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Su m m ary :

This study evaluates the d if ferenc es in host immune responses to 

d ef ined  p lasm o d ial antigens in four g eo g ra p h ic a lly  d ifferent 

reg ions in w h ic h  m alaria  is endem ic . Sera from 5 2 7  ind ivid uals  

w e re  tested for the presenc e o f  an tib o d ies spec if ic  for three types 

of p lasm o d ial an tigen : liver- stage antig en (LSA- 1), blood- stage 

antigen (SPF 7 0 )  and  c irc um spo ro zo ite (CS) an t ig en ( N A N P) 4 .

The ind ivid uals  taking  p art in the study c om p rised  : patients w ith 

transfusional m ala ria  d ue to Plasmodium falc iparum  o r P. vivax;  

non- immune m igrants res id ing  in an  endem ic  a re a  in Rondô nia;  

Am azo n ia n  Ind ians from the states o f  Para (Xingu PA) and  M a to  

Gro sso  (Xingu MT) ;  p eo p le  living  in a  hyperend em ic  a re a  in 

Af ric a  (Burkina- Faso); and  controls that had  never b een to a  m ala 

ria endem ic  a rea.  N o n e  o f  the transfusional sera d isp layed  an tib o 

d ies ag ains t sp o ro zo ite o r to liver s tag e antigen, altho ugh 80 %  o f 

the P. falc iparum  transfusional m alaria  sera c ontained  Ig G  an tib o 

d ies ag ains t the blood- stage p ep tid e.  A  lo w  p erc en tag e o f  Ind ians 

from Xingu PA and  o f  non- immune m igrants d isp layed  antibo d ies 

ag ain st  liver- stage (27%  and  17%) and  sp o rozo ite (11%  and  12%) 

pep tides,  altho ug h a  g reate r f req uenc y o f  an tib o d ies ag ainst 

blood- stage p ep tid e (50%  and  49%) w a s  o b served  in both cases. 

Ind ians from Xingu M T  exhib ited  a  g reater f req uenc y o f  an tib o d ies 

ag ain st  liver,  spo ro zo ite and  blood- stage p ep tides (45%, 50 %  

and  58%).  O n ly  hyp erim m une Af ric an ind ivid uals  exhib ited  h igher 

perc entages o f  an tib o d ies ag ains t liver-  (64%) an d  blood- stage 

antigens (87%), c ontrasting  w ith a  lo w  f req uenc y o f  an tib o d ies 

ag ain st  the C S  rep eat  (33%).  Taken together, the present d ata 

conf irm that Ro nd o nian m igrants an d  Ind ians from Xingu PA consti 

tute p o p ulatio ns w ith lim ited  exp o sure and  immunity to P. f a lc ip a 

rum  m alaria  infec tion and  c onversely,  Xingu M T  Ind ians and  

Af ric ans have b een m ore exp o sed  to m ala ria  infec tion. In c onc lu 

sion this study ind ic ates that the immune response to these m ala ria  

p aras ite p ep tides c an b e used to assess m ala ria  transmission in 

ep id em io lo g ic a l surveys.
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Résumé : R ÉP O N SE A N TIC O R PS À  D ES PEPTID ES SY N TH ÉTIQ U ES D ES 

STA D ES SA N G U IN S H ÉPA T IQ U E ET  SPO R O Z O IT E D E P. FALCIPARUM 

D A N S D IFFÉREN TES RÉG IO N S EN D ÉM IQ U ES

Cette étude a  évalué les différences d e la  réponse immune d e sujets 

vivant dans quatre rég ions géo g rap hiq ues  ou le palud ism e est endé 

mique.  Les sérums d e 5 2 5  ind ividus ont été testes vis- à- vis d e  trois 

pep tides d e  Plasmodium falc ip arum, co rrespondants aux stades : 

hépatique (LSA- 1), sanguin (SPF70) et  spo rozo ite (N A N P ) 4. Les ind i 

vidus étudiés c o m prenaient des m alades avec  p alud ism e post- trans-  

fusionnel à  P. fa lc ip arum  ou à  P.vivax, des migrants non immuns 

vivant à  Rondonia (Brésil), des ind iens brésiliens vivant dans les états 

du Para (Xingu- PA) et du M a to  Grosso  (Xingu- MT), des af ricains rési

d ant  dans une rég ion ho loendém iq ue d e  G are tang a (Burkina- Faso) 

et des sujets sains n ' ayan t jam ais séjourné dans une zo ne endé 

mique.  Auc un des sérums d e  palud ism e post- transfusionnel n 'a réag i 

avec  les pep tides LSA- 1 ou (N A N P )4 b ien que 80 %  p résentaient 

des anticorps p o ur le p ep tide  SPF- 70. Un fa ib le  po urc entage  

d ' ind iens du Xingu- PA et de migrants possédaient des anticorps 

contre les stades hépatiq ue (27%  et 17%) et spo rozo ite ( 11% et 

12%) c ontrastant avec  un pourc entag e plus é levé d 'antico rps contre 

le stade sanguin (5 0 %  et 49%).  Les ind iens du Xingu- MT po rtaient 

plus f réquemment des antico rps contre les stades hépatique,  spo ro 

zo ite  et sanguin (45%, 50 %  et  58%). Les af ricains ont montré des 

taux élevés d 'antico rps contre les stades hépatique (64%) et sanguin 

(87%) c ontrastant avec  la fa ib le  f réquence d 'an t ic o rp s  contre le 

(N A N P ) 4 (33%).  Ces résultats suggèrent que l' é tude d e la  réponse 

immune c ontre ces pep tides peut être utilisée comme ind ic ateur du 

d eg ré d 'exposition des populations.

