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ABSTRACT 

Gamctocytes are the 5CXIJlll forms of Plasmodium species that are essential for 

the transmission of malaria. However, there is little infonnation on the factors that 

influence their generation or carriage, a measure of traoSlDissinn potential of 

Plasmod111m falcipan1m, in Nigerian children The objectives of the studies ,vcre to 

determine (I) the risk factors for gametocyte carriage and effects of seasons on 

carriage, in children ,vith acute falciparum malaria, and (2) the effects of selected 

antimalarial drugs on gametocytc carriage, intensities of carriage, morphological 

stages and sex ratio changes (GSR). 

Overall, 2,3 17 symptomatic children (M.F- 1024.1293), aged 0.5-14 years, 

with microscopically-confirmed P. fafc1pan1m mnlaria. treated ,vith standard doses of 

the antimalarial drug.s (chloroquine (CQ), pyrimethamine-sulfadoxine (PS}, 

trimethoprim-sulfamethoxazole (TS), chloroquine plus chlorpheniramine (CQCP}. 

pyrimethamine-sulfadoxine plus probcnccid (PSP) and amodiaquine {AQ) plus 

pyrimethamine-sulfadoxine, AQPS) were studied Before, during and follo,ving 

therapy. densities of nscrual parasites and of the morphologically distinct 

dcvclopmcnuil stages of gnmetocytes were quantified in blood over 14 -28 days, using 

standll!d methods Temporal changes in density nitio of Peripheral Young 

Gamctocytcs (PYG) Peripheral �1ature Gamctocytc (PMG} ,vas used as an index of 

continuing gametoeyte generation ancr treatment GSR, defined as the proponion of 

gametocytcs that "ere morphologically males, ,vt1s also quantified serially over 14 

days CQ blood concentrations ,vcrc determined by high performance liquid 

chromatogniphy Responses of infections to therapy ,vcrc classified DS sensitive or 

resistant. Data ,vcrc analyud using student t- test, analysis of variance, eh, square, 

Kaplan Meier survival test and Multiple logistic regression models 

Gamctocyte carriage in the recruited patients was 15% 11t enrolment Four 

factors were found to be independent risk factors for gamctocyte carriage at 

presentation male gender (adjusted odd ratio, AOR=O SS, 9S¾ Confidence Interval. 

Cl• O 36-0 83, P O OOS), abKnce of fever (AORr I 61, 95o/, Cl I OS-2 S, P• 0 03),

duration of illness >Jd ( AOR.,I S7, 95%, Cl 10-2.4, P• 0 047), and ll�t\l

paruitaCITIII <SOOO/µI (AOR.•O 04, 9S'/4 Cl O 02-0.07, P< 0 OS) Ho\vever, IS 6% of 

all the duldml dcvcdopcd patent gamctocytaemlo following trutmcnL Except for 
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male gender in the low 1ransmis.sioo season, the identified risk factors for gamctOC)1e 

carnage �ere little affected by season. A total of 220 children failed 10 respood 10 

antimalarial drug treatment Children with CQ-resi.stant infections (37.1%), and those 

treated with PS irrespective of outcome, were significantly at risk of gamctocyte 

carriage compared with other antimalarials CQCP-rcsistanl infection and treatment 

with PS significantly increased PYG-P�IG ratio (P < 0.05). In contrast, AQPS 

significantly reduced the ratio. PSP and TS, like PS, alone, enhanced gametocyte 

carriage and increased GSR.. 

Antimalarial drugs modulate gamctocyte generation particularly \vhcn 

resistance has developed and may potentially facilitate disease transmission. Presence 

of peripheral young gametocytes (PYG) \VU an indicator of resistance to CQCP but 

not to PS or AQPS PS may enhance inOux of young gametocyte into circulation. 

Kl!)"••ortLf: Plas111ocliu111 falcipar11111, Ga111etocy•tacmi11, 
Transmission, Children 

Antimalarial drugs, 
(\vord counra459). 
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YS versus 
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Chapter I 

lntrmluction 
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CTIAPTER 1 

ln1roduc1ion 

Plasmodt11m falc,parvm, which causes malignan1 1crtian malaria, is 1he most 

lethal in man, accounting for majority of malaria attn"butable morbidity and monality 

globally, especilllly omon� children, prcgnan1 women and non-immune 1ravelcrs in 

1h0 tropics (Gilles & \Vancil, 1993, Trapc. 2001, \\'RO, 2003) Of tlle estimated one 

million deaths rcponed annually from malaria, approximately 80"/4 occur in young 

African children Infants nrc vulneruble 10 malaria from approximately 3 months of 

age, ,vhen immunity acquired from 1he mother slarts to ,vane (\VHO, 2003) In 

sou1h,vcs1 Nigeria, Pkm11od111111 falc,pan,m is responsible for greater than 95% of the 

malaria infections (Salalco et al, 1990). 

The Roll back malaria programme for global mnlaria c-0n1rol slrutegies 

includes early diagnosis nnd treatment, devclopmcn1 of appropriate prcven1ivc 

mensures Including vector C-Ontrol, nod development of  local technical capacity 

(WHO. 2003). Ho,vcvcr, in1C11J0 trnnsrnissioo, urbnniz:ntion, increasing resistance to 

antimalarial drugs and unusually favourublc transmission oondhlons have hampered 

the progress 111 malaria C-Ontrol and have led to uac:<pectcd epidemics Ln addition, 

large mosquito populations and ready availability of gamctocytcs in pcriphcrol blood 

hllve made transmission inevitable It is nolC\vonhy that little information is available 

on the dynamics of Plasmnd111111Jolclpan1m ga.mctocytaemia io Nigerian children 

I.I C11mttocyte devdopmcot in m•n 

The over 170 species of Pla.smodla pamsitc, undergo both sc.uial nnd D5CXUal 

phases (Paul and Bray, 2003) Gamctocytcs arise from crythrocytic uc.wol stogc, 

Cont.rory to production of gamdocytc, directly from hepatic n1erozoi1cs as described 
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in other species (Garnham, 1966), Plasmodiumfaloparvm gamctOC)1CS (Figure I I) 

aruc from mature asexual forms The mechanism of the switch from asexual to 

sexual stage and its modulation are complex and incompletely understood (Carter 

and Miller, 1979, �Ions. 1985) These mature asexual stages are absent from 

peripheral circulation due to cytoadhcrcnce of their carrier erythrocytes to 

microvasc:ular cndothclia of organs and tissues, such as heart, lung. liver, skin and 

brain (MacPhtfSOn et al , 1985) to avoid phagocytic clearance from spleen during 

maturation The resulting young gamet0cytcs from commincd mcrozoilcs avoid 

peripheral blood and sequester preferentially in the bone marro\v and spleen 

(Thomson and Robenson, 1935, Smnllcy cl al . 1980) Bruce and colleagues {1990) 

showed that merozoitcs emerging from a single schiz.ont developed funher either into 

awcual stages or into gamc10cytcs Smith et al. (2000) and Sil\'tstrini et al (2000) 

dernonsuated that the gametOcytcs from one schizont arc all male or all female This 

observation suggests that the trophozoilcs of the preceding nse.,cual generation \vere 

already commilted to either sc:xun1 development or continuing asexual cycling 

Thus, overall, studies on gnmetocytogenesis consistently suppon the hypothesis thnt 

Plasmodium is committed to sexual development in the prccceding ase.xual 

generation rather than difTerentia1tng follo\ving inwsion of the erythrocyte by 

uncommi1ted meroroitcs (Caner nnd Miller, 1979, lnsclbcrg, 1983, l\1ons, 1986, 

Bruce et ill • 1990) 

Reid and Shute ( 1956) \Vere first to describe five dilfercnt matuJ'lltion stages of P. 

Jolclpon,m g11mct0cytcs The steps were further characterized, using light 

1nicroscopy by Ha\vking and co workers (1971) in P. Jolc1pan1111-infccted Aotus 

monkeys Gan1ctoeytcs grO\Ylh prOGCSs is in stages. 1-V. (Tobie I I) nnd mnturauon 

proccs.s hlls been described in rodent parasites nnd />. Jolclpon1111 Immature 

gamctocytes of P. falctporon, (su1gcs 1-Ul) arc sequestered in deep tissues of the 

body, notably the bone narro\v (Smalley et al , 1981) One of the most striL.ing 

features of gametocytcs is the presence of pcllicular complex.. which originates from 

a small membrancous vesicle bcnc.uh the gamctocytc pla.smnlcmn in late stngc 1 

This structure is absent from asaual stages It coruists of a &ubpcllicullll' 

mcmhrancous vacuole subtended by an array of longitudinall)'· oriented 

ITllctotubulc, (Sinden, 1983) ThiJ strengthens the p:irasite and explrun� the lack or 
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FIGUllE I.I. 1'.loturc fcnllllc (F) ond mnlc (M) gomc1ocytcs, ond tropho1..0ites (l) of 

Plas111od/11n1 falclpan1n1 in lbc blood of mnlaria-infcctcd po1icn1. This pic1ure is a 

composite of several piclures originating from the snmc Gicmsn-stnincd thin snlCar. 

