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R E L E V A N C E O F P O L Y C L O N A L B - C E L L 

A C T I V A T I O N ( P B A ) T O T H E D E V E L O P M E N T 

O F T H E M A L A R I A A N A E M I A . 

P B A p roper t i es 1 - 1 1 . Mo reove r P B A c a n i n d u c e 

the f o r m a t i o n of i m m u n e c o m p l e x e s tha t c o u l d 

adhere to the R B C m e m b r a n e 9 . 

M a l a r i a is c a u s e d by a n ob l i ga te i n t r a c e l l u 

la r p a r a s i t e t h a t in fec t a n d des t roy red b l o o d 

ce l l s ( R B C ) d u r i n g i t s c y c l e i n the v e r t e b r a t e 

hos t . T h e in fec t ion is therefore a c c o m p a n i e d b y 

a v a r i a b l e degree of a n a e m i a t ha t howeve r does 

no t co r re la te w i th the degree of p a r a s i t a e m i a 

in the in fec ted hos t , fac t t h a t s u g g e s t the pa r t i c i 

pa t i on of i m m u n o l o g i c a l fac to rs i n the genes i s 

of the m a l a r i a a s s o c i a t e d a n a e m i a . 

B e s i d e s to the m e c h a n i c a l r up tu re a n d a n 

a n t i - p l a s m o d i a l a n t i b o d y ( A b ) d e p e n d e n t l y s i s 

of infected R B C (for review see reference 1 2 ) a n d 

a m i l d degree of bone mar row dep ress ion 1 3 , severa l 

i m m u n e m e c h a n i s m s c o u l d opera te i n the pro

d u c t i o n of the a n a e m i a 1 4 . O n e of the e v o k e d me

c h a n i s m s is the fo rmat ion of an t i -e ry throcy te A u -

to -Abs t ha t c o u l d a p p e a r as a r esu l t of e i the r 

c ross - reac t i ons be tween p a r a s i t e s a n d R B C or 

p o l y c l o n a l a c t i v a t i o n of a u t o r e a c t i v e c l ones of 

B - l y m p h o c y t e s spec i f i c to R B C a n t i g e n s 8 . 

I n d e e d i t is now c lea r t ha t p o l y c l o n a l B - c e l l 

a c t i v a t i o n or a c t i v a t o r s c a n l e a d to A u t o A b pro

d u c t i o n 8 a n d t ha t P l a s m o d i a a re e n d o w e d w i th 

I n order to invest igate the role of P B A and of 

R B C s e n s i t i z a t i o n b y i m m u n o g l o b u l i n s ( I g G 

a n d I g M ) a n d c o m p l e m e n t i n the m a l a r i a i n d u 

ced a n a e m i a we s t u d i e d 138 m a l a r i a i n fec ted 

(MI ) a n d 49 n o n in fec ted ( N M D i n d i v i d u a l s for 

the; a) degree of P B A b y a reverse h a e m o l y t i c a l 

p l a q u e a s s a y ab le a t de tec t i ng I g s y n t h e s i s of 

a n y spec i f i c i t y ; b) the degree of R B C s e n s i t i z a 

t i on b y a s e n s i t i v e i m m u n o r a d i o m e t r i c a s s a y 

e m p l o y i n g c l ass - spec i f i c an t i i m m u n o g l o b u l i n s 

a n d í o d i n a t e d p ro te in A a n d c) the a n a e m i a by 

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

were seen a t the ou t p a t i e n t c l i n i c s of S U C A M 

or h o s p i t a l i z e d i n the h o s p i t a l un i t of the F u n d a 

ç ã o S E S P b o t h m the town of A r i q u e m e s ( R o n 

d o n i a - S t a t e ) . C o n t r o l i n d i v i d u a l s were a s s y m p -

t o m a t i c l o c a l i n h a b i t a n t s w i t h o u t h i s to r y of pre

v i ous m a l a r i a . T h i s p a r t of the w o r k h a s been 

p u b l i s h e d e lsewhere 5 , i n th i s p a p e r we w i l l on l y 

s u m m a r i z e the m a i n resu l t s a n d c o n c l u s i o n s of 

th i s s t u d y . 

