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P r e f a c e .

T h i s  i n v e s t i g a t i o n  was u n d e r t a k e n  i n  Tanga H o s p i t a l ,  

T a n g a n y i k a ,  E a s t  A f r i c a ,  i n  1939* ana  a co n d e n s e d  v e r s i o n  o f  

t h e  r e s u l t s  was p u b l i s h e d  i n  t h e  E a s t  A f r i c a n  M e d i c a l  J o u r n a l  

i n  May, 1944 .  The l a p s e  o f  t i m e  be tw een  t h e  f i e l d  work and 

t h e  p u b l i c a t i o n  of  t h e  r e s u l t s  i n  t h i s  t h e s i s  was m a i n l y  due 

t o  t h e  f a c t  t h a t  t h e  w r i t e r  was s t a t i o n e d  i n  o u t - d i s t r i c t s  o f  

T a n g a n y i k a  and had  o n ly  a  v e r y  l i m i t e d  p e r s o n a l  r e f e r e n c e  

l i b r a r y .  However,  t h i s  l a p s e  o f  t im e  gave  him ample  and 

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

A f r i c a n  n a t i v e  and t o  c o n v i n c e  h i m s e l f  t h a t  many o f  t h e  s o -  

c a l l e d  h y p o ch ro m ic  ana em ia s  f o u n d  i n  E a s t  A f r i c a  d i d  n o t  

so c o n v e n i e n t l y  f i t  i n t o  t h e  c l a s s i c a l  p i c t u r e  o f  i r o n  

d e f i c i e n c y  an aem ia  b u t  were  more c o m p l i c a t e d  i n  t h e i r  e t i o ­

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

i n  E a s t  A f r i c a .

The w r i t e r  i s  g r a t e f u l  t o  t h e  L a b o r a t o r y  S t a f f  o f  

Tanga H o s p i t a l  f o r  t h e i r  a s s i s t a n c e  and t o  Dr .  T r o w e l l ,

M .D . ,  F . B . C . P . ,  o f  Uganda f o r  h i s  c r i t i c i s m  and a d v i c e  w i t h  

t h e  o r i g i n a l  p a p e r  p u b l i s h e d  as  above m e n t i o n e d .



I n t r o d u c t i o n  and Aim o f  t h i s  I n v e s t i g a t i o n ,

Anaemia i s  e x c e e d i n g l y  common among t h e  n a t i v e s  o f

T a n g a n y i k a  o f  a l l  a g e s  and o c c u p a t i o n s ,  b u t  i t  i s  e s p e c i a l l y

p r e v a l e n t  among t h e  lo w e r  p a i d  em p lo y ees  and i n  t h e  c o a s t a l  b e l t .

I t  i s  an e v e r y d a y  o c c u r r e n c e  t o  f i n d  v a r y i n g  numbers  o f  n a t i v e s ,

men, women and c h i l d r e n ,  w a i t i n g  p a t i e n t l y  b e f o r e  t h e  d i s p e n s a r y

window f o r  t h e i r  d o se  o f  i r o n  i n  t h e  fo rm  o f  TTM i s t  T o n i c ” ; w h i le ,

i n  t h e  g e n e r a l  w a rd s  one i s  s u r e  t o  come a c r o s s  a  number  o f  c a s e s

l a b e l l e d  "Hookworm ( o r  A n k y l o s t o m i a s i s )  and Anaemia" and t o  s e e

o n  t h e  body  o f  t h e  c a s e  s h e e t  t h e  words  Hb $  = 30$ (o r  35$ or 4 0 $ ) .

I n  t h e s e  l a t t e r  c a s e s ,  a s  a  g e n e r a l  r u l e ,  t h e  d i a g n o s i s  i s  t h e n

r e g a r d e d  as  c o m p l e t e ,  and i t  now r e m a i n s  o n l y  f o r  t h e  p a t i e n t  to

r e c e i v e  h i s  d a i l y  d o s e s  o f  i r o n  and h i s  a n t h e l m i n t i c ^  and t o  be

d i s c h a r g e d  i n  2 -3  weeks  when h i s  Hb $  h a s  r i s e n  t o  6o o r  70$v

w i t h  i n s t r u c t i o n s  t o  a t t e n d  t h e  o u t - p a t i e n t  d e p a r t m e n t  f o r  f u r t h e r

i r o n  t r e a t m e n t .  He se ldom  o beys  t h e  i n s t r u c t i o n s .  More u s u a l l y

h e  d r i f t s  away t o  h i s  work,  f a r  f ro m  f i t ,  b u t  n o t  i l l  enough  f o r

a d m i s s i o n  t o  o r  r e t e n t i o n  i n  h o s p i t a l .

T h i s  i s  o n l y  one a s p e c t  o f  w h a t  c o n s t i t u t e s ,  i n  E a s t  [
 * " " "   ‘ ^  :!

A f r i c a ,  a m a j o r  p u b l i c  h e a l t h  and econom ic  p ro b le m ,  v i z . ,  t h e

p r e v a l e n c e  o f  so much n e g a t i v e  h e a l t h .  A n k y l o s t o m i a s i s  r e p r e s e n t s
,!

o n l y  one o f  many c a u s e s  w h ic h  i n c l u d e ,  among o t h e r s ,  m a l a r i a ,
I

b i l h a r z i a ,  m a l n u t r i t i o n  and n u t r i t i o n a l  d e f i c i e n c i e s ,  c h r o n i c  ;i

i n f e c t i o n s ,  s c u r v y  and so on.  When one c o n s i d e r s  t h e  c o n d i t i o n s

u n d e r  which  t h e  3 ? 0 0 0 ,0 0 0  n a t i v e  i n h a b i t a n t s  o f  T a n g a n y ik a  l i v e ,

i t  i s  s c a r c e l y  s u r p r i s i n g  t h a t  t h e  g e n e r a l  l e v e l  o f  h e a l t h  i s  so  :j
lo w .  The t e r r i t o r y  i s  so v a s t ,  t h e  p o p u l a t i o n  so  d i s p e r s e d  e x c e p t  H
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i n  t h e  m a in  towns  o f  l a r - e s - S a l a a m ,  T a n g a ,  M o sh i ,  T a b o ra  and

Mwanza, t h e  n a t i v e  h u t s  so  p r i m i t i v e  and u n h y g i e n i c ,  t h e  d i e t  so

d e f i c i e n t  i n  b a l a n c e  and t h e  m e d i c a l  f a c i l i t i e s  so few t h a t  t h e

n a t i v e s  a l m o s t  i n e v i t a b l y  become a p r e y  t o  so  much d i s e a s e .  An

o n l o o k e r  w a t c h i n g  a  g a n g  o f  p e r h a p s  100  l a b o u r e r s  w o rk in g  on a

r o a d  o u t s i d e  Tanga  would  be i m m e d i a t e l y  s t r u c k  by t h e i r  t h i n

p h y s i q u e ,  l a c k  o f  s p i r i t ,  l a s s i t u d e ,  d u l l  i n d i f f e r e n c e  an d  l a c k  o f

s t a y i n g  power .  The p i c t u r e  p a i n t e d  above  i s  b l a c k ,  b u t  T r o w e l l  
/ ®(1 9 4 6 )  p a i n t s  i t  even  b l a c k e r  -  " I t  i s  my c o n s i d e r e d  o p i n i o n  

t h a t  few A f r i c a n s  have  f ro m  c h i l d h o o d  r e c e i v e d  an a d e q u a t e  d i e t ,  i

and  t h a t  t h i s  i s  r e f l e c t e d  i n  t h i n ,  weak a d u l t s ,  i n c a p a b l e  o f  h a r d  I

p h y s i c a l  and m e n t a l  e x e r t i o n ,  p oor  w o r k e r s ,  d ra w in g  a p o o r  wage,

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

G e n e r a l l y  s p e a k i n g ,  t h e  E a s t  A f r i c a n  n a t i v e  i s  a c c u s to m e d  

t o  one  l a r g e  m e a l  p e r  d ay ,  a  cus tom  w h ic h  f i n d s  r e a d y  a c c e p t a n c e I
by  many o f  t h e  e m p lo y e r s  o f  l a b o u r  s i n c e  i t  g r e a t l y  s i m p l i f i e s  any  I

r a t i o n  i s s u e  made by  them. On t h e  c o a s t a l  b e l t  an d ,  i n  f a c t ,  i n  |
1;

m o s t  p a r t s  o f  E a s t  A f r i c a ,  sound d i e t e t i c  p r i n c i p l e s  a r e  unknown, !|
j i

and  t h e  n a t i v e  c o n t e n t s  h i m s e l f  by a s s u a g i n g  h i s  h unge r  when he  i  

i s  a b l e .  T h is  he  does  by consuming enormous p l a t e f u l s  o f  cooked  j;

m a iz e  m e a l  or  c a s s a v a  ( t h e  l a t t e r  t h e  name g i v e n  to  t h e  f a r i n a c e o u s !1
:j

r o o t  s t a l k s  o f  two. s p e c i e s  o f  e u p h o r b i a c e o u s  p l a n t s ,  b i t t e r  and  

s w e e t  c a s s a v a ,  w h ich  a f t e r  p r e p a r a t i o n  by d r y i n g  to  remove h y d r o -  j 

c y a n i c  a  and s u b s e q u e n t  g r i n d i n g  a r e  cooked  i n  b u l k ) .  A n a t i v e  jj 

may e a t  a t  one s i t t i n g  as  much as  can  be c o n t a i n e d  i n  a  7" -  8 " j j

d i a m e t e r  bowl.  T h i s  e x t r a o r d i n a r i l y  u n a p p e t i s i n g  mass o f  food  i s  

o c c a s i o n a l l y  acc o m p a n ied  by  a  h a n d f u l  o f  b e a n s  cooked i n  w a t e r  and
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i

a l i t t l e  s a l t .  C a s s a v a  m e a l  can  p r o p e r l y  be c a l l e d  t h e  p o o r  m an ’s
(D

s t a p l e  i n  E a s t  A f r i c a .  T r o w e l l  & Muwazi (1945)  w o rk in g  i n  Uganda 

g i v e  t h i s  a n a l y s i s  -  ^

(a )  P o o r  L a b o u r e r ’ s D i e t  ( D a i l y )

4 l b s .  c a s s a v a  ( r e d u c e d  t o  5 l b s .  when cooked)  e  1 , 7 5 0  
c a l o r i e s  and c o n t a i n s  10 gms. p r o t e i n ;  no f a t ;  0 . 5  gms. 
c a l c i u m ;  4 mgms. i r o n ;  no v i t a m i n  A & B; no r i b o f l a v i n  
o r  n i c o t i n i c  a c i d ;  4^0 mgms. v i t a m i n  C ( r e d u c e d  by c o o k in g )

(b)  Im m ig ra n t  L a b o u r e r ’ s D i e t  ( i . e . ,  n a t i v e s  e n t e r i n g  Uganda
m o s t l y  f ro m  Euanda  and  U ru n d i  i n  t h e  B e l g i a n  Congo)

5 l b s .  s w e e t  p o t a t o e s  (J-f- l b s .  a f t e r  p r e p a r a t i o n )  p l u s  
■J- o z .  m e a t  p l u s  ^  o z .  g r e e n  v e g e t a b l e s  = * 2 ,0 0 0  c a l o r i e s  
and  c o n t a i n s  25 gms. p r o t e i n ;  1 gm. f a t ;  O. 25  gms. 
c a l c i u m ;  8 mgms. i r o n ;  600 u n i t s  v i t a m i n  A; 1 . 0  mgm. 
v i t a m i n  B; 2 . 4  mgms. r i b o f l a v i n ;  1 mgm. n i c o t i n i c  a  ;
420 mgms. v i t a m i n  C ( r e d u c e d  by  c o o k i n g ) .

( c ) S u g g e s t e d  Minimum D i e t  f o r  an A f r i c a n  d o in g  M o d e ra te  Work

2 , 6 0 0  -  5 , 0 0 0  c a l o r i e s  
6 0 - 7 0  gms. p r o t e i n  
c a l c i u m  0 . 8  gms.
i r o n  11  mgms.
v i t a m i n  A 5 ,0 0 0  u n i t s  •
v i t a m i n  B 1 . 8  mgms.
r i b o f l a v i n  2 . 2  mgms.
n i c o t i n i c  S  15 mgms.
v i t a m i n  C 75 mgms.

The above  a n a l y s e s  (a)  and (b )  a p p r o x i m a t e l y  o b t a i n  i n  many 

p a r t s  o f  T a n g a n y ik a  and s t r o n g l y  i l l u s t r a t e  t h e  p o v e r t y  o f  t h e  

p o o r  m an’ s d i e t .  I n d e e d ,  i t  i s  a s t o n i s h i n g  how he  m anages  t o  

s u r v i v e  f a r  l e s s  engage  i n  work .  I n  t h e  w r i t e r ’ s o p i n i o n ,  t h i s  

c a n  be e x p l a i n e d  by  t h e  f a c t  t h a t  o c c a s i o n a l  e x t r a s  f i n d  t h e i r  

way i n t o  t h e  d i e t ,  s u ch  a s  m e a t  and  f i s h ,  b a n a n a s ,  t o m a t o e s ,  r i c e  

an d  n a t i v e  s p i n a c h ,  and by  t h e  f a c t  t h a t  l o n g  y e a r s  ( s i n c e  c h i l d ­

h o o d )  o f  s u b m in im a l  f e e d i n g  have  a c c u s to m e d  t h e  body t o  s u b s i s t  

on l e s s  t h a n  n o rm a l  r a t i o n s .  C o n d i t i o n s  on l a r g e  e s t a t e s
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e m p lo y in g  n a t i v e  l a b o u r  a p p e a r e d  on t h e  f a c e  o f  t h i n g s  t o  be  b e t t e r  

f o r  h e r e  t h e  n a t i v e  was g i v e n  a  d a i l y  r a t i o n ,  t o  be cooked  by 

h i m s e l f ,  o f  24 -28  o z s .  m a i z e  m e a l ,  4 o z s .  b e a n s ,  a  s m a l l  q u a n t i t y  

o f  s a l t  and r e d  pa lm  o i l  ( a  r i c h  s o u r c e  o f  v i t a m i n  A), w i t h  a  t w i c e  

w e e k l y  i s s u e  o f  m e a t ,  a p p r o x i m a t e l y  l b .  However ,  t h i s  i s s u e  was 

u s u a l l y  o n l y  made t o  t h e  w o rk e r  i f  he  t u r n e d  up e a c h  day  f o r  h i s  

t a s k  an d  d id  n o t  t a k e  i n t o  a c c o u n t  any  w i f e  and  f a m i l y  w h ic h  he  

m i g h t  p o s s e s s :  a n d ,  a s  h i s  wages w ere  n o r m a l l y  i n  t h e  r e g i o n  o f

9 / -  t o  1 2 / -  p e r  m on th ,  f ro m  w h ic h  was d e d u c t e d  a  p o l l  t a x  a m o u n t in g  

t o  9d .  t o  l / -  p e r  m on th ,  i t  becomes more and  more o b v io u s  t h a t  t h e  

n a t i v e  and h i s  f a m i l y  had  t o  s t r u g g l e  t o  f e e d  t h e m s e l v e s  a d e q u a t e l y .  

F u r t h e r m o r e ,  when r e c r u i t i n g  f o r  t h e  F o r c e s  b egan  i n  T a n g a n y ik a  i n

1 9 3 9 ; i t  became v e r y  soon  e v i d e n t  t h a t  t h e  p h y s i q u e  o f  many A f r i c a n  [
I

t r i b e s  f e l l  w e l l  be low  s t a n d a r d  and i n  some d i s t r i c t s  r e j e c t i o n  

r a t e s  amounted  t o  as  h i g h  a s  93 p e r  c e n t .  When a  r e c r u i t  d i d  p a s s  

f o r  t h e  army,  h i s  p h y s iq u e  im proved  o u t  o f  a l l  r e c o g n i t i o n  i n  a 

l a r g e  number  o f  c a s e s ,  f o l l o w i n g  a  p e r i o d  o f  army r a t i o n s .

T h i s ,  t h e n ,  i s  t h e  b a c k g ro u n d  upon w h ich  t h i s  s t u d y  o f  bone  

m arrow  ch an g es  i n  t h e  s e v e r e  anaem ia  a s s o c i a t e d  w i t h  a n k y l o s t o m i a s i s  

i s  b u i l t ,  and t h e  a im  o f  t h i s  i n v e s t i g a t i o n  i s  t o  i n d i c a t e  t h e  t y p e
{■

o f  bone  marrow p i c t u r e  w h ic h  may be fo u n d  and  t o  s u g g e s t  t h a t  t h e  |

e x i s t e n c e  o f  a n k y l o s t o m i a s i s  i n f e s t a t i o n  i s  n o t ,  i n  i t s e l f ,  t h e  j

m a in  a e t i o l o g i c a l  f a c t o r  b u t  r a t h e r  i s  t h e  " l a s t  "s traw w h ic h  b r e a k s  j

t h e  c a m e l ’ s b a c k . "  From t h e  s t u d y  o f  l 6 c a s e s  w h ich  fo rm  t h e  m ain  

b a s i s  o f  t h i s  t h e s i s  t o g e t h e r  w i t h  t h e  w r i t e r ’ s o b s e r v a t i o n s  o v e r  a  ji
i j

p e r i o d  o f  s e v e n  y e a r s  i n  E a s t  A f r i c a  h i s  i m p r e s s i o n s  and c o n c lu s io n s ! :  

h a v e  b e e n  c u l l e d .  i|
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. C o n s i d e r a b l y  more t h a n  16 s t e r n a l  p u n c t u r e s  h a v e  been  

p e r f o r m e d  d u r i n g  t h e  p a s t  s e v e n  y e a r s .  Some 40 a l o n e  have  b e e n  made 

on  t h e  a n aem ia  a s s o c i a t e d  w i t h  a n k y l o s t o m i a s i s ,  b u t ,  a p a r t  f ro m  t h e  

1 6  p r e s e n t e d ,  t h e  r e m a i n d e r  have  n o t  b ee n  i n c l u d e d  i n  t h e  p r e s e n t  

s e r i e s  f o r  two m a in  r e a s o n s ,  e i t h e r  b e c a u s e  t h e y  have  n o t  b ee n  

c o n s i d e r e d  as  s u f f i c i e n t l y  i l l u s t r a t i v e  o f  t h e  m ain  a rg u m e n t  o f  

t h i s  t h e s i s  o r  b e c a u s e  some p o r t i o n  o f  t h e  i n v e s t i g a t i o n  h as  been  

e x c l u d e d ,  s u c h  a s  t h e  o m i s s i o n  o f  d i f f e r e n t i a l  b lo o d  c o u n t s  o r  o f  

r e t i c u l o c y t e  c o u n t s .  When i t  h ap p e n e d  t h a t  some p a r t  o f  t h e  

i n v e s t i g a t i o n  h ad  b e en  o m i t t e d ,  i t  was u s u a l l y  b e c a u s e  t h e  a n a em ia  

was n o t  c o n s i d e r e d  s e v e r e  enough ,  a s  ju d g e d  by c l i n i c a l  f i n d i n g s  

and by a S a h l i  h a e m o g lo b in o m e te r  r e a d i n g  o f  o v e r  JOfc t o  j u s t i f y  a  

more  d e t a i l e d  e x a m i n a t i o n .