KEY WORDS : Plasmodium falciparum. p ep tid e.  vac c ine,  m a la ria .
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INTRODUCTION

T
h e  im p o rta n c e  o f  th e  h u m o ra l im m u n e  re s 

p o n s e  in  th e  d e f e n s e  a g a in st P. falciparu m  

in f e c ti o n s  w a s  c le a r ly  d e m o n s tr a te d  th r e e  

d e c a d e s  ag o  b y  C o h e n  et al., 1961 . T h e y  sh o w e d  th at 

th e  tran sfe r o f  im m u n o g lo b u lin s  f ro m  im m u n e  ad u lts 

to  in f e c te d  c h i ld re n  in d u c e d  a ra p id  r e d u c tio n  in  

p arasite m ia  le v e ls. T h e s e  re su lts w e re  re c e n tly  c o rro 

b o r a te d  b y  a n  a n a lo g o u s  s tu d y  b y  B o u h a r o u n -  

T a y o u n  et al., 19 9 0 . O n e  c le a r  im p lic a tio n  o f  th e se
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stu d ie s is th at th e  h u m o ral im m u n e  statu s o f  a p o p u 

la tio n  sh o u ld  b e  c h a ra c te r iz e d  p rio r to  v a c c in a tio n  

f ie ld  trials in  o rd e r to  f ac ilitate  b o th  th e  c h o ic e  o f  an  

a p p r o p r ia te  ta rg e t p o p u la tio n  a n d  th e  s u b s e q u e n t 

an aly sis  o f  v a c c in a tio n  re su lts th at are  o f te n  d if f ic u lt 

to  in te rp re t.

In  B ra z il , th e r e  h a s  s o  f a r  b e e n  little  re s e a rc h  o n  

h u m o ral im m u n e  re sp o n se s  to  P. falciparu m  sy n th e 

tic  p e p tid e s , an d  e x is tin g  stu d ie s h av e  f o c u se d  th e ir 

a tte n tio n  o n  th e  p re v a le n c e  o f  an tisp o ro z o ite  a n tib o 

d ie s  ( T o s ta  a n d  M o u ra , 1 9 8 6 ; A rru d a et al., 1 9 8 9 ; 

O liv e ira -Fe rre ira  et al., 1 9 9 2 ) . W e  th e re f o re  d e c id e d  

to  stu d y  P. falciparum-sp e c if ic  h u m o ral im m u n e  re s 

p o n s e  in  a u to c h th o n o u s  a n d  m ig ra n t p o p u la tio n s  

f ro m  e n d e m ic  a re a s  in  f o u r g e o g ra p h ic a lly  d if fe re n t 

re g io n s  in  w h ic h  m alaria  is e n d e m ic , as  w e ll as in  

in d iv id u als w ith  tran sfu sio n  in d u c e d  m alaria , in  o rd e r 

to  e v a lu ate  th e  a p p lic ab ility  o f  u sin g  th is a p p ro a c h  to  

stu d y  th e  d e g re e  o f  e x p o s u re  to  m alaria. Im m u n e  re s 

p o n s e s  ag ain st w h o le  p arasite  a n tig e n  (P A )  w e re  a lso  

e v a lu ate d  f o r  c o m p a ra tiv e  p u rp o se s .

MATERIAL AND METHODS

P o p u l a t io n  s t u d ie d

T
h e  s u b je c ts  in v e s tig a te d  c o r r e s p o n d e d  to  a 

re p re se n ta tiv e  sam p le  o f  th e  p o p u la tio n s  stu 

d ie d . T h e  e n ro lm e n t c rite ria  u se d  w e re  : to  b e  

a p e rm a n e n t re s id e n t o f  th e  trib e  s in c e  b irth  ( in d ian s 

an d  a f ric a n s)  o r  to  b e  a m ig ran t f ro m  n o n  e n d e m ic  

are a  an d  re s id in g  in  th e  m u n ic ip a lity  o f  A riq u e m e s  

( R o n d o n ia ) . A ll in d iv id u als g av e  in fo rm e d  c o n s e n t to  

p artic ip ate  in  th e  stu d y .

1)  T h e  p o p u la tio n  o f  n o n - im m u n e  m ig ran ts liv es in  

th e  state  o f  R o n d o n ia  in  th e  so u th w e ste rn  p art o f  th e  

Braz ilian  A m az o n . A c c o rd in g  to  th e  Braz ilian  M in istry  

o f  H e alth , m alaria  is e n d e m ic  in  th e  are a , w ith o u t an y  

m ark e d  se a s o n a l v ariatio n . R o n d o n ia , w h ic h  a c c o u n ts  

f o r 50%  o f  th e  n a tio n ’s re g iste re d  m alaria c a s e s , saw  

th e  im p le m e n ta tio n  o f  f e d e ra l g o v e rn m e n t ag ric u ltu ral 

se ttle m e n t p ro g ram s an d  a su rg e  in  m in in g  ac tiv ity  in  

th e  1970s . A s a re su lt, im m ig ran ts w e re  a ttrac te d  fro m  

o th e r state s  ( in  so u th e rn  an d  n o rth e a ste rn  Braz il)  th at 

w e re  m o s tly  m a la ria  f re e . M an y  o f  th e s e  m ig ra n ts  

h av e  b e e n  liv in g  in  th e  state  f o r as little  as 2 -4  y e ars 

(4 1 % )  an d  th e  g re at m ajo rity  (8 0 % )  f o r le ss th an  10 

y ears.

2 )  T h e  tw o  In d ian  p o p u la tio n s  c o m p rise  in d iv id u als 

liv in g  a )  in  th e  sta te  o f  Para ( n e a r  th e  T u c u ru i d am )  

an d  b )  in  th e  sta te  o f  M ato  G ro sso  ( in  th e  A m az o n  

Ba s in  in  n o rth e rn  Braz il) . T h e s e  tw o  trib e s  a re  w id e ly  

se p a ra te d  an d  o f f e r th e  p o ssib ility  o f  stu d y in g  P. fa l 

ciparum  im m u n e  re sp o n se s  in  iso late d  lo c a litie s . T h e  

c h a ra c te ris tic s  o f  e a c h  trib e  h av e  a lre ad y  b e e n  re p o r 

te d  e lse w h e re  (A rru d a et al., 19 89 ) . B lo o d  sam p le  c o l 

le c tio n s  w e re  p e rfo rm e d  at th e  e n d  o f  th e  rain y  s e a 

so n , a p e rio d  o f  h ig h  tran sm issio n .

3 )  T h e  A fric an  p o p u la tio n  is c h ro n ic a lly  e x p o s e d  to  

th e  risk  o f  m alaria in fe c tio n . It re s id e s  in  G a re tan g a -  

B u rk in a  Fa so , a v illa g e  lo c a te d  n e a r  th e  v illa g e  o f  

D o n s e  (D ru ilh e  et al., 1 9 8 6 , D ru ilh e  an d  K h u sm ith ,

1987 ) .

