
# / '

AU lUquiRY INTO THE PREVAtiBNCE OP HELMINTHIC 
INTESTINAL PARASITES AMONO THE NATIVES OP

EAST AFRICA TO&ETHER WITH SOME #8BRVATI0N8

ON THE TREATMENT OP HOOKWORM DISEASE.

A THESIS.

BÏ

W* K E R R  ÿ M # # ^ G h #  (  G r l& 8 ^

L a t e  G A I T A I N  8 . R .

APRIL 1 9 2 1



ProQuest Number: 27555670

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 27555670

Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



C O N T E N T  S.

I n t r o d u c t i o n .
y

A. An I n q u i r y  i n t o  t h e  P r e v a le n c e  o f  H e lm in th ic  I n t e s t i n a l  
P a r a s i t e s  aiuong th e  N a t iv e s  o f  E a s t  A i 'r i c a .

I .  M a te r i a l s  and M eth o d s . . ■

I I ,  S u rv e y  o f  th e  H e lm in th s  fo u n d ,

I I I ,  C h a r a c te r  o f  th e  I n f e c t i o n s  fo u n d .

ijp . The I n f e c t i o n s  c o n s id e r e d  i n  r e l a t i o n  t o  th e
G -eo g rap h io a l D i s t r i b u t i o n  o f th e '" I n d iv id u a l s  ex am in ed ,

V, The I n c id e n c e  and I n t e n s i t y  o f  I n f e c t i o n  i n  t h e  C o a s t ,  
I n la n d  and L ake R e g io n s ,

V I, B r i e f  A cco u n t o f  t h e  v a r i o u s  H e lm in th s  m e n tio n e d ,

V I I ,  C o n c lu s io n s ,

B* Some O b s e rv a t io n s  on th e  T re a tm e n t o f  Hookworm D is e a s e ,

I ,  A S h o r t  A ccoun t o f  Hookv/orm D ise a se ^  i t s  M orb id  A natom y, 
Sym ptom s, P r o g n o s i s  and D ia g n o s is ,

I I ,  The T re a tm e n t o f  Hookworm D i s e a s e , D rugs and M ethods 
o f  A d m in i s t r a t i o n ,  . -

I I I .  D e f i n i t i o n s  o f  ’’C u re ” ,

IV . D rugs and M ethods o f  A d m in i s t r a t io n  u se d  i n  t h i s  
S e r ie s  o f  C ases  t r e a t e d .

V, R e s u l t s  o b ta in e d  f ro m  th e  D ru g s e n ^ lo y e d .

V I. C o n c lu s io n s ,  -

R e f e r e n c e s .

I l l u s t r a t i o n s ,  .



AN INQUIRY INTO THE PREVALENCE OF HELMINTHIC INTESTINAL

PARASITES AMONG THE NATIVES OF EAST AFRICA TOGETHER WITH

SOME OBSERVATIONS ON THE. TREATMENT OF HOOKWORM DISEASE.

By. W, H o g a r th  K e r r ,  M .A ., M .B ., C h .B . , ( G la s . )  
L a te  C a p ta in  R.A.M.C* S .R .

INTRODUCTION.

The p a r t  of* th e  A f r i c a n  C o n t in e n t  known as  E a s t  A f r i c a  
G O iîp rises  r o u g h ly  t h e  s t r e t c h  o f  t e r r i t o r y  ly in g  
W tw e e n  th e  G re a t  L a k es  and th e  I n d ia n  O cean , I t  i s  
a  t e r r i t o r y  i n t o  w h ic h  E u ro p e a n  p e n e t r a t i o n  i s  o n ly  

'b e g in n in g ,  b u t  fro m  i t s  g r e a t  n a t u r a l  w e a l th  i t  i s  
a t t r a c t i n g  s e t t l e r s  i n  i n c r e a s i n g  n u m b ers . I t  i s  
d e s i r a b l e  f o r  t h e  w e  I f  Eire o f  t h i s  c o u n t r y ,  and f o r  
th e  h e a l t h  and e f f i c i e n c y  b o th  o f  t h e  E u ro p e a n  s e t t l e r  
and  o f  th e  l a r g e  r e s i d e n t  n a t i v e  p o p u l a t i o n ,  t h a t  
i n f o r m a t io n  s h o u ld  be c o l l e c t e d  c o n c e rn in g  th e  
in c id e n c e  and d i s t r i b u t i o n  o f  d i s e a s e  p ro d u c in g  
p a r a s i t e s ,  th e  b e s t  m eans o f  e i t h e r  e x te r m in a t in g  them  
o r  k e e p in g  them  i n  c h e c k ,  and t h e  m ost s a t i s f a c t o r y  
m eth o d s o f  t r e a t i n g  th e  d i s e a s e s  t h e y  p ro d u c e .

W hile  on a c t i v e  s e r v i c e  i n  E a s t  A f r i c a  d u r in g  th e  
r e c e n t  w a r I  was a t  one p e r io d  a t t a c h e d  t o  a  h o s p i t a l  
a t  D a re s s a la a m  f o r  members o f  th e  N a t iv e  L a b o u r  C o rp s , 
and  h ad  f o r  a  s h o r t  t im e  t h e  o p p o r tu n i t y  o f  e n q u i r in g  
i n t o  th e  p r e v a le n c e  o f  h e lm in th i c  i n t e s t i n a l  p a r a s i t e s  
among a d u l t  m ale  n a t i v e s ,  I  had th e  o p p o r tu n i t y  a l s o  
o f  t r e a t i n g  a  num ber o f  c a s e s  o f  Hookworm D is e a s e ,  and 
o f  n o t in g  t h e  e f f i c i e n c y  o f  c e r t a i n  a n t h e l m i n t i c s  when 
a d m in is te r e d  w i th  v a r i o u s  d o s a g e s  and i n  d i f f e r e n t  w ay s .

A. AN INQUIRY INTO THE PREVALENCE OF HELMINTHIC INTESTINAL

PARASITES AMONG THE NATIVES OF EAST AFRICA,

I ,  MATERIALS AND METHODS,

The n a t i v e s  w hose s t o o l s  w ere  exam ined  w ere  p a t i e n t s  
a d m i t te d  t o  th e  m e d ic a l  w a rd s  u n d e r  my c a r e .  T hey  w ere  
t h e r e f o r e  t o  some e x t e n t  s e l e c t e d  c a s e s  i n  t h a t  th e y  
had  g a in e d  a d m is s io n  t o  a  h o s p i t a l ,  b u t  w h i le  some o f  
th em  w ere  s u f f e r i n g  from , an  a t t a c k  o f  m a la r i a  o r  f ro m  
d i a r r h o e a ,  a  good  num ber had  o n ly  t r i v i a l  c o m p la in t s .



d i a g n o s i s  a t  t h e  A d riilss io n  Room was f a r  f ro m  e a s y ,  
p a r t l y  th r o u g h  d i f f i c u l t i e s  o f  d i a l e c t  and p a r t l y  
ow ing to  t h e  i n a b i l i t y  o f  th e  p a t i e n t  t o  d e s c r i b e  
h i s  sym ptom s. T hey  w ere  a l l  raw  n a t i v e s  e n r o l l e d  a t  
t h e i r  v i l l a g e s  t o  a c t  a s  p o r t e r s ,  and w ere  n o t  
t r a i n e d  o r  c i v i l i z e d  t o  an y  g r e a t  e x t e n t .  The 
c o n d i t i o n  o f  e a c h  c a s e  on a d m is s io n  w as n o te d ,  and 
a b o u t 30^ w ere  fo u n d  t o  be  i n  im p a ire d  h e a l t h ,  t h e  
r e m a in d e r  b e in g  a l l  s t r o n g  w e l l  n o u r is h e d  men 
a p p a r e n t l y  i n  good  g e n e r a l  c o n d i t i o n .

The m o rn in g  a f t e r  a d m is s io n  a  s t o o l  w as c o l l e c t e d  
a s  f a r  a s  was p o s s i b l e  f ro m  e a c h  new c a s e .  I t  w as • 
u s u a l l y  f a i r l y  f l u i d  i n  c h a r a c t e r  a s  a  d o se  o f  
M agnesium  s u lp h a t e  w as g iv e n  a s  à  r o u t i n e  m easu re  on 
a d m is s io n .  S m all p o r t i o n s  o f  th e  m o tio n  t a k e n  f ro m  
s e v e r a l  p a r t s  o f  i t  w ere  p u t  t o g e t h e r  i n  a  j a r ,  w h ich  
w as l a b e l l e d  and s e t  a s id e  f o r  e x a m in a t io n .  The r e m a in d e r  
o f  t h e  s t o o l  w as a t  th e  same tim e  b ro k e n  up and s e a rc h e d  
f o r  o b v io u s  p a r a s i t e s  su c h  a s  worms and tapew orm  
se g m e n ts . The d e t a i l e d  e x a m in a t io n  o f  th e  s t o o l  w as 
made i n  th e  l a b o r a t o r y  o f  th e  H o s p i ta l  u n d e r  th e  
d i r e c t i o n  o f  C ap té  THORNTON R.A .M ,C. t o  whom I  t a k e  
t h i s  o p p o r tu n i t y  o f  t e n d e r in g  my th a n k s  f o r  th e  c o r d i a l  
c o - o p e r a t i o n  w h ic h  g r e a t l y  f a c i l i t a t e d  my w o rk . F r e s h  
p r e p a r a t i o n s  w ere  a lw a y s  em p lo y ed . A s m a l l  p i e c e  o f  
th e  s t o o l  w as e m u ls i f i e d  w i th  a b o u t  t h r e e  t im e s  i t s  
volum e o f  w a te r  and  a  few  d ro p s  o f  th e  e m u ls io n  w ere  
p la c e d  on  th e  s l i d e  and ex am in ed . A sp e c im e n  f ro m  a  
seco n d  s t o o l  w as exam ined  a b o u t  7 d ay s  l a t e r  i f  th e  
p a t i e n t  w as s t i l l  i n  h o s p i t a l .  The se c o n d  e x a m in a t io n  
so m etim es r e v e a le d  o va  n o t  fo u n d  on th e  f i r s t  e x a m in a t io n .  
T h ird  and f o u r t h  e x a m in a t io n s  p ro d u c e d  s i m i l a r  b u t  
r a p i d l y  d im in i s h in g  r e s u l t s .  21 n a t i v e s  had t h e i r  s t o o l s  
exam ined  6 t im e s  and one i n f e c t i o n  o f  T r ic h o c e p h a lu s  
d i s p a r  p r e v i o u s l y  m issed  was th e  s o le  r e s u l t .  On th e  
w hole t h r e e  o r  a t  m ost f o u r  e x a m in a t io n s  b y  th e  sm ear 
m ethod may be c o n s id e r e d  t o  r e v e a l  a l l  th e  p a r a s i t e s  
p r e s e n t  i n  m ost c a s e s .  As t h e  e x ig e n c e s  o f  th e  s e r v i c e  
d id  n o t  p e r m it  o f  a l l  t h e  c a s e s  h a v in g  t h e i r  s t o o l s  
exam ined  f o u r  t i m e s ,  and a s  c o n c e n t r a t i o n  n ie th o d s  
r e q u i r i n g  a  c o n s id e r a b l e  t im e  i n  c a r r y i n g  o u t  c o u ld  n o t  
"èe u se d  a s  a  r o u t i n e  m e th o d , th e  a c t u a l  in c id e n c e  o f  
t h e  p a r a s i t e s  fo u n d  may be c o n s id e r e d  t o  be som ew hat 
h ig h e r  th a n  i s  g iv e n  b y  th e  f i g u r e s  show n,

IT^ SURVEY OF THE HELMINTHS FOUND, '

As a  r e s u l t  o f  th e  e x a m in a t io n  o f  t h e  s t o o l s  o f  
280 E a s t  A f r ic a n  N a t iv e s  193 o r  6 8 .9 ^  w ere  fo u n d  t o  be 
i n f e c t e d  w i th  H e lm in th s ,  E ig h t  d i f f e r e n t  H e lm in th s  w ere  
fo u n d  to  o c c u r ,  f o u r  v e r y  com m only, tw o l e s s  commonly 
and  tw o o n ly  r a r e l y .  The f o u r  common p a r a s i t e s  w ere  a l l



NEMATOm, v i z .  NEGATOR AMSRICANIJS, TRICHOCEPHALUS 
DISPAR, STRONGYLOIDES STEHCORALIS and ASCARIS 
LÜMBRICOIDES g iv e n  i n  o r d e r  o f  f r e q u e n c y .  The tw o 
l e s s  coriimon w ere  one CESTODE, TAENIA SAGINATA, and 
one TRBMATODE, SCHISTOSOMA MANSONI, The tw o r a r e  
p a r a s i t e s  w e re  one CESTODE, BOTHRIOCEPHALUS LATÜS, 
and one NEMATODE, OXYURIS VERMICULARIS, e a c h  b e in g  
fo u n d  once o n ly .  The l a s t  i s  p r o b a b ly  f a i r l y  common 
b u t  i t s  o v a  a r e  r a r e l y  s e e n  on m ic ro s c o p ic  e x a m in a t io n  
o f  f a e e è s .

The f o l lo w in g  t a b l e ,  TABLE, I , ,  g iv e s  th e  
num ber o f  t im e s  e a c h  p s r a s i t e  w as r e p o r t e d ,  and th e  
p e r c e n ta g e  o f  th o s e  exam ined fo u n d  t o  be i n f e c t e d  w i t h  
i t .  I n  c o m p il in g  t h i s  t a b l e  when tw o o r  m ore p a r a s i t e s  
w e re  fo u n d  t o g e t h e r  i n  th e  same i n d i v i d u a l  e a c h  
p a r a s i t e  h a s  b een  re c k o n e d  a s  a  s e p a r a t e  p o s i t i v e  
f i n d i n g .

The r e l a t i v e  f r e q u e n c y  o f  t h e  d i f f e r e n t  H e lm in th s  
i s  s u c h  a s  m ig h t b e  e x p e c te d  fro m  a  c o n s i d e r a t i o n  o f  
t h e  mode o f  i n f e c t i o n  f o r  e a c h .  I n f e c t i o n  w i th  
N em atodes i s  d i r e c t l y  due t o  f a e c a l  c o n ta m in a t io n  o f  
t h e  s o i l .  The o v a  may be sw a llo w e d , o r  th e  l a r v a e  may 
p e n e t r a t e  th e  s k i n ,  b u t  no in t e r m e d i a t e  h o s t  i s  
r e q u i r e d  t o  c o m p le te  th e  l i f e  c y c l e .  When we c o n s id e r  
t h a t  th e  d i s p o s a l  o f  th e  n i g h t - s o i l  among th e  
n a t i v e s  i s  m ost c a s u a l ,  t h a t  th e y  e a t  w i th  unw ashed 
f i n g e r s  and go b a r e f o o t ,  i t  i s  n o t  s u r p r i s i n g  t h a t  
t h e  in c id e h b e  o f  Nem atode i n f e c t i o n  among them  i s  h ig h .  
B o th  C e s to d e s  and T re m a to d es  r e q u i r e  i n t e r m e d i a t e  
h o s t s  t o  c o m p le te  t h e i r  l i f e  c y c l e .  The mode o f  
i n f e c t i o n  i s  t h e r e f o r e . a  s p e c i a l  one and in v o lv e s  th e  
e a t i n g  o f  raw  o r  im p e r f e c t l y  cooked  f l e s h  i n  th e  one 
c a s e ,  and th e  com ing i n t o  c o n t a c t  w i th  w a te r  c o n ta in in g  
th e  a p p r o p r i a t e  i n t e r m e d ia t e  h o s t  i n  t h e  o t h e r .  The 
in c id e n c e  o f  i n t e s t i n a l  p a r a s i t e s  o f  t h e s e  tw o c l a s s e s  
e v e n  w h ere  m ost common i s  n e v e r  v e r y  h ig h .  I n  P o r to  
R ic a  w h ere  th e  c o n d i t i o n s  i n  t h e  r u r a l  d i s t r i c t s  a r e  
m ost f a v o u r a b le  f o r  S, m ansonl^ and w h ere  i t  i s  known 
t o  be e n d e m ic , th e  in c id e n c e  h a s  n e v e r  b e e n  fo und  t o  
e x c e e d  7 ,8 ^  (HICKEY) (1 5 ) ,  I n  th e  P r e s id e n c y  o f  
M adras w h ere  th e  Hookworm in c id e n c e  a p p ro a c h e s  100^ t h e  
Tapeworm in c id e n c e  i s  l e s s  th a n  IJ^ (MHASKAR) (8S) I n  t h i s  
s e r i e s  o f  E a s t  A f r i c a n  N a t iv e s  exam ined  th e  in c id e n c e  o f  
Tapeworm s i s  and a s  w i l l  b e  s e e n  l a t e r  th e  in c id e n c e
o f  S. m an so n i among n a t i v e s  f ro m  Lake V i c t o r i a  Nyanza. i s  
o v e r  8 ^ .

I I I .  GHARACTER OF THE INFECTIONS FOÜHD,
Aruong th e  193 i n d i v i d u a l s  who w ere  fo u n d  t o  be 

h a r b o u r in g  H e lm in th s  SINGLE, DOUBLE, TRIPLE and 
QUADRUPLE INFECTIONS w ere  p r e s e n t .  TABLE I I ,



cT

TABLE I .

HELMINTHS FOUND ON EXAMINING THE STOOLS IN 280 CASES.

CASES INFECTED. $  INFECTEDPARASITE.

0

N e c a to r  a n B r lo a n u s  146,

T r ic h o c e p h a lu s  d i s p a r ,  57 ,

S t r o n g y lo id e s  s t e r e o r a l i s  4 6 ,

A # o a ri8  l u i i h r i c o i d e s , 27 ,

O x y u ris  v e r m i c u l ^ r i s ,  1 ,

52 ,1 4 .  

20 .3 5 ,  

16 .4 3 ,  

9 .6 4 ,  

. 3 6 .

aIo T a e n ia  s a g i n a t a ,  

B o t l i r io o e p h a lu s  l a t u s .

9 .

1.
3 ,2 1 .  

.3 6 ,

a ^

I s

S c h is to s o m a  a a n s o h i . 6 . 2 .1 4 ,



ù

A . SINGLE INFECTIONS, TABLE I I I .

ISO o r  4 ^  o f  th e  t o t ^ l  exam ined  had  S in g le  I n f e o t i  o n s .
A i l  th e  p a r a s i t e s  r e p o r t e d  w ere  fo u n d  o ç c u r in g  a lo n e  a s  
S in g le  I n f e c t i o n s  e x c e p t  B, l a t u s  w h ic h  o c c u re d  o n ce  
o n ly  and t h e n  a s  one o f  t h e  m em bers o f  a T r i p l e  I n f e c t i o n .  
No p a r t i c u lE i r  p a r a s i t e  was r e l a t i v e l y  moi-e common t h a n  
a n o th e r  a s  a  S in g le  I n f e c t i o n .  The o r d e r  o f  f r e q u e n c y  
i s  th e  same a s  i n  TABLE I I .  w h ic h  g iv e s  th e  t o t a l  
i n f e c t i o n s ,

B, DOUBLE INFECTIONS. TABLE IV .

; 49 n a t i v e s  . o r  1 7 .5 ^  o f  th e  w h o le  had D ouble I n f e c t i o n s ,  
■These c o n s i s t e d  i n  a l l  b u t  4  c a s e s  o f  Two N em sto d es.
Of th e  r e m a in in g  4  c a s e s  T r ic h o c e p h a lu s  d i  s p a r  w as 
A s s o c ia te d  w i th  T, s a g i n a t a  i n  3 c a s e s^ a n d  N, a m e r ic a n u s  
w i th  S , m anson i i n  1 c a s e .  N a m e r ic a n u s  was p r e s e n t  
i n  42  o f  th e  49  c a s e s ,

C. TRIPLE INFECTIONS. TABLE V.

T r i p l e  I n f e c t i o n s  fo u n d  num bered  21 and w ere  p r e s e n t  
i n  7 .5 ^  o f  th e  n a t i v e s  ex am in ed . I n  15 c a s e s  t h r e e  
N em atodes w ere  fo u n d  t o g e t h e r .  I n  th e  r e m a in in g  6 c a s e s  
two N em atodes w ere  a s s o c i a t e d  w i t h  S. m anson i i n  3 
o a s e s ,  and  w i th  a  Tapeworm  i n  3 Cf s e s .  N, a m e r ic a n u s  was 
p r e s e n t  i n  20 c a s e s ,  and  th e  m ost f r e q u e n t  c o m b in a t io n  
w as N, a m e r ic a n u s ,  T r ic h o c e p h a lu s  d i s p a r ,  and 
S t r o n g y lo id e s  s t e r e o r a l i s .  A l l  th e  p a r a s i t e s  fo u n d  w ere  
p r e s e n t  a s  members o f  a  T r i p l e  I n f e c t i o n  e x c e p t  0 , 
y e r m i c u l a r i s , vvhich l i k e  B. l a t u s  was fo u n d  once o n ly ,

p .  QUADRUPLE INFECTIONS. TABLE V I .

Of Q u a d ru p le  I n f e c t i o n s  t h e r e  w ere  5 o r  j u s t  o v e r  
1 ^ . T hese  i n f e c t i o n s  a r e  s p e c i a l l y  i n t e r e s t i n g  a s  i n  
t h e s e  3 c a s e s  t h e r e  a r e  p r e s e n t  a l l  th e  p a r a s i t e s  w h ic h  
w ere  fo u n d  more t h a n  o n c e . They su m rm rize  s t r i k i n g l y  
w h at becom es e v id e n t  w hen we c o n s id e r  th e  p a r a s i t e s  
a s s o c i a t e d  t o g e t h e r  i n  th e  d i f f e r e n t  m u l t i p l e  i n f e c t i o n s ,  
.There i s  h e r e  m e re ly  a  s e r i e s  o f  m a th e m a tic a l  

J c o m b in a t io n s ,  and t h e  a p p e a r in g  o f  a p a r a s i t e  i n  a  
jc o m b in a tio n  d ep en d s  on i t s  own f r e q u e n c y  o f  i n c i d e n c e ,  
and i s  n o t  a f f e c t e d  by  th e  o t h e r  members o f  th e  
c o m b in a tio n ^  T h ese  p a r a s i t e s  a l l  seem  t o  be a b le  t o  l i v e  
and  f l o u r i s h  a lo n g s id e  one a n o t h e r ,  and no one o f  th em  
seem s t o  e x e r t  a n  i n h i b i t a r y  i n f lu e n c e  on a n o th e r .  The 
nuiiiber o f  H e lm in th s  a  p e r s o n  may h a r b o u r  i n  h i s  i n t e s t i n e  
d e p e n d s  t h e r e f o r e  on th e  o p p o r tu n i t y  he h a s  had  o f  
p i c k i n g  up i n f e c t i o n .

T h ese  M u l t ip le  I n f e c t i o n s  d e m o n s trs ite  t h a t  one t o  f o u r  
N em atodes c a n  f r e q u e n t l y  be  a c q u i r e d  a s  i n t e s t i n a l  
p a r a s i t e s  and  t h a t  a  Tapeworm o r  S. m anson i c a n  be added  t o  
th em  sh o u ld  th e  o p p o r tu n i ty  f o r  i n f e c t i o n  o c c u r .



TABLE I I .

CHARACTER OF THE INFECTIONS FOUND.

INFECTION.
i i J S c t e d , : IIŒ’ÆTED,

S in g le  I n f e c t i o n s . 1 20 . 4 2 .9 .

D oub le  ” 4 9 . 1 7 .5 .

T r i p l e  " 2 1 . 7 .5 .

Q u ad ru p le  ” 3 . 1 .0 .

T o ta l  ” 193 , 6 8 .9 .

N ot I n f e c t e d , 8 7 , 3 1 .1 ,

TABLE I I I .

SINGLE INFECTIONS. 1 2 0 .

. HELMINTHS NO.

N e c a to r  a m e r ic a n u s . 8 1 .

T r ic h o c e p h a lu s  d i s p a r . 16 .

S t r o n g y lo id e s  s t e r c o r a l i s . 15 .

A s c a r is  lu m b r ic o id e s . 3,

O x y u ris  V e r n d c u la r i s . 1 .

T a e n ia  s a g i n a t a . 3 .

S c h is to so m a  n a n s o n i .
) ' 1 .



TABLE. IV.

DOUBLE INFECTIONS. 4 9 .

S

HELMINTHS, NO.

N e c a to r

T r î  c h o c e p h a lu s
If

& T r ic h o c e p h a lu s ,  18 .

& S t r o n g y lo id e s .  14 .

& A s c a r i s .  9 .

& S. m a n so n i, 1 ,

S t r o n g y lo id e s .  2 ,

& T. s a g i n a t a .  3 .

& A s c a r i s .  2 ,

TABLE V.

TRIPLE INFECTIONS, 21 ,

HELMINTHS. ' NO,

N e c a to r ,  A s c a r i s  & T r ic h o c e p h a lu s ,  4 ,

” ” S t r o n g y l o i d e s , 3.

” ” & T. s a g i n a t a ,  1 ,

” ” &, S, m an so n i, 2.

” T r ic h o c e p h e lu s  & S t r o n g y lo id e s ,  8 ,

” ” & B o th r io c e p h a lu s ,  1 ,

" -  ” & S ,m a n so n i, 1.

S t r o n g y l o i d e s , T r ic h o c e u liA lu s  & T , s a g i n a t a ,
. , 1 .



TABLE V I. 

..QUADRUPLE INFECTIONS. 3.

HELMINTHS. No.

N e c a to r ,  A s c a r i s ,  S t r o n g y lo id e e  & T r ic h o c e p h a lu s ,  1 .

” & T s a g i n a t a .  1 .

” " " &. S .m a n s o n i. 1 .

a/

'/'f .



IV . THE INFECTIONS CONSIDERED IN RELATION TO THE 
GEOGRAPHICAL DISTRIBUTION OF THE INDIVIDUALS 
EXAMINED.

The p a r t  o f  EAST AFRICA t o  w h ic h  t h e  n a t i v e s  exam ined 
b e lo n g e d  l i e s  r o u g h ly  b e tw e e n  th e  E q u a to r  and IS  
d e g r e e s  S o u th , and b e tw e e n  th e  3 4 th .  and 4 0 th .  d e g re e  
o f  L o n g itu d e  E a s t  o f  G re en w ich . I t  i s  a b o u t 1300 
m ile s  lo n g  b y  600 m ile s  b ro a d  and i s  t h r e e  q u a r t e r s  
o f  a  m i l l i o n  s q u a re  m i le s  i n  e x t e n t .