The p r e s e n t  s e r i e s  o f  c a s e s ,  16 i n  a l l ,  were  drawn f rom 

v a r i o u s  t r i b e s  e i t h e r  r e s i d e n t  i n  Tanga ,  or  on a d j a c e n t  s i s a l  j

e s t a t e s ,  o r  f ro m  n e i g h b o u r i n g  v i l l a g e s ,  and w ere  t r e a t e d  i n  Tanga 

H o s p i t a l  i n  1939• -AH i h e  p a t i e n t s  w ere  m a le  a d u l t s  b e tw e e n  t h e
I

a g e s  o f  2 0 - 6 0  y e a r s , t h e  m a j o r i t y  r e p u t e d l y  s i n g l e  o r  l i v i n g  a l o n e .  

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

econom ic  and s o c i a l  c o n d i t i o n s  were  n o t o r i o u s l y  b ad .  C l i n i c a l l y ,  

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

a s s o c i a t e d  w i t h  s e v e r e  a n a e m ia ,  v i z . ,  a p a t h y  and l a s s i t u d e ,  

d y s p n o e a ,  a n o r e x i a ,  oedema o f  t h e  l e g s  a n d / o r  f e e t ,  p u f f i n e s s  o f  

e y e l i d s  and f a c e ,  p a l l o r  o f  t h e  m u c o sa e ,  haem ic  murmurs,  e n l a r g e ­

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

and  o t h e r s .  D i a r r h o e a  was n o t  n o t e d  n o r  was c o n s t i p a t i o n  a  m arked  • 

f e a t u r e ,  w h i l e  t h e  s t o o l s  p r e s e n t e d  none  o f  t h e  f e a t u r e s  a s s o c i a t e d
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w i t h  s p r u e .  The c l i n i c a l  f e a t u r e s  s u g g e s t i v e  o f  b e r i  b e r i  a r i s i n g  

f ro m  v i t a m i n  B d e f i c i e n c y  ( n e u r o l o g i c a l  c h a n g e s )  and o f  f r a n k  

p e l l a g r a  r e s u l t i n g  f ro m  v i t a m i n  B com plex  d e f i c i e n c y  ( c h a r a c t e r i s ­

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

s t a t e s )  were  a b s e n t .  I n  a l l  c a s e s  t h e  h a i r  p r e s e n t e d  a  d r y ,  s o f t ,  

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

o i l i n e s s  w hich  was e a s i l y  d e m o n s t r a b l e  by r u b b i n g  t h e  f o r e a r m  

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

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

r a t h e r  r e s e m b l e d  a  t h i n  l a y e r  o f  w h i t e  f l o u r  on b l a c k  c l o t h .  The

s k i n  o v e r  t h e  t i b i a e  i n  m o s t  c a s e s  p r e s e n t e d  a  t i g h t l y  drawn

b r o w n i s h  s h i n i n g  l o o k ,  d e v o i d  o f  s u b c u t a n e o u s  f a t ,  c u r i o u s l y  

u n h e a l t h y  l o o k i n g ,  l i k e  t h e  t y p e  o f  s k i n  i n  w h ic h  one would

r e a d i l y  e x p e c t  an  u l c e r  t o  d e v e l o p  e a s i l y .  The t o n g u e  was u s u a l l y

h e a v i l y  c o a t e d  and p a l e ,  and t h e  gum m a r g i n s  and b a s e s  o f  t h e  t e e t h  

h e a v i l y  c o a t e d  w i t h  a  d i r t y - g r e y i s h ,  p o r r i d g e  l i k e  d e p o s i t .

O bv ious  f i s s u r i n g  a t  t h e  a n g l e s  o f  m outh  and o t h e r  s i t e s  was n o t
i

n o t e d .  I n  f o u r  c a s e s  t h e r e  w ere  d e f i n i t e  s i g n s  o f  v i t a m i n  A 

d e f i c i e n c y  ( d r y  h o r n y  s k i n  w i t h  f o l l i c u l a r  k e r a t i t i s ,  e s p e c i a l l y  i 

a t  t h e  e lbow  j o i n t s  -  n i g h t  b l i n d n e s s  was n o t  t e s t e d ) .  The 

c h a r a c t e r i s t i c  eggs  o f  a n k y l o s t o m i a s i s  were r e a d i l y  d e m o n s t r a b l e  

on s t r a i g h t  e x a m i n a t i o n s  o f  f a e c e s  and no r e c o u r s e  was n e c e s s a r y  

t o  " f l o t a t i o n ” m e th o d s  o r  o t h e r  means o f  c o n c e n t r a t i o n .  I n  

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

a l v e o l a r i s  and d e n t a l  c a r i e s  ( e i g h t  c a s e s ) ,  s p le n o m e g a ly  and 

h e p a t o m e g a l y  combined  ( t h r e e  c a s e s ) ,  h e p a to m e g a ly  w i t h o u t  p a l p a b l e  

s p l e n o m e g a l y  (one  c a s e ) ,  e l e p h a n t i a s i s  o f  l e g s  a n d / o r  s c ro tu m



( tw o c a s e s )  and mossy  f o o t  (one  c a s e ) .  T a b le  No. I  su m m a r i se s  t h e  

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

an d  a s s o c i a t e d  p a t h o l o g i c a l  c o n d i t i o n s  when p r e s e n t .  I t  i s  

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

on f o o t , even  c a s e  No. 19 b e i n g  a b l e  t o  s t r u g g l e  a l o n g  s u p p o r t e d  

b y  s t i c k s .

a d m i s s i o n  t o  h o s p i t a l ,  and  b e f o r e  t r e a t m e n t  was begun ,  each  

p a t i e n t  was t a k e n  t o  t h e  o p e r a t i n g  t h e a t r e .  P e r i p h e r a l  r e d  and 

w h i t e  c e l l  c o u n t s  were  made u s i n g  t h e  Thoma h aem o e y to m e te r  and t h e  

u s u a l  d i l u t i n g  f l u i d s * .  E s t i m a t i o n s  o f  h a e m o g lo b in  p e r c e n t a g e s  

were  c a r r i e d  o u t  u s i n g  S a h l i ’ s a c i d  h a e m a t i n  m ethod  and a  new 

r e c e n t l y  t e s t e d  h a e m o g l o b i n o m e t e r , and a l l o w i n g  t h e  HC1 t o  r e m a in  

i n  c o n t a c t  w i t h  t h e  f r e s h l y  drawn b l o o d  f o r  a p p r o x i m a t e l y  30 

m i n u t e s  b e f o r e  d i l u t i o n .  The f i n a l  r e a d i n g s  were g i v e n  i n  gms. o f  

Hb. $  a c c o r d i n g  t o  t h e  e q u a t i o n  1 4 . 3  gms. Hb. = 103$  H a ld a n e  = 83$ 

S a h l i .  S l i d e s  were  a l s o  p r e p a r e d  f o r  d i f f e r e n t i a l  W.B.C. c o u n t s  

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

c y t e  c o u n t s .  The l a t t e r  f i l m s  were p r e p a r e d  u s i n g  0 . 3 $  b r i l l i a n t  

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

on two c o v e r s l i p s ,  t o  one o f  w h ic h  a  d ro p  o f  b lo o d  was added  and 

* D i l u t i n g  F l u i d  f o r  B . B . C s .

T e c h n iq u e

The f o l l o w i n g  p r o c e d u r e  was a d o p t e d  f o r  each  p a t i e n t .  On

Sodium c h l o r i d e  . . .  
Sodium c i t r a t e  . . . .
F o r m a l i n  .......................
D i s t i l l e d  w a t e r  . . .

0 . 6  p e r  c e n t
1 .0  i t  > t
1*0  , ,  , ,

9 7 - 4 i t  t t
D i l u t i n g  F l u i d  f o r  W.B.Cs

1 . 3  c .cm

1 . 0  c . cm 
9 8 . 0  c .cm
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a l l o w e d  t o  come i n t o  c o n t a c t  w i t h  t h e  o t h e r  p r e p a r e d  c o v e r s l i p .

When t h e  d r o p  o f  b l o o d  had  s p r e a d  b e tw e e n  t h e  two c o v e r s l i p s ,  t h e y

were  c a r e f u l l y  s l i d  a p a r t  i n  o p p o s i t e  d i r e c t i o n s .  The p e r c e n t a g e

number  o f  r e t i c u l o c y t e s  t o  K.B.Cs was t h e n  c a l c u l a t e d  m i c r o -
©

s c o p i c a l l y .  The Cooke c o u n t  (an  a d a p t a t i o n  by Cooke (1930)  

o f  t h e  o r i g i n a l  A r n e t h  c o u n t )  was p e r f o r m e d  on t h e  n u c l e i  o f  t h e  

p o l y m o r p h o n u c l e a r  c e l l s  i n  a  few o f  t h e  e a r l i e r  c a s e s ,  b u t  was 

d i s c o n t i n u e d  a s  i t  d i d  n o t  g i v e  any more i n f o r m a t i o n  t h a n  c o u ld  

be  o b t a i n e d  f ro m  p e r i p h e r a l  and marrow b l o o d  e x a m i n a t i o n s  ( f o r  

r e f e r e n c e  s e e  u n d e r  P e r i p h e r a l  B lood F i n d i n g s ) .

When t h e  above p r o c e d u r e  was c o m p l e t e d ,  1 -2  c . c .  o f  2<fv 

n o v o c a i n e  was i n f i l t r a t e d  i n t o  t h e  s k i n ,  s u b c u ta n e o u s  t i s s u e  and 

p e r i o s t e u m  o v e r  t h e  s t e r n o m a n u b r i a l  j u n c t i o n  o p p o s i t e  t h e  u p p e r  

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

s t e r n u m .  A s lbut ,  d r y  lu m b ar  p u n c t u r e  n e e d l e  s t e r i l i s e d  by b o i l i n g  

was now u sed  i n  p r e f e r e n c e  t o  t h e  more s o l i d l y  b u i l t  and more  

p o p u l a r  s t e r n a l  p u n c t u r e  n e e d l e  w h ich  M e s s r s .  A l l e n  & H an b u ry  h a v e  

m o d i f i e d  f ro m  t h a t  d e v i s e d  by S a l a h  (1934)*  The lum ber  p u n c t u r e  

n e e d l e ' w a s  i n t r o d u c e d  i n t o  t h e  s i t e  a t  an  a n g l e  o f  a p p r o x i m a t e l y  

6 o °  a n d ,  when i t  was f e l t  t o  have  e n t e r e d  t h e  s t e r n o m a n u b r i a l  

j u n c t i o n ,  i t  was d e p r e s s e d  t o  an  a n g l e  o f  some 1 3 ° and p u s h e d  home I 

i n t o  t h e  s t e r n a l  bone  marrow.  V ery  l i t t l e  d i s c o m f o r t  was f e l t  by  J  
t h e  p a t i e n t s ,  and  t h e  o n l y  d i f f i c u l t y ,  i n  my e x p e r i e n c e ^ i n  a  l a r g e  

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

c a l c i f i c a t i o n  o f  t h e  m a n u b r i a l  c a r t i l a g e .  T h i s  c o m p l i c a t i o n  h a s  | 

r e s u l t e d  t w i c e  o n l y  i n  some 30 c a s e s  r e s u l t i n g  i n  f a i l u r e  t o  r e a c h  j 

t h e  m a r r o w ,w i t h  t h e  lum bar  p u n c t u r e  n e e d l e .  What l i t t l e  d i s c o m f o r t j



-  9 -

was e x p e r i e n c e d  by p a t i e n t s  d i d  o c c u r  when t h e  marrow f l u i d  was  

b e i n g  w i th d ra w n  t h r o u g h  t h e  n e e d l e  i n t o  a  d r y  s t e r i l e  1 - 2  c . c .  

s y r i n g e .  The amount w i th d ra w n  was,  u s u a l l y ,  a p p r o x i m a t e l y  O. 23  i

c . c . ,  and t h e  f l u i d  was t h e n  i m m e d i a t e l y  s p r e a d  on s p e c i a l l y  |
j

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

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

s o l u t i o n s  o f  J a n u s  g r e e n  and  n e u t r a l  r e d  c h l o r i d e  ( b o t h  G r u b l e r ’ s 

s t a i n s )  i n  a b s o l u t e  e t h y l  a l c o h o l  were  u s e d  i n  t h e  p r o p o r t i o n s  

J a n u s  g r e e n  1 3 -13  d r o p s  t o  n e u t r a l  r e d  0 . 4  c .cm .  i n  10 c .c m .  j
<b i

a b s o l u t e  e t h y l  a l c o h o l ,  f o l l o w i n g  t h e  m ethod  o f  S a b i n .  The '

c o r r e c t  p r o p o r t i o n s  o f  J a n u s  g r e e n  and n e u t r a l  r e d  were  d i f f i c u l t  j

t o  o b t a i n  and were  o n l y  r e a c h e d  by t r i a l  and e r r o r .  The s l i d e s  j

w ere  c o v e r e d  w i t h  c o v e r s l i p s ,  r i n g e d  w i t h  v a s e l i n e  t o  e x c l u d e  a i r ,  

and  t h e n  p l a c e d  i n  an  i n c u b a t o r  a t  37 ° c * ^ o r  2 0 - 3 0  m i n u t e s  and !

t h e r e a f t e r  exam ined .  Numerous f a i l u r e s  were e n c o u n t e r e d .  Some­

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

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

even  s t a i n i n g .  E v e n t u a l l y ,  a  s m a l l  number o f  r e a s o n a b l y  s a t i s ­

f a c t o r y  f i l m s  w ere  o b t a i n e d  and t h e s e  s e r v e d  t o  c o n f i r m  t h e  |

f i n d i n g s  o f  t h e  o r d i n a r y  s t r a i g h t  f i l m s  s t a i n e d  by L e i s h m a n ' s  

s t a i n .  !

From t h e  marrow f l u i d  p l a c e d  on t h e  d r y  u n s t a i n e d  s l i d e s ,  

a s  t h i n  f i l m s  a s  p o s s i b l e  w ere  p r e p a r e d  i n  t h e  same way a s  (

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

t h a n  s i x  marrow f i l m s  w ere  made and  s t a i n e d  w i t h  L e i s h m a n ' s  s t a i n ,  j

U s u a l l y  l i t t l e  d i f f i c u l t y  was e x p e r i e n c e d  i n  s p r e a d i n g  t h e  f i l m s  

d i r e c t l y  f rom  t h e  m arrow,  a l t h o u g h  on a  few o c c a s i o n s  some f i l m s  !



h a d  t o  be r e j e c t e d  b e c a u s e  o f  u n ev e n  d i s t r i b u t i o n ,  w h ic h  g av e  an  

a p p e a r a n c e  t o  t h e  n a k e d  ey e  o f  numerous  l a c u n a e  i n  an  o t h e r w i s e  

homogeneous s e t t i n g  o f  t h e  d r i e d  marrow f l u i d .

I n  a l l  c a s e s ,  b e tw e e n  400 and 800 c e l l s  w ere  c o u n t e d  on 

ea ch  L e i s h m a n ' s  s t a i n e d  s l i d e  and c l a s s i f i e d  d i f f e r e n t i a l l y ,  u s i n g  

t h e  t e r m i n o l o g y  o u t l i n e d  b e lo w .  To e n s u r e  g r e a t e r  a c c u r a c y ,  

f u r t h e r  c o u n t s  w ere  made f ro m  d i f f e r e n t  marrow f i l m s  i n  ea ch  

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

o f  t h e  m y e l o i d  and e r y t h r o i d  s e r i e s  were t a k e n  t o g e t h e r  to  t o t a l  

1 00$ .  T h i s  p r o c e d u r e  e x c l u d e d  smear c e l l s ,  d e g e n e r a t e d  c e l l s  o f  

u n c e r t a i n  o r i g i n  and i s o l a t e d  n u c l e i .

F o l l o w i n g  t h e  above  t e c h n i q u e ,  t h e  p a t i e n t  was r e t u r n e d  

t o  t h e  wards  and p l a c e d  on a  d i e t  c o n s i s t i n g  o f  m a ize  m e a l ,  g r o u n d  j  

n u t s ,  r e d  pa lm o i l ,  m i l k ,  m e a t ,  and  f e r r i  e t  ammon. c i t  g r .  x x x  

t . i . d .  I n  no c a s e s  was b lo o d  t r a n s f u s i o n  p e r f o r m e d .  When t h e  |

Hb. $  h a d  r i s e n  t o  5 0 -6 0 $  t h e  a n k y l o s t o m i a s i s  i n f e s t a t i o n  was 

t r e a t e d  w i t h  c a r b o n  t e t r a c h l o r i d e  and o i l  o f  chenopodium.

T e rm in o lo g y
A. S r y t h r o p o i e s i s  (a )  Normal. j

' !
C o n s i d e r a b l e  c o n f u s i o n  e x i s t s  w i t h  r e g a r d  to  n o m e n c l a t u r e ,

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

l o g y  o f  b o t h  a b n o rm a l  and em bryonic  c e l l s  w h ich  a r e  n o t  f o u n d  i n  

t h e  no rm a l  p r o c e s s  o f  b lo o d  d e v e lo p m e n t .  The te rm  " m e g a l o b l a s t " , j

t o  q u o t e  one ex am p le ,  was o r i g i n a l l y  u se d  by E h r l i c h  t o  d e s c r i b e  !I
r

t h e  l a r g e ?p r i m i t i v e ; e m b r y o n i c ^ n u c l e a t e d  r e d  c e l l  fo und  i n  

m e g a l o b l a s t i c  e r y t h r o p o i e s i s  ( p e r n i c i o u s  a n a e m ia ,  s p r u e ,  e t c . ) .

I t s  o r i g i n a l  d e f i n i t i o n  h a s ,  u n f o r t u n a t e l y ,  become o b s c u r e d  by j
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i t s  e x t e n s i o n  to  i n c l u d e  t h e  e a r l i e s t  d i f f e r e n t i a t e d  n u c l e a t e d  r e d
©

c e l l  f o u n d  i n  t h e  n o rm a l  marrow {Doan, Cunningham, S a b i n ,  .

To o b v i a t e  t h i s  c o n f l i c t  o f  d e f i n i t i o n s ,  t h e  t e rm  p r o - e r y t h r o b l a s t  

was s u g g e s t e d  by P e r r a t a  f o r  t h e  n o rm a l  e a r l y  p r e c u r s o r  o f  t h e  

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

w h ich  t e rm  to  be c o n f i n e d  t o  t h e  e a r l y  ab n o rm a l  p a t h o l o g i c a l  c e l l  

f o u n d  i n  m e g a l o b l a s t i c  e r y t h r o p o i e s i s . U n a n im i ty  a l s o  i s  l a c k i n g  

i n  t h e  t e rm s  u s e d  t o  d e s c r i b e  t h e  l a t e r  s t a g e s  i n  t h e  n o r m a l l y  

d e v e l o p i n g  r e d  c e l l  i n  t h e  bone marrow.  I n  an e n d e a v o u r  t o  

s i m p l i f y  t h e  i n t e r p r e t a t i o n  o f  t h e  f i n d i n g s  o f  t h e  b lo o d  exam in­

a t i o n s  o f  t h i s  t h e s i s ,  t h e  f o l l o w i n g  t a b l e  i s  d e s i g n e d  t o  g i v e  a  

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

t o g e t h e r  w i t h  t h e  e q u i v a l e n t  t e rm s  u s e d  by v a r i o u s  a u t h o r s .  T h i s  

t a b l e  h a s  b e e n  a d o p t e d  p r i n c i p a l l y  f ro m  W hitby  & B f i t t o n  ( 1 9 4 6 ) 

and t h e  t e r m i n o l o g y  u s e d  by  t h e  w r i t e r  f o l l o w s  t h e  h a e m o c y t o b l a s t

 p r o e r y t h r o b l a s t — >  n o r m o b l a s t ,  e a r l y ,  i n t e r m e d i a t e  and

l a t e  — ^  e r y t h r o c y t e  n o m e n c l a t u r e .



