f ig u r e s  

were e f f e c t iv e  in  th e  c i t y  of Leeds fo r  a period  of te n  y e a rs .

. .D is t r ib u t io n  of deaths in  the  c i t y .

To o b ta in  some idea  of the  mode of spread of the  epidemic

in the c i t y  as a whole the  in fo rm ation  fu rn ished  by th e  death

c e r t i f i c a t e s  has had to  be used, s in ce  no d e f in i t e  sta tem ent 

regarding m o r b id i t y  was p o s s ib le .  This inform ation  i s  summarised 

in l in e  4 of Table V.

Each death  from in f lu en za  which occurred in  the  c i t y  was 

p lo tted  accord ing  to  sex on a time-ward diagram, (The r e s u l t i n g  

diagram did not w arran t re p ro d u c t io n ) .  I t  shows th a t  g e n e ra l ly  

the e a r l i e s t  dea ths  occurred in  those  wards of the  c i t y  in  which 

the m o r ta l i ty  was a f te rw ard s  h ig h e s t .  A number of dea ths  occurred  

in every ward, so th a t  the in f e c t io n  c e r ta in ly  a f fe c te d  the  c i t y  as 

a whole. I t  i s  noteworthy, however, th a t  in  th ese  wards in  which 

the m o r ta l i ty  was g r e a t e s t ,  the  f i r s t  deaths occurred e a r l i e r  than  

in the o th e r  wards.

Table VII g ie s  the  d en s i ty  of p o p u la tio n  (persons per ac re )  

ih the twenty s ix  wards of the  c i ty ,  which are  arranged in  descending 

0rder of d e n s i ty .  (The d e n s i ty  i s  given to  the n e a re s t  whole 

humber, and In c a lc u la t in g  th ese  d e n s i t i e s  allowance was made f o r  

‘the various parks  and open spaces in  each ward). The Table a lso  

Sives the a c tu a l  number of dea ths  from in f lu en z a  in  each ward from

w©ek ending November 5 th , 1932 to  the week ending A p ri l  1 s t ,  1933
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these f ig u r e s  a re  a lso  shown as d e a th - r a te s  per 1 0 ,0 0 0 -persons 

l iv in g  in  each ward.

From th e  t a b le  i t  i s  ev iden t th a t  th e re  was no d i r e c t  

a s so c ia t io n  between th e  incidence of death  as a r e s u l t  of 

in fluenza and th e  d e n s i ty  of the  po p u la tio n  in  the ward. An 

important o b je c t io n  i s  th a t  we are  here d ea lin g , not w ith  a c tu a l  

cases, which were undoubtedly numerous, but w ith  d ea th s , which 

were so few as not to  w arrant any s a t i s f a c to r y  deduction  being 

made from such ev idence . N everthe less , i t  may perhaps be sa id  

tha t the  absence of any apparent a s s o c ia t io n  between d e n s i ty  of 

popu la tion  and d e a th - r a te  from in f lu en z a  bears out the  neg a tiv e  

r e s u l t s  which were ob ta ined  f o r  the 1918-19 epidemic. As a r e s u l t  

of a minute a n a ly s is  of the  a v a i la b le  da ta  the  conclusion  was 

drawn th a t  i t  was im possible th a t  domestic overcrowding could be 

deemed a p r in c ip a l  f a c t o r  in  the  spread of epidemic in f lu e n z a .

More i n t e r e s t i n g  r e s u l t s  are  obtained when the  ward dea th -  

r a te s  are  in c o rp o ra te d  on a ward map (F ig .^ ) .  I t  i s  seen th a t  the  

wards w ith  th e  h e a v ie s t  d e a th - r a te s  are arranged in  an in n e r  r in g  

round the  ce n tre  of th e  c i t y .  Surrounding t h i s  inne r  r in g  i s  an 

in te rm ed ia te  zone, and on the  o u t s k i r t s  of the c i t y  l i e  the  wards 

in which the  dea ths  were fe w e s t . I t  might be thought from th e  

&ap th a t  ward 6 does not conform to  t h i s  arrangement. I t  w i l l  be 

seen, however, th a t  the  innermost p o in t  of the boundary of t h i s  

ward l i e s  very  nea r  the cen tre  of the  c i ty ,  and th a t  the  outerm ost 

boundary forms partis of th e  boundary of the  c i t y  i t s e l f .  In  t h i s  

la rge a rea  th a t  p a r t  which is  n e a re s t  to  th e  cen tre  of th e  c i t y  

is  very congested; the o u te r  p a r t  i s  made up e n t i r e ly  of a 

r e s id e n t ia l  a re a .  In  ac tual, f a c t ,  however, only one of the  te n  

deaths which were r e g is te r e d  as having taken p la ce  in  t h i s  ward 

occurred in  what might be termed a "congested a re a " .
If*

The map ( F ig .$) a lso  shows th a t  ward 1, which forms the  

khb of the  c i t y ,  and ward 23, which forms p a r t  of the  in n e r  r in g ,  

both showed only a few d ea th s . No s ig n i f i c a n t  deduction  can, of 

Qourse, be made from th e  study of deaths alone; y e t i t  i s  s tran g e
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F ig . 4. M ap sh ow in g  d eath -rates from  in fluenza in  d ifferent w ards o f  th e  
c ity  o f  L eeds.



that these  two wards showed so few deaths in  comparison w ith  

the h e a v ily  a f f e c te d  wards which l i e  ad jacen t .  The few dea ths  

in ward 1 may perhaps be explained by the  f a c t  th a t  t h i s  ward 

contains th e  bu s in ess  q u a r te r  of the c i ty ,  and th a t ,  while th e re  

is  a r e s id e n t  p o p u la t io n  of 15,778 persons , many of these  are  

boused in  f a i r l y  modern f l a t s  over business  prem ises. The case 

of ward 23 i s  more d i f f i c u l t  to  exp la in  away. I t .  should be 

mentioned, however, th a t  the north  boundary of t h i s  ward i s  

c o n s t i tu ted  by th e  R iver A ire . The main ra ilw ay  l i n e s  run c lo se  

to the south  boundary of the  ward, and ex ten s iv e  ra ilw ay  s id in g s  

are s i tu a te d  on a la rg e  p o r t io n  of the  a c tu a l  ward boundary.

Stocks (S tocks and Karn, 1932) has shown th a t  whooping-cough in  

London has been known to  re sp e c t  n a tu ra l  and a r t i f i c a l  boundaries 

off t h i s  ty p e ; and i t  may be th a t  w ith in f lu en z a , d e s p i te  th e  

t r a d i t io n a l  r a p i d i t y  of spread and the p o s t in g  e f f e c t ,  some s im i la r  

but unknown f a c t o r s  are  a t  work. I t  i s  perhaps s ig n i f ic a n t  th a t  

the f i r s t  d ea th  in  ward 23 occurred on January 12th, by which time 

p r a c t i c a l ly  every o th e r  ward in  the  c i ty  had su ffe red  se v e ra l  

deaths.

From a c o n s id e ra t io n  of the  map and the  time-ward 

diagram i t  would appear th a t  the in f lu en z a  outbreak showed i t s  

e f f e c ts  e a r l i e r  and more severe ly  in  the cen tre  of th e  c i t y ,  and 

tha t from th e re  i t  extended outwards w ith  decreasing  " p o te n t ia l"  

towards the  o u t s k i r t s .

I t  i s  in t e r e s t i n g  to  note th a t  the  f ig u re s  in  Table VII 

suggest no apparent a s s o c ia t io n  between the  number of  dea th s  from 

influenza and th e  average number of persons p e r  room in  each

ward.

<
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A sso c ia tio n  between r e s p i r a t o r y  tu b e rc u lo s is  and in f lu e n z a .

Many w r i t e r s  have c a l le d  a t te n t io n  to  th e  c lose  a s s o c ia t io n  

between in f lu e n z a  and o th e r  acu te  r e s p i r a to ry  a f f e c t io n s ,  but the  

possib le  connec tion  between in fluenza  and tu b e rc u lo s is  i s  l e s s  

frequen tly  commented on. Table V gives the weekly deaths from 

lobar pneumonia, broncho-pneumonia, and from chronic b ro n c h i t i s  

during the  p e r io d  of th e  in f lu en za  epidemic. In  each case th e re  

is  an in c re a se  in  the  number of deaths from the r e s p e c t iv e  condi

t io n s , and t h i s  in c re a s e ,  and the  subsequent d e c l in e ,  proceed 

p a r r i  passu  w ith  th e  in c rease  and decrease in the dea ths  from 

influenza and in f lu e n z a l  pneumonia. Records of v a r io u s  o u tb reak s , 

including th e  London epidemic of 1918-19, show th a t  th e re  i s  an 

increase in  th e  number of deaths from p h th i s i s  during an in f lu e n z a  

epidemic, and t h a t  t h i s  inc rease  tends to  reach  i t s  maximum about 

the time of th e  peak period  of the  in f lu en z a  ou tbreak . I t  i s  

mentioned in  the  M in is try  of H ealth  Report (1920, p . 26) th a t  such 

records show th a t  " th e  in fe c t io n  of in f lu en za , i f  not s p e c ia l ly  

a t t r a c te d  by th e  p h th i s i c a l ,  i s  a t  l e a s t  p a r t i c u l a r l y  deadly  to  

them".

The p o s i t io n  w ith  regard  to  tu b e rc u lo s is  of the  r e s p i r a 

tory  t r a c t  in  Leeds i s  shown in Table V III.

Table V III .
Ho. o f  r e g is t e r e d  deaths from tu b e rc u lo s is  

of r e s p i r a to r y  system 
Year 1 s t  q u a r te r  2nd q u a r te r  3rd q u a r te r  4 th  q u a r te r

1926 158 125 86 108
1927 154 126 97 80
1928 125 136 75 117
1929 180 130 102 96
1930 135 110 85 102
1931 130 103 100 106
1932 109 109 75 93
1933 129 107 77 99
Mean dea ths )
lo. each quar-) 140 118 85 100
te r  (8 y ea rs )

The in f lu e n z a  epidemic of 1929 reached i t s  he igh t during  

February and March of th a t  y e a r ,  and by th e  end of March i t  had 

P ra c t ic a l ly  d ied  down. I t  i s  seen from the ta b le  th a t  not o n ly  

Were the  dea th s  from tu b e rc u lo s is  of the  r e s p i r a to r y  system



d is t in c t ly  above th e  average during  the f i r s t  q u a r te r  of 1929, but 

that they were a c tu a l ly  the  g r e a t e s t  r e g is te r e d  in  any q u a r te r  of 

the years 1926-33. On th e  o th e r  hand, the  number o f  dea ths  

reg is te red  as due to  r e s p i r a to r y  tu b e rc u lo s is  during  the  fo u r th  

quarter of 1932 and th e  f i r s t  q u a r te r  of 1933 were d i s t i n c t l y  below 

the average. These s ta tem en ts  seem to hold even when th e  n a tu ra l  

decrease in  th e  dea th  r a t e  from pulmonary tu b e rc u lo s is  i s  taken  in to  

account. This unusual f e a tu re  i s  d i f f i c u l t  to  ex p la in .  Taking in to  

account the  very  low c a se -m o r ta l i ty  r a t e  in  the  s e le c te d  p o p u la t io n ,  

i t  i s  p o s s ib le  t h a t  the  p a r t i c u l a r  type of in f lu e n z a  which was 

prevalen t was o f  a n o n -k i l l in g  v a r ie ty  and o f  a mild n a tu re  which 

was not prone to  lead  to  a f a t a l  f la r e -u p  of an a lread y  e x i s t in g  

tuberculous c o n d i t io n .  I f  t h i s  be the  case , then the  a c tu a l  number 

of deaths r e g i s t e r e d  as due to  in f lu en za  in  the  c i ty  must have 

represen ted  a very  ex ten s iv e  epidemic of t h i s  mild form of the  

disease .

M eteo ro log ica l cond itions .

The a s s o c ia t io n  between weather cond itions  and th e  

incidence of r e s p i r a to r y  in fe c t io n s  has been examined on se v e ra l  

occasions. Ihiring the  1919- in f lu en za  epidemic a re p o r t  is su ed  from 

the D ire c t io n  d 1 Hygiene suggested th a t  in  Far i s  a sharp f a l l  in  

temperature co incided  w ith  a r i s e  in  the  curve of m o r ta l i ty ,  and 

tha t these  p e r io d s  were a s so c ia te d  w ith  a p e r io d  of d rought. This 

fea tu re  was examined in  d e t a i l  in  the  M in istry  of H ealth  Report, and 

i t  was shown t h a t ,  when the  d e a th - ra te s  in  th e  th re e  waves were 

P lotted along w ith  accumulated day-degrees of tem pera tu re , th e  onset 

°f each wave of the  epidemic was co inciden t w ith  a ra p id  f a l l  of 

temperature. I t  was f u r th e r  shown th a t ,  when th e  c o r r e la t io n  between 

the pneumonia d e a th - ra te  and the  tem perature during  the  p rev io u s  week 

Was worked out over a number of y e a rs ,  th e re  was a s ig n i f i c a n t  

increase in  the  c o r r e la t io n  between these  two v a r ia b le s  during  th e  

1918*19 epidemic. Dr. Matthew Young (1924), in  a very  ex ten s iv e  

ah a ly s is> concluded th a t  th e re  was a d e f in i t e  inve rse  r e l a t io n s h ip
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between the  p r e v a i l in g  tem perature  and the m o r ta l i ty  from r e s p i r a 

tory d ise a se s  in  c h i ld re n  under f iv e  years of age. I t  i s  not 

intended in  t h i s  communication to  d iscu ss  the  e f f e c t s  of meteoro

log ica l c o n d i t io n s ;  but s ince  any rep o r t  of an outbreak  of 

re p ira to ry  d is e a se  would be incomplete w ithout some d e s c r ip t io n  of 

these f a c t o r s ,  th e  co n d it io n s  which p rev a i le d  during the  p e r io d  of 

the outbreak w i l l  be b r i e f l y  described .

The p r e v a i l in g  m eteoro log ica l co n d itio n s  during the  p e r io d  

of the epidemic a re  shown g ra p h ic a l ly  in  F ig .S , to g e th e r  w ith  the  

n o t i f i c a t io n s  o f  in f lu e n z a l  pneumonia and primary pneumonia taken  

toge ther, and th e  inc idence  of in f lu e n z a  in  the  s e le c te d  p o p u la t io n .  

Exception may be taken  to  the  in c lu s io n  of cases of p rim ary  pneumonia 

with cases of in f lu e n z a l  pneumonia, e s p e c ia l ly  in  view of th e  f a c t  

tha t Macgregor (1933 a) has shown th a t  th e re  are  grounds fo r  

considering lo b a r  pneumonia to  be a d ise ase  which i s  i t s e l f  

p r im arily  a s s o c ia te d  w ith  m eteoro log ica l co n d it io n s .  In  favour of 

the method adopted in  the  f ig u re ,  however, i s  the f a c t  th a t  during  

the epidemic th e re  was an in c rease  in  cases of primary pneumonia a t  

a time when t h i s  d ise a se  i s  not u s u a l ly  very p rev a len t  in  th e  c i t y ,  

and th a t  the  in c re ase  was a s so c ia ted  q u a n t i ta t iv e ly  w ith  the  in c re a se  

of in f lu e n z a l  penumonia. In  the  l i g h t  of these  f a c t s  i t  would seem 

tha t a t ru e  idea  o f  th e  incidence of pneumonia, a r i s in g  d i r e c t l y  

from the  p reva lence  of in f lu e n z a  in  the  c i ty ,  i s  ob ta ined  by 

combining th e  dea ths  from th e  two forms of pneumonia.
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A c u rv e  based  on i n f l u e n z a l  pneumonia must n e c e s s a r i l y  

show some l a g  so f a r  a s  i n f l u e n z a  i t s e l f  i s  c o n ce rned ,  and p r o b a b l y  

a t r u e r  i d e a  o f  t h e  s t a t e  o f  a f f a i r s  i s  o b t a i n e d  by u s i n g  t h e  

f i g u r e s  , fo r  i n f l u e n z a  p r e v a l e n c e  i n  th e  s e l e c t e d  p o p u l a t i o n .  These 

f i g u r e s  a r e  i n c o r p o r a t e d  i n  t h e  form o f  a h i s to g r a m .

I t  i s  s e en  t h a t  t h e  f i r s t  a p p r e c i a b l e  i n c r e a s e  o f  i n f l u e n z a  

and o f  i n f l u e n z a l  penumonia  was accompanied by a d e f i n i t e  f a l l  i n  

t e m p e r a tu re .  T h e r e a f t e r , ,  f o r  two weeks,  t h e  t e m p e r a t u r e  r o s e ,  and 

th e re  was no s i g n i f i c a n t  i n c r e a s e  i n  t h e  number o f  c a s e s .  D ur ing  

the  weeks e n d in g  December 2 4 th  and 3 1 s t  t h e r e  Y/ere t h r e e  days  o f  

fog and t h e s e  were a s s o c i a t e d  w i t h  a  c o n s i d e r a b l e  f a l l  i n  t e m p e r a 

tu r e ;  t h e s e  f e a t u r e s  were accompanied by a v e ry  marked and sudden  

in c r e a s e  i n ' t h e  number o f  c a s e s .  The i n c r e a s e  c o n t in u e d  u n t i l  t h e  

week e n d in g  J a n u a r y  1 4 t h ,  d u r i n g  which week t h e  t e m p e r a t u r e  was 

s t i l l  f a l l i n g ,  and one day o f  fo g  was e x p e r i e n c e d .  A s u c c e e d in g  

f a l l  o f  t e m p e r a t u r e  (weeks end ing  F e b ru a ry  1 1 th  t o  F e b r u a r y  2 5 th )  

was f o l lo w e d  by a r i s e  i n  t h e  number o f  c a s e s  o f  pneumonia which  

were n o t i f i e d .  The r i s e  c o in c id e d  a t  t h e  s t a r t  w i th  one day  o f  

fog; and d u r i n g  t h e  week e nd ing  A p r i l  1 s t ,  when t h e  t e m p e r a t u r e  

showed o n ly  s l i g h t  v a r i a t i o n s ,  a n o th e r  day o f  fo g  c o in c id e d  w i t h  a 

f u r t h e r  i n c r e a s e  i n  t h e  n o t i f i c a t i o n s  o f  pneumonia.

The a s s o c i a t i o n  between r a i n f a l l  and i n c i d e n c e  o f  t h e  

d i s e a s e  i s  n o t  so marked.  I t  seems t o  be w orth  w h i le  t o  n o t i c e ,  

however, t h a t  t h e  f i r s t  d e c r e a s e  from t h e  peak  o f  t h e  ep idem ic  

co inc ided  w i t h  a marked i n c r e a s e  i n  r a i n f a l l .

These  rem ark s  s u g g e s t  t h a t  t h e r e  was some a s s o c i a t i o n  

between t h e  m e t e o r o l o g i c a l  c o n d i t i o n s ,  e s p e c i a l l y  mean t e m p e r a t u r e  

aud p r e s e n c e  o f  f o g ,  and t h e  co u rse  o f  t h e  ep idem ic .

C l i n i c a l  f e a t u r e s .

Some i d e a  o f  t h e  c l i n i c a l  a s p e c t s  o f  t h e  o u t b r e a k  was 

°b ta in ed  t h r o u g h  t h e  c o u r t e s y  o f  v a r i o u s  m e d ic a l  p r a c t i t i o n e r s  i n  

the c i t y .  a s e r i e s  o f  q u e s t i o n s  was p u t  to  t h e s e  gen t lem e n  by t h e  

^ i t e r ,  and t h e  f o l l o w i n g  d e s c r i p t i o n  c o l l a t e s  t h e i r  r e p l i e s .



R e s p i r a t o r y  t y p e .  The p r e v a l e n t  type  o f  d i s e a s e  was 

r e s p i r a t o r y  and r a t h e r  m i ld  i n  n a t u r e .  G-enerally,  two form s o f  

r e s p i r a t o r y  d i s o r d e r  were found ,  though n o t  w i th  e q u a l  f r e q u e n c y  

in d i f f e r e n t  d i s t r i c t s .  The commonest form resem bled  t h e  c l a s s i c a l  

p i c t u r e  o f  i n f l u e n z a .  The o n s e t  was u s u a l l y  sudden,  w i t h o u t  

proctomal f e a t u r e s .  The p a t i e n t s  complained o f  d e p r e s s i o n ,  s h i v e r i n g  

and p a i n s  i n  t h e  back  o r  i n  t h e  body g e n e r a l l y .  In  t h e  e a r l y  s t a g e s  

headache, som etim es  f r o n t a l  and sometimes o c c i p i t a l ,  was f r e q u e n t .  

When th e  p a t i e n t  was f i r s t  seen  by th e  p r a c t i t i o n e r  t h e  t e m p e r a t u r e  

was h ig h  -  o f t e n  102 o r  103°F. These a c u te  f e a t u r e s  l a s t e d  two to
t

f i v e  days ;  t h e r e a f t e r ,  t h e  t e m p e r a tu re  f e l l  sudden ly  and p r o f u s e  

sweating b r o u g h t  r e l i e f  from t h e  symptoms. I n  many c a s e s  t h e  

d i s a p p e a ra n c e  o f  a c u t e  symptoms was fo l lo w e d  by d e b i l i t y  o r  

d e p re s s io n  which  l a s t e d  f o r  abou t  a week.

The o t h e r  fo rm  o f  t h e  r e s p i r a t o r y  ty p e  a p p e a r s  t o  have  

been m a in ly  t r a c h e i t i s .  The o n s e t  was a g a in  sudden, and an 

t importan t  f e a t u r e  was s t e r n a l  p a i n .  The t h r o a t  was o f t e n  raw and 

i n j e c t e d ,  and sputum was sometimes p r e s e n t .  In  c e r t a i n  d i s t r i c t s  

of the  c i t y  t h i s  seems t o  have been  th e  p r e v a l e n t  form of  t h e  

d i s e a s e .

I n  b o th  fo rm s  p h y s i c a l  s i g n s  were few. I f  p r e s e n t ,  t h e y  

were m a in ly  o f  t h e  n a t u r e  o f  b r o n c h i a l  s i g n s ,  such a s  m o i s t  r a l e s ,  

which were found  a t  t h e  l u n g  b a s e s  o n ly  a t  t h e  s t a r t  o f  t h e  d i s e a s e .

g a s t r i n  t y p a.  G a s t r i c  c a s e s  were i n f r e q u e n t .  Only one o f  t h e  

p r a c t i t i o n e r s  who was c o n s u l t e d  had seen  more t h a n  t h r e e  c a s e s  o f  

t h i s  ty p e  o f  t h e  d i s e a s e  i n  h i s  p r a c t i c e  d u r i n g  t h e  whole c o u r s e  

° f  th e  e p id e m ic ,  and s e v e r a l  had no t  seen  any g a s t r i c  c a s e s .  On 

the whole i t  seems t h a t  t h e  g a s t r i c  ty p e  t en d e d  to  a p p e a r  more 

towards t h e  end o f  t h e  o u t b r e a k .  The c o n d i t i o n  s i m u l a t e d  a c u t e  

g a s t r i t i s ,  withfl* o r  w i th o u t  .d ia r rh oea ,  and a common symptom was 

Pain i n  t h e  e p i g a s t r i u m  j u s t  below t h e  x i p h i  s te rnum . Abdominal  

t e n d e rn e s s  was u s u a l l y  a b s e n t .  In  a few c a s e s  d i a r r h o e a  was 

a p p a r e n t ly  p r a c t i c a l l y  t h e  o n ly  symptom.
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goffLPl.iQ&tions,. Apart from depression  or p r o s t r a t i o n ,  which

was no ticed  above to have been q u ite  common, com plications and 

sequelae were not f re q u e n t ,  and were mainly of two types;:

(a) I n f l u e n z a l  pneumonia .  Hone o f  th e  p r a c t i t i o n e r s  who were 

consu l ted  had s e en  more th an  a few c a s e s  o f  t h i s  c o n d i t i o n ,  so 

th a t  t h e  t o t a l  n o t i f i e d  c a s e s  ( d i s c u s s e d  p r e v i o u s l y )  must have 

r e p r e s e n t e d  a w id e s p re a d  in c id e n c e  o f  i n f l u e n z a .  The c l i n i c a l  

f e a t u r e s  o f  t h e  i n f l u e n z a l  pneumonia p r e s e n t e d  n o th in g  u n u s u a l .

(b) Acute  o t i t i s  m edia .  This  c o m p l i c a t i o n  i s  r e c o g n i s e d  a s  

being f a i r l y  f r e q u e n t  a f t e r  i n f l u e n z a .  In  th e  p r e s e n t  o u t b r e a k  i t  

was a p p a r e n t l y  much commoner t h a n  pneumonia. I t  a f f e c t e d  b o th  

a d u l t s  and c h i l d r e n ,  b u t  t h e  c o m p l i c a t io n  was more f r e q u e n t  among 

c h i ld r e n .  P a r a c e n t e s i s  was f r e q u e n t l y  no t  r e q u i r e d .

(c)  O the r  c o m p l i c a t i o n s .  Some p r a c t i t i o n e r s  had c a s e s  o f  

c a rd iac  c o m p l i c a t i o n s  -  such  a s  t a c h y c a r d i a ,  p a l p i t a t i o n ,  TID .A .H .n 

fo l lo w in g  t h e  a c u t e  a t t a c k .  In  o t h e r  d i s t r i c t s  t h r o a t  c o n d i t i o n s  

supervened,  and i n  one d i s t r i c t  a t  l e a s t  a c u te  s k i n  c o n d i t i o n s  -  

such as  s e b o r r h o e i c  eczema -  were no t  i n f r e q u e n t  a f t e r ,  i f  t h e y  were 

not a c t u a l l y  c o m p l i c a t i o n s  o f ,  a t t a c k s  o f  i n f l u e n z a .

I t  i s  o f  i n t e r e s t  t o  compare t h e  s a l i e n t  c l i n i c a l  f e a t u r e s  

of th e  Leeds o u t b r e a k  w i t h  t h e  symptoms found e l s e w h e re .  In  t h e  

Gladgow o u t b r e a k  (Macgregor ,  1933) t h e  d i s e a s e  was a p p a r e n t l y  v e r y  

s im i l a r  t o  t h a t  s e en  i n  Leeds .  The g a s t r i c  ty p e  was n o t  common, and 

the i l l n e s s  u s u a l l y  began w i th  a  sha rp  o n s e t ,  fo l lo w e d  by p y r e x i a  

with g e n e r a l  and j o i n t  p a i n s ,  which l a s t e d  a few day s .  D r .M acgregor  

notes t h a t  t h e  a c u t e  symptoms were a p t  to  be fo l lo w e d  by cough and 

general  d e b i l i t y .  On t h e  o t h e r  hand, M a r r i o t t  (1933) d e s c r i b e d  f o r t y -  

seven c a s e s  o f  i n f l u e n z a  i n  t h e  s t a f f  o f  t h e  M idd lesex  H o s p i t a l ,

London. Of t h e s e  sev en  (15 p e r  c e n t )  were g a s t r i c  c a s e s .  The 

resP i r a t o r y  c a s e s  v e ry  f r e q u e n t l y  complained o f  s t e r n a l  p a i n ,  and t h e  

f auces were sometimes in f la m e d .  Chest s i g n s  were few. The Leeds 

outbreak t h e r e f o r e  seems t o  have combined t h e  c l i n i c a l  f e a t u r e s  o f  

Loth the  London and t h e  Glasgow o u t b r e a k s .

M u l t ip l e  oaaftfl i n  h o u s e h o ld s .  Most o f  t h e  p r a c t i t i o n e r s
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consul ted  had s e e n  s e v e r a l  examples o f  t h i s  o c c u r r e n c e .  Commonly- 

the i n f e c t i o n  a p p ea re d  to  be from husband t o  w i f e , o r  v i c e  v e r s a .  

These c a s e s  f o l lo w e d  e ach  o t h e r  a t  i n t e r v a l s  which v a r i e d  from two 

to f o u r  d a y s .  I n  one rem ark ab le  i n s t a n c e  a m other  deve loped  t h e  

d ise a se  f i r s t ,  t h e n  two d a u g h te r s  and a son were a t t a c k e d  s u c c e s s i v e  

ly ;  a l l  o f  t h e s e  p e r s o n s  developed  i n f l u e n z a l  pneumonia.

D u r a t i o n  o f  i n c a p a c i t y  f o r  work.

I n  r e s p e c t  o f  t h e  d u r a t i o n  o f  i n c a p a c i t y  t h e  r e p l i e s  o f  

the v a r i o u s  p r a c t i t i o n e r s  could  be d iv id e d  r o u g h ly  i n t o  two g r o u p s .  

Those p r a c t i t i o n e r s  whose c l i e n t e l e  c o n s i s t e d  l a r g e l y  o f  c l e r i c a l ,  

a d m i n i s t r a t i v e ,  and m e n ta l  w o rk e rs ,  s t a t e d  t h a t  t h e i r  p a t i f e n t s  had 

g e n e r a l l y  r e t u r n e d  t o  t h e i r  d u t i e s  a f t e r  an absence  o f  a bou t  a week 

or t e n  d a y s .  On t h e  o t h e r  hand,  p r a c t i t i o n e r s  who a t t e n d e d  many 

p e rsons  o f  t h e  a r t i s a n  c l a s s  s t a t e d  t h a t  t h e i r  p a t i e n t s  were g e n e r 

a l l y  o f f  work f o r  more t h a n  t e n  days :  t h e  p e r i o d  was o f t e n  a 

f o r t n i g h t  and sometimes t h r e e  weeks.

T h i s  q u e s t i o n  was a l s o  c o n s id e r e d  from th e  p o i n t  o f  v iew 

of th e  s e l e c t e d  p o p u l a t i o n .  P a r t i c u l a r s  o f  two c l a s s e s  were 

fu r n i s h e d  by t h e  h e a d s  o f  t h e  r e s p e c t i v e  e s t a b l i s h m e n t s :  (a )  t h e  

number o f  p e r s o n s  u n d e r  t h e i r  c o n t r o l  who, owing t o  i n f l u e n z a ,  were 

o f f  work f o r  more t h a n  sev en  days ;  (b)  t h e  mean p e r i o d  o f  a b se n c e  

Tor a l l  t h e  employees  which t h e i r  r e t u r n s  had shown a s  h a v in g  

su f f e r e d  f rom i n f l u e n z a .  These p a r t i c u l a r s  a r e  s e t  o u t  i n  columns •

6 and 7 o f  T ab le  I .

For  t h e  p u r p o s e  o f  comparing th e  d u r a t i o n  o f  i n c a p a c i t y  i n  

the d i f f e r e n t  t y p e s  o f  w o rk e r s ,  t h e  same g ro u p s  of  e s t a b l i s h m e n t s  

were t a k e n  a s  p r e v i o u s l y  ( s e e  Table  I I ) .  The mean p e r i o d  o f  ab sen c e  

fo r  each g roup  was c a l c u l a t e d  from t h e  t o t a l  c a s e s  i n  e ach  e s t a b 

l ishm ent  and t h e  a v e ra g e  p e r i o d  o f  absence  f o r  t h e s e  c a s e s .  The 

r e s u l t s  a r e  g iv e n  i n  Table  IX.



Table IX.

Type o f  7/0 r k  

Factor.v 7/ o r k e r s  (g ro u p s  A,D,F)

Mean duration of absence in days.

( i i i  JC le rk s ,  e t c . , ana u e a c n e r s  vgroups Gr,H(b) , I , R .  S . )

1 4 .8
8 .4
9 . 6

(Iv) Outdoor w o rk e r s  (g ro u p s  H (a ) ,K ,M ,I ,P )  1 9 .7

T h is  e n q u i r y  t h e r e f o r e  b e a r s  ou t  t h e  t e n t a t i v e  s t a t e m e n t s  

made by i n d i v i d u a l  d o c t o r s  t h a t ’ b r a i n  w o rke rs  and p e r s o n s  in  t h e  

middle c l a s s e s  were o f f  d u ty  f o r  a s h o r t e r  t im e  t h a n  were members 

of the  a r t i s a n  and p o o r e r  c l a s s e s .  From t h e  above t a b l e  i t  i s  s e en  

th a t  t h e  d i f f e r e n c e  i s  c o n s i d e r a b l e .  T h is  d i f f e r e n c e  may p o s s i b l y  

be a s s o c i a t e d  w i t h  t h e  b e t t e r  c a re  andz a t t e n t i o n  which  members o f  

the middle  c l a s s e s  p re su m ab ly  r e c e i v e ,  so t h a t  t h e y  r e c o v e r  more 

qu ick ly .  A n o th e r  a l t e r n a t i v e  i s  t h a t  th e  members of  t h e  a r t i s a n  

c la s s  f e e l  t h a t  when t h e y  r e t u r n  t o  work t h e y  w i l l  be c a l l e d  upon  

to u n d e r t a k e  heavy  d u t i e s ,  o f t e n  i n  t h e  open  a i r ,  w i th o u t  y 

p r e l im in a r y  p e r i o d  i n  which to  become t h o r o u g h ly  w e l l .  A t h i r d  

a l t e r n a t i v e ,  and one which must d e f i n i t e l y  be g iv en  c o n s i d e r a t i o n ,  

i s  t h a t  t h e  members o f  t h e  a r t i s a n  c l a s s  f e e l  l i t t l e  r e s p o n s i b i l i t y  

towards t h e i r  work and t h e i r  em ployers ,  and t h a t  t h e y  t h e r e f o r e  do 

not f e e l  c a l l e d  upon t o  r e t u r n  t o  d u ty  u n t i l  t h e i r  d o c t o r s  t a k e  t h e  

i n i t i a t i v e ,  and s i g n  them up as  f i t .  T h is  a l t e r n a t i v e  p r o b a b l y  does  

not app ly  t o  a l l  members o r  a l l  g roups  o f  members o f  t h e  a r t i s a n

• 4a w n -r th  c o n s i d e r a t i o n  i s  shownc l a s s .  B u t ,  t h a t  t h e  p o s s i b i l i t y  i s  wor™ oou&iu

by the fact that certain practitioners are inclined to hold this view. 
As one doctor, whose practice embraces a large working-class clientele

j. rt-p-p wn-rTr a s  lonsc a s  X w i l l  l e t  them ’1. expressed i t  -  "They w i l l  s t a y  o f f  worit a s  r u n s

At any rate it would appear that a measure of the severity of any 
influenza outbreak which was based on the duration of incapacity for
wo-r»v *  i  Qontinn o f  th e  community would p r o b a b l y  n o twork o f  o n ly  one s o c i a l  s e c t i o n  ox

of much v a l u e .

Rrjmma.rv and n o n c lu s io n s .

1. This paper deals with the epidemiology of an outbreak  

«  influenza which started  in  Leeds la te  in  Hovember, 1932 and 

c°htinued u n t i l  the end of February 1933.



t e l :

2. R e t u r n s  o f  t h e  a c t u a l  c a se s  which o c c u r r e d  each  week i n  

c e r t a in  o f f i c i a l  d e p a r t m e n t s  and l a r g e  f i r m s  made p o s s i b l e  t h e  

i n v e s t i g a t i o n  o f  a s e l e c t e d  p o p u l a t i o n .  T h is  c o n s i s t e d  o f  1 7 ,1 9 5  

persons ,  and among i t s  members t h e r e  were 2772 c a s e s  of i n f l u e n z a  

with f i v e  d e a t h s .  The c a s e - r a t e  was t h e r e f o r e  1 6 .1  + 0 .2  p e r  100 

of th e  s e l e c t e d  p o p u l a t i o n .  I t  i s  shown t h a t  i n  t h i s  p o p u l a t i o n  

f a c to r y  w o rk e r s  were l e s s  l i a b l e  t o  c o n t r a c t  i n f l u e n z a  t h a n  were 

a s s i s t a n t s  i n  l a r g e  shops ,  o u tdoor  w o rk e rs ,  c l e r k s  and o f f i c e  

workers, and s c h o o l  t e a c h e r s ;  and i t  i s  su g g e s te d  t h a t  p ro p ag a n d a  

r e l a t i n g  t o  r e s p i r a t o r y  i n f e c t i o n s  may have had some e f f e c t  i n  

l e s s e n in g  t h e  i n c i d e n c e  o f  t h e  d i s e a s e  among t h e  w o rke rs  in  t h e s e  

f a c t o r i e s .  The mean d u r a t i o n  o f  t h e  o u tb r e a k  i n  t h e  s e l e c t e d

e s t a b l i s h m e n t s  was 1 1 .5 5  + 0.29 weeks

3. The t o t a l  c a s e s  which o c c u r r e d  each  week i n  t h e  s e l e c t e d  

p o p u la t i o n  were  p l o t t e d  a s  a g rap h ;  t h e  r e s u l t i n g  Curve was o f  t h e  

t y p i c a l  ep id em ic  t y p e .  A P e a r s o n ' s  Type IV cu rve  was f i t t e d  t o  

these  d a t a .  The a v a i l a b l e  e v id e n c e  p o i n t s  to  t h e  f a c t  t h a t  t h

outbreak  c o n s i s t e d  o f  a  s i n g l e  wave.

4. From t h e  d a t a  f o r  t h e  c i t y  a s  a whole i t  i s  shown t h a t

the  Leeds o u t b r e a k  t o o k  a p p ro x im a te ly  tw ice  a s  l o n g  t o  r e a c h  i t s  

peak as  d id  t h e  Glasgow ep id em ic ,  though  b o th  o u t b r e a k s  s t a r t e d  

p r a c t i c a l l y  s i m u l t a n e o u s l y .  N e v e r t h e l e s s ,• i n  a c t u a l  e p i d e m i c i t y ,  

the  Leeds o u t b r e a k  d id  no t  f a l l  f a r  s h o r t  of  t h a t  which  o c c u r r e d

inG-lasgow.
5. An i n v e s t i g a t i o n  o f  t h e  age d i s t r i b u t i o n  o f  d e a t h s  f rom 

in f lu e n z a  i n  Leeds  s i n c e  1900 shows t h a t ,  though  t h e  1918 e p id em ic  

Produced a sudden  change i n  t h e  age d i s t r i b u t i o n ,  i n  t h a t  t h e r e  was 

an u n p re c e d e n te d  t o l l  o f  young a d u l t  l i f e ,  t h e  r e t u r n  t o  t h e  s t a t u s  

auo was n o t  sudden,  a s  i s  o f te f t  assumed, b u t  was e f f e c t e d  g r a d u a l l y

over a period,  o f  a b ou t  t e n  y e a r s .
6. I t  i s  shown from an i n v e s t i g a t i o n  of  i n f l u e n z a  d e a t h s  i n

different parts of the c ity  that there was no direct association  

between these deaths and the density of the population in the wards 

in which they occurred. Neither was there any association between



the number o f  i n f l u e n z a  d e a t h s  and th e  a v e rage  number o f  p e r s o n s  

per room i n  e a c h  ward .  From a s tu d y  o f  t h e  d i s t r i b u t i o n  o f  t h e  

deaths i n  t im e  and sp a ce  i t  appea red  t h a t ,  w i th  c e r t a i n  e x c e p t i o n s  

d iscussed  i n  t h e  p a p e r ,  t h e  o u tb r e a k  s t a r t e d  i n  t h e  c e n t r e  o f  t h e  

c i t y  and e x te n d e d  o u tw a rd s  from t h e  c e n t r e  w i th  d e c r e a s i n g  p o t e n t i a l .

7. An i n v e s t i g a t i o n  o f  t h e  m e t e o r o l o g i c a l  c o n d i t i o n s  s u g g e s t e d  

tha t  t h e r e  was a d e f i n i t e  r e l a t i o n s h i p  between a f a l l  o f  t e m p e r a t u r e ,  

e s p e c i a l l y  i f  accompanied  by fo g ,  and an i n c r e a s e  in  t h e  i n c i d e n c e

of i n f l u e n z a  and o f  pneumonia.

8. The c l i n i c a l  f e a t u r e s  o f  t h e  o u tb r e a k  a r e  d i s c u s s e d  f u l l y  

in the  t e x t .  The d i s e a s e  was e s s e n t i a l l y  o f  th e  r e ^ i r a t o r y  t y p e .