P o l i t i c a l l y  i t  em b races  p a r t  o f  UGANDA, KENYA COLONY 
( f o r m e r ly  B r i t i s h  E a s t  A f r i c a )  , The TANGANYIKA 
TERRITORY ( fo r m e r ly  Gerxuan E a s t  A f r i c a )  , and 
PORTUGESE EAST AFRICA. C l i m a t i c a l l y  i t  l i e s  e n t i r e l y  
w i t h i n  th e  T r o p i c s ,  b u t  i t  i s  d iv id e d  n a t u r a l l y  i n t o  
t h r e e  d i s t i n c t  r e g io n s  f ro m  E a s t  t o  W est. F i r s t  t h e r e  
i s  th e  low l y i n g  C o a s t B e l t  w h ic h  i s  f l a t  and m o i s t ,  
swampy i n  p l a c e s  and e x tr e m e ly  h o t .  A bout 100 to  
150 m ile s  i n l a n d  th e  la n d  r i s e s  p r e t t y  a b r u p t ly  to  
a  p l a t e a u  v a r y in g  i n  h e ig h t  f ro m  3000 t o  8000 f e e t .
The G re a t  R i f t  V a l l e y  c l e a v e s  t h i s  p l a t e a u  fro m  
N o rth  t o  S o u th . The s u r f a c e  o f  t h i s  h ig h  la n d  c o n s i s t s  
o f  r o l l i n g  b u sh  c o v e re d  p l a i n s  i n  w h ic h  game o f  a l l  
k in d s  a b o u n d s . I t  i s  d ry  and f a i r l y  h e a l t h y .  The h e a t  
b y  d ay  i s  n o t  e x c e s s iv e  and th e  n i g h t s  a r e  c o o l .  To 
t h e  W est th e  la n d  f a l l s  a g a in  t o  t h e  s h o r e s  o f  t h e  
G re a t L ak es  w here  i t  i s  once m ore h o t.  and X iiolst.

N a t iv e s  fro m  a l l  t h r e e  r e g io n s  w ere  e n r o l l e d  a s  P o r t e r s  
u s u a l l y  a t  t h e  c h i e f  tow ns o r  v i l l a g e s  i n  th e  more 
t h i c k l y  p o p u la te d  d i s t r i c t s .  M embers o f  s e v e r a l  
t r i b e s  m ig h t be e n r o l l e d  i n  t h e  same to w n , b u t  th e  
c h a r a c t e r  o f  th e  c o u n t r y  th e y  o c c u p ie d  and t h e i r  
h a b i t s  and custoxus w ould  be f a i r l y  s ix id la r .  I n  a l l  
b u t  9 c a s e s  th e  name o f  th e  d i s t r i c t  i n  w h ic h  e a c h  
man e n r o l l e d  w as n o te d .

MOMBASA, TANGA, DARESSALAAM, LIN D I, and PORT AMELIA 
a l l  l i e  on  th e  c o a s t ,  and v a r y  i n  s i z e  f ro m  
D are8 s a la a m  w i th  a  n a t i v e  tow n  o f  4 0 ,0 0 0  i n h a b i t a n t s  
t o  P o r t  A m elia  w i t h  a  p o p u l a t i o n  o f  a  few  h u n d r e d s ,  
MOMBASA i s  th e  P o r t  f o r  K enya C o lo n y  and i s  a n  o ld  
i n s a n i t a i y  A rab  to w n . PORT AMELIA i s  i n  P o r tu g u e s e  
E a s t  A f r i c a .  The o t h e r s  a r e  a l l  i n  T a n g a n y ik a  
T e r r i t o r y  o f  w h ic h  DARESSALAAM i s  th e  C a p i t a l .  The 
n a t i v e s  on th e  C o a s t a r e  a l l  c a l l e d  S w a h i l i  b u t  th e y  
a r e  o f  m ixed b lo o d  and o f  xxiany t r i b e s .  T hey  n a t u r a l l y  
have  b e e n  m ost a f f e c t e d  b y  th e  i n f l u e n c e s ,  good  and 
b a d ,o f  c i v i l a t i o n .  NAIROBI i s  th e  c a p i t a l  o f  KENYA 
COLONY. I t  i s  s i t u a t e d  a t  a  h e ig h t  o f  6000 f t .  above 
s e a  l e v e l .  The n a t i v e s  t h e r e  a r e  WAKIKUYU an  
a g r i c u l t u r a l  and  p a s t o r a l  p e o p le .  VOI l i e s  a b o u t  
m idway b e tw e en  NAIROLI and  MOMBASA and i s  on  th e  
in la n d  h ig h  r e g io n .  MOCHI and ARUSHA a r e  on th e  
s lo p e s  o f  M t. KILIMANJARA i n  th e  TANGANYIKA TERRITORY. 
DODOMA, MOROGORO, and IT IG I a r e  l a r g e  n a t i v e  v i l l a g e s

/C
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l y in g  tw o o r  t h r e e  h u n d re d  m ile s  in la n d  fro m  
DARSSSALAAM, and a re  c e n t r e s  f o r  s e v e r a l  l a r g e  
m o d e ra te ly  p o p u la te d  a r e a s .  The n a t i v e s  h e r e  l i v e  in  
t h e i r  p r i m i t i v e  s t a t e ,  w e a r  l i t t l e  c l o t h i n g  and s u b s is t f  
c h i e f l y  on m eal g ro u n d  fro m  iiia iz e , MNANZA and KISUI# 
a r e  s i t u a t e d  on th e  s h o r e s  o f  Lake V i c t o r i a  N yanza,
The p e o p le s  l i v e  b y  c u l t i v a t i n g  th e  s o i l  and f i s h i n g ,
UGANDA i s  a  B r i t i s h  P r o t e c t o r a t e  l y in g  ro u n d  th e  
N o r th  o f  th e  L a k e , The B aganda t h e  p r i n c i p a l  t r i b e  a r e  
th e  m ost i n t e l l i g e n t  o f  a l l  t h e  B a n tu  r a n  e s  i n  E a s t  
A f r i c a ,  and  hav e  b ee n  c l t e i l i a e d  ajid e d u c a te d  t o  some 
e x t e n t  by  th e  M is s io n s .

The num ber i n f e c t e d  w i th  H e lm in th s ,  and th e  num ber 
o f  a  S in g le  and M u l t ip le  I n f e c t i o n s  fo u n d  among th e  
n a t iv e s ,  exam ined f ro m  e a c h  d i s t r i c t  i s  g iv e n  i n  TABLE
V I I . , and th e  r e s p e c t i v e  p e r c e n ta g e s  i n  TABLE V I I I .  The 
p l a c e s  f ro m  w h ic h  6 o r  l e s s  i n d i v i d u a l s  w ere  exam ined 
a s  i i ig h t  be e x p e c te d  fo rm  th e  e x t  re in e s . The f i g u r e s  fo u n d  
f o r  t h e  o t h e r  p l a c e s  a r e  f a i r l y  c o n s i s t e n t  and do n o t 
v a r y  v e r y  w id e ly .  Among th e s e  th e  h i g h e s t  in c id e n c e  o f  
i n f e c t i o n  i s  fo u n d  f o r  IvWANZA on t h e  L ake w here  11 o u t  
o f  12  o r  91 . 7fo w ere  i n f e c t e d .  I t  i s  fo llo w e d  by  UGANDA 
a l s o  i n  th e  L ake R e g io n  and  LIITDI on th e  C o a s t  w i th  88. 3^ 
e a c h . The lo w e s t  a re  IT IG I and NAIROBI b o th  I n la n d  w i th  
j u s t  o v e r  5 5 ^ . The in c id e n c e  o f  S in g le  I n f e c t i o n s  
c o r re s p o n d s  v e r y  c l o s e l y  t o  t l i a t  o f  th e  T o ta l  I n f e c t i o n s  
and v a r i e s  b e tw e en  34^ and 6 6 .7 ^ , D o u b le  I n f e c t i o n s  
ra n g e  b e tw e en  5 .3 ^  find 3 1 .5 ^  and w ere  fo u n d  f o r  e a c h  
o f  th e  d i s t r i c t s  we a r e  now c o n s id e r i n g .  The T r i p l e  
I n f e c t i o n s  v a r y  w i t h i n  s m a l l e r  l i n d t s ,  b e tw e e n  5 . : ^  
and 1 6 .7 ^ ,  and w ere  n o t  fo u n d  f o r  DODOMA and  NAIROBI, 
b o th  in la n d  p l a c e s .  Q u a d ru p le  I n f e c t i o n s  w ere  fo u n d  3 
t im e s  o n ly ,  tw ic e  f o r  KISUMU and once f o r  MOMBASA, b e in g  
i n  4 .2 ^  and 5 . ^  o f  t h e  n a t i v e s  exam ined  r e s p e c t i v e l y .
KISUMU g iv e s  th e  m ost c o n s i s t e n t l y  h ig h  r a t e s  o f  
& IU ltip le  I n f e c t i o n s ,  and  f o r  KISUMU and MOMBASA a lo n e  do 
th e  M u l t ip le  I n f  e c t i o n s  .e x c e e d  the. S in g le  I n f e c t i o n s ,  The 
num ber o f  t im e s  e a c h  H e lm in th  was fo u n d  among th e  n a t i v e s  
exam ined f ro m  t h e " d i f f e r e n t  D i s t r i c t s  i s  g iv e n  i n  TABLE I X . ,  
and th e  r e s p e c t i v e  p e r c e n ta g e  i n  TABLE X.

I f  we a g a in  o m it th e  e x tr e m e s ,  t h e  p l a c e s  f ro m  w h ich  6 
o r  l e s s  i n d i v i d u a l s  w ere ex a m in e d , we f in d  N, a m e r ic a n u s ,
T. d i s p a r ,  and S. s t e r c o r a l i s  r e p o r t e d  f o r  e a c h ,  and A, 
lu m b r ic o id e s  f o r  a l l  e x c e p t  tw o , naxuely DODOMA and MUBOGORO 
b o th  i n  th e  i n t e r i o r  o f  The T a n g a n y ik a  T e r r i t o r y .  T h ese  
f o u r  h e lm in th s  h av e  t h e r e f o r e  a  u n i v e r s a l  d i s t r i b u t i o n .  ■
The h i g h e s t  in c id e n c e  f o r  N\ a m e r ic a n u s  i s  g iv e n  b y  LINDI 
w i th  75fo and th e  lo w e s t  by  NAIROBI w i th  JS ® . 37^ . NAIROBI 
a l s o  g iv e s  th e  lo w e s t  in c id e n c e  f o r  S . s t e r c o r a l i s  w i th  
3 .7 ^ ,  th e  h i g h e s t  f o r  t h i s  H e lm in th  b e in g  MWANZA w i th  3 3 .3 ^ .  
T . d i s p a r  i s  m ost p r e v a l e n t  a t  MOÎ,ÏBASA on  t h e  Coast.
47.3^0, and l e a s t  so  a.t IT IG I ,  in la n d  w i th  2 .6 ^  A. 
lu m b r ic o id e s  i s  th e  l e a s t  common o f  th e  f o u r .  I t s  h i g h e s t
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TABLE. F I I .

NUMBER OP TIMES SINGLE AND MULTIPLE INFECTIONS WERE 
FOUND AMONG THE NATIVES EXAMINED FROM THE DIFFEREI^ 
DISTRICTS.

DISTRICT. REGION.
No.
EXAM.

No.
IN F. SING. DOUB. TR IP. QUAD.

TANGA C o a s t . 3. 3. 2 . 1. - -

MWANZA. L ak e . 1 2 . 1 1 . 8 . 2 . 1 . ' -

UGANDA. » 1 2 . 1 0 . 7 . 1 . . 2, -

LIN D I. C o a s t . 1 2 . 1 0 . 7 . 1 . 2 . , -

MOMBASA. n 1 9 . 1 5 . 7 . 6 . 1. 1.

K I8 # U v L a k e . 4 7 . 35 . 16 . : 1 0 . 7 . 2 .

i n l a n d • 1 1 . 8 . s . 3. -

"DARE S SALAAM. C o a s t . 63 . . 4 3 . 28 . 1 1 . 4 . -

ËOROGORO. I n la n d . 16 . 10 . 8 . 1 . 1 . -

NAIROBI. w 2 7 . 15. 1 0 . 5 . - -

IT IG I. « 38 . 2 1 . 1 6 . 2 . 3 . -

6 . g y b p 3 . — -

PORT AMELIA iCo a s  t . 2 . 1 . . . - -

ARUSHA. i n l a n d . 2 . 1 . 1 . - — ■ -

"VO I  é aiMfe" „. .  .. — ' —



TABLE V I I I .

PERCENTAGE OF SINGLE AND MULTIPLE INFECTIONS FO'JND AMONG 
THE NATIVES EXAMINED FROM THE DIFFERENT DISTRICTS.

DISTRICT., REGION.
No.
EXAM.

io
IN F. SING. DO'JB. TR IP .

i r
q,UAD.

TANGA. C o a s t . 3 . 1 0 0 . 6 6 .7 3 3 .3 — -

MWANZA. L a k e , 12 . 9 1 .7 .6 6 .7 . 1 6 .7 . 8 . 3

UGANDA. n 12 . 8 3 . 3 .5 8 .3 8 .3 . 1 6 .7

L IN D I. C o a s t . 1 2 . 8 » . 3 . 5 8 .3 . 8 . 3 . 1 6 .7

MOMBASA. n 1 9 . 7 8 .9  3 6 .8 3 1 .5 5 .3 5 . 3

KISUMU. L ake. 47. 7 4 .4  3 4 .0 2 1 .3 1 4 .9 4 .2

DODOMA. I n la n d . 1 1 . 7 2 .7  4 5 .4 2 7 .2 -

DARESSALAAM. C o as t. 63 . 6 8 .2  4 4 .4 1 7 .5 6 .3 . -

MOROGORO. I n l a n d . 16 . 6 2 .6  5 0 .0 5. 3 6 .3 —

NAIROBI. If 2 7 . 5 5 .5  3 7 .0 1 8 .5 - —

IT IG I. ft 38. 5 5 .2  4 2 .1 5 .  3 . 7 .8

MOCHI. If 6 . 5 0 .0  - 5 0 .0 -

PORT AM ELIA.Coast. 2 . 5p.O  5 0 ,0 - —

ARUSHA. I n la n d . 2 . 5 0 .0  5 0 .0 — — -

VOI. ft 1 — — - - -
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TABLE X I.
AVERAGE NUIJBER OF LIFFEREJ'JT HETjMINTHIC IlIFECTlQNS PER 
INDIVIDUAL LÎFECTJLD FOR EACH OF THE DIFFERENT DISTRICTS.

DISTRICT. REGION.
' No. 
EXAIÆ.

No.
INF.

No.
HELM. 
F ound

AVERAGE 
P e r  PERSON 
EXAI'vIINED,.

iNv ER/iGe  . 
P e r  PER SO- 
I/jFECTED.

TANGA. C o a s t . 3. 3 . 2 . . 6 7 . . 5 7 .

mAN2A. L a k e . IB . 1 1 . 15 . 1 .2 5 . 1 .3 6 .

UGANDA. L a k e . 12 . 10 . 15 . 1 .2 5 . 1 .5 0 .

LIN D I. C o a s t , 12 . '1 0 . 15 . 1 .2 5 . 1 .5 0 .

MOmASA. C o a s t . 19 . . 15 . 26 . 1 .3 7 . 1 .7 3 .

KISUMÜ. L a k e , 4 7 . 35. 6 5 . 1 .3 8 . 1 ,8 6 .

DODOMA. I n l a n d . 11 . 8 . 1 1 . i . o o . 1 .3 7 . .

DARESSALAAIVÈ C o a s t. 6 3 . ■ 4 3 . 6 2 . .9 8 . 1 .4 4 .

MOROGORO. I n l a n d . 16 , 1 0 . 13. .8 1 . 1 .3 0 .

NAIROBI. ff 27 . 15 , 20 . .7 4 ^ 1 . 33.

IT IG I . n 38. 21 . 29 . . 7 6 . 1 .3 8 .

MOCHI. n 6 . 3. 6. 1 .0 0 . 2 .0 0 .

PORTAMELIA. C o a s t. 2 . 1 . 1 . . 5 0 . 1 .0 0 .

ARUSHA. I n la n d . 2 . 1 . 1 . . 5 0 . 1 .0 0 .

VOX, n 1 . — - —



i n c id e n c e  i s  r e a c h e d  a t  KISUMU 2 1 .2 ^  .0  v e r m i c u l a r i s  
and B. l a t u s  v /ere  a s  a l r e a d y  m e n tio n e d  e a c h  
r e p o r t e d  o n ly  o n c e . The fo rm e r  was fo u n d  i n  a  
n a t i v e  o f  MWAN^ and th e  l a t t e r  i n  a  n a t i v e  o f  
DARESSALAAM. T. s a g i n a t a  v/as n o t  r e p o r t e d  f o r  
e v e ry  2Ü.s t r i c t , b u t  th e  d i s t r i c t s  f o r  w h ic h  i t  i s  
r e p o r t e d  a r e  w id e ly  s c a t t e r e d  and f a i r l y  
r e p r e s e n t a t i v e  o f  th e  c o u n t r y .  E x c e p t f o r  MOCHI f o r  
w h ich  i t  was fo u n d  once among 6 n a t i v e s  e x a m in e d , th e  
in c id e n c e  i s  u n d e r  1 0 ^ . S. m anson i was fo u n d  6 t im e s .
Once f o r  IT IG I , once f o r  MWANZA and f o u r  t im e s  f o r  
KISUîvïU, and n o t  a t  a l l  f o r  th e  C o a s t .  The r a t e  o f  
i n c id e n c e  f o r  b o th  #/AN2A and KlSUî/iU, b o th  on th e  
s h o re s  o f  LAKE VICTORIA NYANZA i s  j u s t  o v e r  8 ^ .

I f  th e  num ber o f  s e p a r a t e  H e lm in th ic  I n f e c t i o n s  
fo u n d  f o r  e a c h  i n d i v i d u a l  exam ined  f ro m  one d i s t r i c t  
be added  and th e  t o t a l  d iv id e d  by th e  num ber o f  
I n d iv i d u a l s  e x a m in e d , th e  a v e ra g e  num ber o f  s e p a r a t e  
H e lm in th ic  I n f e c t i o n s  p e r  n a t i v e  o f  t h a t  d i s t r i c t  i s  
o b ta in e d .  S i m i l a r l y  by d i v i d i n g  th e  t o t a l  by  th e  
num ber o f  n a t i v e s  fo u n d  i n f e c t e d  th e  a v e ra g e  num ber 
o f  s e p a r a t e  H e lm in th ic  I n f e c t i o n s  p e r  n a t i v e  i n f e c t e d  
i s  o b ta in e d .  The f i g u r e s  f o r  e a c h  D i s t r i c t  a r e  g iv e n  
in  TABLE XL.

The D i s t r i c t s  fro m  w h ich  6 o r  f e w e r  n a t i v e s  w ere 
exam ined a g a in  f a l l  t o  th e  e x t r e j . e s .  Among th e  
re m a in d e r  KISUMU g iv e s  th e  h i g h e s t  a v e ra g e  o f  s e p a r a t e  
H e lm in th ic  I n f e c t i o n s ,  b o th  p e r  p e r s o n  exam ined  and p e r  
p e r s o n  i n f e c t e d ,  nam ely  1 .3 8  and 1 .8Ô  r e s p e c t i v e l y .
MOMBASA a lm o s t e q u a ls  i t .  As h a s  a l r e a d y  b e e n  s e e n  
KlSUi^IU and MOMBASA w ere  th e  o n ly  p l a c e s  w here  th e  
num ber o f  M u l t ip le  I n f e c t i o n s  ex c e e d e d  th e  nuiwber 
o f  S in g le  I n f e c t i o n s .  MOROGORO, NAIROBI and IT IG I g iv e  
th e  lo w e s t  f i g u r e s ,  and th e y  do n o t  v a r y  f ro m  one 
a n o th e r  by  m ore th a n  .0 7 ,  and so a r e  v e r y  c o n s t a n t ,  
a v e r a g in g  ,7 7  and 1 .3 4  r e s p e c t i v e l y .

V. THE INCIDENCE AND INTENSITY OF THE HELIvilNTHIC
INFECTIONS IN THE COAST, INLAND AJD LAKE REGIONS
RESPECTIVELY.

I f  t h e  H e lm in th ic  I n f e c t i o n s  fo u n d  i n  t h e  N a t iv e s  
exam ined  fro m  e a c h  o f  th e  s e v e r a l  D i s t r i c t s  be  now 
g ro u p e d  t o g e t h e r  u n d e r  t h e i r  r e s p e c t i v e  R e g io n s , th e  
in c id e n c e  and i n t e n s i t y  o f  th e  I n f e c t i o n s  i n  e a c h  o f  
th e  t h r e e  R eg io n s  may be  co m p ared ,

TABLE X I I .  g iv e s  th e  t o t a l  num ber i n f e c t e d  i n  e a c h  
R eg io n  and th e  num ber o f  S in g le  and M u l t ip l e  I n f e c t i o n s  
fo u n d .
TABLE X I I I .  g iv e s  th e  r e s p e c t i v e  p e r c e n t a g e s .  I n  T a b le  XIV.



TABLE X I I

NUMBER OF TLvîSS SINGLE AND Î^IULTULE INFECTIONS WERE 
FOUND AMONG THE NATIVES EXAMINED FROM EACH OF THE THREE 
REGIONS COAST’̂ , INLAÎD^ AND LAKE.

. . .  — . 1 ,» I iij u Q -,  I ................... . ■ '« J o .  ' 1.1. ■ 1.1 ■ III - N Q ',  -  ■ » — No*.   '" N O ", '— -

REGION, EXAMINED, INFECTED. SINGLE, DOUBLE TRIPLE QUADRUPL 
 ------------------------------          E
LAKE. 71 . 5 6 . 31 . 1 3 . 10. 2 .

COAST, 9 9 . 7 2 . 4 5 . 19 . 7 . 1 .

INIjAND. 101 . 5 8 . 4 0 . 14 4 .

TABLE X I I I .

PERCENTAGE INFECTED IN EACH OF THE THREE REGIONS AND 
PERCENTAGE OF SINGLE AND MULTIPLE IIWECTIONS.

REGION.
No.

EXAMINED.
.......T

INFECTED.
J

SINGLE, DOUBLE
fo ^  

TRIPLE QUADRUPI
I

LAKE. 7 1 . 7 8 ,8 4 3 .7 . 1 8 .3 . 1 4 .1 .  2 .7 .

COAST. 99.. 7 2 ,7 , 4 5 .4 . 1 9 .2 7 , 1 .  1 .0 .

 ̂ y  INLAND. 101 . 5 7 .4 , 3 9 .6 . 1 3 .8 4 . 0 .  —
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TABLE XVI.

AVERAGE OE DIEEEREKT HELivlIITOHIC lîJEECTIOHS PER 
INDIVIDUAL EXAMINED AHD PER INDIVIDUAL IHEECTED 
EOREACH RB&IOH.

REGION. E^&vIIIŒD.
'  ' w r ^ ' :  '■

INFECTED.
AVERAGE

HETlîINTHS.Per
PERSON

SXmiNED.

AVERAGE 
P e r  
PERSON 

. INFECTED.

. L a k e .  , 7 1 . 56 . 95 . 1 . 35. 1 . 6 7 .

COAST. 99 . 72 . 106 1 .0 7 1 . 4 5 .

INLAND. 1 0 1 . 5 8 . 8 0 . . 7 9 . 1 . 3 8 .

AVERAGE 271 . 186 . 281 . 1 .0 4 . 1 .5 1 .



t h e  num ber o f  t im e s  e a c h  H e lm in th  was fo u n d  i s  g i v e n ,  
and i n  TABLE XV. t h e  p e r c e n t a g e  i n f e c t e d  w i t h  e a c h .
TABLE XVi. shows t h e  a v e r a g e  num ber o f  d i f f e r e n t  
H e lm in th i c  I n f e c t i o n s  fo u n d  p e r  p e r s o n  exam ined  and 
p e r  p e r s o n  i n f e c t e d  f o r  t h e  t h r e e  R e g io n s .

From t h e s e  t a b l e s  i t  i s  e v i d e n t  t h a t  t h e  n a t i v e s  
o f  t h e  Lake R e g io n  a r e  t h e  m ost h e a v i l y  i n f e c t e d  w i t h  
H e lm in th s ,  t h a t  t h o s e  l i v i n g  on t h e  C o a s t  a r e  a lm o s t  
a s  h e a v i l y  i n f e c t e d , and t h a t  t h o s e  l i v i n g  i n  t h e  
h i g h  i n l a n d  r e g i o n s  h av e  t h e  l i g h t e s t  r a t e  o f  i n f e c t i o n .
I n  ro u n d  num bers 50^  o f  t h e  n a t i v e s  l i v i n g  i n l a n d »  
h a r b o u r  H e lm in th s ,  70^ o f  t h o s e  l i v i n g  on t h e  C o a s t ,  
and 8 0 ^  o f  t h o s e  i n  t h e  r e g i o n  o f  t h e  L ake . M u l t i p l e  
I n f e c t i o n s  a r e  tw i c e  a s  common a t  t h e  Lake a s  t h e y  
a r e  I n l a n d .  N. a m e r ic a n u s  i s  r a t h e r  more p r e v a l e n t  
on t h e  C o a s t  t h a n  a t  t h e  Lake . A l l  t h e  o t h e r  H e lm in th s  
e x c ^ t  B. l a t u s ,  w h ich  was fo u n d  once o n ly  and i n  a  
n a t i v e  o f  DARESSALAAI/Î, a r e  m ost p r e v a l e n t  a t  t h e  L a k e .
S, m anson i i s  fo u n d  t h e r e  a lm o s t  e x c l u s i v e l y ,  and was 
n o t  fo u n d  once f o r  th e  C o a s t .  The num ber o f  d i f f e r e n t  
H e lm in th i c  I n f e c t i o n s  fo u n d  on t h e  a v e r a g e  f o r  e a c h  
i n d i v i d u a l  i n f e c t e d  i s  a l s o  g r e a t e s t  f o r  t h e  r e g i o n  
o f  t h e  Lake w h ere  i t  i s  1 . 6 7 ,  T a k in g  t h e  a v e r a g e  
f o r  t h e  w h o le  c o u n t r y  t h e r e  i s  one H e lm in th i c  i n f e c t i o n  
f o r  e v e r y  i n d i v i d u a l ,  and t h e  e x p e c t a t i o n  o f  d i f f e r e n t  
H e lm in th s  p e r  i n d i v i d u a l  i n f e c t e d  i s  1 , 5 ,

V I .  BRIEF ACCOUNT OF CHE VARIOUS HELTÆINTHS MENTIONED.