T ab le  I
D e s c r i p t i o n  o f  t h e  V a r i o u s  S t a g e s  i n  Normal  E r y t h r o p o i e s i s  

w i t h  T e rm in o lo g y  i n  Use by  V a r i o u s  A u th o r s

A.

B.

N o m e n c l a t u r e  o f  D e v e lo p in g  Bed C e l l  
~ fer V a r i o u s  A u t h o r s

H a e m o c y t o b l a s t  

o r

H a e m o h i s t i o b l a s t  ( E e r r a t a )

P r o e r y t h r o b l a s t  ( F e r r a t a )  

o r

C. N o rm o b la s t  
Type A

D. N o rm o b la s t  
Type B

M e g a l o b l a s t  (Doan,  Cunningham, 
j \  S a b i n )

S a b m  N::s? iyT
E r y t h r o b l a s t  N o r m o b la s t

E a r l y  . E a r l y

&

E r y t h r o b l a s t
L a t e

v
N o r m o b la s t

I n t e r m e d i a t e

E. N o rm o b la s t N o rm o b la s t N o rm o b la s t
L a t e

D e s c r i p t i o n  o f  D e v e l o p i n g  Red C e l l  
a t  V a r i o u s  S t a g e s

A. T h i s  l a r g e  p r i m i t i v e  c e l l  18-?3/*  i s  b e l i e v e d  t o  be t h e
r e t i c u l o - e n d o t h e l i a l  p r e c u r s o r  o f  e r y t h r o c y t e s  and 
l e u c o c y t e s .  The n u c l e u s  o c c u p i e s  m o s t  o f  t h e  c e l l ,  h a s  a  
d i s t i n c t  c e l l  membrane,  a  f i n e  r e t i c u l a r  c h r o m a t in  n e t w o r k  
w i t h  w e l l  m arked  n u c l e o l i .  The c y t o p l a s m ,  d e e p l y  b a s o ­
p h i l i c ,  i s  r e d u c e d  t o  a  t h i n  r i m .  r

B. D e r i v e d  f rom  t h e  h a e m o c y t o b l a s t .  M e a s u r e s  1 4 - 1 9 ^  w i t h  a
d e e p l y  b a s o p h i l i c  n o n - g r a n u l a r  c y t o p l a s m .  The n u c l e u s  
o c c u p i e s  t h e  g r e a t e r  p a r t  o f  t h e  c e l l  and n u c l e o l i  a r e  
u s u a l l y  d i s t i n c t .  The r e t i c u l u m  o f  f i n e  t h r e a d s  o t  
c h r o m a t in  p r e s e n t s  a  d e l i c a t e  m o s a i c  a p p e a r a n c e ,  and  t h e  
n u c l e u s  a s  a w ho le  s t a i n s  p a l e l y  e o s i n o p h i l i c  when c o n t r a s ­
t e d  w i t h  l a t e r  n o r m o b l a s t s .  The c e l l  i s  d i f f i c u l t  t o  
d i s t i n g u i s h  f ro m  e a r l i e r  m e g a l o b l a s t s  and  s t a i n s  r a t h e r  
more p r o n o u n c e d l y  t h a n  does  t h e  m y e l o b l a s t .

C. M easu res  1 1 - 1 7 . C y top lasm  s t i l l  d e n s e l y  b a s o p h i l i c .
N uc leus  s t i l l  o c c u p i e s  g r e a t e r  p a r t  o f  t h e  c e l l  b u t  t h e  
c h r o m a t in  t e n d s  t o  be l e s s  r e t i c u l a t e  an d  t o  clump i n t o  a  
c o a r s e r  p a t t e r n .  N u c l e o l i  a r e  l o s t .  T h i s  c e l l  m u l t i p l i e s  
by k a ry o  k i n e t i c  d i v i s i o n .

D. M easu res  1 0 - 1 4 Nu c l e u s  i s  s m a l l e r .  The c h r o m a t i n
m a t e r i a l  i s  more  co n d en se d  and t h e  c y t o p l a s m  l e s s  d e n s e l y  
b a s o p h i l i c  t h a n  i t s  p r e d e c e s s o r .  The n u c l e u s  may p r e s e n t  a 
c a r t w h e e l  a p p e a r a n c e  as  a r e s u l t  o f  c h r o m a t i n  c o n d e n s a t i o n .  
I t  i s  a t  t h i s  s t a g e  i n  t h e  n o rm a l  d e v e lo p m e n t  o f  t h e  e r y ­
t h r o c y t e  t h a t  t h e  c y t o p l a s m  b e g i n s  t o  a c q u i r e  h a e m o g l o b i n .  
No f u r t h e r  c e l l  d i v i s i o n  o c c u r s ,  t h e  n e x t  s t a g e  r e s u l t i n g  
f rom f u r t h e r  m a t u r a t i o n .

E. M easures  7 -10  ^  . P r o d u c t  o f  m a t u r a t i o n  o f  p r e v i o u s  s t a g e .
Cytop lasm  e o s i n o p h i l i c  o f  m o d e r a t e  t o  f u l l  i n t e n s i t y .  
N uc leus  becomes s t e a d i l y  d e n s e r  and s m a l l e r  u n t i l  i t  s t a i n s  
u n i f o r m l y  d a r k  -  i s  f r e q u e n t l y  e c c e n t r i c  and  c a n  o f t e n  b e  
s e e n  i n  t h e  p r o c e s s  o f  e x t r u s i o n  f rom  t h e  c e l l  o r ,  l e s s  
f r e q u e n t l y ,  i n  a  s t a t e  o f  f r a g m e n t a t i o n  p r i o r  t o  e x t e n s i o n .  
The c e l l  o u t l i n e , a s  a  whole  i s  f r e q u e n t l y  i r r e g u l a r .

F .  No d e s c r i p t i o n  i s  r e q u i r e d .
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A. E r y t h r o p o i e s i s  (b)  A b n o rm a l .

For  t h e  p u r p o s e  o f  t h i s  t h e s i s  and t h e  i n t e r p r e t a t i o n  o f  

t h e  b l o o d  f i n d i n g s  c o n t a i n e d  i n  i t ,  two a s p e c t s  o f  ab n o rm a l  e r y t h r o  

p o i e s i s  may be c o n v e n i e n t l y  and s h o r t l y  i n d i c a t e d  -

( i )  Changes o b s e r v e d  i n  bone marrow and p e r i p h e r a l  b lo o d
r e s u l t i n g  f rom  i r o n  d e f i c i e n c y  i n  t h e  b ody ;

( i i )  Changes o b s e r v e d  i n  bone marrow and p e r i p h e r a l  b lo o d
r e s u l t i n g  f ro m  a d e f i c i e n c y  o f  t h e  h a e m o p o i e t i c
p r i n c i p l e  i n  t h e  body.

( i )  As i n  any o t h e r  s y s t e m  o f  t h e  bo d y ,  any s i m p l e  i n c r e a s ­

ed  demand on t h e  b l o o d - f o r m i n g  m echanism  ( e . g . ,  i n  h a e m o r rh a g e )  

g i v e s  r i s e  t o  a s i m p l e  h y p e r p l a s i a .  I n  t h e  bone marrow,  a s  a  

r e s u l t ,  t h e r e  i s  a  m arked  i n c r e a s e  o f  h a e m o p o i e t i c  t i s s u e ,  v a r y i n g  

i n  d e g r e e  i n  a c c o r d a n c e  w i t h  t h e  demands f o r  new b l o o d .  The 

p r o c e s s  o f  b lo o d  f o r m a t i o n  and t h e  p r o d u c t i o n  o f  r e d  c e l l s  becomes 

s p e e d e d  up ,  t h e  number  o f  n o r m o b l a s t s ,  e a r l y ,  i n t e r m e d i a t e  and 

l a t e  becomes i n c r e a s e d ,  and t h e  p r o c e s s  o f  h a e m o g l o b i n i s a t i o n  

s h i f t s  back w ard s  t o w a r d s  an e a r l i e r  s t a g e  o f  t h e  d e v e l o p i n g  r e d  

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

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

f a c t o r  o f  l a c k  o f  i r o n  n e c e s s a r y  f o r  t h e  f o r m a t i o n  o f  h a e m o g lo b in .  

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

a s . i n  n o rm a l  h y p e r p l a s i a ,  t h e r e  i s  e v i d e n c e  o f  t h e  s t r u g g l e  g o i n g  | 

on w i t h i n  t h e  b l o o d - f o r m i n g  mechanism t o  u t i l i s e  t h e  d e p l e t e d  

h a e m a t i n i c  r e s e r v e s  o f  t h e  body, V a r i a t i o n s  i n  t h e  s i z e  and s h a p e  I 

o f  t h e  r e d  c e l l s  become a p p a r e n t ;  t h e  n o r m o b l a s t s  a r e  g r e a t l y
ii n c r e a s e d  and f r e q u e n t l y  d i s t o r t e d ,  and t h e i r  d e g r e e  o f  haemo-  \

g l o b i n i s a t i o n  v a r i a b l e ,  m i c r o -  and m a c r o - n o r m o b l a s t s  b e i n g  

r e l a t i v e l y  common.
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( i i )  When t h e  h a e m o p o i e t i c  p r i n c i p l e  i s  d e f i c i e n t  i n  t h e

b o d y ,  e r y t h r o p o i e s i s  b e g i n s  t o  become a b n o rm a l  a t  t h e  s t a g e  b e tw e e n

p r o - e r y t h r o b l a s t  and e a r l y  n o r m o b l a s t ,  g i v i n g  r i s e  t o  m e g a l o b l a s t s ,

e a r l y ,  i n t e r m e d i a t e  and l a t e ,  and u l t i m a t e l y  t o  m a c r o c y t e s .  The

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

t h e  n o r m o b l a s t i c  s e r i e s .  I n  t h e  p r e s e n c e  o f  a d e q u a t e  s u p p l i e s  o f

i r o n ,  h a e m o g l o b i n i s a t i o n  i n  m e g a l o b l a s t s  moves b ackw ards  t o w a r d s

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

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

o f  t h e  m e g a l o b l a s t  s e r i e s  have  been  made (W hitby  & B r i t t o n ,  1 9 4 6 ,
©

and  o t h e r s ) ,  b u t  i t  seems t o  t h e  w r i t e r  t h a t  one c a n n o t  a d h e r e  t o o  

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

e x i s t s ) ,  a s  t h e y  t e n d  t o  d i v o r c e  o n e ' s  a t t e n t i o n  f rom  t h e  f a c t  t h a t  

m e g a l o b l a s t s  a r e  s im p l y  n o r m o b l a s t s  "gone  w ro n g " ,  and i f  one 

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

s h o u l d  b e ,  when one v iew s  t h e  c o m p le t e  b l o o d  f i n d i n g s  as  a w h o le ,  

a  c l e a r  c o n c e p t i o n  o f  t h e  d i r e c t i o n  o f  abn o rm a l  e r y t h r o p o i e s i s .  

I n d e e d ,  i n  t h i s  c o n n e c t i o n  t h e  p l e a  f o r  a  s e n s e  o f  p r o p o r t i o n  made 

by  D a v id s o n ,  D a v i s  & I n n e s  (1942) i s  w o r t h w h i l e  q u o t i n g  -  "The 

h e a t  en g e n d e re d  by  d i s c u s s i o n s  on c y t o l o g i c a l  m i n u t i a e  s h o u l d  n o t  

be a l l o w e d  t o  o b s c u r e  a  c l e a r  a p p r e c i a t i o n  o f  what  i s  and what  i s  

n o t  i m p o r t a n t  i n  i t s  p r a c t i c a l  a p p l i c a t i o n  t o  d i a g n o s i s  and t r e a t ­

ment  o f  d i s e a s e s  o f  t h e  b l o o d . "  G e n e r a l l y  s p e a k i n g ,  m e g a l o b l a s t s  j
I

a r e  l a r g e r  on t h e  w h o le ,  t h e i r  n u c l e i  a r e  y o u n g e r  and l e s s  m a t u r e ,  I 

and t h e i r  c y t o p l a s m  more h a e m o g l o b i n i s e a  t h a n  t h e  c o r r e s p o n d i n g  

n o r m o b l a s t s .  P e r h a p s  t h e  e a s i e s t  c e l l  o f  t h e  m e g a l o b l a s t i c  s e r i e s



-  15 -

t o  d i s t i n g u i s h ,  and. one w h ich  r e a d i l y  g i v e s  a  c l u e  t o  t h e  marrow 

p i c t u r e ,  i s  t h e  l a t e  m e g a l o b l a s t . I n  t h i s  c e l l  t h e  c y t o p l a s m  i s  

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

c h r o m a t i n  l e s s  d e n s e  and  more i r r e g u l a r  t h a n  t h e  c o r r e s p o n d i n g  l a t e  

n o r m o b l a s t .

/ These p o i n t s ,  p l u s  t h e  l a r g e r  s i z e  o f  t h e  c e l l ,  r e n d e r  

d i f f e r e n t i a t i o n  r e l a t i v e l y  e a s y .  When, a s  i n  t h i s  s e r i e s  o f  c a s e s ,  

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

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

* p o i e s i s  becomes c o m p l i c a t e d .  I t  may, t h e n ,  become e x t r e m e l y  

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

by D a v id s o n ,  D a v i s  & I n n e s  (1942)  , Damesfiek & V a l e n t i n e  (1937)>

S c o t t  (1939)»  Q-n d o t h e r s .  I n  t h i s  t h e s i s ,  no a t t e m p t  h a s  b e en  

made t o  c l a s s i f y ,  s e p a r a t e l y  and q u a n t i t a t i v e l y , t h e  m e g a l o b l a s t s  

f r o m  t h e  n o r m o b l a s t s  b e c a u s e  t h e  w r i t e r  f e l t  t h a t  t o  do so would 

be t o  i n t r o d u c e  more o f  an e le m e n t  o f  g u e s s w o r k  t h a n  o f  a c c u r a c y .  

However ,  t h e  l e g e n d  d o e s  c o n t a i n  d e s c r i p t i o n s  0 £ t h e  t y p e s  o f  c e l l  

s e e n ^ w h e n e v e r  s u ch  d e s c r i p t i o n s  can  be made^as  w e l l  as  o b s e r v a t i o n s  

on t h e  p r e v a i l i n g  b lo o d  p i c t u r e s .

Terminology-
|

B. L e u c o p o i e s i s , j

The m o s t  p r e v a l e n t  o p i n i o n  r e g a r d i n g  t h e  o r i g i n  o f  t h e  j

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

c y t o b l a s t  ( t h e  M o n o p h y le t i c  Theory)  w h ich  l i k e w i s e  g i v e s  r i s e  t o

t h e  e r y t h r o p o i e t i c  s e r i e s ,  t h e  l y m p h o b l a s t  and  t h e  m o n o b l a s t .  I n  j 

t h e  g r a n u l a r  l e u c o c y t e  s e r i e s  t h e  v a r i o u s  s t a g e s  r e c o g n i s e d  a r e  
t h e  m y e l o b l a s t ,  m y e l o c y t e  and g r a n u l o c y t e .  I n  t h i s  t h e s i s  t h e
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m y e l o c y t e  i s  f u r t h e r  s u b d iv id e d ,  i n t o  p r e m y e l o c y t e ,  m y e l o c y t e ,  and

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

and c o r r e s p o n d i n g  f a i r l y  c l o s e l y  w i t h  t h e  Types  A, B and  C o f  Doan,
@

Cunningham & S a b i n .

M y e l o b l a s t s . These  c e l l s  m e a s u re  l l-2(^u.,  a r e  r o u n d  o r  o v a l  

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

c e l l .  The c y t o p l a s m  i s  n o n - g r a n u l a r  an d ,  when s t a i n e d  s u p r a v i t a l l y ,  

h a s  num erous  m i t o c h o n d r i a  p i n p o i n t e d  t h r o u g h o u t .  When L e i s h m a n Ts 

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

p h i l i c  t h a n  t h e  p r o - e r y t h r o b l a s t . The n u c l e u s  i s  f i n e l y  r e t i c u l a t e c  

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

g a p s  i n  t h e  c h r o m a t i n  n e t w o r k .

P r e m y e l o c y t e s . These  c e l l s  v a r y  c o n s i d e r a b l y  i n  s i z e ,  some 

b e i n g  as  l a r g e  a s  20^ . E a r l i e r  fo rm s  u s u a l l y  have  a s l a t e  b l u e  

c y t o p l a s m  and  a  r o u n d ,  o v a l  o r  s l i g h t l y  i n d e n t e d  n u c l e u s .  S t r i c t l y  

s p e a k i n g ,  t h e r e  i s  no s h a r p  d e f i n i t i o n  b e tw e e n  p r e m y e l o c y t e  and 

m y e l o c y t e ,  t h e  f o r m e r  m e r g in g  g r a d u a l l y  i n t o  t h e  l a t t e r .  However,  

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

m y e l o c y t e s  by t h e s e  s u b d i v i s i o n s .  As t h e  p r e m y e l o c y t e  m a t u r e s ,  t h e  

c y t o p l a s m  shows a p r o g r e s s i v e l y  d e e p e n d i n g  e o s i n ,  t i n g e i n g  u s u a l l y  

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

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

o u t  t h e  c y t o p l a s m  as  t h e  c e l l  m erges  i n t o  t h e  m y e lo c y te  c l a s s .  ‘

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

r e d d i s h  g r a n u l e s  b e g i n  to  a p p e a r ,  i n  my e x p e r i e n c e ,  i n i t i a l l y  a t  t h e
i

p e r i p h e r y  o f  t h e  p r e m y e l o c y t e  and ,  v e r y  f r e q u e n t l y ,  i n  t h a t  p o r t i o n  i 

o f  t h e  c y t o p l a s m  w hich  l i e s  be tw een  t h e  more co nvex  s i d e  o f  t h e



-  17 -

n u c l e u s  and t h e  l i m i t i n g  membrane o f  t h e  c e l l  w a l l ,  i . e . ,  i n  t h e  

n a r r o w e s t  x jo r t io n  o f  t h e  c y t o p l a s m .  O c c a s i o n a l l y ,  s m a l l  v a c u o l e s  

may be s e e n  i n  t h e  c y t o p l a s m ,  b u t  t h e i r  s i g n i f i c a n c e  i s  n o t  u n d e r ­

s t o o d .