4 )  T h e  tra n s fu s io n a l m alaria  c a s e s  c o rre s p o n d e d  to  

in d iv id u als  th at h a v e  n e v e r  b e e n  in  e n d e m ic  are as . 

T h e  P. falciparum  c a s e s  w e re  f ro m  in d iv id u als liv in g  

in  R io  d e  Ja n e ir o  an d  th o s e  o f  P. vivax  fro m  in d iv i 

d u als liv in g  in  B e lo  H o riz o n te  (M in as G e ra is  s ta te )  -  

m alaria  f re e  are as  -  an d  w e re  th e re f o re  p rim e in fe c te d  

in d iv id u als.

D e t e r m i n a t i o n  o f  P l a s m o d iu m  s p e c i e s

M alaria d iag n o sis  w as  p e rfo rm e d  b y  m ic ro s c o p ic  e x a 

m in a tio n  o f  5 0 0  f ie ld s  o f  G ie m sa -s ta in e d  th ic k  an d  

th in  b lo o d  sm e ars . P arasite m ia  w as  q u an tif ie d  b y  e x a 

m in a tio n  o f  at le a s t 2 0 0  le u k o c y te s  in  th ic k  b lo o d  

f ilm s.

Se r u m  c o l l e c t io n

Se ru m  s a m p le s  w e re  o b ta in e d  f ro m  a to ta l o f  5 2 7  

in d iv id u als, as f o llo w s  : 187  fro m  n o n - im m u n e  su b 

je c ts ; 2 3 6  fro m  In d ia n s  liv in g  in  P ara  ( 1 1 7 )  o r  th e  

M ato  G ro s s o  ( 1 1 9 ) ;  7 8  f ro m  h y p e r im m u n e  A fric a n  

in d iv id u als ; 11 f ro m  p a tie n ts  w ith  p o s t- tra n s fu s io n a l 

m alaria  ( 6  in f e c te d  w ith  P. vivax  an d  5 w ith  P. falc i 

paru m ) ; a n d  15 f ro m  c o n tro l  in d iv id u a ls  w h o  h ad  

n e v e r  b e e n  to  a n  e n d e m i c  a r e a .  A ll th e  s e r u m  

s a m p le s  w e re  c o l le c te d  w ith o u t a n y  p re f e r e n c e  in  

te rm s  o f  a g e , ra c e  o r  s e x . F o r  th e  a n a ly s is  o f  th e  

re su lts a c c o rd in g  to  ag e , th e  a g e  d istrib u tio n  o f  e a c h  

g ro u p  w a s  d o n e  in  o rd e r  to  h a v e  a h o m o g e n e o u s  

n u m b e r o f  in d iv id u als in  e a c h  o n e  ( T a b le  1).

P. FALCIPARUM SYN TH ETIC PEPTID ES

-  (N A N P)4, th is  sy n th e tic  p e p tid e  c o rre sp o n d s  to  f o u r 

re p e ats  o f  th e  re p e titiv e  e p ito p e  o f  th e  C S p ro te in  o f  

P. falciparu m  (  Z av ala et al., 1986 ) .

-  LSA -1, w h ic h  c o rre s p o n d s  to  a re p e titiv e  e p ito p e , 

p art o f  a 2 0 0 k D a  m o le c u le  th at is sp e c if ic  to  th e  liv e r 

stag e  o f  P. falciparu m  (D ru ilh e  et al,  1984 ; G u é rin - 

M arc h an d  et al., 19 8 7 ) . Its s e q u e n c e  is : LA K EK LQ G - 

Q Q SD L EQ ER L A K EK L Q EQ Q SD L EQ ER L A K EK L Q  a n d  

p u rity  h ig h e r th an  90% .

-  SP F70, w h ic h  c o rre sp o n d s  to  a s c h iz o n t p ro te in , is 

a 7 0 k D a  an tig e n  d e g rad e d  f ro m  a 1 20k D a p re c u rso r 

m e m b ra n e  p ro te in  in  m atu re  s c h iz o n ts  an d  in c re a se s  

in  a m o u n t at th e  tim e  o f  s c h iz o n t ru p tu re  ( m e ro z o ite  

re le a s e / re in v a s io n ) . A lth o u g h  th is  m o le c u le  d e riv e s

24 M é m o ire
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A n t i b o d y  r e s p o n s e s  t o  P. f al c ipar um p e p tid e s

A G E G R O U P S - 

(y e a rs )

(N A N P)4 LSA -1

RO

p/ n

X PA

p / n

X M T

p / n

A F

p / n

RO

p / n

X PA

p/ n

X M T

p/ n

A F

p/ n

1-10 13/ 39 8/ 50 22/ 37 12/ 32 5/ 39 14/ 50 24/ 37 78/ 32

11-20 12/ 50 9/ 21 50/ 26 32/ 22 22/ 50 14/ 21 46/ 26 95/ 22

2 1 -3 0 9/ 44 14/ 21 74/ 23 40/ 10 11/ 44 33/ 21 69/ 23 0/ 10

> 30 13/ 54 16/ 25 67/ 33 78/ 14 26/ 54 60/ 25 51/ 33 29/ 14

T o tal 12/ 187 11/ 117 50/ 119 33/ 78 17/ 187 36/ 117 45/ 119 64/ 78

T a b le  1. -  Fr e q u e n c y  o f  a n ti- c irc u m s p o ro z o ite  (N A N P )4 an d  a n ti- l iv e r- s ta g e  (L SA -1 )  a n tib o d ie s  a c c o r 

d in g  to  a g e  in  d if f e re n t p o p u la tio n s .

p  : p e rc e n t p o sitiv e s; n  : to ta l n u m b e r o f  in d iv id u als; R O  : R o n d o n ia ; X PA  : X in g u  Para; X M T  : X in g u  M ato  G ro sso ; 

A F : A frica.

f ro m  P. falc iparu m , it a ls o  c ro ss - re a c ts  w ith  a n ti-P . 

vivax  an tib o d ie s . T h e  sy n th e sis  o f  SP f70 w as d o n e  b y  

c o p o ly m e riz a tio n  o f  e q u a l am o u n ts  o f  f o u r d if fe re n t 

s e q u e n c e s  o f  th e  7 0  k D a  m o le c u le  te rm e d  : C 2 -  

G Q D E G E E N E G ; C 3  -  L V FL V Q Q P FL FV L W D Q  

N EK FPV FM G V Y D P; C 5 D Q FFD A N PN LFQ LLEPV EFD ED  

an d  C 10 -  G R N G L G A N T D Q D D Q L ED E ( Ja m e s  et al., 

1993; T o e b e  et al., 1993) .