(from Tnlman cl ol� 2004b). 

T 
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TAB LE I I Morphology of gametocytogenesis 

Stage l Stage U Stage Ill 

Shape 
(light 
microscopy) 
Day et al , 
1998, 
Hawking et 
al , 1971, 
Sinden, 
1982, 
Sinden, 
1998) 

Tlinc or 
npptnrnnce• 

l A .
Indistinguishable
from the smnll
round
tropho1,oite

18 Larger 
round shape 
distinguished by 
granular 
distribution of 
pigment in rood

(days), 0-2
(Sinden. 
1998) 

Point in cdl 
cycle GI 
(Sinden and 
Smalley, 
1979) 

rlA: 
Elongates 
within the 
erythrocyte 

1TB 
0-shapc

1-4

GI 

D-shapcd. 
slightly 
distoncd. 
Erythrocytes 
with pink 
/blue 
distinction 
of 
male/female 

2-8

GO 

Stage lV Stage V 

Elongate 
and thin 
parasite, 
distoncd 
red eel� 
Male 
pigment 
tends to 
be 
scattered. 
Female:
pigment 
more 
dense 

6-10 

GO 

Sausage­
shaped 
parasite 
with 
rounded/ 
angular 
extremities­
�1alc: 
pigmented 
scattered 
pin!. 
Ecmqlc: 
dense 
pigment, 
light.. 
violet. 

9-23

GO 

GO, a temporary resting period or more permnncnt, GI, cells increase m siz.c. 

produce RNA and synthesize protein • time refer to the period after sequestration 
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amoeboid fonns in the asexual parasite (Langrcth Cl al, 1978) The function of lhis 

structure i s  largely unknown. 

Gametocyte development takes longer than asexual schizogony, for example, 

26 hr as opposed to 22.S hr in P .  berghe, (Mons et al. 198S) or in lhe more extreme 

case of P.Jalapan,m 8-12 days as opposed to 48 hr (Sinden, 1983). The proponion 

of parasites that develop in10 gamctocytcs varies greatly during the course of natural 

infections, even al ilS peak, bul is very low in rcla1ion to the total parasitaemia 

(Smalley e1 al. 1981) and is reversed during recrudescent infections (So".-unmi and 

Fateye, 2003 a) 

The growth and differentiation of gametocytes of P. folcipan1n1 spans a 

period of eigh1 days from mcrozoi1e invasion 10 ma1ure gametocyte, each stage of the 

gametocyte has been distinguished by successive changes in the organization of 1hc 

cell (Hawking e1 al • 1971 ). The frequency of conversion of asc.'(Ual parasite to 

sexual development varies within para.site clones and differs consistently bct,vccn 

clones (Carter and Miller, 1979, Graves et al., 1984). These findings suggest thot 

both innate and environmental factors may predispose or trigger the pnnuite switch 

from a.sexual to sexual development (Carter 4lld Miller, 1979, Gra,es et al , 1984, 

Bruce et al , 1990) 

In a culturing c.,cperiment, Suhrbicr et al ( 1987) sho,vcd thM scxulll 

commilmcnt is highest in the mcrozoites derived directly from liver schlzont Doy et 

al (1993) also sho,vcd that continuous asc:culll pnssaging \\'IIS identified as o fuctor 

tlull may lead to scxuol commitment The lauer has correlates ,vith nccumulotcd 

chromosomal breakage and rcsortmcnt (Frontali, 1994, Dirago et al. 1982) and could 

be paniculatly important 1f the sc<unl stage genes in Plosmod1um arc concentrutcd in 

certain chromosome, for c.umple, chromosome 12 of Plasmod111n1Jalr1pan1n1. 

The mvestment in scc:uring o male and the risk of mi.,ung genes \loith another 

arc noteworthy costs usociotcd with sexual reproduction but at disadvantage 

compared to asexual reproduc1ion (Dyer and Dny, 2000, Ono and Lcnonnand, 2002) 

Therefore gamctocytogcncsis in P. /alclpantm and favoumblc conditions mny 

- .
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contnbute to severity of the burden of the infections as newer stra1ns "-,jth 

COT1S1dcrable biologic difference from original strains may emerge. This will 

considerably add to the increasing cpidemiologic burden of the infection.. 

Paucity of specific markers that can identify the immature gametocytes or 

could be used to track the development made full elucidation of the process of 

garnctocytogenesis diffic:uh Although, there arc genes that arc expressed later in 

gametocytogcnesis, these were of little usefulness for these studies. The genes, PJ 

I I-I (Scherf et al , 1992; Feng et al, 1993) and 111611/111 // (Rawlings et al. 1992), 

Pfg27 (Caner et al. 1989, Pologe, 1994) and the S fonn of RNA (Thompson and 

Sinden, 1994, Waters et al, 1989) arc expressed significantly aficr commitment to 

garnetocytogcnesis has taken place. Upregulation of the mRNAs for the early 

gamctocytc markers Pft/6 end P/g27 was readily detected in 307 parasite line 

(Silvcrstrini et al., 2005) One hundred and seventeen genes h3d expression profiles 

that correlated 10 those of p/s/6 and p/g27 The nonhcm blot analysis and published 

protcomie data have been used 10 identify those proteins ,vhose expression ,vus 

gametocyte-specilie lmmunoflourescence analysis ,vith antibodies against 1,vo of 

these gene products identified 1,vo novel parasite membrane proteins associllled ,vith 

sewal stage specific proteins (Silvcrstrini et nl., 2005) One ,vas produced from stage 

I gamctocytcs and the second showed pc4k production in the stage II gnrnctocytcs 

(Stlverstrini et nl., 2005). The t,vo proteins ,vcre named Pl'pcg-J Md Pl'pcg-4, ns P.

falcipan1n1 proteins of cnrly gamctocytcs (Silvcrsuini et al , 2005) The SClll'Ch for 

more molcculnr markers that \viii enable improved comprehension of the process of 

gametoeytogencsis is on-going 

1.2 Gamctocyte carriage in mnn 

In humllll, the prc:scnce or gamctocytc in pcriphcr11I blood, g11mc1oc:y111em111.,

arises 7-15 days aflcr the initial asc,"Cual w11vc (Eichner et cu, 2001, D11y et Ill, 1998) 

compared to other human species \vith I to 3 dnys The ratio of gamctocytcs to 

�SC'XILOI stages in P. /olapan1m is less than I 10 (Kitchen and Putnam, 1942, Sinden, 

1983, Caner and Graves, 1988) Eichner cl ol (2001) even reported 11 much lo,vcr 

ntio ( I I 56) The half-hfc of the 11U1ture gamc:toeyte in blood is rcponcd to be 1.4 

days (Smalley and Sinden, 1977) but longer half life and con5equcn1 longevity In 
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blood stream may also occur. for example up to 4 \\-eeks (Smallt:> and Sinden. 

1977) Eichner et al (2001) and Sowunmi and Fateye (2003b) also estimated mean 

circulation time to be 6.4 day, or more. Because the mechanism of the switch from 

asexual to sexual stages is incompletely undcrs1ood it is necessary to study the 

dynamics of gametocytes in both host and mosquito vector 

1.3 Studies on gamctocytc carriAgc in man 

In 5Ub Saharan Africa.. antimalarial drugs used in the treatment of the 

infection and increasing drug resistance in P. falc1par11m to these drugs have been 

thought to contn1>Ute to gamctocyte carnage in man and gametocyte infcctivity to 

mosquitoes (Roben et al , 1996 a. 2000; Hogh et al • 1998) Children. in general. 

constitute a significant risk group and reservoir or the infection in sub-Saharan 

Africa (Githcko et al , 1992, Bonnet et al . 2003) with ob� pretreatment 

gametocyte carriage rate during the acute falciparum infections, m \Vest Africa. 

ranging bct,vcen 14-17¾ (von Seidlcin et al., 2001) 

In Nigeria. the development and increase in antimalarial drug rcsis1ance 

(Falade c1 a l .  1997, Sowunmi c1 al. 1998 11, b. SoWllnmi, 2002) has been llSSOciatcd 

with incrcasc.s in gamctocyte carriage in children (Sowunmi and F111eye., 2003 a. b) 

However, there is linle or no inrorrnatJon on gamctocyte carriage rates ond roctors 

contributing to gametocytc carriage in Nigerian children These factors. when 

identified, may provide suppor1 for control of trnnsmiS1ion of the infection 

Several factors hove been described os risk factors ror g1UT1ctocy1e carriage in 

cluldrcn in Africa and Asia. In Tanunia. Akim et ol (2000) rcpor1cd young age, 

high asexual pamsitacmia on prcscnl41ion and gemctocytc positivity on pre$Cntetion 

as risk rectors for gnmctocyte cerriagc in children with acute m11.h1rin infections In 

children, in The Gambia. hypcrparuitacmia, anaemia at cnrollment, age, sea.son and 

locauon of study site were identified as independent risk filctors for gamC10C)itC 

carriilge before trcatrnml ( von Scidlcin cl al, 200 I) The devclopmcnl or persistence 

of gamctocytcmia during follow up, patent gamctocytcmie on admission. anaemia. 