Two forms o f  t h i s  were  i n  e v id e n c e ,  (a )  a form r e s e m b l in g  t h e  c l a s s i 

cal  p i c t u r e  o f  i n f l u e n z a ,  and (b) a form i n  which t h e  p red o m in an t  

f e a t u r e  was t r a c h e i t i s .  The g a s t r i c  ty p e  of  i n f l u e n z a  was n o t  

common. C o m p l i c a t i o n s  were n o t  v e ry  f r e q u e n t ,  bu t  t h e  commonest were  

i n f l u e n z a l  pneumonia  and a c u t e  o t i t i s  m edia .  The d u r a t i o n  o f  

i n c a p a c i t y  f o r  work v a r i e d  a c c o rd in g  t o  t h e  s o c i a l  s t a t u s  o f  t h e  

i n d i v i d u a l s .  B r a i n  w o rk e r s  and p e r s o n s  in  th e  m idd le  c l a s s e s  were 

g e n e r a l l y  o f f  d u ty  f o r  about  n in e  d a y s .  On th e  o t h e r  hand,  t h e  

d u r a t i o n  o f  i n c a p a c i t y  i n  a r t i s a n s  and f a c t o r y  w orke rs  was u s u a l l y  

about a f o r t n i g h t  o r  t h r e e  weeks.
|

9. From t h e  e v id e n c e  which i s  adduced i n  t h i s  p a p e r  a s  a 

whole, i n c l u d i n g  a c o n s i d e r a t i o n  o f  t h e  t u b e r c u l o s i s  s t a t i s t i c s  

of th e  c i t y ,  i t  would seem t h a t ,  though  t h e  o u t b r e a k  o f  i n f l u e n z a  

in  Leeds d u r i n g  t h e  w i n t e r  o f  1932-3 was o f  a m i ld  and n o n - k i l l i n g  i

type,  i n f e c t i o n  was w id e sp re a d ,  and t h e  t o t a l  i n c a p a c i t y  must have  ,

r e s u l t e d  i n  a c o n s i d e r a b l e  economic l o s s  t o  t h e  community. i



P A R T  II .

SECTION (b)

THE HISTORY OF THE 1832 CHOLERA EPIDEMIC IN YORKSHIRE.

The h i s t o r y  of  A s i a t i c  c h o l e r a  i n  t h i s  c o u n t r y  i s  

i n t e r e s t i n g ,  n o t  o n ly  because  th e  d i s e a s e  was e n t i r e l y  unknown 

to B r i t i s h  p r a c t i t i o n e r s  b e f o r e  th e  t h i r t i e s ” o f  l a s t  c e n t u r y ,  

but a l s o  b e c a u s e  o f  th e  l i g h t  which the  f i r s t  o u tb r e a k  th r e w  on 

the g l a r i n g  s o c i a l  and s a n i t a r y  abuses  which e x i s t e d  a hundred  

y e a rs  ago.  I t  i s  t r u e  t h a t  t h e  p r o f e s s i o n  had been warned t h a t

the  d i s e a s e  was ep idem ic  i n  t h e  E a s t ,  but  o n l y  th o s e  p r a c t i t i o n e r s

who had had I n d i a n  e x p e r i e n c e  could  form any c o n c e p t io n  of t h e  

p o s s ib l e  r a v a g e s  o f  c h o l e r a .  On the  s o c i a l  s i d e ,  t h e  ep idem ic  

in B r i t a i n  was d i r e c t l y  r e s p o n s i b l e  f o r  th e  r e p o r t i n g  o f  c o n d i t i o n s  

which had h i t h e r t o  been r e g a r d e d  a s  the. u n a l t e r a b l e  l o t  o f  t h e  

poor - c o n d i t i o n s  which were r e g a rd e d  by most o f  t h e  r i c h  a s  

be long ing  t o  a w o r ld  w i th  which t h e i r  own c o n ta c t  was o f  t h e  

s l i g h t e s t .

A s i a t i c  c h o l e r a  became epidemic  i n  t h e  B as t  i n  1817, and 

the d i s e a s e  c o n t in u e d  to  r e a p  a t e r r i b l e  t o l l  o f  l i f e  f o r  many 

y e a r s .  I t  f i r s t  a p p ea red  i n  t h i s  c o u n t r y  a t  Sunder land  i n  

August 1831. The a p p ro a ch in g  o u tb re a k  was no t  u n e x p e c te d ;  on 

June g i s t ,  1831, a Board of H e a l th  was g a z e t t e d  i n  London i n  

a n t i c i p a t i o n  o f  t h e  e v e n t ,  and i t  was s u g g e s te d  t h a t  l o c a l  B oards  

° f  H e a l th  sh o u ld  a l s o  be s e t  up .  An e x c e l l e n t  accoun t  o f  t h e  

working o f  such a Loca l  Board was g iv en  by S h a p te r  ( l ) ,  and t h e  

w r i t e r  p r e v i o u s l y  commented upon th e  a d m i n i s t r a t i v e  d i f i i c u l t i e s  

which b e s e t  t h e  p a t h  o f  t h e s e  boa rds  ( 2 ) .

In  t h e  a n n a l s  of  t h e  1832 c h o l e r a  ep idem ic  i n  t h i s  

country a t t e n t i o n  i s  n o t  u s u a l l y  f o c u s s e d  on t h e  r a v a g e s  o f  t h e

[265]



disease i n  Y o r k s h i r e .  Y e t . i n  t h i s  c oun ty  t h e r e  were 1 ,9 6 0

deaths ( 3 ) .  T h is  n e g l e c t  i s  not  s u r p r i s i n g ,  f o r  some of  th e

published d e s c r i p t i o n s  o f  t h e  i n d i v i d u a l  o u t b r e a k s  a r e  v e ry  r a r e .  

Leeds e s p e c i a l l y  h a s  s u f f e r e d  from o m is s io n  a t  t h e  hands o f  t h e  

h i s t o r i a n .  Yet t h e  tow nsh ip  of  Leeds was s e v e r e l y  a f f e c t e d .

The t o t a l  d e a t h s  i n  Leeds were almost  h a l f  o f  th e  d e a t h s  f o r  t h e  

whole c o u n ty ,  and t h i s  t o t a l  was a p p ro x im a te ly  e q u a l  t o  t h e  d e a t h s  

in M anches te r  and i n  P lym outh ,  and i t  was exceeded o n ly  by t h e  

deaths i n  London, L i v e r p o o l  and N ew cas t le .

I t  i s  p r o b a b l e  t h a t  the  f i r s t  d e a th  from c h o l e r a  i n

Yorkshire o c c u r r e d  a t  D o n c a s te r  on J a n u a r y  7 th ,  1832 . B ra n s to n *

(4) s t a t e s  t h a t  two s a i l e r s  a r r i v e d  a t  t h e  town on t h e  e v e n in g  of  

January 6 th .  They had been  t o  S to c k to n ,  H u l l ,  Leeds,  and W a k e f i e ld .  

They s t a y e d  o v e r n i g h t  a t  a  l o d g in g  house  and n ex t  morning one o f  them 

was s e iz e d  w i t h  symptoms which we r e  v e ry  s u s p i c i o u s  of A s i a t i c  

cholera :  he d i e d  w i t h i n  a few h o u r s .  Ho o u t b r e a k  fo l lo w e d  t h i s  

i n c id e n t .  T here  i s  no d o u b t ,  however, t h a t  i n  D on cas te r  t h e  

occurrence caused  c o n s i d e r a b l e  p e r t u r b a t i o n .  The w r i t e r  p r e v i o u s l y  

commented (5) on a p o p u l a r  pam phle t  which was p u b l i s h e d  i n  t h a t  town 

and which was d a te d  J a n u a r y  2 1 s t ,  1832. The pamphle t  i s  e n t i t l e d  

"Cholera m orbus .  P r e c a u t i o n s ,  P r e v e n t i v e s  and Remedies,  compiled  

by a Clergyman f o r  t h e  u s e  o f  h i s  P a r i s h i o n e r s ” . In  t h e  main, t h e  

advice f o l lo w e d  t h e  o f f i c i a l  i n s t r u c t i o n s  which were i s s u e d  from 

time to  t im e  by t h e  C e n t r a l  Board of H e a l th .

In  Y o r k s h i r e  g e n e r a l l y  v a r i o u s  c a s e s  were r e p o r t e d  d u r i n g  

February and March; t h e s e  were l a t e r  shown no t  t o  be c a s e s  o f  t r u e  

cholera .  I n t h e  f i r s t  week of A p r i l ,  hov/ever, t h e  d i s e a s e  b roke  ou t  

at Coole, and a lm os t  s i m u l t a n e o u s ly  a t  H u l l .  On A p r i l  6 th  a  man 

ln Hull d eve loped  s u s p i c i o u s  sypptoms, b u t  he r e c o v e r e d  ( 6 ) .  On 

■^Pril 1 3 th  a man d ie d  i n  a s o u t h - w e s t e r n  suburb  o f  H u l l ,  and b o th

th e  l i t e r a t u r e  o f  t h e  p e r i o d  t h i s  name o c c u r s  b o t h  a s  
H rans ton  and "B ranso n ” , o f .  r e f e r e n c e s  (4)  and ( 9 ) .  The 
p e r s o n  r e f e r r e d  t o  was the  Chairman o f  t h e  D o n c as te r  
Medical  Board o f  H e a l t h



these c a se s  were  marked " c h o l e r a ” by th e  C e n t r a l  Board o f  H e a l t h ,  

which c o n s id e r e d  t h e  p o r t  i n f e c t e d  a s  from A p r i l  6 th .  I t  i s  p r o b a b l e ,  

however, t h a t  t h e  f i r s t  a u t h e n t i c  d e a th  from c h o l e r a  o c c u r r e d  on 

April 1 2 th .  L a t e r  on i t  was d i s c o v e r e d  t h a t  f i v e  days b e f o r e  a man 

had been h e lp e d  a s h o r e  f rom  a s te am -p ac k e t  which had come from London, 

and t h i s  man d i e d  on A p r i l  1 5 th .  Subsequent e n q u i r i e s  showed t h a t  he 

had been a d m i t t e d  t o  S t .  C l a v e ’ s Cholera  H o s p i t a l  i n  London on L a rc h  

29th, s u f f e r i n g  f rom a s e v e r e  a t t a c k  o f  th e  d i s e a s e  and t h a t  he was 

discharged " c o n v a l e s c e n t ” on A p r i l  6 th .  I t  i s  t e m p t in g  to  assume t h a t  

th is  man was t h e  means whereby A s i a t i c  c h o le r a  was i n t r o d u c e d  i n t o  t h e  

port of H u l l .  From A l d e r s o n ’ s (6) d e s c r i p t i o n  i t  would a p p e a r  t h a t  

the d i s e a s e  d id  n o t  p ro d u ce  a g r e a t  number o f  d e a t h s  u n t i l  June  when 

i t  broke out  a g a i n  w i t h  renewed v i r u l e n c e  i n  a p o o r  n o r t h - w e s t e r n  

suburb.

From t h e  d e s c r i p t i o n s  in  t h e  l i t e r a t u r e  i t  i s  e v i d e n t  

that the d i s e a s e  became ep idemic  th rou g ho u t  Y o rk sh i re  about  t h e  end 

of May or th e  b e g in n i n g  o f  June  1832. The d i s e a s e  appea red  a t  Leeds 

on May 28 th  ( 7 ) ;  a t  York on June  2nd ( 8 ) ,  and a t  D o n c as te r  on t h e  same 

(9) ;  a t  Cawood, n e a r  Se lby  on June 5 th  ( 1 0 ) .  A d e a t h  which was 

Probably due t o  c h o l e r a ,  was t h a t  o f  an immigrant i n t o  S h e f f i e l d  on 

June 14 th .  I t  i s  f a i r l y  c e r t a i n ,  however , t h a t  t h e  S h e f f i e l d  ep id em ic  

Aid not commence u n t i l  J u l y  8 t h .  At W akef ie ld  i t  a f f e c t e d  t h e  House 

of C o r rec t io n  on June  23 rd ,  and i n  a m ild  ty p e  i t  p e r s i s t e d  t h e r e  f o r  

a long p e r i o d  ( 1 2 ) .  While th e  epidemic l a s t e d  i t  caused th e  d e a t h s  

°f 1,960 p e r s o n s  i n  t h e  co u n ty .  The most im p o r ta n t  p l a c e s  which were 

af fee ted  were:  Leeds  702 d e a t h s ;  S h e f f i e l d  402; H u l l  300; York 185;

Wakefield. 62 d e a t h s .  B ra d fo r d ,  Ooole, Se lby ,  Kotherham, Whitby and 

^Obcaster had each  few er  th an  f o r t y  d e a t h s .  Where so many d i s t r i c t s  

Were af f e c t e d ,  i t  i s  o b v io u s ly  i m p r a c t i c a b l e  t o  d e a l  w i th  a l l  t h e  f>ci 

°f ^i s ease .  i n t h i s  p a p e r ,  t h e r e f o r e ,  em phasis  w i l l  be p l a c e d  m a in ly  

0a the o u tb r e a k s  a t  L eeds ,  H u l l ,  and York. These o u t b r e a k s  were a l l  

fai r l y  f u l l y  d e s c r i b e d ,  and, i n  a d d i t i o n ,  t h e  r e p o r t s  f rom  Leeds a r e  

s p e c i a l l y  v a l u a b l e  i n  th ro w in g  l i g h t  on th e  s a n i t a r y  c o n d i t i o n s  which 

S ta in e d  a t  th e  p e r i o d .  The S h e f f i e l d  o u t b r e a k  w i l l  no t  be d e a l t  w i t h
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in d e t a i l ,  s i n c e  S to k e s  ( 1 1 ) ,  in  a  book p u b l i s h e d  in  1921,  made

a very v a l u a b l e  c o l l e c t i o n  o f  t h e  con temporary  w r i t i n g s  which d e a l  

with t h i s  o u t b r e a k .  These w r i t i n g s  were m a in ly  o f f i c i a l  r e p o r t s  

and e x t r a c t s  f rom th e  l a y  p r e s s .  A l though  t h e y  do no t  add c o n s i d e r 

ably to  our knowledge  o f  t h e  m ed ica l  o r  e p id e m i o l o g ic a l  a s p e c t s  o f  

cho lera ,  t h e y  a r e  v e ry  v a l u a b l e  i n  t h a t  th ey  d e s c r i b e  f u l l y  t h e  

a d m i n i s t r a t i v e  p r o c e d u r e s  c a r r i e d  out  in  t h e s e  days .

The e s s e n t i a l  i n f o r m a t i o n  c o n c e rn in g  th e  Leeds o u t b r e a k  

is  c o n ta in e d  i n  a  r e p o r t  by Dr. R ober t  Baker ,  a D i s t r i c t  Sprgeon  

to the  Leeds Board o f  h e a l t h  ( 7 ) .  The r e p o r t  i s  d a ted  J a n u a r y  3 rd ,  

1833.

The a c t u a l  i n t r o d u c t i o n  of  A s i a t i c  c h o le r a  i n t o  Leeds was 

preceded by a g e n e r a l  ten d e n cy  t o  bowel c o m p la in t s ,  and v i o l e n t  

d i a r rh o e a  was n o t  a t  a l l  uncommon. Thfe nd i a r r h o e a l  t e n d e n c y ” was 

o f ten  r e f e r r e d  t o  a bo u t  t h i s  t im e .  For example, John P a r k i n  (13) 

w r i t in g  i n  1841, s a y s :

"T h is  phenomenon was p a r t i c u l a r l y  o b se rv ed  d u r in g  t h e  p r e v a l e n c e  

of t h e  ep idem ic  c h o l e r a ;  f o r  not  o n l y  was th e  s e v e r e  form o f  t h e  

malady p r e c e d e d  f o r  many days by s l i g h t  a t t a c k s  o f  d i a r r h o e a ,  

but  a  v a r i e t y  o f  anomalous symptoms, i n d i c a t i v e  o f  de rangem ent  

i n  th e  d i g e s t i v e  o rg a n s ,  was o b se rv ed  to  p r e v a i l  f o r  many weeks 

b e f o r e  t h e  e p idem ic  m a n i f e s t e d  i t s e l f  i n  i t s  most s e v e r e  form .

To t h i s  p a r t i c u l a r  a f f e c t i o n  t h e  te rm  ,Fc h o l e r i n e ” was a p p l i e d  

by t h e  F r e n c h ” .

S h a p t e r  ( l )  a l s o  d e s c r i b e s  t h i s  m i l d e r  form o f  d i s e a s e  

under t h e  t e rm  ”c h o l e r i n e ” , and he i n d i c a t e s  t h a t  i t  was common i n  

Exeter  a t  t h e  t im e  of  th e  c h o l e r a  ep id em ic .  S h a p te r  s a y s  t h a t  i t  

was c h a r a c t e r i z e d  by

’’t i n g l i n g s  o f  t h e  s u r f a c e ,  weakness and numbness o f  t h e  l im b s ,  

s l i g h t  spasms,  f e e l i n g s  of  l a n g o u r  and d e p r e s s i o n ,  o f t e n  

accompanied by a f l a t u l e n t  d y s p e p s ia  o r  d i a r r h o e a ,  i n  which t h e  

d i s c h a r g e s  were o c c a s i o n a l l y  o f  a l i g h t  c o l o u r ” .
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S h a p t e r  d id  n o t  d e c id e  whether  t h i s  c o n d i t i o n  was a m i ld

form of  t r u e  c h o l e r a ,  o r  w h e th e r  i t  was an " a c c i d e n t a l  accompaniment

of the  p e r i o d " .  He does  n o t e , however , t h a t  p e r s o n s  who had e x p e r i e n c e d  

these  m i l d e r  symptoms d id  not appear  to  he exempt from t r u e  c h o l e r a .

No extended d e s c r i p t i o n  i s  g iv e n  by Baker o f  t h i s  c o n d i t i o n  i n  L eeds ,  

but it' p r o b a b l y  re s e m b le d  S h a p t e r 1 s " c h o l e r i n e ” v e r y  c l o s e l y .

In  1832 th e  town of  Leeds had a p o p u l a t i o n  o f  76 ,000

persons ,  and i t  was su r ro un d ed  by a number of  sm a l l  tow n sh ip s  which

have s in c e  been  i n c o r p o r a t e d  i n t o  t h e  modern c i t y .  The f i r s t  c a se  

of t r u e  c h o l e r a  o c c u r r e d  in  a c h i l d ,  aged two y e a r s ,  who l i v e d  i n  a 

small d i r t y  c u l - d e - s a c  c a l l e d  th e  Blue B e l l  F o ld .  I t  would a p p ea r  

from the  r e p o r t  t h a t  t h e  d a te  of t h i s  o c c u r r e n c e  was e i t h e r  May 2 6 th  

or 28th ,  1832 -  more p r o b a b ly  t h e  l a t t e r  d a t e .  The c h i l d  became i l l  

in  th e  m orn ing ,  and d ie d  a t  5 p.m. on th e  same day. On t h e  f o l l o w i n g  

day, May 2 9 th ,  a p l a y - f e l l o w ,  who l i v e d  a few doors  away, was a t t a c k e d  

and d ied  i n  abou t  tw e lv e  h o u r s .  Baker says  t h a t  a l t h o u g h  i t  was 

known t h a t  c h o l e r a  was t h e n  p r e s e n t  a t  Se lby  and G-oole, no c o n n e c t i o n  

could be t r a c e d  be tw een  t h e s e  towns and th e  f i r s t  c a s e .  He i s ,  j

however, e v i d e n t l y  u n w i l l i n g  t o  admit  c o n ta g io n  as  a cause  o f  t h e  I

o u tb reak .  S p eak in g  o f  t h e  d i r e c t  c o n ta c t  which was p roved  be tween 

the  f i r s t  and second c a s e s  i n  Leeds ,  he s a y s : -

" T h i s  would have looked  something l i k e  c o n ta g io n ,  had i t  no t  

happened t h a t  i n  th e  c o u rs e  o f  the  week t h r e e  c a se s  o c c u r r e d  i n  ]

i n d i v i d u a l s  a t  a c o n s i d e r a b l e  d i s t a n c e  from t h e  Blue B e l l  F o ld ,  

where t h e r e  had been  no c o n n e c t io n  w i th  th e  fo rm er  f a m i l i e s "

The g r e a t e r  p a r t  of  the  r e p o r t  i s  an i n c r i m i n a t i o n  o f  

unpaved s t r e e t s  and y a r d s  as  cau ses  o f  the  d i s e a s e .  There  i s ,  however,  

a v a lu a b le  a p p en d ix ,  i n  which iD a r t i c u l a r s  a re  g iv e n  which e n a b le  u s  to  

t r ac e  th e  c o u rse  of  th e  d i s e a s e  in  th e  community. Oases c o n t in u e d  to  

°ccur i n  d i f f e r e n t  p a r t s  of th e  town, and by th e  end of th e  f i r s t  

f o r t n i g h t  i n  June  w id e ly  s e p a r a t e d  d i s t r i c t s  had been  a f f e c t e d .  ,

A r e f e r e n c e  to  t h e  " c h o l e r a  map" which i s  a t t a c h e d  t o  t h e  r e p o r t  shows 

th a t  th e  i n c i d e n c e  was c e r t a i n l y  h i g h e s t  i n  t h e  n o r t h  and n o r t h - e a s t  

q u a r t e r s  o f  th e  town, t h a t  i s ,  i n  th o s e  p a r t s  which a re  s t i l l  d e n s e l y
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p opu la ted .  Those p a r t s  o f  t h e  town which l a y  so u th  o f  t h e  R iv e r  

Aire were c o m p a r a t i v e l y  l i t t l e  a f f e c t e d .  The d i s t r i b u t i o n  of t h e  

epidemic i n  t im e  i S  g iv e n  i n  th e  f o l l o w in g  t a b l e : -

Cases. h e a th s

i^ay Both . . .  . . . 2 1
June  . . .  . . . 164 42
J u l y 427 187
August . . .  . . . 668 273
Sep tem ber  . . .  . . . 334 123
O ctober  . . .  . . . 216 73
November {up t o  12 th ) 6 3

T o ta l 1 ,817 702

The ep id e m ic  reach ed  i t s  h e i g h t  on August 1 6 th ,  on which 

day t h e r e  were  f i f t y  n i n e  new c a s e s  and tw en ty -one  d e a t h s .  With a 

w a te r -bo rne  ep id em ic  o f  t h i s  ty p e  we would have exijected m u l t i p l e  

cases i n  h o u s e h o ld s  t o  be v e ry  common. In  p o i n t  o f  f a c t ,  t h i s  does  

not seem to  have  been  t h e  c a s e ,  s i n c e  Baker g i v e s  th e  f o l lo w in g  

p a r t i c u l a r s :  I n  53 f a m i l e s  two p e r s o n s  were a t t a c h e d  in  t h e  same

house a t  the  same t im e ;  i n  seven  f a m i l i e s  t h r e e  p e r s o n s ;  in  t h r e e ,  

four  p e r s o n s ;  i n  one. f i v e ,  and i n  one, seven p e r s o n s .

The age  and se x  d i s t r i b u t i o n  o f  t h e  c a se s  and d e a t h s  

i s  g iven  - i n  an ap p en d ix  u n d e r  t h e  c u r i o u s  t i t w  o f  nA  C a l c u l a t i o n  

on the  P r o b a b i l i t i e s  o f  human E x i s t e n c e  i n  P e r s o n s  a t t a c k e d  by 

Cholera, i n  e v e r y  age from s i x  months to  n i n e t y  y e a r s ,  b o th  

i n c l u s i v e ri. Prom t h i s  t a b l e  th e  f o l l o w in g  a b b r e v i a t e d  s t a t e m e n t  

° f  the  age and s e x  d i s t r i b u t i o n  o f  th e  1 ,817  c a s e s  has  been com pi led

Leeds Ch o l e r a  (1832)

Age - 5 - 1 0 - 2 0 -3 0 -40 - 5 0 -60 -70 70+
Age
u n 

known
mT o ta l

Cases 151 139 193 215 307 310 179 125 77 121 1817 :

d ea th s 76 45 51 60 89 104 100 80 56 41 702

Case
m o r t a l i t y  
p e rcen tag

50
e

32 27 28 29 34 56 64 73 - 3 8 .7

I t  i s  ev iden t from th e  Report th a t  cons iderab le  care was 

tahen to 'm a le  th e  r e tu r n s ,  as reasonab ly  complete  as could be expecW

sone l u s t i f i c a t io n  fo r  accep ting  i a t th a t  t im e . There i s ,  therefore ,som e
r a t e  f o r  t h e  Leeds e p idem ic  the c o n c l u s i o n  t h a t  t h e  c ase  m o r t a l i t y  r a t e  xui
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was somewhat h i g h e r  t h a n  th e  r a t e  (33 p e r  c e n t )  which was g e n e r a l l y  

exper ienced  a t  t h a t  p e r i o d .  We see  a l s o  t h a t  t h e  d i s e a s e  was v e ry  

f a t a l  i n  t h e  e a r l y  y e a r s  of l i f e .  Daring m a t u r i t y  t h e  chances  of 

recovery  were more f a v o u r a b l e , hu t  t h e  case  m o r t a l i t y  r a t e  ago.in 

inc reased  r a p i d l y  and p r o g r e s s i v e l y  a f t e r  th e  age of' 50 y e a r s .

I t  i s  i n t e r e s t i n g  to  compare t h e  i n c i d e n c e  o f  t h e  d i s e a s e  

in Leeds w i th  i t s  p r o g r e s s  in  York. The o u tb r e a k  in  t h e  l a t t e r  c i t y  

was w e l l  d e s c r i b e d  by Needham ( 8 ) .  I t  has  a l r e a d y  been s t a t e d  t h a t  

c h o le ra  b roke  ou t  i n  York on Tune End, 1332. The epidemic  was no t  

unexpec ted ,  and ,  by o r d e r  of th e  o f f i c i a l s  o f  t h e  C i ty ,  p r e c a u t i o n s  

were t a k e n  t o  p r e v e n t  t h e  sp read  of  t h e  d i s e a s e  from Goole, H u l l  cind 

Leeds. The p o o r  were  f e d ,  and i n  v e ry  needy c a s e s  t h e i r  rooms were 

whitewashed a t  t h e  p u b l i c  expense .  Needham says  uhat th e  e^idem c 

appeared j u s t  a t  th e  end o f  York r a c e s ,  and the  d i s e a s e

"was beyond a l l  doubt  i n t r o d u c e d  by some of  t h e  r agged  

and b e g g a r l y  T g e n t l e f o l k 1 who had come to  be p r e s e n t  a t  our  

’f e s t i v i t y ’ , and to  p r o f i t  as  l a r g e l y  a s  they  could  by t h e

f o l l y  and v i c e s  ofdOther p e o p l e 1’

Many of  t h e  e a r l i e s t  c a se s  were i n  v a g r a n t s ,  who

were known t o  have  come from Lelby ,  H u l l ,  and Leeds.

The e a r l i e r  h i s t o r y  of  t h e  York o u t b r e a k  p r e s e n t s

an i n t e r e s t i n g ■e x e r c i s e  in  e p i d e m i o l o g ic a l  s p e c u l a t i o n .  ( i )  Thomas 

Hughes, aged 21 y e a r s ,  who l i v e d  in  a s t r e e t  n e a r  t h e  R iv e r  Ouse, 

had been  employed on May 28 th  in  f e r r y i n g  a c r o s s  th e  w a te r  p e r s o n s  

of a l l  k i n d s  f rom  S e lb y ,  H u l l ,  and Leeds .  On June 2nd he was 

s t r i c k e n  w i t h  c h o l e r a ;  he r e c o v e r e d .  ( i i )  On June 7 t h ,  h i s  o r o t h e r  

W il l iam was a t t a c k e d ;  ( i i i )  On t h e  8 t h ,  John .H ughes ,  t h e  f a t h e r  of 

th e s e  two young men developed  c h o l e r a .  ( i v )  vvhen Thomas Hughes was 

f i r s t  t ak e n  i l l  he  c a l l e d  a t  th e  house of  h i s  u n c l e ,  James K end le ,  

who r e s i d e d  on t h e  o p p o s i t e  s id e  of  th e  r i v e r .  On June  1 2 th ,K e n d le  

was a t t a c k e d ,  and (v) on t h e  f o l l o w in g  day h i s  d a u g h te r  was a l s o  

a f f e c t e d .  ( v i )  On June 5 th ,  i . e . ,  t h r e e  days a f t e r  th e  d e f i n i t e ,  

onset  of  th e  d i s e a s e  i n  t h e  f i r s t  case  -  John Graves who r e s i d e d  in  

the  same Court  a s  th e  Hughes f a m i ly ,  was a f f e c t e d ,  needham n o t e s
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t h a t  he used  t h e  p r i v y  in to  which th e  e v a c u a t io n s  o f  th e  Hughes’ 

p a t i e n t s  were c a s t .  ( v i i )  On June 1 2 th ,  t h e  w ife  of  John Graves 

was a f f e c t e d .  And so on. In  th e  l i g h t  of t h i s  ev id e n ce  i t  i s  

d i f f i c u l t  t o  see  how t h e  q u e s t i o n  of  some common f a c t o r  could  have 

been a v o id e d .  The d i s e a s e  no?/ p r o g r e s s e d  f a i r l y  r a p i d l y  a t  York, 

hut from th e  d a i l y  r e t u r n s  which Ueedham g i v e s  i t  would seem t h a t  

many c a s e s  must have escaped  u n n o t i c e d .  The p e a k  of t h e  ep idem ic  

appears  t o  have been re a c h e d  about  J u l y  1 s t  and 2nd, on which two 

days f o r t y - f o u r  e a s e s  were r e c o r d e d ,  and s e v e n te e n  d e a th s  o c c u r r e d .  

The d i s e a s e  d id  n o t  f i n a l l y  d i s a p p e a r  u n t i l  t h e  middle  o f  O c to b er .  

Turing  t h e  whole  o u t b r e a k  450 c a s e s  ?/ere c o n s id e re d  to  be c h o l e r a ,  

and 185 d e a t h s  o c c u r r e d .

From a t a b l e  which i s  g iv e n  the  f o l lo w in g  summary o f  

the  age and se x  i n  185 f a t a l  c a s e s  h a s  been compiled

York C ho le ra  (1852)
Un- To-

Age - 5  - 1 0  -2 0  - 3 0  -4 0  -5 0  -60  -7 0  70+known t a l
*

Male 7 5 8 7 9 15 23 15 15  ̂ 104

Female 3 4 1 17 14 8 8 7 7 69

Tota l  10 9 9 24 23 23 31 22 22 (12) 173

The o u t s t a n d i n g  f e a t u r e  of t h i s  t a b l e  i s  t h e  p re p o n d e ra n c  

of  male d e a t h s  o v e r  t h e  age o f  40 y e a r s .  On th e  f i g u r e s  which 

heedham g i v e s ,  t h e  c a s e  m o r t a l i t y  was 41 p e r  c en t  -  and i s  t h u s  

c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  c a se  m o r t a l i t y  f o r  L eeds .  I t  h a s  

been m en t io ned ,  however,  t h a t  i n  York many o f  t h e  c a s e s  were 

p r o b a b ly  n o t  r e p o r t e d .



w ,

T h e  w r i t e r  was i n t e r e s t e d  t o  see  how f a r  th e  a v a i l a b l e  

data f o r  t h e s e  e p id e m ic s  c o u ld  be t r e a t e d  on modern l i n e s .  I t  h a s  

been m ent ioned t h a t  t h e  f i g u r e s  f o r  th e  S h e f f i e l d  e p id e m ic ,  a s  

given i n  th e  r e p r i n t s  o f  r e p o r t e d  which a r e  c o l l e c t e d  i n  S t c k e s '  

book (11) a r e  a p p a r e n t l y  c o m p le te .  The c a s e s ,  week by week, a r e  

shown in th e  form o f  a h i s t o g r a m  i n  F i g ,  I .  The w r i t e r  fouAd t h a t  

i t  was p o s s i b l e  t o  f i t  a  P e a r s o n ' s  Type VI c u rve  to  t h e s e  d a t a ,  and 

the a c t u a l  f r e q u e n c i e s  week by week, w i t h  th e  c o r r e s p o n d i n g  t h e o r e t i 

cal f r e q u e n c i e s ,  a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b l e : -

Week end in g  A c tu a l  c a s e s  Gases a s  c a l c u l a t e d
from th e  c u rve

J u l y  1 4 th  10 0 .2
2 1 s t  15 8 . 7
2 8 t h  36 5 7 .3

August 4 t h  124 145 .8
1 1 th  204 ' 2 2 0 .0
1 8 t h  266 241 .6
2 5 t h  267 2 15 .3

S e p t .  1 s t  180 1 6 6 .3
8 t h  94 1 1 7 .0

1 5 t h  56 7 3 .5
22nd 24 4 6 .3
2 9 t h  19 2 7 .4

0 e t r . 6 t h  23 15 .8
1 3 t h  28 8 .9
2 0 t h  6 4 .9
2 7 t h  3 2 .7

The t h e o r e t i c a l  f r e q u e n c i e s  a r e  p l o t t e d  a s  a smooth c u rv e  i n  t h e

f ig u re  and i t  w i l l  be s e e n  t h a t  t h e  f i t  i s  f a i r l y  good, c o n s i d e r i n g

the age of  t h e  d a t a .

I t  was more d i f f i c u l t  to  t r e a t  t h e  Leeds d a t a  i n  a

s im i la r  fashion, b e ca u se  d e t a i l e d  f i g u r e s  were n o t  g iv e n  f o r  th e  f i r s t

four weeks. By a p p l y i n g  th e  f r e q u e n c y  which o c c u r r e d  week by week

during th e  f i r s t  f i v e  weeks in  S h e f f i e l d  to  t h e  Leeds d a t a ,  an

aPP*&inate f r e q u e n c y  was o b t a i n e d  f o r  th e  s t a r t  o f  t h e  Leeds  e p id e m ic

ffhen the  t o t a l  f i g u r e s  were d e a l t  w i t h  i n  t h r e e - w e e k l y  p e r i o d s  i t

Was found t h a t  a r e a s o n a b l y  good cu rve  was o b t a i n e d .  A P e a r s o n ' s

I cu rve  was found  t o  f i t  t h e s e  d a t a  b e s t ,  and t h e  f o l l o w i n g

tab le  shows t h e  a c t u a l  and t h e o r e t i c a l  f r e q u e n c i e s ; -
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P e r i o d  e n d in g  A c tu a l  c a se s  Cases a s  c a l c u l a t e d
from t h e  c u r v e .

J u n e  1 6 t h 21 11*3
J u l y  7 th 253 230 .9

" 2 8 th 318 361 .2
Aug. 1 8 th . 428 398.9
Sf tp t .  8 t h 399 359 .5

rT 2 9 th 182 268.9
O c t r . 2 0 t h 216 ' 152 .9
November 1 0 th 27 47.1
December 1 s t 2 -

These r e s u l t s  a r e  s e t  ou t  i n  F i g . I I .  I t  w i l l  "be s e en  t h a t  a good

curve i s  a g a i n  o b t a i n e d .

The a c t u a l  c a s e s  f o r  th e  York o u t b r e a k  a r e  shown i n  t h e  

form of a h i s t o g r a m  i n  F i g . I I I .  The d i s t r i b u t i o n  was so i r r e g u l a r  

tha t  no a t t e m p t  was made to  f i t  a s u i t a b l e  curve .

These  d a t a  su g g e s t  t h a t  t h e  f i g u r e s  which a r e  g i v e n  i n  

the r e c o r d s  f o r  t h e  ep id e m ic s  a t  Leeds and a t  S h e f f i e l d  a r e  p r o b a b ly  

quite  a c c u r a t e ,  d e s p i t e  th e  f a c t  t h a t  th ey  were compiled over  a 

hundred y e a r s  ago .  F u r t h e r ,  when we compare th e  two t h e o r e t i c a l  

curves, f o r  Leeds  and f o r  S h e f f i e l d  r e s p e c t i v e l y ,  we see t h a t  t h e  

S h e f f i e ld  e p id e m ic  d i f f e r s  in  i m p o r t a n t / r e s p e c t s  from t h e  Leeds 

epidemic. At S h e f f i e l d  t h e  r i s e  t o  th e  peak  -  t h a t  i s ,  t h e  mode - 

was r a p i d  and was e f f e c t e d  i n  l e s s  t h a n  f i v e  and a h a l f  weeks, b u t  

t h e r e a f t e r  t h e  d i s e a s e  c o n t in u ed  to  p r e v a i l ,  and i t  was a f u r t h e r  t e n  

weeks b e f o r e  t h e  i n f e c t i o n  s u b s id e d .  In  Leeds ,  on t h e  o t h e r  h and ,  j

the ep idem ic  to o k  t e n  weeks and a h a l f  to  r e a c h  i t s  p e ak ,  and,  j

com para t ive ly  s p e a k in g ,  th e  d e c l i n e  was somewhat more r a p i d ,  i n  a c t u a l  

f a c t  th e  d e c l i n e  to o k  abou t  s i x t e e n  weeks. G e n e ra l ly  we may say  t h a t  j  

the S h e f f i e l d  c u rv e  was much more t y p i c a l  o f  c h o l e r a  t h a n  was t h e  

leed s  c u rv e .
C l i n i c a l  F e a tu re s^

The c l i n i c a l  f e a t u r e s  of  ^ A s i a t i c  c h o l e r a  i n  Leeds a r e  j
J’ 1

hot d e a l t  w i th  in  B a k e /s  R e p o r t .  This  i s  somewhat u n f o r t u n a t e ,  becausej

in the  y e a r  1832 -  p r o b a b ly  b e f o r e  t h e  a c t u a l  w hole ra  o u t b r e a k  -  a

short  t r e a t i s e  on t h i s  s u b j e c t  was p u b l i s h e d  i n  Leeds by C h a r l e s  

Turner Thackrah  (1795- 1833 ) (1 4 ) .  This  a u t h o r  was a p u p i l  o f  S i r  

Ast ley  Cooper, ana i n  t h e  same y e a r  he p u b l i s h e d  one o f  t h e  f i r s t

t r e a t i s e s  on i n d u s t r i a l  d u s t  d i s e a s e s .  Thackrah  d i s c u s s e s  t h e  main
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types of c h o l e r a ,  and i t  i s  e v id e n t  t h a t ,  in h i s  d e s c r i p t i o n  of  

the A s i a t i c  t y p e ,  he  i s  drawing,  no t  on h i s  own e x p e r i e n c e ,  hu t  on 

the d e s c r i p t i o n s  o f  I n d i a n  su rgeon s .  The main i n t e r e s t  o f  h i s  

work f o r  u s  i s  t h a t  he g i v e s  an e x c e l l e n t  d e s c r i p t i o n  o f  an o u t 

break of  " c h o l e r a "  which  a f f e c t e d  Leeds and t h e  su r ro u n d in g  town

ships in  1825. The o u t b r e a k  i s  b r i e f l y  r e f e r r e d  to  by C re ig h to n .  

Thackrah made a h o u s e - t o - h o u s e  survey  i n  c e r t a i n  d i s t r i ^ c t s f o r  t h e  

purpose o f  a s c e r t a i n i n g  th e  e x te n t  o f  th e  i n f e c t i o n ,  and he was 

a cc o rd in g ly  i n  a p o s i t i o n  to  d e s c r i b e  th e  d i s e a s e  c o m p re h en s iv e ly .

