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Summary:

The dissemination of mutant and resistant strains of Plasmodium 

falciparum makes a considerable contribution to the spread of 

drug-resistant malaria. Populations around harbours and airports 

could be particularly exposed to Plasmodium isolates introduced 

with imported cases of malaria. The use of chloroquine as well as 

the use of and sulfadoxine/pyrimethamine is currently an effective 

method for treating uncomplicated cases of malaria in 

Madagascar. As part of a monitoring programme, in vitro 

methods were used to assess the sensitivity of P. falciparum 

isolates in two coastal towns in Madagascar: Mahajanga on the 

west coast and Toamasina on the east coast. All of the isolates 

from both sites were sensitive to amodiaquine, quinine, 

pyrimethamine and cycloguanil. All of the isolates from 

Mahajanga were sensitive to chloroquine (n = 25; mean IC50 =

22 .6  nM, 95 % confidence interval: 16.8-28.7 nM), whereas 

three of the isolates from Toamasina were resistant to chloroquine 

(n = 18; mean IC50 = 66 .3  nM; 95 % confidence interval:

42 .6-90  nM), The frequency of the Pfcrt Thr-76 and the dhfr Asn- 

108 mutations was estimated by PCR/RFLP. The 43 P. falciparum 

isolates examined, including the three in vitro chloroquine-resistant 

isolates from Toamasina were all wild-type (Lys-76). Phenotyping 

and genotyping studies suggested that the prevalence of 

chloroquine- and pyrimethamine-resistant isolates and of mutant 

strains of P. falciparum is very low. These results showed that in 

vitro test and genotyping of resistance markers approaches could 

be successfully used to monitor the emergence of drug-resistant 

malaria and to try to alleviate the lack of medical teams able to 

carry out in vivo test. The possible hazard/risk associated with 

imported cases of malaria is discussed.

KEY W ORDS : Plasmodium falciparum, resistance, Dhfr Asn-108, Picrt Thr-76, 

Indian Ocean sub-region, coastal towns, Madagascar.

Résumé : Su r v e il l a n c e  d e  l a  se n s ib il it é  d e  P l a s m o d iu m  f a l c ip a r u m

DA N S D ES VILLES C Ô TIÈRES À  M A D A G A SC A R PA R LE TEST D E 

C H IM IO SEN SIBILITÉ IN VITRO ET LA D ÉTEC TIO N  D ES M UTA TIO N S

La dissémination des souches de Plasmodium falciparum mutantes et 

résistantes contribue à la diffusion de la résistance aux 

antipaludiques. Les populations des zones portuaires sont 

particulièrement exposées aux isolats de Plasmodium introduits 

associés à des cas de paludisme d'importation. Le traitement par la 

chloroquine aussi bien que par l'association 

sulfadoxine/pyrimethamine demeure une méthode efficace pour la 

prise en charge des accès palustres simples à Madagascar. Dans le 

cadre du programme de surveillance du paludisme, des approches 

in vitro étaient utilisées pour évaluer la sensibilité des isolats de 

P. falciparum dans deux villes côtières et portuaires malgaches : 

Mahajanga sur la côte Ouest et Toamasina sur la côte Est. Les isolats 

testés dans ces deux sites étaient tous sensibles à Tamodiaquine, à la 

quinine, à la pyrimethamine et au cycloguanil. A Mahajanga, les 

isolats ont été sensibles à la chloroquine (n = 25 ; moyenne CI50 =

22,6 nM, intervalle de confiance 95 % : 16 ,828 ,7  nM), alors que 

trois isolats de Toamasina étaient de phénotype chloroquinorésistant 

(n = 18; moyenne CI50 = 66 ,3  nM; intervalle de confiance 95 % :

42,6-90 nM). La fréquence des mutations Pfcrt Thr-76 et de dhfr Asn- 

108 était estimée par PCR/RFLP. Les 43  isolats de P. falciparum 

analysés étaient tous de génotype sauvage (Pfcrt Lys-76 et dhfr Ser- 

108), classiquement associé à un phénotype sensible. Le 

phénolypage et le génotypage démontrent que la prévalence de 

souches de P. falciparum résistantes à la chloroquine ou à la 

pyrimethamine est encore très faible à Madagascar. Il s'avère ainsi 

que l'approche basée sur le test in vitro et le génotypage des 

marqueurs de résistance seraient utiles i) pour surveiller l'émergence 

des plasmodies résistantes aux antipaludiques majeurs à 

Madagascar, et ii) notamment pour pallier le manque d'équipes 

médicales compétentes et expérimentées pour la conduite des études 

in vivo. Le risque associé aux cas importés de paludisme est discuté.

MOTS CLÉS : Plasmodium falciparum, résistance, Dhfr Asn-108, Pfcrt Thr-76, 

Sous région de l'Océan Indien, villes côtières, Madagascar.

T
he geographical spread and emergence of drug- 

resistant Plasmodium falciparum  have hindered 

the control of malaria, the most important para-
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sitic disease in the world. Between 1978 and 1988, 

chloroquine-resistant strains of P. falciparum  were 

detected in all tropical African countries (Trape, 2001). 

Chloroquine remains the first-line antimalarial drug in 

Madagascar. As shown, unlike in East Africa and South 

East Asia, the malaria situation is fairly stable in Mada

gascar, with P. falciparum  showing low grade resis

tance (R1 and R2) to chloroquine (Deloron et al., 

1985; Lepers et al., 1993; Milijaona et al., 1998) and the 

prevalence of treatment failure is low (Randrianarive

lojosia et al., 2000; Raharimalala et al., 2001). Malaria 

is endemic in Madagascar and the main vectors are
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A nopheles funestus, An. arabiensis a n d  An. gam biae  

( B r u tu s  et al., 2 0 0 1 ;  C o t et al., 2 0 0 1 ;  D u c h e m in  et al., 

2 0 0 1 ) .  T h is  d is e a s e  a lw a y s  re m a in s  a  p u b l ic  h e a lth  p r o 

b l e m  ( M i l i ja o n a  et al., 1 9 9 8 ;  B ru tu s  et al., 2 0 0 1 ) .