Im m u n o r a d i o m e t r i c  a s s a y  (IRMA) FO R d e t e c t i o n

O F A N TI-P. FALCIPARUM SPO RO Z O ITE-STA GE A N TIBO 

DIES

T h e  IR M A  w a s  p e r f o r m e d  a s  a lr e a d y  d e s c r ib e d  

( O l iv e ira - F e rre ira  et al., 1 9 9 2 ; Z a v a la  et al., 1 9 8 6 )  

u s in g  m ic r o p la te s  ( D y n a te c h  A le x a n d r ia , V irg in ia , 

U SA ) c o a te d  w ith  (N A N P )4  c o n ju g a te  to  b o v in e  se ru m  

a lb u m in  (BSA ; Sig m a) . C o n tro l w e lls  w e re  p re p are d  

b y  o m ittin g  th e  p e p tid e  f ro m  th e  c o a t p ro c e d u re . T h e  

c o u n ts  p e r  m in u te  (C P M ) in  c o n tro l w e lls  w e re  su b 

trac te d  f ro m  th e  C PM  in  c o rre sp o n d in g  p e p tid e s  c o a 

te d  p late s. A  se ru m  sam p le  w as c o n s id e re d  p o sitiv e  

w h e n  th e  c p m  v a lu e  w as  h ig h e r  th a n  th e  a v e ra g e  

C PM  o f  th e  n o rm al se ra  p lu s  tw o  stan d ard  d e v iatio n s  

( 3 1 4  C PM ).

En z y m e  l in k e d  im m u n o s o r b e n t  a s s a y  (ELISA )

FO R TH E D ETECTIO N  O F A N TI-P. FALCIPARUM LIVER- 

STA GE A N TIBO D IES

T h e  ELISA  w as  p e rfo rm e d  in  p o ly sty re n e  m ic ro p la te s  

(N U N C  M A X ISO R P )  c o a te d  w ith  1 0 0 μ l/ w e ll o f  a

2 μ g / m l an tig e n  so lu tio n  in  p h o sp h a te -b u f fe re d  sa lin e  

( P B S) . T h e  p la te s  w e re  in c u b a te d  o v e rn ig h t at 4° C  

an d  th e  a n tig e n  so lu tio n  re m o v e d . T h e  p la te s  w e re

w a sh e d  w ith  P B S-0 .0 5 %  T w e e n 2 0  (Sig m a; P B S-T 2 0 )  

a n d  s a tu ra te d  w ith  P B S c o n ta in in g  2 .5 %  s k im m e d  

m ilk  o v e r n ig h t a t ro o m  te m p e r a tu r e  ( R T ) .  A f te r  

w ash in g  w ith  P B S-0 .0 2 %  T w e e n 2 0 , te st se ra  d ilu ted  

1 :1 0 0  in  P BS so lu tio n  c o n ta in in g  1 .25%  sk im m e d  m ilk  

an d  0 .5 %  T w e e n 2 0  w e re  ad d e d  to  th e  w e lls  in  d u p li 

c a te , in  v o lu m e s  o f  1 00 μ l/ w ell, an d  in c u b a te d  at RT 

fo r 1 h o u r. T h e  p la te s  w e re  th e n  w a sh e d  as d e sc rib e d  

a b o v e  a n d  1 0 0 μ l o f  p e r o x i d a s e - c o n ju g a te d  a n ti 

h u m an  Ig G  (Sig m a) , d ilu te d  1 :1 0 0 0  in th e  sam e  b u f fe r 

as th e  o n e  u se d  f o r  se ra  d ilu tio n , w as  ad d e d  to  e a c h  

w e ll . A f te r  in c u b a tio n  ( 1h - R T ) , th e  p la te s  w e r e  

w a sh e d  ag ain  an d  100( μ l/ w ell o f  th e  su b strate  so lu tio n  

w a s  a d d e d  ( 3 %  o f  O P D  - O - p h e n y le n e d ia m in e  -  

Sig m a -  in  0 .05M  c itra te  b u f fe r, p H  5 .1 , c o n ta in in g

0 .0 7 %  H 2O 2 -  M e rc k ) . T h e  re a c tio n  w as s to p p e d  b y  

a d d itio n  o f  5 0 μ l o f  2N  H C1 to  e a c h  w e ll a n d  th e  

a b so rb a n c e  w as m e asu re d  at 4 9 2 n m  w ith  a T ite rte k  

M u ltisk an  ELISA  re ad e r. T h e  av e rag e  o p tic a l d en sity  

( O D )  o f  a o n e -  h u n d re d - fo ld  d ilu tio n  o f  n o rm al se ra  

p lu s 2 stan d ard  d e v ia tio n s  w as  d e f in e d  as th e  c u t- o f f  

lim it ( 0 .1 8 4  O D ) .

En z y m e  l in k e d  im m u n o s o r b e n t  a s s a y  ( E L IS A )

FO R TH E D ETECTIO N  O F A N TI-P . FALCIPARUM PEP

TID E BLO O D -STA G E A N TIBO D IES

W e  u se d  p o ly sty re n e  m ic ro p la te s  (C O R N IN G ) c o a te d  

w ith  1 0 0 μ l/ w ell an tig e n  so lu tio n  ( 5 μ g / m l) in  tris-b u f-  

f e re d  sa lin e  p H  8 .0  ( T B S) . T h e  p la te s  w e re  in c u b ate d  

f o r 16 h  at 4° C  an d  th e  an tig e n  so lu tio n  re m o v e d . T h e  

p late s  w e re  rin se d  th re e  tim e s ( f o r  10  m in  e a c h  tim e , 

w ith  v ig o ro u s  a g ita tio n )  an d  th e n  o n c e  f o r  3 0  m in  at 

3 7 ° C  w ith  2 0 0 μ l / w e ll  T B S - 0 .5 %  T w e e n 2 0  ( T 2 0 )  