The o u t b r e a k  commenced i n  Hay 1825, bu t  c a se s  were n o t  numerous 

u n t i l  A u gu s t .  The d i s e a s e  p r e v a i l e d  u n t i l  December. The symptoma

to logy  was s t r i k i n g :

" p u rg in g  and v o m i t in g ,  c r a m p ,  c o ld n e s s  of  th e  e x t r e m i t i e s ,  and

p r o s t r a t i o n  of  s t r e n g t h "

The d i s e a s e  was f r e q u e n t l y  s e v e r e , . and t h e  s t o o l s  o f t e n

resembled " g r u e l  or  b a r l e y - w a t e r " .  T h e-p o in t  of  i n t e r e s t  i s  t h a t

Thackrah a rg u e s  t h a t  t h i s  ty p e  of  c h o le r a  which he saw i n  18 25 was

i d e n t i c a l  w i t h  t h e  A s i a t i c  c h o l e r a  which v i s i t e d  th e  town seven

y e a r s  l a t e r .  H is  argument  i s  - ( i n t e r e s t i n g .  A f t e r  g i v i n g  a f u l l

d e s c r i p t i o n  o f  some s e v e r e  f a t a l  c a se s  which he say, he c o n t i n u e s :

"Ho two c a s e s  can i n  any c o u n t ry ,  or o f  any d i s e a s e ,  he e x p ec te d

to  have p r e c i s e l y  t h e  same sypptoms.  But I  con tend  t h a t  th e  s i g n s

which a r e  c o n s i d e r e d  t o  c h a r a c t e r i z e  t h e  In d ian  C ho le ra  a r e  found

in  a marked and d e c id e d  degree  i n  t h e  c a s e s  j u s t  s t a t e d .  Thus

we have t h e  p e c u l i a r  c h a r a c t e r  o f  th e  e v a c u a t io n s  -  t h e  sudden and

g r e a t  p r o s t r a t i o n  of  s t r e n g t h  -  t h e  e x t r a o r d i n a r y  r e d u c t i o n  of

, 3  „  i  c  P n B . i lC 6  — "the l O S S  Of  V O l C ©  —p u l s e  -  t h e  sh ru nk  and p u rp le  councenauo
s t a t e  o f  t h e  e x t r e m i t i e s  -  and th e  p u r p l e ,  o r  p a l e ,  oontrcacxeu buctuc,

* hnnrq I  c o n c e iv e ,  t h e r e f o r e ,  t h a t  nodea th  sometimes m  a few h o u r s .

f a i r  r e a s o n e r  can r e f u s e  t o  admit th e  i d e n t i t y  o f  th e  d i s e a s e .

A p h y s i c i a n  s e n t  down by government t o  a s c e r t a i n  th g  c h a r a c t e r  

of  t h e  C ho le ra  in  t h e  n o r t h  of  England has  r e p e a t e d l y  d e c l a r e d  

t h a t  he cou ld  d i s t i n g u i s h  the  I n d i a n  from t h e  E n g l i s h  o n ly  by th e  

p r e v a l e n c e  o f  th e  fo rm er  -  the  number, no t  n a t u r e  -  of  t h e  c a s e s
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giving t h e  d i s t i n c t i v e  c h a r a c t e r  o f  t h e  I n d i a n .  C h o le ra  i n  

England h a s  c e r t a i n l y  not  p roduced  as  g r e a t  a m o r t a l i t y  a s  

Cholera i n  I n d i a .  N e i th e r  has  in f la m m a t io n  of  t h e  l i v e r ,  y e t  

no-one c o n s i d e r s  I n d i a n  H e p a t i t i s  a s  d i s t i n c t  i n  n a tu r e  from

E n g l i s h . "

I n  h i s  t r e a t i s e  Thackrah  m en t ions  339 c a se s  of

"cho le ra"  which  he had seen ,  o r  about  which he had i n f o r m a t i o n .

Only s i x  o f  t h e s e  were - f a t a l .  A comparison  of t h e s e  f i g u r e s  w i t h

the case  m o r t a l i t y  o f  n e a r l y  t h i r t y  n in e  p e r  c en t  which th e  t r u e

cholera  showed v/hen i t  d id  rea ch  Leeds,  does no t  l e a d  u s  to  douht

the h i s t o r i c a l  a s s e r t i o n  t h a t  A s i a t i c  oho ler j .a  was n o t  se en  in  t h i s

country b e f o r e  1831 .  There i s  l i t t l e  doubt t h a t  T h a c k r a h ' s  o u t -

break was one of  " c h o l e r a  n o s t r a s " .

To r e t u r n  t o  t h e  1832 ep idem ic .  «<e may i n f e r  t h e

c l i n i c a l  f i n d i n g s  i n  Leeds from o t h e r  w r i t i n g s  of th e  p e r i o d

best  which t h e  w r i t e r  h a s  e n cou n te red  a re  th o se  o f  b h a p te r  ( l )  f o r

E xeter .  An ep id e m ic  which was g e o g r a p h i c a l l y  c l o s e r  t o  Leeds was

th a t  fctHull, and A l d e r s o n ' s  d e s c r i p t i o n  may be u s e d  ( 6 ) .  I t  has

been s t a t e d  t h a t  t h e  o u tb r e a k  s t a r t e d  i n  H ul l  d u r in g  th e  second week

of A p r i l ,  1 8 3 2 ,  and t h e r e  were 300 d ea th s  b e fo r e  i t  s u b s id e d .

Alderson l a y s  most  s t r e s s  on the  b a r l e y - w a t e r  d i s c h a r g e s  a s  a

c h a r a c t e r i s t i c  symptom. He says :

"So g r e a t  i n  some c a s e s  i s  t h i s  d i s c h a r g e ,  t h a t  i t  i s  not  

u nusua l  to  f i n d  t h e  apar tment  c o m p le te ly  in u n d a ted  w i t h  w a t e r f y

f l u i d , w h i c h  h a s  been  p a sse d  from t h e  bow e ls .................t h ro u g h  t h e

bed of  t h e  p a t i e n t " .

d e s c r i b e d  t h e  v o m i t in g  as  b e ing  of a p e c u l i a r  yp
o ip p tp d  in  l a r g e  q u a n t i t i e s ,  a s  i f  sudden w i t h o u t  r e t c h i n g ,  and e j

pumped from th e  stomach"
i, 1r , t-moot* 1“ have been so marked a s  t h e y  wereAt Hull  t h e  cramps do not  appear  t o  nave

in some o t h e r  l o c a l i t i e s .  He s p e a k s  of

"The d a rk  p u r p l e  hue of  th e  f a c e  and e x t r e m i t i e s ,  and

co rru g a tio n  o f  t h e  s k i n  o f  t h e  hands  and f i n g e r s "



In the s t a t e  o f  tr u e  c o l la p s e  he says

" the  e j e s  have been much d e p re s s e d ,  and th e  v o ic e  a lm o s t  l o s t ;  

what r e m a in s  c o n s i s t s  o f  a p e c u l i a r  w h isp e r ,  w i th ,  i n  some c a s e s ,  

a s h r i l l  s y l l a b l e  now and then  i n v o l u n t a r i l y  e s c a p i n g ”

A ld e r s o n  g iv e s  a m inu te  d e s c r i p t i o n  of t h e  d i f f e r e n t  

types of  e v a c u a t i o n .  I n  th e  c o n s e c u t iv e  f e v e r  of  th e  H u l l  c a s e s  he 

says t h a t  h i c c u p  was a p rom inen t  f e a t u r e ,  and i t  a p p a r e n t l y  o c c u r r e d  

most f r e q u e n t l y  i n  f a t a l  c a s e s .

Heedham (8) says  t h a t  a t  York d i a r r h o e a  was a v e r y  

genera l  p r e m o n i t o r y  symptom. I n  some c a s e s  i t  was o f  v e ry  s h o r t  

d u ra t io n ,  b u t  i n  many i t  l a s t e d  a week or  more b e fo r e  t h e  t y p i c a l  

f e a t u r e s  p r e s e n t e d  th e m s e lv e s .  The . c o l l a p s e  s t a g e  a t  York n e v e r  

l a s t e d  more t h a n  f o r t y - e i g h t  h o u r s ;  b e fo r e  th e  end of t h i s  p e r i o d  

the p a t i e n t  e i t h e r  d ie d  or  showed symptoms of  r e a c t i o n .  D e l i r iu m  

was q u i t e  f r e q u e n t .  Heedham a l s o  s t a t e s  t h a t  th e  most  r a p i d  c a s e s  

of c o l l a p s e  were  t h o s e  i n  which th e  stomach m a n i f e s t e d  t h e  g r e a t e s t  

i r r i t a b i l i t y .  The c o n s e c u t iv e  f e v e r  he had known$ t o  c o n t in u e  f o r  

e igh t  days .

P a th o lo g y .

Contemporary r e p o r t s  o f  t h e  p a th o lo g y  o f  t h e  d i s e a s e  

are not  v e ry  i n t e r e s t i n g .  Most of them emphasize t h e  e s s e n t i a l  

f e a t u r e s . .  For example ,  B e l l  (15) g i v e s  a good d e s c r i p t i o n  of  t h e  

gorged a p p e a ra n c e  o f  th e  v e i n s .  He says  t h a t  t h e  i n t e r n a l  c o a t  o f  t h e  

stomach, and sometimes o f  th e  ^duodenum,

"has ve ry  g e n e r a l l y  a p e c u l i a r  a p pea ran ce ;  t h e r e  a r e  v a s c u l a r  

p a tc h e s ,  no t  o f  in f lam m at io n ,  bu t  as  i f  v e s s e l s  had b u r s t ,  and 

blood had been  e x t r a v a s a t e d  between th e  c o a t s .  These s p o t s ,  

though no doubt  commonly a c o n g e r i e s  o f  conges ted  v e i n s ,  do 

c e r t a i n l y  sometimes a r i s e  from e x t r a v a s a t i o n .  P a t c h e s  a r e  a l s o  

d e sc r ib e d  a s  h a v in g  th e  c h a r a c t e r  o f  in f lam m a t io n ,  g e n e r a l l y  

near t h e  p y l o r u s ;  which a re  by some c o n s id e r e d  t h e  r e s u l t  of l o c a l  

i r r i t a t i o n ,  p ro d uced  by p o r t i o n s  of th e  rem e d ie s  p r e s c r i b e d  h a v in g  

adhered t o  t h e s e  p a r t s  o f  th e  stomach;  and t h e y  must be t a k e n  a s  

a p ro o f  t h a t  r e a c t i o n  had commenced b e f o r e  d e a t h ”



This d e s c r i p t i o n  a p p l i e s  t o  c a s e s  ?/hich B e l l  saw i n  I n d i a .

A lderson  (6)  a t  H u l l  d e s c r ib e d  how

!,th e  mucuous g l a n d s  ?/ere seen i n  g roups  much e n l a r g e d ,  and 

h e re  and t h e r e  o c cu r  p a t c h e s  o f  da rk  brown s p o t s ,  i n d i c a t i n g  

th e  p r e s e n c e  o f  d i s e a s e d  mucuous f o l l i c l e s ,  w i t h  th e  app ea ra n c e  

of  a d e p o s i t  o f  t h e  r ed  p a r t i c l e s  o f  t h e  blood b e n e a th  t h e  

membrane"

The i n t e r e s t i n g  p a r t  about  A ld e r s o n 1 s book i s  t h a t  ne g i v e s  two 

e x c e l l e n t  c o lo u r e d  i l l u s t r a t i o n s  of  t h e s e  a p p e a ra n c e s .  From a 

contemporary  r e v i e w  o f  t h e  book (16) i t  would ap pea r  t h a t  he was 

p o s s i b l y  t h e  f i r s t  t o  i l l u s t r a t e  t h e s e  f i n d i n g s  i n  t h i s  way.

T r e a tm e n t .

B a k e r 1s R e p o r t  t o  th e  Leeds Board does not  d e a l  w i th  

t r e a t m e n t ,  b u t ,  i n  a s h o r t  n o te  t o  t h e  C e n t r a l  Board he summarized 

the  methods which  he adop ted  ( 1 7 ) .  From t h i s  noi>e i t  would seem 

t h a t  Baker  t r i e d  most o f  t h e  a cc e p te d  o r  su g g es ted  methods of  

t r e a t m e n t .  Brandy and ammonia were v e ry  commonly recommended I

(see  S h a p te r  ( l )  f o r  E x e t e r ) ,  bu t  Baker i s  more r e t i c e n t .  He sa y s  

t h a t  t h e y  a r e  u s e f u l  up t o  a p o i n t  and t h e n  d e t r i m e n t a l ,  he adas  

t h a t

"so d i f f i c u l t  i s  i t  t o  know when to  s t o p ,  t h a t  I  have r e l i n q u i s h e d

a l l  b u t  cap s ic u m 11 

This  l a t t e r  remedy, i n c i d e n t a l l y ,  i s  seldom m ent ioned  i n  contem

p o r a r y  r e p o r t s .  A v e ry  common method of t r e a t m e n t  a t  t h a t  p e r i o d  

was m e r c u r i a l s ,  e s p e c i a l l y  i n  th e  form o f  l a r g e  d o se s  o f  ca lom el  

( f o r  example 20 g r a i n s  every  few h o u r s ) .  Baker had no good r e s u l t s

f r o m  t h i s  m e t h o d .  T r a n s f u s i o n  w a s  a l s o  i n  v o g u e  i n  s o m e  p l a c e s ,

v , , , — + Q The co ld  w a te r  method was f i r s tbut he e x p e r i e n c e d  f a t a l  r e s u l t s .  m e  ouiu

in t r o d u c e d  by Shute  o f  G lo u c e s te r  (1 8 ) ,  and c o n s i s t e d  o f  g i v i n g  t h e  

P a t i e n t  l a r g e  q u a n t i t i e s  of  co ld  w a te r  t o  d r i n k .  One p a t i e n t  was 

a c t u a l l y  f o r c e d  to  d r i n k  seven teen  g a l l o n s )  Baker t r i e d  t h i s  on 

two o c c a s i o n s ,  b o th  of  which were s u c c e s s f u l ,  and he  saw i t  t r i e d  

on f i v e  o t h e r s ,  f o u r  o f  w h i c h ,  r e c o v e r e d .  Trea tm ent  by means o f  t h e  

i n j e c t i o n  o f  s a l i n e  f l u i d s  i n t o  th e  v e i n s  was f i r s t  p r a c t i s e d  i n
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c h o le ra  by L a t t a  o f  L e i t h  (1 9 ) ,  and i n  a l l  con tem porary  r e p o r t s  

th e re  i s  much d i s c u s s i o n  o f  the  e f f i c a o y  o f  th e  method. Baker  

r e p o r t s  t h a t  he  had no s u c c e s s  by t h i s  means ( 1 7 ) .  He a l s o  s a y s  

”1 have t r i e d  i n j e c t i n g  s a l i n e  m a t t e r  and s p i r i t  i n t o  t h e  

v e i n s ,  f rom 3 p i n t s  to  14 - in  no case  s u c c e s s f u l l y  

p e r m a n e n t l y ' ' .

0o n tem p ora ry  c o n f i r m a t io n  of B a k e r ’ s f i n d i n g s  i s  g iv e n  

by R ic h a rd  B i r t w h i s t l e  (2 ) ,  who was depu ted  by t h e  B k ip ton  Board 

of H e a l th  t o  v i s i t  Leeds and York and see how t h e  c a s e s  ware 

t r e a t e d .  B i r t w h i s t l e  says t h a t  t h e  i n j e c t i o n  of  s a l i n e  s o l u t i o n  

i n to  t h e  v e i n s  was e x t e n s i v e l y  t r i e d  in  Leeds,  bu t  t h a t  th e  method 

was not  found  to  "answer t h e  sangu ine  e x p e c t a t i o n s  which i t s  f i t  a t  

announcement c r e a t e d " .  He a l s o  comments t h a t  some recommended 

a b s t r a c t i o n  o f  b lood  from one arm a t  the  same t ime t h a t  f l u i d  was 

i n j e c t e d  i n t o  t h e  o t h e r !  This  "roundabout  and swings" c o n c e p t io n  

shows t h e  f u n d a m e n ta l  e r r o r s  o f ^ p h y s io lo g y  of  th e  p e r i o d .  

B i r t w h i s t l e 1s c o n c l u s i o n  was t h a t  s a l i n e  i n j e c t i o n s  gave much 

temporary  r e l i e f  i n  a l l  c a s e s ,  bu t  i n  none d id  permanent  b e n e f i t  

r e s u l t ,  and t h e  method was u l t i m a t e l y  abandoned in  L eeds .  In  

g e n e r a l ,  t h e  c h i e f  methods employed seem to have been th o s e  

d e s c r ib e d  by C h a p te r ,  v i z .  k eep ing  t h e  p a t i e n t  warm, e s p e c i a l l y  

by t i n s  f i l l e d  w i t h  h o t  w a te r ;  s t i m u l a n t s  such as  ammonia and 

camphor; and t h e  f r e q u e n t  e x h i b i t i o n  of  ca lomel  ( f o r  exam ple , 

s c r u p le  d o se s  e v e ry  h o u r ) .  Casson and Horton  ( 2 l )  r e p o r t e d  on 

the t r e a t m e n t  o f  109 c a s e s  i n  th e  c h o l e r a  h o s p i t a l  a t  Holbeok -  

which i s  now p a r t  of  Leeds.  T h e i r  t r e a tm e n t  resem b led  t h a t  o f  

Baker, but  a t  th e  commencement o f  t h e  d i s e a o e  t n e y  gave opium,, 

and t h e y  employed l a r g e  doses  o f  ca lomel  f o r  c o l l a p s e .

The t r e a t m e n t  adopted  a t  York was f u l l y  d e s c r i b e d  by 

Heedham (8) and by Anderson (2 2 ) .  H e e d W  s  m ethods  may be 

s ^ a r i z e d  a s  f o l l o w s :  (x) F i r s t  s t a g e :  f o r  d i a r r h o e a ,  opium (1 

©=•• ^  1 4  g r . r e p e a t e d ) .  B le e d in g  f o r  h e ad a ch e .  I f  e v a c u a t i o n s  

t h i n ,  c a l o m e l . F r i c t i o n ,  warm a p p l i c a t i o n s ,  m u s ta rd  e m e t i c s  f o r  

o p p re s s io n  i n  t h e  c h e s t .  (Ii>  Second s t a g e :  Oalomel e v e r y  h a l f
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every h a l f  h o u r ,  w i t h  opium. E x te r n a l  h e a t .  Mustard  e m e t i c s  i n  

e a r ly  s t a : e  o f  c o l l a p s e .  T u rp e n t in e  enemata had been u s e d ,  bu t  

were seldom e f f i c a c i o u s .  B le e d in g  was no t  a d v is e d  a t  t h i s  s t a g e ,  

( i i i )  T h i rd  s t a g e :  a dose of calomel d a i l y .  B lee d in g  may be 

n ecessa ry ,  Mbut  we do no t  t h i n k  t h a t  l a r g e  b l e e d in g s  can g e n e r a l l y  

be b o rn e ” , and f r e e  a p p l i c a t i o n  of  l e e c h e s  i n  g e n e r a l l y  much 

s a f e r .  Heedham comments on th e  s a l i n e  t r e a t m e n t  recommended by 

Stevens ,  t h a t  i s ,  t h e  e x h i b i t i o n  of n o n - p u r g a t iv e  n e u t r a l  s a l t s .

He did not  f i n d  th e  method e f f i c a c i o u s ;  he says  t h a t

” i n  many c a s e s  i t  has  e i t h e r  i n c r e a s e d  th e  p u rg in g  o r  f a i l e d

t o  c o n t r o l  i t ”

A nderson 's  views a g re e  on the  whole w i th  th o se  o f  Needham, but 

th e re  i s  a  d i s c r e p a n c y  r e g a r d i n g  i n t r a v e n o u s  i n j e c t i o n  o f  s a l i n e s .  

Needham s a y s  t h a t  t h i r t y  c a s e s  were i n j e c t e d  in  York w i t h  f o u r  

r e c o v e r i e s .  Anderson says  t h a t  t h i s  method was u se d  i n  tw en ty -  

t h r e e  c a s e s ,  o f  which o n ly  f i v e  d i e d .  He adds t h a t

" i f  i t  were  no o t h e r  u se  t h a n  t o  g iv e  a s h o r t  t im e  t o  p e r s o n s  

who had no t  made t h e i r  w i l l s ,  & c . , t h a t  a lon e  would amply re p a y

a l l  t h e  t r o u b l e  i n  such  c i r c u m s ta n c e s"

At H u l l  t h e  t r e a t m e n t  seems t o  have been  more o r  l e s s

on e s t a b l i s h e d  l i n e s  ( 6 ) .  A lde rson  used e a r l y  v e n e s e c t i o n ,  

fo l lowed by ca lo m e l  and rh u b a rb  i n  t h e  f i r s t  s t a g e .  With r e f e r e n c e

4. i.-, ^  rinPT’a 1 ion. can be pe rform ed even whento  b l e e d in g  he says  t h a t  the  o p e r a s  ion

the  s t a g e  of  c o l l a p s e  i s  impending, p ro v id ed  t h a t  t h e r e  i s  a good

p u lse  and th e  e v a c u a t i o n s  a r e  not  p r o f u s e .  For t h e  s t a g e
a- nlaQt P r q  or  p o u l t i c e s  were  mostc o l l a p s e  i t s e l f  l a r g e  musuard p l a s t

~ he recommended a l e a d  ands u c c e s s f u l .  For p r o f u s e  d i a r r h o e a
' a q! on t r i e d  r e c t a l  i n j e c t i o n s  o f  n i t r a t eopium s u p p o s i t o r y ,  and he a l s o  t r i e u

«roQ no b l i n d  s u p p o r t e r  o f  t h e  co ld  of s i l v e r  w i t h  laudanum. He was n
+7'OQtmpnt he had t r i e d ,  b u t  w i th  so water  method.  The s a l i n e  t rea tm e n

-i •. ... , nd i n c l i n e d  t o  a t t r i b u t e  any which he hadl i t t l e  s u c c e s s  t h a t  he was i n c l i n e d  uu
,  ̂ A-hnnt. t h i s  t im e  Ayre o f  H u l l  wasto th e  v i s  m e d i c a t r i x  n a t u r a e .

u r e s s  about  t h e  a d v a n ta g e s  of  w r i t i n g  f r e q u e n t l y  t o  t h e  m ed ica l  p r ^ s s
I 2 3 )  ( 2 4 ) .  Ayre s a i d  t h a t  he minute d o se s  o f  ca lom el  i n  c h o le r a  j

Qj , . +v,_. a method, and o f  t h e s e  o n ly  34 d i e d ,had t r e a t e d  191 c a s e s  by t h i s  metnuu.,



I t  was, p e r h a p s ,  t h e s e  s t a t e m e n t s  which c a l l e d  f o r t h  t h e  

fo l low ing  i n d i c t m e n t  i n  A ld e rs o n ’ s hook:

"Mercury and opium e v e r  have been ,  i n  a l l  obscu re  d i s e a s e s ,  

the  s h e e t  a n ch o r  o f  t h e  quack; and on t h e  f i r s t  a p p ea ra n c e  o f  

c h o le r a ,  when t h e  m e d ic a l  world were a l i k e  u n a c q u a in te d  w i t h  

i t s  n a t u r e  and t r e a t m e n t ,  t h e r e  was a g r e a t  d i s p o s i t i o n  t o  

employ them, and p a r t i c u l a r l y  mercury ,  t h a t  most s e v e r e  a s  w e l l  

as e f f i c a c i o u s  reme^dy.  I t  a p p ea rs  a t  p r e s e n t  t h a t  ample 

e x p e r i e n c e  h a s  b ro u g h t  the  p r a c t i c e  much i n to  d i s r e p u t e  i n  

Cholera ,  and a l t h o u g h  b o th  calomel and opium s t i l l  c o n t i n u e  to  

be g i v e n  i n  a l l  d o s e s ,  and a t  i n t e r v a l s  th ro ug h ou t  t h e  d i s e a s e ,  

t h e r e  a r e  few a d v o c a te s  found f o r  t h e i r  i n d i s c r i m i n a t e  u s e ”

F a v e l l  (25) a t  S h e f f i e l d  a l s o  t r i e d  ou t  A y re ! s method,  

and was n o t  im p r e s s e d ,  a s  we can i n f e r  from h i s  q u e s t i o n

"If ca lom el  c u r e s  c h o l e r a  a t  H u l l ,  how i s  i t  t h a t  i t  does  not

a t  S h e f f i e l d ? "
F a v e l l ,  on t h e  o t h e r  hand, fav o u re d  s t i m u l a n t  s|and

f r i c t i o n  o f  t h e  l im b s  w i th  f l a n n e l s  d ipped  in  s t r o n g  l i n i m e n t s .

He was an a d h e r e n t  o f  g a lvan ism ,  which produced i n  most e a s e s ,  he

says, most  d e c id e d  and immediate  improvement.

T h i s  i s  no p l a c e  to  r a i s e  anew t h e  stormy h i s t o r y  o f  

v e n e s e c t i o n .  N early  a l l  t h e  m edica l  w r i t i n g s  o f  t h e  p e r i o d  abound 

with a rgum ents  f o r  o r  a g a i n s t  i t s  u s e ,  bu t  most a u t h o r s  admit  thai ,

in  cholera i t  must  be employed at l e a s t  in  the e a i l y  s t a g e s  o f
_ -. I ~H+v,nnt e x c e p t io n ,  a r e  u n w i l l i n g  tothe  d i s e a s e ,  and n e a r l y  a l l ,  w i thou

Tn t h i s  c o n n e c t io n  a few oppose t h e  c u l t  o f  t h e  l a n c e t .  i n  <*n ib
0^ - 4. 4, Vnr Dickson (26) an I n d i a n  army o f f i c e rsen ten c es  f rom a pam phle t  by uicxsuxi \

who w ro te  on c h o l e r a  i n  1829 a re  i n t e r e s t i n g ,  - e  s a y s
, _ mi>1 a i t i n b e t w i x t  th e  d i s e a s e  c a l l e d"Having se en  t h e  ana lo g y  s u b s i s t i n g

, j. ninf’p in  a p e r s o n  who h a s  l o s t  muchCholera  and t h a t  which t a k e s  p l a c e  m  a p

b lood ,  can  we f o r  a moment h e s ita te  as  t o  t h e  p r o p e r  t r e a t m e n t  to  

be pu rsu ed ?  . . . Many p r a c t i t i o n e r s  b l e e d ,  b l i s t e r  and

0+. , ^ I s  t h i s  e i t h e r  s e n s i b l e  o r  s c i e n t i f i c ?
s t i m u l a t e  i n  a b r e a t h .  i s
T-p „ rt+ u i n t i p f s  were c a l l e d  t o  th e  bed o f  a  p a t i e n ti f  one of  t h e s e  p r a c t i t i o n e r s
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who had su ffered  from haemorrhage or had heen poisoned by

m e t a l l i c  v a p o u r s ,  he would ( i f  he were not  p r e v i o u s l y  informed 

of the  c a u s e )  draw o u t  h i s  l a n c e t  u n d e r  t h e  i d e a  t h a t  t h e  d i s e a s e  

was c h o l e r a .  T h is  i s  not  p r e s c r i b i n g  f o r  symptoms bu t  f o r  a name. 

Ash him why he b l e e d s  i n  c h o le r a ,  he w i l l  t e l l  you t h a t  i t  i s  to  

r e l i e v e  c e r e b r a l  c o n g e s t i o n ,  or  t o  un load  t h e  gorged l u n g s ,  or  t o  

subdue spasm s.  . . .  The l a n c e t  t h e n ,  ? /h i le  i t  r o b s  t h e  m u sc le s  

of t h a t  d im in i s h e d  en e rg y  which c o n s t i t u t e s  spasms weakens t h e  

powers o f  t h e  r e s p i r a t o r y  m usc les  a l s o  - and h a s t e n s  a s p h y x ia .

The b lood  i n  such a case  i s  t h e  l i f e ,  and w i th o u t  b loo d  a muscle  

cannot  c o n t r a c t  nor  a g land  s e c r e t e .  Many d ie  of c h o l e r a  who 

from t h e  f i r s t  have  never  s u f f e r e d  from spasm. I n  t h e  las t ,  s t a g e  

of t h e  d i s e a s e  t h e r e  i s  no spasmodic a c t i o n .  The i n t e r n a l  p a r t s  

a re  p a l s i e d  and t h e  e x t e r n a l  s t r e n g t h  i s  l a i d  p r o s t r a t e .  I f  i t  

.be boasted t h a t  b l e e d i n g  has  been fo l lo w ed  by s u c c e s s ,  I  answer,  in  

th o se  c a s e s  t h a t  have r e c o v e re d  a f t e r  v e n e s e c t i o n ,  t h e  i r r i t a t i n g  

cause h a s  no t  been so g r e a t ,  t h e  a tm osp he r ic  po io o n  h as  n o t  been 

so d e e p ly  i n h a l e d ,  and th e  r e c o r d s  of our  s c i e n c e  b e a r  w i t n e s s  t o  

a s u c c e s s f u l  r e s u l t  i n  o t h e r  dangerous  d i s e a s e sw h e re  t h e  p r a c t i c e  

has been c o n f e s s e d l y  e r ro n e o u s .  I f  i t  be p roved  (which  i t  h a s  

been by Magendie)  t h a t  t h e  a c t i o n  of  p o i so n s  i*  f a v o u re d  by 

b l e e d in g  and r e t a r d e d  by an a r t i f i c i a l  p l e t h o r a  why shou ld  th e  

l a n c e t  be r e s o r t e d  to  i n  a d i s e a s e  which has  i t s  o r i g i n  i n d u b i t 

ab ly  i n  an a tm o s p h e r ic  po ison?  The word p o i s o n  i s  a r e l a t i v e  

term. I t  means a n y th in g  i n  any shape d e s t r u c t i v e  to  t h e  n e rv o u s  

energy c o n s t i t u t i n g  animal  o r  v e g e t a b l e  l i f e .  M is led  by t h e  

r e l a t i o n s  of  a u t h o r s  and t h e  encomiums th e y  have p a s s e d  on t h e

i t  « t r i a l  t o  an e x t e n t  whieh I can$l a n c e t ,  1 gave v e n e s e c t i o n  a ui

never s u f f ic ie n t ly  regret. Instead of depriving the p a tien t of 

his blood, I should have heen more su ccessfu l had I transfused

blood i n t o  h i s  a lm ost  empty v e i n s .

These s e n s i b l e  views appear t o  have passed unnoticed;

they certainly were not ven tila ted  or practised in  Yorkshire.
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Contemporary  views on A e t io lo g y .

i h e  r e m a rk s  o f  Baker on a e t i o l o g y  a re  obscured  by th e  

views of t h e  m ia s m a t i c  t h e o r y  of  i n f e c t i o u s  d i s e a s e s  which were 

current in  h i s  day .  oome o f  t h e s e  arguments  must have  caused  th e  

p a r t i s a n s  of t h e  c o n t a g i o n  t h e o r y  c o n s i d e r a b le  d i f f i c u l t y .  F o r  

example, Baker  p o i n t s  o u t  t h a t  the  d i s e a s e  was most p r e v a l e n t  i n  

the lo w - ly in g  d i s t r i c t s  of Leeds,  e s p e c i a l l y  i n  th o s e  p a r t s  where 

"from a want o f  l o c a l  c l e a n l i n e s s  and v e n t i l a t i o n ,  a m a l ig n a n t  

s t a t e  o f  t h e  a tm o sp he re  was l i k e l y  t o  o b t a i n 11

As h a s  been  p o i n t e d  o u t ,  m u l t i p l e  c a se s  i n  h o u se h o ld s  

were not i n f r e q u e n t  in  t h e s e  d i s t r i c t s .  But,  says  Baker

" i f  t h e s e  d i s t i n c t  a t t a c k s ^  upon members o f  the  same f a m i l y  

depended e n t i r e l y  upon c o n ta g io n ,  how happens i t  t h a t  we so r@ar>Ly 

f ind  c a s e s  r e c o r d e d  of  two p e r s o n s  b e in g  a t t a c k e d  i n  t h e  same 

h a b i t a t i o n  s i t u a t e d  h i g h e r  where t h e  miasm does not  e x i s t ,  and 

where p r o p e r  a t t e n t i o n  i s  p a id  t o  c l e a n l i n e s s  and v e n t i l a t i o n ? "

I t  i s  o b v io u s  t h a t  Baker had no id e a  t h a t  t h e  p o i s o n  might

be taken i n t o  t h e  sys tem  i n  th e  d r i n k in g  w a t e r .  For  example , he

mentions:; t h a t  t h e  d i®ase  broke ou t  in  the  f i r s t  s to n y  of  a l a r g e  

bui ld ing,  which had s e v e r a l  f l a t s  f o r  d i f f e r e n t  f a m i l i e s ^

"The m a t t e r  e j e c t e d  from th e  p a t i e n t s  was thrown down t h e  

s ink  i n to  a sump h o l e ,  over  which t h e r e  were p e r s o n s  r e s i d i n g

who did no t  t a k e  th e  d i s e a s e  t i l l  t h i s  t im e .  Here t h e n  were

two s o u r c e s  o f  epidemy -  th e  sump h o le  and th e  e j e c t e d  m a t t e r .  

Under t h i s  r o o f  t h e r e  were 6 c a s e s ,  3 d e a th s"

thackrah q u o te s  Chapman a s  s t a t i n g  t h a t

"The g r a s s  c u t t e r s  o f  h i s  p a r t y  were found t o  s u f f e r  s e v e r e l y  

from C ho le ra ,  w h i l e  t h e  r e s t  o f  t h e  p a r t y  s u i f e r e d  l i t t l e .  Out 

of e ig h t e e n  o f  t h e s e  p e o p le ,  f i v e  d ied  in  t h r e e  weeks, and a s  many 

ciore were a t t a c k e d .  They were r e s o r t i n g  d a i l y  t o  a  p u t r i d  s t a n d i n g  

Pool,  f o r  t h e  p u r p o s e  of washing t h e i r  g r a s s .  They had t h e m s e lv e s  

oonnected t h e  a t t a c k s  w i th  t h i s  p o o l ,  and of  t h e i r  own a cco rd  

dese r te d  i t ,  a f t e r  which no f u r t h e r  c a s e s  o c c u r re d  

DesP i t e  many such s u g g e s t i v e  i n c i d e n t s ,  t h e  on ly  w r i t e r  o f  t h e  p e r i o d
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wro sasES t o  h a v e  s u s p e c t e d  t h e  w a te rbo rne  t h e o r y  of  c h o l e r a

was John P a r k i n  ( 2 ? ) .  Xet t h e  s o l u t i o n  was e v i d e n t l y  no t  f a r  

d i s t a n t ,  a s  i s  e v id e n c e d  by B a k e r1 s s ta te m e n t  t h a t

« tae  c a u s e  o f  an e p id e m ic  d i s e a s e  may depend upon  t h e  e g e s t a  

h e re  and t h e r e  s c a t t e r e d  from p a t i e n t s  l a b o u r i n g  und e r  such 

e o r c l a i u t s ,  w i t h  a s  much i f  not  more p r o b a b i l i t y  t h a n  a c t u a l

c o n t a c t 51

S o c i a l  C ond i t ions  and Reform*

’i h e  m a jo r  p o r t i o n  o f  B a k e r 1 s t h e s i s  i s  devo ted  to  t h e  

p a r t  which  f i l t h y  do m es t ic  c o n d i t i o n s  and unpaved ,  t in c lea n se d  and 

u a s e - -6 s i r e . s t s  p l a y e d  in  th e  sp re ad  o f  c h o l e r a .  B e fo re  a p p ro a c h 

ing t h i s  s e c t i o n ,  i t  w i l l  be a s  w e l l  t o  rev ie w  what p r e v i o u s  s t e p s  

had oeen t a i e n  t o  s e c u r e  a  r e a s o n a b l e  degree  of  c l e a n l i n e s s  i n  the  

town. I n  175C a  l o c a l  Act (30 Geo.3 , c h a p . 68) was p a s s e d :

" f a -  b e t t e r  s u p p ly in g  th e  Sown and Beighbourhood o f  Leeds ,  

in  t h e  c o u n ty  o f T o ri , w ith  w ate r; and f o r  more e f f e c t u a l l y

c l e a n s i n g  t h e  s t r e e t s  and o t h e r  P l a c e s  ------ and removing and

p r e v e n t i n g  nuisances, Jamoyanc.es, Encroachments, and O b s t r u c t i o n s

t h e r e  in** CBS)
In 18cs a a  amending Act was pa sse d  (49 Geo. 3, c h a p . 122) arid in  1824 

and ho t  (5 Gee. 4 , c h ap . 124) w i th  such  w id e r  powers  was p l a c e d  on t n e  

S ta tu te  B ooi. R e s p i t e  t h i s  l e g is la t io n ,  c o n d i t i o n s  i n  L eeds ,  a s  

d e sc r ib e d  by  B ak e r ,  were t r u l y  a p p a l l i n g .  He shows t h a t  a bo u t  h a l f  

of  t h e  p o p u l a t i o n  o f  t h e  town o f  Leeds i t s e l f  ( t h a t  i s ,  exc lud ing

the  s u r r o u n d i n g  to w n sh ip s )  l i v e d  i n  s t r e e t s  which were sewered

. , T„ t h i s  n a i f  o f  t h e  town o n ly  245d ra in e d  p av ed  and c l e a n s e d ,  i n

eases  o f  c h o l e r a  o c c u r r e d .  On t h e  o t h e r  hand,  i n  t h a t  h a l f  o f  t h e  

town In  which t h e r e  was n e i t h e r  common sewerage n o r  c l e a n s i n g

1.205 e a s e s  o c c u r r e d .  According t o  Baker, t h e  p o p u la tio n s  o f  each

+ evjual- I n  t h r e e  p a r a l l e l  s t r e e t s ,  ° f  t u s a e  h a l v e s  w ere  apprxim^ •»~i«> u

housing  a b o u t  335 p e r s o n a ,  t h e  s a n i t a r y  c o n v e n ie n c e s  c o n s i s t e d  of  

two small p r i v i e s ,  wh ich  were i n  such a  s t a t e  a s  to  be  t o t a l l y  

unusable. O f f e n s iv e  m a t t e r  was a l low ed  t o  acc u m u la te  i n  t h e  

unpaved s t r e e t s .  From t h e  p r i v i e s  i . .  Boot and Shoe f a r d  s e v e n t y
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c a r t - l o a d s  o f  f i l t h  - th e  a cc u m u la t io n  of t h i r t y  y e a r s  -  were 

removed by o r d e r  o f  t h e  Commissioners. In many s t r e e t s  t h e r e  

was a sump h o l e  -  l o n g  s t a g n a n t  - under  t h e  f l a g s  o f  every  h o u se .  

Baker’ s c o n c l u s i o n  i s  t h a t

" i f  o u r  s t r e e t s  a re  not  p r o p e r l y  c l e a n s e d ,  we can h a r d l y  

expect  much c l e a n l i n e s s  in  e i t h e r  th e  d w e l l i n g s ,  t h e  h a b i t s ,  

or  t h e  m anners  o f  t h e  fjeople"

The r e p o r t  was p r e s e n t e d  to  t h e  Local  Board o f  H e a l th  on J a n u a r y  

2 1s t ,  1833, and t h a t  bodyTs t h i r d  r e s o l u t i o n  was to  t h e  e f f e c t  t h a t  

"As th e  f a c t s  communicated i n  t h e  sa id  r e p o r t  a Ire a p p l i c a b l e  

to  a l l  l a r g e  towns,  t h i s  Board i s  of o p in io n  t h a t  a G-eneral Act o f  

P a r l i a m e n t  f o r  sew er in g ,  d r a i n a g e ,  c l e a n s i n g ,  and p a v in g ,  would

prove a p u b l i c  b e n e f i t ’1

v'/e would expec t  t h a t  t h e  p eo p le  of  Leeds,  no l e s s  than

the  p o p u l a t i o n  of  B r i t a i n  as  a whole, once roused  to  a .white  h e a t  

of i n d i g n a t i o n  by such e n o r m i t i e s ,  and by th e  t r a i n  o f  d e a t h  l e f t  

by th e  ep id e m ic ,  ’would have demanded e n e r g e t i c  m easures  t o r  t n e  

" c l e a n s in g  and p u r i f y i n g "  of  popu lo u s  c e n t r e s .  The s e q u e l  w i l l  be 

found i n  a s t a t i s t i c a l  Repor t  (29) i s s u e d  i n  ^ c to b e r  1839 by t h e  

new Leeds C o r p o r a t i o n  -  which had been formed as  a r e s u l t  ox t h e  

p a s s in g  of  t h e  M u n ic ip a l  C o rp o ra t io n s  Act i n  1835. This  r e p o r t  was 

the  outcome of i n v e s t i g a t i o n s  which ex tended  from November 1838 t o  

October 1839. The w r i t e r  has  summarized some of  t h e  i n f o r m a t i o n  

g iven  i n  t h i s  e x c e l l e n t  r e p o r t ,  and from t h i s  i t  would a p p ea r  t h a t  

t h e r e  were 586 s t r e e t s  i n  th e  town. Of t h e s e  247 ’were c l a s s i f i e d  a s  

"good",  108 a s  "m id d l in g " ,  135 as  "bad" ,  and 96 as  "v e ry  b ad " .

