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STUDY ON THE NATURAL HISTORY OF MALARIA IN AREAS OF THE 
RONDONIA STATE — BRAZIL AND PROBLEMS RELATED 

TO ITS CONTROL 
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S tud ies p e r f o r m e d m o r e t h a n for ty years 
ago in the R o n d o n i a S t a t e , as well as in o t h e r 
s ca t t e red local i t ies in the A m a z o n Basin 
i nd i ca t ed tha t t he on ly i m p o r t a n t local vec to r 
of m a l a r i a was A n o p h e l e s darlingi -u Since 
t h e n , h u g e u n c o n t r o l l e d i m m i g r a t i o n , m o s t l y 
f rom m a l a r i a free a reas f rom N o r t h e a s t e r n a n d 
S o u t h e r n S t a t e s , h a s been s t i m u l a t e d a n d 
r e m a r k a b l e c h a n g e in t h e e n v i r o n m e n t h a s 
o c c u r e d d u e to h u m a n ac t iv i ty , l ead ing to a 
m a r k e d inc rease in t he inc idence of m a l a r i a in 
Brazi l , r e ach ing a b o u t 500 t h o u s a n d s cases in 
1987, m o r e t h a n 4 0 % of the p a t i e n t s be ing 
f r o m R o n d o n i a " . Y. R e c e n t i n v e s t i g a t i o n s in 
a n o t h e r A m a z o n i a n S ta t e ( P a r a ) 1 , h a v e led t o 
t h e i n c r i m i n a t i o n of o t h e r four a n o p h e l i n e 
species bes ides A n . darlingi as m a l a r i a ca r r i e r s 
by f ind ing t h e m n a t u r a l l y infec ted wi th h u m a n 
m a l a r i a s p o r o z o i t e s , b u t the i r e p i d e m i o l o g i c a l 
i m p o r t a n c e is yet t o be p r o p e r l y assessed . 

T h e l a n d s c a p e c h a n g e s in severa l a r ea s in 
the A m a z o n migh t have led to a g r ea t e r con t ac t 
w i t h m a n o f a n o p h e l i n e s p e c i e s w h i c h 
p rev ious ly fed o n a n i m a l s wh ich d i s a p p e a r e d or 
de c r ea sed wi th d e f o r e s t a t i o n . A r e t h e r e rea ly 
o t h e r s p e c i e s , b e s i d e s A n . d a r l i n g i , w h i c h 
b e c a m e i m p o r t a n t v e c t o r s in t h e A m a z o n , 
p a r t i c u l a r l y in R o n d o n i a S t a t e , d u e to the 
c h a n g e s in the e n v i r o n m e n t ? P e o p l e , na t ives 
a n d i m m i g r a n t s , l iving in t h e e n d e m i c a r ea s a re 
f r equen t ly in con tac t /• itl« i ^ u c i / J a; - phcvues . 

H o w is thei r level of a n t i - s p o r o z o i t e i m m u n i t y ? 
Is t h e r e a r e l a t i o n s h i p be tween the m a l a r i a 
t r a n s m i s s i o n r a t e a n d t h e deg ree of i m m u n i t y ? 

T o a n s w e r t h e s e q u e s t i o n s , t h e m o s t 
m a l a r i o u s M u n i c i p a l i t i e s in t h e R o n d o n i a 
S t a t e , A r i q u e m e s a n d P o r t o Velho (capi ta l of 
the S ta t e ) , were c h o s e n for the i m p l e m e n t a t i o n 
of a field w o r k , wh ich i n t e n d e d to d e t e r m i n e 
the vec to r of the h u m a n m a l a r i a s a n d the i r 
c o m p a r a t i v e i m p o r t a n c e , to s t u d y aspec t s of 
the i r b io logy which c o u l d be of h e l p in t h e a n t i -
m a l a r i a p r o g r a m a n d to e v a l u a t e t h e degree of 
a n t i - s p o r o z o i t e i m m u n i t y o f t h e l o c a l 
p o p u l a t i o n . 

