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INTRODUCTION

I t  i s  e s t im a te d  t h a t  o v e r  a h a l f  m i l l i o n  
o f  our t r o o p s  a c q u i r e d  m a la r i a  d u r in g  th e  
y e a r s  o f  W orld War I I ,  o f  w h ich  number a 
c e r t a i n  unknown f r a c t i o n  r e t u r n e d  to  th e  
U n i te d  S t a t e s  as c a r r i e r s ,  th u s  i n c r e a s i n g  
o u r  m a la r ia  p o t e n t i a l  t o  t h a t  e x t e n t .  T h is  
p o t e n t i a l  t h r e a t e n e d  t o  r e v e r s e  t h e  c o n 
s i s t e n t  downward t r e n d  o f  m a l a r i a  c a s e s  
r e p o r t e d  in  t h i s  c o u n t ry  o v e r  a p e r i o d  o f  
y ea rs .  I t  i s  too  e a r l y  t o  be c e r t a i n  w hether 
o r  n o t  t h e  i n t r o d u c t i o n  o f  l a r g e  numbers 
o f  c a r r i e r s  has a c t u a l l y  i n c r e a s e d  m a la r ia  
t r a n s m i s s i o n  i n  t h i s  c o u n t r y .  However, no 
s i g n i f i c a n t  t r a n s m i s s i o n  has  y e t  o c c u r r e d

w h ich  c o u ld  be t r a c e d  to  i m p o r t a t i o n  o f  
m a la r ia  from ab ro ad .  The downward t r e n d  o f  
r e p o r t e d  c a s e s  a c q u i r e d  w i t h i n  th e  U n i te d  
S t a t e s  i s  s t i l l  b e in g  m a in t a in e d .

EXTENDED CONTROL PROGRAM

To combat th e  p o s s i b i l i t y  o f  t r a n s m i s 
s io n  o f  m a l a r i a  from r e t u r n i n g  se rv icem en  
t o  th e  c i v i l i a n  p o p u l a t i o n ,  e s p e c i a l l y  i n  
th e  t r a d i t i o n a l l y  endemic m a la r i a  a r e a s  in  
th e  S o u th ,  an em ergency  p ro g ra m  d i r e c t e d  
a g a i n s t  a d u l t  m o sq u i to e s  was i n i t i a t e d  by 
th e  U. S. P u b l i c  H e a l th  S e r v i c e  d u r i n g  th e  
1945 m a la r ia  season .  The a c t i v i t y  i s  c a l l e d  
th e  E x ten d ed  M a l a r i a  C o n t r o l  P ro g ram  and

* This a r t i c l e  is  based on Dr. L ink’s p r e s e n ta t io n  before the N ational  Malaria 
S o c ie ty  Meeting in  Miami, F lo r id a ,  November 1, 1946. The com plete a r t i c l e  w ill 
be published in  the Journa l  o f  the NMS.
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T a b l e  I

PERCENT POSITIVE BLOOD SLIDES BY AGE GROUPS, SOUTH CAROLINA, 

JUNE 1945 -  JANUARY 1946

MONTH
OF

SURVEY

SPRAYED AREA UNSPRAYED AREA
UNDER 10 OVER 10 TOTAL UNDER 10 OVER 10 TOTAL

SLIDES POS. % SLIDES POS. % SLIDES POS. % SLIDES POS. % SLIDES POS. % SLIDES POS, %

June 580 33 5.7 1110 36 3.2 1690 69 4 .1 462 18 3.9 883 41 4 .6 1345 59 4 .4

J u l y 592 27 4 .6 1116 19 1.7 1708 46 2.7 452 17 3 .8 835 10 1.2 1287 27 2.1

August 593 28 4.7 1079 17 1.6 1672 45 2.7 460 10 2.2 808 10 1.2 1268 20 1 .6

September 564 28 5 .0 1055 15 1.4 1619 43 2.7 426 18 4 .2 752 21 2.8 1178 39 3.3

O ctober
/ 573 18 3 .1 1064 12 1 .1 1637 30 1.8 434 16 3 .7 798 22 2 .8 1232 38 3 .1

November 570 15 2.6 1002 15 1.5 1572 30 1.9 447 24 5.4 815 28 3.4 1262 52 4 .1

December 576 15 2 .6 1027 16 1 .6 1603 31 1 .9 435 23 5.3 795 23 2 .9 1230 46 3 .7