The a u t h o r s  of  t h i s  r e p o r t  p o i n t  o u t ,  however,  t h a t  th e  d e s i g n a t i o n  

"good" must be t a k e n  w i th  a c o n s i d e r a b l e  amount of r e s e r v a t i o n ,  s i n c e ,  

of  th e  247 s t r e e t s  which were c l a s s i f i e d  t h u s ,  only  70 b e longed  t o  

the  town and 'were c le an sed  by sc av e n g e rs .  The o ld  d i x f i c u l t y  

r e g a r d i n g  th e  s h o r t a g e  of  p r i v i e s  had not  been rem ed ied .  I n  t h r e e  

adjoining s t r e e t s ,  c o n ta in i n g  a p o p u l a t i o n  of 452 p e r s o n s ,  t h e r e  

were o n ly  two such conv en ien ces ,  n e i t h e r  ox wnicu Wa.s f i t  f o r  u s e .

The s t r e e t s  had be come8" f u l l  o f  ashes* f i l t h  and r e f u s e  o f  -every

d e s c r i p t i o n  t h a t  t h e i r  s u r f a c e s  were f a r  above t h e i r  o r i g i n a l  l e v e l
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The mcnT-mlenoes which d id  e x i s t  were u s u a l l y  s i t u a t e d  u n d e r  ' 

a rchways ,  aafi were  c o n s e q u e n t ly  used by e v e ry  p a s s e r - b y .  

"^noieam sau  b e c a u se  i t  i s  n o b o d y 1s  b u s i n e s s ,  and ev e ry b o d y ’ s 

p e r q u i s i t e ,  t n e y  be e a s e  o f f e n s i v e  in  th e  h i g h e s t  degree"

The aO'Ct and Aloe l a r d  to  which r e f e r e n c e  has  a l r e a d y  been made, 

now c o n t a i n e d  3iC: i n h a b i t a n t s  i ten  t o  every  h o u s e ) .  There were 

on ly  t h r e e  p r i v i e s ,  and one o f  t h e s e  had no t  been c le a n s e d  s i n c e  

t h e  c h o l e r a . 'There was no w a te r  w i t h i n  a q u a r t e r  of a m i l e .

In  t h e  L a r t i - L a s t  hard  -  in  which c h o le r a  had been rampant -  

t h e r e  were s e v e r a l  h o r r i b l e  p l a c e s  which were u t t e r l y  im p a ss a b le  

f o r  f i l t h  o f  th e  .most o f f e n s i v e  descrip tion . Some im p o r ta n t  

streets:-  w a rs  w ho l ly  w i th o u t  sew ers ;  many c e l l a r  d w e l l i n g s  were 

n e v e r  d r y ,  ami on t h e  s u r f a c e  of t h e  p u b l i c  way t h e r e  was

f r e q u e n t l y  a  permanent  c o l l e c t  io n  of  s o i l  and w a te r  11 a p e r p e t u a l

n u i s a n c e  t o  t h e  aye ,  and a p e r p e t u a l  f e v e r  t o  th e  whole body" 

i s  an echo o f  t h e  c o n c l u s i o n s  o f  t h e  1332 Board o f  H e a l th ,  the

a u t h o r s  o f  t h e  p r e s e n t  r e p o r t  summed up b y  sa y in g :

n Q&® t h i n g  i s  c e r t a i n ,  t h a t  th e  g r e a t e r  p a r t  of  th e  town i s  

i n  a  m os t  f i l t h y  c o n d i t i o n ,  which demands an immediate  remedy; 

a  remedy which  does n o t  seem a t t a i n a b l e  under  any l o c a l  Act 

mow e x i s t i n g ;  bu t  c a l l s  f o r  an e s p e c i a l  enac tm en t ,  which  i s  

d o u D f le s s  r e q u i r e d ,  n o t  o n ly  f o r  Leeds ,  b u t ,  more o r  l e s s  f o r  

e v e r y  town. I n  t h e  .Ekapire".
I t  was n o t  u n t i l  tw e n ty -s e v e n  y e a r s  l a t e r ,  on the 

appointment o f  t h e  f i r s t  Medical  O x f ice r  o f  Health f o r  Leeds in  

1 6 6 6 , t h a t  t h e  n e c e s s a r y  s a n i t a r y  r e fo rm s  were i n i t i a t e d .

H i s t o r y  p r o v i d e s  a s a l u t a r y  check t o  overweening 

s a r g u i r e m e s s .  'Me may p o i n t  t o  our m o d e r n  c i t i e s  and say ,  Thus 

f a r ,  and thus, we have  t r a v e l l e d  i n  th e  l a s t  hundred y e a r s .  Yet 

I t  sh o u ld  be  remembered t h a t  i n  sixon m a t t e r s  p r o g r e s s  shou ld  b© 

measured  n o t  i n  terms o f  a c t u a l  accom pl ishm ents ,  but  rather in  

r e l a t i o n  t o  t h o s e  needs  which t h e  e x p e r t  o p in io n  of  t h e  t im e  

i n d i c a t e s  a s  n e c e s s a r y .  There  n s d  been s o u n d a n t  evidence 

b e f o r e  1332 t h a t  t h e  Augean s t a b l e s  o f  our  c i t i e s  would require  

a  .great  c l e a n s i n g ,  y e t  seven y e a r s  a f t e r  th e  o a s a s t r p h e



Z66.

we f i n d  t h a t  in  Leeds p r o g r e s s  had been n o n - e x i s t e n t . In t h e  l a s t  

few y e a r s  t h e r e  has  been ample ev idence  t h a t  b o th  m ed ica l  and 

e n g in e e r i n g  e x p e r t s  a r e  s e t t i n g  up new s t a n d a r d s  o f  communal l i f e .  

The f u t u r e  w i l l  show whether  th e  community a s  a whole i s  e d u c a t i n g  

i t s e l f  t o  t h e s e  s t a n d a r d s .

C o p ies  o f  a number of the  p u b l i c a t i o n s  mentioned i n  t h i s  

s e c t i o n  a r e  i n  th e  p o s s e s s i o n  of  t h e  w r i t e r .  Lor th e  l o a n  o f  

c e r t a i n  o t h e r  p u b l i c a t i o n s  he i s  in d e b te d  to  Mr. P .  J .  Boardman, 

Chief L i b r a r i a n ,  Rotherham P u b l i c  L i b r a r y ,  t o  Mr. R. J .  Cordon, 

Chief L i b r a r i a n ,  Leeds C i ty  L i b r a r i e s ,  and to  Mr. J .  P. Lamb,

Chief L i b r a r i a n ,  S h e f f i e l d  C o r p o r a t i o n . .L i b r a r i e s .  Other, volumes 

were o b t a i n e d  a t  t h e  B r i t i s h  Museum and i n  t h e  l i b r a r y  o f  t h e  

Royal 3oc ie ty^#& *M edic ine .



PART I I .

SECTION (o h  

THE NEUROLOGICAL COMPLICATIONS OF VARICELLA.

A CLINICAL AND EPIDEMIOLOGICAL STUDY.

One o f the most remarkable features of the in fec tio u s  

diseases in  the post War epoch has been the emergence of the 

nervous system in to  a p o sitio n  of importance. A ttention was 

focussed on th is  fa c t  by the outbreaks of cerebro-spinal fever  

and of en ce p h a lit is  le th arg ica  in the la s t  years of the war, 

and a few years la te r  vfidespread outbreaks of acute anterior  

p o lio m y elitis  coincided more or le s s  in time with the appearance 

of numerous cases of p ost-vaccin a l en cep h a litis  in  th is  country.

On the Continent en cep h a litis  follow ing the commoner acute 

in fection s was not unknown, and among these a number of cases of  

encephalom yelitis fo llow ing v a r ic e lla  were reported. This co n d itio n - 

has always been rare in  B rita in , and although the lite r a tu r e  has 

been reviewed on several occasions on the Continent, no paper 

purporting to  serve th is  function  has appeared in English journals 

in recent years. The main purpose of th is  paper i s  to examine 

afresh the question of the etio lo g y  of these cond itions, to d iscu ss  

their fea tu res from c l in ic a l  and epidem iological standpoints, and 

in c id en ta lly  to add a further personal case.

H is to r ic a l. The f i r s t  report of a condition  which was 

almost cer ta in ly  en cep h a litis  fo llow ing v a r ic e lla  was by Marfan (6 ) .

In 1914 M iller  and Davidson (28) reported the f i r s t  English case of  

acute cerebral tremor follow ing v a r ic e lla  and reviewed the l i t e r a tu r e ,  

and la te r  Winnioott and Gibbs (43) described a case of p o lio 

en cep h a litis . Glanzmann (46) reported three cases, and in  

discussing the e t io lo g y  of the f i r s t  condition he f i r s t  suggested

p o s s ib i l i t y  of an anaphylactic phenomenon as the cause of such j 

im p lic a t io n s . This suggestion has since received much

consideration by foreign  w riters. Two further English cases were
[aw]
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described by Rake (56) and by Cohen (57) in  1929, and from Glasgow 

Graham (67) reported two cases in 1930. Itfdo van Bogaert of 

Antwerp made a very extensive h is to r ic a l in v estig a tio n  of a fa ta l  

case in 1930 (6 8 ), and in  the follow ing year Zimmerman and Yannet 

(79) made a sim ilar study of a fa ta l American case.

Inves t ig a t io n  of Cases previously described. In vestiga tion  of  

the lite r a tu r e  has revealed 119 cases which have been previously  

described, together with twenty three cases which are often  quoted 

as examples of th is  condition, but which, for reasons which w il l  be 

explained forthw ith , have been discarded. This l i s t  of accepted  

cases i s  much longer than that found in  any other paper, and i t  i s  

probable that i t  contains most of the cases of these cond itions  

which-have beenjreported up to the end of 1933. The l i s t  of accepted  

cases w il l  be found in  the Appendix.

Reported cases due to other conditions.
As in stances of chorea fo llow ing v a r ic e lla  many w riters  

quote eigh t cases of Mackenzie (104), but these cases showed 

concurrent sc a r le t  fever or measles and are therefore inadm issib le. 

Tezner (105) quotes the case of Binswanger and Berger (106) as an 

example of a n on -ch aracteristic  en cep h a litis , hut admits that an 

in fluenzal cond ition  preceded the v a r iee lla ;  from the d iscu ssion  in  

their paper i t  i s  evident that Binswanger and Berger consider the 

influenza to have heen the main e t io lo g ic a l fa c to r . In the cases of  

J>4samdre/ (107), Lenohle and Thielemans (108), M itchell and F letcher  

(109), and P ierre t and Pruvost (110), the m eningitis which was 

Present was of a suppurative type; and in  that described hy P otter  

(H i)  the meningeal condition was evidently  due to tu b ercu lo sis . 

Gordon (112) described a case, which i s  not in frequently  quoted as 

an example of a p o st-en cep h a litic  syndrome fo llow ing v a r ic e l la .

The p a tien t, a boy of s ix  years, developed righ t fa c ia l  p a ra ly s is , 

lo ss o f speech and hearing, and righ t hem iplegia, f iv e  weeks a fte r

onset of v a r ic e l la .  Since, however, acute haemorrhagic n ep h r itis  

"as diagnosed three weeks before the onset o f hem iplegia, i t  i s  

Probable that the condition  was more a l l ie d  to  uraemia. In a case
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of Stuchlik (113) m easles was followed by v a r ic e lla  and a few days 

later p o ly n e u r it is  appeared. In the case of Winnicott (114) m easles 

was present at about the same time as the v a r ic e l la . S im ilarly  in  

the case of m eningo-encephalitis which was described by Zimmermann I 

and Cochran (115) the authors consider that the condition was a 

post-vaccinal en ce p h a lit is , with the shortest known incubation period , j 

viz, one day, and that the v a r ic e lla  was merely a concomitant fa c to r . 

Grillot, Sarrouy, and Dupuy dfUby (116) described a case of cerebral 

en ceph alitis which occurred four days a fter  the appearance o f a 

varicellou s eruption; i t  was la te r  shown that the condition  was j
s y p h ilit ic . Some author* - e.g. Wilson and Ford (45) - exclude the j
case of peripheral p a ra ly sis  described by A lla ire  (19), but, since

recent work has suggested that such com plications can fo llo w  the

acute in fe c t io u s  d isea ses a fter  a considerable in te rv a l, i t  has been 

included here in  Group 4. The case of palpebral gangrene (R olleston  

(117)) fo llow in g  v a r ic e lla , which led to ectropion, has ev id en tly  no 

connection w ith th is  subject. Gordon and h o llesto n  (118) described  

the case of a boy of three years who developed a bullous and 

gangrenous v a r ic e l la , which terminated fa ta l ly .  Lumbar puncture 

after the ch ild  was admitted to h osp ita l yielded  a clear f lu id  under j 
sligh t p ressure. This case was not described by these authors as j

that of a nervous com plication of v a r ic e lla , and i t  seems that the j 

increased pressure of the cerebro-spinal f lu id  was merely in c id en ta l. || 

This condition  i s  not infrequently met with in the acute fev e r s , and j ,  

it  is  doubtful whether i t  i s  of much s ig n ifica n ce . The two cases of 

tuberculous m en ingitis follow ing v a r ic e lla , which were reported by |

Castro Sophia (119) are evidently  not adm issible. j
I

Report o f a Case. j
The p atien t was a g ir l  of eight years and eleven  months. j

Two years before the present i l ln e s s  she had had whooping cough, and j

th is was follow ed sh ortly  afterwards by German m easles. V accination j 

had been performed in  infancy, and a d e f in ite  scar was present on ]

the arm. The fam ily h istory  showed nothing which was re levan t to

the present in v estig a tio n .
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History o f the i l l n e s s . During the week ending 20th February, 

1932, the ch ild  had some m alaise and s lig h t  s ick n ess. On 24th 

February a few spots on the skin surface were noticed by the child* s 

mother. Dr. A.L.G. Harrop attended the patient* The spots developed 

rapidly in to  ty p ic a l chicken-pox papules, which were numerous on the 

face, sca lp , trunk and back, but d iscrete  on the arms and le g s .  The 

temperature was not above 99°F, and the course during the next few

days was that of a ty p ic a l mild v a r ic e lla .

On 28th February the child  had some fron ta l headache which 

persisted for two days. About the same time she commenced to have 

vomiting, which was not accompanied by nausea, but was rather of the  

cerebral type. This feature p ersisted  for about fo r ty -e ig h t hours, 

and during th is  time the act recurred at frequent in te r v a ls . On the 

29th February she had s lig h t  d izz in ess , and on the fo llow ing day the 

mother noticed  that she was "wobbly on her legs" , and that walking 

was d i f f i c u l t .  The mother a lso  noticed that she was ta lk in g  with a

slight drawl and more slowly than usual.
Examination by Dr. Harrop at the time of the onset o f the 

cerebral cond ition  showed that there was a marked incoordination in  

the arms and le g s .  Tremor was not present. Both eyes showed s lig h t  

paralysis of the external rectus muscles. There was no d i f u c u l t y  in  

accommodating; the p u p ils reacted normally to l ig h t ,  LlLii p to s is  and 

nystagmus were both absent. Speech was described by Dr. Harrop as 

being very slow . There seemed to be some d if f ic u lty  in  g e tt in g  the  

words out, and there was a lso  apparently some d if f ic u lty  m  deciding  

what she wanted to say. The speech was not of the scanning type. 

Apart from slowness no other abnormality was noticed in the mental 

condition. Ho p a ra ly sis  of any muscle was e l ic i t e d .  The knee Merits 

were present and a c tiv e , the plantar responses were f le x o r , and there  

was no ankle clonus. Muscle tenderness was not e l i c i t e d .  The p a tien t  

4id not have any disturbances of sensation in the lim bs, and in  th is  

connection the usual t e s t s  fa ile d  to e l i c i t  any abnormality. There 

was no disturbance of bladder or bowel. The temperature during the  

early part of the cerebral condition did not r is e  about 99 T1.



^9^ .

Examination of the patient by the w riter on the 15th March 

showed an apparently healthy and w ell-nourished g ir l  with no gross  

evidence of anaemia. The throat was c lea r . Examination of the 

heart and lungs was negative. On the abdomen, chest, and lower 

part of the back there were fa ir ly  numerous scars of chicken-pox, 

and a few scars were a lso  present on the le g s . The p u p ils  were 

medium and €Qual and they reacted to l ig h t  and on accommodation.

There was no strabism us, nystagmus or p to s is .  The tongue was 

protuded in  the m idline and showed no tremor. No evidence of fa c ia l  

p aralysis -was e l i c i t e d .  The abdominal r e flex e s  were present on both 

sides; they were s l ig h t ly  increased in in te n s ity . The knee jerks  

were present; both plantar responses were f lex o r , and there was no 

clonus at knee or ankle. Examination of the power of ind ividual 

muscles in  the arms and le g s  revealed no d e f in ite  abnormality, apart 

from a s l ig h t  generalised  weakness. There was no r ig id i ty  of the 

limb m uscles. Inco-ordination of the arms and le g s  was d e f in ite  

and quite marked. When the patient was asked to perform various 

te s t s ,  hypermetria was apparent, and there was d if f ic u lty  in  

•performing voluntary action s. On attempting to stand or walk she 

showed d e f in ite  a tax ia , and Romberg1s sign  was e a s ily  e l ic i t e d .

When she tried to walk she tended to put the heels down first.
Tremor or spasms of the muscles were not e l ic i t e d .  There was no 

nuchal r ig id i t y  and Kernig’ s sign  was absent. The speech was 

d e fin ite ly  slow, and had a  s lig h t  "sing-song” accent. The memory 

was apparently not a ffected , since she remembered past events and 

the onset of the i l ln e s s  quite w ell. The temperature was 98.7°F .

The pulse was regular, and the rate was eighty-two per minute.
The WasBermann reaction performed on the blood serum gave a negative 
result. At the time of my first visit there was no justification for 
lumbar puncture, and this operation was therefore not carried out.

Course of the illness.
A fte r th e  f i r s t  exam ination th e  p a t ie n t  was seen a t fre q u e n t

in te rv a ls  f o r  some tim e, and since  then  th e  p ro g re ss  has heen 

followed up. By th e  30th March in c o -o rd in a tio n  was d isa p p ea rin g ,



but i t  was s t i l l  p r e s e n t  i n  th e  hands and l e g s .  She was a b le  t o  

wri te  and t h r e a d  a n e e d le  f a i r l y  w e l l .  About th e  m id d le  o f  A p r i l ,  

1932 she had an  a t t a c k  o f  nausea  and headache which l a s t e d  f o r  abou t  

a day. When she was examined on th e  22nd A p r i l  i n c o - o r d i n a t i o n  was 

absent i n  t h e  l e g s  and arms. The c o n d i t i o n  was a p p a r e n t l y  c l e a r i n g  

up w i th o u t  any s e q u e l a e ;  bu t  about t h e  m idd le  o f  May she began  to  

have d i f f i c u l t y  i n  s l e e p i n g  a t  n i g h t ,  and d u r in g  th e  day she was 

r a t h e r  f r e t f u l .  D i f f i c u l t y  i n  f a l l i n g  a s l e e p  a t  n i g h t  p e r s i s t e d  

for  about  t h r e e  months ,  and h e r  mother  s t a t e d  t h a t  some d e g re e  o f  

g enera l  n e r v o u s n e s s  was p r e s e n t  -  a c o n d i t i o n  which had n e v e r  been  

n o t ic ed  b e f o r e  h e r  i l l n e s s .  A f t e r  August ,  1932 t h e s e  f e a t u r e s  

g r a d u a l ly  became l e s s  and l e s s  marked.

CLINICAL FEATURES.

G l a s s i f i c a t i o n . B ro ad ly  sp eak in g  th e  n e u r o l o g i c a l  c o m p l i c a t i o n s

of v a r i c e l l a  may be c l a s s i f i e d  i n  two ways: (a)  a c c o r d i n g  to  t h e  

evident  symptoms and s i g n s :  (b) a cc o rd in g  to  t h e  supposed p a t h o l o g i c a l  

ba s is  f o r  t h e s e  symptoms and s i g n s .  In  any c l a s s i f i c a t i o n  t h e  f i r s t  

d i f f i c u l t y  i s  t h a t  few of th e  c a se s  a r e  "pure"  -  e x ce p t  p o s s i b l y  some 

cases o f  t h e  c e r e b e l l a r  syndrome -  and most c a s e s  show d i v e r s e  

symptoms and s i g n s ,  though  th o s e  p o i n t i n g  to  t h e  a f f e c t i o n  o f  one 

p a r t i c u l a r  p a r t  o f  t h e  n e rvous  system may p re d o m in a te .  I f  a 

c l a s s i f i c a t i o n  a c c o r d i n g  to  t h e  p redom inant  symptoms i s  a d o p te d ,  t h e  

c l a s s e s  v/hich have to  be i n t r o d u c e d  ten d  t o  become r a t h e r  numerous.

On the other hand, a purely pathological c la s s if ic a t io n  cannot be 

founded upon any s c ie n t i f ic  b asis , since very few autopsies have 

been performed on these cases. R ussell Brain (120) c la s s i f ie d  these  

conditions in to  ten groups according to the predominant symptoms.

In another paper (121) he gave a usefu l c la s s if ic a t io n  of the 

in fective encephalopathies as a whole:-

(1) ex c lu s iv e ly  or mainly meningeal: acute or fulm inating on set,
o ®w i t h  t e m p e r a t u r e  o f t e n  105 o r  106 . Headache, v o m i t in g ,  

d e l i r i u m ,  i r r i t a b i l i t y  o r  p h o to p h o b ia ,  c e r v i c a l  r i g i d i t y ,  

p r e s e n c e  o f  K e r n i g ' s  s i g n ,  cu taneous  h y p e r a e s t h e s i a ,  and 

d im in i s h e d  t en d o n  r e f l e x e s .

( 2 )



(2) b o t h  m en in g ea l  and c e r e b r a l  or  s p i n a l : a c u t e  o r  f u l m i n a t i n g

o n s e t  w i t h  t e m p e r a tu re  o f t e n  105° o r  106° .  C o n vu ls io n s ,  

coma, and d e l i r i u m ,  r a p i d l y  p a s s i n g  t o  u n c o n s c i o u s n e s s .  

A p h a s ia ,  h e m ip le g ia ,  d i p l e g i a ,  p a p i l l e d e m a ,  o c u l a r  p a l s i e s ,  

and s i g n s  o f  c e r e b e l l a r  d e f e c t  may be p r e s e n t .

(3) c e r e b r a l  o r  s p i n a l  o n l y : c e r e b r a l  symptoms, w i t h o u t

m e n in g e a l ,  u s u a l l y  occur  in  c a s e s  o f  l e s s  a c u t e  o n s e t .

Other w r i t e r s  who have  sugges ted  v a r i o u s  d i f f e r e n t  c l a s s i f i c a t i o n s  

a r e : -  de Toni  ( 3 6 ) ;  Wilson and -ford (45) ;  M i l l e r  and Davidson (28)J 

B c k s te in  ( 1 2 2 ) ;  B o r ra  (77) ;  Van B o gaer t  (68) d i v i d e s  t h e s e  

c o n d i t i o n s ,  on a p a t h o l o g i c a l  b a s i s ,  i n t o  (a)  n e u r o m y e l i t i s ;

'(b) e n c e p h a l o m y e l i t i s ;  and (c)  m e n i n g i t i s .  Glanzmann (46)  g i v e s  a 

very u s e f u l  c l a s s i f i c a t i o n  of  t h e  c o n d i t i o n s  found in  d i f f e r e n t  

c a se s ,  and T ezner  (105) i n c r e a s e d  Glanzmann1s t e n  g ro u p s  to  s i x t e e n .  

The c l a s s i f i c a t i o n  o f  Dudevant (83) i s  ve ry  com ple te ,  bu t  i t  i s  t o o  

r i g i d  t o  a l l o w  o f  o v e r l a p p in g  o f  symptoms. The methods s u g g e s t e d  by 

Berode (90)  and by Miget (123) resem ble  each o t h e r ,  and a r e  l o g i c a l  

and co m p le te .

The c l a s s i f i c a t i o n  adop ted  i n  t h i s  p a p e r ,  which i s  ba sed  

on th o s e  o f  Berode and o f  M ige t ,  i s  a s  f o l lo w s

Group P -  Hervous prodpmal f e a t u r e s ;  d e s c r i p t i o n  n o t  s u f f i c i e n t
f o r  more e x ac t  c l a s s i f i c a t i o n .

Group 1 -  M e n i n g o e n c e p h a l i t i s

Group 2 -  E n c e p h a l i t i s  . . .  (a

(b

(c

(d

(e

c e r e b r a l  e n c e p h a l i t i s  ( l e t h a r g i c
fo rm s ,  e t c . ) 

a c u te  c e r e b r a l  t r e m o r

c e r e b e l l a r  syndrome

c h o r e o - a t h e t o t i c  forms ( " s t r i a
t i t e s ” )

n o n - c h a r a c t e r i s t  i c  e n c e p h a l i t i e
fo rm s .

t y p i c a l  ( a s c e n d in g  o r  t r a n s v e r s e ) .

a n t e r i o r  p o l i o m y e l i t i s ,  

m u l t i p l e  s c l e r o s i s .

Group 3 - M y M i t i s ..........

(b 

(c

Group 4 -  n e u r i t i s  and p o ly n e u r it is

Group 5 -  Ocular m a n ife s ta t io n s .

Group 6 -  Other c o n d it io n s  (two c a se s )

m. . />■?p n tlv  com plete to  cover a l l  rep o rtedThis c l a s s i f i c a t i o n  i s  s u f f ic i e n t  J



cases,  and a l t h o u g h  i t  i s  no t  based  on p u r e l y  p a t h o l o g i c a l  f e a t u r e s ,  i t  

gives some i n d i c a t i o n  o f  t h e  d i v i s i o n  o f  t h e  c a s e s  i n t o  g ro u p s  i n  

accordance w i t h  t h e  f o u r  main s e c t i o n s  o f  t h e  n e rv o u s  sy s tem  - 

meninges, b r a i n  p r o p e r ,  s p i n a l  c o rd ,  o r  p e r i p h e r a l  n e r v e s  -  which 

may be i n v o l v e d .

Group P -  Hervous prodjpmal f e a t u r e s .  The e a r l i e s t  exam ples  

which I  have  been  a b l e  t o  d i s c o v e r  o f  d e f i n i t e  n e rv o u s  c o n d i t i o n s

occurr ing  b e f o r e  t h e  a p p e a ra n c e  o f  t h e  r a s h  i n  c a s e s  o f  v a r i c e l l a

are t h e  two c a s e s  d e s c r i b e d  by K a sso w i tz  ( l )  i n  1873. In  h i s  f i r s t  

case, a g i r l  o f  f i v e  y e a r s ,  t h e  p a t i e n t  was s e i z e d  w i t h  g e n e r a l i s e d  

convuls ions  and v o m i t i n g ;  t h e r e  was l a t e r  deep s t u p o r  and t v / i t c h i n g  

of th e  f a c e  m u s c l e s .  On t h e  f o l l o w i n g  day t h e  f i r s t  s i g n s  o f  a 

chicken-pox e r u p t i o n  a p p e a r e d .  I n  t h e  second c a se  o f  K assov / i tz  

(female, seven  y e a r s )  t h e r e  was p a i n  i n  t h e  l e f t  u p p e r  jaw and v i o l e n t  

i r r i t a b i l i t y .  Two days  l a t e r  t h e  v a r i c e l l a  e r u p t i o n  a p p e a r e d .  I n  1875 

Hunter (2 )  d e s c r i b e d  a c a se  o f  c o n v u l s i o n s  i n  a boy of  t h r e e  y e a r s ,  

occurring on t h e  day  b e f o r e  t h e  a p p e a ra n c e  of  t h e  r a s h ;  and i n  

d iscuss ing  t h e  c a se  H un te r  s a i d  t h a t  t h e  ne rv o u s  c o n d i t i o n  was "due 

apparently  t o  i n c i p i e n t  c e r e b r a l  m e n i n g i t i s " . S i m i l a r  c a s e s  were a l s o  

described by Dumas ( 3 ) ,  Tham ( 4 ) ,  A u g ie r  ( 8 ) ,  and C er f  ( 1 8 ) .

Some w r i t e r s  d i s m i s s  t h e s e  e a s e s  a s  c o n d i t i o n s  which  m igh t  a r i s e  

during t h e  p ro d ro m a l  p e r i o d  o f  any i n f e c t i o u s  d i s e a s e .  I n  t h e  l a s t  ! 

few y e a r s ,  however ,  c a s e s  have been  d e s c r i b e d  i n  which t h e s e  p r o d r o m a l  ! 

features were l a t e r  f o l lo w e d ,  no t  o n ly  by t h e  r a s h ,  bu t  a l s o  by 

symptoms p o i n t i n g  t o  some d e f i n i t e  o r g a n i c  change i n  t h e  n e r v o u s  

system. I n d e e d ,  Henner (101) (102) c la im s  t h a t  t h e  n e rv o u s  c o n d i t i o n  

may p reced e  t h e  e r u p t i o n  by e i g h t e e n  d a y s ,  o r  may f o l l o w  i t  a f t e r  a s  

long an i n t e r v a l  a s  t h r e e  months .  I t  seems t o  be d e s i r a b l e ,  t h e r e 

fore, to  i n c l u d e  i n  a s p e c i a l  group t h e  c a s e s  which a t e  m en t io n ed  

above.

I n  a l l  t h e  c a s e s  m ent ioned  t h e  p red o m in an t  f e a t u r e  was 

e°nvulsions,  u s u a l l y  o f  a v i o l e n t  t y p e ,  and each  a t t a c k  l a s t e d  f rom  

two or t h r e e  m in u t e s  (K assow i tz )  to  t h i r t y  m in u te s  ( H u n t e r ) .  The



c o n v u l s i o n s  were u s u a l l y  g e n e r a l i s e d ,  bu t  i n  s e v e r a l  c a s e s  c l o n i c  

spasms o f  t h e  l im b s ,  sometimes u n i l a t e r a l ,  o c c u r r e d .  The t e m p e r a t u r e  

was u s u a l l y  e l e v a t e d ;  t h e  h i g h e s t  n o te d  b e in g  t h a t  o f  o v e r  104°F 

r e c o r d e d  by H un te r  and by C e r f .  I n  a l l  c a s e s  i n  which t h e  f u r t h e r  

p r o g r e s s  was m e n t io n e d ,  i t  was norm al  a f t e r  t h e  o n s e t  o f  t h e  e r u p t i o n .

G-roup 1 - M e n i n g o e n c e p h a l i t i s .  T h i s  group o f  c a s e s  cou ld  be 

q u i t e  w e l l  c l a s s i f i e d  a s  " m e n i n g i t i s ” i f  i t  were n o t  f o r  th e  f a c t  t h a t  

symptoms and s i g n s  p o i n t i n g  t o  in v o lv em en t  o f  o t h e r  sy s te m s  i n  

a d d i t i o n  to  t h e  m eninges  a r e  n e a r l y  a lw ays  p r e s e n t .  A p a r t  f rom  t h i s  

the  t y p i c a l  f e a t u r e s  o f  t h e  c o n d i t i o n  a r e  u s u a l l y  m e n in g e a l ;  i n  f a c t ,  

of t h e  s i x t e e n  c a s e s  i n  t h i s  g ro u p ,  e l e v e n  were a t  f i r s t  d i a g n o s e d  

as t u b e r c u l o u s  m e n i n g i t i s ,  and a n o t h e r  c a s e  re sem b led  m en in g o c o c c a l  

m e n i n g i t i s  so s t r o n g l y  t h a t  a n t i m e n i n g o c o c c a l  serum was c o n t i n u e d  

d e s p i t e  n e g a t i v e  f i n d i n g s  i n  t h e  e e r e b r o - s p i n a l  f l u i d  ( G o u s s i s  ( 5 7 ) ) .  

C l i n i c a l l y  t h e  c o n d i t i o n  u s u a l l y  commences w i t h  s e v e r e  h ead a ch e  

( e ig h t  c a s e s ) ,  v o m i t in g  ( t e n  c a s e s ) ,  and some d i s t u r b a n c e  o f  t h e  

sensor ium  ( t e n  c a s e s )  -  e i t h e r  s t u p o r ,  a c o n f u s i o n a l  s t a t e ,  o r  l a t e r  

d e f i n i t e  coma. C o n v u ls io n s  o r  e p i l e p t i f o r m  s e i z u r e s  were n o t i c e d  

by Mya ( 5 ) ;  L a i g n e l - L a v a s t i n e ,  Miget  and C o n s t a n t i n e s c o  ( 7 3 ) ;

B^rode ( 9 0 ) ;  and by G o r i n i  ( 9 1 ) .  T h e r e a f t e r  t h e  i l l n e s s  p r o g r e s s e s  

r a p i d l y  u n t i l  a f r a n k l y  m en ing ea l  p i c t u r e  a p p e a r s .  Huchal  r i g i d i t y  

was n o t i c e d  i n  n in e  c a s e s ,  and K e r n i g ^  s i g n  was p r e s e n t  i n  n i n e  . 

cases .  S e v e r a l  w r i t e r s ,  f o r  example G o u s s i s ,  B e to d e ,  and a l s o  H a l l e  

and A ron d e l  (IOC) m e n t io n  t h e  marked r e t r a c t i o n  of  t h e  n e ck ,  and 

even o p i s t h o t o n o s  and gun-hammer p o s i t i o n ,  which were p r e s e n t .  O ther  

signs o f  m e n i n g i t i s  a r e  n o t  so common. B r u d z i n s k i f s s i g n s  a r e  n o t e d  

By de Toni  ( 3 6 ) ;  Glanzmann (Case b ( 4 6 ) ) :  Bonabo ( 5 1 ) ;  and by G o r i n i  

(91); bu t  t h e  s c a p h o id  abdomen, which i s  so t y p i c a l  o f  t u b e r c u l o s i s  

m e n in g i t i s ,  was p r e s e n t  i n  f i v e  c a s e s .  S ig n s  o f  in v o lv e m en t  o f  o t h e r  

systems a r e  sometimes found ;  f o r  example ,  t h e  t e n d o n  r e f l e x e s  were 

a f fec ted  i n  s i x  c a s e s ,  and an e x t e n s o r  p l a n t a r  r e s p o n s e  was p r e s e n t  

in two (de Toni  ( 36 ) ;  G o r in i  ( 9 1 ) ) .  'In t h e  c a se  o f  Glanzmann 

(case b ( 46 ) )  and o f  R u p i l i u s  (95) a t a x i a  d ev e lo p ed  -  p r o b a b l y  

in d ic a t in g  some c e r e b e l l a r  in vo lv e m en t ;  and some d e g re e  o f  p a r e s i s



of  t h e  l im b s  was found  i n  f o u r  c a s e s .  O cu la r  changes  a r e  uncommon, j 

S t r a b i s m u s ,  i n e q u a l i t y  o f  p u p i l s ,  and p t o s i s  were each  found  i n  

two i n s t a n c e s .  I n  t h e s e  c o n d i t i o n s  i t  i s  e v i d e n t  t h a t  t h e r e  i s  

sometimes a v a s o - m o to r  complex, s i n c e  dermograjjhism was n o te d  i n  

s e v e r a l  i n s t a n c e s .  Cutaneous  h y p e r a e s t h e s i a  and m u sc u la r  h y p e r 

t o n i a  b o th  o c c u r  b u t  a r e  uncommon. T r ism us was found o n l y  once 

(B^rode ( 9 0 ) ) .  Dysphag ia  was n o te d  by K o p l ik  (23)  and a l s o  by 

G-uinon and H a lb ro n  ( 2 9 ) .  I n  t h e  l a £ e r  i n s t a n c e  i t  was due t o  

p a r a l y s i s  o f  t h e  r i g h t  h a l f  o f  t h e  p a l a t e  and was a s s o c i a t e d  w i t h  

n a s a l  v o i c e  and f u n c t i o n a l  asymmetry o f  t h e  l i p s .  The a u t h o r s  say  

t h a t  t h e s e  f e a t u r e s  r e c a l l e d  n a s a l  d i p h t h e r i a .  H y d ro c e p h a lu s ,  which 

i s  n o t  uncommonly found  i n  t h e  l a t e r  s t a g e s  o f  m e n i n g i t i s ,  i s  

d e f i n i t e l y  r a r e  i n  t h i s  c o n d i t i o n .  I t  was n o te d  o n ly  i n  t h e  two 

c a se s  o f  K o p l ik  (23)  and .in t h a t  o f  Mya ( 5 ) ;  and i n  t h e  l a t t e r  

i n s t a n c e  t h e  c o n d i t i o n  i s  no t  o f  much im p o r ta n c e ,  s i n c e  i t  was 

a s s o c i a t e d  w i t h  a c o n g e n i t a l  ene’e p h a l o c e l e .  I n  t h e  c a s e  o f  de Toni  

(36) t o t a l  l e f t  o p h t h a l m o p le g i a  d e v e lo p ed  and p e r s i s t e d  f o r  o v e r  

fo u r  m on ths .  KuismanS7 (25) c ase  o f  sudden b l i n d n e s s ,  which  was i n  

i t s  e s s e n t i a l  f e a t u r e s  a meningo-  e n c e p h a l i t i s ,  w i l l  be r e f e r r e d  

to l a t e r .  H a l l e  and Aronde l  (1G0) n o te d  a  marked r e s p i r a t o r y

d i s o r d e r  which  c o n s i s t e d  o f  i r r e g u l a r  r e s p i r a t i o n  w i th  e x p i r a t o r y  
bu t

pauses ,  w i t h  no d e f i n i t e  Cheyne-S tokes  rhy thm.

Glanzmann’ s second c a se  (Case b ( 4 6 ) )  i s  i n t e r e s t i n g  i n  

t h a t ,  a l t h o u g h  m e n i n g o - e n c e p h a l i t i s  d e v e lo p ed  d e f i n i t e l y  on t h e  

t e n t h  day a f t e r  t h e  a p p e a ra n c e  o f  t h e  e r u p t i o n ,  s l i g h t  s i g n s  o f  t h i s  

c o n d i t i o n  had been  p r e s e n t  on t h e  day b e f o r e  t h e  r a s h  came o u t .  

F u r th e r ,  i n  t h e  c ase  o f  H a l l e  and Aronde l  (100) t h e  t y p i c a l  s i g n s  

of m e n i n g i t i s ,  w i t h  gun-hammer p o s i t i o n ,  r e t r a c t i o n  o f  t h e  abdomen 

and n u c h a l  r i g i d i t y ,  a p p ea red  t h r e e  days b e f o r e  t h e  deve lopm en t  o f  

the r a s h .  I t  i s  e v i d e n t  t h e r e f o r e  t h a t  t h e  d i v i d i n g  l i n e  be tw een  

th is  group o f  c a s e s  and t h e  prodrom al  group  i s  r a t h e r  f i n e .

I n  g e n e r a l  i t  may be s a id  t h a t  qiost c a s e s  p r e s e n t  t y p i c a l  

f e a tu re s  o f  m e n i n g i t i s  a t  t h e  o n s e t ;  l a t e r  s i g n s  o f  in v o lv e m e n t  o f  

°ther sy s te m s  may be p r e s e n t ,  but  t h e  m en in g ea l  s i g n s  s t i l l  

Predominate . D ia g n o s i s  i n  t h e s e  c a s e s  i s  l i a b l e  to  be



d if f ic u lt  and r e s t s  f in a l ly  upon a negative b a sis . The main 

points are the absence of organisms (on culture or by animal 

inoculation) from the cerebral-sp inal f lu id ;  and the presence 

of ty p ica l v a r ic e l la  associated  fa ir ly  c lo se ly  in time with the 

appearance of the nervous symptoms. B^rode (90) and others have, 

however, used a complement f ix a tio n  te s t  with v a r ic e lla  crusts  

as antigens.

Group Z  - E n cep h a litis . (a) Cerebral en cep h a litis .