( Sig m a ) , to  b lo c k  n o n s p e c if ic  b in d in g s . A fte r b lo c 

P a ra s ite , 1 9 9 5 , 2, 2 3 - 2 9
Mémoire 2 5



FERREIRA -D A -C RU Z  M .F.. D ESIA N D ES D .C .. O LIV EIRA -FERRF.IRA  J. et al.

k in g , 100 μ l  o f  te st se ra  (d ilu te d  1 :1 0 0  in  T B S- 0 .0 5 % -  

T 2 0 )  w e r e  a d d e d  to  th e  w e l l s  in  d u p l i c a te ,  in  

v o lu m e s  o f  100 μ l/ w e ll, f o r  2h  at 3 7 ° C . T h e  p la te s  

w e re  th e n  w a sh e d  3  tim e s, f o r  10 m in  e a c h  tim e , in  

T B S- 0 .1 % - T 2 0 . T h e  re m ain in g  ste p s  in  th is assay  w e re  

sim ilar to  th o se  u se d  f o r th e  d e te c tio n  o f  liv e r-stag e  

an tig e n . T h e  c u t- o f f  v a lu e  w as 0 .1 3 2  O D .

Im m u n o f l u o r e s c e n t  a n t ib o d y  t e s t  ( IF A T )  f o r

D ETEC TIO N  O F A N T I-P . FALCIPARUM W H O LE BL O O D - 

STA G E A N TIBO D IES

W e  u se d  P. falc iparu m - p a ra s itiz e d  red  b lo o d  c e lls  

c u ltu re d  a sy n c h ro n o u s ly  in vitro (T ra g e r an d  Je n s e n , 

1 9 7 6 ) .  T h e  IFA T  w a s  p e r f o rm e d  a c c o r d in g  to  th e  

m e th o d  d e s c r ib e d  b y  F e rre ira  a n d  S a n c h e s ,  1 9 8 8  

u s in g  b lo o d  s m e a rs  c o n ta in in g  2 0  p a ra s itiz e d  re d  

b lo o d  c e lls  p e r  f ie ld  an d  f lu o re s c e in  is o th io c y a n a te  

c o n ju g a te d  g o a t an ti-h u m an  Ig G  (Sig m a) . A  re c ip ro c a l 

tite r o f  20  o r  g re a te r  w as  c o n s id e re d  p o sitiv e .

Ep id e m io l o g ic a l  s t u d y

D ata w e re  an aly z e d  ac c o rd in g  to  se x  an d  ag e  in  all th e  

p o p u latio n  stu d ied . In R o n d o n ian  su b je c ts , o th e r p ara 

m e ters, su c h  as th e  p re se n c e  o f  c irc u latin g  p arasite s at 

th e  tim e  o f  seru m  c o lle c tio n , th e  n u m b e r o f  p re v io u s 

m alaria attac k s, an d  th e  d ate  o f  th e  last attac k , w e re  

a ls o  c o n s id e re d . Sta tis tic a l a n a ly s is  w a s  p e r f o rm e d  

u s in g  th e  EP IST A T  so f tw a re  f o r  th e  C h i-Sq u a re  te st 

w ith  Y a te s ’ c o rre c tio n  w ith  95%  c o n f id e n c e  in terv als.

RESULTS

M a l a r ia  pr e v a l e n c e

A
t th e  tim e  o f  b lo o d  c o lle c tio n  in  th e  state  o f  

R o n d o n ia  th e  p re v a le n c e  o f  p o s itiv e  th ic k  

b lo o d  sm e ars  a m o n g  th e  187  in d iv id u als stu 

d ie s  w as  11% . Eig h ty  p e rc e n t o f  th e se  p o sitiv e s  w e re  

d u e  to  P. falciparum  a n d  20%  to  P. vivax. N o  in d iv i 

d u al c arrie d  b o th  sp e c ie s .

T h e  p r e v a le n c e  o f  p o s i tiv e  th ic k  b lo o d  s m e a rs  in  

In d ia n s  f ro m  X in g u  M T ( 1 1 9 )  w as  4 .2 % , w ith  th re e  

in d iv id u als  c arry in g  P. falciparu m  an d  tw o  c a riy in g  

P. vivax. T h e  le v e l o f  p a ra s ite m ia  w a s  v e ry  lo w  in  

p o s itiv e  in d iv id u als (u su ally  b e lo w  0 .0 2 % ) . In  In d ian s 

f ro m  X in g u  PA  ( 1 1 7 ) , th e  p re v a le n c e  o f  p o sitiv e  th ic k  

b lo o d  sm e a r w as  a lso  lo w  ( 3 .4 % ) . P. vivax  w as p re 

se n t in  all th e  p o sitiv e  in d iv id u als, an d  n o n e  o f  th e m  

w a s  p o s itiv e  f o r  P. falciparu m .  A m o n g  th e  A fric an  

su b je c ts , 6 5 %  c a rrie d  b lo o d - s ta g e  p aras ite s , an d  th e  

p o sitiv ity  w as h ig h e r in  c h ild re n  th an  in  ad u lts. P. fa l 

ciparum  w a s  th e  m o st f re q u e n t s p e c ie s  a c c o u n tin g  

f o r  9 5 %  o f  th e  p o sitiv e s.

A n t i b o d i e s  a g a i n s t  P. falc iparu m  l i v e r - s t a g e  

p e p t i d e  ( L S A - 1 )

A s w as  th e  c a s e  f o r  a n tib o d ie s  ag ain st th e  s p o ro z o ite -  

sta g e  p e p tid e , n o n e  o f  th e  tran sfu sio n a l m alaria  se ra  

p re se n te d  Ig G  a n tib o d ie s  ag a in st th e  LSA -1 p e p tid e . 

T h e  f re q u e n c y  o f  a n tib o d y  re sp o n se s  to  th is an tig e n  

in  In d ian s fro m  X in g u  PA  an d  n o n - im m u n e  m ig ran ts 

in  R o n d o n ia  w a s  lo w  ( 2 7 %  a n d  17% , re sp e c tiv e ly ) . 