no coincident P l'llm' malaria inf�llon, presentation ,vith a recrudescent infection 

and a history of illness longer than t"-o days \\-Crc nsk factor, for gametocyte 
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Chloroqwne (CQ) and pyrirnethaminc>sulfadoxine (PS) are schii.ooticidal 

and bolh have oo effects on mature gametocytes. However, CQ and PS are active 

against young gametocytes before their appearance in the periphmil circulation 

(Smalley, 1977, Butcher, 1997} Alt.hough it ,vas previously thought that during 

treatment, CQ or PS does not induce gametocytogenesis, it i s  no,v well known that 

CQ increases gametocytogenesis in P. chabaud, 111-,n'O and P. fa/cipan1m 111-,•ltro

(Buckling et al , 1997, 1999}. Pyrimethamine-sulfado�e, ,vhich inhibit 

dibydrofolatc reductasc and dihydroptcroatc synlhasc, may damage the ookinete and 

reduce the number of oocysl (Robert et al., 2000). and may consequently affect 

gamctogcncsis. Hogh and othCTS observed that CQ enhances P. falc1pan1n1 

infectivity to mosquitoes, while PS reduces it  (Hogh et al, 1998) 

Thus, antimalarials, amongst other factors that trigger and regulate the 

generation or development of gamctocytc, arc important and must be continuously 

evaluated for their impacts on gamctocytc carnage in human and infcctiviiy to 

mosquitoes (Butcher, I 997: I logh et al . 1998, Chutmongkonkul cl al. 1992: 

llandunnc1li cl al .• 1996, Jones, 1997, Kocllt1 et al. 1998, Robcn cl al., 1996a; 

Rohen and Tmpc. 1998) 

In Nigeria, CQ and PS were t1ntimt1lt1rial drugs of choice prior 10 change of 

treatment policy to anemisinin based combination thcmpy (ACTs) in 2004 (Federal 

Ministry of I fcalth, 2004) Both CQ t1nd PS aro still readily nvniltlblc and readily 

used t1S monothcrapy duo to economic rcasoM t111d non-llfTordabiliiy of the ACTs. for 

c.'t41llple, nrtcsunate-PS, by many individuals It is essential to study the effects of 

CQ and PS or other anumalarilll drugs used for treatment of malaria in cnden1ic areas 

on the gamctocyte generation and carriogc during acute infections in children This

will provide useful information that may guide drug combination strategies and 

deployment ,Yith a View to minimizing transmissibihty 

1.6 Gamctocytes lnrcc:l1ousncss to mosquito 

t.1ature and funcuonal gllmctocytes inge5ted by an appropnatc species or

mosquito 1n a bloodmcal 11tc stimulated to traruronn into the stages thlt csuablish the 

parasites in Lhett vector (Garnham, 1966) Under the influence or chnngcs 10 the 
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mosqwto midgut environment., the gamctocytes become Cl(U'3ccllular within 8-15 

nnn of ingestion Following emergence from the red blood cell (c:dlagcl.larion), the 

male gamc:teS fcrtiliz.e the female gametes within 60 min of ingestion of blood The

feniliud maaogamcte (zygote) differentiates into a single motile ookinete over the 

next 10-25 hr, and migrates from the bloodmcal through the mldgut wall to form an 

oocyst underneath the basal lamina of the midgut. Each oocyst produces many 

thousands of invasive sporozoites over a period of 7-I 2 days The sporoz.oites 

escape from the oocyst and then invade the salivary glands. ,vhere they stay for 

possibly very long periods until injected into another vencbrate host \,•hen the nc.� 

bloodmcal is taken (Sinden, 1984; Caner and Graves, 1988) 

1.7 Studies involving gamctocytcs infectiousness to mosquito 

Various triggers arc responsible for induction of gametocytes ditTcrcntiation 

Microgametogcncsis ,,, v11ro is, optimnlly, dependent upon a rise in pH (Nijhout and 

Caner, 1978), a rise in CC>i and bicarbollllte levels (Caner and 1jhout. 1977, 

Nijhout and Caner, 1978), 11 fall in temperature of a few degrees bclo,v that or the 

vencbnllc host (Sinden 11nd Croll, 1975) or a very potent factor termed mosquito 

exflagcllation factor (MEF). The latter is a small heat stable molecule from the 

mosquito bead and gut that stimulates gametogcncsis vio a bicarbonntc- and pH­

independent mechanism (Nijhout. 1979). Ka,vamoto et al. (1991) sho\licd 111 l'ilro 

that induction of cxOngcllation of P. bcrghc, is triggered by o rise in the intrncellular 

pH (pt-U) that is medjatcd by Ca' and cGMP regul11tion pAi CM be modulated by 

alkaline mcdio and is controlled by a con1plc.x series of interdependent ion pumps 

and channels controlling a._ K .. Cl- and 1 lCOJ- transpon bc1,vcen the pnmsitc and 

tbe environment. Olhcr inOucntial f11ctors described include cAMP analogues and 

inhibitors of phosphodic:stcra.sc (t>-tartin et al , 1978) Tl1c dunuion of 

microgamctogcnesis is both 1cmpcn11urc and species dependent, for c.,:amplc, 01 20-

22 °C, microgametogcnesi5 may take 7-15 min for I'. folc1pon1n1 111 1·11ro, although 

cxflagdlauon may be detected af\cr shorter periods io the Ouid excreted by feeding 

A,wpltclcs (S1rulen, 198)) There is no evidence that cc.Oagclltltion is 1nOucnccd by 

factors released by digestion or the blood meal since digestion no1TIU11ly begins 

acvera.l hours la1er (Graf et al. 1986) 
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The microgamete formation involves three mitotic divisions with a Bpid 

assembly or eight axonerncs on the single microrubulc organizing centre that divides 

and passes to the spindle poles This division simultaneously scgrcsates the genome

and the axoncmc so that each of the eight emergent gametes receives a single 

axoneme and haploid genome, both being connected to a common microtubule­

organizing centre. After exflagcllation the microgamctcs, normally bearing a single 

axonerne, condensed nucleus and ldnetosome with its sphere and grunule at the distal 

end. arc tom from the microgametocyte surface and rapidly move away into the 

blood meal (Sinden and Croll, I 975). 

Macrogametogencsis at the morphological level involves liule more than 

escape from the host cell (Sinden, I 984). At the cellular level, there is de no,o 

synthesis of the proteins that arc expressed on the surface or macrogamete (Kumar 

and Caner. 1984). Scherf and co workers (I 992, 1993) identified a gamctocyte 

specific protein of />. /a/c1pan1m called Pn 1-1 with some C\idcncc that this protein 

might be involved in the emergence of gametes from the infected erythrocyte. The 

contributions of these protein factors to gametogCOC$is are still under studies 

1.8 Studies on gamctoc:yte development in l\losquitocs 

tvtany factors innuence tl1c development, survivul and 1nfcc1ivi1y o f  the 

porn.site during ils residence in the midgul lumen of the mosquito Eyles ( 1952) has 

sho\Vn that the pD.nlSite development ceases at the ookincte stage unless a 

macromolecular (non- diruyz.able) component is present in the blood men! Studying 

the influence of red blood cells on the ability of/'. gol/l11occ11n1 zygotes fenilited (11 

v11ro to infect Atcles ocg;pll, Rosenberg cl al. ( 1984) found a linear rclDtionship 

between erythrocyte density and the nun1ber of oocysts up to a 5�� hcmatocrit 

Funhcrmorc, they deduced that there BlC one or more nondialyzablc substances 

(crytbrocytic factors) contained in normal erythrocytes. and released by moS<1ui10 

digestion, that o.re C$SC11til11 for ookinete invasion of the gut epithelium, \Yhcrc they 

further develop tn a mosquito feeding experiment \vilh cultured />. fa/c1pan1n1 

(PoMUdur1i et al 1939) and P. �rgl,c1 (Sinden, 1989), gametocytcs. dilution ,vith 

fresh red cells resulted in more OOC)'llS al 1ni11al (low) diluuons whereas funhcr 

d1lu11on reduced OOC)'ll counts 
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The involvement of blood factors and/or its digestive products in infcctivity 

has been studied in different parasite-vector models Using a selected line of AIL

srephcns,, Feldmann and Ponnudu:rai (1989) found mature P.Jcuaparum ookinctes in 

the midgut lumen of refractory mosquitoes but no further penetration o f  the gut 

epithelium was observed. The reasons for this limited development in non­

compatible mosquitoes could be related to digestive function, since early initiation of 

hemoglobin degradation and higher aminopcptidasc activity have been dcscnbed in 

refractory strains of An • .rtep/11:nsi (Feldmann et at, 1990). It has also been sho,vn 

that P. gal/1110ce11m develops up 10 the ookincte stage in the non-compatible 

mosquito. An. Stephens,. at the same time period with those infecting the compatible 

vector, Ae. Aeg:,:ptl. However, P. galli11oce11n1 ookinetcs did not escape from the 

midgut lumen in A11. stephe11ii mosquitoes (Rudin et al , 1991) 

A possible mechanism causing inhibition of parasite development invoh-es 

damage of the parasite by digestive Cll%)'1TlCS present in the vector The addition of 

trypsin inhibitor to blood meal resulted in inhibition of midgut penetration by 

ookinctcs (Rosenberg et al . 1984) Thus trypsin. in pnnicular, and other 

arninopcptidascs arc the llllljor proteolytic enzymes involved tn blood digestion by 

female mosquttocs (Bricgcl ond Lea, 197S; Graf llDd Bricgel, 1982, Billing,lcy. 