This group c o n s is ts  of th ir teen  cases - some of which are by no 

means ty p ic a l .  The e a r lie s t  example of the condition which I have 

been able to  find  i s  that of iiorichau-Beauehant (22).  The ease 

was that of a g ir l  of four months who developed, almost concurrently  

with the onset of v a r ic e lla , vomiting and convulsions, the ch ild  

rapidly sank in to  coma with d ilated  p u p ils, and she died on the 

follow ing morning. The case of Debre, Levy-8olal, Detter and 

Longehampt ( 3 9 ) i s  much b etter known. The p atien t, a married woman 

in the eighth  month of pregnancy, showed mental dulness at the 

onset of a v a r ic e l la  eruption. Within twenty-four hours she had 

passed in to  profound coma, with stertorous breathing, s t i f fn e s s  of 

the muscles o f the face and nack, and trism us. The p atien t died  

twenty-four hours a fter  the onset. The c la s s ia  case of Zimmerman

and Yannet (79) w il l  be referred to la te r .

As might be expected the symptoms and signs in  th is  

condition are very d iverse . The commonest feature i s  a d u llin g  of 

the in t e l l e c t ,  in  various degrees up to complete coma. Mental 

dulness or leth argy  occurred in s ix  cases (Debre, L^vy-Solal, S e tter  

and Longehampt (39); Boenheim (52); Bernheim (59),  Reimold and 

Schadrich (Case a (64)) ;  Dagneiie and Dubois (89); Corda (Case c 

(103)).  This sometimes passed into complete coma, which was found 

la f i ve  ca ses . Convulsions and vomiting were each found on four 

occasions. Eye sign s were frequent. Strabismus was found in f iv e  

cases (Boenheim (52); Vermeylea, van Bogaert, and Vervaeck (69);  

B°rra (Case b (77)) ;  Dagneiie and Dubois (89); Corda (Case c (103) ) ,  

a*d the p u p ils  were d ila ted  in f iv e  cases. P to s is  was found once



300

(Lucksch ( 9 4 ) ;  and nystagmus was p re s e n t  only  i n  th e  ease  o f  

Vermeylen, van B o g a e r t  and Vervaeck (69) .  This  l a t t e r  case  was 

also u n u s u a l  i n  t h a t  i t  was the  only  one which showed ank le  c lo n u s .

An e x te n s o r  p l a n t a r  r e s p o n s e ,  a f e a t u r e  which was p r e s e n t  i n  t h i s  

case,was a l s o  p r e s e n t  i n  Corda1 s t h i r d  case  (Case c ( 1 0 3 ) ) .  V io l e n t  

a g i t a t i o n ,  h a l l u c i n a t i o n s ,  and a c o n t r a r y  mental  a t t i t u d e ,  r e m i n i s 

cent of e n c e p h a l i t i s  l e t h a r g i c a ,  were on ly  ground in  the  c a s e ' o f  

Vermeylen, van B o g a e r t  and Vervaeck (69) .  Bcfiheim! s case  (52) 

showed t h e  m a s k - f e a t u r e s  and muscular  r # i g i d i t y  which a re  a l s o  

sugges t ive  o f  e n c e p h a l i t i s  l e t h a r g i c a .  The fo l lo w in g  c o n d i t i o n s  

were found o n l y  once :  V e r t ig o  (Fry ( 92) ) :  h em ip a re s i s  (Fry  ( 92) :

e x agg e ra t io n  o f  p a i n f u l  and the rm a l  s e n s a t io n s  (Borra ,  case  b ( 7 7 ) ) .  

p a re s i s  o f  b o t h  low er  e x t r e m i t i e s  ( lu ck sch  ( 94 ) ) .  c lo n ic  movements 

of head and l i m b s ,  dermographism, and meningeal  s ig n s  (Corda,  a s  

(1 0 3 ) ) . ’ C o n t r a r y  t o  what might be expec ted ,  headache i s  uncommon; i t  

is  r e p o r t e d  o n l y  tw ic e  (Bernheim (59) ;  Vermeylen, van B o g a e r t ,  and 

Vervaeck. ( 6 9 ) ) .  F a c i a l  p a r a l y s i s  and a t a x i a  each occu rred  t w i c e ,  and 

e p i l e p t i c  s e i z u r e s  o f  J a ck so n ian  type  once (Babonneix ( 8 0 ) ) .  S l i g h t  

meningeal symptoms may be p r e s e n t  -  as  was found in  two case

speech d e f e c t s  a r e  v e ry  uncommon.
I- -̂*.4* qvi/̂  Vprvaeck (69) no te  t h a t  m  Vermeylen,  van B ogaer t ,  and vervaec* 10*1

4.u . vea rs  two d e f i n i t e  c o n d i t i o n s  wereth e i r  p a t i e n t ,  a g i r l  o f  f o u r t e e n  ye >

found: ( a )  a s t a t e  o f  m en ta l  d e p re s s io n  r e l a t e d  to  th e  m e n s t r u a l  

Periods; and (b)  a c o n d i t i o n  r e c a l l i n g  th e  p sy ch ica l form o f  e n c e p h a l -

<+• -> ^  The e a s e  of  Lucksch (94)  i s  a l s o
i t i s  l e t h a r g i c a  i n  t h e  c h i l d ,  in

n e u r o l o g i c a l  c o n d i t i o n
i n t e r e s t i n g ,  i n  t h a t  a rec ru d escen c  

occurred a f t e r  two months.
•fh<=» honour of  hav ing  f i r s t  (b) A (nits  c e r e b r a l  trgmo r ^  The honour

j .  *. r e n d i t i o n  i s  u s u a l l y  g iven  to  Z a p p e r t ,  whodescribed t h i s  i n t e r e s t i n g  c o n d i t i o n

o r  ! • «  «  ‘  01

Pneumonia. In  . o n . ,  1909 Mpp«« («*> ” Tl"
c f  MP6) however, a l s o  d e s c r i b e d  a  v e r y
°f such c o n d i t i o n s .  M i l l s r  (12

" H ot . o o d l . l o .  1 .  1 9 0 9 , 1» " 1“  1281 > ^

" t o n . 0  . »  example  a t  t ° UO" 1«  “ “



I  * 0 1 .
S;

e a r l i e s t  r e p o r t e d  case  f o l l o w i n g  v a r i c e l l a  i s  t h a t  o f  F o r e s t  ( 24) ,

I in which a t e n  months* o l d  hoy developed a t rem or  o f  t h e  whole body 

i fo u r te e n  days  a f t e r  t h e  o n se t  of th e  e r u p t i o n .  The t rem o r  resem b led  

th a t  of  p a r a l y s i s  a g i t a n s ,  and con t inued  a lmost  w i th o u t  i n t e r r u p t i o n ,

: even d u r in g  s l e e p .  The tendon  r e f l e x e s  were a p p a r e n t l y  i n c r e a s e d ,  

and th e  o n l y  im p o r t a n t  c o n s t i t u t i o n a l  symptom was v o m i t in g .  Two days  

a f t e r  th e  o n s e t  t h e  t rem o r  became i n t e r m i t t e n t ,  w i th  one o r  o t h e r  

ex trem i ty  a f f e c t e d  i n  t u r n .  In  th e  l a t e r  s t a g e s  t h e  t r e m o r  was 

p resen t  o n ly  when t h e  c h i l d  became e x c i t e d .

Z a p p e r t  (124) s t a t e s  t h a t  t h i s  c o n d i t i o n  i s  a d i s e a s e  of  

ea r ly  c h i ld h o o d ,  o c c u r r i n g  about  th e  s i x t h  to  t h e  e i g h t e e n t h  month,  

and boys a r e  more f r e q u e n t l y  a f f e c t e d  th an  g i r l s .  The t r e m o r  shows 

a sudden o n s e t ,  i s  i n c r e a s e d  on movement, and t e n d s  t o  be l e s s  d u r in g  

s leep .  M en ingea l  s i g n s  a r e  a b s e n t ,  and th e  r e f l e x e s  a r e  s l i g h t l y  

increased  o r  norm al .  The p l a n t a r  r e sp o n se  i s  a lways f l e x o r .  A ccord ing  

to Zapper t  (124) t h e  c o n d i t i o n  may m a n i f e s t  i t s e l f  i n  t h e  l e g s  n o t  a s  

a tremor bu t  a s  a t a x i a .

I  have  been a b le  to  t r a c e  s i x  examples o f  t h i s  i n t e r e s t i n g

co n d i t io n  o c c u r r i n g  a s  a c o m p l i c a t i o n  of  v a r i c e l l a .  The t r em o r  i t s e l f

is  th e  most o u t s t a n d i n g  f e a t u r e .  M i l l e r  and Davidson (28)  d e s c r i b e

the c o n d i t i o n  a s  a slow rhy thm ic  movement, which p r e v e n te d  t h e  p a t i e n t ,

a boy of  two and a h a l f  y e a r s ,  from s t a n d in g  w i th o u t  s u p p o r t ;  t h e
of

movements o f  t h e  l im b s ,  p a r t i c u l a r l y  th e  arms, were slow and s t i f f ,  

in the  c a s e s  which I  have i n v e s t i g a t e d  th e  t rem or  in v o lv e d  t h e  whole 

body a t  t h e  o n s e t  o n ly  once ( F o r e s t  ( 2 4 ) ) .  In  L. R o s s i* s  c ase  (99)  

the t rem or  a p p e a r s  to  have a f f e c t e d  most o f  t h e  body, bu t  was s p e c i a l l y  

l o c a l i s e d  i n  t h e  head ;  i t  was i n t e n s i f i e d  by c ry in g  and by v o l u n t a r y  

movements. I n  Mtthlenkamp1 s case  (93) i t  a f f e c t e d  t h e  arms, l e g s ,  and 

bead a t  t h e  s t a r t ,  bu t  th e  whole body was l a t e r  in v o lv e d ;  i n  t h i s  case  

i t  was o f  a P a r k i n s o n i a n  ty p e ,  and was i n c r e a s e d  by v o l u n t a r y  a c t i o n .

^he head o n ly  was invo lved  i n  th e  case  o f  u re p p i  (85)  • The tongue  was 

a f f e c te d  t w i c e ,  and Glanzmann (46) d e s c r ib e d  t h e  c o n d i t i o n  in  t h i s  o rgan  

as be ing  one o f  " r e g u l a r  spasms'*. I n  o n ly  one case  ( F o r e s t  ( 24) )  was
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the c o n d i t i o n  n o te d  a s  h av in g  been p r e s e n t  a l s o  d u r in g  s l e e p .  The 

d u r a t io n  o f  t h e  t r e m o r  i s  v a r i a b l e .  I n  each of  f o u r  c a se s  i t  l a s t e d  

over t h r e e  w eeks ,  and i n  th e  o t h e r s  the  d u r a t i o n  was s h o r t e r  -  f o r  

example, i n  iM hlenkamp1 s case  e ig h t  days ( 93) .

A p a r t  f rom  t h e  t rem or  the  most c o n s ta n t  f e a t u r e  was spasm 

of m usc les ,  which  o c c u r r e d  i n  t h r e e  c a se s .  In  Glanzmann1 s case  

(Case a ( 46 ) )  t h i s  f e a t u r e  was so pronounced as  to  produce a d e f i n i t e  

o p i s th o to n o s .  The t e n d o n  r e f l e x e s  were in c re a s e d  in  two c a se s  ( F o re s t  

(24); Glanzmann, Case b ( 4 6 ) ) .  Vomiting occurred  on ly  once ( F o r e s t  

(24)) ,  and marked e x c i t a b i l i t y  once (Greppi ( 85) ) .  M^i^hlenkamp, s case  

appears t o  have  been  a s s o c i a t e d  w ith  some c e r e b e l l a r  involvem ent ,  

since he n o t i c e d ,  i n  a d d i t i o n  to  th e  t rem or ,  s t r a b i s m u s ,  s t a g g e r i n g  

g a i t ,  and s l i g h t  h e s i t a t i o n  in  speech.  In th e  case  of  L. R oss i  (99) 

there was some a t a x i a  a t  t h e  o n s e t ,  but  th e  eyes and speech were not

a f f ec t ed .
Uo d e f i n i t e  in f o r m a t io n  i s  a v a i l a b l e  r e g a r d i n g  th e  s i t e  

of the  l e s i o n  i n  t h e s e  c a s e s .  Wieland (126) and a l s o  M i l l e r  and 

Davidson (28)  s u g g e s t e d  t h a t  th e  c o n d i t i o n  i s  due to  a l e s i o n  i n  t h e

r u b r o - s p i n o - e e r  e b j - e l l a r  t r a c t ,  hu t  Glanzmann (46) i s  i n c l i n e d  t o

regard t h e  c o n d i t i o n  a s  due to  an a m y o s ta t i c  o r  e x t r a - p y ra m id a l  

complex. G repp i  (85) f a v o u r s  th e  f i r s t  t h e o r y .  C o r m l  and Ki

(76) on t h e  o t h e r  hand t h i n k  t h a t  a cu te  c e r e b r a l  t rem or  i s  a "forme

f r u s t e u o f  a c u t e  c e r e b r e l l a r  a t a x i a .
( e l J ^ h k e l l a r _ a t a x i a .  Although t h e  f i r s t  case  of  th e

i-\r?\ -\y\ 1904 i t  was no t  u n t i l  1925 
condit ion  was r e p o r t e d  by Caccia  11 *

that two f u r t h e r  c a s e s  were d e sc r ib e d  by G a l l i  (38) .  In  a l l
oi-f* +Vip c o n d i t i o n  i n  a d d i t i o n  to  

been a b le  t<& f i n d  tw e n ty  n in e  cases  of
j. •+. 4-ccs thp most common n e r v o u s  c om pl ica cy own. T h is  syhdrome c o n s t i t u t e s  t h e

+ , rvp rviavanv and Chaignot (86) and t h e  c asebion o f  v a r i c e l l a .  The case  of Chavany
v.-1- i mi i a r l Y pure  c e r e b e l l a r  syndrome, 

now d e s c r ib e d  b o th  showed a p a r t i e u i a  y
v a a d d i t i o n  t o  th e  c e r e b r e l l a r
but in  most o t h e r  c a s e s  t h e r e  wer ,
9 -to involvement  o f  o t h e r  p a r t s
M a tu re s ,  symptoms and s ig n s  p o m  o

°t  the  n e rv o u s  sys tem .



G e n e r a l l y  speak ing ,  the  c e r e b r e l l a r  syndrome a f t e r  

v a r i c e l l a  i s  marked by a t a x i a ,  vom it ing ,  speech changes,  nystagmus,  

v e r t i g o , a n d  t r e m o r .  A ta x ia  was noted in  p r a c t i c a l l y  every  c a s e ,  

and v o m i t in g  o c c u r r e d  in  n in e t e e n .  In G a l l i ' s  f i r s t  case  (Case a 

(38)) t h e r e  was a l s o  c o n s t a n t  r e t c h i n g .  Some a l t e r a t i o n  of  th e  

voice was r e p o r t e d  i n  f o u r t e e n  c a se s .  In most o f  t h e s e  t h e  c o n d i t i o n  

could be d e s c r i b e d  a s  b rady p has ia ,  or  monotonous speech;  but  i n  two 

cases -  C o r n i l  and K i s s e l  (76) ;  Borremans (97) -  the  speech  was 

d e f i n i t e l y  o f  t h e  scan n ing  v a r i e t y .  Nystagmus, which o c cu r red  i n  

twelve c a s e s ,  v a r i e d  in  ty p e ,  but th e  h o r i z o n t a l  v a r i e t y  was most 

common. C o n t r a r y  t o  e x p e c t a t i o n s ,  v e r t i g o  was not a ve ry  common 

f e a t u r e ;  i t  o c c u r r e d  in  only  t h i r t e e n  out of  t h e  t h i r t y  c a se s  in  

t h i s  g rou p .  O the r  f e a t u r e s  which a re  t y p i c a l l y  a s s o c i a t e d  w i th  

c e r e b r e l l a r  t r o u b l e  were not  so common. HombergTs s ig n  was p o s i t i v e  

in  s i x  c a s e s ;  i t  was v e ry  marked in  th e  f i r s t  case  of  Trainer ( 75) .  

A d ia d o k o k in e s i s  o c c u r r e d  i n  f o u r  case s  (Runge (50) ,  B e r toy e  and 

Garcin ( 5 8 ) ;  Henner ( 102) ;  Corda (case  b (103) ) .  I t  was a l s o  no ted  

to be s l i g h t l y  p r e s e n t  i n  th e  case s  o f  Pu ig  (82) and of  B orra  (Case 

a ( 7 7 ) ) .  P r o p u l s i o n  and r e t r o p u l s i o n  wecejn°te d  ^  B er toye  and 

Garcin ( 5 8 ) ;  l a t e r o - p u l s i o n  was r e p o r t e d  by c o r n i l  and K i s s e l  ( ) ,

and a c o m b in a t io n  o f  t h e  two ty p e s  by Kramer (34) .  I n c o - o r d i n a t i c n  

of the  hands  and l e g s  was d e sc r ib e d  in  f i v e  c a s e s ,  and was e s p e c i a l l y  

marked i n  t h a t  o f  Hyssen and Vervaeck (74) ,  and i n  the  p r e s e n t  

Asynergism o f  m usc le s  occu rred  t h r i c e .  Dysmetria  o r  h y p e rm e t r i a  was 

found i n  f o u r  c a s e s ,  and a s t a s i a  in  two (Poinso (96) ;  Hendu ( 6 0 ) ) .

A t rem or  o f  some p a r t  o f  t h e  body was d n i t e  common. I f  a f f e c t e d  th e
 ̂ 4-via i •fmi'm a lon e  in  n ine  c a s e s ;  on e i g n twhole body i n  s i x  c a s e s ,  and the  l im es

. 4. t tme and was more marked on a c t i v e
o cca s io n s  i t  was o f  t h e  i n t e n t i o n  yp

-nati e n t  adopted a wide b ase  i n  w a lk in g  movement. In  c e r t a i n  case s  th e  p a t i e n
Ankle c lonus  was found on

pyram idal  symptoms were not  ve ry
„-iQn t a r  r e sp on se  was p r e s e n t  i n  s i x  

f iv e  o c c a s i o n s  and an e x te n so r  p
o-p-fppted i t  was u s u a l l y  i n  t h e  cases .  I f  t h e  t e n d o n  r e f l e x e s  were a f f e c t e d ,



d i r e c t i o n  o f  an e x a g g e r a t i o n  ( e ig h t  c a s e s ) ;  a d im in u t io n  of  t h e s e  

r e f l e x e s  o c c u r r e d  o n ly  tw ice  ( i n  the  second case  of  B o r ra  (Case 

b (77))  t h e  knee  j e r k s  were a b s e n t ) .  These f e a t u r e s  were more or  

l e s s  d i f f e r e n t  f rom-what  one might expect  from th e  c o n d i t i o n  of th e  

muscles. H y p e r to n i a  o f  one or  more l im bs  was n o t ic e d  i n  o n ly  f o u r  

cases - C a c c ia  ( 1 7 ) ;  Reimold, and Schadr ich  (case  b ( 6 4 ) ) ;  Graham 

(case b ( 6 7 ) ) ;  P o in s o  (96) - whereas hypo ton ia  occu r red  in  e i g h t  

eases .  Graham (67)  n o t i c e d  l o s s  of  abdominal r e f l e x e s  (ca se  a ) .  Bye 

s igns were d e f i n i t e l y  r a r e .  In  the  c a se s  of  Kramer (34) and Corda 

(Case b ( 1 0 3 ) )  a w iden ing  of  one p u p i l  o c c u r re d .  In  th e  second c a se  

of Reimold and S c h a d r i c h  (64) t h e r e  was a convergent  s t r a b i s m u s .

The f a t a l  c a s e  o f  van Bogaert  (case  To(68) )  was the  o n ly  one to  show 

d e f i n i t e  m en in g ea l  symptoms (muchal r i g i d i t y  and a p o s i t i v e  K e r m g ' s  

s ig n ) ;  i t  a l s o  showed c h o re i c  movements and p a t e l l a r  c lo n u s .  Corda 

(103) m e n t io n s  t h a t  h i s  second case showed s l i g h t  meningeal  s i g n s  

l a t e r  i n  t h e  i l l n e s s ,  and t h i s  l a t e  o n se t  was a l s o  seen  by Rendu ( 6 0 ) .

The most im p o r t a n t  symptoms of th e  c o n d i t i o n ,  a p a r t  from a t a x i a ,

headache,  which  o c c u r r e d  i n  t e n  c a se s ,  and l e t h a r g y ,  which was found 

in  f i v e .  An i n t e r e s t i n g  c o n d i t i o n  which was seen i n  t h e  c a se s  o f  

Rendu (60)  and o f  Chavany and Chaignot (86) was b r a d y c a r d i a ;  i n  b o th  

cases t h e  p u l s e  r a t e  was reduced to  about 50 p e m i n u t e .  I n  t h e  second 

case o f  Corda (103) t h i s  f e a t u r e  occu r red  l a t e r  in  t h e  i l l n e s s .

Other r a r e  c o n d i t i o n s ,  each  of which was found in  only  one c a s e ,  

were dermographism, e p i s t a x i s ,  and scaphoid  abdomen. The 

of B orra  (77)  showed o s c i l l a t o r y  movements o f  th e  l im bs  which a l l i e d  

i t  w i th  t h e  c h o r e o - a t h e t o t i c  group; and th e  c a se s  o f  I leu n ie r  (53) and 

Corda (Case b (10 3 ) )  showed s i m i l a r  movements. An e p i l e p t i c  s e i z u r e

occured a t  t h e  o n set i n  th e  case  of Borremans ( 97) .
a.* rv-p t h p  c o n d i t i o n  in  t h o s e  c a s e s  i nThe a v e ra g e  d u r a t i o n  of  th e  conuiu

. .u rtflvq Most c a s e s  c e n t r e  around
which t h i s  i s  s t a t e d  was t h i r t y  on ¥
4.1. i davs and th e  l o n g e s t  d u r a t i o n  was
^he p e r i o d  f rom f i f t e e n  t o  t h i r t y  y »
&bout t h r e e  months .

The c a s e  o f  Chavany and .Chaignot (86) i s  p a r t i c u l a r l y

i n t e r e s t i n g  i n  t h a t  t h e  c e f a b ^ e l l a r  syndrome was v e ry  p u r e .  The
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main fea tu res  of th is  oase were vertigo, incessant vomiting, marked 

prostration, marked bradycardia, asynergism, s l ig h t  adiadokokinesis, 

and speech changes which were described as resembling those of 

i'riedreicn s a tax ic; a l l  the te s ts  for d efic ien t tonus were p o s it iv e .  

It i s  noteworthy that ataxia i s  not mentioned as having been present.  

The case o f  Puig (82) and the present case are also remarkable on 

account o f  the purity  of the cerebellar syndrome.

It  w i l l  be evident thatacute cerebellar ataxia fo llow ing  

v a r ice l la  i s  a condition which is  characterised by a sudden onset 

with p ro stra t io n , lo s s  of muscular tone, vomiting, ataxia, and other 

pure cereb e lla r  symptoms. In addition, in certain cases features of  

involvement of other tracts , such as the pyramidal system, are 

present. Despite the picture of extreme gravity which the cases  

present, they tend to clear up in a comparatively short time without 

leaving any sequelae. The only fa ta l  case was that of van Bogaert 

(Case b ( 6 8 ) ) ,  and as has been pointed out, th is  case was associated  

with a meningeal condition. In the case of Cr^pin (72) there was 

some diminution of in te l le c tu a l  fa c u lt ie s  for about s ix  months a fter  

the cure of the ataxia .

(d) Choreo-athetotic forms. The premier case of th is  

description was that described by Menko ( l l )  of Amsterdam as I

fTchoreiforme Bewegungen" in 1899. The patient showed contortion of 

the fa c ia l  muscles and a tremor of the head and upper ex trem ities .  

Menko him self considered that the condition might be a "forme fruste"  

of chorea minor accurring after va r ice l la . I have been able to trace  

eight examples of th is  condition. A particu larly  good description  

is  that of the case of Sendrail, which was f i r s t  reported by Dudevant j

(83) in her th e s is ,  and which was la ter  published separately in a -

3°int paper by these authors (84). The symptoms and signs in th i s  j

group are so diverse that they are d i f f ic u l t  to analyse. The most j
[

constant fea tu re  was movement of choreo-athetotic type, which occurredj
J

tn s ix  cases, Henke's case ( l l )  showed in addition to the tremor \

of the head and upper extrem ities a d ef in ite  sucking movement of the j

tongue. The cases of S etter  (13) and of Gautier and Honedjikova (87) j



both showed tremor of an undefined type. Convulsions were yjresent j
i

twice and lethargy or a sub-comatose s ta te  on three occasions. !!
;;!

The case of Babonneix, Adeline, and Colombo (54) was noteworthy ji

in that i t  showed at the onset Jacksonian convulsions followed by 

hemiplegia; t h i s  was succeeded by involuntary movements of great 

amplitude, v io le n t ,  incoherent, incessant, a f fe c t in g  the whole of !

the musculature and completely r e c a l l in g  chorea. The r igh t arm
|t

showed a th e to t ic  movements with a decerebrate a t t i tu d e .  There j
was a lso  complete lo s s  of speech and interm ittent strabismus. The 

case of V/iison and Ford (Case a (45)) showed ver tigo , vomiting, and j j j  
ataxia  on the seventh day a fter  the onset of v a r ic e l la ;  t h i s  was 

la te r  followed by horizontal nystagmus, tw itching of the muscles |

and choreiform movements of the arms; the knee and ankle jerks k

were increased, but the arm r e f le x e s  were dim^shed. Some degree g 

of hypertonia seems to be fair^common, since i t  was noted in three j 

cases - but in the case of Dudevant (83) meningeal fea tu res  were j
also  present. An extensor plantar response occurred in two cases , f

and ankle clonus in one. A m  increase in tendon r e f le x e s  a lso  seems I 

to be f a i r l y  common. It i s  in te r e s t in g  to note that some degree 

of dyspnoea was not»lboth by Babonneix, Adeline, and Colombo (54),  

and by Dudevant (83); in the la t t e r  case the condition was described! 

as being one of periods of dyspnoea followed by periodsof increased j 

resp ira t io n , without the regular rhythm of Cheyne-Stokes resp ira tion !  

Symptoms such as headache, ver tig o , and vomiting are d e f in i t e ly  :ij 
uncommon. |

The case of Dudevant (83) i s  in te r e s t in g  in that a good 

descrip tion  i s  given of a sudden change from a meningeal cond ition  

to one of a th e to s is ,  //hen t h i s  occurred the lower h a lf  of the body ! 

became paralysed, though the upper h a lf  was in a s ta te  of constant i! 

motion. Two types of movement were found; one involving the  

musculature as a -whole and con sis tin g  of movements of great 

amplitude; the other a true a th e to t ic  movement which a ffec ted  the 

hands. The case of Fushiki (Case b (65)) showed a primary 

condition of m eningo-encephalitis, which appeared just before the
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onset of the eruption. This condition was cured about the 

forty-n in th  day, but ten days la ter  the child returned with 

clonic spasms.

(e) Hon-characteristic encephalitic forms. In 1912 

Osier (26) mentioned a case of in fa n tile  hemiplegia following  

v a r ice l la ,  and a typ ica l case of similar type was reported by 

Sterling (27) in  1913. Winnicott and Gibbs (43) described a case 

of p a ra ly s is  of the l e f t  arm of a child of three years; the onset 

was sudden on the ninth day after the appearance of the eruption.

The s t i f f n e s s  of the l e f t  arm was apparently due to a voluntary 

muscle contraction , but the l e f t  leg  shov/ed true sp a s t ic ity  with an 

extensor plantar response in the l e f t  foot; the right leg  was la te r  

sim ilarly  involved. Complete recovery resulted . From Spain Lavallen  

(78) described a condition of tonic spasms of long duration, with a 

paresis of the l e f t  side of the body and resistance of the l e f t  arm 

to passive movement; the l e f t  leg  was also paretic . Recovery was 

rapid. In G iu ffre’ s case (8 8 ) , a g ir l  of four years showed nervous 

disturbances on the f i f t h  day after the appearance of a v a r ic e l la  

eruption; the main features were bradykinesia, hypotonia, various 

motor disturbances, and alteration  of the re flexes;  recovery was 

complete in twenty days.

GrT*nnp a -  M y e l i t i s . ( n _ T r a £ S i e r s ^ i ^ 2 e n d J ^ .

This group con sis ts  of eleven oases, and included in  i t  are 

cases of ty p ic a l  asecending or transverse m y e lit is ,  together with 

oonditions which were mostly m yelitic  in nature, but in which signs  

pointing to the involvement of other systems - for example, the 

cerebellum - were a lso  p resen t. In  1915 Wharton Smith (30)

described a case in  a boy of seven years; the patient showed
_ onfl the l e f t  arm, with lo s s  ofd efin ite  p a ra ly s is  of both let>©

. anA extreme tenderness on handling.sensation over these parts and ©x
 ̂ rt-f the affected muscles: withExamination showed f l ig h t  atrophy
* gy\<\ b i la tera l  ankle clonus. Themarked i n c r e a s e  o f  knee gerks ^ d  b i ia t e ia i  *

^  u. -«•+■ onanr fhe case o f  Krabbe (41) wasPlantar r e f le x  inras; la te r  extensor.

aj.80 t y p ic a l ly  a transverse m yelit is  with hyperaestfcesia and



3<?g>.

analgesia of the trunk below a transverse l in e  through the nipples; 

the p a ra ly s is  was f la c c id  with absent tendon re flex es  and entensor 

plantar responses. The case of Waldman (42) i s  in teresting  in 

several ways. The patient, a woman of thirty-two years, showed 

a very sudden onset of the condition. Vomiting was<LCCiampanied 

by p er s is te n t  and painful hiccough, and there was sharp pain round 

the chest and the back of the neck, with t in g lin g  in the hands and 

forearms. Examination showed complete anaesthesia of the entire  

body extending roughly up to about the le v e l  of the third r ib s .

A few days a f te r  the onset there was a zone of hyperaesthesia on 

the neck, and in th is  area there was d ist in c t  lo ca lised  sweating; 

associated with t h is  there was.a s l ig h t  p tosis  of the l e f t  eyelid  

(Horner1 s syndrome). The patient died in coma f iv e  days after  the 

onset. ‘The case of Crouzon and Liege (55) was described by them as 

a n e u r it is ,  but other features suggest that the condition was r e a lly

a m y e l i t is .  The main features were a painful quadriplegia^ with

sphincter disturbances; a l l  deep reflexes of the limbs were 

abolished and d iverse sensory disturbances were associated with 

adiadokokinesis and a staggering gait which suggested some cere

bellar involvement. This case i s  quite unusual in that three years 

after the onset marked signs of nervous involvement were s t i l l  

present. The English cases of Hake (56) and of Cohen (57) are by 

no means t y p ic a l .  The case of Hake showed a spastic para lysis  of 

the l e f t  s ide of the body with increased tendon re flex es  and an 

entensor plantar response; the bladder was markedly distended.

There was la te r  d e f in ite  weakness of the upper arm muscles on the 

right s id e , the right pectoral muscles, and the right in te r c o s ta ls .

The case of  Cohen (57) showed persistent nuchal r ig id i ty  and a

marked "negativism". The two cases of van Bogaert (cases a and 

a ( 6 8 )) a lso  showed marked meningeal symptoms. The case of H eller  

(61) on the other hand was more or l e s s  typ ica l of transverse

my e l i t i s .
Where co nd itions  are so d iverse  i t  i s  d i f f i c u l t  to  make 

any sugges tive  a n a ly s is  of symptoms. P a ra ly s is  - u s u a l ly  of the
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legs - occurred in most cases, and lo s s  or a lteration  of sensation  

over the a ffec ted  part occurred in f iv e .  Pain in these parts  

was a lso  a common symptom (s ix  cases) and involvement of the 

bladder was a lso  found on s ix  occasions. Increase of tenj^reflexes 

was found approximately as frequently as their absence, and the 

abdominal r e f le x e s  were absent in four cases. Though an extensor 

plantar response was quote common, ankle clonus was found only 

twice Uharton Smith (30); Heller (61)). Vomiting occurred in  

three ca ses . Hye signs were noted only in the following instances:  

Krabbe (41) - d i la ta t io n  of one pupil; Heller (61) - immobility 

of one pup il;  Waldman (42) - contracted pupils; Rake (56) - 

convergent strabismus. Other uncommon features have been 

s u f f ic ie n t ly  discussed in the description of cases above.

(b) P o l io m y e lit is . Sight cases have been discovered 

which might reasonably be included in th is  group. j-he premier 

observation was that of Marfan ( 6 ). In 1893 th is  author described  

the case of a boy of nine months who, on about the f i l t h  day of 

an eruption of v a r ic e l la ,  developed a f lacc id  paralysis of the 

l e f t  arm which had not cleared up at the time of writing. Other 

features were present which might possibly have been claimed as 

causes of the condition. But th ir ty  nine years la ter  Marfan (127) 

again referred to th is  case and concluded that the v a r ice l la  had 

been the cause of the p ara lysis .  In the case of G. Hossi (15) a 

boy of eleven  months had been r e s t le s s  for about twenty days; he 

then developed fever which persisted  for two days, on the third  

day p ares is  o f  the right arm was manifest, and twenty-four hours 

la ter  the ch ild  showed a typical eruption of v a r ic e l la .  Eecovery 

was rapid and complete. It i s  noteworthy that th is  ch ild  had been
q +Vi<=> ripveloDinent of malaise; although vaccinated f i f t e e n  days before the d evelop in g

4 .1  a  v»4- -j +■ 1*5 more rational to conclude thatthere i s  an element of doubt, i t  i s  more
not ion was the primary cause of the the v a r ic e l la  and not the vaccm ati

condition.
In some of the oases reported the description of signs and 

symptoms i s  meagre. Of the eight oases, one or both arms were
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affected in  four; one leg  in one ease - Corda (Case a (103)); both 

legs in two cases , and both arms and both legs in one case - 

Babonneix (Case b (8 0 )) .  In every case in which the type of 
paralysis was mentioned i t  was f la cc id . Abolition of the re f lex es  

in the a f ie c te d  parts was the rule. In tv/o cases — Tramer (Case b 

(75)); Babonneix (Case b (80)) - there was tremor in the arms. Both 

these cases a lso  showed some disturbance of speech, and Tramer1s 

second case exh ib ited  in addition a marked f la c c id i ty  of the trunk and 

neck muscles. In van Bogaertfs example (Case d ( 6 8 )) photophobia 

and nuchal r i g id i t y  were also present. The case of Nucci (81) i s  

somewhat remarkable, in that, in addition to the f la cc id  p ara lysis  

of the r ight arm, there was also present swelling of the right knee 

and ankle j o in t s .  The author discusses the d if fer e n t ia l  diagnosis  

of the condition . S ligh t horizontal nystagmus was also  present in

this case.

(c) M ultiple s c le r o s is .  Nearly a l l  authorjTs quote the ease 

of Bouvy (1 0 ) .  The p atien t, a boy of three years, showed weakness of 

the legs with marked exaggeration of the knee jerks, intention tremor, 

nystagmus, strabismus, and l e f t  fa c ia l  paralysis . Double optic  

neuritis was present, and the speech was d e f in ite ly  of the "scanning" 

variety. This condition developed slowly after v a r ice l la .  We have 

seen above that in these conditions of p ost-varice llous en cep h a lit is  

intention tremor, nystagmus, and strabismus are by no means uncommon. 

Anther, the fa c t  that only one case has been described of th is  

condition rather d iscr ed its  th is  interpretation of the pathological  

condition. M iller  and Davidson (28) quote Batten1s lviews on the 

rarity of m u lt ip le  s c le r o s is  in children, and on the s im ila r l i ty  

between i t  and cerebellar encephalitis . They suggest that th is  case 

of Bouvyf s was an example of the la t te r  condition.

Group 4 -  N euritis . The aymptons and signs in  the s ix  

cases i n t h is  group ao not d if fer  very much from those in ordinary

°ases of pheripheral n eu r it is .  The case of Gay (7) was typ ica l of  

condition a f fe c t in g  the leg s , as also was the case of Gaucher 

abd Miralli^ (16 ). In the case of A lla ire (19) the condition a ffec ted
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affected the l e f t  arm; the only in terestin g  feature i s  that 

regurgitation through the nose also occurred, appearing f i r s t  

about a month a f te r  the onset of the v ar ice lla ;  th is  feature was 

suggestive of the presence of d iphtheritic  p ara lysis . Camus and 

S^zary ( 2 0 ) described the onset of f lacc id  paralysis  three days 

after the eruption of v a r ice l la  in a g ir l  of eleven years. The 

condition remained stationary for f iv e  years; the arms then became 

affected , The authors suggest that the condition was an in te r s t i t ia l  

m yositis. In the case of Fasella  (62) the symptoms developed in

the le g s  s ix  days a fter  the onset of v a r ic e l la ,  ihe trouble cleared  

quickly, but by the tw elfth  day after the onset the aims werealso 

affected , h a ito  (14) in 1900 observed a transient para lysis  of the 

fa c ia l  nerve a f te r  v a r ice l la ,  but no further particu lars are

available about th is  case.
Pain occurred in four cases. It  i s  noticeable that in

F a se l la ^  instance (62) the pain f l i t t e d  from place to p lace . S light  

increase in the tendon re flex es  was noted only in the case of  

Fasella (62 ). Wasting of the affected muscles was common.

Anaesthesia does not appear to have been frequent, except in the 

case of Gay (7 ) ,  in which pins could be stuck into the patientfs

f e e t .
Group 5 - Ocular Manifest  a t ions.. In 1898 Marfan (9) 

described th e  case of a g i r l  aged twenty-two months, who developed 

a few days a f t e r  the onset of v a r ic e l la  b i l a t e r a l  p to s i s  due to 

p a ra ly s is  of both  the  le v a to r  palpebrae s u p e r io r is  muscles. There 

was a lso  b i l a t e r a l  strabism us and p a ra ly s is  of a l l  the muscles 

acting on th e  e y e -b a l ls ,  except the ex te rn a l  r e c t i .  Marfan 

discussed the  pathology and concluded th a t  the  cond ition  was of 

nuclear o r ig in .  H olleston  (117) l&t e r  mentioned M arfan 's f u r th e r  

report th a t  th e  cond ition  had improved considerab ly  ap a rt  from some

sluggishness in  t h e  su p e rio r  le v a to r  muscles.
{01 ) rp-norted the case of a boy of In 1908 Chavernac (21/ repoiueu

eleven years -who, a few days after the onset of v a r ic e l la ,  developed 

sudden fa i lu r e  of v is ion , which was progressive. Examination
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showed an increase in the diameter of the op tic  d isc , with some 

fine haemorrhage at the edges; the veins were tortuous and d ila ted .  

Considerable improvement resu lted . Paton (32) described a neuro

r e t i n i t i s  in  a boy. of fourteen years. The condition developed 

suddenly oft the third  day of the i l ln e s s .  Examination some months 

la ter  showed p a llo r  of the l e f t  disc with blurring of the edges and 

irregular sp o tt in g  towards the macula. In the case of Ratner (40) 

to ta l b lindness suddenly occurred nine days after  the onset of  

v a r ice l la  and p ers is ted  for s ix  days. Ophthalmological examination 

showed p a llo r  of the l e f t  disc with dilated veins; in the right eye 

there was op tic  n eu r it is  with marked sw elling. Ratner considers  

that such cases of blindness in children following the acute 

in fection s can be divided into two large groups: (a) cases due 

to pressure from blocking of the foramen of Magendie; (b) cases  

due to d irect  retrobulbar n eu rit is  of toxic orig in , The case of  

Bouvy (lO) a lso  showed optic n eu r it is .  In a recent in terestin g  

paper Mayerhofer and Breitenfeld  (98) describe the case of a boy 

who sickened nineteen days after  the onset of v a r ic e l la  with a 

condition which was reminiscent of le tharg ic  encephalitis  accom 

panied by hydrocephalus; as a resu lt  of th is  a b i la te r a l  choked 

disc appeared and complete blindness ensued. The authors 

performed F o rsterTs operation and a complete cure resu lted , xhe 

case of Kuismans (25) has already been referred to . The condition  

was at f i r s t  a m eningitis , but on the f i f t h  day a fter  the onset 

of the eruption sudden blindness developed. This was round to be 

<*ue to thrombosis of the central vein of the re tina .