Ja n u a ry 589 32 5.4 1001 11 1.1 1590 43 2 .7 417 19 4 .6 767 18 2.3 1184 37 3 .1

to

♦



■

Typical house in  Santee-Cooper a re a  where one 
of the malaria study  p r o je c ts  i s  loca ted .

c o n s i s t s  p r i n c i p a l l y  o f  th e  u se  o f  EOT as 
a r e s id u a l  sp ray  on the i n t e r i o r  o f  houses. 
T h is  Extended Program i s  so  named to  d i s 
t i n g u i s h  i t  from th e  M a l a r i a  C o n t r o l  i n  
War A re a s  P ro g ra m  w h ich  was c a r r i e d  on 
d u r i n g  th e  war to  p r o t e c t  MILITARY p e r 
sonne l  i n  t h i s  c o u n t r y  from CIVILIAN ma
l a r i a  and which was the e x a c t  o p p o s i t e  aim 
o f  the  Extended Program.

In  th e  Extended  M a la r i a  C o n t r o l  Program  
during  the  c a le n d a r  y ea r  1945 approxim ate ly  
4 00 ,000  h o u s e s  w ere  s p r a y e d  one o r  more 
t im e s  in  119 c o u n t i e s  o f  13 s t a t e s ,  and 
exp an d ed  so  t h a t  a p p r o x i m a t e l y  7 5 0 ,0 0 0  
h ouses  were  s p r a y e d  one o r  more t im e s  in  
266 c o u n t i e s  o f  13 s t a t e s  d u r i n g  1946. 
F igure  1 shows a map o f  a l l  a re a s  o f  o p e ra 
t i o n s  in  1946.

EXTENDED PROGRAM NOT NEW IDEA

The Extended Program i s  based  on r e s u l t s  
o f  l a b o r a t o r y  work w hich  d e m o n s t ra te d  the  
r e s i d u a l  e f f e c t  o f  DDT and i t s  l e t h a l  a c 
t i o n  a g a i n s t  a d u l t  m o s q u i to e s .  R e d u c t io n  
o f  m alar ia  by c o n t r o l l i n g  a d u l t  ano p h e l in es  
i s  n o t  a new id ea .  O r e n s te in  (1 ) ,  i n  Panama, 
reduced human m a la r i a  by employing l a b o re r s  
t o  c a t c h  a d u l t  m o s q u i to e s  d a i l y .  R u s s e l ,  
K n ip e ,  and S i t a p a t h y  ( 2 ) ,  i n  I n d i a ,  r e 
d u c e d  human m a l a r i a  by  u s i n g  p y r e  th rum  
s p ra y s  to  keep i n t e r i o r s  o f  houses f r e e  o f  
m osquitoes. A i tk e n  ( 3 ) ,  in  I t a l y ,  u se d  DDT

as a r e s i d u a l  s p r a y  t o  show a r e m a rk a b le  
e f f e c t  in  r e d u c in g  l a r v a l  d e n s i t i e s ,  mos
q u i t o  p o p u l a t i o n s ,  e n l a r g e d  s p l e e n  f r e 
q u e n c i e s ,  s i z e  o f  s p l e e n s ,  and  p o s i t i v e  
p a r a s i t e  r a t e s .  T r a p i d o  ( 4 ) ,  i n  Panam a, 
u sed  DDT as a r e s id u a l  s p r a y  to  dem onstra te  
a l a rg e  r e d u c t io n  in  numbers o f  m osqu itoes  
b o th  in  the v i l l a g e  a r e a  o u t s id e  o f  t r e a t e d  
h o u se s  as  w e l l  as  in  t h e  f o r e s t  a r e a  a d 
j a c e n t  t o  th e  v i l l a g e .  lie a l s o  show ed a 
d e f i n i t e  r e d u c t io n  o f  p o s i t i v e  b lood smears 
i n  t h e  s p r a y e d  v i l l a g e ,  a r e d u c t i o n  n o t  
p r e v i o u s l y  a c c o m p l i s h e d  by t e n  y e a r s  o f  
t h e r a p e u t i c  m e th o d s .