The d i a g n o s t i c  f e a t u r e s  o f  th e  p a r a s i t i c  H e lm in th s  a r e  
t o  be fo u n d  i n  t h e  v a r i o u s  s t a n d a r d  w o rk s  on 
p a r a s i t o l o g y .  F o r  c o n v e n ie n c e  a  b r i e f  a c c o u n t  i s  h e r e  
g i v e n  o f  th e  g e n e r a l  c h a r a c t e r i s t i c s  and l i f e  h i s t o r y  
o f  t h e  v a r i o u s  H e lm in th s  m e n t io n e d  i n  t h i s  p a p e r .
The p a t h o l o g i c a l  c o n d i t i o n  t h e  p r e s e n c e  o f  t h e s e  
p a r a s i t e s  may p r o d u c e ,  and t h e  a p p r o p r i a t e  
p r o p h y l a c t i c  m e a su re s  and m ethods  o f  t r e a t m e n t , a r e  
a l s o  i n d i c a t e d .

A. PARASITIC NEMATODA.

1 .  NECATOR AMERICANUS. STILES 1903.

N e c a to r  axuer icanue  was d i s c o v e r e d  i n  A m erica  by  S t i l e s  
i n  1 9 0 3 ,  and i t  was c o n s id e r e d  a t  f i r s t  t o  be p e c u l i a r  
t o  t h e  New W o r ld ,  A n k y lo s to m a  d u o d e n a le  b e i n g  t h e  
Old World fo rm . I t  h a s  now b e e n  shown t h a t  t h e  r a n g e  , o f  
N, a m e r ic a n u s  i s  v e r y  v / id e , and much o f  t h e  e a r l y  w ork  
done  on  A n k y lo s to m ia s i s  p r o b a b l y  . r e f e r s  t o  t h i s  
p a r a s i t e .  I t  a lo n e  o c c u r s  i n  C e n t r a l  and S o u th  A m e r ic a .
I t  was fo u n d  b y  LOOSS (21) t o  b e  th e  o n l y  ty p e  p r e s e n t  
among t h e  p ig m ie s  o f  C e n t r a l  A f r i c a ,  and i n  e x a m in in g  
m a t e r i a l  f ro m  West A f r i c a ,  Uganda and E a s t  A f r i c a -



IiElPER (20) fo u n d  o n l y  N. a m e r ic a n u s .  The tv^o 
p a r a s i t e s  o c c u r  t o g e t h e r  i n  I n d i a  and Burma,
MHASKAR (23) s t a t e s  t h a t  i n  t h e  T a n jo r e  and M adura 
d i s t r i c t s  i n  th e  M adras P r e s i d e n c y  t h e  Hookworm , 
i n f e c t i o n  among t h e  c o o l i e s  i s  n e a r l y  1 0 0 ^ .  B o th  
s p e c i e s  o c c u r ,  H, a m e r ic a n u s  i n  a lm o s t  e v e r y  
i n d i v i d u a l  and A, d u o d e n a le  i n  10^ o f  t h e  p e o p l e  
i n  t h e  M adura d i s t r i c t  and i n  8 0 ^  o f  t h e  p e o p le  
i n  t h e  T a n jo r e  d i s t r i c t ,  A d u o d e n a le  seem s t o  be  
t h e  o n l y  t y p e  p r e s e n t  i n  E u ro p e ,  E g y p t and C h in a ,  
DARLING (12) c o n s i d e r s  t h a t  i n  t h e  Old W orld t h e  
tw o s p e c i e s  o f  Hookworm a r e  t o  be fo u n d  t o g e t h e r  
a t  t h e  T r o p i c  o f  C a n c e r ;  t o  t h e  n o r t h  o f  t h i s . A ,  
d u o d e n a le  p r e d o m in a te s  and t o  t h e  s o u t h  N. a m e r ic a n u s .  
B o th  t y p e s  a r e  p r o b a b l y  i i # o j ? t a t i o n s  i n t o  A m e r ic a ,
A. d u o d e n a le  e n t e r i n g  f ro m  t h e  E a s t ,  and N, 
a m e r ic a n u s  b e in g  c a r r i e d  o v e r  b y  N egro  s l a v e s  f ro m  
W est A f r i c a .

N, a m e r ic a n u s  i s  a  c y l i n d r i c a l  n o n -  seg m en ted  worm 
( F ig .  4 , )  w h i t e  o r  sem i t r a n s p a r e n t  i n  c o l o u r  u n l e s s  

when g o r g e d  w i t h  b lo o d  when i t  a p p e a r s  r e d d i s h .  The 
h ead  i s  v e r y  narrov^ and p o i n t e d  and t e r m i n a t e s  i n  a  
Si a l l  s p h e r i c a l  mouth c a p s u l e .  The o u t l e t  o f  t h e  
t f o r s a l  g l a n d  fo rm s  a  c o n i c a l  t o o t h - l i k e  p r o j e c t i o n  
r i s i n g  f ro m  th e  f l o o r  o f  th e  m outh  and on t h e  
v e n t r a l  edge two p a i r s  o f  c h i t  i  nous  s e  mi l u n a r  
p l a t e s  a r e  t o  be s e e n  ( F ig .7 .B )  The m ale  i s  7 , mm. 
t o  lo n g  and 3 mm. b ro a d  (MANSÛN) (22) The
p o s t e r i o r  end  o f  t h e  m ale e x p a n d s  i n t o  a  b u r s a  
c o p u l a t r l x  s u p p o r te d  by  c h i t i n o u s  r a y s .  The d o r s a l  
r a ÿ  b r a n c h e s  a t  i t s  b a s e  i n t o  d i v e r g e n t  arm s w i t h ,  
b i p a r t i t e  t i p s  ( F ig 8 . b . ) The s p i c u l e s  a r e  tw o i n  
num ber an d  a r e  lo n g  and c u r v e d .T h e  f e m a le  i s  r a t h e r  
l a r g e r  t h a n  t h e  m ale arid l æ a s u r e s  9mm. t o  11mm., i n  
l e n g t h  by>  ̂ 4mm. i n  b r e a d t h  (Manson). The b ody  e n d s  
p o s t e r i o r l y  i n  a  s p i k e .  The v a g i n a  o p en s  a b o u t  1mm. 
i n  f r o n t  o f  t h e  m id d le  o f  t h e  l e n g t h  o f  t h e  b o d y .
The ova  a r e  c l e a r  and t r a n s p a r e n t  v / i th  a  sm ooth  
e n v e l o p e ,  and u s u a l l y  shov/ 4  o r  8  l i g h t  g r e y  se g m e n ts  
( F ig .  1 / b )  They a r e  a n  e lo n g a t e d  o v a l  s h a p e  and 
m easu re  6 4 ^  t o  7 5 ^  i n  l e n g t h  and 3 6 ^  t o  4 0 ^  i n  b r e a d t h

SOBae o f  t h e  d i f f e r e n t i a l  c h a r a c t e r s  o f  N. a m e r ic a n u s  
and  A. d u o d e n a le  a r e  t o  be made o u t  w i t h  t h e  naked  
e y e . The N e c a to r  i s  s h o r t e r  and more s l e n d e r  t h a n  t h e  
A n k y lo s to m e ,  and h a s  a  p r o m in e n t  d o r s a l  c u r v e  a t  t h e  
a n t e r i o r  end  w h ich  i n  th e  A n k y lo s to m e  i s  n o t  m ark ed .  
S h o u ld  a  p a i r  be  fo u n d  i n  c o n j u g a t i o n  a s  so m e tim es  
h a p p e n s  w hen s t o o l s  a r e  exam ined  a f t e r  a n  a n t h e l m i n t i c  
t h e  c h a r a c t e r i s t i c  Garuma p o s i t i o n  w i l l  be s e e n ,  b u t  t h e  
n iale N e c a to r  i s  f a s t e n e d  t o  t h e  f e m a le  i n  f r o n t  o f  t h e



XH-

m id d le  o f  t h e  l e n g t h  o f  h e r  b o d y ,  w h i l e  t h e  male 
A nky los tom e i s  f a s t e n e d  b e h in d  t h e  m id d le  o f  th e  
b o d y  o f  t h e  fem ale  o f  i t s  s p e c i e s .  T h is  i s  due t o  
t h e  d i f f e r e n t  p o s i t i o n  o f  t h e  f e m a le  g e n i t a l  o p e n in g  
i n  t h e  two sp e c  le a . The m  l e  N e c a to r  i s  much more 
s l e n d e r  t h a n  t h e  f e m a le  w h i l e  t h e  m ale  A nky los tom e  
a lm o s t  e q u a l s  t h e  f e m a le  i n  t h i o l m e s s .  W ith  t h e  
m ic ro s c o p e  th e  b u c c a l  c a v i t y  o f  t h e  A nky los tom e 
i s  s e e n  t o  be  f u r n i s h e d  w i t h  two p a i r s  o f  h o o k - l i k e  
t e e t h  on  t h e  v e n t r a l  e d g e ,  (F ig  7, a) I n  t h e  N e c a to r  
t h e s e  a r e  r e p l a c e d  by  s e ru i lu n a r  p l a t e s  and t h e  
d o r s a l  " t o o t h ” i s  c o n s p ic u o u s .  The c a u d a l  b u r s a  o f  t h e  
m ale  A nky lostom e i s  l e s s  d e e p l y  in d e n te d  and i s  
t e r d i g i t a t e .  (F ig  8 . a )  The eg g s  o f  th e  N e c a to r  a r e  
s l i g h t l y  l a r g e r  t h a n  t h e  eg g s  o f  th e  A nky los tom e ( F i g , la)

The l i f e  h i s t o r y  o f  t h e  two s p e c i e s  seems t o  be  
s i m i l a r ,  th o u g h  A. d u o d e n a le  a p p e a r s  t o  be a  p a r a s i t e  
o f  man a lo n e  w h i le  N. a m e r ic a n u s  h a s " b e e n  fo u n d  t o  
o c c u r  i n  a n t h r o p o id  a p e s .

The a d u l t  worms l i v e  i n  t h e  s m a l l  i n t e s t i n e  u s u a l l y  
i n  t h e  u p p e r  p a r t  o f  t h e  je ju n u m . I n  m aking P o s t  
Mortem E x a m in a t io n s  I  have  n e v e r  found  t h e  worms i n  
t h e  dtfcOdenuru,but i n  s u b j e c t s  r e c e n t l y  dead  I  have 
o f t e n  fo u n d  them  f i r m l y  a d h e r e n t  i n  l a r g e  num bers t o  
t h e  mucous membrame o f  t h e  je ju n u m . The lo w e s t  p o s i t i o n  
i n  w h ich  I  fo u n d  them  a t t a c h e d  was a t  a  d i s t a n c e  o f  
9 f e e t  f ro m  th e  p y l o r u s .  The worms a r e  e v i d e n t l y  g i v e n  
t o  s h i f t i n g  t h e i r  h o ld  f r e q u e n t l y  a s  t h e i r  d i s u s e d  
s i t e s  c a n  b e  â e e n  i n  t h e  mucous membrame a s  m in u te  
e x t r a v a s a t i o n  o f  b lo o d .

The f e m a le  l a y s  h e r  eggs  i n  t h e  i n t e s t i n e  and t h e y  
p a s s  o u t  i n  th e  f a e c e s ,  and i n  a b o u t  24 h o u rs  
r h a b d i t i f o r m  l a r v a e  h a t c h  o u t .  The l a r v a e  i n  t h e  
c o u r s e  o f  a  week m o u lt  tw ic e  and th e n  e n c y s t .  I n  
t h i s  s t a t e  t h e y  may be  sw allov/ed and so r e a c h  t h e  
i n t e s t i n e .  T h is  was b e l i e v e d  t o  be t h e  u s u a l
and in d e e d  th e  o n ly  r o u t e  o f  i n f e c t i o n  u n t i l  1897 
when LOOSS (21) w o rk in g  w i t h  th e  l a r v a e  o f  A. 
d u o d e n a le  a c c i d e n t l y  i n f e c t e d  h i m s e l f  by a l l o w in g  
sone  o f  them  t o  come i n t o  c o n t a c t  w i t h  h i s  h and .
To h im  b e lo n g s  th e  c r e d i t  o f  w o rk in g  o u t  and d e f i n i t e l y  
e s t a b l i s h i n g  t h i s  h i t h e r t o  unlmown p h a s e  o f  t h e i r  
l i f e  h i s t o r y  . He showed t h a t  t h e  l a r v a e  c a n  p e n e t r a t e  
t h e  h e a l t h y  human s k i n  and p a s s  i n t o  th e  s u b c u ta n e o u s  
t i s s u e .  T h e re  t h e y  e n t e r  t h e  c a p i l l a r i e s  and lymph 
v e s s e l s  and  a r e  c a r r i e d  t o  t h e  lu n g s  and e n t e r  
t h e  a i r  v e s i c l e s .  They p a s s  by  way o f  t h e  b r o n c h i  and 
t r a c h e a  t o  th e  o eso p h a g u s  and t h e n c e  t o  t h e  s to m ach  and 
i n t e s t i n e s .  T h is  i s  now b e l i e v e d  t o  be t h e  most 
im p o r t a n t  r o u t e  6 f  i n f e c t i o n .  LOOSS c o n s i d e r s  t h a t



, I t f  t h e  l a r v a e  r e a c h  i n t e s t i n e s  by way o f  t h e  
t r a c h e a  and © esophagus, A week a f t e r  r e a c h i n g  t h e  
i n t e s t i n e i t h e  l a r v a e  m o u lt  f o r  t h e  t h i r d  t i m e ,  and 
7 d a y s  l a t e r  m oult a g a in .T h e y  now grow r a p i d l y ,  and 
i n  a b o u t  5 w eeks a f t e r  r e a c h i n g  t h e  i n t e s t i n e  heooi^e a d u lt  
m a le s  and f e m a le s .

The d i s e a s e  p ro d u c e d  by t h e s e  p a r a s i t e s ,  i t s  
d i a g n o s i s  and t r e a t m e n t  w i l l  be c o n s id e r e d  i n  P a r t  B . '

2 . TRICHOCEPHAIjUS d i s p a r , DimAMJS 1767 .
( T r i c h u r l s  t r ic h iu ra .V /h ip w o rm )

T h is  p a r a s i t e  h as  a  v e r y  w ide d i s t r i b u t i o n  and i s  fo u n d  
a l l  o v e r  t h e  w o rld  i n  b o th  t e n p e r a t e  and t r o p i c  z o n e s .
I t  w as p r e s e n t  i n  2 0 ,3 5 ^  o f  my c a s e ^  i n  E a s t  AFRICA.
I t  h a s  a  v e r y  c h a r a c t e r i s t i c  s h a p e ,  t h e  a n t e r i o r  p a r t  
o f  th e  body b e in g  lo n g  and t h r e a d - l i k e  w h i l e  t h e  
p o s t e r i o r  p a r t  i s  much t h i c k e r  ( P i g , 6 ), The male 
m e a su re s  40mm. t o  45mru, i n  l e n g t h ,  end th e  p o s t e r i o r  
p a r t  o f  t h e  body i s  c o i l e d  i n t o  a  s p i r a l .  The c l o a c a  
f ro m  w h ich  a  s i n g l e  s p i c u l e  w i th  a  lo n g  r e t r a c t i l e  
s h e a t h  p r o t r u d e s  i s  t e r m i n a l .  The f e im le  v a r i e s  f ro m  
3 5 .mm, to  50  miii, i n  l e n g t h  and th e  body  i s  a lm o s t  
s t r a i g h t .  The sn u s  i s  s u b te r m i n a l  and t h e  v a g i n a  opens 
n e a r  th e  j u n c t i o n  o f  t h e  a n t e r i o r  f i l i f o r m  p a r t  w i t h  
t h e  t h i c k e r  p o s t e r i o r  p a r t  o f  t h e  body. The a n t e r i o r  
p a r t  i s  l o n g e r  th a n  t h e  p o s t e r i o r  p a r t  i n  t h e  
p r o p o r t i o n  o f  a b o u t  2  t o  1 ,

The eggs  m easure  5 0 ^  b y  2 2 ^  (Manson) a r e  brown i n  
c o l o u r  and a r e  e a s i l y  d i s t i n g u i s h e d  f ro m  a l l  o t h e r  
i n t e s t i n a l  ova  by  t h e i r  h a v in g  a  c l e a r  p a l e  body  a t  
e a c h  p o l e ,  ( P i g . l . d . )  The ova  a r e  unseg m en ted  when th e y  
a r e  p a s s e d  and t h e y  h ave  t o  spend  many m onths i n  w & ter 
b e f o r e  t h e  embryo i s  d e v e lo p e d .  I n f e c t i o n  i s  d i r e c t  and 
t h e  woim I s  m a tu re  w i t h i n  a  month o f  t h e  r i p e  em b ry o -  
c o n t a i n i n g  egg  b e in g  i n g e s t e d .  The u s u a l  h a b i t a t  I s  
t h e  caecum* U s u a l ly  t h e y  l i e  l o o s e  b u t  t h e y  a r e  su p p o se d  
t o  be a b l e  t o  f i x  th e n is e lv e s  t o  th e  i n t e s t i n a l  w a l l  
b y  t r a n s f i x i n g  a  f o l d  o f  t h e  mucous membrame w i t h  t h e i r  
lo n g  n e c k s .

So f a r  no d e f i n i t e  p a t h o l o g i c a l  s i g n i f i c a n c e  h a s  b e e n  
p ro v e d  f o r  them . They ruay be e x p e l l e d  o c c a s i o n a l l y  by  
m ale f e r n ,  s a n t o n i n  o r  o i l  o f  chenopodlum  a d m i n i s t e r e d  
f o r  o t h e r  w orm s, b u t  none o f  t h e s e  d ru g s  c a n  be 
c o n s id e r e d  s p e c i f i c .  No s a t i s f a c t o r y  a n t h e l m i n t i c  f o r  
t h i s  p a r a s i t e  i s  known,

F r o p l iy l a x i s  c o n s i s t s  i n  m a i n t a i n i n g  a  p u r e  w a t e r  s u p p ly ,  

3. STRONUILOIDES STERCORALIS, BAVAY 1 876 ,

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



o f  46  i n d i v i d u a l s ,  t h a t  i s  i n  1 6 ,4 ^  o f  th e  n a t i v e s  
e x am in ed .  The a d u l t  male h a s  n o t  b e e n  d i s c o v e r e d .  The 
feme.l e  a l o n e  i s  knov/n. I t  i s  a  s i a l  1  s l e n d e r  worm 
m e a s u r in g  2 mm, t o  Snm. i n  l e n g t h  b y  ,03mm, i n  b r e a d t h ,
©jid i t s  niost d i s t i n c t i v e  f e a t u r e  i s  a  s t r i n g  o f  5  o r  
6  e l i p s o i d a l  eggs  v i s i b l e  a b o u t  t h e  c e n t r e  o f  t h e  body. 
(IViAHSON) (^Pig. lOa). I t  p e n e t r a t e s  d e e p l y  i n t o  th e  mucous 

Membrar.e o f  t h e  i n t e s t i n a l  w a l l  and t h e r e  d e p o s i t s  t h e  
e g g s ,  w h ic h  d e v e lo p s  i n t o  l a r v a e  b e f o r e  l e a v i n g  t h e  
i n t e s t i n e .  The o v a  a r e  n o t  fo u n d  i n  th e  f a e c e s  u n l e s s  
a f t e r  v i o l e n t  p u r g a t i o n .  I t  i s  t h e  a c t i v e l y  m oving l a r v a l  
fo rm s  Yfhich a r e  found  t h e  m i c r o s c o p ic  e x a m in a t io n  
o f  a  f r e s h  p r e p a r a t i o n .  T h ese  a r e  l o n g ,  s l e n d e r  and 
t r a n s p a r e n t  and h ave  a  ro u n d ed  head  and  a  s h a r p l y  
p o i n t e d  t a i l ,  (P ig  10. b^ They m easu re  ,2mm, t o  , 3 mm, i n  
l e n g t h ,  and ,0 1 3  mm, i n  b r e a d t h .  (MANSON). The o n ly  
r h a b d i t i f o r m  l a r v a e  w i t h  w h ic h  t h e y  m ig h t  be  c o n fu s e d  
a r e  t h e  l a r v a e  o f  t h e  Hookworms, b u t  t h e s e  a r e  o n ly  t o  
be fo u n d  i n  s t o o l s  w h ich  h a v e  b e e n  k e p t  u n d e r  s u i t a b l e  
c o n d i t i o n s  f o r  a  d a y  o r  tv ro , .  The r h a b d i t i f o r m  la rv a e ,  
r e a c h  t h e  s o i l  w i t h  t h e  f a e c e s ,  and i f  i t  i s  c o ld  and 
c o n d i t i o n s  a r e  u n f a v o u r a b l e  t h e y  ch an g e  i n t o  f i l i f o r m  
l a r v a e ,  and a r e  c a p a b le  o f  p e n e t r a t i n g  t h e  t i s s u e s  o f  
man and m aking t h e i r  v/ay t h r o u g h  t h e  lu n g s  and t r a c h e a  
t o  th e  i n t e s t i n e  w here  t h e y  become a d u l t  worm s. I f  
h o w e v e r ,  i t  i s  warm and m o is t  t h e  r h a b d i t i f o r m  l a r v a e  
d eve lo p e  s e x u a l  o h e ^ r a c te r s ,  c o p u l a t e  and t h e  f e r t i l i z e d  
fe m a le  l a y s  e g g s .  T hese  h a t c h  i n t o  f i l i f o r m  l a r v a e  w h ic h  
a r e  c a p a b le  o f  p i e r c i n g  t h e  t i s s u e s .

The g e o g r a p h i c a l  d i s t r i b u t i o n  o f  S, s t e r e o r a l i s  i s  
p r a c t i c a l l y  c o e x t e n s i v e  w i t h  t h a t  o f  th e  Hookworms, and 
t h e y  a r e  o f t e n  fo u n d  t o g e t h e r .

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

I n f e c t i o n  i s  b r o u g h t  a b o u t  by f a e c a l  c o n t a m i n a t i o n  
o f  t h e  s o i l ,  and p r o p h y l a c t i c  m e a su re s  must be d i r e c t e d  
to w a rd s  o b v i a t i n g  su c h  c o n t a m i n a t i o n .

4 ,  ASCARIS LUMBRIGOXDES, LINNABBS. 1758 .
(ROUND WORM).

T h is  worm w h ic h  i s  one o f  t h e  l a r g e s t  Nem atodes 
p a r a s i t i c  i n  man i s  t o  be fo u n d  e v e ry w h e re  f ro m  th e  
A r c t i c  C i r c l e  t o  t h e  E q u a to r ,  I n  t e n p e r a t e  c l i m a t e s  
t h e  i n c i d e n c e  i s  n o t  h i g h ,  and i t  i s  fou n d  p r i n c i p a l l y  
i n  c h i l d r e n .  Among n a t i v e  r a c e s  i n  t r o p i c a l  c o u n t r i e s  
i t  i s  v e r y  common, ACTON “found  i t  p r e s e n t  i n  9^ o f  th e  
I n d i a n  m i l i t a r y  l a b o u r e r s  he  exam ined i n  M eso p o tam ia ,
I t  was p r e s e n t  i n  a b o u t  10^ o f  t h e  n a t i v e s  I  exam ined 
i n  E a s t  A f r i c a ,  % C , d e  SOUZA ARAUJO (2) r e p o r t s  t h a t



x y

he i s  f i n d i n g  i t  i n  b e tw een  90^ and 1 0 0 ^  o f  t h e  
c o l o u r e d  r a c e s  i n  t h e  S t a t e  o f  P a r a n a  i n  B r a z i l .

A, lu i i ib r ic o id e s  i s  c y l i n d r i c a l  i n  shape  and t a p e r s  
a t  b o th  e n d s , ( P i g .  9 , a ,  and b j  The body i s  g r e y i s h  
i n  c o l o u r  and h a s  a s t r i a t e d  c u t i c l e  w h ic h  i s  somewhat 
e l a s t i c  and shows two w a l l  marked l a t e r a l  l i n e s .
The h ead  i s  s m a l l  and t h e  mouth h a s  a  c l e f t  u p p e r  l i p  
and a  s i n g l e  lo w e r  l i p  ( P ig ,  9 . d . )  A l l  t h r e e  l i p s  
a r e  f i n e l y  d e n t i c u l a t e .  The n^ale m e a su re s  15 cm, 
t o  17cm, i n  l e n g t h  and 4mm, i n  b r e a d t h .  The p o s t e r i o r  
e x t r e m i t y  i s  s t r o n g l y  c u rv e d  and t h e r e  a r e  two w e l l  
marked s p i c u l e s .  (P ig ,9 .o . ) The anus  i s  s u b te r m in s . l .
The ferns,l e  i s  much l a r g e r  t h e n  th e  male b e i n g  u s u a l l y  
25cm, i n  l e n g t h  b u t  i t  may a t t a i n  a  l e n g t h  o f  40cm,
The p o s t e r i o r  p a r t  o f  t h e  body i s  r e l a t i v e l y  s t r a i g h t  
and h a s  no s p i c u l e s .  The g e n i t a l  o p e n in g  i s  i n  t h e  
a n t e r i o r  t h i r d  o f  t h e  body  and opens v e n t r a l l y .  The 
o v a r i e s  a r e  lo n g  and c o n v o lu te d  and c a n  u s u a l l y  be  s e e n  
t h r o u g h  t h e  s e m i-  t r a n s p a r e n t  c u t i c l e .