M y e l o c y t e s . These  c e l l s  a r e  u s u a l l y  b e tw e e n  l l - l 6^t i n  

s i z e ,  b u t  c o n s i d e r a b l e  v a r i a t i o n  i n  s i z e  may be e n c o u n t e r e d .  The 

c y t o p l a s m  i s  p i n k i s h  i n  c o l o u r ,  a l t h o u g h  s t i l l  r e t a i n i n g  a  v a r i a b l e  

amount o f  b l u i s h  t i n g e i n g ,  and c o n t a i n s  numerous  g r a n u l e s  w h ich  c a n  

be d i f f e r e n t i a t e d  a c c o r d i n g  t o  t h e i r  s t a i n i n g  r e a c t i o n s ,  t h u s  

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

n e u t r o p h i l ,  e o s i n o p h i l  o r  b a s o p h i l  g r a n u l a r  l e u c o c y t e .  The 

n u c l e u s  i s  l a r g e ,  o c c u p y i n g  a p p r o x i m a t e l y  o n e - h a l f  o f  t h e  c e l l ,  

and  i s '  u s u a l l y  e c c e n t r i c a l l y  p l a c e d .  No n u c l e o l i  a r e  t o  be s e e n  

i n  t h e ' n u c l e u s ,  w h ic h  i s  r o u n d ,  o v a l  o r  s l i g h t l y  i n d e n t e d .

’ M e t a m y e l o c y t e s . These  r e p r e s e n t  t h e  p e n u l t i m a t e  s t a g e  i n  

t h e  d e v e lo p m e n t  o f  t h e  m a t u r e  g r a n u l a r  l e u c o c y t e s .  The n u c l e u s  i s  

s t i l l  im m a tu re ,  u s u a l l y  i n d e n t e d ,  and l e s s  d e e p l y  s t a i n i n g  t h a n  

t h e  m a t u r e  l e u c o c y t e .  The g r a n u l e s  i n  t h e  c y t o p l a s m  c l e a r l y  

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

n e u t r o p h i l ,  b a s o p h i l  o r  e o s i n o p h i l .  The m e ta m y e lo c y te  i s ,  on t h e  

a v e r a g e ,  s l i g h t l y  l a r g e r  t h a n  t h e  m a t u r e  a d u l t  c e l l .

G r a n u l o c y t e s . N e u t r o p h i l ,  e o s i n o p h i l ,  b a s o p h i l  g r a n u l o ­

c y t e s  a r e  to o  w e l l  known t o  w a r r a n t  any  d e s c r i p t i o n  h e r e .  j

C. Lymphocytes  ( l a r g e  and s m a l l )  and m o nocy tes  a r e  t o o  well-j  

known and n e e d  n o t  be  d e s c r i b e d  h e r e .  M e g a k a ry o c y te s  w i t h  t h e i r  

num erous  n u c l e i  and l a r g e  s i z e  a r e  u n m i s t a k a b l e ,  and c an  o c c a s i o n ­

a l l y  be s e e n  i n  marrow s m e a r s .  No a t t e m p t  h a s  been  made to
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d i s t i n g u i s h  m y e l o b l a s t s  f ro m  l y m p h o b l a s t s  an d  m o n o b l a s t s .  I n  any  

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

s e e n  i n  t h e  a c u t e  l e u k a e m i a s  o f  l y m p h a t i c  and  m o n o c y t i c  t y p e s .  

Most  marrow s m e a r s ,  a f t e r  i d e n t i f i c a t i o n  o f  c e l l s ,  hav e  a r e s i d u e  

w h ic h  c o n s i s t s  o f  i s o l a t e d  n u c l e i ,  smear  c e l l s ,  b a s k e t  c e l l s  and 

c e l l u l a r  d e b r i s .  T h i s  r e s i d u e  h a s  been  e x c l u d e d  i n  t h e  d i f f e r e n ­

t i a l  marrow c o u n t s  i n  t h i s  t h e s i s  i n  a c c o r d a n c e  w i t h  a c c e p t e d  

p r a c t i c e .
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P e r i p h e r a l  B lood  F i n d i n g s

T a b le  I I  g i v e s  i n  summary fo rm  t h e  p e r i p h e r a l  b l o o d  f i n d ­

i n g s  o f  t h e  16 c a s e s  s t u d i e d  t o g e t h e r  w i t h  t h e  c o n c o m i t a n t  p a t h o ­

l o g i c a l  f i n d i n g s  o f  e ac h  c a s e .  The h a e m o g lo b in  p e r c e n t a g e s  a s  

r e c o r d e d  on t h e  S a h l i  h a e m o g lo b in o m e te r  v a r i e d  b e tw een  1 5 $  and 45$ 

e x c e p t  i n  Case 19 where  t h e  p e r c e n t a g e  was l e s s  t h a n  1 5 $  and m a t c h ­

i n g  o f  c o l o u r s  a p p e a r e d  t o  be co m p a ra b le  w i t h o u t  t h e  a d d i t i o n  o f  

w a t e r .  These  p e r c e n t a g e s  have  b e en  a d j u s t e d ,  a s  e x p l a i n e d  a b o v e ,  

( 1 4 . 5  gms. Hb. s  S a h l i  85$) t o  r e a d  i n  grammes o f  Hb. $ .

I t  w i l l  a l s o  be n o t i c e d  t h a t  a  d e f i n i t e  r e t i c u l o c y t o s i s  

e x i s t e d  i n  e a c h  c a s e ,  v a r y i n g  f rom  3*5$ (Case l 6 ) t o  1 4 $  (C ases  3 

and 1 4 ) ,  i n d i c a t i n g  t h a t  t h e  bone marrow a p p e a r e d  t o  be f u n c t i o n i n g  

a c t i v e l y .  T h i s  g e n e r a l  r e t i c u l o c y t o s i s ,  when r e a d  i n  c o n j u n c t i o n  

w i t h  t h e  low m y e l o i d - e r y t h r o b l a s t i c  r a t i o  i n  each  c a s e  ( T a b l e  I I I ) ,  

c o n f i r m s  t h a t  t h e  h y p o p l a s t i c  o r  even  a p l a s t i c  s t a t e s  o f  t h e  bone 

m arrow  som et im es  s a i d  t o  be found  i n  s e v e r e  i n f e s t a t i o n s  o f  a n k y ­

l o s t o m i a s i s  h av e  n o t  b ee n  r e a c h e d .  The e x i s t e n c e  o f  a r e t i c u l o ­

c y t o s i s  i n  a l l  l 6 c a s e s  i s  c o n t r a r y  t o  t h e  f i n d i n g s  o f  Biggam and
©

G h a l i o u n g u i  ( 1 9 3 4 ) ,  who f o u n d  no r e t i c u l o c y t o s i s  i n  o v e r  100 c a s e s  

o f  a n k y l o s t o m i a s i s .  The p r e s e n c e  o f  an a c t i v e l y  h y p e r p l a s t i c  bone  

marrow was w e l l  i l l u s t r a t e d  i n  Case 1 w h ich  went  t o  a u t o p s y  a  few 

d a y s  a f t e r  a d m i s s i o n .  I n  t h i s  c a s e ,  r e d  bone marrow was fo und  to  

e x t e n d  t h r o u g h o u t  b o t h  f e m o ra ,  t h e  t i b i a e ,  f i b u l a e ,  and i n  t h e  

u p p e r  e x t r e m i t i e s  a s  f a r  a s  b o t h  w r i s t s .

T h ree  c a s e s  (Nos. 2,  5> 14) e x h i b i t e d  p a l p a b l e  s p l e e n s  
w h ich  c o u l d  h a v e  been  a t t r i b u t e d  to  c h r o n i c  m a l a r i a  ( s u b t e r t i a n  

m a l i g n a n t )  o f  t h e  t y p e  endemic  i n  and a r o u n d  Tanga.  But  t h e
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p r o p o r t i o n a t e  p a r t  p l a y e d  by  t h i s  c h r o n i c  m a l a r i a  i n  t h e  p r o d u c t i o n  

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

N e v e r t h e l e s s ,  i t  m ust  r a n k  as  a f a c t o r ,  n o t  t o  be  d i s c o u n t e d ,  i n
i
i

v ie w  o f  the  known f a c t  t h a t  s e y e r e  d e g r e e s  o f  d y s h a e m o p o i e t i c

anaemia do occur i n  m a l ig n a n t  s u b t e r t i a n  m a la r ia .  F a i r l e y  &
© ©

B r o m f ie ld  (1937)  and- F a i r l e y  and o t h e r s  (1938)  have d e s c r i b e d  in

Macedonia c a s e s  o f  n u t r i t i o n a l  macrocytic  anaemia which  t h e y  

c l a s s i f y  as (a)  h a e m o ly t i c ,  (b) n o n -h a e m o ly t ic  and d i s t i n g u i s h e d  byi  

th e  p r e s e n c e  o f  h y p e r b i l i r u b in a e m i a  and u r o b i l i n u r i a  in  the fo rm er .  ' 

These a u thor s  f u r t h e r  s u g g e s t  t h a t  th e  h a e m o ly t i c  v a r i e t y  i s  caused;  

by m a l a r i a l  t o x i c  a c t i o n  on e r y t h r o p o i e s i s  and t h a t  th e  non-  j

h a e m o ly t i c  v a r i e t y  may a r i s e  from d i e t a r y  d e f i c i e n c y .  The c a s e s  

d e s c r i b e d  by them are  d e f i n i t e l y  m e g a l o b l a s t i c  and more s e v e r e  

th a n  th e  c a s e s  s t u d i e d  i n  t h i s  t h e s i s ,  and many o f  t h e i r  p a t i e n t s  

were f e m a le s  who were pregnant .

E i g h t  c a s e s  (Nos. 4 ,  12 ,  14 ,  15 ,  1 6 , 17,19, 2 0 ) showed

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

r e s u l t i n g  t o x i n s  may be c r e d i t e d  w i t h  a  p o s s i b l e  m ino r  r o l e  i n  t h e  j

m a i n t e n a n c e  o f  t h e  a n a e m ia .  F i l a r i a s i s  (C a se s  17 ,  20) and "mossy 

f o o t "  (Case  1 6 ) h a v e  no d i r e c t  r o l e  s i n c e  a n aem ia  i s  n o t  a c l i n i c a l  

f e a t u r e  o f  t h e s e  c o n d i t i o n s .  The same may be s a i d  o f  v i t a m i n  A 

d e f i c i e n c y  fo u n d  i n  f o u r  c a s e s  (C ases  9 , 11,  17 ,  19)* R e g a r d i n g  j
t h o s e  c a s e s  i n  Which t h e  l i v e r  was e n l a r g e d ,  e i t h e r  by i t s e l f  ]

(Case  1 9 ) or  i n  a s s o c i a t i o n  w i t h  s p l e n o m e g a ly  (Cases  2, 5 , 1 4 ) ,  I 

no c l e a r  c u t  d i a g n o s i s  was a p p a r e n t  t o  e x p l a i n  t h e  e n l a r g e m e n t s  

s a t i s f a c t o r i l y .  I t  seemed n o t  a t  a l l  i m p r o b a b le  t h a t  t h e y  r e s u l t e d  

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

m e n t i o n e d  was u n i f o r m l y  e n l a r g e d  and  e a s i l y  p a l p a b l e  u n d e r  t h e  t h i n

a b d o m in a l  w a l l  o f  t h e  p a t i e n t s .  No i r r e g u l a r i t i e s  n o r  n o d u l e s  were

d e t e c t e d  t o  s u g g e s t  c i r r h o s i s  o r  m a l i g n a n c y ,  w h i l e  t h e  Van den

B ergh  r e a c t i o n  was n e g a t i v e  b o t h  d i r e c t  and i n d i r e c t .  I n  a d d i t i o n ,

t h e  l i v e r  i n  Case 1 ,  w h ic h  went  t o  a u t o p s y ,  showed e v i d e n c e  o f

f a t t y  d e g e n e r a t i o n ,  a l t h o u g h  i t  was n o t  a p p a r e n t l y  e n l a r g e d .

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

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

a b s e n c e  o f  s u b c u t a n e o u s  f a t  and t h e  a n a em ia  p r e s e n t e d  a p i c t u r e

w h ic h  seemed t o  t h e  w r i t e r  t o  b e a r  some r e s e m b l a n c e  to  t h e  c a s e s
©  Cl)

d e s c r i b e d  by T r o w e l l  ( 1 9 4 0 ) ,  T r o w e l l  & Muwazi (194 5 ) .  T r o w e l l
@  ©  ®

( 1 9 4 6 ) ,  Hughes ( 1 9 4 6 ) ,  and G i l lm a n  and G i l lm a n  (1 9 4 5 ) .  I n d e e d ,

t h e  l a t t e r  w o r k e r s  (G i l lm a n  and G i l lm a n )  have  s t a t e d  t h a t  " r e c u r r e n t  

a t t a c k s  o f  s u b c l i n i c a l  and o v e r t  m a l n u t r i t i o n  r e s u l t  i n  p r o g r e s s i v e  

l i v e r  damage and  a r e ,  i n  no s m a l l  m e a s u r e ,  r e s p o n s i b l e  f o r  

c i r r h o s i s  and p o s s i b l y  f o r  p r im a r y  c a r c i n o m a  o f  t h e  l i v e r  so 

f r e q u e n t l y  e n c o u n t e r e d  i n  young n e g r o e s  o f  S o u th  A f r i c a . ”

I n  g e n e r a l ,  t h e  c o l o u r  i n d e x  was be low  u n i t y ,  e x c e p t  i n  

two i n s t a n c e s  w here  i t  was 1 . 0  and  1 . 0 1  and i n  t h r e e  i n s t a n c e s  

w h e re  i t  a p p r o x i m a te d  t o  u n i t y .  U n f o r t u n a t e l y ,  i n  t h e  a b s e n c e  <

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

(M .C.V .)  n o r  t h e  mean c o r p u s c u l a r  d i a m e t e r  (M .C.B.)  o f  t h e  

c e l l s  c o u l d  be d e t e r m i n e d ,  and t h e  d e c i s i o n  a s  t o  s i z e  o f  a e l l  

c o u l d  o n l y  be ju d g e d  by  co m p a r i so n  w i t h  n o r m a l  f i l m s  f rom  h e a l t h y  

i n d i v i d u a l s .  As r e g a r d s  t h e  c o l o u r  i n d e x  and  t h e  mean 

c o r p u s c u l a r  h a e m o g lo b in  (M .C .H . ) l i t t l e  i m p o r t a n c e  was a t t a c h e d
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t o  them  e x c e p t  t o  i n d i c a t e  i n  a  r o u g h  way t h e  p r e v a i l i n g  t r e n d  o f  

t h e  a n a e m ia .  The p e r i p h e r a l  b lo o d  f i l m s  s t a i n e d  w i t h  L e i s h m a n ’ s 

s t a i n  showed a n i s o c y t o s i s ,  p o i k i l o c y t o s i s , and n o r m o b l a s t s  i n  s m a l l  

n u m b e r s .  The e r y t h r o c y t e s , f o r  t h e  m ost  p a r t ,  a p p e a r e d  d e f i c i e n t  

i n  h a e m o g lo b in ,  b u t  t h e r e  were  p r e s e n t  a v a r y i n g  number o f  rnacro -  

c y t e s  f u l l y  h a e m o g l o b i n i s e d .  However ,  t h e  g e n e r a l  a p p e a r a n c e  o f  

t h e  b l o o d  f i l m s  c o u l d  v e r y  w e l l  m i s l e a d  one i n t o  l a b e l l i n g  them, 

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

c h r o m ic  a n aem ia .  As e x p e c t e d  i n  p a r a s i t i c  d i s e a s e s ,  e o s i n o p h i l i a  

was p r e s e n t  and ,  i n  one c a s e  (No. 2),  r o s e  a s  h ig h  as  35^  o f  t h e  

t o t a l  W.B.C. c o u n t  c o r r e s p o n d i n g  w i t h  an  i n c r e a s e  i n  e o s i n o p h i l  

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

marrow f i l m s .

Assuming 10 ,000/cmm. to  be a p p r o x i m a t e l y  t h e  u p p e r  l i m i t s  

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

f o u r  c a s e s  (Nos. 5, 5, 12, 20) may be r e a d i l y  e x p l a i n e d  i n  two 

c a s e s  (Nos.  12 and 20) by t h e  p r e s e n c e  o f  s e p t i c  f o c i ,  v i z . ,  

p y o r r h o e a  (No. 12) and p y o r r h o e a  and c h i g g e r s  (No. 2o),  b u t  i n  t h e  

r e m a i n i n g  two c a s e s  (Nos.  3 and 3) n o s u c h  s im p l e  e x p l a n a t i o n  i s  

f o r t h c o m i n g .

I n  t h e  few c a s e s  i n  w h ic h  t h e  Cooke c o u n t  (Cooke,  1930) 

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

l e u c o c y t e s  a p p e a r i n g  y o u n g e r  t h a n  t h o s e  fo und  i n  n o rm a l  b lo o d  

f i l m s .
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I I 1 .9 4 .7 1 5 * 0 5 . 5 5 2 .5 1 . 0 1 . 4 1 3 . 6 7.6 1 3 . 8 4 .3 1 . 1 1 .5  : 1

! 2 4 . 9 4 .5 7 .2 1 0 . 0 2 8 .7 - 2 . 6 9-3 1 6 . 9 1 1 .3 4 . 0 0 . 4 1 .3  : 1

3 1 .5 2 .5 5 . 8 1 0 . 0 57-7 1 . 6 1 . 5 6 . 8 1 2 . 0 1 6 .3 3 . 7 2 . 6 1 . 5  : 1
; 4 2 . 8 4 . 0 7 . 0 5 . 6 2 3 . 0 - 2 . 6 1 1 . 0 1 7 .4 1 9 . 6 3 .0 2 . 0 0 . 8  : 1

3 0.7 2 .3 6 . 5 1 5 . 7 3 0 . 2 - 1 . 8 5 .3 9 .3 2 3 . 4 5 .5 1 . 5 1 .3  : 1
6 1 .4 2 . 0 5 . 0 9 . 2 2 7 . 2 - 2 . 2 5 . 8 1 7 . 0 2 3 . 0 3 .4 1 . 8 0 . 9  : 1

9 1 . 8 1 . 8 4 . 7 6 . 6 5 5 .5 1 . 4 0 . 8 6 .3 1 1 . 0 2 3 . 2 5 .6 1 . 5 1 . 1 3 : 1

10 1 . 1 5 . 7 6 . 5 7 .5 3 0 . 1 - 1 . 7 1 1 . 0 1 3 . 0 1 9 .5 2 .7 1 . 2 1 . 0 4 : 1
11 0 .4 0 . 6 2 . 2 5 .8 3 2 . 4 - 1 . 2 2 . 4 5 .8 1 0 .4 1 8 . 4 2 .4 3 . 0  : 1
12 1 . 8 2 . 0 5 . 0 1 1 . 4 4 6 . 0 - 1 . 6 3 .0 8 . 8 1 6 . 0 3 .2 1 . 2 2 . 2 3 : 1
L4 0 . 8 5 . 0 7 .8 1 6 . 4 2 3 . 8 2 . 0 2 . 8 8 . 0 1 3 . 8 1 8 ,0 1 . 0 0 . 6 1 . 1  : 1

L5 1 . 0 2 .5 1 0 .5 1 8 . 3 5 0 .3 - 0 .5 i . 5 6 . 9 2 3 .9 3*& 0 . 8 1 . 9  : 1
L6 1 . 0 2 . 0 8 . 4 1 2 . 5 4 4 . 3 - 0 . 8 2 . 2 5 .8 1 6 . 6 6 .2 0 . 0 2 .7  : 1

L7 2.4 5 .9 7 .7 1 4 . 6 1 8 . 2 - 2 . 9 7 .3 1 8 . 7 1 8 .4 3 . 7 0 . 2 1-3  : 1

‘9 2. 8 5 .5 7 .1 1 1 . 9 2 3 . 7 - 2 .8 2 . 8 8 .0 1 7 . 0 1 4 .8 5 .6 1 . 6  : 1

•0 1 .6 6 .5 9-5 2 0 . 9

-

2 7 .5 1 . 5 4 . 1 7-6 13 .8 4 . 1

-

1 . 1 2 . 2 7 : 1
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T a b le  IY

Case
No.