P o l y c l o n a l B - c e l l a c t i v a t i o n , as ref lected b y 

a n i n c rease in the n u m b e r s of I g G a n d I g M se 

c re t i ng ce l l s ( I g S C ) i n the pe r i phe ra l b l o o d , w a s 
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obse rved i n b o t h P. v i v a x a n d P. f a l c i p a r u m M I 

b u t no t i n N M I . A l t h o u g h the n u m b e r s of I g A S C 

were no t a b o v e the n o r m a l f i gu res a pos i t i ve a n d 

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

t h e s e n u m b e r s a n d t h o s e of I g M S C a n d of 

I g G S C i n b o t h c a s e s of P l a s m o d i a l i n f e c t i o n . 

I n a d d i t i o n , the degree of P B A w a s p o s i t i v e l y 

re la ted to t ha t of p a r a s i t a e m i a b u t no re la t ion 

s h i p c o u l d be de tec ted be tween the fo rmer a n d 

the n u m b e r of p a s t a t t a c k s of m a l a r i a ( P A M ) . 

I n the s a m e w a y no d i f ference w a s o b s e r v e d in 

the n u m b e r of I g S C ( G , A or M) be tween m a l e s 

a n d fema les or t hose a b o v e a n d be low th i r t y ( the 

m e a n age of the s t u d i e d p o p u l a t i o n ) . 

T h e p e r c e n t a g e s of I g G (bu t no t of I g M or 

C 3 d ) s e n s i t i z e d R B C were s i g n i f i c a n t l y h i g h e r 

i n M I t h a n i n N M I a n d a p o s i t i v e r e l a t i o n s h i p 

w a s o b s e r v e d be tween the n u m b e r s of I g M - R B C 

a n d those of I g G - R B C a n d be tween those of I g M 

a n d of C 3 d - R B C . N o r e l a t i o n s h i p w a s howeve r 

obse rved be tween the a m o u n t of sens i t i zed R B C 

a n d the p a r a s i t a e m i a . 

M a l a r i o u s i n d i v i d u a l s p resen ted low h a e m a 

tocr i te a n d h a e m o g l o b i n v a l u e s , howeve r no re

l a t i o n s h i p c o u l d be o b s e r v e d be tween these v a 

lues a n d the p a r a s i t a e m i a . I n o rder to s t u d y the 

role of P B A i n the R B C s e n s i t i z a t i o n a n d the 

m a l a r i a assoc ia ted a n a e m i a we s t u d y the re lat ion

s h i p be tween : a) the degrees of P B A a n d of R B C 

s e n s i t i z a t i o n ; b) the l eve ls of P B A a n d of a n a e 

m i a a n d o the degrees of R B C s e n s i t i z a t i o n a n d 

t ha t of a n a e m i a . N o r e l a t i o n s h i p c o u l d be obser 

ved be tween the degree of a c t i v a t i o n of I g secre

t i ng ce l l s of a g i v e n c l a s s a n d the s e n s i t i z a t i o n 

of R B C b y the s a m e c l a s s of I g s h o w i n g t h a t 

the P B A does no t s e e m to be d i rec t l y i n v o l v e d 

i n the R B C s e n s i t i z a t i o n b y i m m u n o g l o b u l i n . 

I n P. v i v a x M I a s i g n i f i c a n t a n d p o s i t i v e re la t ion 

s h i p w a s o b s e r v e d be tween the a m o u n t of I g G 

s e n s i t i z e d R B C a n d the degree of a n a e m i a a n d 

a l t h o u g h s u c h a r e l a t i o n s h i p c o u l d no t be obser 

ved in P. f a l c i p a r u m M I the h a e m a t o c r i t e v a l u e s 

were s i g n i f i c a n t l y lower i n P. f a l c i p a r u m M I w i t h 

h i g h leve ls t h a n i n those w i t h low leve ls of I g G 

R B C . 

T a k e n toge the r these d a t a s u g g e s t t ha t a l 

t h o u g h the P B A p h e n o m e n o n c a n be e x c l u d e d 

as the so le c a u s e of I g s e n s i t i z a t i o n of R B C , a n d 

of a n a e m i a the I g G s e n s i t i z a t i o n of R B C c o u l d 

be i n v o l v e d i n p a t h o g e n e s i s of the m a l a r i a asso 

c i a t e d a n a e m i a . Whe the r these I m m u n o g l o b u 

l i n s are i n d e e d an t i e r y t h rocy te a u t o - a n t i b o d i e s 

or are in fac t A b s c o m p l e x e d to m a l a r i a l a n t i g e n s 

p a s s i v e l y a d s o r b e d to the R B C m e m b r a n e is a 

m a t t e r of s t u d y in our l a b o r a t o r y b u t ou r p re l im i 

n a r y resu l t s s e e m s to i n d i c a t e t ha t the s e c o n d 

h y p o t h e s i s is mo re l i ke l y . 