The o v a  a r e  e l i p t i c a l  and m easu re  50̂ u- -  7 5 ^  by 40/^
-  50^(MANS0N). They have a  r o u g h  s u r f a c e  and a  m u l t i p l e  
o u t l i n e  and a r e  s t a i n e d  a  d a r k  brown w i t h  b i l e .  
U n f e r t i l i z e d  eg g s  a r e  f r e q u e n t l y  s e e n .  The c o n t e n t s  
o f  t h e s e  a r e  more r o u g h ly  g r a n u l a r  th a n  t h e  c o n t e n t s  
o f  t h e  f e r t i l i z e d  eggs  and t h e  ro u g h  o u t e r  l a y e r  i s  
much l e s s  c o n s p ic u o u s ,  ( P ig .  I . e . f . )

I f  t h e  o v a  a r e  k e p t  warm and m o is t  t h e  embryo 
d e v e lo p e s  i n  t h e  c o u r s e  o f  a  few  m onths, D i s s i c a t i o n  
o r  f r e e z i n g  s u sp e n d s  d e v e lo p m e n t b u t  d o e s  n o t  d e s t r o y  
l i f e .  The embryo d o es  n o t  b r e a k  th r o u g h  t h e  s h e l l  and 
c a n  re m a in  a l i v e  i t  i s  b e l i e v e d  f o r  a b o u t  5 y e a r s .  When 
t h e  r i p e  em bryo- c o n t a i n i n g  egg h as  b een  sw allow ed  and 
h a s  r e a c h e d  th e  a l i m e n t a r y  c a n a l  o f  t h e  h o s t ,  th e  
embryo b r e a k s  th r o u g h  t h e  s h e l l .  U n t i l  r e c e n t l y  i t  was 
su p p o se d  t h a t  t h e  embryo o o n p le t e d  i t s  d e v e lo p e n ie n t  i n  
t h e  i n t e s t i n e ^ a n d  became s e x u a ly  m a tu re  i n  a b o u t  a  
m onth . R e c e n t  i n v e s t i g a t i o n s  go  t o  show t h a t  t h e  l i f e  
h i s t o r y  i s  more com plex . I n  e x p e r im e n ta l  a n im a ls  f e d  on 
r i p e  o v a  i t  i s  found  t h a t  t h e  l a r v a e  on h a t c h i n g  o u t  f ro m  
th e  s h e l l  l e a v e  th e  i n t e s t i n e  and make t h e i r  way t o  t h e  
l i v e r  and lu n g s  w here  t h e y  a p p e a r  on a b o u t  th e  7 t h  d a y .
On th e  8 t h  d a y  th e y  a p p e a r  i n  t h e  t r a c h e a  and on t h e  9 t h  
t h e y  b e g i n  t o  t r a v e l  down th e  a l i m e n t a r y  c a n a l  t o  t h e  
c o lo n  and caecum. T h is  r o u t e  p r o b a b l y  i s  f o l lo w e d  i n  man 
a l s o .  The l a r v a e  have b e e n  s e e n  i n . t h e  lu n g s  b u t  the .  
c o m p le te  t r a n s i t i o n  has  n o t  y e t  b e e n  t r a c e d  o u t .

The num ber found  t o g e t h e r  i n  th e  i n t e s t i n e  i n  
t e m p e r a t e  c l i m a t e s  i s  u s u a l l y  s m a l l .  I n  th e  t r o p i c s  l a r g e  
num bers niay be fo u n d .  I  have on s e v e r a l  o c c a s io n s  removed



b e tw e e n  30 and 40 f ro m  th e  i n t e s t i n e  p o s t  m ortem .
The worràs a r e  som etim es  p a s s e d  s p o n ta n e o u s l y  a t  th e  
a n u s ,^ a n d  l e s s  commonly a t  t h e  mouth o r  n o s e .  T h is  
p a r a s i t e  i s  o f  c o n s i d e r a b l e  p a t h o l o g i c a l  im p o r ta n c e  
I t  ix:ay e^nter and b lo c k  th e  è i l e  d u c t ;  i t  may p e n e t r a t e  
t h e  i n t e s t i n a . l  w a l l ,  p a s s  i n t o  t h e  p e r i to n e u m  and 
s e t  up p e r i t o n i t i s ,  A k n o t  o f  them  have  b e e n  known t o  
o b s t r u c t  th e  bow’e l .  T h e i r  p r e s e n c e  " in  th e  i n t e s t i n e  
may c a u s e  n a u s e a ,  d y s p e p s i a ,  m e la e n a ,  an aem ia  and 
n i g J u t r i t i o n ,  and may p ro d u c e  n e rv o u s  d i s t u r b a n c e s  i n  
c h i l d r e n ,

SAI'ÎTONIN i s  th e  m ost e f f i c i e n t  a n t h e l m i n t h i c .  G-rs. 5 
fo l lo v /e d  by a  p u r g a t i v e , and g i v e n  on e a c h  o f  two 
a l t e r n a t e  m o rn in g s  removed a l l  t h e  worms i n  e a c h  o f  
ny c a s e s .
The b e s t  p r o p h y l a c t i c  i s  p u r e  d r i n k i n g  w a t e r ,  and i n  
t h e  t r o p i c s  w here  t h e  n i g h t - s o i l  may have  b e e n  used, a s  
m a n u re , . a l l  v e g e t a b l e s  s h o u ld  be b o i l e d  o r  c a r e f u l l y  
w ashed w i t h  b o i l e d  w a t e r .

5 ,  OXYURIS VERfillGULARIS. LINNABUS. 1767 , (T hreadw orm ).

T h is  p a r a s i t e  h a s  a  u n i v e r s a l  d i s t r i b u t i o n ,  and  i s  a v e r y  
common p a r a s i t e  o f  c h i l d r e n .

The ova  a r e  r a r e l y  s e e n  on m ic ro s c o p ic  e x a m in a t io n  o f  
th e  s t o o l s .  They w ere  found  once o n ly  in  t h e  f a e c e s  o f  
th e  280 E a s t  A f r i c a n  n a t i v e s  ex am in ed ,  IvIHASKAR (23) fo u n d  
t t iem  i n  t h e  f a e c e s  o f  14 o f  605 i n d i v i d u a l s  exam ined 
i n  I n d i a ,  a l t h o u g h  th e  a d u l t  worms w ere  o b t a i n e d  i n  
93^ o f  a  s e r i e s  o f  1700 c o n v i c t s  i n  th e  same d i s t r i c t  
who had r e c e i v e d  t r e f t m ent.

The a d u l t  worms a r e  w h i t e  i n  c o l o u r ,  and have  a  
s t r i a t e d  c u t i c l e  w h ich  p r o j e c t s  outwai-ds f ro m  th e  
a n t e r i o r  p a r t  o f  th e  body as  f l a n g e s .  ( P i g . 5), The l i p s  
a r e  t h i n  and r e t r a c t i l e  and th e  o e so p h a g u s  i s  l a r g e  
and i s  p r o v id e d  w i t h  a b u lb .  The im le  m e a su re s  2-5mm. 
i n  l e n g t h  . (MANSON). The p o s t e r i o r  p a r t  o f  th e  body  
i s  s p i r a l l y  c u rv e d  and shows 6 p a p i l l a e ,  and th e  
s p i c u l e  i s  s i n g l e  and h o o k l i k e .  The a d u l t  m ale i s  
d i f f i c u l t  t o  f i n d  a s  i t  u s a l l y  d i e s  a f t e r  im p r e g n a t in g  
t h e  f e m a le .  The fe m a le  i s  l a r g e r  and m e a su re s  up t o  
10 mm. i n  l e n g t h .  The t a i l  i s  lo n g  and p o i n t e d  and t h e  
a n u s  i s  s i t u a t e d  a b o u t  2mm. fro m  th e  t i p .  The v u l v a  i s  
s i t u a t e d  i n  th e  a n t e r i o r  t h i r d  o f  t h e  body.

The u s u a l  h a b i t a t  i s  t h e  caecum . When t h e  f e m a le  i s  
r e a d y  t o  l a y  t h e  eggs  i t  t r a v e l s  down t o  t h e  lo w e r  pf r t  
o f  t h e  i n t e s t i n e  and d e p o s i t s  t h e  eggs  i n  t h e  f a e c e s ,
Thejse a r e  g l o s s y  and ovs.1 i n  sh ap e  b u t  a r e  s l i g h t l y



f l a t t e n e d  on one s i d e .  ( E i g . l . g . )  They have  d o u b le  
c o n to u r e d  r a t h e r  t h i n  w a l l s  and m easu re  5 0 - 5 4 ^ by 
20-27/wv (îvîANSON). When f r e s h  t h e y  c o n t a i n  a c l e a r  
n o n -  g r a n u l a r  embryo w h ic h  l a t e r  becom es c o i l e d  and 
n e n jp to d e - l i k e .  The embryo i s  a lm o s t  f u l l y  d e v e l lo p e d  
when t h e  ova a r e  p a s s e d ,  b u t  i t  does  n o t  l e a v e  i t s  
s h e l l  u n t i l  i t  r e a c h e s  t h e  s to m ach  o f  i t s  h o s t .
T h e re  th e  s h e l l  i s , d i g e s t e d  and th e  l a r v a : e s c a p e s .
I t  t r a v e l s  down th e  s m a l l  i n t e s t i n e  u n d e rg o in g  
a  s e r i e s  o f  m o u l ts  and a t t a i n s  n i a t u r i t y .

The fem s.le s  som etim es e s c a p e  s p o n ta n e o u s l y  
a t  t h e  anus  and may w ander i n t o  th e  v a g i n a  o r  u r e t h r a .  
The i r r i t a t i o n  t h i s  w a n d e r in g  i n v o l v e s  p ro v o k e s  
s c r a t c h i n g  and t h e  ova  may be co nveyed  by  th e  f i n g e r s  
t o  t h e  mouth and r e - i n f e c t i o n  s e c u r e d .  The c o n t in u e d  
p r e s e n c e  o f  t h e s e  p a r a s i t e s  i n  th e  i n t e s t i n e  may 
g i v e  r i s e  t o  r e f l e x  m e n ta l  d i s t u r b a n c e s  and t o  a n a e m ia .  
The s c r a t c h i n g  c a u s e d  by th e  i r r i t a t i o n  o f  t h e  w a n d e r in g  
f e n a l e s  may p ro d u c e  an e c z e m a t4 o u s  c o n d i t i o n  o f  t h e  
s k i n .  T re a tm e n t  c o n s i s t s  f i r s t  o f  a l l  i n  p i - e v e n t in g  
r e i n f e c t i o n .  The worms i n  t h e  caecum  c a n n o t  be 
d i r e c t l y  a t t a c k e d ,  b u t  an a p e r i e n t  f ro m  t im e  t o  t im e  
and a«t o c c a s i o n a l  a n t h e l m i n t i c  enema o f  s a l t  and w a t e r ,  
o r  w a t e r  c o n t a i n i n g  a  few d ro p s  o f  t h e  T i n c t u r e  o f  
P e r c h l o r i d e  o f  I r o n  t o  w ash  o u t  th e  worms i n  th e  
r e c tu m  w i l l  g r a d u a l l y  r e d u c e  t h e i r  num ber and i n  t im e  
c l e a r  them  a l t o g e t h e r .  E nem ata  o f  I n f u s i o n  o f  Q ,uass ia  
a r e  a l s o  fo u n d  u s e f u l ,

B. CESTODA.

1 .  TAENIA SAdlNATA. GROEZE. 1872 ,

T. s a g i n a t a  i s  one o f  th e  commonest tapew orm s 
parasitic i n  n an .  I t  i s  found  i n  a l l  p a r t s  o f  t h e  w o r ld  
w here  raw  o r  i m p e r f e c t l y  cooked  b e e f  i s  e a t e n .  I n  
A b y s s i n i a  and i n  t h e  N o r th  West P r o v in c e s  o f  I n d i a  
i t  i s  e x c e e d in g ly  coromon. I n  A m erica  and i n  W es te rn .  
E u ro p e  i t  i s  c o m p a r a t iv e ly  r a r e .

T h is  tapew orm  when e n t i r e  m e a su re s  f ro m  4  t o  10 m e t re s  
i n  l e n g t h .  The s c o l e x  i s  p e a r  shaped  and i s  f u r n i s h e d  
w i t h  4  h e m i s p h e r i c a l  s u c k e r s  w h ic h  a r e  o f t e n  p ig m e n te d .  
T h e re  i s  no r o s t e l l u m  o r  hooks  su c h  as  a r e  fo u n d  on t h e  
s c o l e x  o f  T . s o l iu m .  A s m a l l  s u c k e r - l i k e  o rg a n  r e p l a c e s  
t h e  r o s t e l l u m .  ( F i g . 11. ah. ) The n eck  i s  lo n g  and t h i n .  
The u r o g l o t t i d e s  o f t e n  number 1200 , and when ma.ture 
m easu re  1 6 - 2 0 mim. i n  l e n g t h  by 4-7mim. i n  b r e a d t h .
The g e n i t a l  p o r e s  a r e  m a r g in a l  and a l t e r n a t e  f a i r l y  
r e g u l a r l y ,  and t h e  u t e r i n e  b r a n c h e s  a r e  f a i r l y  num erous 
n u m b erin g  20 t o  35, I n  T. s o l iu m  th e  b r a n c h e s  num ber 
f ro m  7 t o  10 . ( F ig .  12 a . b .  )



3 0

The o v a  a r e  ovoid^ 3 0 - 4 0 ^  lo n g  and 20-30yk/ i n  d i a m e t e r ,
(MANSON). The s h e l l  i s  d o u b le :  th e  o u t e r ,  t h e  s h e l l  

p r o p e r ,  i s  t h i n  a n d . t r a n s p a r e n t , and th e  i n n e r ,  t h e  
e m b ry o p h o re ,  i s  t h i c k  and r a d i a l l y  s t r i a t e d .  I n s i d e  
t h e  s h e l l s  i s  th e  o n c h o s p h e re  and i n  i t  t h r e e  p a i r s  
o f  em b ry o n ic  b o o k l e t s  c a n  be made o u t .  ( F i g . S . b . ) The 
t h r e e  p a i r s  o f  b o o k l e t s  d i v e r g e  r a t h e r  more w id e ly  
i n  th e  ova  o f  T, s a g i n a t a  t h a n  i n  th e  ova  o f  T, s o l i u m ,  
and th e  s h e l l  o f  T. s a g i n a t a  i s  t h e  / .o re  t r a n s p a r e n t  
b u t  i n  a c t u a l  p r a c t i c e  i t  i s  n o t  e a s y  t o  d i s t i n g u i s h  
b e tw e e n  t h e  ova  o f  th e  two s p e c i e s  ( F ig .  2 a)

The r i p e  p r o g l o t t i d e s  a r e  p a s s e d ,  and t h e n  t h e y  b r e a k  
u p ,  and t h e  ova  may be  sw allow ed  by t h e  ox  i n  g r a z i n g .
The o n c h o s p h e re s  a r e  s e t  f r e e  i n  t h e  a l i m e n t a r y  c a n a l  
o f  t h e  o x ^ b o re  t h r o u g h  t h e  w a l l  o f  t h e  i n t e s t i n e  and 
a r e  c a r r i e d  t o  t h e  m u sc le s  o f  t h e  body w here  th e y  
d e v e lo p s  i n t o  c y s t i c e r c i .  D e v e lo p s  ment d o e s  n o t  p r o c e e d  
f u r t h e r  u n l e s s  th e y  a r e  i n g e s t e d  by man t h e  d e f i n i t i v e  
h o s t .  I n  t h e  s tom ach  o f  i/an th e  s c o l e x  i s  l i b e r a t e d  and 
p a s s e s  t o  t h e  s m a l l  i n t e s t i n e  w here  i t  f i x e s  i t s e l f  
t o  t h e  w a l l  by  means o f  i t s  s u c k e r s .

T h is  p a r a s i t e  i s  r a r e l y  d a n g e r o u s ,  th o u g h  i t  may 
som etim es  g i v e  r i s e  t o  a b d o m in a l  p a i n  o r  o c c a s i o n a l l y  
p ro d u c e  some an aem ia .  The e t h e r e a l  e x t r a c t  o f  m ale f e r n  
i s  t h e  m ost e f f i c i e n t  a n t h e l n d n t i c  a g a i n s t  t h i s  
p a r a s i t e ,

P r o p o y l a x i s  c o n s i s t s  i n  t h o r o u g h l y  c o o k in g  a l l  b e e f  
t o  be  e a t e n ,  and i n  b u r n in g  a l l  seg m en ts  p a s s e d .

2 .  DI-BOTHRIOCSPÏiALUS LATUS. LINNABUS. 1748,

T h is  p a r a s i t e  was met w i t h  i n  o n ly  one o f  my c a s e s .  I t  i s .  
l e s s  common th a n  T, s a g i n a t a  b u t  i t  i s  w i d e l y  d i s t r i b u t e d  
t h r o u g h o u t  t h e  Old W orld .

The a d u l t  tapew orm  i n h a b i t s  t h e  s n a i l  i n t e s t i n e  o f  . 
man and a l s o  o f  t h e  dog and c a t .  I t  may a t t a i n  a  l e n g t h  
o f  10 m e t r e s ,  and i t  i s  e a s i l y  d i s t i n g u i s h a b 1e f ro m  
th e  o t h e r  tapew orm s o f  man by  t h e  g r e a t  b r e a d t h  and 
r e l a t i v e  s h o r t n e s s  o f  i t s  p r o g l o t t i d e s .  T h ese  may 
num ber 4 0 0 0 .  The s c o l e x  i s  o b lo n g  and a b o u t  3mm. i n  
l e n g t h .  I t  h as  two l o n g i t u d i n a l  g ro o v e s  e x t e n d i n g  t h e  
f u l l  l e n g t h  o f  t h e  head  and no s u c k e r s ,  r o s t e l l u m  o r  
b o o k l e t s .  (F ig ,  1 1 . c) The m a tu re  seg n ien ts  a r e  t h i n  and 
f l a t  a t  th e  m arg in s  b u t  th e  c e n t r a l  p o r t i o n  i s  b u lg e d  o u t  
by  t h e  u t e r u s  w h ich  c o n v o lu te d  and d i s t e n d e d  w i t h  eggs  
l i e s  m e d i a l l y .  The g e n i t a l  p o r e  a l s o  i s  m e d i a n , ( F i g . 12 c)

The o v a  m easure  7 0 ^  by  4 0 ^  (MANSON) They a r e  ovoid^  ^ 
t r a n s l u c e n t  and d a rk  g r e e n  i n  c o l o u r ,  and t h e  s h e l l  i s  
sm oo th  and o p e r c u l a t e d .  ( F i g , 2 , c) Two i n t e r m e d i a r y  h o s t s  
a r e  r e c u i r e d  t o  c o m p le te  t h e  l i f e  c y c l e .  The egg on



0 /

com ing i n t o  c o n ts ic t  w i t h  v /a te r  g i v e s  e x i t  t o  a  
c o r a c id iu m  w h ic h  i s  a  c i l i a t e d  o n c h o s p h e re  c o n t a i n e d  
w i t h i n  an  em bryon ic  e n v e lo p e .  I n  two o r  t h r e e  days  
t h e  o n c h o s p h e re  e s c a p e s  f ro m  th e  e n v e lo p e  and i s  
i n g e s t e d  by c e r t a i n  f r e s h  w a t e r  c r u s t a c e a ,  i n  t h e  
i n t e s t i n a l  c a n a l  o f  w h ich  i t  r e m a in s  f o r  two o r  t h r e e  
w eeks and i s  t r a n s f o r m e d  i n t o  a  p r o c e r c o i d  leu  v a ,  
an  e lo n g a t e d  s p h e re  f i n e l y  c l o t h e d  w i t h  h a i r s .  When 
i n g e s t e d  b y  f r e s h  w a t e r  f i s h e s  t h e  l a r v a e  a r e  
l i b e r a t e d .  They p e n e t r a t e  th e  stoiwach w a l l  and f i n a l l y  
become e n c y s te d  i n  t h e  m u s c u la r  t i s s u e  o f  t h e s e  
f i s h e s  a s  p l e r o c e r c o i d  l a i v a e .  When i n g e s t e d  by man 
Y /ith  raw o r  i m p e r f e c t l y  cooked f i s h  t h e y  d e v e lo p s  
i n t o  t h e  a d u l t  b o t h r l o c e p h a l u s  i n  th e  i n t e s t i n a l  '
c a n a l .  (MANSON)

T h is  tapew orm  imiy i n h a b i t  t h e  i n t e s t i n e  w i t h o u t  ' 
p r o d u c in g  any  i l l  e f f e c t s ,  b u t  o c c a s i o n a l l y  i t  may 
g i v e  r i s e  t o  a  v e ry  p ro fo u n d  a n a e m ia .

T re a tm e n t  i s  as f o r  o t h e r  ta p e w o rn s  and p r o p h y l a x i s  . 
c o n s i s t s  i n  t h o r o u g h l y  c o o k in g  a l l  f i s h .  ' ^

C. TREMATODA.

SCHISTOSOT/IA MAN80N I. SAÎvîBON. 1907,

S c h is to so ru a  manson i  was t h e  o n ly  T rem a to d e  th e .  
ova  o f  w h ich  w e re  fo u n d  i n  th e  s t o o l s  o f  t h e  280 
E a s t  A f r i c a n  n a t i v e s  ex am in ed . I t  o c c u r r e d  i n  6 c a s e s . 
TBB d i s t r i b u t i o n  o f  t h i s  p a r a s i t e  i s  a  t r o p i c a l  
one and i s  a t  p r e s e n t  somewhat l i m i t e d ,  b u t  i t  i s  
f e e z e d  t h a t  i t s  r a n g e  may be e x te n d e d .  M iss  PORTER 
(24) r e p o r t s  f i n d i n g  i t  i n  n a t i v e s  l i v i n g  i n  
J o h a n n e s b u rg .  So f a r  no a u t h e n t i c  i n d ig e n o u s  c a s e  
h a s  b e e n  r e p o r t e d  i n  I n d i a ,  (KEMP and GRAVELY 1 7 ) .
I t  i s  fo u n d  i n  C entra  1 A f r i c a ,  S o u th  A m erica  and t h e  \  
W est I n d i e s ,  L ik e  Nec a t o r  a m e r ic a n u s  i t  i s  p r o b a b l y  
o f  West A f r i c a n  o r i g i n  and, was t a k e n  o v e r  t o  A m erica  
by  t h e  n e g r o e s  and f  :mnd t h e r e  a s u i t a b l e  i n t e r m e d i a t e  
h o s t .

\
The m ale i s  w h i t e  i n  c o l o u r ,  i s  a b o u t  1 cm. l o n g  and 

h a s  a  c y l i n d r i c a l  a p p e a r a n c e  ow ing t o  t h e  body  b e in g  
f o l d e d  ro u n d  v e n t  r a l l y  t o  fo rm  t h e  g y n a e c o p h o r io  c a n a l  
i n  w h ic h  t h e  l o n g e r  and more s l e n d e r  fe m a le  i s  
c a r r i e d .  T h e re  i s  a n  o r a l  and a  v e n t r a l  s u c k e r  and th e  
o u t e r  s u r f a c e  o f  th e  body  b e h in d  th e  v e n t r a l  s u c k e r  
i s  co v e re d  w i t h  w a r t - l i k e  t u b e r c l e s .  The two s u c k e r s  
a r e  s e t  c l o s e  t o g e t h e r .  The a l i m e n t a r y  c a n a l  commences 
a t  t h e  l e v e l  o f  th e  o r a l  s u c k e r  and b i f u r c a t e s  a t  t h e  
l e v e l  o f  th e  v e n t r a l  s u c k e r .  The two p a r t s  u n i t e



a g a i n  w h i l e  s t i l l  i n  th e  a n t e r i o r  h a l f  o f  t h e  body 
t o  forxii a  s i n g l e  m edian  i n t e s t i n a l  t r a c t .  (P ig . l3 ,S )

The feimale i s  d a r k e r  i n  c o l o u r  t h a n  t h e  male and 
m e a su re s  l ,5 o m . i n  l e n g t h ,  (F ig ,  13a), The m id d le  p o r t i o n  
i s ^ e n f o l d e d  i n  t h e  g y n a e c o p h o r ic  c a n a l  o f  t h e  male 
w h i l e  th e  e x t i* e m i t ie s  o f  th e  body a r e  f r e e .  The g e n i ta .1  
o p e n in g  i n  b o t h  s e x e s  i s  p l a c e d  im iwedia.tely p o s t e r i o r  
t o  t h e  v e n t r a l  s u c k e r .

The p a r a s i t e s  i n h a b i t  t h e  p o r t a l  and m e s e n te r i c  
v e i n s .  IVhen t h e  feiwale i s  r e a d y  t o  l a y  t h e  e g g s  i t  
l e a v e s  t h e  n^ile and p r o c e  :ds t o  th e  u l t i m a t e  v e n u le s  
i n  t h e  w a l l  o f  th e  r e c tu m  and d e p o s i t s  th e  eggs i n  t h e  
submucous t i s s u e .  They s o o n e r  o r  l a t e r  p a s s  o u t  w i t h  
th e  f a e c e s .  The ova m easu re  15C^ by  56/*. (IIANSO I) a r e  
o v a l  i n  sh ap e  and a r e  c ] ia ra .c te P is e d  by a  vei-y d e f i n i t e  
l a t e r a l  s p i n e .  I n  S, haei/iatobium  t h i s  s p in e  i s  t e r m i n a l  
and i n  S. ja p o n icu m  i t  i s  w a n t in g  . (F ig  3 . a . b . c . )

The e g g  when p a s s e d  c o n t a i n s  a c i l i a t e d  u d r a c id iu m  
w h ic h  i f  t h e  egg i s  i n  c o n t a c t  w i t h  w a t e r  e s c a p e s  and
sw'ims f r e e l y  a b o u t .  The m i r a c id iu m  e n t e r s  a. f r e s h  w a t e r
s n a i l  and fo rm s  s p o r o c y s t s .  The s p o r o c y s t s  m ig r a t e  to  t h e  
l i v e r  and m u l t i p l y  b y  f i s s i o n  and t h e n  w i t h i n  th e  
s p o r o o y s t  in n u m e ra b le  b i f i d - t a i l e d  c e r c e r i a e  
d e v e lo p s .  T h ese  on m a tu r in g  e s c a p e  i n t o  th e  w a t e r  and 
may p e n e t r a t e  t h e  s k in  o f  soi.e s u i t a b l e  v e r t a b r a t e  h o s t .
They p ro c e e d  by way o f  th e  ly m p h a t i c s  and b lo o d  v e s s e l s
t o  t h e  l i v e r  and in  a b o u t  s i x  w eeks a t t a i n  s e x u a l
m a t u r i t y .  (MANSON).

The p r e s e n c e  o f  th e  ova i n  t h e  w a l l '  o f  t h e  r e c tu m  g i v e s  
i d  s e  t o  c o n s i d e r a b l e  i n f l a m a t i o n ,  and th e  s t o o l s  may 
c o n t a i n  b lo o d  and m ucus. I n  s e v e r e '  c a s e s  th e  i n f i l t r a t i o n  
o f  th e  t i s s u e s  ro u n d  t h e  r e c tu m  may g iv e  r i s e  t o  tt im our 
l i k e  s w e l l i n g s .  The ova a r e  so m etim es  d e p o s i t e d  i n  t h e  
l i v e r  and p ro d u c e  a fo rm  o f  c i r r h o s i s ,  o r  t h e y  i/ay c a u s e  
pheum on ia  th r o u g h  b e in g  d e p o s i t e d  i n  t h e  l u n g s .