1990; Billingsley and Hecker, 1991) In animal models, P. galli11acc11n1 ookinctcs 0-

1 o hr old (i.e zygote 10 ookincte transition) \tverc sho,vn to be susceptible to 

mosquito enzymes in double feeding experiments (Gw, 1977) and /11 l'ltro damage 

was observed to cultured ookinctcs by protcino.scs from An. ocgyp11 (Ga.ss and 

y catcs, I 979) Ho,vcvcr, the finding of Shah11budd1n et al ( I 993) using the same 

parasire/vcctor system suggest that the parasite secretes on in11cti\·e or panially active 

chitinasc that is activated by n mosquito- produced scrinc protease. In a «:ecnt study. 

Chcgc et o.J ( I 996) further CXllll\incd the effect or digestive enzymes on the ktnctics 

of I'. Ja/clparum ookinetc development and oocysl infection rates in Au. alh1,11a1111s, 

An. frccbor111 and An. gan,btoc. Their data indicated that proteolytic enzymes alone 

do not limit the early stagcs of sporogonic dcvclopmcnl in these vector species of 

A11ophclc.r Studies involving vertebrate host fat1ors are limited 
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1.9 Effects or drugs on gametocyte infectiousness to mosquito 

Sub-therapeutic doses of antimalarial drugs have been reported to enhance 

infectivity of Plasmod,um species to their vectors (Shute and l\1aryon, 1954) 

Additionally, numerous compounds including chloroquine (\VUkinson ,, al, 1976), 

trimethroprim-sulpharnethox.azole (TS), (\Vilkinson ,1 al , 1973), pyrimethamine 

(Shute & Maryon, 1951), pyrimethaminc-sulfudoxinc (Caner & Groves, 1988) and 

bercnil (Ono et al , 1993) have been suggested 10 induce gametocyte formation. In 

some studies, lack of inOucncc of chloroquine (Jclfcry c1 al. 1956, Smalley. 1977, 

Chutmongkonl.."Ul et al., 1992, Hogh cl al , 1995) and PS (Hogh et al , 1995) on 

ga.mctocyte infcctivi1y ,vas observed TI has been dcmons1n11ed that pyrimclhamine­

and halofan1rine-1rea1cd gamctocytes of P. Jalc1pan1n1 ore more infective 10 A11. 

Jtephc,,sl mosquitoes than untreated controls (Chutmongkonl"Ul et al , 1992) Other 

studies examined the effects of some schizontocidal agents on the sporogonic cycle 

of P. falclpan1111 and P. berghe, in anophcline mosquitoes (Coleman et al • 1988, Do 

Rosario c1 al., 1988) These studies found that chloroquine. when fed during late 

sporogony (10-12 days post-infection), may increase the vcc1orial apacily of some 

mosquito species. 

The etTcc1s of chloroquine on the infcctivity of chloroquine-sensitive nnd -

resistant populations of P. J'CX!III 111ger1e11,fl:r 10 A11 . .s1epht:1isl mosquitoes sho,�cd nn 

enhancement of infcctivity in sensitive strains but no effect ,,,as detected in resistant 

clones and sublincs (lchimori et al , I 990). Chloroquine use Md the subsequent 

development of resistance over the past years is associated ,vith an increasing human 

malaria infcctiousncss (Lines et al • 1991) ,vhich may be indirect effects of 

porasitaemia on the host Pyrimethaminc but not chloroquine or hnlofantrinc sho,vcd 

sporontocidal ac1ivi1y "hen evaluated by administrauon ,vith infected blood mcnl 10

An. stephem, mosquitoes (Chutmongkonkul el al • 1992) A1ovaquonc (566C80) 

was noted 10 have inh1bi1ory activilies against ookinc1e, ooeysts and sporozoiles of 

Plasmod/11111 her-gl1e1 in An flt:phc1irf (Fo,vlcr et al. 1994, 1995) 

The reduction or oocyst burden in mosquito and pQtcntlal to deqwc the ra1e 

or transmission of rt!i$tant parasites have been reported ,vith combination 

anumalarial drugs, for c-<amplc, in chloroquin1>11rtcsuna1c (CQ-AS) treated parasite 
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(lullett Cl al • 2004, Drakeley el al , 2004, Sutherland Cl al. 2003). Thus. 

comb1nation therapy may prevent the cransmi.s.sion advantage enjoyed by drug­

resistant parasites during gamctocytes infectiousness and development in 

mosquitoes 

1.10 �torphological studies on gamctocytc scx determination 

In order to be transmitted by their mosquito vector, malo.rio parasites undergo 

sexual reproduction. which occurs between specialized male and fc:mnle parasiles 

(gametes) within the blood meal in the mosquito. Until recently. little "-as kno\l/11 

about how Plnsmodium determines the sex of its gametocytcs (gamete precurwrs). 

which arc produced in the vertebrate hosL Reeently. erythropoietin. the vertebrate 

honnonc controlling erytbropoicsis in response to anaemia, \\'llS implicated in 

Plasmodium sex determination in animal models of malaria (Paul et al, 2000). The 

sex ratio of malaria parasites may become progressively more male ns conditions that 

allo\v motility and subsequent fertilization by the male parasites become adverse in 

animal models (Paul et al.. 2002) and in human host following treatment (So\vunmi 

and Fatcyc, 2003 c) Natural and artificial induction of crythropoicsis in vertebrate 

hosts provokes a shif\ toward male panJJitc production This change in panuile SC.'( 

ratio of\en lead to rcproductivo success in the parasite, suggesting that sex 

detenninauon is adaptive and could be regulated by the hcnn\llologic state of the 

host (Paul et al , 2000) 

H.igh lcvds of gomctocytaemin (Tchuinkam et al • 1993) and n mnlc biased 

sex ratio (Robert c1 al . 199Gb) may 1ncrcasc the infectivity or gnn,ctocytcs 10 the 

mosquito fccdiog on humans, \\lhile the effects of some antimalarial drugs on the 

levels of gamctocytacmia following treatment nrc known (Robert cl al , 2000, 

SO\\'Unmi and Fateye, 2003 a, b), there is linlc or no information on the temporal 

changes 10 sex ratio of I'. /alclparorn follo\ving treatment ,vith antimalarial drugs in 

children. the group most at risk for mruaris in endemic nrCAS The ctree1iV1:ncss of an 

anlimalarial drug to contribute to mala.ria control can be measured, in addition to 

rapidly clearing parasitacmi.11 Md other symptoms of infections. by production of 

tcrnporal changes in sex ratios that will reduce gametocytc infcctivity to mosquitoes 
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1.1 l Gamctocytc su ratio determination 

Carter and Graves (1988) and Robert et al {1996b) descnoed the microscopic 

detcnnination of gametocytes sexes Under the microscope. the male gametes 

(microgametocytcs) arc smaller than females (macrogametocytcs). the nucleus is 

larger in the males than the females. the cods of the cells are rounded in males and 

a.ngular in females, ,vith Giemsa the cytoplasm stains pale purple in males and deep 

blue in females, and the granules of malaria pigment arc centrally located in females 

and more widely scattered in male The sex ratio is defined as the proportion of 

peripheral gamctocytcs that are males (Pickering et al., 2000, \Vest et al. 2001; 

Sowunmi and Fatcyc, 2003 c). 

Gametocytc sex is not determined by segregation of Se-< detcnnining genes or 

chromosomes because malaria pal"85ite is haploid in the venebrate host and a single 

clone can produce both male and female gametocyte (Caner and Graves, I 988) 

Thus an adaptive signiliClltlcc of gamctocyte SC.'< ratio c,osts in pruasitc uansmission 

The malarin pnrasite reproductive success is constrained by the effect of  immune 

system of the host directly on the process of fcrtili.mtion (Pou! et al., 2000). 

Therefore, parasites maintain their transmission success during course of Ill\ infection 

by c11hcr increasing overall gan,ctocytacmia as pamsitacmia rises or adjust the 

gnmetocyte sex ratio in response to the changing host environment (Paul et 111 . 