In d ia n s  f ro m  X in g u  M T  a n d  h y p e r im m u n e  A f ric a n  

in d iv id u a ls  d isp la y e d  h ig h e r  p e rc e n ta g e s  ( 4 5 %  a n d  

64% , re sp e c tiv e ly )  (Fig . 1). N o  re la tio n sh ip  w as o b s e r 

v e d  b e tw e e n  anti-LSA -1 Ig G  a n tib o d ie s  an d  s e x  in  an y  

o f  th e  p o p u la tio n s  stu d ie d . P re v io u s  re se a rc h , lik e  th e  

p re s e n t stu d y , h a s  sh o w n  th a t th e  d e v e lo p m e n t o f  

a n tib o d ie s  to  (N A N P )4 is a g e - d e p e n d e n t ( O liv e ira -  

Fe rre ira  et al., 1 9 9 2 ) . T o  d e te rm in e  w h e th e r  a sim ilar 

c o rre la tio n  e x is ts  f o r th e  LSA -1 p e p tid e , w e  stratif ied  

a n tib o d y -p o s itiv e  rate s b y  ag e , s in c e  all o u r se le c te d  

p o p u la tio n s  h a d  a h o m o g e n e o u s  d is trib u tio n  in  all 

th e  a g e  g ro u p s stu d ie d  ( 1 - 1 0 ; 11 -2 0 ; 2 1 - 3 0 ; an d  > 30  

y e a rs ) . T h e  f re q u e n c y  o f  an ti-L SA -1 a n tib o d ie s  w a s  

s ig n if ic an tly  h ig h e r am o n g  in d iv id u als  a b o v e  2 0  y e ars  

o ld  in  th e  g ro u p  fro m  X in g u  PA  ( p < 0 .0 0 1 ) , a b o v e  10 

y e ars  o ld  in  th e  g ro u p  fro m  X in g u  M T ( p < 0 .0 1 )  an d  

le ss  th an  20  y e ars  o ld  in  th e  A fric an  g ro u p  ( p < 0 .0 0 1 )  

( T a b le  1). A m o n g  R o n d o n ia n  in d iv id u als, n o  c o rre la 

tio n  w a s  o b s e rv e d  b e tw e e n  th e  f re q u e n c y  o f  a n ti-  

LSA -1 Ig G  a n tib o d ie s  o n  th e  o n e  h an d , an d  e ith e r  th e  

p re s e n c e  o f  c irc u la tin g  p a ra s ite s  o r  th e  d ate  o f  th e  

last m alaria a ttac k  o f  m alaria  o r ag e , o n  th e  o th e r.

A n t i b o d i e s  a g a i n s t  P. falc iparu m  s p o r o z o i t e  

s t a g e - p e p t i d e  ( N A N P ) 4

N o n e  o f  tran sfu s io n a l se ra  d isp lay e d  Ig G  a n tib o d ie s  

ag ain st th e  c irc u m sp o ro z o ite  p ro te in  (C SP ) . T h e  f re 

q u e n c y  o f  Ig G  an tib o d ie s  ag ain st C SP in m ig ran ts fro m  

R o n d o n ia  an d  In d ian s fro m  X in g u  PA  w as lo w  (12%  

an d  11% , re sp e c tiv e ly ) . In d ian s fro m  X in g u  M T e x h ib i 

te d  a h ig h e r f re q u e n c y  (5 0 % ) , w h ile  A fric an  in d iv id u als 

sh o w e d  an  u n e x p e c te d ly  lo w  f re q u e n c y  (3 3 % )  (Fig . 1). 

N o  sig n if ic an t c o rre la tio n  w as o b se rv e d  b e tw e e n  an ti-  

C SP Ig G  an tib o d y  an d  se x  in  an y  o f  th e  p o p u latio n s 

s tu d ie d . H o w e v e r, as  b e f o r e , th e s e  a n tib o d ie s  w as  

s ig n if ic an tly  h ig h e r in  in d iv id u als  a b o v e  20  y e a rs  o f  

a g e  fro m  X in g u  M T an d  A fric a ( p < 0 .0 0 1 ) ( T a b le  1). 

D e te c tio n  o f  th e se  a n tib o d ie s  w as n o t re late d  to  th e  

p re se n c e  o f  p arasite s in  th e  p e rip h e ra l b lo o d  o r to  th e  

le v e l o f  p arasitem ia in  R o n d o n ian  su b je c ts .

A n t i b o d i e s  a g a i n s t  P. falc iparu m  b l o o d - s t a g e  

PEPTID E ( S P F 7 0 )  A N D  A G A IN ST TH E W H O LE PA RA 

SITE A N TIG EN  ( P A )

Fo u r o u t o f  f iv e  in d iv id u als w ith  P. falciparum  tran s 

f u s io n a l m alaria d isp lay e d  Ig G  a n tib o d ie s  ag a in st th e

P a ra s ite , 1 9 9 5 , 2, 2 3 - 2 9
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Fig . 1. -  P r e v a le n c e  o f  Ig G  a n tib o d ie s  a g a in s t liv e r - s ta g e  (L SA -1 ) , s p o r o z o ite  (N A N P )4 a n d  b lo o d - s ta g e  ( S P F 7 0 )  a n d  to  b lo o d - s ta g e  p a ra s ite  

a n tig e n  (P A )  in  d if f e re n t p o p u la tio n s .

TM  : tran sfu sio n al m alaria ; R O  : R o n d o n ia ; X PA  : X in g u  Para; X M T  : X in g u  M ato  G ro sso ; A F ; A fric a; P f  : P. falciparum; Pv  : P. vivax.

SP F70  p e p tid e  an d  ag ain st PA , as c o m p a re d  w ith  o n ly  

o n e  ( 1 7 % )  P. vivax  tra n s fu s io n a l m alaria  c a s e  w ith  

an tib o d ie s  ag ain st th e  SP F70  p e p tid e . T h e  f re q u e n c ie s  

o f  an ti-SP F70  an d  an ti-PA  Ig G  a n tib o d ie s  w e re  h ig h e r 

in  in d iv id u als f ro m  A fric a an d  X in g u  M T (8 7 % , 58%  

a n d  8 8 % , 8 1 % , r e s p e c t i v e l y ) .  In d i v id u a l s  f r o m  

R o n d o n ia  an d  X in g u  PA  e x h ib ite d  sim ilar f re q u e n c ie s  

o f  an ti-SP F70  Ig G  a n tib o d ie s  ( 5 0 %  an d  49% , re sp e c ti 

v e ly ) . In  R o n d o n ia n s , th e  f re q u e n c y  o f  an ti-P A  Ig G  

a n tib o d ie s  w a s  a lso  sim ilar ( 5 2 % )  b u t in  in d iv id u als 

fro m  X in g u  PA  it w as lo w e r (3 6 % )  (Fig . 1). N o  re la 

tio n sh ip  w as  o b s e rv e d  b e tw e e n  a n ti-b lo o d  stag e  an ti 

b o d ie s  an d  s e x  in  an y  o f  th e  p o p u la tio n s  stu d ie d . T h e  