M a n y  in f e c tio u s  d i s e a s e s  h a v e  e m e r g e d  d u e  to  f a c to rs  

s u c h  a s  th e  in c r e a s e d  m ig ra tio n  o f  th e  p o p u la tio n , e c o 

lo g ic a l  a n d  e n v ir o n m e n ta l  d is a s te rs . F u r th e r m o r e , th e  

im p o r ta tio n  o f  m a la r ia  f r o m  r e g io n s  o f  Plasmodium  

r e s is ta n c e  is  l ik e ly  to  re s u lt in  th e  s p r e a d  o f  r e s is ta n t 

s tra in s  o f  P. falciparum  in  a r e a s  th a t a re  f r e e  f ro m  

h ig h ly  tr e a tm e n t- r e s is ta n t f o r m s  o f  th e  d is e a s e .  Im p o r 

te d  c a s e s  o f  m a la r ia  a re  n o t d o c u m e n te d  e v e n  th o u g h  

in te r n a tio n a l  tr a v e l  a n d  c o m m e r c ia l  e x c h a n g e  h a v e  

b e e n  in c r e a s in g  d r a m a tic a l ly  b e tw e e n  M a d a g a s c a r , 

A f r ic a  a n d  A s ia  o v e r  th e  f iv e  la s t y e a rs . C o a s ta l  a re a s  

a re  p a r tic u la r ly  e x p o s e d  to  im p o r te d  c a s e s .  T h u s , a s  

p a r t o f  a  M a d a g a s c a n  s u r v e i l la n c e  p r o g r a m m e , w e  

u s e d  a n  in vitro a n tim a la r ia l  te s t to  a s s e s s  th e  s e n s i ti 

v ity  o f  P. falciparum  in  tw o  to w n s  w ith  in te r n a tio n a l  

h a rb o u r s : M a h a ja n g a  o n  th e  w e s t c o a s t a n d  T o a m a s in a  

o n  th e  e a s t c o a s t .  W e  a ls o  u s e d  g e n o ty p in g  m e th o d s  

to  d e te c t  tw o  m u ta ti o n s  in  pfcrt  a n d  dhfr  g e n e s ,  

a c c o u n tin g  f o r  d ru g  re s is ta n c e .

MATERIALS AND METHODS

S t u d y  s i t e s  a n d  c o l l e c t i o n  

o f  P l a s m o d iu m  f a l c ipa r u m  i s o l a t e s

P . falciparum  i s o la te s  w e r e  c o l l e c te d  f r o m  tw o

c o a s ta l  to w n s  ( M a h a ja n g a  a n d  T o a m a s in a ) ,  

 s e p a r a te d  b y  4 2 0  k m  a s  th e  c r o w  f l ie s . 

M a h a ja n g a  is  lo c a te d  o n  th e  w e s t c o a s t  o f  M a d a g a s c a r . 

M a h a ja n g a  p o rt m o s tly  d e a ls  w ith  c o m m e rc ia l  e x c h a n g e  

b e tw e e n  M a d a g a s c a r  a n d  th e  C o m o r o  Is la n d s . T h e  

tr a n s m is s io n  o f  Plasmodium  is  s e a s o n a l  in  th is  a re a . 

T r a n s m is s io n  m a in ly  o c c u r s  d u r in g  th e  ra in y  s e a s o n  

( D e c e m b e r  to  A p r il ) . P. falciparum  i s o la te s  w e r e  c o l 

l e c te d  f r o m  p a tie n ts  a tte n d in g  u r b a n  p r im a ry  h e a l th  

c e n tr e s  in  M a h a ja n g a  b e tw e e n  Ja n u a r y  2 0 0 1  a n d  Ju n e  

2001 .

T o a m a s in a  is  lo c a te d  in  th e  w e t a re a  o n  th e  e a s t c o a s t. 

T h is  to w n  is  h o m e  to  th e  b ig g e s t in te rn a tio n a l  h a r b o u r  

in  M a d a g a s c a r . T h e  tr a n s m is s io n  o f  Plasmodium  is p e r 

e n n ia l  in  th is  a re a . P. falciparum  is o la te s  w e r e  c o l le c te d  

f ro m  p a tie n ts  a tte n d in g  u r b a n  p r im a ry  h e a l th  c e n tr e s  

in  T o a m a s in a  b e tw e e n  A p ril 2 0 0 1  a n d  S e p te m b e r  2 0 0 1 . 

T h e  M a d a g a s c a n  M in is try  o f  H e a lth  a p p r o v e d  th e  e x p e 

r im e n ta l  p r o to c o ls  u s e d  f o r  th e  stu d y . T h in  a n d  th ic k  

b l o o d  s m e a r s  w e r e  p r e p a r e d  f o r  e a c h  o u tp a ti e n t  

a d m itte d  to  th e  c l in i c s  in  T o a m a s in a  a n d  M a h a ja n g a  

w ith  s u s p e c te d  m a la r ia . T h e s e  s m e a r s  w e r e  s ta in e d  

w ith  G ie m s a  s ta in  a n d  e x a m in e d  u n d e r  a  l ig h t m ic r o 

s c o p e  to  d e te rm in e  w h e th e r  m a la ria  p a ra s ite s  w e r e  p re 

s e n t.  M o n o - s p e c i f i c  P. falciparum  i s o la te s  w e r e  in c lu -

d e d  in  th e  s tu d y  i f  a t le a s t 3 ,0 0 0  r in g  s ta g e  p a r a s i te s  

w e r e  d e te c te d  p e r  m ic ro l i tr e  o f  b lo o d ,  a n d  i f  p a tie n ts  

h a d  n o t r e c e n tly  ( <  7  d a y s )  ta k e n  a n tim a la r ia l  d ru g s . 

B lo o d  s a m p le s  ( 2  to  5 m l)  w e r e  c o l le c te d  f ro m  c o n s e n 

tin g  p a tie n ts  ( o r  p a tie n ts  w h o s e  g u a rd ia n s  o r  p a r e n ts  

g a v e  c o n s e n t)  b y  v e n o p u n c tu r e . T h e  s a m p le s  w e r e  c o l 

l e c te d  in  c i tr ic  a c id  d e x tr o s e  tu b e s .  T h e y  w e r e  th e n  

tr a n s p o r te d  at +  4 °  C  to  th e  M a la r ia  r e s e a r c h  U n it at 

th e  In s titu t P a s te u r  d e  M a d a g a s c a r  in  A n ta n a n a r iv o  

w ith in  4 8  h o u rs . P a tie n ts  p r e s e n tin g  s ig n s  a n d  s y m p 

to m s  o f  s e v e r e  a n d  c o m p l ic a te d  m a la r ia , a s  d e f in e d  b y  

th e  W o r ld  H e a lth  O r g a n iz a tio n ,  w e r e  e x c lu d e d  ( W a r-  

re ll  et al., 1 9 9 0 ) .

T h e  m e d i c a l  te a m s  f r o m  th e  l o c a l  h e a l th  c e n tr e s  

d e c id e d  h o w  th e ir  p a tie n ts  s h o u ld  b e  tr e a te d . T h e r e  

w a s  n o  f o l lo w - u p . T h u s , th e  tr e a tm e n t o u tc o m e s  a re  

n o t r e p o r te d .