2000) This adaptive trnnsmission capocily provides insight to the mcch11nism of sc.,c 

detenninntion in mnlano para.site 

Several concepts have been developed in the c!Toru to c.,cplain gamctocytc 

sex ratios dynamics in malaria (West et al , 200 I) Natural selections often favour 

gene, that mo.'timizc their trnnsmission to the next gcocration- survivul of the fittest 

A close examination of sex determination in Plasmodium and se,c ratios changes arc 

CTUc:il.l to our understanding of the U'1ll\SDUSSion suc:cess, disease epidemiology and 

evolu1ion, for cicamplc, of resistant Infections 111e OCQJm:ncc and rate of inbreeding 

and outcrouing contribute to SC)( allocation and dynamics of unbeatoblc sex ratio, the 

sex ratio that maximiJ.C succcssrul tronmuSSJon (Read et al , 1992. Nee et al , 2002, 

\Vest et al , 2002) 1 lowcvcr, little i, ltnown of the dil'0Cl clfccis or contribu1ions of 
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host and antimalarial drugs factors 10 altering the dynamics of sex allocation and 

transmission success that may result due Lo gametocyte sex ratio changes

1.12 Effects of chemotherapy on g1unetoeytc sex ratio 

There have been very fC\v studies on the effects of malaria chemotherapy oo 
gamctocyte sex ratio in man or ,,, v1vo in animals So"'unmi and Fateyc (2003 c) 

showed that pyrimcthaminc-sulfadoxi.oc trcaLmcnt of acute Falciparum malaria in 
children enhanced gametocyte maleness I lo\vcver, these authors (SO\\'Ul\JTU and 

Fateye, 2003 d) also showed that chloroquine treatment of chloroquine scnsiti\'e 

infections in children produced little or no elfcct on gametocyte sex ratio. Talman et 

Ill , (2004 a) demonstrated that following treatment of P. /alc1pan1m malaria in 

human and treatment of P. vinckei pe11er1 in C.'{perimcnlal animals \vith chloroquine

and pyrimethaminc-sulfado"tinc. the sex ratio of the gametocytcs did not become 
male biased These dilfcrcnccs in the findings by Sowunmi and Fateye (2003 c, d) 

and Talman et al (2004 a). suggest that more studies arc urgently needed to evaluate 

the effects of ontimahuial drugs on gamctoeytc SCl( ratio 

1.13 llcccot advances in estimation ofgamctocylacmia 

For mony years, presence ond estim11tion or quantification of gametoeytes in 

pcriphero.l blood have been done by microscopy Gametocyte detection by 

microscopy is laborious Recently. it hos bci:n sho\vn that submicroscopic 
ga.mc1ocyt11eru is common in children in areas of high and lo\v transmission in 
Africa using molccul4r gamctocytc detection technique, the rC31-tunc nucleic ocid 

sequence-based amplilicauon, (QT-NASBA) (Bousemo et al. 2006; Shekalaghe et 

al , 2007) T11e technique is based on the amplification of g111ne1oeytc specific 
lllCS5Cl18tr n'bonuclcic ocid (Pfs25 mRNA) Tlte lo\vcr limit of scnsiuvity of this 

method for the quantification of I'. folclpan1m gametocytaemia is 20- 100 per 

milhhter of blood Using this method, it has been sho\vn that follo\ving ucatment of 

acute infections \vilh mono and combinotion 1hcrnp1cs, submicroscopic 

gamctocytacmin is common and can be infcctiouJ to mosquitoes (Douseno et al , 

2006) 
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1.14 Areas where studies an lacking and addi1ionaJ lmowltdge is required 

Although gametocyte carnage bas long been documented in 1geriao 

children with acu1e falciparum infections, (Brucc-Cbwau, 1951) and contn'butioo of 

drug resistance of P. fa/ciparon, to increasing the prevalence and inlensities of 

gametocytaemia have been documented (Sowunmi and Fa1eye., 2003 a, b, c.), !here is 

deanh of information on gametocyte carriage in Nigerian children, the host factors 

that support gametocyte carriage and transmission, and role of seasonality of 

tnfection on gametocyte generation and carriage In addition. the effects, follo,ving 

treatment, of  mono and combination drug therapies on carnage, intensity and sex 

ratio dynamics that contnoute to continuing transmission arc unkno,vn Certain 

compounds have been used to reverse chloroquine resistance 111 w1-o in children ,vith 

acute malaria infections in Nigeria (Sowunmi et al., 1997) and 10 chcmosensitizc P.

falc1por11n1 to PS 111 vitro (Nzila et al , 2003), li1llc i s  known of the potcn1ial effects 

of these compounds on gamctocytc generation and contnoution to transmission 

success of P. folc1par11n1, should field and clinical cvalualion of their use be favoured 

by health policy in 1ho near fu1urc 

Aim1 or the present Study 

From 1he foregoing. it is dear that an cssentilll component for successf\11 

con1rol of mill aria is undcrs1onding of the dynllmic.s of gamctocytacmi&. a measure of 

llll.n.Saussibility of P. falclpan1111, and the influence of currently avniloble 

ontimalonals includmg polcnlially used combiru11ion adjuncts on mllllllia 

1111.nsmissibility In addition, there is a need for sys1en101ic study of the epidemiology 

of gamctocytc carriage and the innucncc of on1im11l11rilll drugs on game1ocyte 

dynamics and S4mctocytc sex ratio 

h is for these reasons that the studies reported 1n this dissenotion \\Crc carried out 

The objccti"e.s of the studies reported in 1h1J disscnation \\'ere· 

I To dctc:nninc the risk ractors for gomctocytc c:.imagc in Nigerian children 

,vilh eculc uncomplicated l'/asn1od111n1fnlc1pan,ru malaria 

2 To evaluate lhe effects or scuon on gamctocyte carriage nnd response 10 

1henlpy in ohildrco during acute Plas,nothum falapan1m malaria 
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3 To evaluate the rclalionship bctwccn bypcrpara.sitacmia and gamct<>C}'1e 

carnage in cluldrcn 

4 To compare the response to treatment ,\lith chloroquine in children who had 

with those who did not have gametocytcs and assess the relationship between 

chloroquine blood IC'tlcls and gametocyte carriage. 

5 To assess the safety, 1.reaunent efficacy, and effects on gametocyte carriage 

of adding probenecid.. a chemosensitiz.er of P. f a/c1par11m to pyrimethamine-­

sulphadoxinc. to pyrimcthaminc sulfadoxinc. 

6 To compare the effects of probencc:id when added to PS and PS alone on 

gamctocyte carriage, gamctocytaemia and gamctocytc sex ratios in children 

,\lith acute uncomplicated falciparum malaria 

7 To evaluate the effects of pyrimcthamine-sulfadoxinc, chloroquine plus 

chlorpheniraminc and amodioquine plus pyrimcthaminc-sulfadoxine on 

gamctocytc production in children with acute, symptomatic, uncomplicated 

falcipa.rum malaria 

8 To compare the effects of 1rimcthoprim-sulfamethoxuolc and 

pyrimcthaminc-sulfodoxinc on prevalence and intensity of gametocytaeinia 

and gamctocytc sex ratios in children with acute, symptoma1io. 

uncomplica1cd fnlciparum malaria 
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C/raptu 2 

General 1\la/rodology 
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CDAPTER2 

Gcnernl l\1e1hodology 

rnticnlS 

Paticnls included in the study of risk factors for game1ocy1e carriage were 

children with acute, uncomplicated, fnlciparum malaria and \Vere aged less 1han 12 

years. Those enrolled in the study of the relationship bet\veen hyperparasi1aemia and 

gametocytc carriage were aged 12 y= or belo\v Childrm included io the study of 

effects of sea.son on P. falc,parum malaria and gumetocyte carriage \Vcte children 

\vith febrile illness suspected to be malaria who \,;ere aged 15 years or less Children 

aged 0.5-12 years suffering from acu1e falciparum malaria \Vere included in s1udics 

of effects of drugs on P. falc1pon1m gametocytacmi11 in children; 1111d in the safety. 

treatn1cnt efficacy, and effects on gan1etocyte carriage and gamctocytc Sc."< mtios of 

adding probenecid, a chcmoscnsitiz.cr of I'. fa/c1parum to pyrimetharnine­

sulfadoxine Undcr-i\vclvc-ycar olds wilh 11cutc, symptom1111c, uncomplicated, 

falciparum m11larin \Vere included ,n the s1udics of the effects of pyrimcthaminc­

sulfodoxinc, chloroquine plus c:hlorphcnir11n1inc, nmodinquinc plus pyrimcthaminc­

sulfadoKU1c, on game1ocy1c production 11nd the effects of 1rimcthopri.m­

$Ulfnmcthoxazole (TS) and pyrimcthaminc sulfadoxinc on prevnlcncc and in1ensity 

o f  gamctocyt11cmia Gnd gamctocytc sex ratios Patien1s included in the evalu11tion of 

1hc rctauonslup between chloroquine levels 11nd gan1ctocytc C4rriogc ,vcrc children 

aged 3-15 years \vith acu1e fnlciparum malari11 

l\1cthods or study 

The methods of study, including the sclcclion criteria arc suited in the 1ndividu11' 

study The sampling times, appropriate biochemical 1cs1s and follo,v up of patients 

arc also 111dic:a1ed in the indiV1dual study 
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Drog lrllllm�111 

Children enrolled in the studies were treated with chloroquine (CQ}, amodiaquine 

(AQ), pyrimethamine sulfadoxine (PS), chloroquine plus chlorpbeniramine (CQCP), 

chloroqwne plus pyrimethamine sulfadoxine (CQPS), amodiaquinc plus 

pyrimethamine sulfadoxine (AQPS), Probcnecid plus pyrimethamine sulfadoxine 

(PPS) The dosing regimens are indicated in the individual study as appropriate. 