COMPARISONS D I F F I C U L T

I n  the  face  o f  the  p r e s e n t  downward t r e n d  
o f  r e p o r t e d  m a l a r i a  and i n  v iew o f  o t h e r  
f a c t o r s  t e n d i n g  to  r e d u c e  m a l a r i a  i n  th e  
U n i te d  S t a t e s ,  t h e  e f f e c t  o f  t h e  E x ten d ed  
Program in  a c c e l e r a t i n g  t h i s  t r e n d  i s  d i f 
f i c u l t  t o  m easure . C om parison  o f  ca se s  r e 
p o r t e d  in  1944, th e  l a s t  y e a r  b e f o r e  DDT 
s p r a y in g ,  and 1945, th e  f i r s t  year  o f  DDT 
s p r a y i n g ,  i s  f u r t h e r  c o m p l i c a t e d  by th e  
f a c t  t h a t  many c a s e s  o f  m i l i t a r y  m a l a r i a  
a r e  i n c lu d e d  i n  th e  f i g u r e s  r e p o r t e d  f o r  
t h o s e  y e a r s .  T h u s ,  i t  i s  n o t  known how 
much m a la r ia  was a c t u a l l y  a c q u i r e d  l o c a l l y .  
C o n t in u in g  e x p e r i e n c e  i s  n e c e s s a r y  b e fo re  
t h e  e f f e c t  o f  t h i s  ty p e  o f  p rogram  i n  d e 
c r e a s i n g  m a l a r i a  can  be m easu red  in  te rm s  
o f  r e p o r t e d  c a s e s .  However, th e  e f f e c t  on 
th e  in c id e n c e  o f  c a se s  o f  human m a la r i a  in  
a r e a s  w h ic h  have  b e e n  s p r a y e d  w i t h  DDT 
has been measured in  the  two s tu d y  p r o j e c t s  
which were e s t a b l i s h e d  in  t h e  f a l l  o f  1944 
by  th e  O f f i c e  o f  M a l a r i a  C o n t r o l  i n  War 
A reas  and have b een  c o n t in u e d  by th e  Com
m u n icab le  D i s e a s e  C e n t e r .

SANTEE-COOPER PROJECT

The f i r s t  o f  t h e s e  s t u d y  p r o j e c t s  was 
l o c a t e d  a t  th e  S a n te e -C o o p e r  R e s e r v o i r  in  
S o u th  C a r o l i n a  and  i s  a c o o p e ra t iv e  s tu d y  
w i t h  t h e  S o u th  C a r o l i n a  S t a t e  B o a rd  o f  
H e a l th .  T h is  r e g i o n  was c h o s e n  b e c a u se  i t  
r e p r e s e n t e d  th e  o n l y  known h i g h  en d em ic  
m a la r i a  a r e a  i n  th e  U n i te d  S t a t e s .  N e a r ly  
20% o f  the p o p u la t io n  showed p o s i t i v e  b lood 
f i l m s  i n  O c t o b e r  1944 . A p o r t i o n  o f  t h e  
a r e a  a d j a c e n t  t o  th e  r e s e r v o i r  was d iv id e d

3



Thick blood smears were 
made from a l l  persons 
i n  the m a la r ia  con tro l  
survey area .

i n t o  a p p r o x i m a t e l y  e q u a l  p a r t s ,  one  o f  
w hich  was sp ray ed ,  th e  o t h e r  l e f t  unsprayed. 
Each p a r t  has a p o p u la t io n  o f  approx im ate ly  
1,500 peo p le ,  o f  whan 90% a r e  Negroes. Most 
o f  th e  p e o p l e  w ork  on fa rm s  and  l i v e  in  
homes w h ic h  a r e  n o t  m o s q u i t o - p r o o f e d .  A 
p r e p o n d e r a n c e  o f  th e  m a l a r i a  i n  th e  a r e a  
i s  caused  by Plasmodium fa lc ip ar um .  Anoph
e l e s  quadr imacula tus  i s  th e  im p o r ta n t  mos
q u i t o  v e c t o r  i n  t h i s  a r e a .

H o u s e s  w e r e  s p r a y e d  w i t h  DDT d u r i n g  
th e  l a s t  two weeks o f  A p r i l  1945, and aga in  
d u r i n g  th e  l a s t  two weeks o f  J u l y  1945.