T e s t  a n t ima l a r ia l  d r u g s

A m o d ia q u in e  b a s e ,  c h l o r o q u in e  d ip h o s p h a te ,  p y r im e 

th a m in e  a n d  q u in in e  b a s e  w e r e  o b ta in e d  f r o m  Sig m a  

C h e m ic a ls , c y c lo g u a n i l  w a s  o b ta in e d  f r o m  Z e n e c a  a n d  

m e f lo q u in e  f ro m  R o c h e  P ro d u c ts . Ste r ile  s to c k  s o lu tio n s  

w e r e  p r e p a r e d  in  m e th a n o l / w a te r  a n d  s e r ia l  d i lu tio n s  

w e r e  m a d e  in  d is t i l le d  w a te r .  T e s t  c o n c e n tr a t i o n s  

ra n g e d  f ro m  2 .5  to  1 ,2 8 0  n M  f o r  a m o d ia q u in e ;  f r o m

1 2 .5  to  1 ,6 0 0  n M  f o r  c h lo r o q u in e ; f ro m  0 .3  to  3 2 ,0 0 0  n M  

f o r  c y c lo g u a n il  a n d  p y r im e th a m in e ; f r o m  2 .5  to  4 0 0  n M  

f o r  m e f lo q u in e  a n d  f ro m  2 5  to  3 ,2 0 0  n M  f o r  q u in in e . 

T h e  c h lo r o q u in e -  a n d  p y r im e th a m in e - s u s c e p tib le  P. fa l 

ciparum  c l o n e  3 D 7  a n d  th e  c h lo r o q u in e -  a n d  p y r i-  

m e th a m in e - r e s is ta n t P. falciparum  c l o n e  F C M 2 9  w e r e  

u s e d  a s  r e f e r e n c e s  to  te s t e a c h  b a tc h  o f  p la te s  c o n ta i 

n in g  a n tim a la r ia l  m o le c u le s .

T h e  s u s c e p tib i l i ty  o f  i s o la te s  to  a n tim a la r ia l  m o le c u le s  

w a s  te s te d  b y  m e a s u r in g  th e  in h ib i t io n  o f  tr itiu m -  

la b e l le d  h y p o x a n th in e  in c o r p o r a tio n .  A f te r  a rriv a l in  

A n ta n a n a r iv o , p a r a s i te s  w e r e  te s te d  im m e d ia te ly . A  

p a rt o f  th e  re d  b l o o d  c e l l s  p e l l e t r e s e r v e d  f o r  th e  p a r a 

s i te  g e n o ty p in g  w a s  k e p t a t -  2 0 °  C  u n til  u s e . In vitro 

c h e m o s e n s i tiv ity  te s ts  w e r e  p e r f o rm e d  a c c o r d in g  to  th e  

is o to p ic  m ic r o te s t m e th o d  ( L e  B r a s  &  D e lo r o n , 1 9 8 3 ; 

R a n d r ia n a r iv e lo jo s ia  et al., 2 0 0 1 ) .  R P M I 1 6 4 0  m e d iu m  

w a s  u s e d  to  te s t th e  q u in o l in e - c o n ta in in g  a n tim a la r ia l  

d ru g s  ( a m o d ia q u in e ,  c h lo r o q u in e ,  m e f lo q u in e  a n d  q u i 

n in e ) .  R P M I m e d iu m  w ith o u t p - a m in o b e n z o i c  a n d  

w ith o u t f o l i c  a c id  ( B io w h i tta k e r  E u r o p e ,  A  C a m b r e x  

C o m p a n y , B e lg iu m )  w a s  u s e d  to  te s t th e  a n ti f o la te s  

( c y c lo g u a n i l  a n d  p y r im e th a m in e ) .  B o th  m e d ia  w e r e  

s u p p le m e n te d  w ith  1 0  %  (v/v) n o n - im m u n e  h u m a n  

ty p e  A B - p o s itiv e  s e ru m . [3H ] - h y p o x a n th in e  w a s  a d d e d  

(1  μ C i p e r  w e l l )  to  th e  c u ltu r e  p la te s . T h e  p a ra s ite s  

w e r e  in c u b a te d  f o r  4 2  h o u rs .

T h e  p e r c e n ta g e  g r o w th  re la tiv e  to  th e  c o n tr o l  o n e  

w a s  c a l c u la te d .  T h e  5 0  %  in h ib i to r y  c o n c e n tr a ti o n

2 4 8 N o t e  d e  r e c h e r c h e
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Se n s it iv it y  o f  P. f a l c ipa r u m  in  M a d a g a sc a r  c o a s t a l  t o w n s

( IC 5 0 )  o f  th e  te s t a n tim a la r ia ls  w a s  c a lc u la te d  b y  re g re s 

s i o n  a n a ly s is  o f  l o g - c o n c e n tr a t i o n / r e s p o n s e  p r o b i t  

c u rv e s . Is o la te s  w e r e  c o n s id e r e d  to  b e  re s is ta n t in 

vitro to  c h lo r o q u in e  i f  th e  IC 5 0  w a s  g re a te r  th a n  1 2 0  n M  

( M il i ja o n a  et al., 1 9 9 8 ) .  Is o la te s  w e r e  c o n s id e r e d  to  b e  

re s is ta n t w h e n  th e  IC 5 0  w a s  >  8 0  n M  f o r  a m o d ia q u in e , 

>  5 0  n M  f o r  m e f lo q u in e , >  8 0 0  n M  f o r  q u in in e , >  5 0 0  n M  

f o r  c y c lo g u a n i l  a n d  >  2 ,0 0 0  n M  f o r  p y r im e th a m in e  

( B a s c o  &  L e  B r a s , 1 9 9 4 ;  B a s c o  et al., 1 9 9 4 ; B r a s s e u r  et 

al., 1 9 9 5 ; P a rz y  et al., 1 9 9 7 ; R a n d r ia n a r iv e lo jo s ia  et al., 

2 0 0 1 ) .  T h e  re s u lts  a re  e x p r e s s e d  a s  th e  m e a n  IC 5 0 s  a n d  

9 5  %  c o n f id e n c e  in te rv a ls  ( 9 5  %  C I) .  T h e  c o r r e la tio n  

b e tw e e n  th e  in vitro r e s p o n s e  o f  P. falciparum  to  tw o  

d i f f e r e n t d ru g s , b a s e d  o n  IC 5 0 s ,  w a s  a n a ly s e d  b y  

P e a r s o n ’s  c o r r e la tio n .

DNA EX TR A C TIO N , PCR
A N D  RESTRIC TIO N  FRA G M EN T LEN G TH  PO LYM O RPH ISM

T h e  re d  b l o o d  c e l l s  w e r e  h a r v e s te d  b y  c e n tr i f u g a tio n  

b e f o r e  th e  se n s itiv ity  te s t a n d  w e r e  k e p t a t -  2 0 °  C  u n til 

u s e  a s  m e n tio n e d  a b o v e .  P a ra s ite  D N A  w a s  e x tr a c te d  

f ro m  2 0 0  μ l o f  re d  b l o o d  c e l l s  b y  u s e  o f  th e  p h e n o l  

a n d  c h lo r o f o r m  ( A r ie y  et al., 1 9 9 9 ) .  O n ly  P. falc ip a

rum is o la te s  th a t c o u ld  b e  a s s e s s e d  b y  th e  in vitro s e n 

s itiv ity  te s ts  w e r e  a n a ly s e d .