C N A P B A I N T E R F E R E W I T H T H E 

D E V E L O P M E N T O F A N T I - S P O R O Z O I T E 

I M M U N I T Y ? 

I t h a s been k n o w n for a l o n g t ime tha t the 

a d m i n i s t r a t i o n of P B A s u c h as the l i p o p o l y s a c 

c h a r i d e of E . co l i to m i c e , s i t u a t i o n a s s o c i a t e d 

to a p o l y c l o n a l B -ce l l a c t i v a t i o n s t a t u s , before 

the i n j ec t i on of a g i v e n a n t i g e n c a n s u p p r e s s the 

i m m u n e response to th i s an t igen ' ' i n a d d i t i o n , 

d i s e a s e s c a u s e d b y p a r a s i t e s e n d o w e d w i t h P B A 

proper t ies s u c h as A m e r i c a n or A f r i c a n t r ypano 

s o m i a s i s , (for rev iew see 4) are a lso a s s o c i a t e d 

to a n i m m u n o s u p p r e s s i o n to seve ra l a n t i g e n s . 

The re fo re i t s h o u l d be of in te res t to e v a l u a t e 

whe the r or no t the m a l a r i a a s s o c i a t e d P B A p h e 

n o m e n o n c o u l d rep resen t a h a n d i c a p to the de

v e l o p m e n t of a n ef fect ive an t i - spo rozo i te i m m u 

n i t y . 

I n order to s t u d y th i s p o i n t 95 m a l a r i a in fec 

ted a n d 21 n o n i n f e c t e d i n d i v i d u a l s f r om the 

town of A r i q u e m e s ( R o n d o n i a - S t a t e i in the nor th

wes t of B r a z i l were a s s e s s e d for the p e r c e n t a g e 

of I g G a n d I g M s e c r e t i n g ce l l s i n the pe r i phe ra l 

b l ood a n d for the leve l of an t i - spo rozo i te an t ibo 

d ies (by a i m m u n o r a d i o m e t r i c a s s a y u s i n g the 

( N A N P ) 3 s y n t h e t i c p e p t i d e t ha t c o r r e s p o n d s to 

the i m m u n o d o m i n a n t ep i tope of the C S p ro te in 

of the spo rozo i t e m e m b r a n e ) . T h e resu l t s of t h i s 

s t u d y are been p u b l i s h e d e l sewere 6 , bu t , o n c e 

more , here we w i l l s u m m a r i z e i ts m a i n resu l t s 

a n d c o n c l u s i o n s . 

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

o b s e r v e d be tween the a n t i - ( N A N P ) 3 A b l eve l s 

a n d the n u m b e r of p a s t a t t a c k s of m a l a r i a ( P A M ) 

b u t not be tween the former a n d the age or the 

t i m e of r e s i d e n c e of i n d i v i d u a l s i n the r e g i o n . 

I n d i v i d u a l s w i t h h i g h n u m b e r s of I g G S C or 

I g M S C p resen ted lower l eve l s of a n t i - ( N A N P ) 3 

A b a n d c o n v e r s e l y t h o s e w i t h l e v e l s of a n t i -
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( N A N P ) 3 A b a b o v e the m a i n leve l c a l c u l a t e d by 

M I s h o w e d n o r m a l v a l u e s o f I g G S C a n d of 

I g M S C as we l l as of h a e m a t o c r i t e a n d h a e m o 

g lob i n . 

T h r e e h y p o t h e s i s were c o n s i d e r e d to e x p l a i n 

th is n e g a t i v e r e l a t i o n s h i p be tween P B A a n d a n -

t i - ( N A N P ) 3 A b leve ls . T h e f i rs t p o s t u l a t e s t h a t 

P B A a n d low r e s p o n s i v e n e s s w o u l d be on l y m a r 

k e r for a t h i rd u n r e l a t e d ( i n t r i ns i c or e x t r i n s i c ) 