M y e l o c y t e s M e ta m y e lo c y te s Po lym orph
G r a n u l o c y t e s

' E . B. , N. E. B. N. E. B. N.

1 0 . 9 0 . 3 1 3 . 8 0 . 3 0 . 0 3 . 0 0 . 0 0 . 3 3 2 .0

2 1 . 3 0 . 2 5 . 7 3 .8 0 . 0 6 . 2 4 . 5 0 . 0 24 .2

5 0 . 8 0 . 0 3 . 0 0 . 5 0 . 5 9 . 0 2 . 0 0 . 5 3 5 .2

4 1 . 0 0 . 4 5 . 6 2 . 4 0 . 0 3 . 2 3 .6 0 . 2 2 1 . 2

5 0 . 3 0 . 0 6 . 0 1 . 0 0 . 0 1 2 . 7 1 . 6 0 . 0 2 8 .6

6 0 . 6 0 . 0 4 . 4 1 . 2 0 . 0 8 . 0 2 . 4 0 . 0 24 .8

9 0 . 1 0 . 0 4 .6 1 . 3 0 . 0 5 .3  ! 3 -0 0 . 0 3 2 .3

10 1 . 2 0 . 3 5 . 0 0 . 8 0 . 0 6 .7 1 . 3 o.'5 2 8 .3

l i 0 . 6 0 . 0 1 . 6 0 . 4 0 . 0 3 .4 4 . 8 0 . 0 47 .6

12 0 . 5 0 . 0 4 . 5 0 . 8 0 . 0 1 0 . 6 1 . 3 0 . 5 4 4 .2

14 2 . 0 0 . 2 5 . 6 1 . 8 0 . 0 1 4 .6 1 . 4 0 . 0 2 2 .4

15 4 . 5 0 . 0 6 . 0 2 .5 0 . 0 1 5 .8  , 4 . 8 0 . 6 2%1

16 1 . 2 0 . 0 7 . 2 1 . 5 0 . 0 1 1 . 0 4 . 5 0 . 2 39 .8

17 1 . 5 0 . 2 6 . 0 2 . 2 0 . 0 1 2 . 4 2 .3 0 . 2 1 5 .7

19 0 . 7 0 . 0 6 . 4 1 . 4 0 . 0 1 0 .5 4 . 2 0 . 0 1 9 .5

20 0 . 8 o . l 8 . 4 0 . 1 0 . 0

1

2 0 . 8 2 . 4 0 . 1 2 3 .0

£  = E o s i n o p h i l  B = B a s o p h i l  N =- N e u t r o p h i l
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T a b le  V

C o m p a r i so n  b e tw een  Normal  Banges  o f  D i f f e r e n t i a l  Marrow Counts  
and  t h e  Eanges  o f  C o u n ts  o f  t h e  p r e s e n t  l 6  C a s e s .

N e u t r o p h i l E o s i n o p h i l B a s o p h i l
Normal
Bange

T h i s
S e r i e s

Normal
Bange

T h i s
S e r i e s

Normal  1 T h i s  
Bange | S e r i e s

P o ly m o rp h o n u c le a r
M e ta -m y e lo c y te s
M yelocy te s

20-^0.
2 .5 -1 2 .

2-8*

1 5 . 7- 4 7 . 6
3 - 2 0 . 8

1 . 6 - 1 3 . 8

0 -4
0 - 2 . 5
0- 1

0 - 4 . 8  
0 . 3 - 3 . 8  
0 . 3 - 4 . 5

------—  - _ _
1

0.-1 . 0  ! 0 - 0 . 6
! 0 - 0 . 5
! 0 - 0 . 4  
1 1

P r o m y e lo c y te s
M y e l o b l a s t s

0 . 5-5.0.
0 - 2 . 5

0 . 6 - 6 . 5
0 . 4 - 4 . 9

l a t e  n o r m o b l a s t s  
In te rm e d ,  n o r m o b l a s t s  
E a r l y  n o r m o b l a s t s  
P r o - e r y t h r  o b l a s t s  
H a e m o c y to b la s t s

7-19
4-15
0 - 2
0 -4
0 - 1

1 0 . 4 - 2 5 . 0  
5 . 8 - 1 8 . 7  
1 . 5 - 1 9 . 6
0 . 5 - 2 . 9  

0 - 2

'

T a b l e  VI

C om par ison  b e tw e e n  t h e  Bange o f  E r y t h r o b l a s t i c  Marrow Counts  
o f  t h i s  S e r i e s  and t h e  Banges  o f  Counts  o f  S im p le  

■ H y p e r p l a s i a ,  P e r n i c i o u s  Anaemia and Normal.

Normal S im ple
H y p e r p l a s i a

P e r n i c i o u s  
Anaemi a

T h i s . S e r i e s  
o f  lo  Cases

H a e m o c y t o b l a s t s 0 - 1 1 -3 0 1 0 - 2

P r o e r y t h r o b l a s t s 0 - 4 1 - 1 0 1 - 8 0 . 5- 2 . 9

E a r l y  n o r m o b l a s t s 0 - 2 2- 12 0 - 2 1 . 5 - 1 3 . 6

I n t e r m e d i a t e  , , 4 -15 1 0 - 3 0 0 - 8 5 . 8 - 1 8 . 7

L a t e  9 , 7-19 1 0-40 0 . 5 - 1 2 1 0 . 4 - 2 5

E a r l y  m e g a l o b l a s t s 0 0 4-4 0 P r e s e n t

I n t e r m e d i a t e  , , 0 0 4-12 P r e s e n t

L a te 3 3 0 0 2 - 1 0 P r e s e n t



S t e r n a l  Marrow F i n d i n g s  

T a b le  I I I  g i v e s  t h e  p e r c e n t a g e  number  o f  c e l l s  c o u n t e d  i n  

s t e r n a l  m arrow s m e a rs .  T a b le  IV g i v e s  f u r t h e r  p e r c e n t a g e s  on s u b ­

d i v i s i o n  o f  m y e l o c y t e s ,  m e ta m y e lo c y te s  and p o ly m o rp h s  i n t o  t h e i r  

e o s i n o p h i l ,  b a s o p h i l  and n e u t r o p h i l  com ponen ts .  *Table Y shows a  

c o m p a r i s o n  o f  t h e  r e s u l t s  r e c o r d e d  i n  T a b le  I I I  w i t h  t h e  no rm a l  

r a n g e  o f  bone  marrow c e l l  c o u n t s  s u g g e s t e d  by W h i tb y  and B r i t t o n

(1 9 4 6 ) .

As h a s  a l r e a d y  been  n o t e d  above ( s e e  page  J5 ) d i f f e r e n t i a l  

c o u n t s  o f  m e g a l o b l a s t s  a s  d i s t i n c t  f rom n o r m o b l a s t s  have  n o t  b e en  

made b e c a u s e  o f  t h e  d i f f i c u l t y  o f  a c c u r a t e  d i f f e r e n t i a t i o n  i n  

many i n s t a n c e s ,  b u t  i n d i c a t i o n  i s  made i n  c a s e s  where  t h e  m e g a lo ­

b l a s t i c  s e r i e s  i s  d e f i n i t e l y  r e p r e s e n t e d .

I t  w i l l  be n o t e d  ( T a b l e  I I I )  t h a t ,  i n  t h i s  s e r i e s  o f  ;I
i

c a s e s ,  t h e  m y e l o i d - e r y t h r o b l a s t i c  r a t i o  v a r i e s  f rom  0 . 8  : 1 t o  j
5 i

3 : 1 ,  w i t h  an  a v e r a g e  r a t i o  o f  1 .5 3  : 1* The m y e l o i d - e r y t h r o ­

b l a s t i c  r a t i o  o b s e r v e d  i n  n o rm a l  c a s e s  v a r i e s  b e tw e en  8 : 1 and 

2 : 1 .  I t  i s ,  t h e r e f o r e ,  a p p a r e n t  i n  t h i s  s e r i e s  o f  c a s e s  t h a t  j 

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

l * e u c o p o i e t i c  s i d e ,  a l t h o u g h  t h e r e  would ap p e a r  t o  be some d e g r e e  

o f  i n c r e a s e d  p r o d u c t i v i t y  i n  t h e  l a t t e r  as  judged  by (a)  t h e  

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

(b )  a  t e n d e n c y  t o  g r e a t e r  numbers  o f  m y e l o c y t e s  and p r e m y e l o c y t e s  j
]

i n  t h e  marrow c o u n t s  a s  compared w i t h  t h e  norm a l  r a n g e s  ( T a b le  Y) .

N e v e r t h e l e s s ,  i t  i s  n o t  a t  a l l  c l e a r  what  s i g n i f i c a n c e ,  i f  an y ,  

c a n  be  p l a c e d  on t h i s  s l i g h t  l e u c o p o i e s i s . P o s s i b l y ,  i n  a  number 

o f  c a s e s ,  i t  may be due to  m in o r  d e g r e e s  o f  s e p s i s p r e s e n t , b u t ,
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on t h e  o t h e r  h a n d ,  t h e  p o s s i b i l i t y  c a n n o t  be d i s m i s s e d  t h a t  i t  may 

be p a r t  o f  t h e  p r e v a i l i n g  b lo o d  p i c t u r e .  I n  t h i s  c o n n e c t i o n ,  i t  

may be e m p h a s i s e d  t h a t ,  i n  c a s e s  o f  t r u e  i r o n  and h a e m o p o i e t i c  

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

r e a c t i o n  i s  n o t ,  c h a r a c t e r i s t i c a l l y ,  to  be f o u n d .

The s t u d y  of  t h e  i n d i v i d u a l  'm ye lo id  c e l l s  o f  t h e  marrow 

r e v e a l e d  l i t t l e  o r  no d e p a r t u r e  f rom  g e n e r a l l y  a c c e p t e d  d e s c r i p t i o n s  

I n  c o n n e c t i o n  w i t h  t h e  d e v e l o p i n g  p r e m y e lo c y te  i t  was o b s e r v e d  t h a t  

g r a n u l e s  u s u a l l y  made t h e i r  f i r s t  a p p e a r a n c e  in  t h a t  p o r t i o n  o f  t h e  

c y t o p l a s m  l y i n g  b e tw ee n  t h e  more convex  s i d e  o f  t h e  n u c l e u s  and t h e  

c e l l  p e r i p h e r y ,  w h i l e ,  a t  t h e  same t im e ,  a p r o g r e s s i v e l y  d e e p e n i n g  

eos-in t i n g e i n g  a p p e a r e d  i n  t h e  l e s s  convex  s i d e  o f  t h e  n u c l e u s .  

V a c u o l e s  w ere  o c c a s i o n a l l y  t o  be o b s e rv e d  i n  some m y e l o c y t e s ,  b u t  

w h a t  t h e i r  p r e c i s e  s i g n i f i c a n c e  w as ,  was n o t  u n d e r s t o o d .  E o s i n o ­

p h i l  m y e l o c y t e s  and m e t a - m y e l o c y t e s  were n o t e d  i n  g r e a t e r  numbers  

t h a n  f o u n d  i n  n o rm a l  marrow f i l m s  c o i n c i d i n g  w i t h  t h e  e o s i n o p h i l i a  

p r e s e n t  i n  t h e  p e r i p h e r a l  b l o o d  c o u n t s .  B a s o p h i l  m y e l o c y t e s  w ere  

o b s e r v e d  i n  a  few c a s e s  b u t  o n l y  i n  one c a s e  (No. 3) were  b a s o p h i l  

m e t a - m y e l o c y t e s  d i s c o v e r e d .  i

I n  c o n t r a s t  t o  t h e  m y e lo id  s e r i e s ,  c o n s i d e r a b l e  v a r i a t i o n s  

f ro m  p o rm a l  were o b s e r v e d  i n  t h e  e r y t h r o i d  s e r i e s .  The numbers o f  

h a e m o c y t o b l a s t s  and p r o - e r y t h r o b l a s t s  o b s e r v e d  i n  marrow c o u n t s

d i d  n o t  d i f f e r  f rom t h e  r a n g e s  a c c e p t e d  f o r  n o r m a l ,  f o r  s im p le  t!
h y p e r p l a s i a  and f o r  p e r n i c i o u s  anaem ia  ( T a b le  V I ) ,  a l t h o u g h ,  on t h e  ; 

w h o le ,  t h e  p r o - e r y t h r o b l a s t s  a p p e a r e d  t o  be s l i g h t l y  f e w e r  t h a n  i n  

t h e  two l a t t e r  c o n d i t i o n s .  The p e r c e n t a g e  numbers  o f  e a r l y ,  

i n t e r m e d i a t e  and  l a t e  n o r m o b l a s t s  showed wide v a r i a t i o n s  i n  j
I
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d i f f e r e n t  c a s e s .  I n  "three c a s e s  (Nos. 1 ,  4 , 10) t h e  e a r l y  normo­

b l a s t s  w ere  p r e v a l e n t  and  c o n s t i t u t e d  o v e r  10  p e r  c e n t ,  o f  t h e  

t o t a l  c e l l  c o u n t s ,  w h i l e ,  i n  s i x  c a s e s  (Nos. 2 , 4 , 6 , 10 ,  14 ,  1 7 ) 

t h e  i n t e r m e d i a t e  n o r m o b l a s t s  w ere  m o s t l y  p r e d o m i n a n t .  The p e r c e n t ­

age  n um bers  o f  l a t e  n o r m o b l a s t s  showed a  f a i r l y  g e n e r a l  i n c r e a s e  a s  

com pared  w i t h  n o rm a l  c o u n t s ,  and showed c o n s i d e r a b l e  v a r i a t i o n s  i n  

s i z e  and  s h a p e  and i n  d e g r e e  o f  h a e m o g l o b i n i s a t i o n .  P y k n o t i c  

n u c l e i  w ere  commonly seen as  w e l l  a s  n u c l e i  i n  t h e  p r o c e s s  o f  

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

many o f  t h e  n o r m o b l a s t s  was f u l l y  h a e m o g l o b i n i s e d ,  b u t  i n  many 

7 o t h e r s  v a r y i n g  d e g r e e s  o f  e o s i n o p h i l i a  were o b s e r v e d ,  w h i l e  an

a p p e a r a n c e  o f  p u n c t a t e  b a s o p h i l i a  was n o t  uncommonly s e e n .  M ic r o ­

n o r m o b l a s t s  w ere  p r e s e n t  i n  v a r y i n g  p r o p o r t i o n s ,  w h i l e ^ / o f  g r e a t  

i n t e r e s t ^  was t h e  a p p e a r a n c e  o f  l a t e  m e g & lo b la s t s  i n  a l l  c a s e s .

\S om et im es  t h e r e  were  more i n  some c a s e s  (Nos.  2,  /fc, 9 , 1 0 , 1 9 ) 

t h a n  i n  o t h e r s  (Nos.  1 ,  6 , 1 2 ) ,  and t h e y  c o u l d  be r e a d i l y  r e c o g n i s e dA
by t h e i r  l a r g e r  s i z e ,  t h e i r  e o s i n o p h i l i c  c y t o p l a s m  and t h e i r  n u c l e i  

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

m a t e r i a l .  B u t ,  t a k e n  by and l a r g e ,  t h e  numbers  o f  n o r m o b l a s t s  

p r e d o m i n a t e d  o v e r  t h e  numbers o f  l a t e  m e g a l o b l a s t s . The e v i d e n t  

w arp ed  n a t u r e  o f  many o f  t h e  l a t e  n o r m o b l a s t s  b o t h  as  r e g a r d s  s i z e ,  

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

a  c h a r a c t e r i s t i c  f e a t u r e  o f  i r o n  d e f i c i e n c y  anaem ia  and does  n o t  

o c c u r ,  a s  a  r u l e ,  i n  t h e  a n a e m ia s  o f  t h e  h a e m o l y t i c  o r  h a e m o r rh a g ic  

t y p e  when t h e  b o d i l y  i r o n  r e s e r v e  i s  a d e q u a t e  t o  m ee t  t h e  n e e d s  o f  

t h e  r e j u v e n a t i n g  e r y t h r o c y t e  ( S c o t t ,  1939)* -*-n l e t t e r  c o n ­

d i t i o n s  t h e  n o r m o b l a s t s  d e v e l o p  i n  a  r e g u l a r  f a s h i o n .  So f a r  a s
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d i f f e r e n t i a t i o n  b e tw een  t h e  l a t e  n o r m o b l a s t s  and l a t e  m e g a l o b l a s t s  

was c o n c e r n e d ,  l i t t l e  d i f f i c u l t y  was e x p e r i e n c e d ,  b u t  t h e  same 

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

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

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

d e v e l o p i n g  a b n o r m a l ly  a f t e r  a s i m i l a r  d e s i g n  t o  t h a t  o f  t r u e  i r o n  

d e f i c i e n c y  a n a e m i a s , a n d  h a e m o g l o b i n i s a t i o n  was i n s i n u a t i n g  i t s e l f  into 

t h e  i n t e r m e d i a t e  and even  i n t o  t h e  e a r l y  n o r m o b l a s t s .  The g r e a t e s t  

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

i n t e r m e d i a t e  m e g a l o b l a s t  f rom  t h e  e a r l i e r  n o r m o b l a s t  and o f  t h e  

e a r l y  m e g a l o b l a s t  f rom  t h e  p r o - e r y t h r o b l a s t . I t  was b e c a u s e ' o f  

t h e s e  d i f f i c u l t i e s  t h a t  no q u a n t i t a t i v e  e s t i m a t e  o f  t h e  r e l a t i v e  

p r o p o r t i o n s  o f  m e g a l o b l a s t s  t o  n o r m o b l a s t s  was a t t e m p t e d .  N e v e r ­

t h e l e s s ,  i n  a  number o f  c a s e s ,  t h e  e a r l i e r  m e g a l o b l a s t s  were  

d i s t i n g u i s h a b l e .  I n  Gases  2 and  4 e a r l y  m e g a l o b l a s t s  w i t h  

p a r t i a l l y  h a e m o g l o b i n i s e d  c y t o p l a s m s  were o b s e r v e d .  I n  some f i l m s ,  

p a r t i c u l a r l y  t h o s e  o f  Case 10 ,  e a r l y  e r y t h r o b l a s t s  were n o t e d  w i t h  

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

c e r t a i n  t h a t  two a t  l e a s t  o f  t h e  c e l l s  were  i n t e r m e d i a t e  m e g a lo ­

b l a s t s  b e c a u s e  o f  t h e i r  l a r g e r  s i z e ,  t h e i r  e v e n ly  s t i p p l e d  c h r o m a t i r  

n u c l e a r  make up and t h e  l a r g e  s i z e  o f  t h e  n u c l e u s .  The o t h e r s  o f  