T h e  P. falciparum dhfr  g e n e  w a s  a m p lif ie d  b y  P C R  

u s in g  a  M a s te r c y c le r  th e rm a l c y c le r  ( E p p e n d o r f ,  H a m 

b u r g ,  G e r m a n y ) .  T h e  r e a c t i o n  m i x tu r e  c o n ta i n e d  

a p p r o x im a te ly  2 0 0  n g  o f  g e n o m ic  D N A , 1 5  p m o l  o f  p ri 

m e rs  5 ’- ttc tc c ttttta tg a tg g a a c a a g t- 3 ’ ( s e n s e )  a n d  5 ’- a a a a -  

ta a a c a a a a tc a tc tta ttc ttc - 3 ’ ( a n ti - s e n s e ) ,  b u f f e r  ( 2 5  m M  KC1,

10 m M  T ris -H C l, p H  8 .8 ) ,  2 .5  m M  M g C l2, 2 0 0  μ M  d N T P  

a n d  tw o  u n its  o f  Taq p o ly m e ra s e  ( A m e rs h a m  P h a rm a c ia  

B io te c h , P is c a ta w a y , U SA ) in  a  5 0 - μ l v o lu m e  ( P a rz y  et 

al., 1 9 9 7 ) . T h e  c y c l in g  c o n d itio n s  w e r e  s lig h tly  m o d i 

f ie d  a s  f o l lo w s : 9 4 °  C  f o r  f iv e  m in u te s  f o r  o n e  c y c le , a n d  

4 0  c y c le s  o f  9 4 °  C  f o r  3 0  s e c ,  5 8 °  C  f o r  3 0  s e c  a n d  7 2 °  C  

f o r  o n e  m in u te . T h r e e  c h a r a c te r iz e d  c l o n e s  o f  P. falc i 

parum  3 D 7  ( S e r - 1 0 8 ) ,  P a lo  A lto  ( T h r - 1 0 8 )  a n d  FC M 29  

( A s n - 1 0 8 )  m a in ta in e d  in  c o n tin u o u s  c u ltu re  w e r e  u s e d  

a s  p o s i tiv e  c o n tr o ls , a n d  d o u b le - d is ti l le d  w a te r  w a s  

u s e d  a s  a  n e g a tiv e  c o n tro l .

T h e  P C R  p r o d u c ts  w e r e  in c u b a te d  w ith  A luI ( N e w  

E n g la n d  B io la b s ,  U K ) , Bsñ  ( N e w  E n g la n d  B io la b s ,  

U K )  o r  ScrF I  ( N e w  E n g la n d  B io la b s ,  U K )  in  a  f in a l 

v o lu m e  o f  2 5  μ l a c c o r d in g  to  th e  m a n u f a c tu r e r  r e c o m 

m e n d a tio n s .

T h e  p ro d u c ts  p re s e n t/ g e n e ra te d  in  th e  re a c tio n  m ix tu re s  

( 1 5  μ l)  w e r e  s e p a r a te d  in  a  1 .2  %  a g a r o s e  g e l ,  s ta in e d  

w ith  0 .5  μ g / m l e th id iu m  b r o m id e , a n d  v is u a l is e d  u n d e r  

u ltra v io le t lig h t. T h e  8 9 0  b a s e  p a ir  P C R  p ro d u c ts  e a c h  

c o n ta in e d  o n e  re s tr ic tio n  s ite  f o r  e i th e r  Alul, Bsñ  o r  

Sc rFI, d e p e n d in g  o n  th e  a m in o  a c id  re s id u e  a t p o s i tio n  

1 0 8  o f  th e  dhfr g e n e .  Alul, Bsrl a n d  5c ? EI e a c h  c le a v e d  

th e  P C R  p ro d u c t in to  o n e  3 3 9  b p  p ro d u c t a n d  o n e

P arasite , 20 0 2 , 9, 24 7 -2 5 3

5 5 1  b p  p ro d u c t. AluI c u t th e  p ro d u c t w h e n  th e  w ild -  

ty p e  c o d o n  w a s  p r e s e n t a t p o s i tio n  1 0 8  ( S e r - 1 0 8 ) ,  Bsñ 

c u t th e  p r o d u c t w h e n  a n  A sn  c o d o n  w a s  p r e s e n t at 

p o s i tio n  1 0 8  ( A s n - 1 0 8 )  a n d  ScrF I  c u t th e  p r o d u c t w h e n  

a  T h r  c o d o n  w a s  p r e s e n t a t p o s i tio n  1 0 8  ( T h r - 1 0 8 ) .  

T h e  pfcrt  g e n e  o f  P. falciparum  w a s  a m p lif ie d  b y  PC R . 

T h e  r e a c tio n  m ix tu re  c o n ta in e d  a p p r o x im a te ly  2 0 0  n g  

o f  g e n o m i c  D N A , 1 5  p m o l  o f  p r i m e r s  5 ’ - g g tg -  

g a g g ttc ttg tc ttg g - 3 ’ ( s e n s e )  a n d  5 '- a ta a a g ttg tg a g tttc g g a tg -  

3 ’ ( a n ti - s e n s e ) ,  b u f f e r  ( 2 5  m M  KC 1, 1 0  m M  T ris -H C l, p H  

8 .8 ) ,  2 .5  m M  M g C l,, 2 0 0 p M  d N T P  a n d  o n e  u n it o f  Taq 

p o ly m e ra s e  ( A m e rs h a m  P h a rm a c ia  B io te c h ,  P is c a ta w a y , 

U SA ) in  a  2 5  μ l  r e a c tio n . T h e  c y c l in g  c o n d itio n s  w e r e  

as  f o l lo w s : 9 4 °  C  f o r  f iv e  m in u te s  f o r  o n e  c y c le , a n d  