The damage done to  th e  t i s s u e s  by S, m anson i and i t s  
o v a  i s  n o t  a lw ay s  ly e p a ra b le  and some p e rm a n e n t  damage 
u s u a l l y  r e m a in s .  F u r t h e r  damage c a n  be p r e v e n t e d  how ev er  
by  d e s t r o y i n g  t h e  a d u l t  worms and th e  o v a .  A s a t i s f a c t o r y  
method o f  d o in g  t h i s  was i n t r o d u c e d  i n  1919 by 
CHRISTOPHER SON (6) w o rk in g  a t  K hartum . He fo u n d  t h a t  
i n t r a v e n o u s  i n j e c t i o n s  o f  A ntim ony t a r t r a t e  k i l l e d  t h e  
a d u l t  Y/orms a m  t h e  ova o f  b o th  S. h aem ato b iu m  and S. 
m ruisoni. He g i v e s  i g r .  i n  4 0 -5 0  m inim s o f  s t e r i l e  n o rm a l 
s a l i n e  i n t r a v e n o u s l y  e v e r y  o t h e r  xworning 3 t o  4  h o u r s  b e f o r e



^3

th e  f i r s t  m e a l .  The d o s e  i s  i n c r e a s e d  b y  ^ g r . e v e r y  
i n j e c t i o n  u n t i l  a  maximum o f  2 - 2 f e r s ,  i s  r e a c h e d .
T h i s  d o ae  i s  m a in ta in e d  u n t i l  2 0 -2 5  g r s .  h av e  b e e n  
g i v e n .  I f  more o f  t h e  d ru g  i s  r e q u i r e d  he recommends 
a n  i n t e r v a l  and t h e n  a  seco n d  c o u r s e .  Among o a s e s  
exam ined  two y e a r s  a f t e r  t h i s  t r e a t m e n t  he fo u n d  no 
r e l a p s e s .  He c o n s i d e r s  t h a t  A ntim ony t a r t r a t e  h a s  
a  p ro fo u n d  and s p e c i f i c  e f f e c t  on S c h is to s o m a  i n  
a l l  s t a g e s  and k i l l s  t h e  a d u l t  worms i n  s i t u ,  t h e  
embryo i n  t h e  ova i n  t h e  w a l l  o f  t h e  b l a d d e r  o r  
rec tu m ^  and th e  m i ra c id iu m ,  A n t i l u e t i n  and C o l l o i d a l  
A ntim ony have b e e n  fo u n d  t o  h av e  t h e  same a c t i o n ,  
b u t  t h e y  a r e  n o t  so c o n v e n ie n t  i n  t h e  T r o p ic s  a s  
A n t i l u e t i n  i s  d i f f i c u l t  t o  o b t a i n  and C o l l o i d a l  
A ntim ony r e q u i r e s  t o  be f r e s h l y  p r e p a r e d  a s  i t  i s  
n o t  s t a b l e .

To a v o id  i n i ' e c t i o n  i n  c o u n t r i e s  w here  t h i s  
p a r a s i t e  i s  p r e s e n t  a  p u r e  w a te r  s u p p ly  i s  n e c e s s a r y  
and i t  i s  w e l l  t o  r e f r a i n  from  w ad in g  o r  b a t h i n g  i n  
p o n d s  and s t r e a m s ,

V l l .  CONCLUSIONS.

H e l ru in th ic  i n t e s t i n a l  i n f e c t i o n s  a r e  w i d e l y  
d i s t r i b u t e d  and e x c e e d i n g l y  common emong t h e  
n a t i v e s  o f  E a s t  A f r i c a .

They a r e  m ost f r e q u e n t  i n  t h e  Lake R e g io n ,  a lm o s t  
e q u a l l y  so  on th e  C o a s t , and a r e  l e a s t  conmion i n  t h e  
h i g h - l y i n g  I n la n d  R e g io n .

I n f e c t i o n s  w i t h  o n e , two o r  more p a r a s i t e s  o c c u r .
The o v a  o f  f o u r  s e p a r a t e  H e lm in th s  w ere  fo u n d  i n  a  
s i n g l e  s t o o l .  M u l t i p l e  i n f e c t i o n s  a r e  m ost common i n  
t h e  Lake R e g io n ,

Nexixatode i n f e c t i o n s  a re  th e  m ost f r e q u e n t .  N e c a to r  
a m e r ic a n u s  i s  t h e  c o s t  coimion Ne mg,f o de . I t  i s  p r e s e n t  
i n  a l l  p a r t s  o f  t h e  c o u n t r y  b u t  i s  m ost p r e v a l e n t  
on. t h e  C o a s t .  I t  c o n s t i t u t e s  a  s e r i o u s  menace t o  t h e  
h e a l t h  o f  t h e  c o m /u n i ty .  A s c a r i s  l u m b r i c o i d e s .
T r i c h o c e p h a l u s  d i s p a r ,  S t r o n g y l o i d e s  s t e r c o r a l i s  and 
O x y u r is  v e r m i c u l a r i s  a r e  a l s o  f o u n d , and a r e  v e r y  
common and w id e ly  d i s t r i b u t e d .  Though o f f e r i n g  a  l e s s  
s e r i o u s  menace t o  h e a l t h  t h a n  N e c a to r  a m e r ic a n u s  
t h e  e l i m i n a t i o n  o f  t h e s e  p a r a s i t e s  froxu t h e  human 

i n t e s t i n e  i s  none t h e  l e s s  d e s i r a b l e .

I n f e s t a t i o n  w i th  Ces to d e s  i s  f a i r l y  common, th e  
m ost f r e q u e n t  Tapeworm b e in g  T. s a g i n a t a ,  B o t h r l o c e p h a l u s  
l a t u s  i s  o c c a . s io n a l ly  fo u n d .



I n f e c t i o n  Yxith t h e  T re m a to d e ,  S c h is to s o m a  n a n s o h l  
I s  fo u n d  p r i n c i p a l l y  i n  n a t i v e s  f ro m  t h e  s h o re s  o f  
Lake V i c t o r i a  Nyanza w here  i t  a p p e a r s  t o  h e  en d em ic .
I t  was found  a l s o  i n  n e  c a s e  com ing froxm a n  i n l a n d  
p a r t  o f  th e  T a n g a n y ik a  T e r r i t o r y .  ■

T h is  ex trem e  p r e v a l e n c e  o f  I n t e s t i n a l  H e lm in th s  
i s  o f  g r e a t  econom ic i m p o r t a n c e , n o t  p e r h a p s  i n  
t h a t  t h e y  o b v io u s ly  s w e l l  t h e  d e a t h  r a t e , b u t  i n  
t h a t  t h e y  r e d u c e  th e  e f f i c i e n c y  o f  l a r g e  num bers o f  
t h e  p o p u l a t i o n  and r e n d e r  th em  more l i a b l e  a l s o  t o  
f a l l  v i c t i m s  t o  some o t h e r  d i s e a s e .

The r a t e  o f  i n f e c t i o n  w i t h  t h e s e  p a r a s i t e s  i s  k e p t  
up by th e  p ro m isc u o u s  h a b i t s  o f  th e  n a t i v e s  i n  t h e  
d i s p o s a l  o f  f a e c e s . T h is  i s  a l lo w e d  t o  c o n ta m in a te  
t h e  s u r f a c e  o f  th e  s o i l ,  w a t e r  and v e g e t a t i o n .

Some o f  t h o s e  h a r b o u r in g  I n t e s t i n a l  H e lm in th s  show 
symptoms o f  r u a l n u t r i t i o n  and a n a e m ia .  Many a r e  
a p p a r e n t l y  i n  good h e a l t h  and  do n o t  o b v i o u s l y  s u g g e s t  
t h a t  th e y  a r e  d i s s e m i n a t i n g  H e l i /d n th ic  ova  
c o n t i n u o u s l y  and w i d e l y .

B e fo re  an y  a r e a  c a n  be c o n s id e r e d  t o  be h e a l t h y ,  
t h e  n a t i v e  i n  t h a t  a r e a  m ust be i n s t r u c t e d  i n  t h e  
s a n i t a r y  d i s p o s a l  o f  f a e c e s , and  i t  s h o u ld  be s e e n  
t h a t  t h e s e  i n s t r u c t i o n s  a r e  c a r r i e d  o u t .  The s t o o l s  
o f  e a c h  i n d i v i d u a l  s h o u ld  be exam ined  and t h o s e  
w hose s t o o l s  c o n t a i n  ova  s h o u ld  r e c e i v e  a p p r o p r i a t e  
a n t h e l m i n t i c  t r e a t m e n t .



B. SOIÆE OBSERVATIONS OP THE TREATMENT OP HOOKIVORM 
DISEASE.

I .  A SHORT ACCOUNT OP HOOKWORM DISEASE,ITS MORBID 

AMATOMY, SYMPTOMS, PROGNOSIS AND DIAGNOSIS.

Hookworm D is e a s e  o r  A n k y lo s to m ia s i s  a s  i t  was 
g e n e r a l l y  c a l l e d  p r i o r  to  th e  d i s c o v e r y  o f  N e c a t o r  
a m e r ic a n u s  I s  a d i s e a s e  w h ic h  when s e v e r e  i s  
c h a r a c t e r i s e d  by  a n a e m ia ,  c a r d i a c  in c o m p e te n c e ,  and 
oedem a, and w h ic h  i s  due t o  t h e  p r e s e n c e  i n  t h e  
S i ia l l  i n t e s t i n e  o f  A n k y lo s to m a  d u o d e n a le  o r  o f  
N e c a to r  a m e r ic a n u s ,

MORBID ANATOMY.- The c o n d i t i o n  fo u n d  p o s t  m ortem  
i s  t h a t  o f  a  s e v e r e  an aem ia . The h e a r t  i s  d i l a t e d  and 
f l a b b y ,  a l l  t h e  o rg a n s  a r e  anaem ic  and show f a t t y  
d e g e n e r a t i o n  and t h e r e  i s  u s u a l l y  f l u i d  i n  t h e  
s e r o u s  c a v i t i e s .  As a l r e a d y  m e n t io n e d ,  i f  th e  s u b j e c t  
h a s  b e e n  dead  f o r  a  few  h o u r s  o n l y ,  th e  vxorms w i l l  be 
fo u n d  f i r n l y  a d h e r e n t  t o  t h e  mucous membraiwe o f  t h e  
je ju n u m , b u t  i f  some i n t e r v a l  h a s  e l a p s e d  s i n c e  d e a t h  
t h e y  w i l l  be  found  l y i n g  f r e e  i n  t h e  mucus i n  t h e  
lumen o f  th e  b o w e l ,  and t h e i r  r e c e n t  p l a c e s  o f  
a ttaohfflBnt c an  be s e e n  a s  m in u te  c i r c u l a r  e x t r a v a s a t i o n s  
o f  b lo o d  on t h e  mucous membrame o f  t h e  b o w el w a l l .
How t h e  anaexiiia i s  p ro d u c e d  i s  n o t  d e f i n i t e l y  known, 
b u t  p r o b a b l y  th e  a b s o r p t i o n  o f  a  t o x i n  p ro d u c e d  b y  
th e  p a r a s i t e s ,  and th e  l o s s  o f  t h e  b lo o d  w h ic h  t h e  
p a r a s i t e s  e i t h e r  consume o r  w a s te  a r e  b o t h  f a c t o r s .
The U n c i n a r i a s i s  Com m ission t o  t h e  O rien t '^ fo 'u n d  r e a s o n  
t o  b e l i e v e  t h a t  10 t o  12 worms i n  a  man may c a u s e  
a  h a e m o g lo b in  r e d u c t i o n  o f  1^ . T h is  c a n  be  m easu red  
w here  th e  a v e ra g e  Yvorm c o u n t s  a r e  above  200 . V/hen th e  
num ber o f  worms p r e s e n t  i s  be low t h i s  f i g u r e  t h e  
b lo o d  fo rm in g  o r g a n s  c a n  keep  up th e  h a e m o g lo b in  
p e r c e n t a g e  and t h e  r e s u l t i n g  a n aem ia  i s  s l i g h t ,  
i n  s e v e r e  c a s e s  th e  wornu p r e s e n t  may i n  num ber e x c e e d  
1 0 0 0 , th e  b lo o d  fo rm in g  o r g a n s  become e x h a u s t e d  and a  
s e v e r e  a n aem ia  i s  t h e  r e s u l t ,  A .d u o d e n a le  i s  much more 
m a l ig n a n t  t h a n  N. a m e r i c a n u s , a  g i v e n  num ber o f  
A n k y lo s to m es  p r o d u c in g  a  g r e a t e r  d e g r e e  o f  a n a e m ia  
t h a n  an  e q u a l  number o f  Nec a t o r s .

SYMPTOMS. I n  a  c o n s i d e r a b l e  p r o p o r t i o n  o f  t h e  o a s e s  
t h e  iiumber o f  worms p r e s e n t  i s  s iwall and t h e  i n d i v i d u a l  
c o n c e rn e d  does n o t  c o m p la in  o f  i n p a i r e d  h e a l t h .  He 
shows no o b v io u s  symptonxs, and t h e r e  i s  o n ly  t h e  
r e s u l t s  o f  th e  e x a m in a t io n  o f  t h e  f a e c e s  t o  show t h a t  
he h a r b o u r s  hookworr-xs.

The c a s e s  w h ich  show symptoms n&y be d i v i d e d  i n t o



. tJ i ree  c l a s s e s ^  m ild  c a s e s  , m o d e r a t e ly  s e v e r e  c a s e s  and 
s e v e r e  c a s e s .

MILD CASES. I n  th e  n i  Id  fo rm  t h e r e  i s  a  s l i g h t  p a l l o r  
o f  t h e  s k i n ,  b u t  th e  mucous nembrames a r e  • n o t  
m a rk e d ly  a n a e n d c .  The s e c r e t i o n  o f  sw e a t  i s  d in i .n i  shed 
s l i g h t l y .  D i g e s t i v e  d i s t u r b a n c e s  a r e  u s u a l l y  an  e a r l y  
symptoi'ii,: and t h e  p a t i e n t  c o m p la in s  o f  a  f e e l i n g  o f  
f u l l n e s s  i n  t h e  e p i g a s t r i u m ,  and o c c a s i o n a l l y  o f  
h e a r t b u r n .  The a p p e t i t e  i s  a s  a  r u l e  i n c r e a s e d .  T h e re  i s  
some m e n ta l  l e t h a r g y  and s l e e p i n e s s ^ a n d  w ork  i s  
i n a t t e n t i v e l y  done . The r e s u l t  o f  a n  i n q u i r y  i n t o  t h e  
e f f e c t  o f  Hookworm D is e a s e  on th e  m e n ta l  d e v e lo p e rn e n t  
o f  s c h o o l  c h i l d r e n  i n  N o r th  Q ,ueensland shows t h a t  i n  
c h i l d r e n  i n f e c t e d  w i t h  Hookvvorms t h e r e  i s  a  m e a s u ra b le  
m e n ta l  s l u g g i s h n e s s , and t h a t  r n n t a l  d e v e lo p e m e n t  i s  
r e t a r d e d  i n  p r o p o r t i o n  t o  th e  i ^ a s s iv e n e s s  o f  t h e  
i n f e c t i o n .  (WAITE and. IŒILSON .2 8 ) .

A b lo o d  e x a m in a t io n  shows a  d i s t i n c t  e o s i n o p h i l i a .
The r e d  c o r p u s c l e  c o u n t  i s  s t i l l  n o r m a l ,  b u t  t h e  
h a e m o g lo b in  in d e x  h a s  f a l l e n  t o  a b o u t  8 0 ^ .  The p a t i e n t  
i s  n o t  i n c a p a c i t a t e d  “a t  t h i s  s t a g e  and c a n  c o n t i n u e  
w i t h - h i s  w o rk .

MODERERATELY SEVERE CASES, I n  t h e s e  c a s e s  p a l l o r  b o t h  
o f  t h e  s k i n  and o f  t h e  mucous membî-ames i s  p r o n o u n c e d .  
The s k i n  i s  d r y  and ro u g h  due t o  t h e  d i m i n i s h e d  a c t i v i t y  
o f  t h e  sw e a t  g la n d s  and t h e r e  i s  c o n s i d e r a b l e  i t c h i n g .  
The a p p e t i t e  i s  i n c r e a s e d ,  b u t  t h e r e  i s  p a i n  i n  th e  
abdomen and i n d i g e s t i o n .  To a l l a y  t h e  u n e a s i n e s s  i n  
t h e  s tom ach  t h e r e  i s  a  te n d e n c y  t o  e a t  i n e r t  
s u b s t a n c e s  su c h  as  c h a l k  end e a r t h .  The b o w e ls  a r e  
s o i i e t i i  e s  c o n s t i p a t e d  b u t  o f t e n e r  l o o s e .  The p a t i e n t  
c o i r p la in s  o f  p a l p i t a t i o n ,  t h e r e  i s  o f t e n ,  some c a r d i a c  
h y p e r t r o p h y ,  and s y s t o l i c  muriiUrs ma.y so m e tim es  be 
made o u t .  H ^ ^ e r a e s t h e s i a  o f  t h e  a b d o m in a l  v / a l l  and 
d im in i s h e d  knee j e r k s  a r e  coi/mon, and v i s u a l  
d i s t u r b a n c e s  and t i n n i t u s  a u r iu m  may be p r e s e n t .
The p a t i e n t  i s  l e t h a r g i c  and i n t e l l i g e n c e  i s  d u l l e d .  
A lb u m in u r ia  i s  f r e q u e n t .
E o s i n o p h i l i a  i s  m arked . TTne r e d  c o r p u s c l e s  a r e  o n ly  
s l i g h t l y  r e d u c e d  i n  nimfoer, and t h e  h a e m o g lo b in  in d e x  
h a s  f a l l e n  t o  b e tw een  50 and 70 ^ . T h e re  i s  no w a s t i n g ,  
t h e  s u b c u ta n e o u s  f a t  i s  s t i l l  p r e s e n t  and t h e  p a t i e n t  
a p p e a r s  f a i r l y  w e l l  n o u r i s h e d .

SEVERE CASES. S ev e re  c a s e s  a r e  f o r t u n a t e l y  n o t  
r e l a t i v e l y  common. They show' a l l  t h e  s y ip  tom s o f  a  
p ro fo u n d  a n a e m ia ,  find d i s t u r b a n c e s  o f  t h e  a l i m e n t a r y ,  
c i r c u l a t o r y  and n e rv o u s  sy s te m s  a r e  v e r y  g r e a t .
T h e re  i s  s u r p r i s i n g l y  l i t t l e  w a s t i n g  e v e n  i n  s e v e r e  
c a s e s ,  and w hat w a s t in g  t h e r e  i s ,  i s  u s u a l l y  masked by
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oedem a. I  had  5 o a s e s  i n  wrhioh oedama was p r e s e n t .
I t  a p p e a re d  f i r s t  i n  th e  l e f t  f o o t . a n d  l e g ,  and t h e n  
in v o lv e d  th e  r i g h t  f o o t  and r i g h t  l e g .  The f a c e  was 
n e x t  a f f e o t e d  and th e  oedema g r a d u a l l y  became g e n e r a l .  
F l u i d  t h e n  a p p e a re d  i n  t h e  s e r o u s  c a v i t i e s  and t h e  
a s c i t i s  soon  beoaxme v e r y  g r e a t ,  . .

The a p p e t ite  i s  sq A etim es  f e e b l e  b u t  o f t e n  
v o r a c i o u s , and n a u s e a  and v o m i t in g  are f r e q u e n t .
A t t h i s  s t a g e  e p i g a s t r i c  p a i n  i s  s e v e r e  and t h e  d e s i r e  
f o r  i n e r t  s u b s t a n c e s  i s  i n c r e a s e d .  D i a r r h o e a  i s  f r e q u e n t ,  
b u t  b lo o d  i s  r a r e l y  s e e n  i n  th e  s t o o l s .  The p a t i e n t  
c o n p l a i n s  o f  p a l p i t a t i o n  and p r e c o r d i a l  p a i n .  The 
p u l s e  i s  s m a l l 'a n d  r a p i d ,  t h e  h e a r t  i s  e n l a r g e d , 
a  p r e  s y s t o l i c  murmur may be a u d i b l e ,  and  p u l s a t i o n  
i s ,  v i s i b l e  i n  th e  v e i n s  o f  t h e  n e c k .  T h e re  i s  a 
l i a b i l i t y  t o  s y n c o p a l  a t t a c k s  and d y s p n o e a i is  so m etim es  

. d i s t r e s s i n g .  T here  i s  c o n s t a n t  h e a d a c h e ,  and m e n ta l  
d e t e r i o r a t i o n  imy be m arked . The knee j e r k s  a r e  
a b o l i s h e d .  The t e m p e r a tu r e  may re m a in  su b n o rm a l o r  
t h e r e  may be f r e q u e n t  f e b r i l e  a t t a c k s .  The h a e m o g lo b in  
in d e x  i s  now v e r y  low , som etim es  be low  ev en  2 0 ^ ,The 
r e d  c o r p u s c l e  c o u n t  how ever i s  s t i l l  f a i r l y  h i g h ,  
u s u a l l y  b e tw e e n  2 and 3 m i l l i o n s .  E o s i n o p h i l i a  may 
now be a b s e n t .

PROGNOSIS, P r o g n o s i s  i n  a l l  b u t  th e  v e r y  s e v e r e  
o a s e s  i s  good . A f t e r  th e  Hookvvorr.iS have  b e e n  e^cpe lled  
t h e  symptoms d i s a p p e a r  and t h e r e  i s  a  s t e a d y  r i s e  
i n  th e .  h a e m o g lo b in  p e r c e n t a g e  wi t h o u t  an y  o t h e r  
t r e a t m e n t  b e in g  g i v e n  t o  bi?ing t h i s  about.BROSIUS 
and BISHOPS(3) f i n d  th e  g a i n  i n  h a e m o g lo b in  t o  
v a r y  b e tw e e n  20^ and 5 0 ^ ,  b e in g  m ost marked i n  
c h i l d r e n ,  l e s s  r a p i d  i n  young a d u l t s  and s lo w  a f t e r  
m id d le  l i f e .  Among t h e  w o rk e rs  on p l a n t a t i o n s  i t  i s  
fo u n d  t h a t  a f t e r  t r e a t r u e n t  t h e y  c a n  d o  more w ork and do 
i t  b e t t e r ,  and t h a t  t h e i r  wage e a r n i n g  c a p a c i t j r  i s  
i n c r e a s e d .  I t  i s  a l s o  fo u n d  t h a t  on p l a n t a t i o n s  w h ere  
t r e a t m e n t  has b een  g iv e n  t h e r e  i s  a lo w e re d  j i n r b l d l t y  
r a t e  among th e  w o rk e rs  and i n f a n t  m o r t a l i t y  i s  
d i m i n i s h e d .  (SCHAPIRO. 2 5 .)

P r o g n o s i s  i n  v e r y  s e v e r e  c a s e s  i s  b a d .  Even i f  
a n t h e l m i n t i c  t r e a t m e n t  ca n  be v e n t u r e d  upon  and t h e  
worms e x p e l  le d  t h e  damage done i s  i r r e p a r a b l e  and t h e  
b lo o d  f o rm in g  o rg a n s  a r e  e x h a u s t e d .  Of th e  t h r e e  c a s e s  
I  had  i n  w h ich  th e  oedema became g e n e r a l  and th e  
a s c i t i s  m a rk e d ,  one d i e d  and t h e  o t h e r  twro th o u g h  s t i l l  
i n  t h e  w ard  when I  l e f t  i t ,  w ere  e v i d e n t l y  g o in g  
r a p i d l y  down h i l l .  ,

DIAGNOSIS. The d i a g n o s i s  o f  Hookworm D is e a s e  may be 
a r r i v e d  a t  i n  t i i r e e  w ays.



1 . From th e  G enera l Syniptonis,

S* By F i n d i n g  th e  P a r a s i t e  i n  t h e  S t o o l s  a f t e r  an  
■ A n th e lm in t io ,

3. By F in d in g  th e  Ova i n  t h e  s t o o l s  on M ic r o s c o p ic  
E x a m in a t io n .

A l l  t h r e e  m ethods a r e  o f  v a l u e .  The p r e s e n c e  o f  t h e  
p a r a s i t e s  o r  t h e i r  o v a  i n  t h e  s t o o l s  i s  c o n c l u s i v e  
p r o o f  o f  t h e  p r e s e n c e  o f  t h e  d i s e a s e  e v e n  th o u g h  no 
generE .l synptom s be a p p a r e n t .  On t h e  o t h e r  hand 
symptoms may be p r e s e n t  f o r  w h ic h  a l l  o t h e r  c a u s e s  
t h a n  Hookworm D is e a s e  have b e e n  e x c l u d e d ,  and y e t  
n e i t h e r  p a r a s i t e s  n o r  ova be p r e s e n t  i n  th e  f a e c e s .  
The d i a g n o s i s  need  n o t  n e c e s s a r i l y  be c a s t  a s i d e ,  
h o w e v e r , a s  i t  sox.etiy  e s  h a p p e n s  i n  t h e  l a t e r  s t a g e s  
o f  th e  d i s e a s e  t h a t  th e  p a r a s i t e s  have  d i s a p p e a r e d  
th o u g h  t h e  r e s u l t s  o f  t h e i r  p r e s e n c e  p e r s i s t .

1 . D ia g n o s i s  f ro m  G e n e ra l  Symptoius.

I n  a  t e iu p e r a te  c l i m a t e  w here  a n a e m ia  a p p e a r s  a/ixong 
w o rk e rs  i n  a p l a c e  i/diich i s  m o is t  and h a s  £i h ig h  and 
e v e n  te m p e rg .tu re  t h e  d i a g n o s i s  o f  Hookworm D is e a s e  
i s  n o t  b e s e t  w i t h  v e r y  g r e a t  d i f f i c u l t i e s .  I n  t h e  
T r o p ic s  how ever w here  t h e  s e v e r a l  sympto/i^s o f  t h e  
c’i s e a s e  may be c a u se d  by many and v a r i e d  a g e n t s ,  t h e  
d i f f i c u l t i e s  o f  a r r i v i n g  a t  a  d i a g n o s i s  a r e  g r e a t l y  
i n c r e a s e d .