p re v a le n c e  o f  Ig G  a n tib o d ie s  ag ain st PA  w as  h ig h e r 

in  th e  g ro u p  a g e d  o v e r 10  y e a rs  in  X in g u  PA . A m o n g  

In d ian s fro m  X in g u  M T, th e  f re q u e n c y  o f  th e se  an ti 

b o d ie s  in c re a se d  w ith  ag e , re a c h in g  100%  in  in d iv i 

d u als o v e r  2 0  y e ars  o ld  ( T a b le  1) . In  th e  g ro u p  fro m  

R o n d o n ia , th e  f re q u e n c y  o f  an ti-SP F70  Ig G  a n tib o d ie s  

w a s  s ig n if ic a n tly  h ig h e r  in  in d iv id u a ls  w h o s e  m o st 

re c e n t m alaria a ttac k  o c c u rre d  w ith in  th e  last y e a r (1 

to  12 m o n th s )  ( p < 0 .0 0 1 ) .  N o  s ig n if ic a n t c o rre la tio n  

w as  o b se rv e d  b e tw e e n  th e s e  a n tib o d ie s  an d  a g e  in  

R o n d o n ian  in d iv id u als.

W h e n  a n tib o d y  re s p o n s e s  to  th e  p e p tid e s  an d  to  PA  

w e re  an a ly z e d  a c c o rd in g  to  d e g re e  o f  m alaria  e x p o 

su re , tw o  m ain  o b se rv a tio n s  w e re  m ad e  : a )  th e  an ti-  

L SA -1 a n tib o d y  r e s p o n s e  is  th e  o n ly  s e r o l o g i c a l

m a rk e r th at a p p e a rs  to  in d ic a te  th at th e  X in g u  PA  

p o p u la tio n  h as c le arly  b e e n  m o re  e x p o s e d  to  P. fa l 

c iparu m  th a n  th e  R o n d o n ia n  m ig r a n ts ;  a n d  b )  

c o n v e rs e ly , th e  an ti- (N A N P )4  r e s p o n s e  is th e  o n ly  

a n tib o d y  re s p o n se  w h ic h  d o e s  n o t re f le c t th e  g re ate r 

e x p o s u r e  o f  A f r ic a n  in d iv id u a ls  to  P. falc iparu m  

m alaria, as c o m p a re d  w ith  o th e r p o p u la tio n s  (Fig . 1).

DISCUSSION

I
n o u r stu d y , n o n e  o f  th e  tra n s fu s io n a l m alaria  

(T M ) p atie n ts h ad  an tib o d ie s  ag ain st (N A N P)4 o r 

LSA -1, n o tw ith stan d in g  th e  h ig h  (8 0 % )  p e rc e n tag e  

o f  P. falciparum  T M -in fe c te d  in d iv id u als w ith  an tib o 

d ie s  ag a in st SP F70  an d  PA , an d  d e sp ite  th e  d ata o f  

H o p e  et al., 1994 , sh o w in g  c ro ss-re ac tiv itie s b e tw e e n  

sp o ro z o ite  an d  b lo o d stag e  an tig e n s. T h is m ay  b e  d u e  

to  th e  re la tiv e ly  sm all n u m b e r  o f  TM  c a s e s  in  o u r 

stu d y . Sim ilarly , a lth o u g h  a n tig e n  sh a rin g  b e tw e e n  

b lo o d -an d  liv e r-stag e  sc h iz o n ts h as a lso  b e e n  re p o rte d  

(Sz arfm an  et al., 1988a, 1988b ; Su h rb ie r et al., 1989) , 

o u r d ata c o n f irm  th e  stag e  sp e c if ic ity  o f  th e  liv er-stag e  

P. falciparum  p e p tid e  u se d  in  th e  p re se n t stu d y .

In  R o n d o n ia n  in d iv id u als , n o  c o rre la tio n  w as fo u n d  

b e tw e e n  th e  f re q u e n c y  o f  an ti- (N A N P )4  a n tib o d ie s  

an d  p arasite m ia . Sim ilar o b se rv a tio n s  w e re  m ad e  b y  

O liv e ira -Fe rre ira  et al., (  1 9 9 2 )  in  Braz il an d  Esp o sito

P a ra s ite , 1 9 9 5 , 2, 2 3 - 2 9
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et al., ( 1 9 8 8 )  in  A fric a, w ith  b o th  stu d ie s sh o w in g  th at 

th e  f re q u e n c y  o f  a n ti- sp o ro z o ite  a n tib o d ie s  w as n o t 

re la te d  to  a n ti-b lo o d - s ta g e  a n tib o d y  tite rs o r  to  re d u c 

tio n s  in  p a ra s ite m ia  in d u c e d  b y  c h e m o p ro p h y la x is . 

Sim ilarly , th e  a b s e n c e  o f  a n y  re la tio n s h ip  b e tw e e n  

th e  p re s e n c e  o f  an ti-LSA -1 a n tib o d ie s , th e  p re se n c e  o f  

c irc u la tin g  p aras ite s  an d  th e  tim e  e la p se d  s in c e  th e  

p re v io u s  m alaria  a ttac k  su g g e st th at th e s e  a n tib o d ie s  

c a n n o t b e  u s e d  as  in d ic a to rs  o f  c u rre n t o r  re c e n t 

n atu ral m alaria  in fe c tio n .

In  In d ian s  f ro m  X in g u  PA , th e  f re q u e n c y  o f  an ti-C S 

p ro te in  a n tib o d ie s  w as  sim ilar to  th at o b se rv e d  in  th e  

m ig r a n t p o p u l a t i o n  o f  R o n d ô n ia .  A m o n g  th e s e  

In d ian s, e x p o s u re  to  P. vivax  is h ig h e r th an  to  P. fa l 

ciparum, in  c o n tra st to  In d ian s fro m  X in g u  M T, w h o  

are  m o re  e x p o s e d  to  P. falciparum. T h is  m ay  e x p la in  

w h y  w e  f o u n d  h ig h e r  f r e q u e n c ie s  o f  a n tib o d ie s  

ag ain st (N A N P)4, LSA -1 an d  PA  in  In d ian s f ro m  X in g u  

M T. B o th  th e  X in g u  PA  an d  X in g u  M T In d ian  p o p u la 

tio n s  w e r e  v is ite d  at th e  e n d  o f  th e  ra in y  s e a s o n  

( D e c e m b e r - A p r i l ) ,  a p e r io d  o f  h ig h  tra n s m is s io n . 