3 0  c y c le s  o f  9 4 °  C  f o r  3 0  s e c ,  5 9 °  C  f o r  3 0  s e c  a n d  7 2 °  C 

f o r  o n e  m in u te .  T h e  r e s u ltin g  P C R  p r o d u c ts  w e r e  

d ig e s te d  w ith  A poI a c c o r d in g  to  th e  m a n u f a c tu r e r  

re c o m m e n d a tio n s . T e n  to  f i f te e n  m ic ro lite rs  o f  th e  s o lu 

tio n  e x p e c te d  to  c o n ta in  o r  c u t o r  u n c u t f ra g m e n ts  w e re  

lo a d e d  o n  a  1 .2  %  a g a r o s e  g e l ,  s u b je c te d  to  e le c tr o 

p h o r e s is ,  s ta in e d  w ith  e th id iu m  b r o m id e  a t a  f in a l 

c o n c e n tr a tio n  o f  0 .5  μ g / m l, a n d  v is u a liz e d  b y  u ltra v io le t 

tra n s il lu m in a tio n . O n ly  s in g le  re s tr ic tio n  s ite  f o r  Apol is 

p r e s e n t in  th e  1 9 4 - b p  p o ly m e r a s e  c h a in  r e a c tio n  p ro 

d u c t, d e p e n d in g  o n  th e  a m in o  a c id  re s id u e  at p o s i 

tio n  7 6  o f  th e  Pfcrt g e n e .  T h e  c le a v a g e  o f  th e  1 9 4 - b p  

D N A  f ra g m e n t in to  tw o  f ra g m e n ts  o f  7 1 - b p  a n d  1 2 3 - b p  

in d ic a te s  th e  p r e s e n c e  o f  th e  w ild - ty p e  c o d o n  L y s- 7 6 .

RESULTS

In  v it ro  a n t ima l a r ia l  t e s t

W
e  te s te d  3 2  is o la te s  o f  P. falciparum  f ro m  

M a h a ja n g a  a n d  2 1  is o la te s  f ro m  T o a m a s in a . 

T a b le  I s h o w s  th e  re s u lts  o f  th e  in vitro te s t.

• Is o la te s  f ro m  M a h a ja n g a

T h is  is  th e  f irs t s tu d y  to  m e a s u r e  th e  in vitro s e n s i ti 

v ity  o f  P. falciparum  is o la te s  f ro m  M a h a ja n g a  in  tw e n ty  

f iv e  y e a rs . A ll o f  th e  P. falciparum  i s o la te s  th a t c o u ld  

b e  a s s e s s e d  w e r e  s e n s i tiv e  to  c h lo r o q u in e  ( n  =  2 5 ) ,  to  

p y r im e th a m in e  ( n  =  9 )  a n d  to  th e  o th e r  a n tim a la r ia ls  

te s te d  ( T a b le  Ia ) .  T h e r e  w a s  a  lo w  p r e v a le n c e  o f  in 

vitro c h lo r o q u in e - r e s i s ta n t i s o la te s  in  M a h a ja n g a  ( 9 5  %  

c o n f id e n c e  in te rv a l : 0 - 1 3 - 7  % ) . E v e n  th o u g h  w e  o n ly  

te s te d  a  l im ite d  n u m b e r  o f  is o la te s , w e  f o u n d  a  p o s i 

tiv e  c o r r e la tio n  b e tw e e n  th e  a n tim a la r ia l  a c tiv itie s  o f  

q u in o l in e  a n tim a la r ia ls  ( T a b le  IIa ) .  S ig n if ic a n t c o r r e la 

tio n s  w e r e  r e c o r d e d  b e tw e e n  4 - a m in o q u in o l in e  c h l o 

r o q u in e  a n d  a m o d ia q u in e  ( n  =  2 4 ; r =  0 .5 4 ;  p  =  0 .0 0 6 ) ,  

b e tw e e n  c h lo r o q u in e  a n d  q u in in e  ( n  =  2 5 ; r =  4 2 ; 

p  =  0 .0 3 )  a n d  b e tw e e n  q u in in e  a n d  m e f lo q u in e  ( n  =  15; 

r =  0 .8 3 ;  p  =  0 .0 0 0 1 ) .
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( la ) : in  M ah ajan g a Antimalarial molecules

( IC 50  th re sh o ld  in d ic atin g  in w iro -re s istan c e )

Chloroquine

( 1 2 0  nM )

Amodiaquine

( 8 0  nM )

Mefloquine

( 5 0  n M )

Quinine

( 8 0 0  n M )

Pyrimethamine

( 2 0 0 0  nM )

Cycloguanil

( 5 0 0  nM )

N u m b e r o f  te sts  d o n e 32 31 20 32 32 22

A sse ssa b le  tests 25 24 15 25 9 7

(7 8 .1  % )a ( 7 7 .4  % )a ( 7 5  % )a (78 .1  % )a ( 28.1  % )a (31.8 %)a

M e an  o f  IC 50s (n M ) 22 .7 7 .9 11.6 88.8 9.1 6 .3

( l6 .8 - 2 8 .7 ) b ( 5 .5 - 1 0 .4 ) b ( 7 .2 - 1 5 .9 ) b (69-108.6)b (<  1 9 .8 )b ( 0 .4 - 1 2 .2 ) b

L o w e st IC 50 (n M ) 0.15 0 .2 3 3.8 32.5 0.2 0.02

H ig h e st IC 50 (n M ) 51.6 24.5 35 .5 21 8 .8 51.1 18.9

R e sistan t iso late s 0 0 0 0 0 0

a: te st su c c e ss  rate ; b: 9 5  %  c o n f id e n c e  interv al.

( Ib ) : in  T o am a sin a Antimalarial molecules

( IC 50  th re sh o ld  in d ic atin g  in y / Yro -resistance)

Chloroquine Amodiaquine Mefloquine Quinine Pyrimethamine Cycloguanil

( 1 2 0  nM ) ( 8 0  nM ) ( 5 0  n M ) ( 8 0 0  n M ) ( 2 0 0 0  n M ) ( 5 0 0  nM )

N u m b e r o f  te sts  d o n e 21 20 14 19 13 10

A sse ssa b le  tests 18 17 12 17 12 10
( 8 5 .7  % )a ( 8 5  % )a ( 8 5 .7  % )a (8 9 .5  % )a ( 9 2 .3  % )a (100 %)a

M e an  o f  IC 50s (n M ) 66 .3 17.8 12.9 194.2 20 .4 9.8

( 4 2 .6 - 9 0 ) b ( 1 0 .4 - 2 5 .3 ) b ( 8 .1 - 1 7 .8 ) b ( 1 2 5 .6 - 2 6 2 .9 ) b ( 7 .8 - 3 3 ) b ( 2 .7 - l6 .8 ) b

L o w e st 1C 50 (n M ) 7.5 3.4 3.5 67 .7 0.3 0.5

H ig h e st IC 50 (nM ) 206.6 5 7 .9 29 .8 58 4 .2 75.1 35.1

R e sistan t iso late s 3 0 0 0 0 0

( 1 6 .7  % )c

a: te st s u c c e s s  rate ; b: 95  %  c o n f id e n c e  in terv al; c: re sis ta n c e  rate  fro m  a sse ssa b le  te sts.

T a b le  I -  In vitro sen sitiv ity  o f  Plasmodium falciparum iso late s to  m a jo r antim alarials.