BLOOD SMEAR SURVEYS MADE

The c r i t e r i o n  u sed  t o  rreasure  th e  amount 
o f  m a la r ia  p r e s e n t  i s  the  t h i c k  b lood  f i lm . 
P r e - s p r a y i n g  b lo o d  s u rv e y s  were  co n d u c te d  
i n  O c to b e r  1944 and i n  A p r i l  1945 . P o s t 
s p ra y in g  su rv ey s  were c a r r i e d  out a t  month
l y  i n t e r v a l s  b e g i n n i n g  i n  Ju n e  1945, and 
a r e  s t i l l  c o n t in u in g .  F ig u re  2 and t a b l e  1 
summarize th e  r e s u l t s  o f  th e  b lood  su rveys .  
U n f o r tu n a te ly ,  even  though  th e r e  were h igh 
p e r c e n t a g e s  o f  p o s i t i v e  s m e a r s  i n  b o th  
a r e a s  when th e  s tu d y  was begun, t h e r e  was 
a r a p i d  f a l l  i n  th e s e  p e r c e n t a g e s  i n  b o th  
t h e  sp ra y e d  and th e  u n s p ra y e d  a r e a s .  How
e v e r ,  t h e  r a t e  i n  t h e  s p r a y e d  a r e a  d e 
c r e a s e d  a f t e r  s p r a y in g  t o  a r a t e  which was 
s i g n i f i c a n t l y  low er t h a n  in  th e  u n sp ra y e d  
a r e a  d u r i n g  th e  1945 m a l a r i a  t r a n s m i s 
s i o n  s e a s o n .  (5 )

PR OJE CT  ESTABLISHED IN  PUERTO R IC O

The se c o n d  p r o j e c t  e s t a b l i s h e d  f o r  th e  
p u r p o s e  o f  d e t e r m i n i n g  w h a t  e f f e c t  DDT 
has on human m a la r i a  was l o c a t e d  in  P u e r to  
Rico. T h is  i s  a j o i n t  p r o j e c t  o f  the  School 
o f  T r o p i c a l  M e d ic in e ,  I n s u l a r  H e a l t h  De
p a r tm e n t ,  and th e  U. S. P u b l i c  H e a l th  S e r 
v i c e  D i s t r i c t  No. 6. E p i d e m i o l o g i c a l ,  en 
t o m o l o g i c a l ,  and e n g i n e e r i n g  a s s i s t a n c e  
i n  s t a r t i n g  t h e  s t u d y  was s u p p l i e d  by th e  
O f f i c e  o f  M a l a r i a  C o n t r o l  i n  War A r e a s .  
T h is  s tu d y  i s  o i  e s p e c i a l  i n t e r e s t  because 
o f  t h e  f a c t  t h a t  t h e  i m p o r t a n t  m a l a r i a  
v e c t o r  i n  P u e r t o  R ic o  i s  A n o p h e le s  a l b i -  
manus, a " w i l d ” m osqu ito  whose h a b i t s  d i f 
f e r  from th o s e  o f  th e  v e c t o r  found in  th e

FIGURE 2



U n i te d  S t a t e s  a s  i t  se ldom  rem ains  w i th in  
h o u ses  e x c e p t  f o r  a few h o u r s  d u r i n g  th e  
n i g h t .

Two v i l l a g e s ,  Iiumacao P l a y a  and  L o i s a  
A ldea , s i t u a t e d  in  the  n o r t h e a s t  c o rn e r  o f  
P u e r to  R ic o ,  were s e l e c t e d  f o r  th e  s tu d y .  
Humacao P l a y a  was c h o s e n  a s  th e  s p r a y e d  
v i l l a g e  and Ixsisa Aldea was l e f t  unsprayed. 
These  v i l l a g e s  a r e  s i m i l a r  enough i n  a l l  
o f  th e  f a c t o r s  in v o lv e d  i n  m a l a r i a  t r a n s 
m i s s i o n  to  be a c c e p t a b l e  a s  c o m p a r a b le  
a r e a s .  S p r a y i n g  was accom plished  in  Novem
ber  1944, June  1945, and November 1945, and 
c o n s i s t e d  o f  p r e m is e  s p r a y i n g  o f  h o u s e s  
and  o u t b u i l d i n g s .