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

g r o u p .  A g a in ,  i n  Case 10 ,  e a r l y  n o r m o b l a s t s  f u l l y  o r  a l m o s t  f u l l y  

h a e m o g l o b i n i s e d  were o b s e r v e d  e x t r u d i n g  t h e i r  n u c l e i  which  were 

d e f i n i t e l y  v e r y  im m ature  and l e a v i n g  b e h in d  v e r y  l a r g e  m a c r o c y t i c

c e l l s .  S i d e  by s i d e  w i t h  t h i s  e a r l y  e x t r u s i o n  o f  immature  n u c l e i  
f r o m  e a r l y  n o r m o b l a s t s  c o u ld  be s e e n  o t h e r  e a r l y  n o r m o b l a s t s  whose
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n u c l e i  w ere  i n  a  s t a t e  o f  d i v i s i o n .  I n  o t h e r  f i l m s  (C ases  2 ,  4 .  9 , j 

1 9 , p a r t i c u l a r l y )  g r o u p s  o f  i n t e r m e d i a t e  n o r m o b l a s t s  o f  a p p a r e n t l y

t h e  same age  and a r r a n g e d  i n  c l u s t e r s  were o b s e r v e d  w i t h  t h e i r  I
1!

c y t o p l a s m  e x h i b i t i n g  v a r y i n g  d e g r e e s ,  o f  h a e m o g l o b i n i s a t i o n  i n d i c a t -  j
i n g  t h e  i r r e g u l a r i t y  o f  t h i s  p r o c e s s  u n d e r  t h e  ab n o rm a l  c o n d i t i o n s  }

$
p r e v a i l i n g  i n  t h e  h a e m o p o i e t i c  sy s tem  o f  t h e  c a s e s  u n d e r  e x a m i n a t i o n

I n  one p a r t i c u l a r  f i l m  f rom  Case  4 an e a r l y  n o r m o b l a s t  was s e e n ,  i

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

c y t o p l a s m  d i s p l a y i n g  a m o t t l e d  or  b l o t c h y  b a s o p h i l i c  a p p e a r a n c e :  j

t h e  n u c l e u s  o f  t h i s  c e l l  was i n  a s t a t e  o f  m i t o t i c  d i v i s i o n .  I n  I

a n o t h e r  f i l m  an e a r l y  n o r m o b l a s t  was o b s e r v e d  w i t h  a  d e f i n i t e l y  j

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

r o s e t t e  s h a p e ,  h a v i n g  a c e n t r a l  l e s s  dens,e and somewhat e o s i n o p h i l i c

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

r o s e t t e  -  an o b v io u s  n u c l e a r  d i v i s i o n .  T h i s  c e l l  would s u g g e s t

t h a t  n u c l e a r  d i v i s i o n  i s  n o t  n e c e s s a r i l y  a n t e c e d e n t  t o  haemo-  .j

g l o b i n i s a t i o n ,  b u t  t h a t  i t  can  t a k e  p l a c e  i r r e s p e c t i v e  o f  t h e  ;i

p r o c e s s  o f  h a e m o g l o b i n i s a t i o n .  The numerous i n s t a n c e s  fo und  i n  ;|

o t h e r  f i l m s  o f  f u l l y  or  p a r t i a l l y  h a e m o g l o b i n i s e d  e a r l y  n o r m o b l a s t s  j

u n d e r g o i n g  n u c l e a r  d i v i s i o n  s u p p o r t e d  t h i s  s u g g e s t i o n .  A n o th e r  4

a p p e a r a n c e  w h ic h  was n o t  i n f r e q u e n t l y  p r e s e n t  was t h a t  i n  w h ich  an

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

As an  i l l u s t r a t i o n  o f  t h i s ,  i n  one p a r t i c u l a r  i n s t a n c e  (Case 11}

an i n t e r m e d i a t e  n o r m o b l a s t  was o b s e rv e d  i n  w hich  t h e  m a jo r  p o r t i o n

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

s m a l l e r ,  e c c e n t r i c ,  f r i n g e l i k e  n u c l e a r  r e m n a n t .  I n  t h i s  l a t t e r  

c a s e ,  i t  w as ,  by no m eans ,  beyond d oub t  t h a t  t h e  c e l l  was i n  f a c t



r
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a n  i n t e r m e d i a t e  n o r m o b l a s t  and n o t  a l a t e  m e g a l o b l a s t  i n  t h e  

p r o c e s s  of  e x t r u s i o n  o f  i t s  n u c l e u s  p r i o r  t o  becom ing  a m a c r o c y t e .  

P u n c t a t e  b a s o p h i l i a  i n  l a t e  n o r m o b l a s t s  and  o c c a s i o n a l l y  i n  t h e  

e a r l i e r  n o r m o b l a s t s  was n o t  uncommonly s e e n ,  and once  (Case 17) a j

p r o - e r y t h r o b l a s t ,  a p p a r e n t l y  n o rm a l  i n  s i z e  and s t r u c t u r e ,  was I
!j

o b s e r v e d  u n d e r g o i n g  m i t o t i c  d i v i s i o n .  I t  i s  p e r h a p s  i n t e r e s t i n g  t o  

r e c o r d  I n  p a s s i n g  t h a t  a  ’’r i n g  s t a g e ” m a l a r i a l  t r o p h o z o i t e  was j

o b s e r v e d  i n  an i n t e r m e d i a t e  n o r m o b l a s t  whose c y t o p l a s m  was a l m o s t
-

f u l l y  h a e m o g l o b i n i s e d .

G e n e r a l l y  s p e a k i n g ,  t h e  p r e v a i l i n g  i m p r e s s i o n s  d e r i v e d  f rom  

t h e  s t u d y  o f  t h e  s t e r n a l  marrow f i l m s  o f  t h i s  s e r i e s  o f  16 c a s e s  

and o t h e r s  examined b u t  n o t  l i s t e d  h e r e  were  -

( a )  The I r r e g u l a r i t y  o f  M a t u r a t i o n  o f  t h e  E r y t h r o c y t e .

W h i le  t h e  m a j o r i t y ,  j u d g i n g  by t h e  s i z e  and a p p e a r a n c e  o f  t h e  

r e s u l t i n g  e r y t h r o c y t e ,  seemed t o  be d e r i v e d  from n o r m o b l a s t s ,  a  

v a r y i n g  m i n o r i t y  a p p e a r e d  t o  be d e r i v e d  f rom  m e g a l o b l a s t s  -  t h e s e  j

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

t o  be d e r i v e d  i r r e g u l a r l y  f rom  e a r l i e r  s t a g e s  o f  n o r m o b l a s t s ,  g iv in g j

r i s e  t o  v e r y  l a r g e  m a c r o c y t e s .  Two h y p o t h e s e s  a t  l e a s t  m ig h t  be j
a d v a n c e d  t o  e x p l a i n  t h e  l a t t e r  g r o s s  i r r e g u l a r i t y  -  e i t h e r  some j

i n i m i c a l  a g e n t  a c t i n g  upon t h e  e a r l i e r  d e v e l o p i n g  n o r m o b l a s t s  and  f

c a u s i n g  p r e m a t u r e  d e a t h  and e x p u l s i o n  o f  t h e  n u c l e u s  o r  an a b s e n c e  |

o f  t h e  n e c e s s a r y  c o n c e n t r a t i o n  o f  some f a c t o r  r e s p o n s i b l e  f o r  t h e  i.

f u l l  and  h e a l t h y  m a t u r a t i o n  o f  t h e  e a r l i e r  to  l a t e r  n o r m o b l a s t s .

The l a t t e r  h y p o t h e s i s  i s  i n  a c c o r d  w i t h  t h e  g e n e r a l l y  a c c e p t e d  v iew s  

r e g a r d i n g  t h e  d e f i c i e n c y  an aem ias  ( e . g . ,  h a e m o p o i e t i c  d e f i c i e n c y  
a n a e m ia ,  i r o n  d e f i c i e n c y  a n a e m i a ) .  I t  i s  g e n e r a l l y  h e l d  by most
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h a e m a t o l o g i s t s  t h a t ,  on t h e  one han d ,  l a t e  n o r m o b l a s t s  g i v e  r i s e  t o  

e r y t h r o c y t e s  even  u n d e r  c o n d i t i o n s  o f  s e v e r e  i r o n  d e f i c i e n c y  and 

t h a t ,  on t h e  o t h e r ,  l a t e  m e g a l o b l a s t s  p r o d u c e  m a c r o c y t e s  when t h e  

h a e m o p o i e t i c  p r i n c i p l e  i s  d e f i c i e n t .  But  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  i s  p o s s i b l e  f o r  an  e r y t h r o c y t e  o r ,  r a t h e r ,  a m a c r o c y te  t o  

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

s t r e s s .  What t h e  a c t u a l  f a t e  o f  such  an i r r e g u l a r l y  formed c e l l  

w ou ld  be i s  n o t  u n d e r s t o o d .  S c h e m a t i c a l l y  t h e  s t a g e s  o f  d ev e lopm en t  

o f  t h e  r e d  c e l l s  were -

H a e m o c ^ to b la s t

P r o - e r y t h r o b l a s t

E a r l y  N o rm o b la s t  * E a r l y  M e g a l o b l a s t

M a c r o c y t e I n t e r m e d i a t e  N o rm o b la s t  I n t e r m e d i a t e  M e g a l o b l a s t
>]/ ■ ■    *1/

L a te  N o rm o b la s t  L a t e  M e g a l o b l a s t
V  ~  • O'

M i c r o c y t e  or  Normocyte  M a c ro c y te

(b)  The I r r e g u l a r i t y  o f  H a e m o g l o b i n i s a t i o n . C o n s i d e r a b l e  

v a r i a t i o n s  i n  t h e  s t a g e  a t  w h ich  h a e m o g l o b i n i s a t i o n  to o k  p l a c e ' w e r e  

e v i d e n t  n o t  o n l y  i n  d i f f e r e n t  c a s e s  b u t  a l s o  i n  t h e  same f i l m s .

T h e re  w e re  l a t e  n o r m o b l a s t s  w i t h  f u l l y  e o s i n o p h i l i c  c y to p la s m  or  

w i t h  p a r t i a l  e o s i n o p h i l i c  c y t o p l a s m ,  t h e r e  were e a r l y  and intermediate' 

n o r m o b l a s t s  w i t h  d e g r e e s  o f  e o s i n o p h i l i a  v a r y i n g  f rom none to  f u l l ,  ; 

and  t h e r e  w ere  g r o u p s  o f  e a r l i e r  n o r m o b l a s t s  o f  t h e  same age i n  t h e  

same f i l m  b u t  showing v a r y i n g  d e g r e e s  o f  h a e m o g l o b i n i s a t i o n .

( c ) The D im orph ic  C h a r a c t e r  of  th e  Bone Marrow Blood F i l m s .

The p r e d o m in a n t  c e l l s  p r e s e n t  were u n d o u b t e d l y  n o r m o b l a s t i c  b u t  

m e g a l o b l a s t i c  c e l l s  were  o b v io u s  i n  a l l  c a s e s  i n  v a r y i n g  p r o p o r ­

t i o n s .
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D i s c u s s i o n

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

s e v e r e  a n a e m ia  -  t h e  t r u e  e x t e n t  o f  which c o u l d  o n l y  be a p p r e c i a t e d  

by p r o l o n g e d  and  c a r e f u l  s t u d i e s  o f  th e  bone m a r r o w ^ l o o d  f i l m s .  

I n v e s t i g a t i o n  o f  t h e  p e r i p h e r a l  b lo o d  a l o n e  gave  l i t t l e  c l u e  t o  t h e  

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

c y t e s  p r e s e n t  t h a n  one would c u s t o m a r i l y  e x p e c t  i n  p u re  i r o n  

d e f i c i e n c y  an aem ia .  The bone marrow was shown to  be h y p e r p l a s t i c  

and e r y t h r o p o i e s i s  t o  be e s s e n t i a l l y  n o r m o b l a s t i c ,  b u t  w i t h  a  v e r y  

d e f i n i t e ,  i f  v a r i a b l e ,  m e g a l o b l a s t i c  a d m i x t u r e .  T r o w e l l  (1 9 4 3 / ^  

w o r k in g  i n  Uganda,  and t o  whose work t h e  w r i t e r  had  no a c c e s s  u n t i l  

19 4 4 ,  f o u n d  a  s i m i l a r  m ixed  n o r m o b l a s t i c  and m e g a l o b l a s t i c  marrow 

r e a c t i o n  i n  c a s e s  o f  m a l a r i a l  and a n c y l o s t o m i a s i s  i n f e s t a t i o n  and

l a b e l l e d  h i s  c a s e s  a s  d i m o rp h ic  anaem ia .  M en t io n  h a s  a l s o  b e en© ©
made o f  t h e  work  o f  F a i r l e y  and o t h e r s  (1937 and 193®) i n  M acedonia  

who w e re  a b l e  t o  d e m o n s t r a t e  mixed  m e g a l o b l a s t i c  and n o r m o b l a s t i c  

m arrow r e a c t i o n s  i n  m a le s  and f e m a l e s .  These  l a t t e r  w o rk e rs  d iv id e d ;
j

t h e i r  c a s e s ,  w h ich  t h e y  l a b e l l e d  as  n u t r i t i o n a l  m a c r o c y t i c  a n aem ia ,  ■

i n t o  two c l a s s e s  -  (a )  h a e m o l y t i c  and (b) n o n - h a e m o l y t i c  d i s t i n -  j

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

i n  t h e  f o r m e r  c a s e s  w hich  were  m a l a r i a l  i n  o r i g i n .  A l though  t h e

16 c a s e s  f o r m i n g  t h e  b a s i s  o f  t h i s  t h e s i s  were r e s i d e n t  i n  an

endemic  m a l a r i a l  a r e a  and 3 o f  them had p a l p a b l y  e n l a r g e d  s p l e e n s

w h ic h  c o u l d  be a t t r i b u t e d  to  c h r o n i c  m a l a r i a ,  t h e  Yan den  Bergh r e -  i

a c t i o n  i n  a l l  c a s e s  was n e g a t i v e .  The c a s e s  r e p o r t e d  by F a i r l e y  
and o t h e r s  w ere  much more s e v e r e l y  m e g a l o b l a s t i c  t h a n  t h i s  p r e s e n t  
s e r i e s  a n d ,  i n  a d d i t i o n ,  s t r i k i n g  changes  were r e p o r t e d  i n  t h e



l e u c o c y t e s  -  changes  n o t  o b s e r v e d  by t h e  w r i t e r .  These  c h a n g e s  

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

n u c l e a r  p o ly m o rp h ism ,  a t y p i c a l  e o s i n o p h i l i a ,  a m p h o p h i l  and a z u r e  I

g r a n u l e s ,  p e r f o r a t i o n  o f  th e  n u c l e u s  and c y t o p l a s m i c  v a c u o l a t i o n  J

a s  w e l l  a s  a  t e n d e n c y  t o  l e u k o p e n i a .  C y to p la s m ic  v a c u o l a t i o n  j
w as ,  h o w e v e r ,  o b s e rv e d  i n  some m y e lo c y te s  i n  t h e  w r i t e r ’ s c a s e s .  

M ixed  m e g a l o b l a s t i c  and n o r m o b l a s t i c  e r y t h r o p o i e s i s  h a s  been  n o t e d  

b y  o t h e r  w o r k e r s  m a i n l y  i n  c o n n e c t i o n  w i t h  p r e g n a n c y  and  w i t h  t h e  

m e g a l o b l a s t i c  an aem ia  known a s  t r o p i c a l  m a c r o c y t i c  o r  n u t r i t i o n a l  

a n a e m ia .  W o l f f  and L im a r z i  (1945) o b s e rv e d  t h r e e  c a s e s  o f  m ac ro ­

c y t i c  a n a e m ia  i n  30 c a s e s  o f  anaem ia  o f  p r e g n a n c y ,  b u t  d id  n o t  s a y

w h e t h e r  m e g a l o b l a s t i c  and n o r m o b l a s t i c  e r y t h r o p o i e s i s  c o u ld  be©
p r e s e n t  t o g e t h e r .  D a v id so n ,  D a v is  a t  a l i a  (1942) o b s e rv e d  t h e  

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

t h e  c o l o u r  i n d e x  c o u l d  be below u n i t y  d e s p i t e  t h e  p r e s e n c e  o f  a' 

m e g a l o b l a s t o s i s .  N a p i e r  (1940;  p o i n t e d  o u t  a l s o  t h a t  t h e  i n t e r m i x ­

i n g  o f  m a c r o c y t o s i s  and m i c r o c y t o s i s  i n  t h e  m i c r o c y t i c  anaem ia  o f  

p r e g n a n c y  i s  a p t  t o  be m i s l e a d i n g  i n  t h a t  one m ig h t  mask t h e  o t h e r  

and t h u s  c o n c e a l  t h e  d u a l  n a t u r e  o f  t h e  anaem ia .  I s r a e l s  (1941)  j
i

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

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

I t  seems p r o b a b l e  f rom  t h e  w r i t e r ’ s e x p e r i e n c e  i n  E a s t  

A f r i c a  t h a t  many c a s e s  o f  t h i s  d u a l  ty p e  o f  an aem ia  a r e  m i s s e d ,  

e s p e c i a l l y  i f  to o  much r e l i a n c e  i s  p l a c e d  on p e r i p h e r a l  b lood  

f i n d i n g s  w i t h  a  c o l o u r  i n d e x  below u n i t y , 6 n t h e  S a h l i  haemometer .

The m i s l e a d i n g  f a c t  o f  a  c o l o u r  i n d e x  below u n i t y  w a ^ p o i n t e d  o u t  

by D a v i d s o n .  D a v i s  e t  a l i a  ( 1 9 4 2 ® ,  by T r o w e l l  (194?) , and by t h e
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®  ©
w r i t e r  (1944)  . I n d e e d ,  T r o w e l l  ( 1 9 4 3 ) g o e s  so f a r  as  t o  s a y

t h a t  TTW ith  t h e  S a h l i  s c a l e  any C . l -  o v e r  0 .8 5  s h o u ld  s u g g e s t  h y p e r ­

c h r o m ia  an d  p e r n i c i o u s  a n a e m i a . TT I t  i s  p resum ed  t h a t  by p e r n i c i o u s  

a n a e m ia  he  means a  b l o o d  p i c t u r e  r e s e m b l i n g  t r u e  p e r n i c i o u s  

a n a e m ia  s i n c e  he s t a t e s  i n  t h e  same co m m unica t ion  t h a t  he fth a s  

n e v e r  s e e n  a  t r u e  c a s e  o f  p e r n i c i o u s  an aem ia  i n  an  A f r i c a n . ”

Nor h a s  t h e  w r i t e r  s e e n  or  h e a r d  o f  a t r u e  c a s e  o f  p e r n i c i o u s  

a n a e m ia  i n  an A f r i c a n  i n  E a s t  A f r i c a .  I n  t h e  p r e s e n t  s e r i e s  o f  

c a s e s ,  a l l  t h e  p a t i e n t s  had  a r e a d i l y  d e m o n s t r a b l e  a n k y l o s t o m i a s i s  :

i n f e s t a t i o n ,  t h e  p r e s e n c e  o f  w h ich  i n  a d d i t i o n  t o  c o l o u r  i n d i c e s  j

b e low  o r  i n  t h e  r e g i o n  o f  u n i t y ,  t h e  low h a e m o g lo b in  p e r c e n t a g e s  

and t h e  a p p a r e n t l y  h ypochrom ic  p e r i p h e r a l  b lo o d  p i c t u r e s ,  t e n d e d  

t o  be m i s l e a d i n g  as  t o  t h e  t r u e  n a t u r e  o f  t h e  u n d e r l y i n g  d u a l  

t y p e  o f  t h e  an a e m ia .  The q u e s t i o n  n a t u r a l l y  a r i s e s  as  t o  t h e  

r o l e  o f  a n k y l o s t o m i a s i s  i n  t h e  p r o d u c t i o n  o f  t h e  mixed m e g a l o b l a s t i c  

and  n o r m o b l a s t i c  e r y t h r o p o i e s i s  d e m o n s t r a t e d  i n  t h i s  t h e s i s .  