T h e re f o re , th e  d if f e re n c e  in  th e  f re q u e n c ie s  o f  a n tib o 

d ie s  ag a in st (N A N P)4, a P. falciparum-  s p e c if ic  an ti 

g e n ,  in  th e  tw o  In d i a n  p o p u l a t i o n s  c o u ld  b e  

e x p la in e d  b y  d if f e re n t d e g re e s  o f  e x p o su re  to  P. fa l 

ciparum  an d  P. vivax  ra th e r th an  b y  se a s o n a l v aria 

tio n s  as o b se rv e d  in  o th e r e n d e m ic  are as  ( Esp o s ito  et 

al., 19 8 8 ; D ru ilh e  et al., 19 8 6 ; H o f fm an  et al., 1987 ; 

D e lo ro n  an d  C o t, 1 9 9 0 ) . C o n v e rse ly , th e  sim ilarity  in  

th e  f re q u e n c ie s  o f  an ti-SP F70  a n tib o d ie s  o b se rv e d  in  

th e  tw o  In d ian  p o p u la tio n s  p ro b a b ly  re f le c ts  th e  fac t 

th at th is  p e p tid e  is r e c o g n iz e d  b y  a n tib o d ie s  f ro m  

b o th  P. vivax- an d  P. falciparum  in f e c te d  in d iv id u als 

( a s  d e m o n s tra te d  w ith  th e  se ra  f ro m  tra n s fu s io n a l 

m alaria p atie n ts ) .

W e  o b se rv e d  a lo w  f re q u e n c y  o f  an ti-(N A N P )4  a n tib o 

d ie s  in  th e  A fric an  p o p u la tio n , in  c o n trast to  a h ig h  

p re v a le n c e  o f  an ti-LSA -1 a n tib o d ie s . T h is  c o u ld  in d i 

c a te  th at in  h o lo e n d e m ic  are as , th e  im m u n e  re sp o n se  

to  th e  liv e r-stag e  p e p tid e  is a b e tte r in d ic ato r o f  m ala 

ria tran sm issio n  th an  th e  re s p o n s e  to  th e  C S p ro te in .

A m o n g  th e  p o p u la tio n s  in  th e  p r e s e n t s tu d y , th e  

A fric an  s h o w e d  th e  h ig h e st f re q u e n c y  o f  an ti-LSA -1 

a n tib o d ie s . In  ad d itio n  to  th e  fac t th at th is p o p u la tio n  

w as  th e  m o st e x p o s e d  to  m alaria, o n e  o th e r  p o ss ib le  

e x p la n a tio n  f o r th e s e  d ata c o u ld  b e  th e  e x is te n c e  o f  

v arian t e p ito p e s  in  th e  Braz ilian  strain s o f  P. falc ip a

rum. T h is  se e m s  u n lik e ly , h o w e v e r, s in c e  s e q u e n c e  

d ata  f ro m  tw o  is o la te s  h a v e  s h o w n  th at th e  LSA -1 

g e n e  is w e l l  c o n s e r v e d  ( P . D ru i lh e , u n p u b l is h e d  

d ata) . It se e m s  th at th e  lo w  f re q u e n c y  o f  an ti-LSA -1 

a n tib o d ie s  a m o n g  a g e d  2 1 - 3 0  o r  o v e r  A f r ic a n s  is 

in v e rse ly  re la te d  to  a n ti- sp o ro z o ite  im m u n ity , w h ic h  

in c r e a s e s  p r o g r e s s iv e ly  w ith  a g e , b e in g  f o u n d  in

aro u n d  8 0 %  o f  in d iv id u als  o v e r  30 . T h is  latte r im m u 

n ity  m ay  p ro te c t th e  p o p u la tio n  fro m  th e  e s ta b lis h 

m e n t o f  h e p a tic  f o rm s o f  th e  p a ra s ite . T h e  A fric an  

p o p u la tio n  a ls o  d isp la y e d  th e  h ig h e s t f re q u e n c y  o f  

an ti-SP F70  an d  an ti-P A  Ig G  a n tib o d ie s . N o  s ig n if ic an t 

c o rre la tio n  w a s  o b se rv e d  b e tw e e n  th e  f re q u e n c y  o f  

a n tib o d ie s  a g a in st b lo o d - s ta g e  a n tig e n s  an d  a g e , in  

c o n tra s t to  s o m e  p re v io u s  s tu d ie s  o n  p o p u la tio n s  

f ro m  e n d e m ic  are as , ( D e lo ro n  an d  C o t, 1 9 9 0 ; Ba ird  et 

al., 1991), b u t in  a g re e m e n t w ith  th e  stu d y  o f  D ru ilh e  

et al. ( 1 9 8 6 ) .

T h e  p re s e n t d ata  c o n f irm  th at R o n d o n ia n  m ig ra n ts  

an d  In d ian s  fro m  X in g u  PA  are  c h a ra c te riz e d  b y  lim i

te d  e x p o s u re  a n d  im m u n ity  to  P. falc iparu m  a n ti 

g e n s , an d  th e re f o re  sh o u ld  b e  c o n s id e re d  a p rio rity  

targ e t f o r c o n tro l m e a su re s  in  th e  fu tu re . C o n v e rse ly , 

X in g u  M T In d ian s se e m  to  b e  m o re  e x p o s e d  to  m ala 

ria  in f e c tio n  a n d  h a v e  p ro b a b ly  r e a c h e d  a h ig h e r  

d e g re e  o f  im m u n ity  to  P. falc iparu m  a n tig e n s . In  

c o n c lu s io n  th is  s tu d y  in d ic a te  th at m a la ria  p a ra s ite  

p e p tid e s  c a n  b e  u se d  to  asse ss  m alaria  tran sm issio n  

in  e p id e m io lo g ic a l su rv ey s.
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