T h e p r e s en t r e p o r t i n t e n d s t o overv iew o u r 
recen t f ind ings o n these sub j ec t s . T h e o r ig ina l 
c o m p r e h e n s i v e d a t a u n d e r l y i n g this r e p o r t will 
be p u b l i s h e d e l s ewhe re . 

T H E M O S Q U I T O S U R V E Y 

T h e m o s q u i t o s t u d y cons i s t ed of an a n o ­
p h e l i n e survey to d e t e r m i n e the local spec ies , 
the i r p r e v a l e n c e a n d the i r n a t u r a l in fec t ion r a t e 
by t h e t w o h u m a n p l a s m o d i a d i a g n o s e d in t h e 
a r e a P . vivax a n d P . fa lc iparum. F o r th is p u r ­
pose we used an i m m u n o - r a d i o m e t r i c assay 
( I R M A ) e m p l o y i n g spec ies spec i f ic a n t i -
s p o r o z o i t e m o n o c l o n a l a n t i b o d i e s 1 0 , O b s e r v a ­
t i ons o n t h e h a b i t s of t he local species in re la­
t ion t o t h e m a l a r i a t r a n s m i s s i o n were a lso d o n e . 
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T h e s t u d y h a s been ca r r i ed o u t s ince N o ­
v e m b e r 1985; here we shall deal with d a t a o b t a i n ­
ed u p to A u g u s t 1987. Visits t o t he a r e a were 
d o n e t r imes t r a l l y w h e n a d u l t s a n d l a r v a e of 
A n o p h e l i n e s were co l l ec ted . A d u l t co l lec t ions 
i nc luded c a p t u r e s o n h u m a n ba i t i n d o o r s (a) 
a n d o u t d o o r s , c lose (b) a n d far (c) f rom t h e h u ­
m a n dwel l ings a n d in t h e forest (d) a n d o n an i ­
m a l (cow a n d / o r h o r s e ) o u t d o o r s (e). 

C a p t u r e s a, b , c a n d e were p e r f o r m e d at 
sunse t , f r o m 6 t o 9 p . m . whi le c a p t u r e s d were 
ca r r i ed o u t in t h r e e s chedu le s : 8-10 a . m . , 1-3 
a n d 6-8 p . m . L o c a l h o u s e s a re r o u t i n e l y s p r a ­
yed wi th D D T by p e r s o n n e l of t h e a n t i - m a l a r i a 
c a m p a i g n . T h e s p e c i m e n s col lec ted were kep t in 
vials wi th d e h y d r a t a n t (silica gel) u p t o t he iden­
t i f ica t ion a n d t h e I R M A tes ts at t h e l a b o r a t o r y . 

In a t o t a l of 8071 adu l t females of seven­
teen species A n . darlingi was by far t he m o s t 
a b u n d a n t ( 8 1 . 6 % of t h e t o t a l Amophe l ines ) , 
fo l lowed at s o m e d i s t a n c e by A n . triannulatus 
( 5 . 8 % ) , A n . evansae ( 3 . 4 % ) , A n . oswaldo i 
( 3 . 2 % ) , A n . strodei ( 1 . 5 % ) a n d A n . braziliensis 
( 1 . 4 % ) , all r e m a i n i n g species be ing scarse : A n . 
argirytarsis, A n . albitarsis, A n . ga lvao i , A n . 
nuneztovari , A n . rangeli , A n . benarrochi , A n . 
mattogrossens i s , A n . peryassui , A n . minor , 
A n . intermedins , A n . f luminensis , A n . m e d i o -
punctatus , A n . n imbus a n d C h . b o n n e a e . 