A c c o r d i n g  t o  S t i t t  (1945)  and o t h e r  i n v e s t i g a t o r s ,  t h e  anaem ia  

p r o d u c e d  by a n k y l o s t o m i a s i s  i s  hypochrom ic  and u s u a l l y  m i c r o c y t i c

w i t h  a c o l o u r  i n d e x  o f  l e s s  t h a n  u n i t y  i n  s e v e r e  c a s e s .  Biggam
©  ^

and G rha l ioungu i  (1934)  i n  E g y p t  o b s e rv e d  a m i c r o c y t i c  ty p e  o f

a n a e m ia  w i t h  a low c o l o u r  i n d e x  i n  o v e r  100  c a s e s ,  b u t  th e y  f a i l e d  

t o  exam ine  t h e  marrow7. On t h e  o t h e r  hand ,  D ick  & McCarthy (194v )  

w o r k i n g  i n  E a s t  A f r i c a  s t a t e d  t h a t ,  g i v e n  a good d i e t ,  a  n a t i v e  

w i t h  hookworm i n f e s t a t i o n  n e e d  n o t  d e v e lo p  anaem ia .  I n  t h e  

w r i t e r ’ s  e x p e r i e n c e  t h i s  l a t t e r  s t a t e m e n t  has  a good d e a l  o f ^ r u t h  

i n  i t ,  b u t  s h o u l d  be i n t e r p r e t e d  w i t h  c a u t i o n .  W r ig h t  (1946) i n  

Kenya w a rn s  a g a i n s t  a c c e p t a n c e  o f  Dick & McCarthy s s t a t e m e n t
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w i t h o u t  q u e s t i o n ,  and adds  t h a t  t h e r e  seems t o  be no c o n s t a n t  

r e l a t i o n s h i p  be tw een  th e  number o f  worms and t h e  d e g r e e  o f  a n a e m ia .  

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

unknown f a c t o r  l a c k i n g  i n  d i e t  t o  e x p l a i n  t h e  v a r i a t i o n s  o f  

d e g r e e s  o f  an aem ia .  The d i e t a r y  d e f i c i e n c y  a s p e c t  h a s  a l s o  b e e n  

e m p h a s i s e d  by he  Langen (1936)  , Manson-Bahr  (1940)  , T r o w e l l

(1944)  and  o t h e r s .  I n  E a s t  A f r i c a ,  a n k y l o s t o m i a s i s  would  a p p e a r  

t o  p r o d u c e  s e v e r e r  c a s e s  o f  an aem ia  i n  t h e  c o a s t a l  and low l y i n g  

a r e a s  t h a n  i n  t h e  u p l a n d  a r e a s ,  and t h e  w r i t e r  h a s  f r e q u e n t l y  

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

m o s t ,  w h i l e  h i s  more h i g h l y  p a i d  and more e d u c a t e d  c o m p a t r i o t  

s e ld o m  shows t h e  s e v e r e r  d e g r e e s  o f  an ae m ia ,  even  a l t h o u g h  he 

c a r r i e s  a  h e a v y  worm l o a d .  The d i e t a r y  a s p e c t  i s  w e l l  e m p h as ised  

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

w i t h  s e v e r e  an aem ia  and a n k y l o s t o m i a s i s  w i l l  v e r y  o f t e n  e x h i b i t  a 

r e t i c u l o c y t o s i s  on h o s p i t a l  mixed d i e t  a l o n e  w i t h o u t  t h e  a d d i t i o n  

o f  i r o n ,  and i t  would seem t o  be t h a t  t h e  c o m b i n a t i o n  o f  h o s p i t a l  

d i e t  and  i r o n  w i t h  t h e  u s u a l  s t e a d y  improvement  i n  m ost  c a s e s  i s  

s u f f i c i e n t  i n  i t s e l f  t o  d e c e i v e  t h e  b usy  c l i n i c i a n  as  t o  t h e  

p a t h o l o g i c a l  changes  o c c u r r i n g  i n  t h e  marrow.  T h is  does  n o t  im p ly ,  

o f  c o u r s e ,  t h a t  a l l  c a s e s  o f  s e v e r e  anky los tom e an aem ia  have  a 

m ix e d  m e g a l o b l a s t i c  and n o r m o b l a s t i c  bone marrow r e a c t i o n ,  b u t  i t  ; 

d o e s  im p l y  t h a t  t h e  m a j o r i t y  o f  c a s e s  have  an u n d e r l y i n g  d i e t a r y  

d e f i c i e n c y  w h ic h ,  i n  an unknown m i n o r i t y ,  may be s e v e r e  enough t o  

p r o d u c e  a  m e g a l o b l a s t i c  e r y t h r o p o i e s i s  o f  g r e a t e r  o r  l e s s e r  d e g r e e .

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

t h e s e  t r o p i c a l  m a c r o c y t i c  o r  m e g a l o c y t i c  a n a e m ia s ,  w h e th e r  t h e



-  38 -

h a e m a t o l o g y  i s  mixed m e g a l o b l a s t i c  and n o r m o b l a s t i c  o r  m e g a l o b l a s t i c

a l o n e ,  l i e s  i n  a  d i e t a r y  d e f i c i e n c y .  They d i f f e r  p r i n c i p a l l y  f rom

p e r n i c i o u s  an aem ia  i n  t h a t  t h e y  r e c o v e r  u n d e r  a p p r o p r i a t e  t r e a t m e n t ,
©

a s  f i r s t  p o i n t e d  out  by O s ie r  ( 1 9 1 9 ) > and once t h e  n u t r i t i o n a l  

e l e m e n t  i s .  im proved  t h e  anaem ia  im p ro v es .  For  t h e  m os t  p a r t ,  t h e r e ­

f o r e ,  t h e  t r o p i c a l  m e g a l o c y t i c  ( o r  m a c r o c y t i c )  ana em ia s  a r e  t h e  

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

may d e v e l o p  o n l y  when some added  f a c t o r  su ch  as  p r e g n a n c y ,  m a l a r i a ,  ! 

a n k y l o s t o m i a s i s ,  e t c . ,  i s  s u p e r im p o se d  on an a l r e a d y  weakened haemo- 

p o i e t i c  s y s t e m .  j
R e g a r d i n g  t h e  n a t u r e  o f  n u t r i t i o n a l  f a c t o r  r e s p o n s i b l e  f o r  

t h e  p r o d u c t i o n  0 % a  m e g a l o b l a s t i c  marrow r e a c t i o n ,  t h e  w r i t e r  h a s ,  

a s  many o t h e r  o b s e r v e r s  have  a lso^(notech  ( T r o w e l l ,  W i l l s ,  C l u t t e r b u c l  

D a v i d s o n ,  e t c . } ( t h e  a c c e l e r a t e d  r e s p o n s e  o f  th e  bone marrow e r y t h r o ­

p o i e s i s  when c ru d e  l i v e r  e x t r a c t s  a r e  i n j e c t e d  p a r e n t a l l y  i n
*8

a d d i t i o n  t o  t h e  u s e  o f  i r o n  m e d i c a t i o n .  W i l l s  (1938)  n o te d  t h a t  

c a s e s  o f  n u t r i t i o n a l  m a c r o c y t i c  anaemia  i n  monkeys and humans f a i l e d  

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

f a c t o r  o t h e r  t h a n  t h e  l i v e r  p r i n c i p l e  m ig h t  e i t h e r  be l a c k i n g  o r
en

i n h i b i t i n g  t h e  a c t i o n  o f  t h e  l i v e r  p r i n c i p l e .  U n p u r i f i e d  l i v e r
t -

e x t r a c t  (Campalon)  was s t a t e d  t o  c o n t a i n  two f a c t o r s  -  ( a )  a f a c t o r  

s o l u b l e  i n  s a t u r a t e d  ammonium s u l p h a t e ,  and (b) a f a c t o r  i n s o l u b l e  

i n  s a t u r a t e d  ammonium s u l p h a t e .  The s o l u b l e  f a c t o r  was c u r a t i v e  

f o r  n u t r i t i o n a l  m a c r o c y t i c  an aem ia  and t h e  i n s o l u b l e  one r e s e m b l i n g  

a n ah aem in  was c u r a t i v e  f o r  P .A .  o n ly .  A p o s s i b l e  r e l a t i o n s h i p  o f  

t h e  s o l u b l e  f r a c t i o n  t o  t h e  v i t a m i n  B2 complex ( v i z . ,  B6 ) wa8
s

s u g g e s t e d ,  and i t  was n o t e d  as  b e i n g  p r e s e n t  i n  c ru d e  l i v e r  and
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@
a u t o l y s e d  y e a s t  p r o d u c t s  ( W i l l s ,  C l u t t e r b u c k  & E v a n s ,  1^37,

®  (g> '
W i l l s  & E v a n s ,  1 9 3 8 ) .  S p i e s  (1946)  r e p o r t e d  t h a t  c a s e s  o f

n u t r i t i o n a l  m a c r o c y t i c  an aem ia  t r e a t e d  w i t h  r i b o f l a v i n ,  t h i a m i n e ,  

n e o e i n  ( n i c o t i n i c  a ) ,  c a l c i u m  p a n t o t h e n a t e ,  p y r id o x a m in e  and 

p y r i d o x a l ,  i n o s i t o l ,  p a r a - a m i n o  b e n z o i c  a c i d  and c h o l i n e  f a i l e d  

t o  r e s p o n d  w h ereas  a s c o r b i c  a c i d  m ig h t  c a u s e  a  s l i g h t  r e c i t u l o -  

c y t o s i s .  R esp o n ses  o c c u r r e d  t o  t h e  e x h i b i t i o n  o f  b e e f  m u s c l e ,

80^  a l c o h o l i c  e x t r a c t  o f  b e e f  m u sc le  or  c r u d e  l i v e r  e x t r a c t s .

I t  was d e d u c ed  t h a t  t h e  e x t r i n s i c  f a c t o r  wa3 n o t  r e s p o n s i b l e ,  

f o r  by i n c u b a t i n g  t h e  g a s t r i c  j u i c e  o f  p e l l a g r i n s  w i t h  m a c r o c y t i c  

a n a e m ia s  t o g e t h e r  w i t h  g r o u n d  b e e f  and f e e d i n g  t h i s  m i x t u r e  to  

p e r n i c i o u s  an aem ia  p a t i e n t s  r e m i s s i o n  o f  symptoms o c c u r r e d .

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

t h e  t r e a t m e n t  o f  m a c r o c y t i c  a n a em ia ,  and  f rom  t h e s e  t r i a l s  i t  was 

c o n c l u d e d  t h a t  f o l i c  a c i d  was a d e f i n i t e  a n t i - a n a e m i c  f a c t o r  

b e l o n g i n g  t o  t h e  v i t a m i n  B*. com plex .  T h is  i m p o r t a n t  work o f  S p i e s  

and h i s  c o l l a b o r a t o r s  i s  r e v i e w e d  i n  t h e  B .M .J .  ( 1 9 4 6 ) .

W ork ing  f rom  a n o t h e r  a n g l e  i n  t h e  s t u d y  o f  n u t r i t i o n a l  

d e f i c i e n c i e s  p r i n c i p a l l y  among p e l l a g r i n s  i n  S o u th  A f r i c a ,  G i l lm an  

& G i l l m a n  ( I 9 4 5 ) fo u n d  t h a t  symptoms o f  a c u t e  n u t r i t i o n a l  d e f i c i e n  

cy  were  n o t  im proved  and w ere  even i n  some c a s e s  w orsened  by t r e a t ­

m en t  w i t h  v i t a m i n  p r e p a r a t i o n s .  The p r i n c i p a l  symptoms and s i g n s  

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

oedem a,  m e n t a l  b a c k w a r d n e s s ,  v a r i o u s  m a n i f e s t a t i o n s  o f  d e r m a t o s i s ,  

a  s o f t n e s s  and b ro w n n ess  of t h e  h a i r  and a  d i m i n u t i o n  o f  t h e  

n o r m a l  b l a c k  p i g m e n t a t i o n  of  t h e  s k i n  am ount ing  t o  p a l l o r  i n  some 

c a s e s .  V e ry  f r e q u e n t l y  a s s o c i a t e d  w i t h  t h e s e  c l i n i c a l  f e a t u r e s  i s
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a n  a n a e m ia  w h ich  i s  o f t e n  m a c r o c y t i c .  G i l lm a n  & G i l lm a n  have

a l s o  d e m o n s t r a t e d  t h a t  a c h a r a c t e r i s t i c  f e a t u r e  o f  t h i s  syndrome [

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

t h e y  hav e  r e c e n t l y  shown by l i v e r  b i o p s y  t h a t  r e m a r k a b l e  improvement

o c c u r s  i n  t h e  l i v e r  and i n  t h e  o t h e r  c l i n i c a l  f e a t u r e s  when

d e s i c c a t e d  h o g ’ s s tom ach  i s  u s e d  i n  t r e a t m e n t .  T r o w e l l  ( 1 9 4 6 )

h a s  c o n f i r m e d  t h e  e f f e c t i v e n e s s  o f  t r e a t m e n t  w i t h  d e s i c c a t e d  h o g ’ s

s to m a c h  i n  some 30 c a s e s  o f  k w a s h io r k o r  i n  Uganda .  T h is  d i s e a s e ,

k w a s h i o r k o r ,  a l s o  a  n u t r i t i o n a l  d e f i c i e n c y  d i s e a s e ,  was f i r s t
©

d e s c r i b e d  i n  c h i l d r e n  by W i l l i a m s  (1933) i n  t h e  Gold C o a s t ,  and 

i t  p r e s e n t s  many f e a t u r e s  i n  common w i t h  t h e  n u t r i t i o n a l  d e f i c i e n c y  

d i s e a s e  syndrome d e s c r i b e d  i n  n e g ro  c h i l d r e n  o f  S o u th  A f r i c a  by
©

G i l l m a n  & G i l lm a n  and w i t h  t h e  syndrome d e s c r i b e d  by T ro w e l l  (1940)  

i n  E a s t  A f r i c a  and c a l l e d  by him ’’m a l i g n a n t  m a l n u t r i t i o n " .

The c l i n i c a l  f e a t u r e s  o f  t h e  16 c a s e s  h e r e  p r e s e n t e d  

e x h i b i t  many p o i n t s  i n  common w i t h  t h e  syndrome d e s c r i b e d  by T r o w e l l 1 

( 1 9 4 6 )  . The p a t i e n t s  were  l i s t l e s s  and a p a t h e t i c ,  m e n t a l l y  

somewhat d u l l  and s low  i n  a n s w e r i n g  q u e s t i o n s .  The re  was oedema,  ; 

l o s s  o f  w e i g h t ,  marked a b s e n c e  o f  s u b c u ta n e o u s  f a t ,  an u n h e a l t h y  

a p p e a r a n c e  o f  t h e  mouth  and gums and a l b u m i n u r i a  i n  a d d i t i o n  t o  a  j 

d e f i n i t e  m e g a l o b l a s t i c  e r y t h r o p o i e t i c  t e n d e n c y .  There  was. a l s o  t h e  j| 

d r y ,  s o f t ,  l i f e l e s s  a p p e a r a n c e  o f  t h e  h a i r ,  and s k i n  changes  w ere  ;| 

e v i d e n t ,  and t a k i n g  t h e  form o f  e x c e s s i v e  d . ryness  and l a c k  o f  !j

o i l i n e s s ,  a  t i g h t l y  d raw n,  t h i n ,  s h i n i n g  a p p e a r a n c e  o v e r  t h e  |

t i b i a e  i n  which  s i t u a t i o n  t h e  c o l o u r  a p p e a r e d  l i g h t e r  and b ro w n ish  g 

co m p a re d  w i t h  e l s e w h e r e .  C e r t a i n  o t h e r  s i g n s  n o t e d  by T r o w e l l  i n  

h i s  syndrome o f  m a l i g n a n t  m a l n u t r i t i o n  were  n o t  examined,  v i z . ,
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X - r a y  e x a m i n a t i o n  o f  t h e  b o w e l ,  t h e  p r e s e n c e  o f  u n d i g e s t e d  f o o d ­

s t u f f s  i n  t h e  s t o o l ,  and t h e  a l b u m e n - g l o b u l i n  r a t i o ,  b u t  t h e r e  i s  

l i t t l e  d o u b t  i n  t h e  w r i t e r ’ s mind t h a t  h i s  l 6 c a s e s  b e a r  a  s t r o n g  

r e s e m b l a n c e  t o  t h e  c a s e s  d e s c r i b e d  by T r o w e l l  i n  Uganda.  T h e i r  

d e g r e e  o f  s e v e r i t y ,  how ever ,  was p r o b a b l y  l e s s  marked,  and had  i t  

n p t  b e e n  f o r  t h e  s u p e r i m p o s i t i o n  o f  a n k y l o s t o m i a s i s  a n d / o r  m a l a r i a  

t h e y  would  p r o b a b l y  have  c o n t i n u e d  t o  e x i s t  i n  t h e i r  m a l n o u r i s h e d  

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

I n  t h e  16 c a s e s  d e s c r i b e d  and from h i s  e x p e r i e n c e  o f  

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

l o g i c a l  b a s i s  i s  a d i e t a r y  d e f i c i e n c y  or  d e f i c i e n c i e s  w h ich ,  i n  

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

d i a g n o s e ,  d i f f e r e n t i a l l y ,  f rom  su c h  d i s e a s e s  a s  p e l l a g r a *  b e r i ­

b e r i  and o t h e r  c o m p l i c a t e d  m i x t u r e s  o f  v i t a m i n  d e f i c i e n c y  con ­

d i t i o n s .  A s  h a s  b e e n  shown, t h e  d i e t  o f  t h i s  s e r i e s  o f  c a s e s  was 

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

f i r s t - c l a s s  p r o t e i n s ,  f a t s ,  m i n e r a l s  and v i t a m i n s ,  and i t  seems 

a l m o s t  i n c r e d i b l e  t h a t  so many n a t i v e s  o f  T an g a n y ik a  and Uganda 

c a n  even  s u b s i s t  on such  p o o r  d i e t s ,  b u t  i t  i s  n o t  p o s s i b l e  t o  

j u d g e  t h i s  by  E u ro p ea n  s t a n d a r d s ,  f o r  we do n o t  know what  changes  

i n  t h e  p h y s i o l o g i c a l  m ak e -u p  o f  t h e  A f r i c a n  so many y e a r s  o f  t h i s  

i m p o v e r i s h e d  t y p e  o f  d i e t  have  w ro u g h t .  I t  i s  e q u a l l y  c e r t a i n  t h a t  

a  E u r o p e a n  ac cu s to m ed  t o  a r e a s o n a b l e  mixed d i e t  would  soon ,  v e r y  