I

TRAP COLLECTIONS

Animal b a i t  t r a p  and l i g h t  t r a p  c o l l e c 
t i o n s  which  were  made th r o u g h o u t  th e  y e a r  
showed t h a t  alb imanus  was p r e s e n t  i n  s u f 
f i c i e n t  num bers  d u r i n g  th e  s t u d y  p e r i o d  
to  t r a n s m i t  m a l a r i a .  From one t o  s e v e r a l  
hundred  albimanus  were c o l l e c t e d  from a l l  
t r a p s  d u r i n g  e a c h  n i g h t  o f  o p e r a t i o n .

RESULTS OF BLOOD FILM SURVEYS

T h re e  b lo o d  f i l m  s u r v e y s  w ere  made in  
t h e  l a t e  f a l l  o f  1 9 4 4 ,  i n  e a r l y  s p r i n g  
o f  1945, and  t h e  l a t e  f a l l  o f  1945. The 
r e s u l t s  o f  t h e s e  s u r v e y s  a r e  show n i n  
summary on f i g u r e  3 and t a b l e  2. I t  w i l l

FIGURE 3

be n o t e d  t h a t  b o t h  v i l l a g e s  show a d e 
c r e a s e  in  p o s i t i v e  s m e a r s  i n  t h e  s e c o n d  
s u r v e y  w h ic h  r e p r e s e n t s  th e  n o rm a l  s e a 
s o n a l  d e c l i n e  in  th e  i n c i d e n c e  o f  m a l a r i a  
t r a n s m i s s i o n .  On th e  t h i r d  s u r v e y ,  how
e v e r ,  a v e r y  s i g n i f i c a n t  d i f f e r e n c e  
in  p o s i t i v e  b lood  sm ears  i s  s e e n  in  which 
th e  s p r a y e d  v i l l a g e  s h o w e d  o n l y  0 . 9 % 
p o s i t i v e  sm ears  w h i l e  th e  u n s p r a y e d  v i l 
l a g e  show ed 3 .8%  p o s i t i v e  s m e a r s .  The 
0 -9  y e a r  a g e  g r o u p  i n  th e  s p r a y e d  v i l 
l a g e  shows th e  g r e a t e s t  d e c r e a s e  o f  a l l  
i n  t h e  t h i r d  s u r v e y .  S i n c e  p o s i t i v i t y  
i n  y o u n g e r  age  g ro u p s  i s  o f t e n  u s e d  as  
a n  i n d e x  o f  t r a n s m i s s i o n ,  i t  i s  c o n 
s i d e r e d  t o  be e s p e c i a l l y  s i g n i f i c a n t

T ypica l  s t r e e t  in  Humacao P la y a ,  P u e r to  Rican N ative  crew workers in  P u e r to  R ico  a re  shown
v i l l a g e  s e l e c t e d  f o r  DDT s p r a y i n g  s t u d i e s .  the i n t r i c a c i e s  o f  spray  equipment.
CDC sp ra y  crew and equipment t r u c k  a t  r i g h t .

ourtesy of the ' David J. Sencer CDC Museum



TABLE 2

P e rc e n t  P o s i t i v e  Blood S l id e s  by Age Groups, P u e r to  Rico 
November 1944 to November 1945 *

SURVEY
HUMACAO PLAYA (Sprayed) LOIZA ALDEA (Unsprayed)

Under 10 Over 10 Total Under 10 Over 10 Total

SIides Pos. % Slides Pos. % SIides Pos. % Slides Pos. % Slides Pos. % SIides Pos. %

Nov.’44 483 28 5.8 977 57 5.8 1460 85 5.8 380 21 5.5 891 39 4.4 1271 60 4.7
Mar. ’ 45 440 15 3.4 762 19 2.5 1202 34 2.8 276 5 1.8 576 8 1.4 852 13 1.5

Nov.’45 406 1 0.2 687 9 1.3 1093 10 0.9 292 6 2.0 576 27 4.7 868 33 3.8

t h a t  s o  few p o s i t i v e s  w e re  r e c o r d e d  in  
t h i s  g roup  in  c o m p a r iso n  w i t h  th e  number 
o f  p o s i t i v e s  i n  t h e  same a g e  g ro u p  o f  
th e  u n s p r a y e d  v i l l a g e .  (6 )

M o sq u i to es  d ie  soon  a f t e r  c o n t a c t i n g  w a l l s  
and o t h e r  s u r f a c e s  sp ra y e d  w i th  DDT.
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