Ins ide h o u s e s , A n , darlingi was f o u n d in 
smal l n u m b e r s an a v e r a g e of 24 s p e c i m e n s pe r 
10 h o u r s of c a p t u r e , b u t r e p r e s e n t e d 9 8 . 6 % of 
the to ta l a n o p h e l i n e s . O t h e r species were collect­
ed i n d o o r s , b u t wi th a r a t e lower t h a n 0.1 pe r 
10 h o u r s of c a p t u r e : A n . albitarsis, A n . gal­
vaoi , A n . benarrochi , A n . strodei a n d A n . 
triannulatus. 

In t h e c lose vicini ty of t h e dwe l l ings , o n 
h u m a n ba i t A n . darlingi was a b u n d a n t , 105 
spec imens pe r 10 h o u r s of c a p t u r e , a c c o u n t i n g 
for 9 2 . 9 % of t h e t o t a l , fo l lowed at a long 
d i s t ance by A n . triannulatus a n d A n . evansae 
(2.9 a n d 1.3 s p e c i m e n s / 1 0 h o u r s a n d 2 .6 a n d 
1.2% of t h e t o t a l a n o p h e l i n e s o b t a i n e d 
respec t ive ly) . O t h e r th i r t een a n o p h e l i n e species 
were c a p t u r e d in th is s i t u a t i o n , a lways wi th less 
t h a n 0.5 s p e c i m e n s pe r 10 h o u r s : A n . 
brazil iensis, A n . nuneztovari , A n . rangeli , A n . 
o swa ldo i , A n . peryassui , A n . mediopuncta tus 
a n d C h . b o n n e a e , bes ides t h e species co l lec ted 
i n d o o r s . 

O u t d o o r s , o n h u m a n b a i t s , far f rom t h e 
h o u s e s a n d in t h e fores t , o t h e r species were 
m u c h m o r e n u m e r o u s t h a n A n . darlingi wh ich 

was t he t h i r d in f r equency in b o t h s i t u a t i o n s , 
c o r r e s p o n d i n g , respec t ive ly t o 24 .6 a n d 8 . 2 % 
of t h e t o t a l (20 .4 a n d 0 .6 m o s q u i t o e s pe r 10 
h o u r s ) . A n . triannulatus a n d A n . oswaldo i 
were t h e m o s t a b u n d a n t species wi th 27 .6 a n d 
25 .2 s p e c i m e n s per 10 h o u r s far f r o m h o u s e s 
(33.3 a n d 3 0 . 4 % of all a n o p h e l i n e s ) a n d 4 .1 a n d 
2.5 m o s q u i t o e s per 10 h o u r s in t h e fores t (54 .4 
a n d 3 2 . 6 % of t h e all a n o p h e l i n e s ) , r espec t ive ly . 
O t h e r few species w e r e scarse in these t w o 
m o d a l i t i e s of c a p t u r e , l ike A n . f luminensis 
col lec ted on ly in t h e fores t ( 0 . 7 % of t h e t o t a l ) . 

E i t he r o n c o w o r o n h o r s e p l aced o u t d o o r s 
t h e m o s t va r i ed f a u n a was o b t a i n e d — 260 .9 
spec imens of t h i r t e e n species were co l lec ted per 
10 h o u r s of c a p t u r e , b u t h e r e A n . darlingi 
a c c o u n t e d for o n l y 2 9 . 9 % of t h e t o t a l 
m o s q u i t o e s a n d o t h e r species were a lso 
n u m e r o u s : A n . e v a n s a e ( 1 7 . 4 % ) , A n . 
triannulatus ( 1 5 . 1 % ) , A n . oswaldo i ( 1 0 . 2 % ) , 
A n . strodei ( 1 0 % ) , fo l lowed at s o m e d i s t ance 
by A n . braziliensis ( 7 . 6 % ) , A n . albitarsis 
( 3 . 5 % ) a n d A n . rangeli ( 2 . 0 % ) , t h e o t h e r 
species be ing sca r se . 