Hookworm D is e a s e  i s  o f t e n  c o n fu s e d  w i t h  M a la r i a  w h ic h  
i s  th e  m ost comwon c a u s e  o f  t r o p i c a l  a n a e m ia .
E n la rg e m e n t  o f  th e  s p l e e n  w h ic h  i s  p r e s e n t  i n  t h e  
a n aem ia  o f  lOaiàSXà-and a b s e n t  i n  t h a t  o f  Hookworm' 
D i s e a s e  i s  n o t  a  s a t i s f a c t o r y  means o f  d i s t i n c t i o n ,  
a s  i n  a  m a l a r i a l  d i s t r i c t  many i n d i v i d u a l s  have e n l a r g e d  
s p l e e n s  and no a p p a r e n t  a n a e m ia .  I t  i s  t h e r e f o r e , 
p o s s i b l e  i n  a  c a s e  o f  a n a e m ia  w i t h  a n  e n l a r g e d  s p l e e n  
t h a t  t h e  a n a e m ia  i s  due t o  Hookworms and t h e  l a r g e  
s p l e e n  t o  p r e v i o u s  m a l a r i a .  The c o l o u r  o f  t h e  s o l e r o t i c s  
t s  o f  c o n s i d e r a b l e  v a l u e  a s  a  d i s t i n c t i v e  f e a t u r e .
I n  t h e  a n a e . l a  o f  iw a la r ia  t h e y  h ave  an  i c t e r i c  t i n t ,  
w h i l e  i n  t h a t  o f  Hoolwoi^m D i s e a s e  t h e y  h r v e  a  p e c u l i a r  
p e a r l y  a p p e a r a n c e .  M A N S O N s t a t e s  ROGERS h a s  p o i n t e d  
o u t  t h a t  w h e re a s  i n  M a la r i a  t h e  l o s s  o f  h ae ro o g lo b in  i s  
i n  p r o p o r t i o n  t o  t h e  l o s s  o f  r e d  c o r p u s c l e s ,  i n  
A n k y lo s to m ia s i s  i t  i s  i n  e x c e s s  o f  t h i s .
The p r e  s e  n e e  o f  oedema i n  t n e  Xi-ore s evei^e c a s e s  i s  a  
v a l u a b l e  synptoixi, b u t  c o n f u s i o n  may o c c u r .  B e r i b e r i  i s
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o h a r a o t e r i s e d  by oedeuia b u t  th e  p r e s e n c e  o f
p a r e t i c  syiiptoros u s u a l l y  s e r v e s  t o  d i s t i n g u i s h
i t .  O th e r  c o n d i t i o n s  have  r e c e n t l y  b e e n  d e s c r i b e d  
i n  Ydiich oederxa was p r e s e n t  and Hookworm o v a  w ere  
a b s e n t  f ro m  t h e  s t o o l s .  One fo rm  wes o b s e rv e d  among 
T u r k i s h  p r i s o n e r s  d u r in g  th e  W ar, and c a s e s  o f  
oedema o f  t h e  f a c e  and l e g s  p a s s i n g  o f f  i n  a b o u t  
6 d ays  a r e  re ; ,sorted  by de  CASTRO (5) a s  h a v in g  
o c c u r r e d  among West A f r i c a n  p o r t e r s  i n  t h e  E a s t  
A f r i c a n  caap^aign. The n a , tu re  o f  t h e r e  c a s e s  o f  
oedei/ÆL i s  u n ln o w n , b u t  t h e y  add t o  th e  d i f f i c u l t i e s  
i n  t h e  d i a g n o s i s  o f  Hookvvorm D ise a .s e ,

A h i s t o r y  o f  p r e v i o u s  g r o u n d - i t c h  i s  o f  c o n s i d e r a b l e  
v a l u e  b u t  i t  luay n o t  be e l i c i t e d  i n  e v e ry  c a s e .  FRICK 
(14) among lAOO w h i te  and c o lo u re d .  A m erican  t r o o p s  
i n f e c t e d  o b t a i n e d  a h i s t o r y  o f  g r o u n d - i t c h  i n  
o n ly  6.33 c a s e s .  W henever Hookaorm D is e a s e  i s  s u s p e c t e d  
a n  e x a m in a t io n  o f  t h e  f a e c e s  s h o u ld  be mgide,

2 . D ia g n o s is  by  F i n d i n g  th e  P a r s  s i t e s  i n  th e  
S t o o l s  a f t e r  an  A n t h e I m in t ^ i c .

T h i s  i s  th e  most a c c u r a t e  method o f  d i a g n o s i s  and 
so m etim es  d i s c l o s e s  an i n f e c t i o n  when m ic r o s c o p ic  
e x a m in a t io n s  had f a i l e d  t o  r e v e a l  o v a .  The s t o o l  i s  
p o u re d  i n t o  a s i e v e  w i t h  a mesh o f  n o t  l e s s  t h a n  50 
t o  t h e  i n c h ,  and  i s  w; sh e d  th r o u g h  i t  by  means o f  
a  n o t  to o  p o w e r f u l  s t r e a m  o f  w a t e r .  The i n s o l u a b l e  
p o r t i o n  o f  t h e  s t o o l  and t h e  worms p r e s e n t  i s  t h e n  
e m p tie d  on a t r a y ,  p r e f e r a b l y  d a r k  brown i n  c o l o u r  
t o  g iv e  a  s u i t a b l e  b a c k - g r o u n d ,  and c o v e re d  w i t h  
s a l t  s o l u t i o n .  The worms i f  p r e s e n t  c a n  t h e n  be 
e a s i l y  s e e n  and p ic k e d  o u t  and c o u n te d  and t h e i r  
s p e è i e s  and -sex  d i s c o v e r e d .  T h is  m ethod c a n  be u s e d  
i n  j a i l s  and h o s p i t a l s  w here  t h e  num ber t o  be 
exam ined  i s  n o t  t o o  l a r g e  and t h e  c a s e s  a r e  u n d e r  
c l o s e  s u p e r v i s i o n .  Where l a r g e  num bers o f  i n d i v i d u a l s  . 
l i v i n g  i n  t h e i r  own h o u s e s  a r e  t o  be exam ined  a s  i s  
done by  The I n t e r n a t i o n a l  H e u l th  Board  o f  th e  
R o c k f e l l e r  f o u n d a t i o n  i t  i s  n o t  p r a c t i c a b l e  and th e  
t h i r d  method o f  d i a g n o s i s  i s  e n p lo y e d .

3 ,  D ia g n o s is  by F i n d i n g  th e  Ova on M ic r o s c o p ic
E x a m in a t io n  o f  th e  S t o o l s .

T h e re  a r e  t h r e e  f a l l a c i e s  i n  t h i s  method o f  d i a g n o s i s .  
T h e re  imy be  x^ales o n ly  p r e s e n t  i n  t h e  i n t e s t i n e , t h e  
feme.l e s  may n o t  be l a y i n g  a t  t h e  t im e  t h e  sp e c im e n  
o f  s t o o l  i s  s e c u r e d ,  o r  t h e r e  u ay  be  no e g g s  p r e s e n t  
i n  t h e  sp ec im e n  exa/u ined . E x c e p t  a f t e r  a  d o s e  o f  an



a n t h e l m i n t i c  when t h e  f e m a le s  may c e a s e  l a y i n g  f o r  a  
d a y  o r  tw o ,  th e  f i r s t  tx io  c o n d i t i o n s  a r e  r a r e .  Much 
w ork  h a s  b e e n  done i n  e v o l v i n g  m eth o d s  o f  a v o i d i n g  
th e  t h i r d  f a l l a c y .  Once a  s l i d e  h a s  b e e n  p r e p a r e d  
the- o v a  i f  p r e s e n t  on i t ,  and i f  n o t  o b s c u re d  b y  t h e  
p r e s e n c e  o f  an  e x c e s s i v e  am ount o f  o t h e r  m a t e r i a l  
a r e  e a s i l y  d i s c o v e r e d  and r e c o g n i s e d  • What i s  r e q u i r e d  
i s  a  m ethod w h e re b y ,  when t h e  o v a  p r e s e n t  i n  t h e  s t o o l  
a r e  f e w ,  t h e y  may be c o n c e n t r a t e d  w i t h o u t  t o o  e l a b o r a t e  
a  t e c h n i q u e  and an  undue e x p e n d i t u r e  o f  t i m e ,  and 
l i g h t  i n f e c t i o n s  t h e r e b y  r e c o g n i s e d .

The p r i n c i p a l  m ethods  o f  p r e p a r a t i o n  a t  p r e s e n t  
em ployed a r e ,

1 ,  The S i/ea r  M ethod .

A sp e c im e n  o f  t h e  s t o o l  t h e  s i z e  o f  a  h a z e l  n u t  and 
made uP o f  s x .a l l  p i e c e s  t a  lien f ro m  v a r i o u s  p a r t s  o f  t h e  
m o tio n  i s  e m u l s i f i e d  i n  a b o u t  t h r e e  t i m e s  i t s  voluxme 
o f  Y /a ter  o r  n o rm a l s a l i n e , & nd a  few  d r o p s  o f  t h e  
e m u ls io n  a r e  p l a c e d  on a  s l i d e  and exa/w ined. As a  r u l e  
o v a  a p p e a r  on t h e  s l i d e  i n  a l l  b u t  v e r y  l i g h t  i n f e c t i o n s .  
T h is  i s  t h e  usfuU. r o u t i n e  m e th o d ,  and a  l a r g e  num ber 
o f  s t o o l s  c a n  be exam ined by  one o b s e r v e r  i n  t h e  c o u r s e  
o f  a  d a y .

T h e , n e x t  t h r e e  m ethods  a r e  c o n c e n t r a t i o n  m e th o d s  i n  
w h ic h  u s e  i s  mr.de o f  f l u i d s  o f  su ch  a  s p e c i f i c  g r a v i t y  
a s  t o  c a u s e  th e  ova  e i t h e r  t o  f a l l  r e a d i l y  o r  t o  f l o a t .

2 .  B ass  M ethod .

A p i e c e  o f  s t o o l  i s  e m u l s i f i e d  w i t h  s a l i n e , c e n t r i f u g e d  
and t h e  f l u i d  d e c a n te d  o f f .  The d e p o s i t  i s  mixed 
v / i t h  C a lc iu m  c h l o r i d e  s o l u t i o n  s p . g r ,  1050 and a g a i n  
c e n t r i f u g e d  and t h e  f l u i d  d e c a n te d  o f f .  The d e p o s i t  
i s  now L l i e d  w i t h  C a lc iu m  c h l o r i d e  s o l u t i o n  s p e c i f i c  
g r a v i t y  1250 and c e n t r i f u g e d  o nce  m ore . The o v a  a r e  . 
now f l o a t i n g  on th e  s u r f a c e ,  a r e  p i p e t t e d  o f f  and 
t r a n s f e r r e d  to  a  s l i d e  and e x am in ed .  (DOCK and BASSjlS).

3. I ^ s b l  .Method.

I n  t h i s  c a s e  a  p i e c e  o f  w ide  g l a s s  t u b i n g  c l o s e d  
w i t h  a  c o r k  i s  u se d  i n  t h e  c e n t r i f u g e .  A p i e c e  o f  s t o o l  
i s  e m u l s i f i e d  w i t h  a  s o l u t i o n  o f  2 ^ D y s o l  and 
c e n t r i f u g e d .  The ova a r e  d e p o s i t e d  i n  a  f i l m  on th e  
c o r k .  T h is  i s  w ashed  o f f  and e x a m in e d .

4 .  B r in e  F l o t a t i o n  Loop M ethod ,
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T h i s  m ethod i s  d e s c r i b e d  by  KOFOID and BARBER ( 1 9 ) .
The sp ec im e n  o f  th e  s t o o l  i s  t h o r o u g h l y  s t i r r e d  
w i t h  c o n c e n t r a t e d  b r i n e ,  A c i r c u l a r  f i l t e r  a b o u t  
o n e - e i g h t  t o  o n e -  q u a r t e r  o f  an  i n c h  i n  t h i c k n e s s
and made o f  No.O o r  Ho. 1 lo n g  f i b r e  s t e e l  w ool 
i s  p u s h e d  down t o  t h e  b o t to m  o f  t h e  v e s s e l  and 
t a k e s  w i t h  i t  most o f  t h e  c o a r s e r  m a t e r i a l .
The m ix tu re  i s  a l lo w e d  t o  s ta n d  f o r  an  h o u r  when t h e  
ova  w i l l  be  found  f l o a t i n g ,  on t h e  t o p ,  and c a n  be  
removed w i t h  a  w i r e  lo o p  o n e - h a l f  i n c h  i n  d i a m e t e r  
and p l a c e d  on  a  s l i d e  f o r  e x a u d n a t i o n .  T h is  method 
i s  c la im e d  t o  be b o th  a c c u r a t e  and s im p le  and 
tw i c e  a s  r a p i d  a s  m ethods r e q u i r i n g  a  c e n t r i f u g e ,
FRICK (14) u sed  t h i s  method i n  exaw nn ing  t h e  s t o o l s  
o f  s o l d i e r s  i n  t h e  U n i te d  S t a t e s  and found  i t  v e r y  
s a t i s f a c t o r y .

T h ese  t h r e e  m ethods f r e q u e n t l y  d i s c l o s e  l i g h t  
i n f e c t i o n s  w h ic h  may have  b e e n  m is s e d  by  t h e  Smear 
M ethod , b u t  a  f a i r  e x p e n d i t u r e  o f  t im e  i s  r e q u i r e d  
i n  c a r r y i n g  them  o u t , and a  c o n s i d e r a b l e  nuxmber 
o f  m a t e r i a l  p a r t i c l e s  a r e  s t i l l  p r e s e n t  on  t h e  s l i d e ,

5 ,  The L e v i t a t i o n  M ethod,

T h is  method h a s  r e c e n t l y  b een  d e v i s e d  by CLAYTON 
LANE.7 . I t  t a k e s  a d v a n ta g e  o f  th e  s l i g h t  s t i c k i n e s s  
o f  Hookv/orm eg g s  w h ereb y  th e y  te n d  t o  a d h e r e  t o  t h e  
s l i d e .  I t  i s  n o t  a v a i l a b l e  f o r  t h e  o v a  o f  m ost o t h e r  
H e l i i i in th s .  H e - e g g s  o f  A s c a r i s  l u m b r i c o i d e s ,
T r i  choc  e p h a lu s  d i s p a r  and t h e  Tapeworms f o r  i n s t a n c e  
do n o t  p o s s e s s  t h i s  p r o p e r t y ,  - è c .c ,  o f  s t o o l  i s  w e l l  
sh a k e n  up w i t h  w a t e r  and s t r a i n e d  th r o u g h  g a u z e  w i t h  
a  mesh o f  1 0 0 - to  th e  i n c h .  T h is  a l l o w s  t h e  o v a  
t o  p a s s  t h r o u g h  and k eep s  b a c k  c o a r s e  p a r t i c l e s .
I t  i s  t h e n  c e n t r i f u g e d  and t h e  w h o l e . o f  t h e  d e p o s i t  
i s  p l a c e d  on a  s l i d e  and g e n t l y  s t i r r e d ,  and i t  i s  
alloYved t o  s t a n d  f o r  5 m in u te s  t o  l e t  t h e  o v a  s e t t l e ,  ■ 
The s l i d e  i s  th e n  p a s s e d  g e n t l y  i n t o  v/atei?, moved 
a lo n g  u n d e r  i t  and t a k e n  c a r e f u l l y  o u t ,  when 
e v e r y t h i n g  b u t  th e  Hookworm eg g s  i s  fo u n d  t o  h av e  b e e n  
w ashed  o f f ,  and th e s e  a r e  l e f t  u n o b s c u re d  by t h e  
f i n e  p a r t i c l e s  o f  f a e c a l  m a t e r i a l  w h ic h  an*e u s u a l l y  
p r e s e n t  on s l i d e s  p r e p a r e d  i n  o t h e r  wa.ys, CLAYTON 
LANE c la im s  t h a t  by t h i s  method o f  p r e p a r i n g  th e  
sp e c im e n  a  t e n - f o l d  c o n c e n t r a t i o n  o f  t h e  ova i s  
p r o d u c e d .

I f  t h e  egg h a s  begun  t o  d i s i n t e g r a t e , o r  i f  
d e v e lo p e m e n t  h a s  p r o c e e d e d , t h i s  p r o p e r t y  o f  a d h e r i n g  
t o  t h e  s l i d e  i s  l o s t .  F u r t h e r  i n v e s t i g a t i o n s  by  
CLAYTON LANS (8) on t h e  e f f e c t s  p ro d u c e d  on t h e  o v a  b y  
v a r i o u s  p r e s e r v a t i v e s  show t h a t  h y c o l ,  s a l h y c o l  and



c y l l i n  p ro d u c e  r a p i d  d e a t h  o f  t h e  ova and a l s o  
p r e v e n t  d i s s o l u t i o n  f o r  a  w eek o r  s o .  T h i s  makes 
t h e  e x a m in a t io n  o f  p r e s e r v e d  s t o o l s  p o s s i b l e .
I t  a l l o w s  o f  th e  s t o o l s  b e i n g  exam ined a t  a c e n t r e  
a t  some d i s t a n c e  f ro m  th e  p l a c e  v/here t h e y  a r e  
o b t a i n e d ,  and a l s o  o f  t h e i r  b e in g  p u t  a s i d e  i n  t im e s  
o f  p r e s s u r e  f o r  examinait I o n  l a t e r ,  t h u s  a v o i d i n g  • 
t h e  n e c e s s i t y  o f  a f r e s h  s t o o l  h a v in g  t o  be  o b t a i n e d .
By t h e s e  means a  c o n s i d e r a b l e  s a v in g  i n  t h e  e x p e n s e  
o f  t h e  i n v e s t i g a t i o n  may be made, LANE c o n s i d e r s  
t h a t  one m i c r o s c o p i s t  w i t h  s u f f i c i e n t  s u b o r d i n a t e  
a s s i s t a n t s  t o  p r e p a r e  t h e  s l i d e s  c a n  make f ro m  
100 t o  200 e x a m in a t io n s  p e r  d a y ,

WRENCH (30) h a s  m o d i f ie d  L a n es  Method b y  e m u l s i f y i n g  
th e  p i e c e  o f  s t o o l  t o  be exam ined w i t h  H y d r o c h l o r i c  
a c id  and E t h e r ,  and p l a c i n g  an  e x c e s s  o f  t h e  e m u ls io n  
on a  c o v e r g l a s s  ma.de by  c u t t i n g  a  s l i d e  i n t o  t h r e e  
p a r t s .  The c o v e r g l a s s  i s  p l a c e d  on a  s l id e ^  th e  e m u ls io n  
b e i n g  k e p t  upperm ost^  and 5 m in u te s  a r e  a l lo w e d  f o r  
th e  ova  t o  s e t t l e  , S l id e  and c o v e r g l a s s  a r e  t h e n  
b o t h  d e p r e s s e d  u n d e r  w a t e r  t o ' a l l o w  th e  e x c e s s  t o  w ash  
o f f .  He c o n s i d e r s  t h i s  much more e f f i c i e n t  t h a n  
LANES M ethod. He c o n s i d e r s  a l s o  t h a t  p i p e t t i n g  o f f  th e  
e x c e s s  f ro m  th e  c o v  r g l a s s  i n s t e a d  o f  w a s h in g  i t  o f f  
i s  much s i m p l e r  more s p e e d y  and a lm o s t  a s  e f f i c i e n t .
T h e re  a r e  /jany o t h e r  n e th o d s  and m io d i f i c a t io n s  o f  t h e  
above m ethods i n  u s e .  E ach  w o rk e r  t e n d s  to  e v o lv e  a  
m ethod o f  h i s  own o r  to  m o d ify  a n  e x i s t i n g  m ethod 
t o  s u i t  t h e  r e q u i r e m e n t s  o f  h i s  p a r t i c u l a r  w ork . The 
method t o  be a d o p te d  i n  any  p a r t i c u l a r  c a s e  i s  t h e  
one w h ic h  w i l l  g iv e  th e  b e s t  r e s u l t s  w i t h  th e  amount 
o f  t im e  and i/ioney w h ich  can be e x p e n d e d .

I I .  THE TREATMENT OP HOOKNQRM DISEASE, DRUGS AND 
METHODS OP ADMINISTRATION.

Many d ru g s  and many d o s a g e s  and m ethods  o f  a d m i n i s t r a t i o n  
o f  t h e s e  d ru g s  h ave  b een  t r i e d  and a r e  s t i l l  b e i n g  
t r i e d  t o  p r o c u r e  t h e  e x p u l s i o n  o f  Hookworms f ro m  th e  
i n t e s t i n e .  T h e re  i s  a s  y e t  no c o n c e n s u s  o f  o p i n i o n .
The p r i n c i p a l  d ru g s  i n  p r e s e n t  u se  a r e  Thym ol,
B e t a n a p h t h o l , O i l  o f  Chen op od ium , and O i l  o f  E u c a l y p t u s , ,  
T hese  a n t h e l m i n t i c s  a r e  u se d  e m p i r i c a l l y ,  and a s  when 
p r o p e r  p r e c a u t i o n s  a r e  t a k e n  th e y  a r e  n o t  o r d i n a r i l y  
s o l u b l e  i n  th e  i n o e s t i n e ,  t h e y  a r e  g i v e n  i n  t o x i c  
d o s e s  . i n  th e  e x p e c ts  t i o n  t h a t  t h e y  w i l l  a c t  on t h e  
p ^ a s i t e s .  w i t h o u t  p ro d u c in g  u n p l e a s a n t  o r  d a n g e ro u s  
e f f e c t s  on th e  h o s t ,  CAIUS and MHASKAR (4) g i v e  
s u c c i n c t l y  th e  p r e s e n t  d a y  r a t i o n a l e  o f  hookworm 
t r e a t m e n t  a s  f o l l o w s  1 ,  t o  a d m i n i s t e r  an a l k a l i n e  
m ix tu r e  so a s  t o  re i .o v e  th e  mucus w h ic h  s u r r o u n d s  t h e  
w orm sr 2 ,  t o  s t a r v e  th e  p a t i e n t  o r  k eep  h im  on a  low 
d i e t  so  a s  t o  have  t h e  i n t e s t i n e  f r e e  f ro m  fo o d  d e b r i s
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and s e c r e t i o n s  w h ich  would r e t a r d  t h e  a c t i o n  o f  t h e  
a n t h e l m i n t i c :  3 ,  t o  v/ash o u t  th e  i n t e s t i n e  and ex p o se  
th e  worms by  means o f  a  p u r g e ;  4  t o  a d m i n i s t e r  t h e  
a n t h e l m i n t i c  i n  su c h  a  d o se  a s  i a  deemed n e c e s s a r y  f o r  
t h e  d e s t r u c t i o n  o f  t h e  worms, and t o  r e p e a t  t h i s  a t  
d e f i n i t e  i n t e r v a l s  i n  o r d e r  t o  k eep  t h e  d ru g  a t  th e  
ssiue d e g r e e  o f  c o n c e n t r a t i o n ;  5 ,  t o  s t a r v e  t h e  
p a t i e n t  and p r e v e n t  him  i ro m  p a r t a k i n g  o f  any  s u b s t a n c e  
w h ic h  w i l l  d i s s o l v e  t h e  a n t h e l m i n t i c  and t h e r e b y  i n c r e a s e  
i t s  a b s o r p t i o n ;  6 ,  t o  e x p e l  th e  u n a b s o rb e d  p o r t i o n ,  o f  
th e  d ru g  and e v e n t u a l l y  th e  worms' by means o f  a p u r g e :
7 ,  t o  p r o h i b i t  t h e  u se  o f  s o l v e n t s  t i l l  t h e  c o m p le te  
re m o v a l  o f  th e  a n t h e l m i n t i c . The / .e th o d  o f  p r e p a r i n g  
th e  p a t i e n t  t h e r e f o r e  i s  p r e t t y  much th e  same i n  th e  
c a s e  o f  a l l  t h e  d ru g s  u se d .  The p a t i e n t  i s  p u t  on a 
: l i g h t  o r  m i lk  d i e t  f o r  a t  l e a s t  a  d ay  b e f o r e  t r e a t m e n t  
i s  b e g u n ,  and th e  e v e n in g  b e f o r e  a  p u r g e  i s  g i v e n  t o  
em pty th e  b o w e l.  The d ru g  t o  be u se d  i s  g i v e n  on an  
em pty  s to r ia c h  f i r s t  t h i n g  i n  t h e  m o rn in g  i n  e i t h e r  one 
o r  i n  s e v e r a l  d o s e s  w i th  an  i n t e . v a l  b e tw e e n  e a c h ,
SoiiC t im e  a f t e r  th e  l a s t  d o se  a p u r g a t i v e  w h ic h  i s  n o t  
a  s o l v e n t  o f  th e  d ru g  u s e d ,  i s  g iv e n  t o  e x p e l  t h e  
p a r a s i t e s  and t h e  u n a b s o rb e d  p o r t i o n  o f  th e  d r u g .