• Is o la te s  f r o m  T o a m a s in a

B e tw e e n  8 5  to  1 0 0  %  o f  th e  is o la te s  f ro m  T o a m a s in a  

c o u ld  b e  a s s e s s e d  ( T a b le  l b )  T h e s e  is o la te s  w e r e  te s te d  

w ith in  th e  2 4  h o u rs  f o l lo w in g  th e  b l o o d  c o l le c tio n .  T h e  

c h lo r o q u in e  IC 5 0  v a lu e s  w e r e  b e tw e e n  7 .5  n M  a n d

2 0 6 .6  n M  ( n  =  1 8 ; m e a n  IC 5 0  = 6 6 .3  n M  a n d  9 5  %  C l = 

4 2 .6 - 9 0  n M ). B a s e d  o n  o u r  c r ite r io n  ( IC 5 0  >  1 2 0  n M ), 

th r e e  ( 1 6 .7  % )  o f  th e  1 8  is o la te s  o f  P. falciparu m  f r o m  

T o a m a s in a  w e r e  c h l o r o q u in e - r e s i s ta n t ,  w ith  c h lo r o 

q u in e  IC 5 0  v a lu e s  o f  1 2 3 .9 ,  1 4 0  a n d  2 0 6 .6  n M . T h e s e  

re s is ta n t is o la te s  w e r e  s e n s i tiv e  to  a m o d ia q u in e ,  q u i 

n in e ,  m e f lo q u in e  a n d  p y r im e th a m in e . S ig n i f i c a n t c o r 

r e la t io n s  w e r e  r e c o r d e d  b e tw e e n  4 - a m in o q u in o l in e  

c h lo r o q u in e  a n d  a m o d ia q u in e  ( n  =  1 7 ; r  =  0 .5 1 ;  p  =

0 .0 3 ) ,  b e tw e e n  c h l o r o q u in e  a n d  q u in in e  ( n  =  1 7 ; r  =

0 .5 7 ;  p  =  0 .0 1 )  a n d  b e tw e e n  q u in in e  a n d  a m o d ia q u in e  

( n  =  1 7 ; r -  0 .5 4 ;  p  =  0 .0 2 ) .

G e n o t y p in g

N o n e  o f  th e  4 3  a s s e s s a b le  i s o la te s  o f  P. falciparum  ( 2 5  

f r o m  M a h a ja n g a  a n d  1 8  f ro m  T o a m a s in a )  y ie ld e d  a 

d ig e s tio n  p r o d u c t a f te r  th e  dhfr  P C R  p r o d u c t w a s

d ig e s te d  w ith  Bsrl o r  ScrFI. A lu I c u t a ll  dbfr  P C R  p r o 

d u c ts  r e la te d  to  th e s e  4 3  is o la te s  te s te d . T h is  in d ic a te s  

th a t n o n e  o f  th e  is o la te s  c o n ta in e d  th e  A s n - 1 0 8  o r  T h r -  

1 0 8  m u ta tio n s . T h e  p h e n o ty p ic  s tu d y  b a s e d  o n  th e  in 

vitro q u a n ti f i c a tio n  o f  p y r im e th a m in e  a c tiv ity  a g a in s t 

P. falciparum  a n d  th e  p y r im e th a m in e  r e s is ta n c e  g e n o 

ty p ic  m a r k e r  a n a ly s is  b a s e d  o n  th e  d e te r m in a tio n  o f  

m u ta tio n s  a t th e  c o d o n  1 0 8  o f  dbfr  s h o w e d  th a t n o n e  

o f  o u r  c o l l e c t i o n  o f  P. falciparum  i s o la te s  w e r e  p o te n 

tia lly  re s is ta n t to  a n ti f o la te . T h e  d ig e s tio n  o f  th e  Pfcrt 

P C R  p r o d u c t w ith  A poI in d ic a te d  th a t a ll  4 3  is o la te s  

te s te d  h a r b o u r e d  a  ly s in e  re s id u e  a t p o s i tio n  7 6 .

DISCUSSION

A
ll o f  th e  te s te d  is o la te s  w e r e  s e n s i tiv e  to  a m o 

d ia q u in e , q u in in e ,  c y c lo g u a n i l  a n d  p y r im e th a 

m in e . G iv e n  th a t c h lo r o q u in e  is  th e  f irs t l in e  

a n tim a la r ia l  d ru g  a n d  th a t p y r im e th a m in e / s u l f a d o x in e  

is  th e  s e c o n d  l in e , w e  p a id  p a r tic u la r  a tte n tio n  to  th e  

a c tiv i ty  o f  c h l o r o q u i n e  a n d  p y r im e th a m in e  a g a in s t 

P. falciparum  in  M a d a g a s c a r . T h is  is  th e  f irs t s tu d y  in
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S e n s i t i v i t y  o f  P. f a l c ipa r u m  i n  M a d a g a s c a r  c o a s t a l  t o w n s

( IIa ) : in M ah ajan g a

Drug pair

Number 

of isolates Spearman R p  level

C h lo ro q u in e A m o d iaq u in e 24 0.5 4 0.0006

C h lo ro q u in e Q u in in e 25 0 .4 2 0.03
Q u in in e A m o d iaq u in e 24 0 .1 0 N S

C h lo ro q u in e M e flo q u in e 15 0 .4 8 N S

M e flo q u in e A m o d iaq u in e 15 0.41 N S

Q u in in e M e flo q u in e 15 0 .8 3 0 .0 0 0 1

C h lo ro q u in e P y rim e th am in e 8 0 .4 0 N S

C y clo g u an il P y rim e th am in e 7 0.85 0.01

C o rre latio n  is sig n ific an t fo r p  <  0 .0 5 ; N S: n o n  sig n if ic an t.

(lib): iin T o am a sin a

Number

Drug pair of isolates Spearman R p  level

C h lo ro q u in e A m o d iaq u in e 17 0.51 0.03

C h lo ro q u in e Q u in in e 17 0.5 7 0.01

Q u in in e A m o d iaq u in e 17 0.5 4 0.02

C h lo ro q u in e M e flo q u in e 12 0.2 2 N S

M e flo q u in e A m o d iaq u in e 12 0.5 7 0.05

Q u in in e M e flo q u in e 12 0.4 9 N S

C h lo ro q u in e P y rim e th am in e 11 -  0 .05 N S

C y c lo g u an il P y rim e th am in e 9 0.9 2 0.0005

C o rre latio n  is s ig n if ic an t fo r p  <  0 .0 5 ; N S: n o n  sig n if ic an t.