A t p r e s e n t , f r o m a t o t a l o f 7 .686 
m o s q u i t o e s o f fifteen species e x a m i n e d by 
I R M A , 4 3 , b e l o n g i n g t o t h r ee species were 
pos i t ive : 37 A n . darlingi , 5 A n . triannulatus 
a n d 1 A n . brazil iensis. F r o m t h e s e , 33 were 
infec ted wi th P . fa lc iparum (32 A n . darlingi + 
A n . brazilensis a n d 10 wi th P . vivax (5 A n . 
darlingi + 5 A n . tr iannulatus) . 

U p t o t h e last r e p o r t o n th is sub jec t by 
ourse lves 6 on ly A n . darlingi h a d been f o u n d 
infec ted — 8 pos i t ives o u t of 1.327 e x a m i n e d . 

All these species h a d p r ev ious ly b e e n 
f o u n d infec ted in t h e A m a z o n R e g i o n : A n . 
darlingi by severa l w o r k e r s in d i f fe ren t areas*. 2, 
4 5, A n . triannulatus by A R R U D A et a l . i a n d 
A n . braz i l i ens i s b y D E A N E , C A U S E Y & 
DEANE4. H o w e v e r , in R o n d o n i a S t a t e A n . 
darlingi s h o u l d be c o n s i d e r e d t h e p r i n c i p a l a n d 
p r i m a r y vec to r of m a l a r i a , for be ing t h e m o s t 
a n t h r o p o p h i l i c a n d a b u n d a n t s p e c i e s , 
p r inc ipa l ly i n d o o r s a n d in t h e c lose vic ini ty of 
t he dwel l ings a n d b e c a u s e it w a s t h e m o s q u i t o 
f o u n d in fec ted in g r e a t e r n u m b e r s wi th t h e t w o 
h u m a n P l a s m o d i a t r a n s m i t t e d in t he a r e a . T h e 
i m p o r t a n c e o f A n . t r i a n n u l a t u s a n d A n . 
braz i l i ens i s in R o n d o n i a still n e e d s t o b e 
e v a l u a t e d b e c a u s e o f t h e i r e x o p h i l i c a n d 
z o o p h i l i c h a b i t s a c c o r d i n g t o t h e r e s u l t s 
p r e s e n t e d a b o v e . 



S E R O L O G I C A L S U R V E Y 

T h e s t u d y of the degree of a n t i - s p o r o z o i t e 
i m m u n i t y of t h e i n d i v i d u a l s w a s d o n e by 
assess ing sera for t h e p r e s e n c e of a n t i b o d i e s 
aga ins t t h e ( N A N P ) 4 syn the t i c p e p t i d e by an 
i m m u n o - r a d i o m e t r i c a s say* 2 . T h e ( N A N P ) 4 

p e p t i d e c o r r e s p o n d s t o t h e repe t i t ive e p i t o p e of 
the C S p r o t e i n of P . fa lc iparum s p o r o z o i t e 1 1 . 
Sera were co l lec ted f rom all i nd iv idua l s p r e sen t 
in each v is i ted h o u s e in t h e f o u r s t u d i e d 
loca l i t ies . I n d i v i d u a l s were q u e s t i o n e d a b o u t 
the i r age , a p p r o x i m a t e n u m b e r of Years of 
Res idence in t h e e n d e m i c r eg ion ( Y R ) a n d of 
P a s t A t t a c k s of M a l a r i a ( P A M ) , t h e use of 
p r o p h y l a t i c m e a s u r e s ( c h e m o p r o p h y l a x i s , 
r e p e l l e n t s , m o s q u i t o n e t s , e t c . ) a n d o t h e r 
q u e s t i o n s e m p h a s i s i n g s o c i o - e c o n o m i c a s p e c t s , 
all d a t a be ing du ly r e c o r d e d . A t o t a l of 1476 
sera col lec ted f rom 1315 i nd iv idua l s h a v e been 
o b t a i n e d . F r o m these 988 sera h a v e been so far 
p roces sed by the I R M A , b o t h m a l e s (492) a n d 
females (496) were s t u d i e d . 