Q11011tifico1to11 of asen,al oJld sar,ol paras1taem1a will dctem1111D1to11 of gan1etocyre 

sex and sex ratio 

NI blood films for examination or malaria pnrasitc densities ,vcrc stained with 

Gicmsa Parusitcs ,vcrc counted against white cells in thick films under nn oil 

immersion objective Five hundred a.sexual forms of P. falc1pan1n1 or the number or 

such parasites corresponding 10 I 000 ,vhitc cells were counted, ,vhichcver occurred 

lirst. From this figure. parusite density was calculated from the kno,vn white blood 

cell count or by assuming o white cell count of 6000 /µI i f  lhe actunl whtte blood cell 

count ,vns unkno,vn 

G11mctoeyt4entio was quantified using the Gicmsa sra.incd thicl.. blood smears 

Levels or gamctocytaentia (sc.wal forms/ µI} were estimated by counung 

garnetocytes against I 000 leucocyte.\ and assuming each p111ien1 had 6000 

lcucocytcs/µI blood If the level or gamctocy1acntia ,vo.s 111 lca.st 10 sexual formslµI, 

the gamctocytes ,vcre sexed on the basis that males (microgamctocytcs) arc smaller 

than females (1TU1c(ogarnctocytes), the nuclcw is larger 1n the !Tllllcs thnn the females, 

the ends of the cells a.re rounded in males ond angular in females, ,vith Gicn1sa the 

cytoplasm stains pale purple in males and deep blue in females. and the granules of 

m.alana pigment arc centrally located in females and more ,vidcly sca11ered in n1ales 

(Caner and Groves, 1988, Robcn et al , 1996b). Gamctocy,e sex niLio ,vns defined 

as 1hc proponion or gametocy,e.s in peripheral blood Lhat 1\erc mlcrogamctocytes 

(Pickering et al , 2000) A minimum of 200 fields \\'8.S coun1cd before declaring any 

slide ncgauvc 
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D1sposiflon laMtu:.s of gametocytaem,a 

Gametocyte kinetic parameters were estimated from the levels of micro- and maero­

gametocytaemia by a non-compartmental method, using the computer programme 

Turbo Ken (Clinical Pharmacology Group, University of Southampton, U.K.., 

through the courtesy of Professor AG. Renwick), generally as previously described 

(Sowunmi and Fateyc, 2003 b). The time taken 10 anain a sex ratio of I (SRI) ,,-as

defined as the time elapsing from drug treatment until this ratio was achieved and 

was calculated for each patien� from a plot of sex ratio vs time, by computer 

extrapol�1ion The data from the patients ,vho did not have at least three cstim111es of  

gametocyte sex ratios were excluded from the estimation or SRI and the exploration 

of the disposition kinetics of  gametocytacmia After determining SRI, the absolute 

counts of micro- and macro-game10cytaemia were log-transformed for each patient 

nnd plotted against time The follo,ving pBJUmctcrs \\Crc noted or determined (I) 

time 10 anain SR I (ts,u), (2) area under the curve of the plot of micro- or macro­

grunctocytacmia ,,. time, from ts,u to day 14 (AUC�1u.1•). (3) the half-lives (t1n) of

the micro- and macro-gamet0cytncmi11, calculated from lsa1, and (4) the volun,e of 

blood completely cleared of micro- and macro-gnn1c10cytacmio from tu 1. defined as 

(the level of micro- and macro-gamctocytacn,ia at ls.111/AUCs1u,1• Since it ,vas 

difficult 10 determine tho time that gamctocyte recruitment stopped in the paticn� the 

levels of micro- and macro-gamctocytacmia at I\RI ,vcrc assumed to be the levels 

,vhen recruitment stopped 

Ha11dll11g of sm11ples 

Blood for haematological and biochemical tests \\Cre collected in appropriate sample 

bottles and were processed according to individual spccilications In general, blood 

Wl!.S collected in hcpnriniu:d bo11les Mel immcdi11tcly processed as required for the 

tests Venous blood (S ml) ,vu obtained for drug level determination before 

uc:atmcnt (day 0), on the eighth day follO\Vlng 1nitiot1on of treatment (doy 7) and on 

the day of failure or recrudcsccnc:c or paras11aemia Blood samples for drug level 

cstunatton in plunl4 end red blood cells were collected into hcparinit.cd bo1tlcs 11nd 
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centrifuged nnmedlatcly at 2000 x g. The plasma sample was separated and both 

samples WCY"e stored frozen at -20°C until analysis Blood was also collected into 

heparintzed bottles from healthy volunteers for the chloroquine calibration curves 

and we1e processed 1n the same ways as samples collected from patients 

Chloroqu111c assay 

Red blood cell and plasma chloroquine concentration levels \YCTC estimated in 

12 and l O children with resistance and sensitive response, rcspcctiYely. Chloroquine 

was assayed in plasma and red blood cell by high perfomancc liquid chromatography 

(HrLC) v.ith ultraviolet (UV) detection. using a modified method previously used 

for the estimation of quinine (Babalola et al., 1993) Plasma ( I ml) and the internal 

standard 10µ1 of papaverine (Sµg/ml) were alkaliniicd v.-ith 1ml of 2 A/ NaOH and 

whirl mhccd for I minute The mixture was extracted \vith 2ml diethyl ether and 

vortcxed for I minute. The organic layer was separated following centrifugation at 

1200 rcYolution per minute (rpm) for ten minutes 100µ1 ofO I N tlCI ,vas added to 

2ml or the orgllllic lnycr Md the mixture vortcxcd for I minute and centrifuged 111 

1200 rpm The ether upper h1ycr \VOS removed and 20 µI of chloroquine c.,'1rnct 

injected into the HPLC (Bcckmllll Gold, Model 127, Switzerland with computerized 

recorder). The mobile phase \VOS a buffer consisting of O 2 lvl sodium dihydrogen 

phosphate. methanol and acetonilrile at a mtio or 6S 30 S, ,vi1h I nil perchloric acid 

/100 ml or solution at pi I or 3 7 The mobile phase \\'115 degassed in o sonicotor just 

before use and pumped through the column ot o now rate of I ml/min The column 

contained a Bondopak C18 (3.9 x 300mm) The UV detector \VOS set ot 254nm The 

tha\Ycd red blood cell, alrcody lyscd by the storage cond11ion, \YIIS processed in the 

same \YllY as the plnsma. A typical chromatogram is sho1vn in Figure 2 I 

Ca/lb,011011 cun-c of ch/oroq11111c "' plasma and red hlaotl cell hy HPLC method 

Calibration curves bnscd on peak area ratios (Orug/ Internal s111ndord) 1vere 

obtained by spiking drug-free SAmplcs \vith standard conccntn1t1ons or chloroquine 

One millilitre or red blood cell or plosmo c.1ch taken 1n extraction tubes \\'ere sptl.cd 

"-lth chloroquine to ghe a concentration range or SO - IOOOng/ml and \,;ith 10µ.l or 

SµHfml papaverine soluuon u tlie 1ntcmlll aundonl 1ml or2At NaOII solution ,vu 
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added followed by 2ml of diethyl ether The cube was whiri-mixed for I min and 

1hen centrifuged for I Omin at 2000 rpm. The elher layer was uans:ferred in10 a 

Ulpeted lllbe and IOOµJ of O IN HCI added before whirl mixing for another 2min_ 

This was centrifuged for a further IOmin The elher layer \YaS d'tscarded and 10µ1 of 

the aqueous phase was injected into lhe HPLC 

Data a11alys1s 

Data were analysed using version 6 of the Epi-lnfo sol\\vare (Anon.., 1994). 