Ophthalmoplegia interna was described by Fuchs (31) in  a 

female of twenty years. Ten days after the appearance of the 

eruption the pupil ceased to react ana became wide. Eight months 

la ter  accommodation was possib le  but the pupil was s t i l l  wider than 

normal. A sim ilar  case of b i la te r a l  p ara lysis  of the sphincter  

ir id is  muscles was described by Butler (70) in a g ir l  of f i f t e e n  

years. S ix weeks la te r  the eyes had not become completely normal. 

The patient of de Toni (36) was l e f t  with to ta l  u n ila te ra l
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ophthalmoplegia as a sequela®. Babonneix, in the d iscussion  

following the paper by Grouzon and Lie'ge (55), stated that he had 

seen in eq u a lity  of  the pupils in the course of v a r ic e l la .

ggPP-P 6 - Other conditions. The case of Sachs (1 2 ) i s  

unusual in  that a mental condition was p r a c t ic a lly  the only evidence 

of cerebral involvement. During an attack of v a r ice l la  the 

patient, a boy of f i f t e e n  months, developed convulsions and lo s s  

of the power to use words; he soon f e l l  into a state  of complete 

mental a l ie n a t io n .  Bight years la te r  the physical condition was 

normal but the id iocy  continued. In 1929 Tono ( 6 6 ) mentioned a 

case of en cep h a lit is  following v a r ice l la  in a g ir l  of f iv e  years, 

but no c l i n i c a l  features were given.

Infrequent conditions. The spleen was found enlarged 

in four cases - de Toni (56); Mya (5); Gorini (91); Corda (Case a 

(103)). The l i v e r  was enlarged in two cases - Conrad (63); 

Zimmermann and Yannet (7 9 ). The second case of Borra (77) showed 

enlargement of the cervica l glands and of a right mammary gland.

In the f i r s t  case of Corda (Case a (103)) there was d e f in ite  

enlargement o f  the glands in the neck, a x il la e  and inguinal regions.

P yrex ia . The temperature during the period of the cerebral 

complication was mentioned in  th irty-n ine cases. In eight of these  

cases no pyrexia was recorded at any time during the period. Of 

the remaining th ir ty  one cases pyrexia about lQO^B was noted at 

some period of the cerebral complications in a l l  except four 

(Dagneiie and Dubois (89); Kramer (34); Corda (Case b (103)); and 

the present c a s e ) . Of the twelve fa ta l  cases the degree of pyrexia  

is  mentioned in  nine. Of these the lowest temperature recorded, in  

the case of Dagneiie and Dubois (89) was 99.5°B. In the other
O Ojp m u

sight eases the temperature was high, usually  102 to 104 

highest temperature mentioned in any case was found in that of  

Zimmermann and Yannet (79), v iz , 107 i1-

Laboratory Investiga tion .

The r e su lts  obtained by lumbar puncture are ava ilab le  in  

fifty-eight eases. To the naked eye a l l  the f lu id s  were c lear ,
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except two which showed xanthochromia £de Toni (36); Debr^, L^vy- 

Solal, b e tte r ,  and Longehampt (39 )) .  Of forty-two f lu id s  in which 

the degree of pressure was mentioned, there was no increase in  

twenty, and a s l ig h t  increase in ten; the other twelve showed a 

marked increase in pressure. The c e l l  content was usually  normal 

(th irty-one cases) or showed a s l ig h t  increase (twenty ca ses) .  In 

the remaining four in  which th is  feature i s  mentioned there was a 

marked increase in the c e l l  content (eightyor more c e l l s  p-er ccm).

In the cases in which the c e l l  content was increased there was a 

preponderance of lymphocytes or mononuclears in a l l  except two, 

which showed a preponderance of polymorphonuclears (Goussis (37); 

Gorini (9 1 )) .  Tfte protein content was normal, or showed only a 

s lig h t  increase, in thirty-one out of forty  f lu id s ;  in the remaining 

nine there was a marked increase. The f igures with reference to  

glucose and chloride contents were not so d e f in ite .  In a consider

able proportion of cases the glucose was normal, and in the remainder 

an increase was rather commoner than a decrease. The same might be 

said of the chloride content, but in th is  case the estim ations were 

infrequent. The Wassermann reaction was negative in a l l  the f lu id s  on 

which th is  examination was made - v i z . ,  twenty-two. Of seven cases  

in which LangeTs co l lo id a l  gold te s t  was performed, the curve was 

normal or nearly normal in four; i t  was of the meningeal type in two; 

and in another case i t  tended to be of the type associated with  

en cephalit is  le th arg ica .

R e la t io n s  between the occurrence of nervous co m p lica t ion s  
and type o f  va r i c e l l a .

Table I g ives an idea of the re la tion  between the type 

v a r ic e l la  and the accurrence of these nervous complications in  

those cases in which the information was ava ilab le .

Table I.
Type o f  Group
V a r ic e l la  P. 1 . 2> 3. 4. 5. T o tal
_ _ _ _ _ _ _ _ _ ___________ Gases
Severe 2 9 4 1 2 18
Moderate 4 2 17 7 2 32
Benign 1  7 16 4 1 -  29

Total 5 11 42 15 4 2 79
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It i s  seen that moderate and benign cases were of equal frequency 

and severe cases were considerably le s s  frequent. Nevertheless, when

we take into account the fact that severe cases of v a r ic e l la  are 

not nearly so common as milder types, i t  would seem that these  

nervous complications are rea lly  more l ia b le  to occur in p a tien ts  

who have a severe attack of v a r ice l la .  This i s  e sp e c ia lly  the case 

where the complications are of the nature of m y e lit is .  I t  i s  of 

in terest to note that Eckstein (122) mentions that within recent 

years there has heen no increase in the severity  of chicken-pox 

i t s e l f  - even in those cases which develop nervous complications.

Prognosis.

Of the hundred and twenty eases which are l i s t e d  in the 

Appendix, information regarding the further course i s  availab le  

for one hundred and nine. Of these twfjejve died, eighty recovered 

completely, f i f t e e n  showed recovery with sequelae of some type, and 

two cases - Bouvy (10); Sachs (12) - did not recover. In the fa ta l  

cases death took place at any time from eighteen hours - Morichau- 

Beauchant ( 2 2 ) -  to seventeen days - van Bogaert (Case b ( 6 8 )) - 

after the onset of the nervous complication. In those cases which 

had not completely recovered at the time of reporting, a wide range 

of sequelae was l e f t .  Some of these were of no great consequence, 

such as lack of concentration - Pry (92), and widening of an a ffected  

pupil - Fuchs (31). On the other hand, many of the sequelae were 

of great importance, such as to ta l  ophthalmoplegia - de Toni (36) - 

and d e f in i te  ataxia - Crouzon and Li^ge (55). Complete recovery  

was commonest in the cerebellar group (2 c) , and le a s t  common in the 

groups embracing m y e lit is  and eye conditions.

Pathology.

A d eta iled  description of the pathology of the condition  

is  foreign to the purpose of th is  paper. Nevertheless, a b r ie f  

review of the pathological appearances i s  material to the argument.

Of the hundred and twenty cases in the Appendix, a p ost

mortem examination was performed in s ix  - My a (5); van Bogaert (case
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Id (6 8 )); Laignel-Lavastine, Miget, and Constantinesco (73);

Zimmerman and Yannet (79); Dagneiie and Dubois (89); Lucksch (94).

These cases are not a l l  equally important from the point of view of 

the study of v a r ice l lo u s  encephalo-myelitis, but i t  w i l l  be desirable

to review b r ie f ly  the findings.

(a) Ilya (5 ) . It has already been stated that th is  p a tien t , a 

male of one year, suffered from a meningo-encephalocele, and the 

sp ec if ic  f in d in gs are therefore to a certain  extent v i t ia te d .  The 

autopsy showed a lo s s  of the bony substance of the cranium, through 

which the meninges and brain matter herniated. On the in ternal  

surface of the dura mater there was an exudate of coagulated blood.

The condition was described as a pachymeningitis haemorrhagica.

(b) Van Bogaert (Case b ( 6 8 ) ) .  The patient, a g ir l  of twelve 

years, developed sore throat and elevated temperature on 3rd A pril, 

1929. These c o n d i t i o n s  persisted  u n t i l  11th April, when a typ ica l i 

severe attack, of chicken-pox developed, f i th in  two days the patien t  

showed symptoms of meningeal involvement, which were la te r  succeeded

by marked cerebellar ataxia with mania and v isual h a llu c in a tion s .

She died in the night of'29-30th April. The post-mortem examination 

showed extreme congestion of the brain, e sp e c ia lly  in the white 

substance of the cerebrum and cerebellum, where there were circum

scribed inflammatory f o e i .  The microscopical examination showed 

some perivascular in f i l tr a t io n ,  with nodules of f l i a l  p r o l ife r a t io n  

centred round the v e s se ls .  In the cerebellar cortex the c e l l s  of  

lurkinge had lo s t  th e ir  dendrites; they were g lassy  and opaque in  

appearance, and the tigro id  substance' was dispersed as a f in e  dust 

throughout the c e l l  body. Van Bogaert concluded that these changes

were probably d e g e n e r a t i v e  in nature.
(c) L a i g n e l - L a v a s t  i n e ,  Miget, and_. Gon s t a n t i n e s c o _  j _73j .

At autopsy the gross changes were congestion of the dura with 

thickening of the meninges generally. The su p er f ic ia l  v e s s e ls  of 

the cortex were d ila ted , iiicroscop ica lly  the surface of the p ia  |

showed a thiolt. layer of leucocytes and of a ltered monocytes, a 

deeper layer showed much thickening and oedema with numerous 

distended c a p il la r ie s  f i l l e d  with blood, and for the most part I
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surrounded by a perivascular cuff, due e ither to thickening of the 

neuroglial network surrounding the v esse l  or to accumulation of 

inflammatory c e l l s .  There was some chromatolysis of the neurons 

of the su p e r f ic ia l  layer of the cortex, with d istension  of the 

p e r ic e l lu la r  spaces.

(d) Zimmerman and Yannet (79 ) . The p atien t, a g ir l  of 

th irteen  months, developed four days-after typ ica l v a r ic e l la  a 

condition v/hieh was c la s s i f ie d  above as encephalo-myelitis of the 

cerebral type. Death took place on the following day. The p o st

mortem examination showed le s io n s  only in the central nervous 

system, m icroscopically  the ganglion c e l l s  of the whole brain and 

spinal cord showed degenerative le s io n s ,  which varied in in te n s ity  

but not in kind from place to place. The cytoplasm of these c e l l s  

showed large translucent vacuoles. There were foca l haemorrhages 

around the co r t ica l  v e s se ls .  In the white matter of the p a r ie ta l  

and o c c ip ita l  lobes the v esse ls  showed perivascular ce l lu la r  c u ffs ,  

and the la t t e r  were surrounded by demyelinated zones. Fat granule 

c e l l s  were frequent in certain  areas of the v/hite matter, and also  

in the leptorneninges.

(e) Dagneiie and Dubois (8 9 ) . The p atien t, a g ir l  of  

eight months, developed extreme i r r i t a b i l i t y  f i f t e e n  days a fte r  

the onset of v a r ice l la ;  coma ensued and death took place within  

twenty-four hours. Microscopical examination of the brain showed 

excessive congestion of a l l  the white matter, with d ila ta t io n  and 

engorgement of the small ca p il la r ie s .  In certain  areas there was

8- perivenous demyelinization without a ltera tion  of axons. The nuclei  

of the base showed much congestion; most of the v e s se ls  were here 

surrounded by granular substance, but no demyelinization was 

demonstrable by the Spielmeyer process.

( f)  Lucksch (9 4 ) . The patient was a boy of fourteen months 

who, four days a fter  the onset of v a r ice l la ,  developed l e f t  p to s i s  

and p aresis  of the l e f t  pupil. There was a lso  paresis  of the r ight  

side of the fa c 6 and of both lower extrem ities. After th ir teen  days 

"the symptoms suddenly disappeared, but two months a fter  the f i r s t
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onset there was a recrudescence, with a purulent discharge from 

the l e f t  ear. I he patient died about a week la te r .  The opinion 

was expressed at post-mortem examination that there was no 

connection between these two attacks. Microscopical examination 

of the centra l nervous system showed, esp ec ia lly  in the white

substance, numerous distended v esse ls  packed with blood.

Van Bogaert (128) la te r  made a more complete examination j 

of h is f a t a l  case, with specia l reference to i t s  re la tionsh ip  with 

multiple s c le r o s is  and the encephalomyelitis following other 

in fectiou s d ise a se s .  He noted that a considerable number of fo c i  

showing dem yelinization were v is ib le  to the naked eye. These fo c i  

varied in s iz e ,  and they looked l ik e  small o i l  drops. They were 

often centred round vesse ls ;  but th is  feature was not so character

i s t i c  as i s  the case in the encephalomyelitis follow ing measles 

and vaccination . His case was similar to that of Zimmerman and Yannel 

(78) in that both showed perivascular changes in the white substance, 

with in f i l t r a t i o n  of phagocytic c e l l s ;  a marked increase of
Igranular c e l l s  in the meninges; and cortica l and subeortical changes ]

in the c e l l s  without gross a lteration  of the structure of the brain

substance. On the other hand, van Bogeart1s case showed certa in

features which that of Zimmerman and Yannet lacked, v iz ,  p r o l ife r a -  I

tion  of g l i a l  c e l l s  in a manner reminiscent of m ultiple s c le r o s is ;  

and a certa in  amount of inflammatory material around the v e s s e ls .

Van Bogaert concludes that h is ease of p o st-v a r ice llo u s  en ce p h a lit is  ; 

showed fea tures  which rendered i t  more c lo se ly  akin to m ultiple  

sc le r o s is  than to the encephalo-myelopathies of measles and 

v a c c in ia . ,

From these findings i t  w ill  be apparent that there i s  no 

d e f in i te ly  typ ica l pathological feature of v a r ice l lo u s  en ce p h a lit is ,  j 

In the case of post-vaccinal encephalitis  Greenfield (129) sta tes ,

^bat, though perivascular cuffing i s  very common, the ty p ic a l  

feature of the condition i s  perivascular dem yelinization. In the j

s ix  cases discussed th is  feature was by no means so constant and )

marked as to be considered typical of the condition.
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There i s  an in c lin a tio n  on the part of many w riters to 

include chicken-pox among the d iseases in which the typ ica l features  

of the p o s t - in fe c t io u s  encephalo-myelopathies are found. For 

example, Rivers (130) includes v a r ic e l la  in the group of d iseases  

in which the p o s t - in fe c t io u s  encephalit is  i s  characterised by 

perivascular dem yelinization. There i s  l i t t l e  doubt that the p ost

mortem find in gs  are more or l e s s  id en tica l in the encephalo-m yelitis  

following vacc in ia , smallpox, and measles. This condition has very 

generally been described as acute disseminated encephalom yelitis, 

the name which was given by ffestphal (131) in 1872. Recently th is  

condition was ex ten sive ly  studied by Marsden and Hurst (132) in  

smallpox, and they placed so much emphasis upon the feature of 

demyelinization as to propose the new term "acute perivascular  

qjyelinoclasis" for the condition. In 1928 Turnbull (133) mentioned 

that, he had not seen any sa t is fa c to ry  report in the l i te r a tu r e  of a 

post-mortem examination in encephalomyelitis a fter  v a r ic e l la .  

Greenfield (134) admits that in th is  condition there is  no s a t i s 

factory evidence that the pathological picture i s  the same as m  

encephalomyelitis follow ing certain  other in fectiou s  d isea ses .  

Wbhlwill (135) s ta te s  quite d e f in i te ly  that i t  i s  w r o n g  to assume 

that the patho log ica l find ings are the same in var ice llou s  as in  

post-vaccinal en cep h a lit is .  Zimmerman and Yannet (79) concluded 

that th e ir  case showed features which w e r e  ch aracter is tic  both of 

the en cep h a lit is  fo llow ing vaccination and of that follow ing measles 

and the n on -sp ec if ic  en cephalit is  described by Low (136).

Lucksch (9 4 ) was of opinion that the h is to lo g ic a l  f ind ings were 

en tire ly  due to the pneumonia and o t i t i s  which were present m  h is  

case, and that no typ ica l findings of en cep h a lit is ,  such as those  

described by van Bogaert ( 6 8 ) were present. Lucksch therefore  

argues that , since i t  i s  very improbable that severe patho log ica l  

conditions, such as have been described by others, would reso lve  

within the period of two months which in h is  case elapsed between 

the attack of en cep h a lit is  and the occurrence of the pneumonia, 

o t i t i s  and death, these pathological features are therefore not
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unconditionally  necessary for the occurrence of c l in ic a l  

m anifestations of en cep h a lit is ,  and that they probably only 

occur in  those cases which lead to a fa ta l  termination. Van 

Bogaert (137) i s  inclined  to agree with Lucksch that i t  is  in  

the grave cases that the typ ica l features are more l ik e ly  to 

develop. He suggests that each virus has a pred ilection  for  

certain regions of the nervous system - a statement which rece ives  

much support from the frequency of cerebellar complications in  

v a r ic e l la .

Epidemiology.

In ra s t r ic t  sense the heading for th is  section  cannot 

be ju s t i f i e d ,  since the use of the word "epidemiology” assumes 

that the condition which i s  under discussion i s  a separate e n t ity ,  

that i t  i s  communicable by d irect or indirect spread from one 

person to another, and that i t  has affected a considerable number 

of persons 7/ ith in  a reasonable period of time. I t  w i l l  be seen 

from what fo llow s that these desiderata are not f u l f i l l e d .  There 

is  at present no defin itecproof that the meningoencephalitis or 

the associated  nervous conditions which occur in c lo se  time r e la 

tionship to the onset of v a r ic e l la  constitu te  a separate d isease .  

Even i f  th is  i s  u lt im ate ly  admitted, evidence of communicability 

is  s in gu lar ly  lacking; and again, i f  we admit that the word 

"epidemic” i s  a r e la t iv e  term, there i s  no suggestion that there 

has ^ever been an outbreak of a magnitude su ff ic ie n t  to warrant 

i t s  use. The term "epidemiology" is ,  however, a convenient one to  

describe, in connection with these nervous conditions, certain  

features which are not pun3yclinical in nature. In th is  sense i t  

has been so used in various o f f i c ia l  reports, and i t  has accordingly  

been retained here.

It should a lso  be noted that the following d iscussion  

applies to a l l  the eases which are l i s t e d  in the Appendix. The 

suggestion may be made that Groups P, 4, 5, and 6 may not be 

s t r i c t ly  comparable with Groups 1, 2, and 3. There i s ,  however,

&o evidence to the contrary, and the inclusion  of a l l  cases makes

■|»
e in v est ig a t io n  more complete, and does not m ateria lly



affect the r e s u l t s .  Further, since the majority of the cases 

discussed were true cases of encephalit is  or meningo-encephaiitis, 

the term "encephalitis"  w i l l  be frequently used in the general 

sense eS- the d iscu ssion .

(a) Sex. Of the 120  cases referred to in th is  paper, 

the sex was given in  112. Of these s ix ty-n ine were males and 

forty-three  fem ales. The sex incidence in the d ifferen t groups 

is  set out in Table I I .  I t  i s  seen that the preponderance of 

the male sex e x i s t s  in  p r a c t ic a l ly  every group, but i s  p a r t icu la r ly  

marked
TABLE II .

Group P 1 . 2 . 3 . 4., 5 6 . T o t a l
M ales 3 12 34 11 4 4 1 69
Fem ale s  3 4 22 9 1 3 1 43
T o t a l 6 1 6 56 2 0 5 7 2 1 1 2

i n  t h e g r o u p w h i c h c o n s i s t s o f t h e t r u e c a s e s  o f  <

This sex incidence may be compared with that of p ost-vaccinal  

en cephalit is:  of sixty-two cases of th is  condition forty  were

females and twenty-two males (138).

(b ) Age. The age was given in 114 of the 120 cases.

The age incidence for the d ifferen t groups i s  given in Table I I I .

TABLE III

Group. U n d e r  1 1 - 2 - 3 - 4 - 5 - 1 0 - 1 5 - 20+ T o t a l

P _ 1 l 2 *9 2 — — 6
1 1 1 1 1 2 7 — 2 1 1 6
2 5 6 4 1 0 12 16 3 1 1 58
3 2 2 1 5 7 - - 3 2 0
4 1 1 2 1 - - 5
5 mm 1 _ 1 - 3 1 1 7
6 — 1 — — - 1 - - - 2

T o t a l 8 11 9 18 16 35 7 4 6 1 1 4

Tt w il l  be seen that ninety-seven of the cases, or e ig h ty -f iv e  

percent, occurred in children under ten years of age. Some -writers 

la id  s tr e ss  on th is  point with regard to the e t io lo g y  of the 

condition, but i t  seems more reasonable to assume that t h is  f r e 

quency i s  associated  so le ly  with the greater frequency of ehieken- 

P°x at the younger ages of l i f e .  For example, the age grouping

9,486 cases of chickenpox which were n o tif ie d  in Leeds
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during the f iv e  years 1927 to 1931 inclusive  i s  given in Table 

IV. (139) (Figures for the ags groups 5 - 1 0  years were not

a v a ila b le ). 

Year Under 1 1 -

TABLE IV.

5- 15- 25- 45- 65-
All
ages

1927 10 125 177 6 3 321
1928 89 615 987 22 4 - - 1,717
1929 112 846 1,535 40 12 - - 2,545
1930 111 937 1,664 41 14 1 - 2,768
1931 90 725 1,278 30 10 2 _ 2,135

Total 412 3,248 5,641 139 43 3 •* 9,486

Per cent 4 .3 34.2 59.5 1 .5 0.5 0.03

From these tab les  i t  w i l l  be seen that the virus , whatever i t  may

be, i s probably as l ik e ly  to a ffe c t  the nervods system in p a tien ts

over f i f t e e n  years as in p a tien ts  under th&t age.

(c) Date of occurrence. The approximate date of 

occurrence of each case was availab le  in  11 8  of the 1 2 0  cases. In 

tabulating these features the actual date of occurrence, as given  

in the or ig in a l paper, was used whenever p oss ib le .  vVhen th is  date 

was not given, the year of publication  of paper was taken as the 

year of occurrence. Any discrepancies which occurred are probably 

not very appreciable. The information obtained i s  shown in  a chart 

(Figure I ) .  I t  w i l l  be seen that the incidence of th is  complication  

assumed what might be termed "epidemic proportions” between the 

years 1 9 2 1  and 1 9 2 5 ,  and reached i t s  peak in the follow ing  

quinquennium. The actual figures for the years 1 9 2 1  to 1 9 3 3  are 

given in Table V.
TABLE_V.

Year i 9 2 l ' T 9 2 2 ~ 1 9 2 3  1 9 2 4 ~ 1 9 2 5  192 6  1 9 2 7  1 9 2 8  192 9  1 9 3 0  1 9 3 1  1 9 3 2  1933  

Oases  1 I I l  12 3 9 12 1 4  1 3  6 10  2

Where the cases are so few and scattered over so many 

years, i t  i s  impossible to base any considered conclusions upon 

the evidence of time incidence; but as a matter of in te r e s t ,  

whenever p o ss ib le ,  the month of occurrence of each case was a lso  

noted* These p articu lars are available for seventy—s ix  cases, 

and. the r e s u lt s  are given in Table VI.



Cases Cases

1871-75  76—£ 8 1-85  86-90  9 1-95  96-1900  01-05  0 6-10  11-15  16-20  2 1 -2 5  2 6 -3 0  31 -

Years

F ig. 1.— Incidence in 5-year periods of encephalomyelitis and other neurological 
conditions associated with varicella.



TABLE VI.
Month Jan. Feb. Mar. Apl. May. June. Jul.Aug.Sept.Oct.Nov.Dee.

Gases 4 14 8 6  11 5 3 3 2 2 12 6

To conclude th is  sec t io n  i t  may he said that the season of the 

year would not seem to play any part in the occurrence of th is  

complication per se. On the other hand, the year of occurrence i s  

so important that i t  w i l l  he discussed in  a la te r  sec t io n .

(d) Country of o r ig in . The countries of or ig in  of 119 . 

of the 120 cases are given in  Tahle VII. I t  w i l l  he seen that 

France and Belgium account for  more than one third of a l l  reported  

cases. The incidence was a lso  high in I ta ly  and comparatively high  

in  the United States of America and in Germany. The B r it ish  cases  

are rather m isleading. Of these eleven B r it ish  cases (which 

figure  includes the present case) four were reported before 1926. 

When the number

TABLE VII.

A u s t r i a  . . . 5 C o r f u  . . . 1
G r e a t  B r i t a i n 11 Denmark . . . 1
F r a n c e  . . . 32 S w i t z e r l a n d 4
Sweden . . . 1 P o l a n d  . . . 1
I t a l y  . . . 19 S o u t h  A m e r i c a 1
H o l l a n d  . . . 1 B e l g i u m  . . . 9
U n i t e d  S t a t e s  o f Amer .13 Canada . . . 1
Germany . . . 9 B oh em ia  . . . 3
J a p a n  . . . 3 Crdjfcia . . . 1
G z e c h o - S l o v a k i a . 2 S p a i n  . . .

T o t a l

1

119
of cases reported in France, Belgium and I ta ly ,  since that date, 

are taken into consideration, th is  incidence must he considered low.

(e) Multiple cases in households. The reports have.been  

carefu lly  scru tin ised  with a view to the study of instances where 

more than one case of nervous complications occurred in s in g le  

households. Only one d e f in ite  instance of th is  was discovered, 

’namely, in  the two cases described by G alli (38). These two cases, 

a brother and a s i s t e r ,  were of a family of nine children, eight of 

whom had v a r ic e l la  more or le s s  at the same time. The boy developed 

the nervous condition f i r s t ,  and two days la t e r  the g ir l  showed 

similar symptoms. In both cases the condition was of the nature of 

cerebellar a tax ia . This low incidence of m ultip le  cases in house-
1.

,k°lds i s  e s p e c ia l ly  in terestin g  in view of the statement of
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Marfan (40) that he had frequently  seen small epidemics o f  nervous 

conditions in  children who lived  near, or in  a sso c ia t io n  with, actual 

cases of chicken-pox.

( f )  Previous medical h is tory . A complete d escrip tion  of  

the previous i l ln e s s e s  reported in these cases w i l l  not he attempted 

here. I t  i s  s u f f ic ie n t  to note that, of twenty-seven cases in  

which the w riter found f u l l  reports of the previous h istory , ten of 

the cases had suffered from some more or l e s s  organic condition, such 

as r ic k e ts ,  convulsions, anaemia, or backwardness. In two of these  

cases (Borremans (97); Crouzon and Liege (55)) there was a d e f in i te  

h isto ry  of a neuropathic tendency; and in the case of Bouvy (1 0 ), a 

child  of three years, there had been s l ig h t  f a c ia l  p a ra ly s is  a f te r

an attack of measles a year before. It  would appear that there i s  

some p ro b a b il ity  that the v irus of the condition i s  disposed to 

attack nervous systems which are unstable or which have previously  

shown some c l in i c a l  evidence of involvement.

( g ) uIncubationrfp eriod . Of a l l  the epidem iological aspects  

of the problem th is  i s  the most important from the point of view of  

pathogenesis. The availab le reports were examined with a view to 

finding the 11 incubation period" - or the exact in terva l between the 

appearance of the eruption and the development of nervous symptoms. 

These fea tures were ava ilab le  in  105 of the 120  cases l i s t e d  in the 

Appendix. This in terva l might be e ith er  p o s i t iv e  or negative.

The eases have been arranged on the assumption that the in terv a l i s  

’" p osit ive” when the nervous complications develop a fte r  the appear

ance of the eruption, and "negative" when they develop before.

This in terv a l,  stated in days, varied from 0 (that i s ,  the nervous 

symptoms appeared p r a c t ic a lly  concurrently with the onset of the 

eruption) to 90. The long "incubation period” of n inety  days shown 

the cases of Henner (1 0 2 ) and Marfan (9) i s  quite unusual, 

incidenta lly , i t  should be mentioned here that in  a la r g e ’proportion  

°f the cases which occurred before 1900, the "incubation periods"  

were short and of negative sign . This p o ss ib ly  suggests that the 

°ld c l in ic ia n s  were interested  merely in those features which were 

typically  associated  with the onset of the d isease and the appearance
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of the rash. As a coro llary , i t  seems p o ss ib le  that some cases  

with longer "incubation periods" may not have been considered as 

due to v a r ic e l la ,  and may not have been reported.

P ost-vacc in a l en cep h a lit is  d i f f e r s  from a l l  forms of 

p o s t - in fe c t io u s  en cep h a lit is  in  that the p rec ise  date of the 

introduction of the v irus can be ascertained . In the p o s t - in fe c t io u s  

cases, although a f a ir ly  accurate guess at the approximate date of 

introduction of the virus can u su a lly  be made from the date of the 

appearance of the eruption, nevertheless there are grounds for  

b eliev in g  that the actual symptoms of the d isease  may not appear 1 

for some considerable time, and that during th is  period certa in  

hith erto  unexplained phenomena connected with the immunological 

responses of the body may occur.. The "incubation periods" were 

tabulated in  a manner sim ilar to thatadopted by the R olleston  

Commission on Vaccination (138). When the sums of cases were 

p lotted  out against the time in terv a ls ,  i t  was found that the 

re su lt in g  curve approximated f a ir ly  c lo se ly  to the lo g i s t i c  curve 

of population growth. This suggests that there i s  probably a 

close  re la t io n sh ip  between the occurrence of chicken-pox and the 

development of such nervous complications.

The average "incubation periods" for each group are set  

out in Table VIII.
TABLE VIII.

P 1 2a 2b 2c 2d 2e 3a 3b 4 5
1 .5  +6.9 +4.7 +8.9 +9.1* +7.4 +7.3 +8.2 +3*0  +15.6 +23.5

* I f  Henner’s two extreme cases are excluded, t h is  
figure becomes +6 . 8 , which g ives  a truer conception

Owing to the small number of cases in most of the groups,

and the wide deviations from the mean, th is  tab le  does not g ive a

good idea of the actual "incubation periods". Eigure 2 g iv es  a
*

te t te r  idea of the main fea tu res . I t  i s  seen that the onset of a 

nervous complication more than three days before or twenty days 

after the appearance of the chicken-pox eruption i s  quite 

exceptional. The bulk of the cases occur between the fourth and 

the tenth day a fter  the appearance of the eruption.

Group 
Aver- )
ftf® )
bation., I perio

days)
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+20  +50 +90 D»j»

F ig . 2 .— D iagram  show ing “ in cubation  p e r io d s” of 107 cases of encephalom yelitis and  
o th er neurological conditions associated  w ith  varicella.
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Theories with regard to A etio logy .

There are f iv e  main p o s s i b i l i t i e s  which might explain  

the occurrence of th is  condition. (a) The occurrence of the 

en cep h a lit is  fo llow ing  the v a r ic e l la  may be purely fo r tu ito u s .

(b) The nervous symptoms may be due to the virus of some known 

d isea se . (c) The nervous symptoms may be due to some unknown v irus ,

(d) The condition might be due to the v irus of the primary d isea se ,  

in t h is  case v a r ic e l la ,  or to tox ins of the virus (e) The nervous 

symptoms may be e s s e n t ia l ly  caused by a change in the a l le r g ic  

s ta te  of the nervous system. I t  should be mentioned that i t  i s  

impossible to d iscu ss  the pathogenesis of encephalom yelitis  

fo llow ing v a r ic e l la  apart from that associated  with other primary 

conditions. The above causes w i l l  now be b r ie f ly  considered.

(a) P o s s ib i l i t y  of a fo r tu ito u s  occurrence. I f  the theory
*

of fo r tu ity  i s  to carry any weight, then i t  should be p o ss ib le  to 

show that cases of acute nervous disorders occurred in the same 

d is t r ic t  and at the same time as these cases of v a r ice l lo u s  

encephalom yelitis; and we should be able to show a lso  that there was 

no d e f in i te  a sso c ia t io n  in time between the onset of the eruption  

and the occurrence of the nervous condition. So far as the f i r s t  

desideratum i s  concerned, i t  would a lso  be necessary to show that
i

there i s  a condition which i s  c l in i c a l l y  and p a th o lo g ic a lly  in d is 

tinguishable from v a r ice l lo u s  encephalom yelitis, but which ife not 

associated with v a r ic e l la  as a primary d isease . Such a condition  

possibly e x i s t s .  Striimpell (142) described in  1885 an en ce p h a lit is  

which did not appear to be associated with a primary condition.

Stooss (143) described in 1926 a simple en cep h a lit is ,  and in  1929 

, Brain and Hunter (144) reported s ix  cases of acute meningo-encephal

i t i s  in children, one of which was f a t a l !  in  t h i s  report there i s  no 

mention that any of the children had recently  had any in fe c t io u s  

disease. Brown and Symmers (145) in 1925 reported cases of acute  

serous en cejjhalitis  in childhood. On the other hand in the papers 

dealing with v a r ice l lo u s  en cep h a lit is  the writer has read there was 

0rHy one mention of the occurrence, about the same time as th e
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i l l n e s s  of the case described, of such conditions in children who 

were not su ffer in g  from one of the in fe c t io u s  d isea ses .  This 

exception was the statement made by Marfan (140) and i t  w i l l  be 

shown la te r  that i t  can be explained apart from fo r tu i ty .  In fact  

most of the evidence p o in ts  in the other d irection . The concurrent 

ex isten ce  of nervous features in the brother and s i s t e r  described  

by G-alli (38), both of whom developed chicken-pox p r a c t ic a l ly  at 

the same time, i s  suggestive of the d irect a s s o c ia t io n ’between the 

two con d itions. So far as the second desideratum i s  concerned, i t  

has already been mentioned that the question i s  sim ilar to that for  

vaccinal en ce p h a lit is ;  i t  was discussed in the sec tion  which deals  

with the ’’incubation period ”.

(b) Theory of the v irus of a known di sease. Some authors 

suggest that these conditions are e s s e n t ia l ly  a ty p ic a l  form of 

acute p o lio m y e lit is  which develop in  a sso c ia t io n  with v a r ic e l la .  

From a c l in i c a l  point of view the good prognosis and the fa c t  that 

subsequent p a ra ly s is  was seldom noticed i s  s u f f ic ie n t  to discount 

th is  view. In recent years a few authors, for  example Babonneix, 

have been in clined  to hold that these were r e a l ly  atyp ica l cases of 

en cep h a lit is  le th arg ica . Again, the c l in i c a l  f ind ings are 

su f f ic ie n t  to negative th is  supposition - v i z . ,  the fact that, 

somnolence i s  rare a fter  the acute phase of the condition, the 

entire  absence of sequelae such as are ch a ra c ter is t ic  of the 

juvenile type of le th a rg ic  en cep h a lit is ,  and the sudden and often  

fulminating course with rapid evolution . Other v irh ses  have been 

incriminated, but the evidence in th e ir  favour* i s  slender.

(c) Theory of an unknown v irus. The suggestion that the 

encephalit is  fo llow in g vaccination and certa in  in fe c t io u s  d isea ses  

is  due to an unknown virus which i s  activated by the primary 

condition has many supporters, e sp e c ia l ly  in th is  country. I t  would 

aPpear that Bastiaanse (146) and Perdrau (147) were among the f i r s t  

to make th is  suggestion. In d iscussing the pathology and patho

genesis of the encephalomyelitis of measles, Greenfield (129)

Points out that the e a r l ie s t  case of t h is  condition reported in



th i s  country Y/as that described by I/Ir. James Lucas (148), a 

surgeon to the Leeds General Infirmary, in  1790. In th is  case 

of measles paraplegia a s im ilar attack had come on previously  

a fte r  smallpox, and Greenfield says that th is  case of i t s e l f  

affords strong support for the view that the condition was due 

to another v irus which 'was activated  by the exanthemata. I t  seems 

to  the w riter that the case may be equally w ell argued from the 

other d irection ; the p atient developed the nervous com plications, . 

not because she had been so unfortunate as to have picked up on 

two separate occasions a hypothetical v im s ,  which cer ta in ly  rarely  

produces d e f in i te  le s io n s ,  but because some unknoY/n factor  had 

altered  the response of her nervous t i s s u e s ,  so that they reacted  

abnormally to the v iruses of two separate cond itions. This instance  

therefore rather seems to favour the the v i e w  of van Bogaert (see  

la t e r ) .  On the other hand, Levaditi and Fieolau (149) have shown 

experimentally that the inoculation  of a neurotropic v irus can 

a c t iv a te  another v irus which may be present, but la te n t ,  in  the  

experimental animal. Important evidence in favour of the fa c t  

that p ost-vacc in a l encephalit is ' i s  due to some unknown organism 

has been furnished by Reisch (150), who reported eight cases of  

the condition with two deaths among 233 vaccinated persons in a 

Tyrolese v a lle y ;  of more than 300 children in the same area who 

had not been recen tly  vaccinated, a comparable number showed sim ilar  

symptoms. The most Important evidence against th is  theory would 

seem to be furnished by the comparative c l in ic a l  f ind ings and the 

r e la t iv e  prognosis in d ifferen t types of p o s t- in fe c t io u s  en cep h a lit is  

We have already seen that cerebellar conditions are very frequent 

in the v a r ice l lo u s  type. Greenfield (151) notes that in post-  

vaccinai and other types of these encephalitio  conditions trismus 

is  common; in the present ser ie s  of cases i t  was noted in  only 

three-instances (Dudevant (83); Debre,L^vy-Solal,etc (39);

Berode (9 0 )) .  So far as prognosis i s  concerned Ford (152) shows 

that in  measles en cep h a lit is  the m ortality  rate i s  ten per cent,

&nd complete recovery occurs in only twenty f iv e  per cent. For
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post-vacc in a l en cep h a lit is  H olleston has estimated the m orta lity  

at t h ir ty  to fo r ty  per cent (153). For the present s e r ie s  of 120  

cases of p o s t -v a r ic e l lo u s  en cep h a lit is  the m orta lity  i s  1 1 . 2  per 

cent. Further,Brain and Strauss (154) point out that i f  vaccin ia  

and measles en cep h a lit is  were both due to the same virus, vaccination  

would need to he a much stronger predisposing cause, since the 

m ortality  i s  so much higher. To sum up, i t  i s  very d i f f i c u l t  to 

explain  on th is  theory why the same virus should act in  such 

d ifferen t  ways when associated  with d ifferen t  primary d ise a se s .

(d) Theory of the virus of the primary d isease . This 

theory has heen supported by a number of w riters on the Continent, 

f o r ' example, Bertoye and Garcin (58); Ingelrans (155); Cornil 

and K isse l  (76); Laignel-Lavastine (73); Marfan (127); but i t  has 

so far not found a great deal of favour in th is  country. For p ost

vaccinal en cep h a lit is  McIntosh is. inclined to hold that the vaccina  

virus i s  responsib le . So far as v a r ic e l la  i s  concerned certa in  

objections have been pointed out, such as the v a r ia b i l i ty  of the 

in terv a ls  between the development of the eruption and the onset of  

the nervous symptoms. But reference to Figure 2 w i l l  show that  

these "incubation periods" generally  do not exhib it d ifferen ces  

which are much more marked than the "incubation periods" of many 

in fec tiou s  d isea ses .  Another objection  i s  that even in vacc in ia  i t  

is  seldom p o ss ib le  to recover the v irus from the brains of the 

patien ts  who have died. But Levaditi (157) has shown that many 

of these v iru ses  are r e a l ly  a u to - s te r i l i s a b le .  Further, e n ce p h a lit is  

has been produced in monkeys by Eckstein (159), who in jected  vaccine  

virus by the sub-arachnoid route. The experimental work of P ineherle  | 

and Ifegri (160)suggests that there i s  a co n st itu t io n a l nervous 

factor which predisposes to a development of neurotropism on the [

part of the v irus of v a r ic e l la .  Reference should here again be made | 

to the fa c t  that Marfan (140) has seen small epidemics of nervous j 

conditions in the. neighbourhood of children who were su ffer in g  from ! 

v a r ice lla , and sim ilar conditions have been mentioned by Babonneix. 