N o d i f fe rence was o b s e r v e d in t h e a v e r a g e 
age be tween i n d i v i d u a l s f r o m the s tud i ed 
loca l i t i es h o w e v e r s o m e d i f f e r e n c e s w e r e 
r e c o r d e d c o n c e r n i n g t h e m e a n n u m b e r s of 
P A M a n d Y R . I n d i v i d u a l s f r o m M a c h a d i n h o 
p r e s e n t e d t he h ighes t r a t e of P A M (8.3 ± 7.8) 
fo l lowed by i nd iv idua l s f rom C u j u b i m (6.3 ± 
5.5) , I t a p o a d o O e s t e (6 .2 ± 8.2) a n d A r i q u e m e s 
(5.8 ± 7) (p < 0 .001 for M a c h a d i n h o vs 
C u j u b i m a n d for M a c h a d i n h o vs A r i q u e m e s ) . 
In t he s a m e w a y i n d i v i d u a l s f r o m I t a p o a d o 
Oes t e a n d M a c h a d i n h o h a v e been l iving in t he 
a r e a for l onge r p e r i o d s (7 .2 ± 7.3 a n d 5.8 ± 5.1 
Y R ) t h a n t h o s e f rom A r i q u e m e s a n d C u j u b i m 
(4.5 ± 5.3 a n d 4 .0 ± 4 .4 Y R ) (p < 0.001 for 
I t a p o a vs C u j u b i m , M a c h a d i n h o vs A r i q u e m e s , 
M a c h a d i n h o vs C u j u b i m a n d p < 0.01 for 
I t a p o a vs A r i q u e m e s ) . A c c o r d i n g t o these d a t a 
a n d to d a t a f rom S U C A M (Min i s t ry of H e a l t h ) 
s h o w i n g t h e very h igh p r e v a l e n c e of pos i t ive 
th i ck s m e a r s in t h e local i t ies of M a c h a d i n h o 
(185 pos i t ive s m e a r s per 100 i n h a b i t a n t s ) a n d of 
C u j u b i m (125 p o s i t i v e s m e a r s p e r 100 
i n h a b i t a n t s ) it c o u l d be u n e x p e c t e d t h a t t h e 
M a c h a d i n h o i n h a b i t a n t s p r e sen t o n e of t h e 
lowest p e r c e n t a g e s of i nd iv idua l s pos i t ive for 
t he p r e sence of a n t i - s p o r o z o i t e a n t i b o d i e s 
( 3 . 3 % c o m p a r i n g to 1 0 % in C u j u b i m , 2 . 7 % in 
I t a p o a d o Oes te a n d 4 . 9 % in A r i q u e m e s ) . 
A l t h o u g h the m e a n t i ter o f a n t i - ( N A N P ) 4 A b 
(ca lcu la ted for all four local i t ies) i nc reased wi th 