fac tor t ha t w o u l d de te rm ine the ab i l i t y of B - c e l l s 

to be a c t i v a t e d d u r i n g m a l a r i a i n fec t i on , the se

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

h i g h e r l eve ls of a n t i - ( N A N P ) 3 A b w o u l d be more 

p ro tec ted a g a i n s t m a l a r i a a n d c o n s e q u e n t l y m o 

re p ro tec ted a g a i n s t the P B A i n d u c e d by m a l a 

r ia . I n th i s r e g a r d i t s h o u l d be e m p h a s i z e d t ha t 

a n t i - ( N A N P ) 3 A b pos i t i ve i n d i v i d u a l s h a d n u m 

bers of I g G S C a n d of I g M S C as we l l as h a e m a 

tocrite and haemog lob in va lues s imi la r to those re 

g i s te red for n o n in fec ted i n d i v i d u a l s . F i n a l l y the 

t h i rd h y p o t h e s i s p o s t u l a t e s a n i n v e r s e c a u s e ef

fect r e l a t i o n s h i p , i.e. i n d i v i d u a l s w i t h h i g h de 

grees of P B A c o u l d be l ess ab le to e labo ra te a n 

ef fect ive an t i - spo rozo i te i m m u n e response . T h i s 

m e c h a n i s m is i l l u s t r a ted b y the f i n d i n g 2 3 t h a t 

a c r u d e e x t r a c t of T . c r u z i t y r p o m a s t i g o t e s , t h a t 

m i m i c k e d the P B A p roper t i es of the i n fec t i on , 

c o u l d s u p p r e s s the i m m u n e r e s p o n s e to the spe 

c i f ic a n t i g e n w h e n i n jec ted p r io r to the A g in jec

t ion . O n e a d d i t i o n a l e v i d e n c e to th i s m e c h a n i s m 

is the o b s e r v a t i o n t h a t b l o o d s t a g e i n d u c e P . 

berghe i i n fec t ion a s i t u a t i o n k n o w n to be asso 

c i a t e d w i t h P B A 1 1 c a n s u p p r e s s the p r o d u c t i o n 

of an t i - spo rozo i te a n t i b o d i e s in m i c e v a c c i n a t e d 

w i t h i r r a d i a t e d s p o r o z o i t e s 1 0 . 

I f the l a s t h y p o t h e s i s is cor rec t , a n d s i n c e 

we h a v e recen t l y o b s e r v e d t h a t the m a l a r i a asso 

c i a t e d P B A d i s a p p e a r e d in a 10 d a y s pe r i od after 

the t r e a t m e n t w a s s t a r t e d , c h e m o t h e r a p e u t i c 

m e a s u r e s s h o u l d be c o n s i d e r e d before a n y i m -

m u n o p r o p h y l a t i c c a m p a i n g are i n i t i a t ed i n po

p u l a t i o n s c h r o n i c a l l y e x p o s e d to the r i s k of m a 

l a r i a in fec t ion . 

C O N C L U S I O N S 

T h e resu l t s o v e r v i e w e d here s e e m to i n d i 

ca te tha t : a) a p o l y c l o n a l B - c e l l a c t i v a t i o n , re

f lec ted by a n i n c r e a s e i n the n u m b e r of i m m u n o 

g l o b i n ( I g G a n d I g M ) s e c r e t i n g ce l l s i n the per i 

p h e r a l b l o o d , e x i s t s in m a l a r i a in fec ted i n d i v i 

d u a l s , b) th i s P B A s t a t u s does no t s e e m to be 

i nvo l ved in the R B C sens i t i za t ion by I g or in the 

m a l a r i a a s s o c i a t e d a n a e m i a b u t c o u l d affect the 

an t i - spo rozo i te spec i f i c i m m u n e response a n d o 

the R B C s e n s i t i z a t i o n b y I g G c o u l d p a r t i c i p a t e 

in the g e n e s i s of the m a l a r i a a n a e m i a in P . v i v a x 

a n c e v e n , in a less ex ten t , in P . f a l c i p a r u m in fec 

ted i n d i v i d u a l s . 

A C K N O W L E D G E M E N T S 

We are i n d e b t to D r s . A g o s t i n h o C r u z Mar

q u e s , J o ã o B o s c o P e r e i r a a n d R o m e u R o d r i g u e s 

F i a l h o f rom S U C A M a n d Már i o L e m o s F i l h o , Or¬ 

l a n d o J u s t i n o de A r a ú j o , P e r c i v a l d a C o s t a P i 

nhe i ro M a c h a d o a n d S a n d r a F e r r a c i o l e f rom the 
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