Varicella without eruption i s  not unknown and i s  perhaps commoner
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than i s  u su a lly  held, (B ico lle  (161 )) .  I t  seems reasonable to 

assume with van Bogaert (162) that the nervous condition may he 

the central equivalent of the exanthem in certa in  cases.

Related to th is  theory i s  the suggestion  that the

condition  may he due to the tox ins of the primary v irus. This was

suggested hy Perdrau for vaccinal en ce p h a lit is ,  and Dagnelie, Dubois, 

Fonteyne, and th e ir  collaborators (158) point out that the theory  

would apply rather to diseases such as diphtheria and sc a r le t  fever  

which are non-septicaemic in  nature. In any case th is  suggestion  

does not explain the source of the tox ins .

(e) The anaphylactic theory . This theory was f i r s t

enunciated in 1927 by G-lanzmann (46), who described cases of 

en cep h a lit is  fo llow ing v a r ic e l la ,  smallpox and vaccination .

Glanzmann thought that the complications were lo c a l  anaphylactic  

phenomena due to the s e n s i t iz a t io n  of the nervous system to the 

actual v irus of the d isease . In support of h is  theory he instanced  

the usual narrow l im it s  of the "incubation period", and he pointed  

out that there 'was considerable evidence that tubercu losis  leads  

to a n on -sp ec ific  s e n s i t iz a t io n ,  which may dispose to an a l le r g ic  

reaction  of the nervous system when the p atien t  contracts another 

in fe c t io n . He claimed that the le s io n  was not sp e c if ic  but could 

be produced by d ifferen t antigens, and he quoted S a h li’ s view that  

the anaphylactic reaction  leads to a speedy destruction  of the 

virus of the primary condition.

The most doughty exponent of th is  anaphylactic theory i s  

Ludo van Bogaert, who with h is  colleagues has probably done more 

work than anyone e lse  on these conditions. Van Bogaert1s views 

are rather d i f f i c u l t  to explain concise ly , since they depend upon 

in terpretations of a l le r g ic  phenomena which arexsomewhat foreign  

to the current views in th is  country. Interested  students should 

certain ly  read h is  or ig ina l papers on the subject. Van Bogaert 

interprets the slcin eruption in these in fec t io n s  as an expression  

°f the in tera c t io n  between antigens and antibod ies, which takes  

Place e s p e c ia l ly  in ectodermal t is s u e s  (158), (162). normally



t h i s  r e a c t i o n  t a k e s  p l a c e  o n ly  i n  t h e  c u ta n e o u s  t i s s u e s .  The 

c e n t r a l  n e rv o u s  sys tem ,  t h e  o t h e r  i m p o r t a n t  e c to d e r m a l  s t r u c t u r e ,  

i s  p r o t e c t e d  by t h e  ”b a r r i e r e - h e m a t o - e n c £ p h a l i q u e ” -  o r  t h e  B.B.B. 

(b lood  b r a i n  b a r r i e r ) ,  a sys tem  whose im p o r tan c e  has  r e c e n t l y  been 

em phasised  i n  t h i s  c o u n t r y  i n  t h e  w r i t i n g s  o f  Fr iedem ann and E l k e l e s  

( 1 6 3 ) .  Any ty p e  o f  i n f la m m a t io n  o f  t h e  b r a i n  i s  supposed t o  u p s e t  

t h i s  b a r r i e r ,  so t h a t  t h e  n e rv ou s  t i s s u e  a b s o r b s  a n t i g e n s  and becomes 

s e n s i t i z e d ;  a su b seq u e n t  i n f e c t i o n  c a u s e s  an a l l e r g i c  r e a c t i o n  i n  

t h e  n e rv o u s  sys tem ,  and t h e  more h y p e r s e n s i t i v e  t h e  b r a i n  t i s s u e ,  

t h e  e a r l i e r  would a p p e a r  t h e  ne rv o u s  c o m p l i c a t i o n ,  which i s  e s s e n 

t i a l l y  an a n a p h y l a c t i c  phenomenon. Van B o g e a r t  c la im s  t h a t  t h i s  

t h e o r y  e x p l a i n s ,  on t h e  g ro u n d s  o f  marked h y p e r s e n s i t i v i t y ,  t h o s e  

r a r e  c a s e s  i n  which t h e  a l l e r g i c  r e s p o n s e  i n  th e  n e rv o u s  sys tem ,  

w i t h  i t s  c o - i n c i d e n t  n e u r o l o g i c a l  f e a t u r e s ,  p r e c e d e s  t h e  a l l e r g i c  

r e s p o n s e  i n  t h e  c u ta n e o u s  t i s s u e s ,  which a r e  made m a n i f e s t  by an 

e r u p t i o n .  He t h i n k s  (137) t h a t  t h e r e  i s  a b i o l o g i c a l  b a la n c e  

be tween  t h e  exanthem and t h e  e n c e p h a l o m y e l i t i s ,  and t h a t  t h i s  n e u ro -  

c u ta n e o u s  a l t e r a t i o n  o f  s e n s i t i v i t y  i s  p e rh a p s  a m a n i f e s t a t i o n  o f  a 

g e n e r a l  law , and t h a t  t h e  ”e n c e p h a l i t i c  a c c i d e n t ” o c c u r s  in  t h e  

p e r i o d  o f  h y p e r a l l e r g y  th ro u g h  which t h e  i n d i v i d u a l  p a s s e s  b e f o r e  

r e a c h i n g  th e  s t a t e  o f  immunity . Van B ogaer t  c la im s  (137) t h a t  t h i s  

t h e o r y  e x p l a i n s  t h e  o c c u r r e n c e  o f  a l l  t h e s e  t y p e s  o f  p o s t - i n f e c t i o u s  

e n c e p h a l o m y e l i t i s ,  s i n c e ,  though  t h e y  a l l  depend upon a common ty p e  

of r e a c t i o n ,  each  i n d i v i d u a l  v i r u s  -  i . e .  o f  t h e  p r im ary  d i s e a s e  -  

a c t i n g  a s  an a n t i g e n ,  i m p r i n t s  upon th e  r e s u l t i n g  c l i n i c a l  p i c t u r e  

f e a t u r e s  which a r e  p e c u l a r  to  i t s e l f .  I t  e x p l a in s  a l s o  t h e  

d i f f e r e n c e s  i n  th e  r e a c t i o n  p e r i o d s  in  t h e  e n c e p h a l o - m y e l o p a t h i e s  

due to  d i f f e r e n t  p r im a ry  c o n d i t i o n s .

C e r t a i n  c r i t i c i s m s  have been r a i s e d  a g a i n s t  t h i s  t h e o r y .

I t  i s  s t a t e d  t h a t ,  i f  t h e  e n c e p h a l i t i s  i s  t r u l y  an a n a p h y l a c t i c  

Phenomenon, d e pend ing  on th e  a c t i o n  o f  t h e  p r im a r y  v i r u s  i n  t h e  

nervous sys tem ,  t h e  ne rvous  symptoms should  a p p ea r  a f t e r  a more o r  

l e s s  c o n s t a n t  i n t e r v a l  f o l lo w in g  th e  o n se t  o f  t h e  e r u p t i o n .  The 

r e p ly  to  t h i s  o b j e c t i o n  i s  t h a t ,  i f  t h e  i n t e r v a l  be tween t h e  o n s e t
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o f  t h e  v a r i c e l l a  and t h a t  o f  t h e  ne rv o u s  c o m p l i c a t i o n s  v a r i e s ,  

t h e r e  i s  some e v id e n c e  t h a t  t h e s e  c o m p l i c a t i o n s  a lm ost  a lw ays  

a p p e a r  a t  t h e  t im e  when t h e  e r u p t i o n  i s  d i s a p p e a r i n g .  The o t h e r  

o b j e c t i o n  i s  t h a t  t h e  n e rv o u s  c o m p l i c a t i o n s  show c o n s i d e r a b l e  

po lym orph ism ;  i f  t h e y  were due t o  t h e  a s s o c i a t i o n  o f  two c o n s t a n t  

f a c t o r s  -  v i z . ,  t h e  v i r u s  o f  t h e  p r i m a r y  d i s e a s e  and t h e  n e u r o 

a l l e r g y  o f  t h e  i n d i v i d u a l  - t h e n  t h e y  sh ou ld  be more c o n s t a n t  i n  

t y p e .  T h is  o b j e c t i o n  does  no t  seem v e ry  v a l i d ,  s i n c e  we have 

se en  t h a t  v a r i c e l l o u s  encephomyel i t  i s  shows a s p e c i a l  t e n d e n c y  to  

be c e r e b e l l a r  i n  t y p e ,  and o t h e r  forms o f  t h e  p o s t - i n f e c t i o u s  

e n e e p h a l o - m y e l o p a t h i e s  s h o w  i n d i v i d u a l  p e c u l i a r i t i e s .  T h is  

polymorphism, a s  i s  n o ted  by S t r o d e  ( 9 0 ) ,  i s  r e a l l y  in  s u p p o r t  of 

t h e  t h e o r y  t h a t  t h e  v i r u s  o f  t h e  p r i m a r y  d i s e a s e  i s  r e s p o n s i b l e ;• i f  

one s p e c i f i c  v i r u s  w e r e  t h e  cause  o f  a l l  t h e  p o s t - i n f e c t i o u s  encephalo  

m y e l o p a t h i e s ,  t h e n  we sho u ld  e x p ec t  i t  to  have s p e c i a l  a f f i n i t i e s  

f o r  s p e c i a l  p a r t s  o f  t h e  n e rv o u s  sys tem  -  w h a tev e r  t h e  p r im a r y  

d i s e a s e .

Q-eneral d i s c u s s i o n  on p a t h o g e n e s i s .

The e v id e n ce  which h a s  been adduced so f a r  i s  t h a t  p o s t -  

v a r i c e l l o u s  e n c e p h a l i t i s  i s  a c o n d i t i o n  7/hich su p e rv e n e s  u s u a l l y  

between t h e  second and th e  t e n t h  day a f t e r  t h e  ap p ea ra n c e  of  t h e  

e r u p t i o n .  C l i n i c a l l y ,  i t  shows t h e  main f e a t u r e s  o f  o t h e r  t y p e s  j 

of p o s t - i n f e c t i o u s  e n c e p h a l i t i s ,  bu t  c e r e b e l l a r  fo rm s a r e  much 

commoner i n  t h e  v a r i c e l l o u s  t y p e .  P a t h o l o g i c a l l y ,  i t  h a s  been  |

shown t h a t  t h e  d i s e a s e  i s  no t  i d e n t i c a l  w i t h  t h e s e  o t h e r  c o n d i t i o n s .

I t  would a p p e a r ,  t h e r e f o r e ,  t h a t  th e  c o n d i t i o n ,  though  c l o s e l y  

r e l a t e d  to  t h e s e  o t h e r  e n e e p h a lo - m y e lo p a th ie s ,  must d i f f e r  from 

them e t i o l o g i c a l l y  i n  some e s s e n t i a l  f e a t u r e .  I f  7/e d i s c a r d  t h e  

th eo ry  o f  f o r t u i t y ,  t h i s  f e a t u r e  might  be e i t h e r  th e  i n f e c t i n g  a g e n t ,  

the r e s p o n s e  o f  t h e  i n d i v i d u a l ,  o r  b o th  f a c t o r s  combined. A pp ly ing  

the p r i n c i p a l  o f  Ockham's r a z o r  -  E n t i a  non su n t  m u l t i p l i c a n d a  

p r a e t e r  n e c e s s i t a t e m  - t h e r e  rem ains  f o r  d i s c u s s i o n  two p o s s i b i l i t i e s - !  

a p e c u l i a r i t y  i n  t h e  c a u s a l  v i r u s ,  be i t  new o r  o l d ,  o r  a p e c u l i a r i t y  

th e  i n d i v i d u a l .  Though we may d i s m is s  t h e  t h e o r y  t h a t  t h e  v i r u s  !



o f  a known d i s e a s e  i s  t h e  c a u s e , d e f i n i t e  a rgum en ts  have c e r t a i n l y  

no t  heen  adduced t o  c o n t r a d i c t  t h o s e  p a r t i s a n s  who h o ld  t h a t  such 

c o n d i t i o n s  a r e  due t o  a h i t h e r t o  unknown v i r u s .  The w r i t e r  i s  no t

i n c l i n e d  t o  a c c e p t  t h i s  t h e o r y ,  and f u r t h e r  a rgum ents  w i l l  he

b ro u g h t  a g a i n s t  i t  l a t e r .  I f  we s e t  t h i s  t h e o r y  a s i d e  i n  t h e  mean

t im e ,  we a r e  l e f t  w i t h  two p o s s i b i l i t i e s ;  a change i n  t h e  b e h a v io u r  

o f  t h e  v i r u s  o f  t h e  p r im a r y  d i s e a s e ,  or  an a l t e r a t i o n  in  t h e  r e a c t i o n  

o f  t h e  i n f e c t e d  i n d i v i d u a l .  As has  been  p o i n t e d  o u t ,  van  B ogaer t  

h o l d s  t h e  l a t t e r  v iew ,  and h i s  a t t i t u d e  i s  p e rh a p s  b e s t  summed 

up i n  a q u o t a t i o n  from a l e t t e r  t o  Lucksch  ( 9 4 ) .  Van B o g a e r t  s a y s :

J e  s u i s  comrne vous  c o n v a in c u ,  que l a  r e a c t i o n  a l l e r g i q u e  du c e r v e a u  

d es  e n f a n t s  a change d e p u i s  ces  d e r n i e r e s  ann^es  e t  que ce ne s o n t  

p a s  l e s  v i r u s ,  qu i  so n t  devenus  n e u r o t r o p e s ,  m ais  l e s  i n d i v i d u e ,  q u i  

s o n t  devenus  n e u r o - a l l e r g i q u e s !  n .

The e p id e m io lo g y  o f  t h i s  c o n d i t i o n  h a s  been d i s c u s s e d  i n  

t h i s  p a p e r  because  i t  a p p e a r s  t o  t h e  w r i t e r  t h a t  i t  a f f o r d s

i m p o r t a n t  e v id e n c e  i n  f a v o u r  o f  t h e  n e u r o t r o p i c  t h e o r y  o f  t h e  germ

as  a g a i n s t  t h e  n e u r o - a l l e r g i c  t h e o r y  o f  t h e  i n d i v i d u a l .  Any i n q u i r y  

o f  t h i s  ty p e  must d i s c u s s ,  o r  assume knowledge o f ,  t h e  t h e o r i e s  o f  

Sydenham and h i s  modern f o l l o w e r s .  SydenhamTs c o n c e p t io n  o f  an 

^Epidemic c o n s t i t u t i o n 11, and o f  a s t a t i o n a r y  f e v e r  which im p ressed  

i t s  c h a r a c t e r  on a l l  o t h e r  f e v e r s  which e f f l o r e s c e d  u n d e r  i t s  

i n f l u e n c e ,  i s  b e a r i n g  r i c h  f r u i t  i n  t h e s e  p o s t - w a r  y e a r s  o f  t r o u b l e d  

e p id e m io lo g y . As Greenwood (164) s a y s  o f  Sydenham: ,rVhat was 

f r u i t f u l  and j u s t  was h i s  c o n c e p t io n  o f  an ep idem ic  s u e c e s s i o n  

which i f  p r e s e n t  i n  t h e  minds o f  h i s  p r e d e c e s s o r s ,  was n e v e r  so 

f o r c i b l y  and even m a g n i f i c e n t l y  e x p re s s e d  a s  by him” . The y e a r  

1918, marked by one o f  t h e  most t e r i b l e  pandemics  in  h i s t o r y ,  

i n t r o d u c e d  an epoch which was p a r t i c u l a r l y  s u i t a b l e  f o r  an examina

t i o n  o f  Sydenham's  d o c t r i n e s .  The t h e o r i e s  o f  Hamer ( s e e  f o r  

example (1 6 5 ) ,  (166) ,  and e s p e c i a l l y  (16 7 ) )  and Crookshank ( s e e  

(168) ,  (1 6 9 ) )  a r e  w e l l  known. Crookshank1 s v iew may be summed up 

in  a q u o t a t i o n  from h i s  w r i t i n g s  (1 70 ) ;  nEpidemic meningo- 

e n e e p h a l o m y e l i t i s  r e p r e s e n t s  an i n t e n s i v e  and s p e c i a l i s e d  r e a c t i o n
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t h a t  ha s  t h e  same e p i d e m i o l o g i c a l  r e l a t i o n  t o  pandemic i n f l u e n z a  

a s  have  t h e  p r e v a l e n c e s  and ep id e m ic s  o f  " s e p t i c "  pneumonia ,  o f  

g a s t r o - i n t e s t i n a l  i l l n e s s ,  and o f  o t h e r  m a la d i e s  d e s c r i b e d  a s  

o c c u r r i n g  b e f o r e  and a f t e r  t h e  wide d i f f u s i o n s  g e n e r a l l y  r e f e r r e d  t o  

a s  pandemic i n f l u e n z a .  Owing t o  t h e  r e l a t i v e  i n f r e q u e n c y  o f  

ep id e m ic  e n c e p h a l o m y e l i t i s  and i t s  marked v a r i a t i o n  i n  t y p e ,  h i s t o r 

i c a l  i n v e s t i g a t i o n  i s  n e c e s s a r y  i n  o r d e r  t h a t  con tem pora ry  o c c u r r e n c e s  

be viewed i n  a c o r r e c t  p e r s p e c t i v e . ” There  i s  mtiich e v id e n c e  t h a t ,  

once a p a r t i c u l a r  ” c o n s t i t u t i o n ” m a n i f e s t s  i t s e l f ,  i t s  e f f e c t s  l a s t  

f o r  a c o n s i d e r a b l e  t im e .  For  example,  S tev en son  (171) d e m o n s t r a te d  

t h a t  t h e  1918-19 pandemic of  i n f l u e n z a ,  a s  i t  a f f e c t e d  London, 

d i f f e r e d  from a l l  t h e  o t h e r  London e p id e m ic s  s i n c e  1890, i n  t h a t  

t h e r e  was a marked t o l l  on young a d u l t  l i f e ,  and i n  t h a t  t h e  l a t e r  

a g e s ,  which had p r e v i o u s l y  s u f f e r e d  s e v e r e l y ,  were i n  t h a t  pandemic 

c o m p a r a t i v e l y  l i t t l e  a f f e c t e d .  The w r i t e r  h a s  r e c e n t l y  shown t h a t  

t h e s e  f e a t u r e s  Yrere e q u a l l y  marked i n  Leeds d u r i n g  t h e  1918-19 

pandemic ,  and a l s o  t h a t  i n f l u e n z a  i n  t h a t  c i t y  d id  n o t  r e t u r n  t o  i t s  j 

cus tom ary  t y p e ,  w i t h  t h e  more common a g e - g r o u p i n g ,  u n t i l  a f t e r  a  !

p e r i o d  o f  abou t  t e n  y e a r s .  F u r t h e r ,  t h e  r e t u r n  to  t h e  s t a t u s  quo |

was g r a d u a l l y  e f f e c t e d  d u r i n g  t h i s  p e r i o d  (Underwood ( 1 7 2 ) ) .  I

Whether o r  no t  we a c c e p t  Crookshank1s t h e o r y  in  t o t o ,  w i t h  a l l  i t s  |

i m p l i c a t i o n s ,  we can h a r d l y  e scape  f rom t h e  c o n c l u s i o n  o f  Macila l ty  1

(173) t h a t ,  though  each  of  t h e  main ep idem ic  d i s e a s e s  o f  t h e  c e n t r a l  j 

ne rvous  sys tem  i s  an independen t  e n t i t y ,  n e v e r t h e l e s s  t h e  r e s e m b la n c e s  

between them i n d i c a t e  t h a t  t h e y  b e lo n g  to  th e  same f a m i l y  t r e e ;  t h e  

s tudy o f  one d i s e a s e  may make c l e a r  t h e  ep idem ic  b e h a v io u r  o f  t h e  

o t h e r s .  We may even c a r r y  t h i s  d ic tum  f u r t h e r  and say  t h a t  t h e  s t u d y  

of th e  ep idem ic  b e h a v io u r  o f  c e r t a i n  o f  t h e s e  d i s e a s e s  whose o r i g i n s  

are  knovm may th row  some l i g h t  on t h o s e  i n  which t h e y  a r e  unknown.

The i n c i d e n c e  of i n f l u e n z a  and of  t h e  main ep idem ic  d i s e a s e s  ;

of th e  ne rvo u s  sys tem  s in c e  1870 i s  s e t  ou t  i n  F i g u r e  3. ( I n  

compil ing t h i s  c h a r t  t h e  d a ta  f o r  i n f l u e n z a  were t a k e n  from (1 7 4 ) ;

(175) and ( 1 7 6 ) ;  t h o s e  f o r  c e r e b r o - s p i n a l  f e v e r ,  p o l i o m y e l i t i s ,  and 

f ° r  ep idem ie  e n c e p h a l i t i s  from (175) and (1 7 6 ) ;  t h o s e  f o r  p o s t -
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v a c c i n a l  e n c e p h a l i t i s  from (175) and ( i 7 7 ) ;  and t h o s e  f o r  p o s t -  

v a r i c e l l o u s  e n c e p h a l i t i s  f rom t h e  p r e s e n t  i n v e s t i g a t i o n .  The 

n o t e s  r e g a r d i n g  w o r l d - i n c i d e n c e  of  c e r t a i n  of t h e s e  d i s e a s e s  were 

compiled  from i n f o r m a t i o n  i n  (169) ,  (1 7 3 ) ,  and (1 7 4 ) .  The s a l i e n t  

f e a t u r e  i n  F i g u r e  3 i s  t h e  g r e a t  peak  o f  t h e  1918 i n f l u e n z a  x-^andemic, 

T h is  p e ak  i s  a s s o c i a t e d  i n  t i m e . w i t h  an i n c r e a s e d  i n c i d e n c e  o f  a l l  

t h e  o t h e r  d i s e a s e s  d i s c u s s e d ,  and w i t h i n  a few y e a r s  each  showed a. 

p e ak .  The on ly  d i s e a s e  which might  he. c o n s id e r e d  to  he an 

e x c e p t i o n  i s  c e r e b r o - s p i n a l  f e v e r .  I n  t h i s  case  t h e  peak  o c c u r r e d  

i n  1915, hut  d u r in g  th e  y e a r s  from 1916 t o  1919 th e  i n c i d e n c e  was 

f a r  ahove norm al .  F u r t h e r ,  i t  i s  r e c o g n i s e d  hy many a u t h o r s  t h a t  

o u t b r e a k s  of  c e r e h r o - s p i n a l  f e v e r  n o t  i n f r e q u e n t l y  occu r  b e f o r e  

i n f l u e n z a  e p id e m ic s .  I t  i s  n o t i c e a b l e  a l s o  t h a t  p o s t - v a c c i n a l  

e n c e p h a l i t i s  was f i r s t  n o t e d ,  a p a r t  from i s o l a t e d  e a r l i e r  i n s t a n c e s  

not  shown on th e  c h a r t ,  in  t h e  y e a r  1922. I t  w i l l  b e . e v i d e n t  from 

t h i s  f i g u r e  t h a t  in  1925 p o s t - v a r i c e l l o u s  e n c e p h a l i t i s  su d d e n ly  

became "epidemic'* ( i f  t h e  word can be a p p l i e d  t o  a d i s e a s e  which i s  

so r a r e ) ,  and d u r in g  t h e  n ex t  seven y e a r s  i t  c o n t in u ed  to  p r e v a i l  

t o  a h i t h e r t o  unknown d e g r e e .

The p o s s i b i l i t y  o f  f o r t u i t y  and c a u s a t i o n  by t h e . v i r u s  o f  

a know^n d i s e a s e  have been s u f f i c i e n t l y  c o n s id e r e d  i n  a p r e v i o u s  

s e c t i o n .  From th e  e p id e m i o l o g ic a l  s t a n d p o i n t  we a re  l e f t  w i t h  

t h r e e  t h e o r i e s  f o r  c o n s i d e r a t i o n .  I t  should  be s a i d  a t  t h e  o u t s e t  

t h a t  F i g u r e  3 g i v e s  c o n s i d e r a b l e  e v id en ce  to  d i s c r e d i t  t h o s e  who 

s t a t e  t h a t  t h e  i n c r e a s e  i n  the  number o f  c a s e s  o f  p o s t - v a r i c e l l o u s  

e n c e p h a l i t i s  i s  due to g r e a t e r  a s s i d u i t y  on t h e  p a r t  of t h e  c l i n i c i a n  

who r e p o r t  c a s e s .  I t  i s  seen t h a t  p o s t - v a c o i n a l  e n c e p h a l i t i s ,  which 

was f i r s t  n o t i c e d  in  1922, was very  p r e v a l e n t  in  1923; and t h e  y e a r  

1924 was t h e  peak  y e a r  of th e  epidemic o f  e n c e p h a l i t i s  l e t h a r g i c a .  

C l i n i c i a n s  would t h e r e f o r e  be quick  to n o t i c e  and r e p o r t  any u n u s u a l  

c e r e b r a l  c o n d i t i o n s .  Yet i n  th e  y e a r  1924 o n ly  one c ase  of  p o s t -  

v a r i c e l l o u s  e n c e p h a l i t i s  was r e p o r t e d .  A l though  tw e lve  c a s e s  o f  

■the c o n d i t i o n  o c cu r red  in  1925, i n  the  f o l l o w i n g  y e a r ,  d u r i n g  which 

P o l i o m y e l i t i s  r each ed  i t s  peak,  on ly  t h r e e  c a s e s  o f  t h e  c o n d i t i o n
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o c c u r r e d .  F u r t h e r ,  van B o g a e r t  (162) p o i n t s  ou t  t h a t  t h e r e  i s  

no m e n t io n  o f  such c o n d i t i o n s  in  t h e  works o f  t h e  o l d e r  w r i t e r s  

such a s  lo w e r s ,  -oeyden and ‘T ro u sse au .  I t  would appea r  t h e r e f o r e  

t h a t  t h e r e  a r e  no g ro u nd s  f o r  suppos ing  t h a t  any marked im p or tan ce  

can be a s c r i b e d  to  t h i s  s u p p o s i t i o n .

By th e m s e lv e s  th e  d a t a  s e t  ou t  i n  F ig u r e  3 l e n d  c o n s i d e r 

a b l e  s u p p o r t  to  t h e  s u g g e s t i o n  t h a t  an unknown v i r u s  i s  t h e  c au se  

of  p o s t - v a r i c e l l o u s  and of  o t h e r  t y p e s  o f  p o s t - i n f e c t i o u s  

e n c e p h a l i t i s .  On t h i s  a s su m p t io n  t h i s  unknown v i r u s  must have  

become a c t i v e ,  o r  c a p a b le  of a c t i v a t i o n  so f a r  a s  t h e  n e rv o u s  

systemjis  c o n c e rn e d ,  about  t h e  y e a r  1925. B^jtit i t  i s  s u r e l y  

u n r e a s o n a b l e  t o  suppose t h a t  an a c t i v e  v i r u s  o f  t h i s  n a t u r e  co u ld  

e x i s t  w i t h o u t  c a u s i n g  a v e r y  much l a r g e r  number of c a s e s .  The 

o n ly  v i r u s  which h as  p o s s i b l y  been known to  p l a y  such a r o l e  i s  

t h a t  o f  e p id em ic  e n c e p h a l i t i s ,  and the  h i s t o r y  o f  th e  y e a r s  1919 

t o  1929 shows how we m ight  e x p e c t  such a v i r u s  t o  behave -  c a u s in g  

an ep idem ic  w i t h  a peak  of c o n s i d e r a b l e  m ag n i tu de .  On t h e  o t h e r  

hand, i n  t h e  case  of p o s t - v a r i c e l l o u s  e n c e p h a l i t i s  t h e  i n c i d e n c e  

was more o r  l e s s  c o n s t a n t  betwen t h e  y e a r s l 9 2 5  and 1932.  From t h e  

g e o g r a p h i c a l  s t a n d p o i n t  a l s o  ( s e e  T ab le  VII)  i t  would seem t h a t  t h e  

i n c i d e n c e  i s  most marked i n  t h o s e  c o u n t r i e s  i n  which t h e r e  a r e  

l a r g e  and h i g h l y  c i v i l i s e d  p o p u l a t i o n s .  There  a re  p r a c t i c a l l y  no 

i n f e c t i o u s  d i s e a s e s ,  e x ce p t  th o s e  such a s  t e t a n u s  and a n t h r a x  which 

a re  n o n - c o n t a g io u s  in  the  broad s e n s e ,  which a re  n o t  endemic in  

some p a r t  o f  t h e  world or which do not  from t im e  t o  t im e  become 

ep id e m ic ,  i n  the  t r u e  sense  of  t h e  word.  When we t a k e  i n t o  

c o n s i d e r a t i o n  th e  r a r i t y ,  not  o n ly  o f  p o s t - v a r i c e l l o u s  e n c e p h a l i t i s ,  

but  of  n e rv o u s  c o m p l i c a t i o n s  fo l lo w in g  a l l  t h e  i n f e c t i o u s  d i s e a s e s ,  

i t  c anno t  be s a i d  t h a t  t h e s e  c o n d i t i o n s  have e v e r  assumed ep idem ic  

p r o p o r t i o n s .  'When we add to  t h i s  e v id e n ce  t h e  f a c t  t h a t  t h e  

h y p o t h e t i c a l  v i iu is  ha s  never  been i s o l a t e d ,  t h a t  t h e  c l i n i c a l  ty p e  

of e n c e £ ) h a l i t i s  v a r i e s  a c c o rd in g  t o  t h e  p r im a ry  i n f e c t i o u s  c o n d i t i o n ,  

and t h a t  t h e  p a t h o l o g i c a l  f e a t u r e s  have no t  been  shown t o  be i d e n t i 

ca l  i n  a l l  t h e s e  d i f f e r e n t  c o n d i t i o n s ,  t h e r e  a p p ea r  to  be c o n s i d e r -



3 4 0 ?

a b le  g ro un d s  f o r  c o n c lu d in g  t h a t  an unknown v i r u s  i s  no t  

r e s p o n s i b l e .

We a r e  l e f t  t h e r e f o r e  w i th  two a l t e r n a t i v e s .  These 

c o n d i t i o n s  a r e  due e i t h e r  to  some change in  t h e  i n f e c t i n g  o rg an ism  

o r  t o  an a l t e r a t i o n  in  t h e  r e a c t i o n  o f  t h e  h o s t .  These two 

a l t e r n a t i v e s  have been d i s c u s s e d  b e f o r e  f rom c e r t a i n  a s p e c t s .

I f  a " c o n s t i t u t i o n " ,  u s i n g  t h e  word i n  t h e  sense  of  Hamer and 

o f  Crookshank,  i s  a d m i t t e d ,  t h e n  t h e  i n c r e a s e  of p o s t - i n f e e t i o u s  

e n c e p h a l i t i s  i s  a t r a i l e r  i n  t h e  wake o f  t h e  g r e a t  i n f l u e n z a  

ep idem ic  of  1918. F i g u r e  3 a l s o  s u g g e s t s  t h a t  c a s e s  o f  p o s t -  

v a r i c e l l o u s  e n c e p h a l i t i s  have t en d e d  t o  occur  i n  th e  p a s t  

e s p e c i a l l y  i n  t h e  y e a r s  f o l l o w i n g  pandem ics  o f  i n f l u e n z a  o r  n o t a b l e  

e p id e m ic s  o f  c e r e b r o - s p i n a l  f e v e r  o f  p o l i o m y e l i t i s .  As ife t o  be 

e x p e c te d  t h e  i n f l u e n c e  of  t h e  " c o n s t i t u t i o n ” o f  1918 h as  been  most 

f a r  r e a c h i n g ,  and h a s  b een  a s s o c i a t e d  w i th  more c a s e s  t h a n  any 

p r e v i o u s  y e a r s  p ro d u c e d .  Whether t h i s  " c o n s t i t u t i o n "  h a s  a f f e c t e d  

m a in ly  t h e  v i r u s  o r  the  h o s t  i s  a m a t t e r  of o p i n io n .  I t  seems 

more r e a s o n a b l e  to  con c lu d e ,  however,  t h a t  t h e  main a c t i o n  has  

been upon t h e  v i r u s .  C e r e b r o - s p i n a l  f e v e r  i s  one example o f  an 

i n f e c t i o u s  d i s e a s e  which shows marked v a r i a t i o n  in  v i r u l e n c e ,  n o t  

on ly  w i t h i n  s h o r t  p e r i o d s  o f  t im e  bu t  a l s o  i n  d i f f e r e n t  l o c a l i t i e s  

a t  t h e  same t ime (Underwood ( 1 7 8 ) ) .  The g r a v i s  ty p e  o f

0. d i p h t h e r i a ^  d e s c r i b e d  on ly  f o u r  y e a r s  ago by Anderson,  McLeod 

and t h e i r  c o l l e a g u e s  (179) ,  i s  a l r e a d y  t e n d i n g  t o  d i s a p p e a r  i n  

c e r t a i n  a r e a s .  There  i s  t h e r e f o r e  ample e v id e n ce  t h a t  t h e  e f f e e t s  

p roduced  by m ic ro -o rg a n i sm s  may a l t e r  r a p i d l y  from t im e  to  t im e .

On t h e  o t h e r  hamd, e v iden ce  of  a sudden change,  so f a r  a s  t h e i r  

r e a c t i o n  t o  m ic ro -o rg an ism s  i s  conce rned ,  in  th e  i n d i v i d u a l s  who 

compose a n a t i o n ,  i s  much more d i f f i c u l t  t o  o b t a i n .  Van B o g a e r t  

(137) h i m s e l f  adm i ts  t h a t  t h e  r a r i t y  o f  t h e s e  c o n d i t i o n s  i s  a g a i n s t  

h i s  t h e o r y .  From t h e  g e o g ra p h ic a l  s t a n d p o i n t  a l s o  i t  i s  i n t e r e s t i n g  

to  n o te  t h a t ,  whereas p o s t - v a c c i n a l  e n c e p h a l i t i s  h aso  been ,  

c o m p a ra t iv e^ sp e ak in g ,  v e ry  common in  H o l lan d ,  o n ly  one e a se  o f  

p o s t - v a r i c e l l o u s  e n c e p h a l i t i s  has  been r e p o r t e d  from t h a t  c o u n t r y .



The p r e v a l e n c e  o f  p o s t - v a c c i n a l  e n c e p h a l i t i s  would make t h e  

h u t c h  p h y s i c i a n s  e a g e r  to  r e p o r t  any c a s e s  of e n c e p h a l i t i s  

f o l l o w i n g  o t h e r  c o n d i t i o n s .  I t  may he assumed t h e r e f o r e  t h a t  

p o s t - v a r i c e l l o u s  e n c e p h a l i t i s  i s  r a r e  i n  H o l l a n d .  But t h a t  

p o p u l a t i o n  e v i d e n t l y  c o n t a i n s  a c o n s i d e r a b l e  number o f  i n d i v i d u a l s  

who, on van B o g a e r t ' s  t h e o r y ,  should  have n e rv o u s  sys tem s  which  

a r e  s e n s i t i z e d  to  th e  a c t i o n  o f  v i r u s e s .  I f  t h i s  s e n s i t i z a t i o n  

were t h e  o n ly  f a c t o r  conce rn ed ,  t h e n  we would e x p e c t  a c e r t a i n  

number o f  c a s e s  o f  p o s t - v a r i c e l l o u s  e n c e p h a l i t i s  to  o c c u r  i n  

H o l l a n d .

P e r h a p s  t h e  most s u g g e s t i v e  e v id e n c e  v/hich can be u sed  

t o  s u p p o r t  t h e  t h e o r y  t h a t  t h e  v i r u s  of  c h ic k e n -p o x  i s  t h e  cause  

o f  t h e  c o n d i t i o n  h a s  been p u t  fo rw ard  by von Balogh and by W ohlw il l .  

I n  1922 von Balogh f l80}  examined 212 s p i n a l  g a n g l i a  t a k e n  from 

f i v e  c a s e s  o f  v a r i c e l l a .  W i th in  th e  c a p s u l e s  o f  a c o n s i d e r a b l e  

number o f  t h e s e  g a n g l i a  he found i n j e c t e d  a r t e r i e s  and marked 

p e r i v a s c u l a r  i n f i l t r a t i o n  of  l e u c o c y t e s ;  i n  the  f i b r o u s  c a p s u l e  

he found marked hyperaem ia  and r e c e n t  haem orrhage ,  which he 

c o n s i d e r e d  to  be due t o  t h r o m b o s i s  i n  t h e  sm a l l  v e s s e l s  i n  t h e  . 

c a p s u l e .  W ohlw il l  (135) conf i rm ed  t h i s  f i n d i n g  in  f o u r  c a s e s ,  and 

r e c e n t l y  he i n v e s t i g a t e d  a n o t h e r  f a t a l  c a se  of  c h ic k e n -p o x  which 

showed no c l i n i c a l  e v id e n c e  o f  n e rv o u s  c o m p l i c a t i o n s  b e f o r e  d e a t h .

In  t h e  w h i t e  ana g rey  m a t t e r  of th e  cerebrum , c e r e b e l lu m ,  and 

s p i n a l  cord  .he found a round c e r t a i n  o f  t h e  v e s s e l s ,  c e l l s  which 

he d e s c r i b e d  a s  young h i s t i o c y t e s .  The p r o c e s s  i n v o lv e d  c a p i l l a r i e s  

and sm a l l  v e i n s ,  seldom l a r g e r  v e i n s ,  and n e v e r  a r t e r i e s .  I f  t h e s e  

f i n d i n g s  a r e  c o r r o b o r a t e d  they  shou ld  do much to  e l u c i d a t e  t h e  

n e u r o t r o p i c  a c t i o n  of th e  v i r u s  o f  v a r i c e l l a ,  and t h ^  d e m o n s t r a te  

t h a t ,  even i n  c a s e s  which n ev e r  show any ne rv o u s  f e a t u r e s ,  t h i s  

v i r u s  i s  a b l e  to  p roduce  d e f i n i t e  p a t h o l o g i c a l  changes  in  n e rv e  

t i s s u e s .

The e v id e n c e  which has  been adduced i n  t h i s  p a p e r  s u g g e s t s  

t h a t ,  though  t h e  t im e  i s  not  r i p e  f o r  dogmatism, t h e r e  a re  

c o n s i d e r a b l e  g rounds  f o r  a c c e p t in g  th e  c o n c l u s i o n  o f  Z i n s s e r  ( 1 8 1 ) .  

-As a r e s u l t  o f  h i s  e x p e r im e n t s  on Cebus o l i v a c e u s  monkeys he



conc luded  a s  f o l l o w s :  f,I t  would seem t o  u s  most  r a t i o n a l  on

t h e  b a s i s  o f  our  own e x p e r i e n c e  and t h e  g e n e r a l  e x p e r i e n c e  o f  

o t h e r s  t o  assume f o r  th e  p r e s e n t  t h a t  t h e  c l i n i c a l  and p a t h o 

l o g i c a l  i n j u r i e s  g rouped  t o g e t h e r  a s  e n c e p h a l i t i s  m ight  be due 

to  t h e  development  o f  n e u r o t r o p i s m  by a number o f  d i f f e r e n t  

f i l t r a b l e  a g e n t s ,  and t h a t  t h e  s i m i l a r i t y  i n  p a th o lo g y  i s  due 

to  an a n a lo g o u s  r e a c t i o n  on t h e  p a r t  o f  t h e  t i s s u e s  t o  v a r i o u s  

members o f  a s i n g l e  group o f  c l o s e l y  r e l a t e d  a g e n t s . ”

Summary and C o n c lu s io n s .

1 .  The c a se  i s  d e s c r i b e d  o f  a g i r l  o f  e i g h t  years  and 

e l e v e n  months who d e v e lo p e d ,  f i v e  days  a f t e r  t h e  o n s e t  o f  v a r i c e l l a ,  

n e rv o u s  symptoms which were d iag n osed  as  b e in g  due to  e n c e p h a l i t i s .  

The f e a t u r e s  were t h o s e  of  t h e  " c e r e b e l l a r  syndrome” Complete 

r e c o v e r y  r e s u l t e d .