t h e n u m b e r of P A M (p < 0.01 for 9 vs 0 P A M 
a n d p < 0 . 0 0 1 fo r 9 vs 1-3 P A M ) , t h e 
r e l a t i o n s h i p be tween these p a r a m e t e r s was on ly 
e v i d e n t in A r i q u e m e s a n d C u j u b i m . T h e s e 
w o u l d ind i ca t e t h a t t he n u m b e r s of P A M a n d 
YR a re sub jec t ive p a r a m e t e r s t o p red ic t t he 
deg ree of a n t i - s p o r o z o i t e i m m u n i t y . I n d e e d , 
r e c r u d e s c e n c e o f P . v i v a x m a l a r i a o r o f 
c h i m i o r e s i s t a n t P . falciparum m a l a r i a co u l d be 
e q u i v o c a l l y i n t e r p r e t e d as n e w a t t a c k s of 
m a l a r i a i n d u c e d by a n o p h e l i n e b i t e s . In t h e 
s a m e w a y the n u m b e r of Y R w o u l d reflect the 
deg ree of e x p o s u r e t o t h e r isk of m a l a r i a 
in fec t ion o n l y if we a s s u m e t h a t i nd iv idua l s a r e 
s u b m i t t e d t o c o m p a r a b l e l iving c o n d i t i o n s a n d 
t h a t t hey a re n o t u s ing , at d i f ferent deg rees , 
m e a s u r e s of p r e v e n t i o n s such as repe l len t s a n d 
m o s q u i t o n e t s . Since in t he p o p u l a t i o n s tud ied 
h e r e we can n o t exc lude t h a t these v a r i a t i o n s 
o c c u r , t h e Y R d o e s no t seem to be a very 
a c c u r a t e p a r a m e t e r t o e v a l u a t e t he risk of 
e x p o s u r e of i nd iv idua l s t o t h e b i tes of in fec ted 
m o s q u i t o e s . T h e a n t i - s p o r o z o i t e A b t i ters seem 
to be h o w e v e r r e l a t ed t o t he r a t e of in fec ted 
A n o p h e l e s . 

In fact C u j u b i m p r e s e n t e d n o t on ly t h e 
h ighes t p e r c e n t a g e of A b pos i t ive i nd iv idua l s as 
well as t h e h ighes t m e a n A b t i ter b u t a l so t he 
h i g h e s t r a t e o f a n o p h e l i n e . c a r r y i n g P . 
fa lc iparum s p o r o z o i t e s . T h e p e r c e n t a g e of A b 
pos i t ive i nd iv idua l s ( 2 . 7 % in I t a p o a d o O e s t e , 
3 . 3 % in M a c h a d i n h o , 4 . 9 % in A r i q u e m e s a n d 
1 0 % in C u j u b i m ) inc reased wi th t he inc reas ing 
ra tes of s p o r o z o i t e c a r r y i n g m o s q u i t o e s ( 0 . 0 2 % 
for I t a p o a , 0.27 for M a c h a d i n h o , 0 .45 for 
A r i q u e m e s a n d 0 .88 for C u j u b i m ) . H o w e v e r 
t he r e a s o n s for t h e d i s c r e p a n c e b e t w e e n t h e 
h igh t r a t e of pos i t ive b l o o d th ick s m e a r s a n d 
the low f r equency of a n t i - s p o r o z o i t e pos i t ive 
a n d t h e low r a t e of s p o r o z o i t e in fec ted 
m o s q u i t o e s in s o m e local i t ies r e m a i n *to be 
d e t e r m i n e d . 

In s u m m a r y t w o k i n d s of c o n c l u s i o n s c a n 
be d r a w n , u p t o t h e m o m e n t , f rom t h e 
se ro log ica l su rvey : a) In t h e p o p u l a t i o n s t u d i e d , 
t h a t c o r r e s p o n d e s t o m i g r a n t p e o p l e f rom n o n 
e n d e m i c a r ea s of m a l a r i a , m o r e t i m e of 
e x p o s u r e t o m a l a r i a in fec t ion a n d several P A M 
seem to be neces sa ry for t h e d e v e l o p m e n t of 
a n t i - s p o r o z o i t e i m m u n i t y ; a n d b) It seems t h a t 
t h e d e v e l o p m e n t o f t h e a n t i - s p o r o z o i t e 
i m m u n i t y is r e l a t ed t o t h e degree of e x p o s u r e of 
i nd iv idua l s t o in fec ted m o s q u i t o e s t ha t is a 
reflect of t he r a t e of in fec ted v e c t o r s , t h e 



dens i ty of a n o p h e i i n e s as well as oi' fac tors that 

affect this e x p o s a l e such as i n d i v i d u a l 

p r e v e n i : o n m e a s u r e s . 
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