Graph Pad Prizm sol\\vure package version 3 0 (GrapbPad. 1999) and the S1a1istical 

program SPSS for Windows version 10.01 (SPSS. 1999) Variables considered in 

the analysis were related to 1he densities of P. fa/c1pan1m grunetOC)1es and 

tropho1oi1es Proponions \Vere compared by calculating x2 \,ith Yates' correction or 

by Fisher exact or by Mantel Hacnsul tesu Normally distributed, continuous data 

\Vere compared by Student's 1-1ests and analysis of vanancc (ANOVA) 03ta not 

conforming to a normal distribution \Vere compared by the l'-1ann-\Vbitncy U-tests 

and the Kn1skal-\V11llis tests (or by Wilcoxon ranked sum test) All tests of 

significance. except where spccilically indicated, were !\VO-tailed K11plan-t,,1cier 

annlysis \VUS used to estimate the cumulative probability of l'Cmlllning free of 

gametocytes during follo\v-up for 1111 cases of  malllria combined and for those cases 

that \vcre free of gametocytnemia at enrolment Differences 1n survival 1in1e \\Crc 

n�ed by inspection of Kaplan-t,,lcier curves and pair \visc log-rank tests t,,·lultiple 

logistic regression models \Vere used to test the ll$$0Cialioru bcl\vccn pnnuitc, host 

factors and drug treatment, nod the risks of g11mctoeytc caningc Jn drug trc:itment 

groups. post boc comparisons ,vcrc done using Tukcy honestly signilican1 difference_ 

P-value.s of  � 0 05 \YCtc taken to indicate signilicant dilTcrcnecs T11c values

presented arc generally means and standard deviations (sd) or standard error (sc) 

E1l11cal cl1turance 

Ethic.I clearance for all the studies \VBS obtained from the Joint University of 

fbad4n/ University College I lospi14l, lbad1111 ethics review committee, nnd the Ethics 

Committee of  the M1nisuy of Health, lbadan 
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Section I 

Epide111iology of I'. falciparu111 gametocytae111ia 
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CT,npruJ 

Risk ft1ctors for gn,nctoc,·re cnrringe in 

11ni:ttn111licotc,lf11/ci11nn1n1 111uluri11 (n children 
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CIIAPTER3 

Risk factors for gometocyte CArriage in uncomplicated falciparuru malaria in 

children 

lntroduction 

The 1ransmission or P/am,odium falcipannn from humans to mosquitoes can 

only occur through the gamctocytc. it.s sexual stage that develops from proliferating 

asexual parasi1c Gametocytcs, in tum, arc essential for the infeclion of ne,v hosts by 

the mosquito (Sinden et al .• 1978, Carter and Graves, 1988) Although the 

mechanisms or the switch from =nl 10 se.,rual stage and its modulation are 

complex and incompletely understood (Caner and Miller, 1979, Mons, 1985), the 

process. and the infcctivity of the gnmctocytes arising from 1hc s,vicch may be 

influenced by antimnlarial drugs (\Vllkinson Cl al , 1976; Oucc:hcr, 1997, Duckling et 

al , 1999). 

In sub Saharan Africa. increasing drug resistance in P. falc1pan1m has led to 

increases in mnlaria rcl11tcd morbidity and monality (Trape et al , 1998, Trapc, 2001) 

and is though! 10 be DSSoci11ted \vich increases in g11mc1ocyte carriage and gamc1ocytc 

1nfcctivily 10 mosquitoes (Robert cc al , 19960. 2000, l logh cl nl., I 998) In \Vcs1 

African children. prctrca1mcn1 gamctocytc carriage 1n those ,vi1h acu1c falciparum 

infcctioM may reach 14-1.,./o (von Scidlcin et al , 200 I, Sow·unmi and Fateyc 2003 

b). and children, in general, arc chought to constiluce II signlfieonl reservoir of 

infection in wb-Saharan Africa (Githcko et n l  , 1992, Bonnet et al., 2003) A recenc 

scudy from The G1Ullbi11 (von Scidlcin et al , 200 I), an area of lesser intensity of 

malaria transmission than Nigeria (Sa.lako Cl al • 1990), ha.s sho,vn 1h01 anaemia. 

absence of fever and panuitacmio lcs, thon 100,000 a.sc.,rual forms per µL were 

1ndcpcndcnt ri!k factors for gnmctocyte carriage 11 presentation in Gambum children 
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ln addition, treatment with pyrimethamu»sidfadoxine (PS) alone \\'8.5 associated 

with inaeascd risk of gametocyte carriage seven days after treatment compared to 

chloroquine (CQ) or anemisinin-based combination therapy It is unclear whether 

these factors, alone or in addition to others, arc associated with gametocyte carriage 

in Nigerian children 

Although with increasing antimalarial drug resistance (Falade et al , 1997, 

Sowuruni et al , 1998 a, b, Sowunmi, 2002) there has been associated increases in 

gamctocytc carriage in Nigerian children (So,vuruni and Fateye., 2003 b), there is 

Lillie information on the risk factors associated ,...,jth gametocyte carriage pre- or post­

treatment in Nigerian children. Such information is necessary as it may po1cnti11lly 

harness the efforts aimed at the management and control of drug resistance in the 

community In the present study the factors that influence the production of 

gomctocytcs \\'ere cvnlu11tcd, in children presenting ,\!ith acute., S)mptomatic, 

uncomplicated, P. falc1pan1m malaria in a hypercndemic area of malaria in 

southwcst Nigc.ri11. The main aims ,vere 10 define the host, parasite and drug factors 

that contnbute 10 gamctocyte production and carriage 
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Patients and methods 

Pa11e11ts 

The srudy took place between July 1996 and December 2002 in patients 

presenting at the University College 1 lospital in lba.dan, a hypc:.rcndcmic area for 

malaria in south\VCStem Nigeria (Salako et al. 1990) Ethical clearance \\-US provided 

by the local ethics committee. During the period., a series of antimalarial drug 

studies were conducted to evaluate the efficacy and safety of different treatment 

regimens Srudics on CQ were done during the entire six years period, those of 

chloroquine plus chlorpheniramine (CQ-CP) in the first three years, those of PS in 

the first two years tllld the Inst 2 ycnrs, those of nmodiaquine (;\Q) alone in the last 

three years, and those of combination antirrutlari.als in the last two years. Ho,vever, 

there \YU considerable degree of overlap in the study periods. Details of the studies 

have been described before (Sowuruni et al. 1998 a. b, c; Sowuruni 200� 2003; 

Sowuruni lllld Fatcye 2003 b). Bricfiy, children with symptoms compntiblc \\ith 

acute falciparum malaria ,vho fulfilled the following criteria ,,.ere enlisted in the 

study age belo,v 120 months, pure P. fa/clpon1"' parasitacmia greater than 2000 

asc.wal forms/µ! blood, negative urine tests for antimalarial drugs (Oill-Gluko and 

lignin tests), absence of concomi111nt illness, no evidence of severe llllllariD (\VI 10, 

2000) and ,vriuen infom1ed consent given by parents or guardians Af\cr enrolment 

and stan of treatment (day 0), follow-up ,vith clinical and pamsi1ological cvuluntion 

,vas at days 1-7, i\Dd then on doys 14, nod ,vhcn necessary, on dnys 21 nnd 28, for 

c.,cnmplc, in patients ,vho received PS combined ,vith CQ (CQPS) or AQ (AQPS) 

Clinical evaluation consisted of  II general clinical examination including 

measurement of weight. core temperature lllld physical elUllJlination. 

Assessment of poras11aem1a 

Thick and thin blood lilms prcpllfcd from a finger prick ,vcrc Giemsa-stained 

and were c:.'(8m1ncd by light microscopy under an oil-immersion objective, nl '( 1000 

magnifiCIUion, by two 1rulcpcndcn1 nssessnrs Parnsi111cmia in thick lilms \\'BS 

csumated by counting uCXUl1l parasites rcln1ive 10 1000 leulcocytcs, or SOO asexual 

forms, whichC\CT occurred first From tlus figure, the parnsi1e density ,vu.s calculated 

uswn1ng a leukocyte count of6000/µL of blood Gamctocytcs were also counted in 

thick blood films against 1000 leukocytes assuming an average lculcocytc count of 
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6000/µL of blood (Shaper and Lewis, 1971. Ezcilo, 1971. Sov."Unmi et al .• 1995) 

Haematocrit was done at enTolment in 124 of the patients treated v.ith CQPS or 

AQPS in order to evaluate the safety of combination antimalarial ther11py 

E1YJl11a1,011 of response 10 drog 1reo1me11t 

Response to drug treatment was assessed using \Vorld Health Organization 

(\VHO} criteria (\VHO, 1973) as follows. S = sensitive, clearance of parasitaernia 

without nx:urrcncc; ru (mild resistance) .. parusitocmin disappears but reappears 

within 7 to 14 days. RU (modenite resistance) • de.crease of parasitaemia but no 

complete clearance from peripheral blood, RUI (severe resistance)"" no pronounced 

decrease or increase in para.sitaemia ot 48 hours after treatment In those \\<ith 

sensitive or Rl response. parasite clcarunce time (PCT) was defined as the time 

elapsing from drug administration until there \YaS no patent parasitaemia for at least 

72 h. Asexual parasite reduction ratio (PRR] (\Vhite, 1997) ,vas defined as the ratio 

of day 0/day 2 parasitacmia, 

Stafl:.flcal m10/ys1s 

Data \Vere analysed using version 6 of the Epi-lnfo sofi\\'ure (Anon., 1994), 

and the S1atistical program SPSS for \l,'indo1,,s version I 0.01 (SPSS, I 999} 

Proportions were compared by calculating x2 \vith Yates' correction Normally 

distributed, continuous data \\/Cre compared by Student's I-tests and analysis of 

variance (ANOVA} In the drug treatment groups posthoe compnrisons \Vere done 

using Tukey honestly significant difference (Tukey HSD} Data not conforming to a 

norrnal distribution were compared by the r,.tann-\Vhilncy U-tCSI and the Kruskal­

Wallis test (or by \Vilco,con rank sum test) A multiple logistic regression model \Y&S

used 10 test the association between g11mctocytoemio (yes or no al prescn11111on or 

dunng follow up) and factors that \YCre significant al univari111e analysis· mlllc 

gender, presence of fever, duration of illness before ptesentation, MC.�DI 

porasitacroia at procnuuion, drug treatment, and recrudescence or asexual parasites 

within fourteen days or initiating lrcalmcnt Dccousc the study was conducted over o 
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period of 6 years, time in years since the commcncc:mcnt of trials v.'llS mcludcd as a 

covariate in the model for prctrcalmcnt gamctocytacmia. The values presented 

below arc generally means and standard deviations (sd) or standard error (sc) or 

median with interquartile range [IQR]. P-valucs of< 0.0S were taken to indicate 

significant dilTcrcnccs, 
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Results 

Palen\ gametocyt.aem.ia (geometric mean 26, range 6 - 1344/µ.L) ,vas prescot 

m 115 ( 15%) of Lhe 767 children at enrolment 

Ri�kfactorsfor gamefocyte carriage at e11rolme11t. 