2. The l i t e r a t u r e  r e l a t i n g  to  n e rv ou s  symptoms a s s o c i a t e d  

w i th  v a r i c e l l a  i s  examined a f r e s h ;  i n  most c a s e s  th e  o r i g i n a l  

p a p e r s  were r e a d .  One hundred  and tw e n ty  c a s e s  o f  t h e  c o n d i t i o n  

( i n c l u d i n g  the  c ase  d e s c r i b e d  i n  t h i s  p a p e r )  a re  a c c e p t e d .  Twenty 

t h r e e  c a s e s  which a r e  o f t e n  quoted  a s  examples o f  th e  c o n d i t i o n  

a r e  d i s c a r d e d  f o r  r e a s o n s  g iv e n  i n  t h e  t e x t .

3. V a r io us  sys tem s of c l a s s i f i c a t i o n  a r e  d i s c u s s e d .

The one adop ted  in  t h i s  p a p e r  i s  new, bu t  i s  based  l a r g e l y  on t h e  

sys tem s o f  Berode and o f  M ig e t .  The c l i n i c a l  f e a t u r e s  of  t h e  

d i f f e r e n t  g ro u p s  a r e  d i s c u s s e d  in d e t a i l  i n  t h e  t e x t . '  I t  i s  se en  

t h a t  c a s e s  o f  t r u e  e n c e p h a l i t i s  c o n s t i t u t e  e x a c t l y  h a l f  of a l l  t h e  

r e p o r t e d  c a s e s .  I n  t h e s e  c a s e s  o f  e n c e p h a l i t i s ,  c e r e b e l l a r  fo rm s  

were v e ry  f r e q u e n t .  This  c e r e b e l l a r  c o n d i t i o n  i s  most t y p i c a l  o f  

v a r i c e l l a  e n c e p h a l i t i s ,  which th u s  t e n d s  t o  be d i f f e r e n t i a t e c L f r o m  

p o s t - v a c c i n a l  and o t h e r  forms of p o s t - i n f e c t i o u s  e n c e p h a l i t i s ;

4. I n f o r m a t i o n  r e g a r d i n g  t h e  u l t i m a t e  r e s u l t  i s  g iv e n  i n  

one hundred  and seven  c a s e s .  Of t h e s e  tw e lve  d i e d .  The p r o g n o s i s  

i s  t h e r e f o r e  g e n e r a l l y  good. But s i x t e e n  o t h e r  c a s e s  showed 

s s i u e l a e  o f  v a r i o u s  t y p e s .

5 .  The p a th o lo g y  of  s i x  c a s e s ,  i n  which p o s t -m o r te m



uz .

i n v e s t i g a t i o n s  were made, i s  d i s c u s s e d .  I t  i s  shown t h a t  t h e r e  i s  

no t y p i c a l  p i c t u r e  o f  t h e  c o n d i t i o n ,  and t h a t  i t  i s  p r o b a b l y  t h a t  

t h e  f i n d i n g s  a r e  d i f f e r e n t  from t h o s e  found  i n  p o s t - v a c c i n a l  and 

p o s t - i n f e c t i o u s  e n e e p h a l o - m y e l o p a t h i e s  g e n e r a l l y .

6. The sex  i n c i d e n c e  in  one hundred  and t e n  c a s e s  was; 

m a le s ,  s i x t y - s e v e n ;  f e m a le s ,  f o r t y - t h r e e .  Age does no t  a p p e a r  

t o  p l a y  any r o l e  i n  d e t e r m i n i n g  the  o n s e t  o f  t h e  c o m p l i c a t i o n  -  

a p a r t  f rom t h e  f a c t  t h a t  v a r i c e l l a  i s  i t s e l f  more common i n  t h e  

e a r l y  y e a r s  of l i f e .  Most c a s e s  have been  r e p o r t e d  from F ra n c e  and 

I t a l y ;  b u t  t h e  i n c i d e n c e  h a s  a l s o  been h i g h  i n  t h e  U n i ted  S t a t e s ,  

Belg ium, and Germany. Four  o f  t h e  e l e v e n  B r i t i s h  c a s e s  were 

r e p o r t e d  b e f o r e l 9 2 6 .  Only one d e f i n i t e  i n s t a n c e  was d i s c o v e r e d  o f  

two c a s e s  o f  t h e  c o n d i t i o n  o c c u r r i n g  i n  a s i n g l e  h o u s e h o ld .

7. The e x a c t  i n t e r v a l  i n  days between th e  a p p ea rance  o f  

t h e  e r u p t i o n  and t h e  development o f  n e rv o u s  symptoms was a v a i l a b l e  . 

in  one hundred  and f i v e  c a se s . '  These symptoms may deve lop  e i t h e r  

b e f o r e  o r  a f t e r  t h e  ap p ea ra n c e  of  t h e  e r u p t i o n ,  so t h a t  t h e  i n t e r v a l ■ 

11 i n c u b a t i o n  p e r i o d 1' -  may be n e g a t i v e  o r  p o s i t i v e .  Extreme e a s e s  

have o c c u r r e d ;  but  i n  g e n e r a l  i t  may be s a i d  t h a t  t h e  o n s e t  o f  a 

n e rv o u s  c o m p l i c a t i o n  more t h a n  t h r e e  days  b e f o r e  o r  tw en ty  days  

a f t e r  t h e  a p p ea ra n c e  o f  th e  e r u p t i o n  i s  q u i t e  e x c e p t i o n a l .  I n  most 

c a s e s  t h e  o n s e t  i s  be tween t h e  f o u r t h  and th e  t e n t h  day a f t e r  t h e  

ap p ea ra n c e  o f  t h e  r a s h .

8 .  Most o f  t h e  c a s e s  o c c u r r e d  between t h e  y e a r s  1925 and 

1932. The "peak  y e a r "  was 1929, s i n c e  when t h e r e  h a s  been  a d i s t i n c t  

d e c l i n e .

9 .  F iv e  p o s s i b l e  t h e o r i e s  r e s p e c t i n g  t h e  a e t i o l o g y  a r e  

d i s c u s s e d .  Of t h e s e ,  t h e  most im p o r ta n t  a r e :  t h e  c o n d i t i o n  may be 

due t o - ( a )  an  unknown v i r u s  which i s  a c t i v a t e d  by t h e  p r im a r y  

d i s e a s e ;  (b)  a change i n  t h e  i n f e c t i n g  a g e n t ,  which becomes 

n e u r o t r o p i c ;  o r  (c)  a change i n  th e  i n f e c t e d  i n d i v i d u a l ,  who f o r  

some unknown r e a s o n  becomes n e u r o - a l l e r g i c .  ABeasons a r e  g i v e n  i n  

the  t e x t  f o r  d i s c a r d i n g  the  f i r s t  o f  t h e s e  t h e o r i e s .  The t h i r d  

th eo ry  was advanced by G-lanzmann and h as  been e x te n d ed  by van  Bogaert



In  t h e  a b sence  o f  e x p e r i m e n t a l  and b a c t e r i o l o g i c a l  p r o o f  t h e r e  

i s  l i t t l e  t o  choose be tw een  (b } and ( c ) ,  and i t  i s  p o s s i b l e  t h a t  

b o th  f a c t o r s  may p l a y  t h e i r  p a r t .  In  t h i s  p a p e r ,  however,  i t  i s  

shown t h a t  t h e  e v id e n ce  which may be deduced from t h e  r e c e n t  

b e h a v io u r  o f  t h o s e  i n f e c t i o u s  d i s e a s e s  which a f f e c t  t h e  n e rv o u s  

sys tem  s u g g e s t s  t h a t  t h e  e n c e p h a l i t i s  which f o l l o w s  v a r i c e l l a  -• 

and by a n a ^ lo g y  t h e  o t h e r  n e rvo u s  c o m p l i c a t i o n s  -  i s  e s s e n t i a l l y  

due t o  t h e  development  o f  n e u r o t r o p i s m  by t h e  v i r u s  o f  v a r i c e l l a  

i t s e l f

P o s t c r i p t . S ince  t h i s  p a p e r  was w r i t t e n  r e p o r t s  o f  a 

few r e c e n t  c a s e s  have a p p e a re d .  These have  been  added a t  t h e  

end of  t h e  Appendix, bu t  i t  was i m p r a c t i c a b l e  t o  i n c o r p o r a t e  t h e  

f i n d i n g s  in  t h e  p a p e r  a s  a whole.

( a )  Kimura (182) r e p o r t s  a c ase  o f  s e r o u s  m e n i n g i t i s  a s  

a c o m p l i c a t i o n  o f  v a r i c e l l a  i n  a g i r l  o f  f o u r  y e a r s .  The c o n d i t i o n  

m a n i f e s t e d  i t s e l f  on t h e  f i f t h  day a f t e r  t h e  o n se t  of  t h e  p r im a r y  

c o n d i t i o n .  L e th a rg y ,  r e p e a t e d  v o m i t in g ,  h eadache ,  p a r e s i s  o f  t h e  

l e g s ,  bu t  no i n c r e a s e  of  t e m p e r a t u r e .  The p u l s e  was s low, b r e a t h 

in g  i r r e g u l a r ;  knee j e r k s  a b s e n t  on b o th  s i d e s ;  c o n s i d e r a b l e  a t a x i a )  

b u t  no n u c h a l  r i g i d i t y .  K e r n i g ’ s s i g n  a b s e n t .  The p a t i e n t  

r e c o v e r e d  w i th o u t  s e q u e la e  w i t h i n  tw e n ty  d ay s .

(b)  R u p i l i u s  (183) r e p o r t s  two f u r t h e r  c a s e s .  C a s e ( i ) :

G i r l  o f  t h r e e  y e a r s .  Seven teen  days a f t e r  t h e  o n s e t  of  v a r i c e l l a  

she  showed weakness ,  n a s a l  sp eech  and l o s s  o f  a p p e t i t e .  A f l a c c i d  

p a r a l y s i s  o f  b o th  l e g s  and of t h e  sh o u ld e r  m usc les  r a p i d l y  

d e v e l o p s ^ '  c o n s i d e r a b l e  n u c h a l  r i g i d i t y ; ;  w i th  s l i g h t  K e r n ig .  

Recovery  w i t h i n  two months .  Case ( i i ) :  Boy, e l e v e n  months .

Onset  e i g h t  days  a f t e r  th e  ap p ea ra n c e  of  the  r a s h ;  t r e m o r  of  

hands and f e e t ;  h y p e r t o n i a  of l e g  m u s c le s ,  ‘ w i th  m e c h a n ic a l  

h y p e r e x c i t a b i l i t y  o f  t h e  r i g h t  p e r o n e a l  n e rv e  and b o th  f e m o r a l  

n e r v e s .  The c h i l d  showed s i g n s  of  b l i n d n e s s .  ETo m en in gea l  

r e a c t i o n .  Recovery complete  w i t h i n  two months .  #

(c )  E c k s t e i n  (184) m en t io n s  v e ry  b r i e f l y  t h r e e  c a s e s  

which have a p p a r e n t l y  no t  been r e p o r t e d  p r e v i o u s l y .  Case ( i ) :



g i r l  o f  f o u r  y e a r s .  On f i f t h ,  day a f t e r  a p p e a ra n c e  of  r a s h  ' 

sh^e showed a t a x i c  symptoms. Case ( i i ) :  hoy of s i x  y e a r s :

On s i x t h  day showed a t a x i c  and p a r e t i c  s i g n s  i n  arms.  Case ( i i i ) :  

hoy of  s i x  y e a r s  who showed m e n i n g i t i s  on t h e  se v e n th  day a f t e r  

t h e  a p p e a ra n c e  of the  r a s h  ( i n c r e a s e  o f  p r e s s u r e  in  f l u i d ,  s l i g h t  

i n c r e a s e  o f  c e l l s ,  f l u i d  s t e r i l e } .

(d)  L e long ,  . . .o u s s o i r , and L e f ra n c  (185)  r e p o r t  two c a s e s  

o f  v a r i c e l l a  which were c o m p l ic a te d  hy m e n i n g o - e n c e p h a l i t i s .

(T h is  r e p o r t  was not  a v a i l a b l e  a t  t h e  t im e  of  w r i t i n g ) .

(e )  Bullowa and Y/ishik (186) c a r r i e d  out  an i n v e s t i g a t i o n '  

on t h e  f r e q u e n c y  o f  c o m p l i c a t i o n s  i n  2 ,534  v a r i c e l l a  c a s e s  who 

were a d m i t t e d  to  h o s p i t a l  i n  the  f i v e  y e a r s  1929 t t o l l 933

They m en t io n  t h a t  f i v e  c a s e s  o f  e n c e p h a l i t i s  were met w i th  two 

o f  which were f a t a l .  D e t a i l e d  r e p o r t s  w i l l  he p u b l i s h e d  l a t e r  

hy t h e s e  a u t h o r s .

JSdkste in’s- p a p e r  (184) i s  ve ry  im p o r t a n t ,  s i n c e  i t  d e a l s  

w i t h  t h e  a u t h o r ’ s e x p e r i m e n t a l  work w i th  th e  contend  o f  t h e  

p u s t u l e s  o f  v a r i c e l l a  and o f  h e rp e s  z o s t e r  c a s e s  r e s p e c t i v e l y .

These m a t e r i a l s  were i n j e c t e d  i n t r a c e r e b r a l l y  i n t o  Macacus r h e s u s  

monkeys, and s e v e r a l  a n im a ls  s ick en e d  a f t e r  seven  to  s e v e n t e e n  

days  from th e  t ime o f  i n j e c t i o n .  The symptoms were m a in ly  c e r e b r a l  

H i s t o l o g i c a l  e x a m in a t io n  o f  th e  ne rv o u s  sys tem s of  t h o s e  a n im a ls  

which d ie d  o r  -were k i l l e d  showed f e a t u r e s  -  i n c r e a s e  of  b lo o d 

v e s s e l s ,  p e r i v a s c u l a r  i n f i l t r a t i o n ,  p r e s e n c e  o f  f a t  g r a n u l e  c e l l s ,  

changes  in  t h e  a x i s  c y l i n d e r s ,  and d e g e n e r a t i o n  o f  t h e  p y r a m id a l  

t r a c t s  - which were not in c o m p a t ib le  w i th  a d i a g n o s i s  o f  

e n c e p h a l i t i s .  C on t ro l  ex p e r im e n ts  were n e g a t i v e .  From h i s

e x p e r im e n t s  E c k s t e in  c o n c lu d es  t h a t  t h e  same v i r u s  may p ro d u c e  a
»

h e r p e s  z o s t e r  or a v a r i c e l l a  e n c e p h a l i t i s  a c c o rd in g  t o  c i rc u m s ta n ce s  

and t h a t  t h e r e  i s  no u n i fo rm  a e t i o l o g y  f o r  th e  d i f f e r e n t  t y p e s  o f  

p o s t - i n f e c t i o u s  e n c e p h a l i t i s .  There i s  t h e r e f o r e  some j u s t i f i 

c a t i o n  f o r  hop ing  t h a t  t h i s  p roblem w i l l  u l t i m a t e l y  be s o lv e d  by 

f u r t h e r  e x p e r im e n ta l  work. Meanwhile i t  i s  g r a t i f y i n g  t h a t  t h e  

c o n c l u s i o n s  which have been reached  i n  t h i s  p a p e r  a f t e r  a j o u r n e y



a lo n g  t h e  d e v io u s  p a t h  o f  e p id e m io lo g y ,  t e n d  to  he conf i rm ed  

hy t h e  more d i r e c t  e v id e n c e  ?/hich i s  a f f o r d e d  hy E c k s t e i n 1 s 

i n i t i a l  e x p e r i m e n t a l  work.
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She l i s t s  o f  p a p e rs  and books w hich  a re  g iv e n  a re  o f  c o a rse  

by no means e x h a u s tiv e , b a t th e y  form  a  s u f f i c i e n t l y  e la b o ra te  framework, 

around w hich  o th e r  s tu d ie s  may be co n s tru c ted *  in  P a r t  I  and th e  f i r s t  

two s e c t io n s  o f  P a r t  I I  o n ly  th o se  works a re  quoted  w hich a re  d i r e c t l y  

r e f e r r e d  to  in  th e  t e x t .  Hence many im p o rtan t p ap e rs  w hich w ere 

c o n su lte d  b u t w hich had no d i r e c t  b e a r in g  upon th e  is s u e s  were 

p u rp o se ly  om itted*

The s tu d y  on v a r i c e l l a  i s  r a th e r  on d i f f e r e n t  l in e s *  The 

w r i t e r  s e t  ou t to  make an ex h a u s tiv e  se a rc h  o f  th e  l i t e r a t u r e ,  and i t  

i s  b e lie v e d  th a t  th e  l i s t  was com plete a t  th e  tim e o f  w ritin g *  The 

n a tu re  o f  th e  s tu d y  a ls o  made i t  d e s i r a b le  th a t  a s  many as  p o s s ib le  o f  

th e  p a p e rs  should  be re a d  co m p le te ly  in  th e  o r ig i n a l ,  and th o se  p ap e rs  

w hich could  n o t be o b ta in ed  fo r  t h i s  purpose a re  s p e c ia l ly  in d ic a te d *

---■ I--

-
&'i3



A bt, G. (1926]* Ann. I n s t .  P a s te u r ,  x l i i ,  1336.
Adams, P . (1 928 ). In  F i tz g e r a ld ,  J .G . , Ann. I n s t .  P a s te u r ,  1928, x l i i ,

1089.
A nderson, J .S .  (1932 ). Pub. H e a lth , x lv ,  196.
A nderson, J . 8 . ,  H appold, F .C .,  Moleod, J .W ., and Thomson, J .G . (1931)*

Jo u m . P a th , and B a e t . ,  x x x iv , 667.
A nderson, J . S . ,  Cooper, K .E ., H appold, F .0 . ,  and Moleod, J .w . (1 9 3 3 a).

l a n c e t ,  i ,  293.
A nderson, J.S., Cooper, K .E ., Happold, F .C .,  and Moleod, J.w. (1933b)•

Jo u m , P a th , and B a c t .,  x x x v i, 169.
A sakava, Y. (1 9 3 3 ). Ann. I n s t .  P a s te u r ,  l i ,  565.
A u b e rtin  and Boudou, (1932). P a r i s  Med., 393.
B aker, J .H . ,  and G i l l ,  D.G. (1934). Amer. J o u m . pub. H e a lth , x x iv , 22.
B auer, E . I .  (1931). Amer. Jo u m . Med. S e i« , o lx x x i i ,  839.
B ehring , £• von, (1914). B e r l .  k l i n .  W chnschr., l i ,  917.
Bessemans, A. (1926 ). B u ll .  O ffice  I n te r n e t .  d 'H yg. P d b ., x v i i i ,  134 . 
Bezaugon and D reyfus, S . (1932 ). B u ll .  Acad. Med., c v i i i ,  1169.
B ie , T . (1922 ). A cta Med. S cand ., l v i ,  537.
B ieb e r, W. (1921J. JB tschr. f .  Im m un itd tsf. u .  e x p e r . T h e ra p ., x x x i i ,  466 .
Bloomberg, M.W., and F lem ing, A.G. (1927 ). Canad. Med. A ssn. j o u m . ,

x v i i ,  601.
Blum, J .  (1932 ). Jo u rn . Amer. Med. A ssn ., x o v i i i ,  1627. 
von Bokay, J .  (1931 ). Ann. de M&U, x x ix , 451.
Bray, G.W. (1 9 3 1 ). R ecent Advances in  A lle rg y . London.
B urke, F .S .  (1930 ). Canad. Fub. H e a lth  J o u m .,  x x i,  209.
C a r te r ,  H .S . (1933). J o u m . H ygiene, x x x i i i ,  542.
C ay re l, M. (1930). Gazz. d .  o sp . e d . c l i n . ,  l i ,  1009.
Chesney, G. (1934 ). Med. O f f ic e r ,  l i i ,  5 .
Chesney, G. (1938)* Jo u m . Hoy. San. I n s t . ,  l v i ,  143.
Coburn, A .F . (1931). The F a c to r  o f  I n f e c t io n  in  th e  Rheum atic S ta t e .

London.
C o l l i s ,  W .R.F. (1931). L an ce t, i ,  1341.
D ick in so n , T .E . (1922). I b id ,  i ,  312.
D oyer, J . J . T .  C ited  by F o rb e s ,(1 9 3 2 b ).
D udley, S .F . (1923). Med. R es. Conn., Sp. Hep. S er« , London, Ho. 75.
D udley, S .F . (1929). Q uart. Jo u m . Med., x x i i ,  321,
D udley, S .F . (1932). i b i d . .  xxv, 213.
D udley, S .F . (1 9 3 4 ),^ '' Mecf. H esi D oun ., Sp. Hep. S e r . ,  London, Ho. !? § •  
E d i to r i a l  (1935). L an ce t, i ,  228.
F e ie r abend, B ., and S ch n b ert, 0 . (1929). Z ts c h r .  f .  Im m u n ita ts f .,

l x i i ,  283.
F is h e r ,  H.A. (1934). S t a t i s t i c a l  Methods fo r  R esearch  W orkers. E dinb .

and London.
F i tz g e r a ld ,  J .G .,  D e f r ie s ,  H .D ., F r a s e r ,  D .T ., Moloney, P . J . ,  and 

McKinnon, H .E. (1932). Amer. Jo u m . Pub. H ea lth , x x i i ,  25.
F lo o d , H.G. (1930). Amer. Jo u m . D id. C h ild ,,  x x x ix , 107.
F o rb es , J .G . (1932a). D ip h th e ria  P a s t and p r e s e n t ,  I t s  A e ti lo lo g y , 

D is t r ib u t io n ,  T ransm ission , and P re v e n tio n . London.
F o rb es , J .G . (1932b). B u ll ,  o f H ygiene, v i i ,  669, 737.
G ibson, H .J . ,  and McGibbon, J .P .  (1932). L ancet, i i ,  729.
Glenny, A .T . (1925). Jo u rn . H ygiene, x x iv , 301.
Glenny, A .T . (1930). B r i t ,  Med. jo u r n . ,  i i ,  244.
Glenny. A .T . (1931). In  "A System o f  B a c te r io lo g y  in  R e la tio n  to  M ed ic in e" , 

Med. R es. Coun., London, T o l .v i .
G lenny, A .T ., and A lle n , K. (1922). J o u m . Hyfriene, x x i ,  100.
Glenny, A .T ., and B a rr, M. (1931). J o u m . P a th , and B a c t . ,  x x x iv , 1 1 8 ,1 3 1 .
Glenny, A .T ., B u tt le ,  G.A.H., and S tev e n s. M.F. (1931 ). i b i d . ,x x x i v ,267. 
Glenny, A .T ., and H opkins, B .2 . (1923). B r i t .  Jo u rn . E xper. p a t h . ,

iv ,  283.
Glenny, A .T ., Pope, C.G*, W addingten, H ., and W allace, H. (1926 ). Jo u rn .

p a th , and B a c t .,  jtxx ix , 58 , 40 .



Glenny, A .T*, and Sudmersen, E . J .  (1921 J. Jo u rn . H ygiene, xx, 176.
G lenny, A .T ., and W addington, H. (1928J, Jo u m . p a th ,  and B a c t . ,

x x x i, 403 .
G raece t, £ . ,  w ith  F e r r e t - G e n t i l ,  A, Friedm an, J . ,  and G ross, I .  (1 9 3 3 ).

Sou th  A fr ic a n  Med. J o u m .,  v i i ,  779.
Graham, A .H ., M urphree, I . E . ,  and G i l l ,  D.G. (1933). jo u m . Amer. Med.

A ssn ., e , 1096.
G reengard , J .  (1931). J o u rn . Amer. Med. A ssn ., x o v i i ,  226.
G reengard, J .  (1934 ). Amer. J o u m . B is . C h ild .,  x l v i i ,  799.
▼on G rder, F . ,  and K asso w itz , K. (1915}• Z ts c h r .  f .  im m unit& tsf.u .

e x p e r . T h e ra p ., x x i i i ,  108.
▼on G roer, P . ,  and K asso w itz , X. (1 9 1 7 ). i b i d . ,  x x v i, 277.
▼on G rtier, P . ,  and K asso w itz , K«, (1919 ). i b i d . ,  x x v i i i ,  327 .
G ross, P . (1 929 ). P ro c . Soc. E xper. B io l ,  and l e d . ,  x x r i ,  696.
H aidvog l, M .(1926). A rch . f .  K in d e rh ., lx x ix ,  183.
H a rle y , 1). (1933 ). l a n c e t ,  i ,  690.
H a r r ie s ,  E .H .H . (1927 ). P ro c . Boy. Soc. M ed., x x i ,  197.
H a rr iso n , W.T. (1930). P ub . H e a lth  H ep ., W ashington, x lv ,  1883.
H a rr iso n , W.T. (1932). Amer. Jo u m . Pub. H e a lth , x x i i ,  17 .
H avens, I .C . ,  and w e lls ,  D.M. (1 9 3 3 ). J o u m . I n f e c t .  B is . ,  l i i i ,  136. 
H ew le tt, K .T . (1930 ). in  "A System o f  B a c te r io lo g y  in  B e la tio n  to  M edicine;

Med. B es. Coun., London, v o l .  ▼.
Ho soya, s . ,  and M iyata , s .  (1928). Compt. re n d . Soc. B io l , ,  x c ix ,  773.
Id e , K«, and K ato , T. (1933 ). J o u r .  Pub. H e a lth  A ssn. Jap an , S e p t . ,  1 . 
I s a b o l in s k i ,  M .P ., K arpa tschew skaja , B .P ., and T ow janskaja, w .F . (1031 -32 ).

Z ts c h r .  f .  Im m u n ita ts f . u . E xper. T h e ra p ., l x x i i i ,  27 .
Je n se n , C laus (1 931a). Compt. re n d . Soc. de B io l . ,  c v i i i ,  555.
Je n se n , C laus (1931b). i b i d . ,  543.
Jen sen , C laus (1931c). i b i d . ,  552.
Jen sen , C laus (1931d). i b i d . ,  528.
Jen sen , C laus (1933)(a ) .A c ta  P a th , e t  M ic ro b io l. S cand ., x , 137.
Jen sen , C laus (1933b). B ie In tra k u ta n e  Eaninchenm ethode, Kopenhagen.
Karasaw a, M., and S ch ick , B. (1910). J a h rb . f .  K in d e rh ., l x x i i ,  264.
K e lly ,  F .L . ,  S tev en s, I .M ., and B e a t t i e ,  M. (1925). Pub. H ea lth  X ep .,

W ashington, x l ,  2643.
K in lo ch , J . p .  C ited  by Forbes (1932a).
K in lo ch , J . P . ,  Sm ith, J . ,  and T ay lo r, J .S .(1 9 2 7 ) .  Jo u rn . H ygiene, x x v i,

327.
K le in ,  B. (1934 ). Canad. Med. A ssn. J o u m .,  xxx, 136.
Kolmer, J .A . ,  and Moshage, E . I .  (1915 ). Amer. J o u m . B is .  C h ild .,  ix ,  189.
K r e i tz ,  P .B . (1932 ). i b i d . , x l i v ,  1249.
Leach, C .H ., Jen sen , C lau s, and P&ch, G. (1935). Jo u rn . Lab. and C lin .

MSd«, xx, 451.
L e e te , H.M., McLeod, J .W ., and M orrison , A.C. (1933). L ancet, i i ,  1141. 
L eonard, G .F ., and V arley , J .B .  (1 932 ). J o u m . Immunol., x x i i i ,  261. 
l e v in ,  W«, and Cary, H .A .(1934 ). Amer. Jo u m . Bub. H e a lth , x x iv , 251. 
McGinnes, G .F ., S te b b in s , B .L ., and H a rt, C.D. (1 934 ). ib id . ,x x iv ,  1141. 
McKinnon, N .E ., and B oss, M .A .(1933). Canad. Pub. H e a lth  J o u m .,  x x iv ,

‘ 496.
HoLeod, J.W .s P e rso n a l com m unication.
MeSweeney, C .J . (1935 ). B r i t .  Med. J o u m .,  i ,  103.
M eersseman, F . ,  F r ie s s ,  E .,  and B enard , P . (1933). Compt. re n d . Soe.

de B io l . ,  c x i i ,  185.
Meersseman, F . ,  and Benard, P . (1934 ). i b i d . ,  c x v i i ,  936.
M elbourne , H ea lth  B u l le t in  (1932). J a n . -  June, 919.
Menton, J . ,  Cooper, T .V ., Bake, F.W ., and F u s s e l l ,  W.H. (1933 ). Jo u rn .

H ygiene, x x x i i i ,  414,
Menton, J . ,  Cooper, T .V ., and F u s s e l l ,  W.H. (1933). L ancet, i i ,  18©. 
M e sse lo ff , C .B ., and K arsh, M .J. (1 932). Amer, J o u m . B is . C h ild . ,

x l i v ,  999.
M inet, J .  (1929). B u ll .  gen. de th e r a p . ,  c lx x x , 158.
M oloney, P . J . ,  and F ra s e r ,  C .J . (1927). Amer. J o u m . pub. H e a lth ,

x v i i ,  1027.
Monroe, J .B . ,  and Y olk, V .K .(1934). Abid«, x x iv , 342.
M edical B esearch  C ouncil (1923). Monograph on " B ip h th e r ia , i t s  B a c te r io l 

ogy, P a th o lo g y  and Immunology", by v a r io u s  a u th o rs .
Murphy, W.A. (1935). Had. O f f ic e r ,  l i i i ,  177.



Hash, E .C . (1 9 3 3 ). Pub. H e a lth , T i l l ,  245.
N eale , A.V. (1928 ). L an ce t, i i ,  1342.
N ^ l is ,  P . (1933)•_ Compt. ren d . Soc. de B io l . ,  c x i i ,  546 .
H ^ l is ,  P .  (1 9 3 4 ). Rev. d*Hyg., l v i ,  206.
Newsholme, A. (1898J. Epidem ic D ip h th e r ia , London.
N ic o l le ,  M. (1 9 3 3 ). Compt. re n d . Soc. de B io l . ,  c x i i i ,  1467.
O 'B rie n , R.A. (1 9 2 6 ). J o u m . P a th , and B $ct« , x x ix , 320.
O 'B rie n , R .A. (1 9 2 9 ). L an ce t, i i ,  241.
O 'B rie n , B .A . (1934). B r i t .  Med. J o u m .,  i i ,  712.
O 'B rie n , X .A ., Copeman, s . ,  E a g le to n , A ., and Glenny, A .T . (1922 ).

B r i t .  Jo u m . E xper. p a t h . ,  i i i ,  4 2 .
O 'B rie n , B .A ., O k e ll , C .C ., and P a r is h ,  H .J .  (1 9 2 9 ). L an ce t, i ,  149 .
O 'B rie n , B .A ., and P a r is h ,  H .J .  (1932 ). i b i d . ,  i i ,  176.
Ohyama, s .  (1 9 3 1 ). Jo u m . Biochem. (Ja p a n ) , x i i i ,  255.
O k e ll , C .C. (1931 ). B u ll ,  o f  H ygiene, 1931, v i ,  835.
P a r is h ,  H .J .  (1 9 3 3 ). la n c e t ,  i ,  1063.
P a r is h ,  H .J . ,  and O k e ll, C.C. (1928 ). i b i d . ,  i i ,  322.
P a r is h ,  H .J . ,  W hatley , E .E ., and O 'B rien , B.A. (1932). Jo u m . p a th ,  and

B a c t . ,  xxxv, 653.
P a rk , W.H. (1 9 2 2 ). J o u m . Amer. Med. A ssn ., lx x ix ,  i5 8 4 .
P a rk , W.H. (1 9 2 6 ). Amer. J o u m . D is . C h ild .,  x x x i i ,  709.
P a rk , W .H., and S ch ro d er, M.C. (1 9 3 2 ). Amer. Jo u rn . Pub. H e a lth , x x i i ,  7 . 
P a rk , W.H., and Z in g h er, A. (1916). Amer. Jo u rn . pub. H e a lth , v i ,4 3 1 .  
P ea rso n , K. (1 900 ). P h ilo s o p h ic a l  Mag., i ,  164.
P ea rso n , £ • (1901). P h i l .  T ran s . Boy. S o c ., cxev, A, 16.
P ea rso n , K. (1 9 0 9 ). B io roe trika , v i i ,  96 .
P ea rso n , £ •  (1 9 1 5 ). i b i d . ,  x , 570.
P fa u n d le r , M. (1931). Munch, med. W chnschr., l x x v i i i ,  1207.
P o u la in , P . (1932 ). B u ll .  Acad. Med., e v i i ,  914.
P o v itz k y , O.B. (1932 ). Amer. Jo u m . Pub. H e a lth , x x i i ,  29 .
P o v itz k y , O .K ., E is n e r ,  M., and Jackson , E. (1933), J o u m . in f e c t .  D ie . ,

I i i ,  246.
P u b lic  H e a lth  R e p o rts , W ashington, (1927), x l i i ,  2056.
B o u b in o v itch , J . ,  L o iseau , G ., and L a f f a i l l e ,  A. (1924). B u ll ,  e t  Mem.

Soc. d fH$p. de P a r i s ,  x l v i i i ,  782.
Bamon, G. (1923 ). Compt. r in d .  Acad. S o i. de P a r is ,  c lx x v i i ,  1338.
Ramon, G« (1 9 2 6 ). Ann. I n s t .  P a s te u r ,  x l ,  1 .
Bamon, G. (1 9 3 1 ). i b i d . ,  x l v i ,  483.

_Ramon, G* (1934J. B u ll .  Acad. M&L., c x i ,  304.
Bamon, G ., N e l is ,  P . ,  and Lacomble, J .  (1 933 ). Compt. re n d . Soc. de

B io l . ,  c x i i i ,  5 .
Bamon, G«, T im bal, G«, and N ^ lis ,  P . (1932). i b i d . ,  e ix ,  1257.
Bamon, &., T im bal, G ., and N e lis ,  P . (1933). B u ll .  O ff ic e  in t e r n a t .

d 'H yg. P u b ., xxv, 1405.
Bay, H.H. (1931 ). Amer. Jo u rn . Med. S c i . ,  c lx x x i i ,  251.
R obinson, D .T . (1934). Jp u rn . P a th , and B a c t .,  x x x ix , 551.
R obinson, D iT .,4 n d  M a rsh a ll, F .N . (1934). i b i d . ,  x x x v i i i ,  73.
R obinson, D .T ., and M a rsh a ll, F .N . (1935)* L an ce t, i i ,  441.
Burner, P .H . (1909 ). Z ts c h r .  f .  im m u n ita ts f . u . E xper. T h e ra p ., i i i ,  208. 
Boux, S . ,  and Y e rs in , A. (1 8 8 9 ). Ann. I n s t .  P a s te u r ,  i i i ,  273.
S tT u b ia sz , (1932 ). B u ll .  O ffice  I n te r n e t .  d ’Hyg. p u b ., x x iv , 2000. 
S aunders, J .C .  (1932). L ancet, i i ,  1047.
S aunders, I . e .  (1933a). i b i d . ,  i ,  791.
S aunders, J .C .  (1933b). I r i s h  Jo u m . Med. S c i . ,  6 th  S e r ie s ,  No. 95, 611 .
S c h ic k ,B ., von Grfier, and K assow itz , K« (1 924). Handb. b i o l .  Arb. M eth .,

A b t. 13, T e i l  2, L fg . e x x x v ii, Wien.
S ch ick , B ., and M ic h ie ls , J .  (1913). Z ts c h r .  £ . K in d e rh ., v ,  255.
Schm idt, S . (1 9 3 1 ). Z ts c h r .  f .  Im m u n ita tsf. u . e x p e r . T h e ra p ., lx x i ,1 0 1 .  
Schm idt, S . (1933 ). i b i d . ,  l x x v i i i ,  323.
S ch ro d er, M .C ., and p a rk , W.H. (1923). jo u m .  Amer. Mod. A ssn ., lx x x i ,

1432.
Schw artz , A .B ., and Janney, F .B . (1930). Amer. Jo u m . D is . C h ild , ,

xx x ix , 504.
S im ic , T .V . (1 9 3 1 ). C e n tra lb l .  f .  B a k te r io l . ,  cxx, 385.
Sdrodow ski, P ,F ,  (1934 ). A rch. S c i .  B io l . ,  xxxv, 123.
Sm ith, M. L lew ellyn  (1932). Jo u m . P a th , and B a c t .,  xxxv, 663.
Sparrow , H .s C ited  by Forbes (1932b).
S tr a u s ,  H.W. (1 933 ). Jo u rn . Amer. Med. A ssn ., c i ,  192.

♦Bamon, G* (1934b). F reese  m od.. No. x x v i, 513 .



Si>S.

Stevenson* T .H .C . (1919}* Proc* Boy* Soc* MedL*f x i i  (Sect*  E p ldem .), 19* 
Tomcsifc, J .  (1932 ). Z e n t r a lb l .  f .  B a k te r io l . ,  cxxv, 444*
Tome Bit, J* (1932)* Ann* In s t*  P asteu r*  x l i x ,  574*
T opley , W.W.C. (1 9 3 3 ). An O u tlin e  o f  Immunity* London*
Tron, G. (1 9 3 4 ). T e ra p ia  (p a r te  P r a t i c a ) ,  x x iv , 1.
Underwood, B.A* (19344J L an ce t, i ,  678*
Underwood, B .A. (1934b). Med. O f f ic e r ,  l i ,  195, 205*
Underwood, B.A* (19 3 4 c). B r i t .  Med. J d u rn .,  i ,  1140.
Underwood, B.A. (1935a). L an ce t, i ,  137.
Underwood, B .A. (1935b). i b i d . ,  i ,  364.
Underwood, B.A. (1 935c). J o u m . H ygiene, in  p u b lic a tio n s  and t h i s  T h e s is ,

P a r t  i / ,  S e c tio n  ( A ) .  
Y olk, Y.K. (1935 ). Amer. Jo u rn . Pub. H e a lth , xxv, 430.
W allace , U. (1927 ). Jo u m . P a th , and B a c t . ,  xxx, 667.
W hite, J .L . ,  and S o h la g e te r , B.A. (1934). J o u m . Amer. Med. A ssn .,

c i i ,  915.
Woods, H.M. (1928 ). Jo u m . H ygiene, x x v i i i ,  147.
Woods, H.M. (1 9 3 3 ), Med. R es. Coun., Spec. Hep. S e r ie s ,  London, Ho. 180. 
Young, C .C ., Bunney, W.B., C rooks, M*, Cummings, G .D., and Forsbeok , F .C .

(1934). Amer. J o u m . Pub. H e a lth , x x iv , 835.
Z in g h er, A« (1917)* A rch. I n t .  Med., xx, 392.

Jo u m . Amer. Med. A ssn ., l x x v i i i ,  1945.
Amer. J o u m . M s .  C h ild .,  xxv, 392*
Amer. J o u m . Pub. H ea lth , x iv ,  955*

P ro c . Soc. E xper. B io l , and Med., x x i i ,  462*
Rev. d 'H yg*, x l v i i ,  109*

Z in g h er, A. (1922 ). 
Z in g h er, A. (1923a)* 
Z in g h e r, A ., ( 1923b) • 
Z in g h er, A* (1925)* 
Z o e l le r ,  0* (1925)*

*-r \  _ - j  -- v - • '* ■ /  • . ; r  • -  ? ; .j ; /■

::'v ■ •'*' - ■' ^  ■ -v-

?*** p t  1. -
'

I V: ■■ ■ ' i ,: •
A'l " i x ‘:v ;

■■ ' ■ '• "-r- i. j- ■■ V ’-SV'>«.-■ Vj. A «  vfvJv*

' -• f ' ? ; . 5 ft !>.■£* , J*,, i*&,
v ■; ?. s-., J.v,: iv f %:M: c m  I* QC\

'  r f } -£ f  ' " i  *  • C  * V .

e-ft.
' 1 ? i r i:va- -Cl':

7  ' . 7 7 7 7 7 7 . \ 7 :

i?‘ 7sr; 7  J-- 7 7  7  v ,7 ,tJ 7 i '  ^

?:7  -4  7 7 7 7 7  A s > i  l n C l  ~

. S.-?~ v i-i •> s v- 7  f
4;v.; viS.? K-i. m - Z - i  ■< j

: , c - r i . ,  ■■

.  -.Jiv- -i Z ’- 
/■. s'v f. - îv- : "■
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