T ab le  II. -  C o rrelatio n  o f  in vitro re sp o n se  o f  Plasmodium falciparum 

to  m a jo r an tim alarial d ru g s.

tw e n ty  f iv e  y e a rs  to  a s s e s s  th e  in vitro s u s c e p tib i l i ty  

o f  P. falciparu m  i s o la te s  f r o m  M a h a ja n g a . T h e  re s u lts  

o f  th e  in vitro a n tim a la r ia l  te s ts  s h o w e d  th a t n o n e  o f  

th e  2 5  P. falciparum  i s o la te s  f r o m  M a h a ja n g a  w e r e  

c h lo r o q u in e - r e s i s ta n t.  T h e  h ig h e s t c h l o r o q u in e  IC 5 0  

re c o r d e d  w a s  5 1 .6  n M  ( m e a n  IC 5 0  =  2 2 .7  n M ). A  

s tu d y  c a r r ie d  o u t in  M a h a ja n g a  in  1 9 9 8  s h o w e d  th a t 

c h l o r o q u in e  tr e a tm e n t f a i ls  in  3 - 8  %  o f  c a s e s  ( 2 / 5 2 ) . 

O n ly  tw o  o f  th e  5 0  p a tie n ts  w h o  g a v e  a c c u r a te  c l in i c a l  

r e s p o n s e s  w e r e  p a r a s i ta e m ic  b e tw e e n  d a y  1 6  a n d  d a y  

2 4  ( R a z a f in d r a k o to , u n p u b l is h e d ) .  T h is  s i tu a tio n  is  in  

c o n tr a s t w ith  th a t in  th e  C o m o r o  Is la n d s , w h e r e  c h l o 

r o q u in e  tr e a tm e n t f a ils  in  4 0  %  o f  c a s e s  ( A rie y  et al,  

2 0 0 1 ) .  G iv e n  th e  a m o u n t o f  a ir  a n d  s e a  tra f f ic  b e tw e e n  

M a h a ja n g a  a n d  th e  C o m o r o  Is la n d s , th e  im p o r ta tio n  o f  

p o te n tia l ly  c h lo r o q u in e - r e s i s ta n t m a la r ia  p a ra s i te s  is  a 

m a tte r  o f  c o n c e r n .

T h r e e  o f  1 8  is o la te s  f r o m  T o a m a s in a  w e r e  c h lo r o 

q u in e - r e s is ta n t in vitro. T h e r e  w a s  n o  s ig n i f i c a n t d if 

f e r e n c e  b e tw e e n  th e  f r e q u e n c y  o f  c h l o r o q u in e  r e s is 

ta n t is o la te s  ( p  =  0 .1 3 )  a n d  th e  m e a n  c h lo r o q u in e  IC 5 0 s  

( p  =  0 .0 7 )  in  T o a m a s in a  a n d  in  M a h a ja n g a . A n  in vitro 

s tu d y  h a s  a lr e a d y  b e e n  c a r r ie d  o u t o n  is o la te s  f ro m  

T o a m a s in a . A ll P. falciparu m  i s o la te s  te s te d  in  th is  

s tu d y  w e r e  s e n s i tiv e  to  c h l o r o q u in e  in vitro ( R a n d r ia -  

n a r iv e lo jo s ia  et al., 2 0 0 0 ) .  A s  th e  in vitro te s t m a k e s  it 

p o s s ib le  to  a s s e s s  a n d  to  q u a n ti f y  th e  in tr in s ic  a c tiv ity  

o f  th e  a n tim a la r ia ls , th e s e  re s u lts  im p ly  th a t th e  o v e -

P arasite , 2002 , 9, 24 7 -2 5 3

ra ll s e n s itiv ity  o f  P. falciparum  to  c h l o r o q u in e  is  s ta 

tio n a ry  in  T o a m a s in a .

It is  w o r th  to  u n d e r l in e  th a t th e  e x tr e m e  v a lu e s  o f  te s t 

a n tim a la r ia ls  IC 5 0  r e c o r d e d  in  M a h a ja n g a  w e r e  m u c h  

n e a tly  lo w e r  th a n  in  T o a m a s in a , e x c e p t  f o r  m e f lo q u in e  

( T a b le  Ia  a n d  Ib ) .  R e g a rd in g  th e  lo w e s t IC 5 0 s , th e  ra tio  

w a s  5 0  f o r  c h l o r o q u in e  ( 7 .5  n M  in  T o a m a s in a  a g a in s t

0 .1 5  n M  in  M a h a ja n g a ) , 2 5  f o r  c y c lo g u a n il  ( 0 .5 / 0 .0 2 )  

a n d  tw o  f o r  q u in in e  ( 6 7 .7 / 3 2 .5 ) .  O u r  s tu d y  d e m o n s 

tra te d  a ls o  th a t n o n e  o f  th e  is o la te s  f ro m  e i th e r  s ite  

h a r b o u r e d  m u ta tio n s  at p o s i tio n  7 6  o f  th e  Pfcrt g e n e  

( T h r - 7 6 )  o r  a t p o s i tio n  1 0 8  o f  th e  dhfr  g e n e  ( A s n - 1 0 8  

o r  T h r - 1 0 8 ) .  C o n v e rs e ly , o u r  p re v io u s  s tu d y  o n  is o la te s  

f r o m  th e  C o m o r o  Is la n d s , s h o w e d  th a t th e  P f c rt m u ta 

tio n  r e s u ltin g  in  th e  s u b s ti tu tio n  o f  th r e o n in e  ( T h r - 7 6 )  

f o r  ly s in e  at p o s itio n  7 6  w a s  p re s e n t in  6 7  %  o f  s a m p le s  

o b ta in e d  b e f o r e  tr e a tm e n t f ro m  4 9  ra n d o m ly  s e le c te d  

p a tie n ts  ( A r ie y  et al., 2 0 0 2 1 ) .  N o  p y r im e th a m in e - r e s is 

ta n t is o la te s  h a v e  b e e n  d e te c te d  in  M a d a g a s c a r  in  th e  

th r e e  la s t y e a rs , d e s p ite  th e  f a c t th a t h u n d re d s  o f  te s ts  

h a v e  b e e n  p e r f o r m e d  ( R a n d r ia n a r iv e lo jo s ia , p e rs o n a l 

c o m m u n ic a tio n ) .  E v e n  th o u g h  s e v e ra l  d i f f e re n t s tu d ie s  

c o n c lu d e d  th a t th e r e  is  n o t a  p e r f e c t c o r r e la tio n  b e t 

w e e n  th e  p r e s e n c e  o f  th e  pfcrt  c o d o n  7 6  m u ta tio n  a n d  

th e  c l in i c a l  r e s p o n s e  to  c h lo r o q u in e  ( B a b ik e r  et al., 

2 0 0 1 ;  D o r s e y  et al., 2 0 0 1 ;  D jim d e  et al., 2 0 0 1 ;  M a y o r 

et al., 2 0 0 1 ) ,  th e  p r e v a le n c e  o f  c h l o r o q u in e  tre a tm e n t 

f a i lu re  is  h ig h e r  w h e n  th e  p r e v a le n c e  o f  th e  pfcrt  T h r -  

7 6  m u ta tio n  is  h ig h . D u ra n d  et al. ( 2 0 0 1 )  f o u n d  a c l e a r  

c o r r e la tio n  b e tw e e n  in vitro c h l o r o q u in e  r e s is ta n c e  

a n d  th e  pfcrt  T h r - 7 6  m u ta tio n . M o c k e n h a u p t et al. 