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

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

t h e  e f f e c t s  o f  c h r o n i c  s t a r v a t i o n  i n  Europeans  s u b s i s t i n g  on a  d a i l y  

d i e t  m a i n l y  o f  r i c e  (1 4  o z s . ) ,  v e g e t a b l e s  (6 o z s . ) ,  meat (3 o z s . ) ,
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c o o k i n g  o i l  (1  o z . ) ,  s u g a r  (1  o z . ) j  have  b e e n  d e m o n s t r a t e d  i n
<§> @

J a p a n e s e  r e t u r n e d  p r i s o n e r s  o f  war (G upta  1946 and P r i c e  1 9 4 6 )•

E x a m i n a t i o n  o f  a p p r o x i m a t e l y  .1 ,000  o f  t h e  i n t e r n e e s ,  m a le ,  f e m a l e

an d  c h i l d r e n ,  r e v e a l e d  m a l n u t r i t i o n  i n  a l l  c a s e s , d u e  to  h y po-

p r o t e i n a e m i a .  M a c r o c y t i c  anaem ic  was shown t o  be p r e s e n t  i n  many

c a s e s  and c o l o u r  i n d i c e s  were  somet im es  as  h i g h  as  1 . 5 *

Many o f  t h e  more s e v e r e l y  i l l  n a t i v e s  w i t h  hookworm and

a n a e m ia  im p ro v e  r a p i d l y  w i t h  i r o n  and h o s p i t a l  d i e t ,  Some r e s p o n d

s l o w l y  t o  i r o n  and h o s p i t a l  d i e t ,  b u t  show an a c c e l e r a t e d  r e s p o n s e

t o  l i v e r  i n j e c t e d  p a r e n t a l l y ,  o t h e r s  show l i t t l e  r e s p o n s e  t o

v i t a m i n s  and  i r o n  m e d i c a t i o n  a l o n e  u n l e s s  r e i n f o r c e d  by l i v e r

p a r e n t a l l y ,  and a  few d i e  d e s p i t e  a l l  fo rms o f  t r e a t m e n t .  I t  d o es

n o t  seem t o  make much d i f f e r e n c e  w h e th e r  t h e  syndrome i s  c a l l e d

m a l i g n a n t  m a l n u t r i t i o n ,  a c u t e  m a l n u t r i t i o n ,  k w a s h i o r k o r  or

t r o p i c a l  m a l n u t r i t i o n .  They a l l  p o s s e s s  many p a t h o l o g i c a l  f e a t u r e s

i n  common d e r i v e d  f rom  an u n d e r l y i n g  n u t r i t i o n a l  d e f e c t ,  and i t  i s

o n l y  t h e  more  a d v a n c e d  c a s e s  who ev e r  r e a c h  h o s p i t a l .  As S t a n n u s  
©

£1946)  p o i n t e d  o u t  a t  a c o n f e r e n c e  on n u t r i t i o n  i n  t h e  C o l o n i a l  

T e r r i t o r i e s ,  "unknown d e f i c i e n c y  d i s e a s e s  g r e a t l y  ou tnum bered  

t h o s e  a l r e a d y  known."
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C o n c l u s i o n

The w r i t e r  h a s  a t t e m p t e d ,  by d ra w in g  f rom  h i s  o b s e r v a t i o n s  

b a s e d  on s e v e n  y e a r s 1 e x p e r i e n c e ,  b acked  by t h e  p r e s e n t a t i o n  o f  16 

c o m p l e t e d  c a s e s ,  t o  r e f u t e  a !b e l i e f  a l l  t o o  w i d e l y  h e l d  i n  E a s t  j

A f r i c a  t h a t  a n k y l o s t o m i a s i s  i s ,  p e r  s e , a m a j o r  c a u s e  o f  much o f  

t h e  s e v e r e  anaem ia  fo u n d  t h e r e .  However,  when a n k y l o s t o m i a s i s  i s  | 

s u p e r i m p o s e d  upon an i m p o v e r i s h e d  p h y s i c a l  b a c k g ro u n d  p ro d u c e d  by j 

l o n g  c o n t i n u e d  su b m in im a l  n u t r i t i o n ,  t h e  body i s  u n a b l e  t o  b e a r  t h i s  j 

ad d ed  s t r a i n  and s e v e r e  d e g r e e s  o f  anaem ia  o f t e n  r e s u l t .  More 

e s p e c i a l l y  p r o n e  to  t h e  d e v e lo p m e n t  o f  t h e  anaem ia  a r e  t h o s e  who, 

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

an d  u n d e r - f e e d i n g ,  s u f f e r  f rom  t h e  d i s e a s e s  endemic i n  E a s t  A f r i c a ,
j

p r e v a l e n t  d i s e a s e s  su ch  as  m a l a r i a ,  t r o p i c a l  u l c e r s ,  b i l h a r z i a ,  

e l e p h a n t i a s i s ,  s e p s i s  and o t h e r s .  But t h e  p r e c i s e  a e t i o l o g y  i s ,  on 

t h e  w h o l e ,  o b s c u r e  and so  many f a c t o r s  e n t e r  i n t o  t h e  u l t i m a t e  ;

h a e m a t o l o g i c a l  f i n d i n g s .  A c c o rd in g  to  S p i e s  (1946) t h e  pa thogenes is! !  

o f  none  o f  t h e s e  anaem ias  ( m a c r o c y t i c  anaem ias )  i s  t h o r o u g h l y  u n d e r -  || 

s t o o d ,  and  t h e r e  i s  much c o n f u s i o n  r e g a r d i n g  d i a g n o s i s  and t r e a t m e n t ^
I

The w r i t e r ,  w h i l e  he may have done  l i t t l e  i n  t h i s  t h e s i s  t o  c o n t r i -  f 

b u t e  t o  a  c l e a r e r  u n d e r s t a n d i n g  of  t h e  c a u s e s ,  t r u s t s  t h a t  he  h a s  j 

g i v e n  some i n d i c a t i o n  o f  t h e  complex n a t u r e  of  many o f  t h e  s o -  

c a l l e d  " h y p o c h ro m ic "  a n a e m ias  a l l  to o  commonly and e r r o n e o u s l y  j

a s c r i b e d  s o l e l y  t o  t h e  e f f e c t s  o f  a n k y l o s t o m i a s i s  i n f e s t a t i o n .

The l 6 c a s e s  h e r e  p r e s e n t e d  may be t a k e n  as  r e p r e s e n t a t i v e  

o f  many more  of  a s i m i l a r  t y p e  t o  be fo u n d  i n  any of  t h e  h o s p i t a l s  

o f  many d i s t r i c t s  o f  E a s t  A f r i c a ,  and t h e  w r i t e r  i s  c o n v in c e d ,  f rom 

h i s  e x p e r i e n c e  i n  T a n g a n y ik a ,  t h a t  t h e r e  a r e  many more c a s e s  o u t o i d e .



-  44  -

t h e  h o s p i t a l s  t h a n  i n s i d e .  The t r e a t m e n t  u s u a l l y  e x h i b i t e d  i n  t h e  

w a rd s  i s  e f f e c t i v e  up to  a  p o i n t  an d ,  b e i n g  e f f e c t i v e ,  h a s  t e n d e d  

t o  o b s c u r e  t h e  u n d e r l y i n g  end t r u e  a e t i o l o g y .  The r e a s o n i n g  i s  

s i m p l e .  The p a t i e n t  h a s  a h a e m o g lo b in  p e r c e n t a g e  be low ( S a h l i )  

a n d  t h e  eggs  o f  a n k y l o s t o m i a s i s  a r e  d e m o n s t r a t e d  i n  t h e  s t o o l s ,  j 

t h e r e f o r e  g i v e  him i r o n  m e d i c a t i o n  and a  b a l a n c e d  h o s p i t a l  d i e t .  ! 

H i s  h a e m o g lo b in  p e r c e n t a g e  r e s p o n d s  by r i s i n g  t o  6 0 -70  p e r  c e n t .  

T h e r e f o r e  i t  f o l l o w s  t h a t  t h e  an aem ia  i s  due t o  i r o n  d e f i c i e n c y ,  I 

and  t h e r e ,  i n t e r e s t  c e a s e s  as  a r u l e ,  e x c e p t  i n  so f a r  as  t h e  obser-j]  

v a n c e  o f  r o u t i n e  "deworm ing” and d i s c h a r g e  o f  t h e  p a t i e n t ,  when h i s  

h a e m o g l o b i n  i s  a p p r o x i m a t e l y  JOfi, i s  c o n c e r n e d .  The p a t i e n t  h im se l f ,  

much i m p ro v e d ,  p a s s e s  o u t  f rom  t h e  h o s p i t a l  i n t o  t h a t  no -m an’ s l a n d  

b e tw e e n  p o s i t i v e  h e a l t h  and h o s p i t a l  i l l - h e a l t h ,  and ,  i n  E a s t  j

A f r i c a ,  t h e  e x t e n t  o f  t h i s  n o -m a n ’ s l a n d  i s  g r e a t ,  much g r e a t e r

t h a n  i t  i s  i n  B r i t a i n  o r  i n  any o f  t h e  more advanced  c o u n t r i e s ,  and

o f  an  e x t e n t  p e r h a p s  n o t  f u l l y  a p p r e c i a t e d  even by t h o s e  of  us 

p r a c t i s i n g  m e d i c i n e  i n  t h i s  p a r t  o f  t h e  w o r ld .

The w r i t e r  h a s  a l s o  a t t e m p t e d  t o  show t h a t  t h e  u n d e r l y i n g  

p a t h o l o g i c a l  b a s i s  r e s p o n s i b l e  f o r  morb id  c o n d i t i o n s  d e s c r i b e d  i n  ! 

h i s  c a s e s  h a s  b e e n  n u t r i t i o n a l  d e f i c i e n c y  and t h a t ,  had t h i s  ij

n u t r i t i o n a l l y  d e f e c t i v e  b a c k g ro u n d  n o t  been  p r e s e n t ,  t h e  d e g r e e  o f

a n a e m ia  w ould  have  b e e n  m i l d  and would have  conformed t o  t h e  normo- j

b l a s t i c  p a t t e r n  c h a r a c t e r i s t i c  o f  s im p le  i r o n  d e f i c i e n c y  anaemia .  

F u r t h e r m o r e , t h e  c a s e s  p r e s e n t e d  i n  t h i s  t h e s i s  b e a r  a c l o s e  

r e s e m b l a n c e  t o  t h o s e  d e s c r i b e d  by T ro w e l l  i n  Uganda under  t h e  name 

o f  m a l i g n a n t  m a l n u t r i t i o n  and t o  t h o s e  o f  W i l l i a m s  and Hughes 

i n  West  A f r i c a  and o f  t h e  G i l im a n s  i n  S o u th  A f r i c a .
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A l t h o u g h  t h e  m a j o r i t y  o f  t h e  c a s e s  o f  an aem ia  a t t r i b u t a b l e  

t o  a n k y l o s t o m i a s i s  a r e  u n d o u b t e d l y  n o r m o b l a s t i c ,  t h e r e  a r e  an 

unknown m i n o r i t y  w h ich  may be e i t h e r  d e f i n i t e l y  m e g a l o b l a s t i c  or  

m ix e d  m e g a l o b l a s t i c  and  n o r m o b l a s t i c ,  and w h ich  p r e s e n t ,  i n  v a r y i n g  

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

The e x a c t  n a t u r e  o f  t h i s  n u t r i t i o n a l  d e f i c i e n c y  i s ,  as  y e t ,  unknown 

b u t  t h e  r e c e n t  work o f  S p i e s  and o t h e r s  i n  t h e  e x h i b i t i o n  o f  f o l i c  

a c i d  i n  t h e  t r e a t m e n t  o f  n u t r i t i o n a l  m a c r o c y t i c  an aem ia  s u g g e s t s  

t h a t  t h i s  compound may c o n s t i t u t e  one o f  t h e  m i s s i n g  f a c t o r s  o f  t h e  

Y i t a m i n  B2 com plex  and be a b l e  t o  s u p p ly  a p a r t ,  a t  l e a s t ,  o f  t h e  

n u t r i t i o n a l  d e f i c i e n c y .  However,  i t  i s  n o t  c l e a r  what i s  t h e  

r e l a t i o n s h i p  b e tw e e n  t h e  a c t i v e  a g e n t  i n  d e s i c c a t e d  h o g Ts s tomach 

u s e d  so e f f e c t i v e l y  by T r o w e l l  and t h e  G i l lm a n s ,  t h e  s o l u b l e  f r a c ­

t i o n  o f  c r u d e  l i v e r  e x t r a c t  u s e d  w i t h  good r e s u l t s  by W i l l s  and 

o t h e r s ,  and  f o l i c  a c i d  i n  t h e  t r e a t m e n t  o f  m a c r o c y t i c  an aem ias .

I t  may w e l l  be t h a t  t h e r e  i s  a  c l o s e  r e l a t i o n s h i p ,  o r  i t  may be 

t h a t  t h e r e  i s  more  t h a n  one d e f i c i e n c y  f a c t o r  i n v o l v e d  i n  t h e  

syndrome o f  a c u t e  o r  m a l i g n a n t  m a l n u t r i t i o n  and m a c r o c y t i c  anaem ia  

( B . M . J . , 1 9 4 6 ) .
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Summary

, 1 .  A t t e n t i o n  i s  d raw n  t o  t h e  c u s to m ary  t y p e  o f  h o s p i t a l  t r e a t m e n t  
e c e i v e d  by t h e  p o o r e r  t y p e  o f  E a s t  A f r i c a n  n a t i v e  s u f f e r i n g

f r o m  a n k y l o s t o m i a s i s  and to  h i s  im p o v e r i s h e d  p h y s i c a l  and 
n u t r i t i o n a l  b a c k g r o u n d .

2 .  The p r e v a i l i n g  t y p e  ■ o f  d i e t  u se d  by t h e  p o o r e r  n a t i v e  i s  o u t ­
l i n e d  t o g e t h e r  w i t h  some rem arks  on h i s  economic s t a t u s .

The c l i n i c a l  f e a t u r e s  o f  t h e  16  c a s e s  of  s e v e r e  anaem ia  com­
p r i s i n g  t h e  body  o f  t h i s  t h e s i s  a r e  p r e s e n t e d  i n  d e t a i l .

4 .  The t e c h n i q u e  u s e d  f o r  p e r i p h e r a l  and s t e r n a l  marrow examin­
a t i o n s  i s  o u t l i n e d .

5 .  The t e r m i n o l o g y  f o l l o w e d  i n  t h i s  t h e s i s  i s  d e t a i l e d ,  and
e m p h a s i s  i s  p l a c e d  upon t h e  d i f f i c u l t y  o f  d i f f e r e n t i a t i o n  
b e t w e e n  c e r t a i n  c e l l s  o f  t h e  e a r l y  n o r m o b l a s t i c  and m egalo ­
b l a s t i c  s e r i e s .

6 . The p e r i p h e r a l  b lo o d  f i n d i n g s  o f  t h e  16 c a s e s  t o g e t h e r  w i t h
t h e i r  c o n c o m i t a n t  p a t h o l o g i c a l  c o n d i t i o n s  a r e  d i s c u s s e d  i n  
d e t a i l ,  and  t h e  p o s s i b l e  r o l e  p l a y e d  by m a l a r i a ,  s e p s i s ,  
f i l a r i a s i s ,  mossy  f o o t  and a v i t a m i n o s i s  (A) i n  t h e  p r o d u c t i o n  
o f  t h e  s e v e r e  an aem ia  p r e s e n t , i s  m e n t io n e d .

7. The s t e r n a l  marrow f i n d i n g s  a r e  c o n s i d e r e d  q u a l i t a t i v e l y ,  and
t h e  o u t s t a n d i n g  i m p r e s s i o n s d e r i v e d  f rom t h e i r  s t u d y . a r e  (a) 
t h e  i r r e g u l a r i t y  o f  m a t u r a t i o n  o f  t h e  e r y t h r o c y t e ,  (b) t h e  
i r r e g u l a r i t y  o f  h a e m o g l o b i n i s a t i o n ,  and (c)  th e  d im orph ic  
c h a r a c t e r  o f  t h e  an ae m ia ,  i . e . ,  t h e  marrow e x h i b i t s  a mixed 
n o r m o b l a s t i c  and  m e g a l o b l a s t i c  r e a c t i o n .

8 . The t e n d e n c y  t o  o v e r l o o k  t h e  p o s s i b i l i t y  o f  a mixed normo- f
b l a s t i c  and m e g a l o b l a s t i c  marrow, i f  too much r e l i a n c e  i s  j

' p l a c e d  on t h e  c o l o u r  i n d e x  and on th e  p e r i p h e r a l  b lood  f i n d -  j
i n g s  o n l y ,  i s  e m p h a s i s e d .

9* A t t e n t i o n  i s  d raw n t o  t h e  f a c t  t h a t  th e  fu n d am en ta l  p a th o lo g ic a l ,  
' b a s i s  o f  t h i s  m ixed  n o r m o b l a s t i c  and m e g a l o b l a s t i c  anaemia i s  

a n u t r i t i o n a l  d e f i c i e n c y  o r  d e f i c i e n c i e s ,  and t h a t  t h e  s u p e r ­
i m p o s i t i o n  o f  su ch  c o n d i t i o n s  as  m a l a r i a ,  p regnancy ,  a n k y lo s ­
t o m i a s i s  and o t h e r  d e b i l i t a t i n g  d i s e a s e s  throws an e x c e s s i v e  
s t r a i n  on an a l r e a d y  t o o  d e l i c a t e l y  p o i s e d  e r y t h r o p o i e t i c  
s y s t e m ,  so  much so t h a t  i t  b r e a k s  down and th e  r e s u l t i n g  
a b n o r m a l  e r y t h o p o i e s i s  may t a k e  t h e  form e i t h e r  of  a mixed 
n o r m o b l a s t i c  and  m e g a l o b l a s t i c  r e a c t i o n  or  of  a f r a n k  megalo­
b l a s t i c  r e a c t i o n .
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1 0 . The n a t u r e  o f  t h e  n u t r i t i o n a l  d e f i c i e n c y  o r  d e f i c i e n c i e s  .
r e s p o n s i b l e  f o r  t h e  d u a l  n a t u r e  o f  t h e  a n a e m ia  i s  d i s c u s s e d ,  
a n d  r e f e r e n c e  i s  made t o  t h e  p o s s i b l e  l i n k  up be tw een  t h e  
f a c t o r  i s o l a t e d  by W i l l s  f rom  c r u d e  l i v e r  e x t r a c t ,  t h e  f a c t o r  
( s o  f a r  n o t  i d e n t i f i e d )  i n  t h e  d r i e d  h o g ’ s s tomach  u s e d  i n  
p e l l a g r i n s  by  t h e  G i l l m a n s  i n  S o u th  A f r i c a ,  and f o l i c  a c i d  
s y n t h e s i s e d  by S p i e s  and h i s  c o l l a b o r a t o r s  and u s e d  so 
e f f e c t i v e l y  i n  m a c r o c y t i c  an ae m ias  i n  Am er ica .
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