• A f t e r  t h e  bow els  h av e  moved th e  p a t i e n t  may be g i v e n  
fo o d ,

THYÏÆOL i s  t h e  d ru g  w h ich  h a s  b e e n  most w i d e l y  u sed  
i n  t h e  t r e a t m e n t  o f  Hookworm c a s e s .  I t  i s  fo u n d  t o  be 
o f . c o n s i d e r a b l e  e f f i c i e n c y  when g i v e n  i n  s u f f i c i e n t l y  
l a r g e  d o s e s .  HOTARD (16) g a v e  10 g r a i n s  d a i l y  e x c e p t  
Sunday, The r e s u l t s  w ere  d i s a p p o i n t i n g .  I n  v e r y  few 
c a s e s  d id  t h e  ova d i s a p p e a r  f ro m  t h e  s t o o l s ,  and a s  t h e  
t r e a t m e n t  had o f t e n  t o  be c a r r i e d  on f o r  m o n th s ,  th e  
p a t i e n t s  became t i r e d  and t e n d e d  t o  d ro p  i t .  The t o t a l  
a t c u n t  o f  Thymol r e q u i r e d  was l a r g e  and mf.de t h e  
t r e a t m e n t  e x p e n s iv e .  He fo u n d  60 g r a i n s  g i v e n  i n  two 
d o s e s  and g iv e n  a t  I n t e r v a l s  o f  7 d a y s  c u re d  a b o u t  
50^ o f  t h e  o a s e s  i n  two t r e a t m e n t s  and m ost o f  th em  
i n  t h r e e  t r e a t m e n t s .  He c o n t in u e d  g i v i n g  t h e  t r e a t m e n t  
u n t i l  t h e  s t o o l s  v/ere f r e e  f ro m  o v a  vvhen exam ined  on 
th e  7 t h ,  azmd 1 4 t h ,  d ay s  a f t e r  th e  l a s t  c o u r s e .  T h is  
he fo u n d  a  v e r y  s a t i s f a c t o r y  m ethod f o r  t r e a t i n g  l a r g e  
num bers  o f  c a s e s  i n  t h e i r  own homes. DARLING BARBER 
and HACKER (10) c o u n te d  t h e  t o t a l  worms e x p e l l e d  f ro m  
e a c h  c a s e ,  and b ase d  t h e i r  c o n p a r i s o n s  on  t h e  p r o p o r t i o n  
o f  t h e  t o t a l  worms e x p e l l e d  by t h e  f i r s t  t r e a t m e n t .
They found, t h a t  90 g r a i n s  o f  Thymol g i v e n  i n  t h r e e  
does© ex p e l lQ d  9 7 ,8 ^  o f  t h e  t o t a l  v/orms. L a r g e r  d o s e s  
p ro d u c e d  v o m i t in g  and so  r e d u c e d  t h e  e f f i c i e n c y .
S m a l le r  d o s e s  p ro d u c e d  a r a p i d  f a l l i n g  o f f  i n  r e s u l t s ,  
and two t r e a t m e n t s  w i th  a  s a i l e r  d o se  d id  n o t  p ro d u c e  
a  good  sum m ation  o f  r e s u l t s ,  CAIUS and I€IASKAR (4) 
f i n d  60 g r a i n s  t h e  most e f f i c i e n t  d o s a g e .  When g i v e n  
i n  one dose  i t  removed 9 9 ,4 ^  o f  t h e  t o t a l  worms p r e s e n t ,  
and w hen g iv e n  i n  t h r e e  d o s e s  o f  20 g r a i n s  9 5 ,8 /^ ,They



c o n s i d e r  t h a t  Thymol up t o  a  d o sa g e  o f  60 g r a i n s  i s  a  
p e r f e c t l y  s a f e  d ru g  and t h a t  no r e s t r i c t i o n  o f  fo o d  
n o r  a f t e r  p u rg e  i s  n e c e s s a r y .

T o x ic  synptom s and e v en  f a t a l  i s s u e s  have  b e e n  
r e p o r t e d  a f t e r  t h e  u s e  o f  Thymol a s  an  a n t h e l m i n t i c .
On o n ly  one o c c a s i o n  i n  my s e r i e s  o f  c a s e s  t r e a t e d  w i t h  
Thymol d id  a n y th in g  u n to w ard  h a p p e n .  One m o rn in g  a f t e r  
tw o d o s e s  e a c h  o f  45 g r a i n s  o f  Thymol had b e e n  
a d m i n i s t e r e d  t o  t h r e e  p a t i e n t s  i n  t h e  A n 1 o s t o m i a s i s  
Ward by  th e  R.A.M .C. o r d e r l y  i n  c h a r g e  o f  my f o u r  w a r d s ,  
t h e  n a t i v e  B aganda o r d e r l y  i n  c h a r g e  o f  th e  A n k y l o s to m i a s i s  
Ward tu r n e d  i l l ,  and was r e p l a c e d  by a n o t h e r  boy .
T h i s  boy  was unaw are  t h a t  t h e  t h r e e  vdio had b e e n  g i v e n  
Thyriiol w ere  t o  have no f o o d .  I t  was t h e  t im e  o f  t h e  
f o r e n o o n  bowl o f  a r r o w r o o t ,  and b e in g  n a t i v e s  whose 
c h i e f  i n t e r e s t  i n  l i f e  i s  fo o d  t h e y  j o y f u l l y  a c c e p te d  
a  b o w l f u l  e a c h .  S h o r t l y  a f t e r  t h e y  had  t a k e n  i t  I  
u n d e r s t a n d ,  t h e y  became e x c i t e d  and s t a g g e r e d  up and 
down t h e  w ard  i n  an  i n t o x i c a t e d  s t a t e .  The w h i t e  o r d e r l y  
and m y s e l f  v/ere w o rk in g  i n  a n o t h e r  o f  t h e  w ard s  a t  t h e  
t i m e , and  v/hen we w ere  summoned we fo u n d  a l l  t h r e e  
l y i n g  i n s e n s i b l e .  On b e in g  sh a k e n  a l l  t h r e e  woke u p .
They w ere  a  b i t  dazed  b u t  i t  soon  p a s s e d  o f f  and none  
o f  th e m  seemed t o  be any t h e  w o rse  o f  t h e i r  e x p e r i e n c e .  
T h e re  m ust h av e  b e e n  j u s t  enough o i l  i n  t h e  a r r o w r o o t ,  
t h e y  had r e c e i v e d  t o  d i s s o l v e  and a l lo w  t o  be 
a b s o rb e d  s u f f i c i e n t  Thymol t o  p r o d u c e  an  i n t o x i c a t i n g  
e f f e c t .  F o r t u n a t e l y  i t  was s l i g h t ,  b u t  i t  s e r v e d  t o  
d e m o n s t r a t e  t h a t  t h e  u s e  o f  Thyi/iol a s  an  a n t h e l m i n t i c  
was n o t  w i t h o u t  d a n g e r .  The symptoms d e s c r i b e d  a s  
u s u a l l y  o c c u r i n g  i n  Thymol p o i s o n i n g  a r e  v e r t i g o ,  
h e a d a c h e ,  t i n n i t u s  a u r iu m  and d i s t u r b a n c e s  o f  v i s i o n ,  
f o l l o w e d  by g i d d i n e s s  and i n c o h e r e n c e .  The p u l s e  i s  a t  
f i r s t  s low ed b u t  l a t e r  becom es r a p i d  and v/eak. The f a c e  
i s  c y a n o se d  and clamruy, and d e l i r i u m  and coma, p r o c e e d  
a  f & t a l  i s s u e .  C a s t o r  O i l  s h o u ld  n e v e r  be g i v e n  a s  a 
p u r g a t i v e  d u r i n g  t r e a t m e n t  w i t h  Thymol.

I  h av e  n o t  b e e n  a b l e  t o  f i n d  much r e f e r e n c e  t o  t h e  u s e  
o f  BETANAPHTHOL a s  an  a n t h e l m i n t i c  f o r  Hookworms i n  
t h e  l i t e r a t u r e  I  have c o n s u l t e d ,  MANSON (22) s t a t e s  t h a t  
g i v e n  i n  d o s e s  o f  15 g r s , r e p e a t e d  a t  i n t e r v a l s  o f  
two h o u r s  f o r  two o r  t h r e e  t im e s  and f o l l o w e d  by  a  d o s e  
o f  s a l t s ,  i t  i s  n e a r l y  as  e f f i c a c i o u s , i s  c h e a p e r ,  i s  
much l e s s  u n p l e a s a n t , and i s  t h e r e f o r e  t o  be  p r e f e r r e d  
t o  T hym ol, b u t  t h a t  i t  i s  i r r a t i n g  t o  t h e  k i d n e y s , and 
h a e m a t u r i a  i s  r e p o r t e d  t o  have  f o l lo w e d  i t s  a d m i n i s t r a t i o n ,

DARLING", BARBER and HACKER (10) made a  t r i a l  o f  
B e t a n a p h t h o l ,  20 g r s .  i n  c a p s u l e s ,  two d o s e s  w i t h  tw o 
h o u r s  i n t e r v a l ,  b u t  th e  r e s u l t s  w ere  n o t  e n c o u r a g in g  
o n l y  2 6 , o f  t h e  t o t a l  worms p r e s e n t  b e in g  rem oved .



SMELLIE (26) i n  t h e  t r e a t m e n t  o f  79 o a s e s  g a v e  a  d o s e  
o f  6 grammes i . e .  9 3 . 6 g r s .  on e a c h  o f  t h r e e  s u c c e s s i v e  
m o rn in g s .  He f o u n d ' t h i s  f a i r l y  e f f i c i e n t  a s  a n  a n t h e l m i n t i c ,  
b u t  s e v e r e  t o x i c  e f f e c t s  f o l lo w e d  i n  4  c a s e s .  T hese  
o a s e s  d e v e lo p e d  anaem ia^ i c t e r u s  and haemog1o b i n u r i à , 
and t h e  s p le e n ,  l i v e r  and g a l l  b l a d d e r  w ere  e n l a r g e d .
The d r u g  seemed t o  have a  s p e c i f i c  a c t i o n  on t h e  r e d  
b lo o d  c e l l s .  The symptoms w ere  t h o s e  o f  an  e x t e n s i v e  
b lo o d  d e s t r u c t i o n  w i t h  p r o b a b l y , i n  t h e  s e v e r e  c a s e s  
some d e s t r u c t i o n  o f  t h e  b lo o d  fo rm in g  c e l l s  i n  t h e  bone  
marrow a l s o .  The w h i t e  c e l l s  w ere  n o t  a f f e c t e d .  T h i s  
h & e m o g lo b in u r ia  i s  p r o b a b l y  t h e  h a e m a tu r i a  m e n t io n e d  by  
M anson. The c a u s e  o f  t h e  s u c c e p t i b i l i t y  i s  n o t  known, 
b u t  th e  t h r e e  o f  t h e s e  f o u r  c a s e s  w h ic h  w ere  s e v e r e  had 
e a c h  a  h i s t o r y  o f  /.a l a r i  a  and S m e l l i e  s u g g e s t s  t h a t  t h e  
b lo o d  c e l l s  i n  su c h  c a s e s  a r e  more f r a g i l e .  He c o n c lu d e s  
t h a t  B e t a n a p h th o l  i n  18 g ra i  .me (2 8 0 .8  g r s )  d o s e s  I s  so  
t o x i c  a s  n o t  t o  be recommended f o r  g e n e r a l  u s e ,

Q U j of CHENOPODIUM i s  now b e in g  w i d e l y  u se d  i n  t h e  
t r e a t m e n t  o f  Hookworm D i s e a s e .  I t  i s  fo u n d  t o  be  v e r y  
e f f i c a c i o u s  i n  th e  e x p u l s i o n  o f  Hoolw/orms b u t  l i k e  a l l  
a n t h e l m i n t i c s  i t  i s  t o x i c  i n  t h e  h i g h e r  d o s e s .  The o i l  
i s  p a r t l y  a b s o rb e d  and i s  e x c r e t e d  p a r t l y  by  t h e  k id n e y s  
b u t  c h i e f l y  by th e  f a e c e s .  C a s t o r  O i l  a s  t h e  a f t e r  
p u r g a t i v e  i n c r e a s e s  t h e  t o x i c  symptoms e s p e c i a l l y  
g i d d i n e s s .  The t o x i n  a p p e a r s  t o  a f f e c t  t h e  n e rv o u s  
s y s te m  p r i n c i p a l l y ,  and t h e  symptoms a r e  v e r t i g o ,  d e a f n e s s ,  
d i s t u r b a n c e s  o f  v i s i o n ,  t i n g l i n g  o f  t h e  c u ta n e o u s  n e r v e s  
and l a t e r  in c o h e r e n c e  and coma, ERICK (14) i n  t r e a t i n g  
1100 A m erican  t r o o p s  w i t h  two d o s e s  o f  I c . c .  O i l  o f  
Chenopodiurn w i t h  a  two h o u r s  i n t e r v a l  had 304 c a s e s  w i t h  
a  s l i g h t  v e r t i g o ,  154 had  p r i c k i n g  o f  t h e  h a n d s  and f e e t ,  
and 32 h a d ' e i t h e r  t o  b e  k ep t  o r  s e n t  b a c k  t o  camp 
i n  an  a m b u la n c e ,

On a c c o u n t  o f  t h e s e  t o x i c  p r o p e r t i e s  i t  i s  n e c e s s a r y  t o  
r e d u c e  th e  d o s e  t o  t h e  s / n i l l e s t  p o s s i b l e  amount 
c o n s i s t e n t  w i t h  g e t t i n g  a  good e x p u l s i o n  o f  wori^s.
DARLING, BARBER and HACKER (10) found  t h a t  t h r e e  d o s e s  
i n  c a p s u l e s  h£.d t h e  l a r g e s t  v e r m i f u g a l  e f f e c t  o f  an y  
t r e a t m e n t  g i v e n ,  and was s l i g h t l y  s u p e r i o r  t o  9 0 g r s ,
Thym ol, rem oving  9 8 .9 ^  o f  th e  t o t a l  worms p r e s e n t .
I n  s m a l l e r  d o s e s  th e  e f f i c a c y  was w e l l  m a i n t a i n e d ,  and 
two t r e a t m e n t s  w i t h  half-iwaximum d o s e s ,  t h a t  i s  t h r e e  
d o s e s  w i t h  , 5 c . c ,  g iv e n  on two o c c a s io n s  p ro d u c e d  t h e  
b e s t  r e s u l t s  o b t a i n e d ,  9 9 .6 ^  o f  N e c a to r s  and 9 7 ,5 ^  
o f  A n k y lo s to m es  b e in g  re n o v e d .  Thymol i n  l e s s  t h a n  
maximum d o s e s  d id  n o t  g iv e  a n y th in g  l i k e  as  good r e s u l t s ,

A n k y lo s to m es  a r e  more r e s i s t a n t  t o  t r e a t m e n t  t h a n  
N e c a to r s  and O i l  o f  Chenopodium i s  fo u n d  t o  be  more 
e f f e c t i v e  t h a n  Thymol i n  rem o v in g  t h e s e .  I t  i s  a l s o  
more e f f i c i e n t  i n  rem o v in g  vforms o f  a l l  o t h e r  s p e c i e s ,
( DARLING BARBBR and HACKER) 10..
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The d ru g  i s  u s a l l y . a d m i n i s t e r e d  i n  c a p s u l e s .  When 
g i v e n  i n  t h e  m a j iu f a c tu r e r s  c a p s u l e s  th e  r e s u l t s  a r e  
o f t e n  d i s a p p o i n t i n g .  The b e s t  r e s u l t s  a r e  o b t a i n e d  when 
t h e  d ru g  i s  f r e s h l y  f i l l e d  i n t o  c a p s u l e s  im m e d ia te ly  
b e f o r e  b e in g  g i v e n ,  KNOWLTON (18) fo u n d  t h a t  s o f t  
g e l a t i n e  c a p s u l e s  w ere  l e s s  s a t i s f a c t o r y  t h a n  s o l u a b l e  
c a p s u l e s .

DARLING (It)  c o n s i d e r s  t h a t  O i l  o f  Chenopodium  i s  
5 t im e s  c h e a p e r  th a n  Thymol f o r  e q u i v a l e n t  r e s u l t s .

OIL o f  EUCALYPTUS i s  u s u a l l y  g i v e n  i n  t h e  fo rm  o f  t h e  
m ix tu r e  su^^gested by MANS ON. The f o r m u la  i s  O i l  o f  
E u c a ly p tu s  30 m in im s. C h lo ro fo rm  45  m in im s .  C a s t o r  O i l  
10 d ra c h m s ,  g i v e n  i n  two d o s e s .  I t  i s  f a i r l y  s a f e ,  
i s  n o t  u n p l e a s a n t  t o  t a k e , b u t  i s  fo u n d  t o  have v e r y  
l i t t l e  e f f i c i e n c y  and r e q u i r e s  to  be  a d m i n i s t e r e d  o v e r  
a  lo n g  p e r i o d  t o  have  any  a p p r e c i a b l e  e f f e c t  i n  
r e d u c i n g  t h e  nuaiber o f  worms p r e s e n t ,  SURVEYOR (27) h a s  
m o d i f ie d  t h e  f o r m u l a ,  i n c r e a s i n g  t h e  d o se  o f  O i l  
o f  E u c a l y p tu s  and g i v e s  O i l  o f  E u c a l y p tu s  75 m in im s ,  
C h lo ro fo rm  90 m in im s, T r , D i g i t a l i s  20 m in im s ,  and  
C a s t o r  O i l  20 d ra c h m s. T h is  i s  d i v i d e d  i n t o  f o u r  p a r t s  
and g i v e n  w i t h  an  h o u r s  i n t e r v a l  b e tw e e n  e a c h  p a r t , 
and th e  t r e a t m e n t  i s  r e p e a t e d  tw ic e  a  v/eek u n t i l  no 
o v a  a r e  fo u n d  i n  t h e  s t o o l s .  He f i n d s  t h i s  f a i r l y  
s a t i s f a c t o r y  and f r e e  f ro m  d a n g e r .  O i l  o f  E u c a l y p tu s  i s  
n o t  u s u a l l y  g i v e n  when Thymol o r  O i l  o f  Chenopodium  c a n  
b e  u s e d .

OIL o f  CAJUPUT i s  n o t  much u s e d .  CAIUS and MHASKAR(4) 
s t a t e  t h a t  i t  i s  t o x i c  i n  d o s e s  o f  90 minims and t h a t  
t h i s  d o se  i s  o f  l i t t l e  v a l u e  i n  rem o v in g  Hookworms,
T hey c a n n o t  reconmond i t  as  an  a n t h e l m i n t i c .  OIL
o f  ABSINTHE and OIL o f  TANSY w ere  a l s o  t r i e d  and fo u n d
u n s a t i s f a c t o r y ,

WRENCH (29) t r i e d  among o t h e r  d r u g s  METHYLENE BLU^, 
BUTEA SEEDS, CAIvïFHOR com bined w i t h  M en th o l  and Thym ol, 
TURPENTINE, CLOVE OIL, PEPPERMINT OIL, and COPAIBA 
and fo u n d  none  o f  th em  t o  be o f  any  u s e  e x c e p t  
T u r p e n t i n e  and t h e  v a l u e  o f  t h i s  was v e r y  s l i g h t ,

I I I ,  DEFINITIONS OF "CURE",

T h e o r e t i c a l l y  a  c a s e  o f  Hookworm D is e a s e  i s  c u re d  when 
th e  synp tom s p r e s e n t  have d i s a p p e a r e d  fnd  t h e r e  a r e  
no worms l e f t  i n  th e  i n t e s t i n e .  P r a c t i c a l l y  w hat 
c o n s t i t u t e s  a  " c u r e "  h a s  n o t  b e e n  d e f i n e d .  Some w o rk e r s  
demand t h a t  a f t e r  ova have  f a i l e d  t o  be d i s c o v e r e d  i n  
t h e  s t o o l s  an  e x t r a  t r e a t m e n t  s h o u ld  n o t  e x p e l  an y  
p a r a s i t e s .  The t im e  and e x p e n se  r e q u i r e d  t o  a s c e r t a i n  
t h i s  i s  n o t  a lw ay s  c o n s id e r e d  j u s t i f i a b l e .  HOWARD (16)



w o rk in g  u n d e r  th e  B o o k s e l l e r  F o u n d a t i o n  r e q u i r e d  
t h e  s t o o l s  t o  be n e g a t i v e  on t h e  7 t h .  and 1 4 th ,  d a y s ,
A few d a y s  must e l a p s e  b e tw e e n  t r e a t m e n t  and th e  
e x a m in a t io n  t o  a l l oy/ t h e  f e u a , l e s  w h ic h  m£.y have  b e e n  
i n h i b i t e d  by t h e  a n t h e l m i n t i c  t o  b e g i n  l a y i n g  a iga in .
As a  g e n e r a l  r u l e  th e  a b s e n c e  o f  ova f r o m - th e  f a e c e s  
10 o r  more days  a f t e r  t r e a t r æ n t  may be c o n s id e r e d  
a  " c u r e " . WRSIIOH (29) uade  an  e x t e n s i v e  s e r i e s  o f  
e x a m in a t io n s  and d id  n o t  c o n s i d e r  a c a s e  t o  be  c u re d  
u n t i l  29 n e g a t i v e s  s p re a d  o v e r  8 weeks had  b een  
o b t a i n e d .  Sou.e o f  h i s  c a s e s  r e l a p s e d  a f t e r  t h e  4 0 t h  d a y .  
T hese  c a s e s  CL/iYTOil LANE (9) c o n s i d e r s  t o  h av e  b e e n  
r e i n f e c t e d .  I n  t h i s  p r e s e n t  s e r i e s  o f  c a s e s  i f  no  o v a  
w ere  fo u n d  i n  th e  s t o o l s  on t h e  5 t h ,  and  a l s o  on th e  
1 0 th ,  d a y  a f t e r  t h e  l a s t  dose  had  b e e n  g i v e n  t h e  c a s e  
was c o n s i d e r e d  c u re d  and d i s c h a r g e d .

IV. DRUGS AND METHODS OF ADMINISTRATION USED IN 
THIS SERIES OF CASES TREATED.

The d r u g s  w h ich  w ere a v a i l a b l e  and w h ic h  w ere  u se d  i n  
t r e a t i n g  t h i s  s e r i e s  o f  c a s e s  w e re  Thym ol, B e t a n a p h t h o l ,  
and O i l  o f  E u c a l y p tu s ,  I  sh o u ld  have  l i k e d  t o  h ave  
t r i e d  O i l  o f  Chenopodium b u t  i t  c o u ld  n o t  be  p r o c u r e d  
a t  t h a t  t im e .

T re a tm e n t  wa.s n o t  commenced w h i l e  t h e  p a t i e n t  was 
s u f f e r i n g  f ro m  any  a c u t e  c o n d i t i o n  s u c h  a s  d y s e n t e r y ,  
m a l a r i a  o r  a c t i v e  c a r d i a c  d i s e a s e , and i f  he was i n  a  
d e b i l i t a t e d  c o n d i t i o n  he was p r e p a r e d  f o r  t r e a t m e n t  
b y  a  p e r i o d  o f  r e s t  and s u i t a b l e  d i e t i n g .
When th e  c a s e  was c o n s id e r e d  f i t ,  o r  when a s  u s u a l l y  
h ap pened  he w a s - i n  f&. i r l y  good h e a l t h  t h e  f o l l o w i n g  
c o u r s e  was a d o p te d .

Two d ay s  b e f o r e  t r e a t m e n t  p a t i e n t  p u t  on m i lk  d i e t .
E v e n in g  b e f o r e  t r e a t m e n t  d o se  o f  s a l t s  g iv e n .
No f u r t h e r  fo o d  g iv e n .
Dose o f  Drug f i r s t  t h i n g  i n  m o rn in g .  7 a .m .
Dose r e p e a t e d  2 h o u r s  l a t e r ,  9 a .m .
S a l t s  g iv e n  2 h o u r s  l a t e r .  11 , a .m .
When bow els  hf.d noved a  l i g h t  x.oal was g i v e n .
N ex t d ay  o r d i n a r y  d i e t .

When t h e  t-reatx;_ent was r e p e a t e d  on t h e  t h i r d  day  
m i lk  d i e t  was c o n t in u e d  u n t i l  t h i s  t r e a t m e n t  had b e e n  
g i v e n .

T h is  p r o c e d u r e  was th e  r o u t i n e  one i n  t h e  a d m i n i s t r a t i o n  
o f  Thymol and B e ta  N a p h th o l .  The n a t i v e s  t r e a t e d  seemed 
t o  e x p e r i e n c e ^ n o  in c o n v e n ie n c e  i n  t a k i n g  t h e  p r e s c r i b e d  
d o se ,  i n  pow der fo rm . O i l  o f  E u c a ly p tu s  was g i v e n  i n  
t l ie  fo rm  o f  Mansons M ix tu r e ,  a f t e r  two d a y s  m i lk  d i e t



and a  p u r g e  t h e  e v e n in g  b e f o r e .

E x c e p t  on th e  one o c c a s i o n  a l r e a d y  m e n t i oned no  t o x i c  
e f f e c t s  w ere o b s e rv e d  as  r e s u l t i n g  f ro m  any  o f  th e  
d ru g s  a d m i n i s t e r e d ,

V. RESULTS OBTAIZŒI) FROM THE DRUGS EMPLOYED.
A. THYîdOL SERIES.

The f i r s t  4  c a s e s  t r e a t e d  v/ere g iv e n  40 g rs ,T h y m o l  
i n  two d o s e s .  F iv e  d ay s  l a t e r  t h e  s t o o l s  w ere  
exam ined and ova  fo u n d  i n  a l l  f i v e .

The n e x t  2 c a s e s  w ere  g i v e n  GOgrs. Thymol i n  two 
d o s e s  w i t h  a  s i m i l a r  r e s u l t .

The Eimount g iv e n  v/as th e n  i n c r e a s e d  t o  iG O g rs , , two 
d o se s  o f  4 5 g r s ,  b e in g  g i v e n  on e a c h  o f  two d a y s  w i t h  one 
d a y  i n t e r v a l .  40 c a s e s  r e c e i v e d  t h i s  amount a s  a  
f i r s t  t r e a t m e n t  and 12 showed n e g a t i v e  s t o o l s  on th e  
5 t h ,  and 1 0 th ,  d ay s  t h e r e a f t e r .

7 c a s e s  w ere  g i v e n  2 4 0 g r s , , t h a t  i s  two d t s e s  o f  
60 g r s ,  on e a c h 'o f  two d a y s ,  3 w ere  c u r e d .  T h is  
was th e  l a r g e s t  amount o f  Thymol g iv e n  a t  one t i m e .

The c a s e s  may be t a b u l a t e d  a s  f o l l o w s ( T , -  T h y m o l , ) 
Thymol. F i r s t  C ourse  o f  T r e a t f e  n t . 5 3  c a s e s .

T . 2 0 g r s .  2 d o s e s ,  c u r e d  0 o f  4  o a s e s  t r e a t e d  -  
T .S O g rs .  " " 0 " 2 " " -
T .4 5 g r s ,  2 d o s e s  on 2 "d a y s "12" 40 " " 30^.
T .G O grs .  " g,, 7 " 1, 4 8 ^9 ^

The num ber o f  t h o s e  v/hose s t o o l s  w ere  s t i l l  p o s i t i v e  
a f t e r  th e  f i r s t  c o u r s e  o f  t r e a t m e n t  w i t h  Tliymol t o  
r e c e i v e  a  second  t r e a t m e n t  w i t h  t h i s  d ru g  was 27,
The seco n d  t r e a t i / e n t  was g i v e n  i n  t h e  same way a s  
t  he f  i  r  81 &.,nd g ave t h e s e  r e s u l t s .