( 2 0 0 1 )  r e p o r te d  th a t pfcrt  a n d  pfdhfr  m u ta tio n s  a re  f r e 

q u e n t in P. falciparum  is o la te s  f ro m  G h a n a . T h e s e  s tu 

d ie s  s u g g e s t th a t in vitro m e th o d s  a re  im p o rta n t f o r  

m o n ito r in g  th e  s e n s itiv ity  o f  P. falciparum.

N u m e ro u s  f a c to rs  c o n tr ib u te  to  th e  in tro d u c tio n , s p re a d  

a n d  in te n s if ic a tio n  o f  d ru g  re s is ta n c e , a lth o u g h  th e ir  re la 

tiv e  c o n tr ib u tio n  is  u n k n o w n . T h e  d is s e m in a tio n  o f  

re s is ta n t p a ra s ite s  f ro m  a  z o n e  o f  r e s is ta n c e  to  a  z o n e  

o f  se n s itiv ity  is  a  f a c to r  le a d in g  to  th e  s p re a d  o f  re s is 

ta n c e . T ra n s p o rta tio n , tra v e l a n d  m ig ra tio n  all c o n tr ib u te  

to  th e  e m e r g e n c e  o f  in f e c tio u s  d is e a s e s  ( M o rs e , 1 9 9 5 ) .  

R e s is ta n t m a la ria  is  a  c le a r  e x a m p le  o f  a n  e m e rg in g  

d is e a s e . T h e  b ig g e s t d a n g e r  m a y  b e  im p o rte d  c a s e s . 

M a d a g a s c a r  is  lo c a te d  b e tw e e n  A s ia  a n d  A f ric a , b o th  o f  

w h ic h  g e n e r a l ly  h a v e  h ig h  p r e v a le n c e  o f  c h lo r o q u in e -  

a n d  p y r im e th a m in e - re s is ta n c e . In te rn a tio n a l tra v e l a n d  

tra d e  b e tw e e n  M a d a g a s c a r  a n d  th e s e  tw o  c o n tin e n ts  a re  

b e c o m in g  m o re  c o m m o n . T h is  m ig h t in c r e a s e  th e  f r e 

q u e n c y  o f  im p o rte d  c a s e s  o f  m a la ria . Im p o rte d  c a s e s  o f  

re s is ta n t m a la ria  th a t o c c u r r e d  a n d  a re  d o c u m e n te d  in  

m a la r ia - f re e  c o u n tr ie s  ( D u ra n d  et al., 2 0 0 1 ) ,  m ig h t b e  

in tr o d u c e d  s i le n tly  in to  a c o u n try  w h e r e  m a la r ia  is  

e n d e m ic  l ik e  M a d a g a s c a r . K n o w n  th a t S in c e  Plasmo

dium  v e c to rs  a re  p r e s e n t ( B r u tu s  et al., 2 0 0 1 ; C o t et al., 

2 0 0 1 ; D u c h e m in  et al., 2 0 0 1 ) ,  a u to c h th o n o u s  tra n s m is -
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s io n  o f  im p o rte d  d ru g  re s is ta n t p a ra s ite  s tra in s  w o u ld  

o c c u r  tra g ic a l ly . T h u s , m a la r ia  r e s is ta n c e  s h o u ld  b e  

m o n ito re d  p a rtic u la r ly  in  c o a s ta l  a n d  p o rt a re a s .

T h e  la c k  o f  s c ie n tis ts  a n d  m e d ic a l  te a m s  th a t c a n  

c o n d u c t th e  in vivo s tu d y  e n c o u r a g e s  th e  u s e  o f  th e s e  

in vitro-b a s e d  te c h n iq u e s  f o r  th e  m o n ito r in g  o f  m a la ria  

re s is ta n c e  in  M a d a g a s c a r  a n d  o th e r  d e v e lo p in g  tro p ic a l  

c o u n tr ie s .  W e  a r e  c o n v in c e d  th a t th e  in vitro te s t a n d  

th e  g e n o ty p in g  o f  r e s is ta n c e  m a r k e r s  a re  u s e f u l  1 )  f o r  

m o n ito r in g  r e s is ta n c e ,  2 )  f o r  d e te c tin g  th e  e m e r g e n c e  

o f  r e s is ta n t a n d / o r  m u ta n t p a r a s i te s  in  a  r e g io n  f r e e  

f r o m  p r e v a le n t m u ta n ts  a n d  3 )  f o r  id e n ti f y in g  p o te n 

tia l a lte r n a tiv e s  to  th e  f irs t l in e  d ru g s  a m o n g  th e  m a jo r  

a n tim a la r ia ls  r e c o rd e d  a n d  a v a ila b le  in  th e  lo c a l  m a rk e t. 

O u r  p re l im in a ry  s tu d y  s h o w s  th a t th e  in vitro te c h -  

n iq u e - b a s e d  m o n ito r in g  c a n  b e  s u c c e s s f u l ly  u s e d  to  

a s s e s s  m a la r ia  r e s is ta n c e .  W e  d e m o n s tr a te d  th a t c h lo -  

r o q u in e - r e s is ta n t i s o la te s  o f  P. falciparum  a re  a b s e n t 

o r  p r e s e n t in  v e r y  lo w  n u m b e r s  in  c o a s ta l  to w n s  in  

M a d a g a s c a r . W e  a ls o  d e m o n s tr a te d  th e  v e r y  lo w  p r e 

v a l e n c e  o f  i s o la te s  h a r b o u r in g  pfcrt  a n d  dhfr  m u ta tio n s . 

A  la r g e r  s a m p le  s i z e  a n d  a  s tu d y  c o u p l in g  in vivo, in 

vitro a n d  g e n o ty p in g  te c h n iq u e s  s h o u ld  b e  p e r f o r m e d  

to  v a l id a te  th e  in f o rm a tio n  p ro v id e d  b y  th e  in vitro 

a p p r o a c h e s  a n d  to  p r e d ic t th e  r is k  o f  tr e a tm e n t f a ilu re  

a s s o c ia te d  w ith  th e  c o m m o n ly  u s e d  a n tim a la r ia ls  s u c h  

a s  c h l o r o q u in e  a n d  s u lf a d o x in e / p y r im e th a m in e .
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