Thymol. Second T r e a t / e  n t ,  27 c a s e s ,

T .S O g rs ,  2 d o s e s  on 2 days  c u r e d  2 o f  4  c a s e s  t r e a t e d  50^ 
T .4 5  " " ” 5 " 12 " " 4 1 ,%
T .G O grs .  2 " " 1 " 11 " " 9 ,1^

Most o f  th e  o a s e s  s t i l l  n o t  c u re d  r e c e i v e d  B e ta  
n a p h t h o l  a s  t h e i r  n e x t  t r e a t m e n t  as  w i l l  b e  shown 
l a t e r ,  6 o a s e s  h o w e fe r  r e c e i v e d  a  t h i r d  t r e a t m e n t  
v / i th  ThiFiiol w i th  t h e  f o l l o w i n g  r e s u l t .

Thym ol. T h i r d  T r e a tm e n t ,  6 c a s e s .



T , ,4 5 g r s .2  d o s e s  on 2 d a y s  c u re d  2 o f  3 c a s e s  t r e a t e d
" 6 6 .6 ^

T .G O grs. " " " 0 " 3 ” " -

I n  th e  f i r s t  t r e a t m e n t  w i t h  Tliymol t h e  G O g rs ,d o se  
was s l i g h t l y  more e f f i c a c i o u s  t h a n  t h e  4 5 g r s . d o s e .
I n  th e  seco n d  and t h i r d  t r e a t m e n t s  t h e r e  i s  a  
d i s t i n c t  i n f e r i o r i t y  t o  th e  4 5 g r s . d o s e .  I t  was 
fo u n d  t h a t  t h e  4 5 g r s ,  d o se  was th e  m ost g e n e r a l l y  
s u i t a b l e ,  and was f a i r l y  e f f i c i e n t , when g i v e n  
f o u r  t i m e s ,  tw ic e  on e a c h  o f  two d a y s  wi t h  one . 
d a y  i n t e r v a l .  S z -a l le r  d o s e s  w ere  n o t  e f f i c i e n t  
and l a r g e r  accounts d id  n o t  s u f f i c i e n t l y  i n c r e a s e  
i n  e f f i c i e n c y  t o  j u s t i f y  t h e i r  u s e ,

4The r e s u l t s  g iv e n  b y ‘d o s e s  o f  Thymol 4 5 g r s ,w e r e  
as  g i v e n  above

F i r s t  T r e a tm e n t .  12 c u re d  o f  40 o a s e s  t r e a t e d . 3 0 .0 ^  
Second T r e a tm e n t ,  5 ” ” 12 " " 4 1 .7 ^
T h i r d  T r e a tm e n t .  2 " " 3 " " 6 6 . G^

I f  a.11 th e  28 c a s e s  whose s t o o l s  w e re  s t i l l  p o s i t i v e  
f o r  Hookworm ova  a f t e r  th e  F i r s t  T r e a t m e n t ,  had 
b e e n  g iv e n  a  Second T r e a tm e n t ,  t h e n  t h e  t o t a l  
num ber c u re d  by t h e  two t r e a t m e n t s  w ould have  g i v e n  
an  i n d i c a t i o n  o f  t h e  v a l u e  o f  two t r e a t m e n t s .  Though 
a l l  th e  28 c a s e s  d id  n o t  r e c e i v e  a Second T re a tm e n t  
s t i l l  t h e  v a l u e  o f , tw o  t r e a t m e n t s  c a n  be a s c e r t a i n e d  
by  a d d in g  t o  12 c u re d  b y  t h e  F i r s t  T r e a tm e n t  5 / l 2  
o f  28 v i z .  11 ( t a k in g  t h e  n e s / r e s t  lo w e r  w h o le  num ber ) 
w h ic h  i s  th e  e o q ie c ta t io n  o f  c u r e s  among 28 c a s e s  
r e c e i v i n g  a Second T r e a tm e n t .

S i im i la r ly  th e  v a lu e  o f  th e  T h te ô  T re a tm e n ts  c a n  be 
a s c e r t a i n e d . The f o l l o w i n g  r e s u l t s  a r e  t h u s  o b ta in e d  
f o r  t r e a t m e n t  w i t h  4 d o s e s  o f  4 5 g r s ,  Thym ol, 2 d o s e s  
b e i n g  g i v e n  on e a c h  o f  two d ay s  w i t h  one d a y  i n t e r v a l .

One T r e a tm e n t . 12 c u r e s  f r o / . 40 t r e a t e d ,3 0 ^
(Two T r e a tm e n t s ,  12^-5/12 o f  28 i . e .  * )
( 23 c u r e s  " 4 0  " 57^)
T liree  T re a tm e n ts  23f-2/3  o f  17 i . e .  34 c u r e s  f ro m  40

t r e a t e d  8 5 ^ .
T hese  r e s u l t s  a r e  p r e t t y  s i m i l a r  t o  t h o s e  a l r e a d y  
m e n t io n e d  as  b e in g  o b t a i n e d  by  HOV/ARD when u s in g  
Tliymol i n  th e  t r e a t m e n t  o f  Hookworm D i s e a s e .

B. BETA NAPHTHOL SERIES,

The s e r i e s  o f  c a s e s  t r e a t e d  w i t h  B e ta  n a p h t h o l  was 
b egun  s h o r t l y  a f t e r  th e  Thymol S e r i e s  had  b e e n  
co/m/enced and was r u n  c o n c u r r e n t l y  w i t h  i t .



The f i r s t  8 c a s e s  t r e a t e d ,  w i t h  B e t a - n g p h t h o l  
w ere  g i v e n  IS g rs ^  o f  B e t a - n a p h t h o l  t h r e e  t i m e s  
a  d ay  f o r  a b o u t  a  f o r t n i g h t .  When t h e  s t o o l s  
w e re  exam ined a t  th e  end o f  t h i s  t im e  o n l y  one 
was . n e g a t i v e .
T h is  method o f  t r e a t m e n t  was a c c o r d i n g l y  g i v e n  u p .  
B e t a - n a p h t h o l  was t h e n  a d m i n i s t e r e d  i n  l a r g e r  d o s e s  
i n  t h e  sai-e m anner and w i t h  th e  same p r e c a u t i o n s  
as  Thy/iiol.
30 c a s e s  w ere  i n  t h i s  way g iv e n  a. F i r s t  T r e a tm e n t  
w i t h  B e t a - n a p h t h o l .
The d o s e s  g i v e n  and t h e  r e s u l t s  o b t a i n e d  w ere  a s  
f o l l o w s .
(B B e t a - n a p h t h o l , )

B e t a - n s p h t h o l .  F i r s t  T r e a tm e n t .  30 c a s e s .
B , 2 0 g r s , 2  d o s e s .  c u re d  0 o f  1 c a s e  t r e a t e d .
S .S O g r s .  " ” 0  ” 1  "
B .S O grs  2 d o s e s  on S d s y s "  3 o f  5 c a s e s  t r e a t e d  .50% 
B .4 5 g r s  " " "10 ’’ 23 " " 45.4%
B , 4 5 g r s . 2  d o s e s  on 3 " " Q " 1 c a s e  t r e a t e d .

Of th e  17 c a s e s  whose s t o o l s  w ere  s t i l l  p o s i t i v e  a f t e r
t h i s  t r e a t m e n t  10 r e c e i v e d  a  Second T re a tm e n t  w i t h  
B e t a - n a p h t h o l ,

B e W n a p h th o l .  Second T re a tm e n t  10 e s s e s .
B ,3 0 g r s  2 d o s e s  on 2 d a y s  c u re d  0 o f  1 c a s e  t r e a t e d .  
B .4 5 g r s  " " " 2 " 3 " " 6 6 .6 ^
B.GOgrs " " " 1 " 3 " ’V  33 .
B .4 5 g r s  2 d o s e s  on  3 d a y s  " 2 " 3 " " 6 6 .

Only 1 c a s e  r e c e i v e d  a  T h i r d  T r e a tm e n t .  T h is  c a s e
■®as g iv e n  B e t a - h a p h t h o l  4 5 g r s .  2 d o s e s  on 2 d a y s  and  
was c u r e d .

I n  t h e  t r e a t m e n t  o f  t h i s  s e r i e s  v a r i o u s  d o s a g e s  o f  
t h e  d ru g  w ere t r i e d ,  and i t  was f o u n d " t h a t  t h e  
r e s u l t s  d id  n o t  im prove i n  p r o p o r t i o n  a s  th e  d o s e  
w as i n c r e a s e d .  The v a r i o u s  d o s a g e s  t r i e d  b e tw e e n  
3 0 g r s ,  g i v e n  4  t im e s  and 6 0 g r s ,  g i v e n  4  t im e s  g av e  
more o r  l e s s  siiidLlar r e s u l t s .  I n  one o r  two o a s e s  
t h e  two d o s e s  p e r  d a y  w ere  g i v e n  f o r  t h r e e  d a y s  w i t h  
one d a y s  i n t e r v a l  b e tw e e n  th e  d a y s  on w h ic h  t h e  d ru g  
was g i v e n ,  b u t  t h e  r e s u l t s  d id  n o t  j u s t i f y  th e  
t im e  r e q u i r e d .  The m ost e f f i c i e n t  and most econom ic  
d o s e  i s  p r o b a b l y  4 5 g r s  g i v e n  tw ic e  on e a c h  o f  two ' 
d a y s .I io  u n p l e a s a n t  synp tom s o r  a f t e r  e f f e c t s  w ere  
obseinred  w i t h  ev en  t h e  l a r g e s t  d o se  o f  B e t a - n a p h t h o l  
g i v e n .
I f  the. f i r s t  two c a s e s  w h ic h  w ere  t r e a t e d  w i t h  
B e t a - n a p h t h o l ,  and w h ich  w e re  g iv e n  a  d o s e a g e  w h ic h  
was e v i d e n t l y  i n a d e q u a t e ,  a r e  o m i t t e d  th e  o t h e r  c î s e s
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ca n  be g ro u p e d  t o g e t h e r  t o  g iv e  t h e  r e s u l t  o f  
a  F i r s t  T re a tm e n t  w i t h  B e t a - n a p h t h o l .  The r e s u l t  
o f  th e  Second T re a tm e n t  i s  s i m i l a r l y  o b t a i n e d .
Only one c a s e  r e c e i v e d  a  T h i r d  T r e a t iü e n t .

F i r s t  T r e a tm e n t .  13 c u re d  o f  88® c a s e s  t r e a t e d ,  4 6 ,4 ^
Second T re a tm e n t  5 ” " 10 * " 5 0 «0^

F in d in g  t h e  suimiuation o f  r e s u l t s  a s  was done i n  t h e ' 
Thymol S e r i e s  we g e t : -

One T re a tm e n t  13 c u r e s  f ro m  28  t r e a t e d  4 6 ^
Two T r e a tm e n ts  1 3 f5 / lO  o f  15)

i . e .  20 ” ” 28 " 7 1 ^ ,

C, O i l  o f  E u c a ly p tu s  S e r i e s .

O i l  o f  E u c a ly p tu s  was g i v e n  i n  t h e  fo rm  o f  th e  m ix tu re  
recommended by M anson, th e  fo rm u la  b e i n g  O i l  o f  
E u c a ly p tu s  30 m in im s ,
C h lo ro fo rm  45 m in im s. C a s t o r  O i l  10 d r a c h m s , g i v e n  i n  
two d o s e s  f i r s t  t h i n g  i n  t h e  m o rn in g .  T h is  ü â x t u r e  
was g iv e n  on tw o d a y s  w i t h  one d a y  i n t e r v a l  t o  9 c a s e s .  
When t h e  s t o o l s  w ere  exam ined  a f t e r w a r d s  o n ly  1 was 
n e g a t i v e ,  A seco n d  t r e a t m e n t  was t h a n  g i v e n  t o  4  
o f  th e  o a s e s ^  s t i l l  p o s i t i v e ,  and a g a i n  o n ly  1 c a s e  
had  n e g a t i v e  s t o o l s .  Mansons M ix tu re  was t h e n  g i v e n  up 
and Thymol and B e t a -  nap h t  h o i  w ere  g i v e n  t o  t h e  c a s e s  
s t i l l  u n c u re d  and most o f  t h e l .  w e r e  U l t i m a t e l y  c u r e d .

P u t  i n  t a b u l a r  fo rm  th e  r e s u l t s  o b t a i n e d  w e r e : -

F i r s t  T r e a tm e n t ,  1 c u re d  o f  9 c a s e s  t r e a t e d .  11^
Second T re a tm e n t  i  ” " 4  ” ” 25^
Tvfo T r e a tm e n t s ,  H - l / 4  o f  8 i . e . 3 c u r e s  f ro m  9 c a s e s  
t r e a t e d .  3 ^ ( .

O i l  of, E u c a ly p tu s  g iv e n  i n  th e  fo rm  o f  M ansons M ix tu re  
was n o t  found  s a t i s f a c t o r y  a s  a n  a n t  h e l m i n t h i c  f o r  
Bookworms.

D. Thymol and B e t a - n a p h t h o l  S e r i e s .

T h is  s e r i e s  i s  a b r a n c h  f ro m  th e  Thym ol S e r ie s ,W h e n  
i t  was found  t h a t  t h e  r e p e a t e d  a d m i n i s t r a t i o n  o f  
Thyi o l  was n o t  g i v i n g  a  p a r t i c u l a r l y  good sum m ation  
o f  r e s u l t s ,  B e t a - n a p h th o l  was g i v e n  a s  t h e  n e x t  
t r e a t m e n t  t o  some o f  t h e  c a s e s  whose s t o o l s  w ere  s t i l l  
p o s i t i v e ,  and th e  r e s u l t s  w ere  fo u n d  t o  be  e n c o u r a g in g .  
The r e s u l t s  o b t a in e d  w ere  th e  f o l l o ' - . i n g .

B e t a - n a p h t h o l  a f t e r  1 t r e a t m e n t  o f  Thymol c u r e d  6 o f  8
c a s e s  7 5 ^ .

B e t a - n a p h t h o l  ” 2 ] 1* I " 4  o f  8"
B e t a - n a p h t h o l  " 5 " 2 * 3 " 66^



C hang ing  th e  t r e a t m e n t  f ro m  Thymol t o  B e t a - n a p h t h o l
t h e r e f o r e  cu re d  12 o f  t h e  19 c a s e s  so t r e a t e d .
Sumnrlng th e  r e s u l t i n g  c u r e s  f ro m  one t r e a t m e n t  w i th .
Thymol fo l lo w e d  by  one t r e a t m e n t  w i t h  B e t a - n a p h t h o l  
w e  h av e
1 T re a tm e n t  Thyi'ool, 12 c u r e s  o f  40 t r e a t e d  30fo
1 T re a tm e n t  Thymol, 

f o l l o w e d ,b y  12-MS/8 o f  28 i . e . 33 c u r e s  f ro m  40  t r e a t e d
- ,  82%

1 T re a tm e n t  B .n a p h th o l .

T h i s  r e s u l t  i s  much b e t t e r  t l ia n  th e  r e s u l t  g i v e n  by 
two t r e a tm e n t s 'w i th  Thymol, and  p r a c t i c a l l y  e q u a l s  t h e  
r e s u l t  g iv e n  by  t h r e e  t r e a t m e n t s  v ; i th  T hym ol.

E . B e t a - n a p h t h o l  and Thymol S e r i e s ,

F i n d i n g  t h r t  v.he change  f ro m  Thymol t o  B e t a - n a p h t h o l  
was g i v i n g  i r p r o v e d  r e s u l t s ,  c a s e s  w h ic h  had n o t  b e e n  
c u re d  b y  one o r  more t r e a t m e n t s  o f  B e t a - n a p h t h o l  w ere  
g iv e n  Thymol a s  t h e i r  n e x t  t r e a t m e n t .  T h i s  s e r i e s  i s  
t h e r e f o r e  a  b r a n c h  o f  t h e  B e t a -  n a p h t h o l  S e r i e s ,  The 
r e s u l t s  o f  t h i s  change  o f  t r e a t m e n t  w ere  as  f o l l o w s .

Thymol a f t e r  1 t r e a t m e n t  o f  B .h a h t h o l  c u re d  5 o f  7 c a s e s ? ?  
OBgnml " 2 " " " " " 2 o f 3 " 66
Thymol " 3 " ” ” " " 1 ” 1 " 100

The chan g e  o f  t r e a t m e n t  f ro m  B e t a - n a p h t h o l  t o  Thymol , 
c u re d  8 o f  t h e  11 c a s e s  whose t r e a t m e n t  was so  c h a n g e d .

C a l c u l a t i n g  as  b e f o r e  th e  t o t a l  c u r e s  f o r  t , o  t r e a t m e n t s  
t h e  F i r s t  w i t h  B e t a - n a p h t h o l  and t h e  Second w i t h  Thymol 
w e i f in d
1 T re a tm e n t  B N a p h th o l  13 c u r e s  f ro m  28 t r e a t e (
1 T re a tm e n t  B N a p h th o l

f o l lo w e d  by 1 3 f 6 /7  o f  15 i . e . 23 c u r e s  f ro m  28 " 82^
1 T r e a tm e n t  Thymol.

The p e r c e n t a g e s  o f  c u r e s  g iv e n  h e r e  a s  r e s u l t i n g  f ro m  
a  Second T re a tm e n t  w i t h  Thymol f o l l o w i n g  a F i r s t  .
T re a tm e n t  w i th  B e t a - n a p h t h o l  i s  t h e  same as  t h a t  
a l r e a d y  found  f o r  a  Second T re a tm e n t  o f  B e t a - n a p h t h o l  
f o l l o w i n g  a  F i r  s t  T re a tm e n t  w i t h  T îy m o l.  •

Sumi.^ary o f  R e s u l t s  o f  T r e a tm e n t .

1 T re a tm e n t  w i t h . O i l  o f  E u c a l y p t u s . 11^ c u r e s ,
1  « " Thymol'. 30^ *
1  ’* " B e t a - n a p h t h o l .  46^  ”
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2 T r e a tm e n t s  \v i th  O i l  o f  E u c a ly p tu s  35^ c u r e s ,
2 ” /  Thymol 57^ "
2 ” * B e t a - n a p h t h o l ,  7lfo  "
1 T r e a tm e n t  w i t h  Thymol

f o l lo w e d  by 82j5 *
1 T re a tm e n t  w i t h  B e t a - n a p h t h o l .
1 T re a tm e n t  w i t h  B e t a - n a p h t h o l  

f o l lo w e d  by
1 T re a tm e n t  w i t h  Thymol, 82^  ^
3 T r e a tm e n ts  w i th  Thymol. 83^  ”

O i l  o f  E u c a ly p tu s  f o r  one t r e a t m e n t  and f o r  two 
t r e a t m e n t s  g i v e s  th e  lo w e s t  r e s u l t s  o f  f n y  o f  t h e  
t h r e e  d ru g s  u s e d .  Two t r e a t m e n t s  w i t h  O i l  o f  E u c a ly p tu s  
i s  l e s s  e f f i c i e n t  t h a n  one t r e a t m e n t  w i t h  B e t a - n a p h t h o l ,  
and o n ly  s l i g h t l y  s u p e r i o r  t o  one t r e a t m e n t  w i t h  
Thymol, Of th e  two d ru g s  B e t a - n a p h t h o l  and Thym ol, 
B e t a - n a p h t h o l  g iv e n  i n  a s i m i l a r  way and i n  s i m i l a r  
d o s e s  t o  Thyuiol, i s  th e  more e f f i c i e n t  b o t h  i n  th e  
r e s u l t s  g iv e n  by  one t r e a t m e n t  and by two .A F i r s t  
T r e a tm e n t  w i t h  Thymol f o l lo w e d  by a  Second T re a tm e n t  
w i t h  B e t a - n a p h t h o l ,  and a  F i r s t  T re a tm e n t  w i t h  B e t a -  
n a p h th o l  f o l lo w e d  by a  Second T re a tm e n t  w i th  Thyrm l 
a r e  e q u a l l y  e f f i c i e n t ,  and s u r p a s s  two t r e a t m e n t s  
w i t h  any  one o f  t h e  t h r e e  d r u g s ,  A F i r s t  and a  Second 
T re a tm e n t  o f  t h i s  n a t u r e  a r e  a lm o s t  a s  e f f i c a c i o u s  as  
t h r e e  t r e a t m e n t s  w i t h  Txiymol,

V I .  CONCLUSIONS.

O i l  o f  E u c a ly p tu s  i n  t h e  fo rm  o f  M ansons M ix tu re  i s  
n o t  an e f f i c i e n t  a n t h e l m i n t h i c  f o r  Hookworms. The r e s u l t s  
p ro d u c e d  by one t r e a t m e n t  a r e  p o o r ,  and r e p e a t e d  t r e a t m e n t s  
do n o t  p ro d u c e  a  good sum m ation  o f  r e s u l t s .

Thymol i s  m o d e r a t e ly  e f f i c i e n t  when g i v e n  i n  two d o s e s  
o f  4 5 g r s . a d m i n i s t e r e d  on e a c h  o f  two a l t e r a t e  d a y s .
S m all  d o s e s  ai"e n o t  s a t i s f a c t o r y ,  and l a r g e r  d o s e s  do 
n o t  p ro d u c e  s u f f i c i e n t l y  im proved r e s u l t s  t o  j u s t i f y  t h e i r  
u s e .  The sum m ation  o f  r e s u l t s  f r o ^  r e p e a t e d  t r e a t m e n t s  
i s  n o t  g o od . The g i v i n g  o f  Thymol i n  a n t h e l m i n t h i c  d o s e s  
i n v o l v e s  a  c e r t a i n  noount o f  d a n g e r  fro v ., i t s  t o x i c  
p r o p e r t i e s .

B e t a - n a p h t h o l  i s  i .o re  e f f i c i e n t  th a n  Thymol when g iv e n  • 
i n  a  s i m i l a r  m anner and i n  e q u a l l y  l a r g e  d o s e s .  D oses 
o f  l o g r s  t h r e e  t im e s  a d a y  e v e n  when g i v e n  f o r  a  c o n s id e r s  H e  
num ber o f  days  a r e  p r a c t i c a l l y  u s e l e s s  a s  an  a n t h e l m i n t i c .  
L a r g e r  am ounts ' th a n  two d o s e s  o f  45 g r s ,  g iv e n  on e a c h  
o f  tw o  a l t e r n a t e  d a y s  do n o t  p r o d u c e  an  i n c r e a s i n g  
e f f i c i e n c y  i n  p r o p o r t i o n  t o  t h e  d o s e .  Two t r e a t m e n t s  
^ i v e  a  f a i r l y  good sumimation o f  r e s u l t s .
The b e s t  sum m ation o f  r e s u l t s  i s  a t t a i n e d  by g i v i n g  e i t h e r  
Thyme1 o r  B e t a - n a p h t h o l  i n  t h e  F i r s t  T re a tm e n t  and t h e  
o t h e r  o f  th e  two d ru g s  i n  t h e  Second T r e a tm e n t .  'The r e s u l t  
o b t a i n e d  i s  th e  sane w h ich  e v e r  o f  t h e  two d r u g s  i s  g iv e n
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f i r s t ,  b u t  a s  a  F i r s t  T re a tm e n t  w i t h  B e t a - n a p h t h o l  
c u r e s  r a t h e r  more c a s e s  t h s n  a  F i r s t  T r e a tm e n t  
w i t h  Thymol i t  i s  a d v i s a b l e  t o  g i v e  B e t a - n a p h t h o l  
f i r s t .  I n  t h i s  way f e w e r  o a s e s  r e m a in  t o  r e q u i r e  
a  second  t r e a t m e n t ,  Tvæ t r e a t m e n t s  b y  t h i s  method 
c u r e  a lm o s t  a s  nany  o a s e s  a s  do  t h r e e  t r e a t m e n t s  
w i t h  Thymol, C hanging  t h e  d ru g  i n  t h i s  w ay , by 
r e d u c in g  t h e  number o f  t r e a t m e n t s  r e q u i r e d  t o  
p ro d u c e  a c u r e ,  s h o u ld  e f f e c t  a  c o n s i d e r a b l e  s a v in g  
i n  t i m e ,  in c o n v e n ie n c e  and e x p e n s e  i n  t h e  t r e a t m e n t  
o f  _ Hoc W orm D ise  as  e .

I n  a l l  t r o p i c a l  c o u n t r i e s  w i t h  a  Large n a t i v e  
p o p u l a t i o n  h e a v i l y  i n f e c t e d  w i t h  H ooW orm s, th e  
p rob lem  I o f  th e  c o n t r o l  f nd u l t i m a t e  e r a d i c a t i o n  o f  
t h i s  p a r a s i t e  i s  a n  i m p o r t a n t  and v e r y  b i g  p ro b le m .  
I n f e c t i o n  and r e i n f e c t i o n  m ust be p r e v e n t e d  by 
s a n i t a r y  m e a su re s  t o  a v o id  s o i l  c o n t a m i n a t i o n .  The 
s t o o l s  o f  a l l  t h e  n a t i v e s  m ust be e x a m in e d , "and t h o s e  
who a r e  fo u n d  i n f e c t e d  c u r e d .  T h a t  t h i s  c a n  be  done 
i s  p o s s i b l e  b u t  i t  i n v o l v e s  t h e  o u t l a y  o f  c o n s i d e r a b l e  
sums o f  money o v e r  à  l e n g t h y  p e r i o d .  The p r o b le m  
t h u s  r e s o l v e s  i t s e l f  i n t o  a  q u e s t i o n  o f  e x p e n s e .
The d e v i s i n g  o f  e f f i c i e n t  y e t  i n e x p e n s i v e  s a n i t a r y  
m e a s u re s ,  im provem ent i n  th e  D cth o d s  o f  d i a g n o s i s ,  
and t h e  e v o lv in g  o f  b e t t e r  and lew s  p r o lo n g e d  m ethods  
o f  t r e a t m e n t  w i l l  a l l  te n d  t o  b r i n g  t h e  d e s i r e d  end 
n e a r e r  a t t a i n m e n t .  - L
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s a g i n a t a ,  X 25 ,  c ,H ea d  o f  D i b o t h r i o o e p b a l u s  l a t u s ,  x 2'5*

' . c — J

‘m ?

p i g ,  1 2 ,N a t u r e  s e g m e n t ,  T , s o l i u m ,  x 2;,  b .  M a tu re  .

s e g m e n t ,  T , 8 a g i n a t a ,  x 2 ;  c .  M a tu re  s e g m e n t ,  3 , l o t u s ,  x  2'

P i g .  15, S c h i  s t o  soma mans o n i ,

a .  l e â i a l e . b ,  .Maie ,  ( x  20 )

t  A f t e r  PORTER, KRAPP, andMP,ÎANSON,)
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