The responses of  the asexual parasitaemia to drug treatment aod gametocyte 

carriage during and/ or nftcr trca1men1 a.re shown in Table 3 I PRR in children 

treated with AQPS or CQPS was significantly higher than all olher trcalmcnl groups 

(P < O 001) ,Yi1h the exception of the AQ and PS groups. which. compared to CQPS, 

did not differ significantly (P • 0.099 aod 0.30 respectively, Tukey HSD). PCT ,vas 

significantly shorter in those treated ,Yith AQPS and CQPS compared to other 

trealment groups (P < 0.001) except AQ (P • 0.052 and 0.25, respectively, Tukey 

HSD). PCT was nlso significantly shoncr in those trca1ed ,\.'ith AQ compared 10 CQ 

(P ... 0.019, Tukcy HSD) Factors associ111cd ,Yith gametocytocmia at enrolment arc 

presented in Table 3.2 Mnle gender, absence of  fever, duration of illness> 3 d, and 

asexual pnrasile densities less than 5000/µ.L ,vcrc rclo1cd to lhc presence of 

gametocyt.aem1a at cnrolmcnl Neither nge nor pocked cell volume at presentation 

,vas an independent risk factor for gametocytc carriage (Table 3.2) 

Rlskfoctorsfor gamctocytc carnage d11n11gfnl/ow 11p 

During follo,v-up, 15.6% of all patients (i c 120 patients) developed patent 

gametocytocmia, ,vhich in 85% (102 patients) hlld developed by dl\y 7 foUo,ving 

treatment GllJ1lelocytc densities nt enrolment ,vcre similar in nll treatment groups, 

were significantly higher on day 14 in 1hosc trca1cd ,Yith PS, and a signilicantly 

higher proponion of children trealcd ,Yith PS carried gnmctocytcs throughout the 

duration of lhe study (Table 3 3) In the cohort of children in ,vhom game1ocy,es 

\\ere not detected 1U enrolmcnL, 36 of259 (13 9"/o) children treated ,Yith CQ, 9 of82 

(11 %) tru1ed with CQCP. 3 of 93 (3 2%) treated wilh AQ, I of 64 ( I 6�{.) treated 

with CQPS, 3 of64 (4.'79/4) children lrC4lcd with AQPS, and 50 of 90 (SS 6%) 
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T.\OL£ J. I Responses of asaual parasi1acm1a and gnmc10C)1e carriage follo,,1ng 1n:a1ment ,\'ith antimalarial drugs 

(Stand:ird doses of drugs ,�ere given 01 prcscn1ation (day O) and asc.:-.ual p11111si1aemia qu11n1ific111ion ,�11s done doily for 8 

d (days 0..7) and then on da} 14 Game1ocy1e carriage was assessed on da}s 0, 7 and 14) 

%. or cb,ldttn "Ith

gamtlOC) 1ci 
at enrolment 
on day 7 
on da) 14 

PRR 

\1cdi.an 
llltcrquanile range 
Range 

PCT(days) 

S (no of patierus) 
RJ 
RD 

Rll1 
Cure n1e (!e) 

CQ 
(n•JIS) 

17 S (n • 56) 

24 8 (n • 7S) 
17 I (n  - 54) 

2 27 

I 42 -3 97 
-0.7- S.11

2 91:09
1-6
19S
87 

IS 
IS 

6 2  9 

CQCP 

(n 104) 

21 I (n"' 22) 
2J I (n • 24) 
106(0• II) 

2 30 
1 73-3,93 
--0 10-S.32 
2 8±08 
1-S

97 
6 
. 

I 
93 2 

AQ 
(n .. 104) 

10 6 (n 11) 
106(0- JI) 
7 7 (o ... 8) 

215 

I 85 - 4 11 
-0 40-5 10
2 6 + 0.8
1-5
102
2

• 

98 I 

PS 
(n • 109) 

174(n 19)
61 5 (n • 67) 
48 6 (n -53) 

3 18 
I 91 4 13 
-021 S6

29:!;I I
1-6
78 
18 
9 
4 
11.S 

CQPS 
(n • 6S) 

I.S (n I)
3 I (n - 2) 
• 

3 94 

-1 0 S.66

2 3±08
1-4
6S 
• 

• 

100 

AQPS 
(n 70) 

8 6 (n • 6) 
10.0 (n 7) 
43 (n 3) 

3 70 

0 72-S 6S 

2 2:t-08 
1-4 
70 
• 

• 

100 

P value 

0.001 
0 001 
0 001 

<O 001• 

0.001 •• 

0 001 

0.00 1 

PRR. pllr.L�lle Rducuoo r.auo: PCT. pu;asilc clc:lr.uJcc tllnc; PS, P)Timcttwnlnc-sulf.ldourr. CQ. chloroquine, CQCP, cl1loroq11inc plus chl0fphcmmn11ne, AQ. 
� CO\l P)Tillldlwru111M1Jl!ado\1nc oomblDCd I\ 11h c.bloroqw.x or amod.t1q\wlc. RJ • p;ins,ixml.a daappc:111 but IClppc::!B "1tlun 7 lo I� d.'I) s. RJI 
• dcac:Ue ol par:uuxmu bul no complete clc:I� from p:nphcral blood. RJfl · PO pronounml dcac:uc or lll(rc:uc In p.1rusl111eml:i 01 48 houn llllcr
tn::11....,.. "i • saisill\" ttsponsc •PRR of AQPS-ud CQPS-tn::llcd clllldtcn """ 11pullctntl) higher 1h.1n In ocbcr trc:itmcnt grllllps c.,cq,t those 1rc11cd \lllh
AQ or PS (oomp:in:d \lltb CQPS. P · 0 09 nnd O JO) 
•• PCT "� 11gnitiC2J1tl) shcr1cr III llloK ltallcd \Ill� AQPS Md CQPS c,ornp;ucd ID other trc1uncn1 groups (P � 0.001) c=Jll AQ (P O 052 ond O 1',
rapc,c:1"-d) PC'T n;u ;iho s,pwlCUlll) Jhor1cr ta lllD5c lrQI.Cd "1th AQ comp;ucd 10 CQ (P • 0 019. Tille) IISO)

31 

-----
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



,\ge (y) 
<S 420 
;!:S 347 
Gender 

male 3S4 
female 413 

P1rasll1en1la 

{/�L) 
<5000 82 
>S000 685 

f'ner• 

Febrile 533 
Afcbrilc 208 

Duration of 
illness 
�3d 575 

>3d 162 
l'CV (•t.) 
<25�� 24 

> is,� 100 

Tt\BLE 3-2. Risk fnctors for P./a/cipor11n1 grune1ocytacmi11 at enrolment 

No of children Crude OR P vlliue Adjusted OR

\vilh gll111Clocyte5 (95% Cl) (95% Cl) 

69 I 
46 0 78 (0 . 52 - I 2) 0.26 

66 I I 
49 0.6 (0 4-0 9) 0.0 I 11 o.ss (0.36 - 0.83) 

21 I I 
9-1 0.46 (0 26 - 0 83) 0.007 0 42 (0 24-0.73) 

73 I I 
42 I 6 (I 06-2 13) 004 11 1.61 (I OS - 2.5) 

76 I I 
39 I 7 ( I I -2 .  7)  0 001

11 I 57 (I 0- 2 4) 

3 I 
10 0 78 (0.52 - 1.2) 0.71 

OR. odds ratio • t \\11h You:'s com:ct10nPCV. p,cL-cd cell ,dumc 
•FC\cr, &'liJ.wy 1cmpcr.itvn: � 37.s'C Cl, coaJidcoce lnlcn-.u 

+ Tll!le \IU lndudcd OJ II a,1,-arute in tbc AIU!)=

32 

P. value

0 005 

0 002 

0.03 

0.047 
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TAOU: J.J. Gan1ctocyte densities at enrolment and rouo,ving treatment "ith various antimalarial drugs 

CQ CQCP AQ PS CQPS0 AQPS 

(n-315) (n • 104) (n = 104) (n • 109) (n .. 65) (n • 70) 
CamtlOC) ta,mJa 

Al tnrolmtnl 
G�iOD (iµL) 25 (n • S6) 24 (n •22) 29(n= ll) 24 (n • 19) l32(n .. l) 40 (n -6) 
Range 6 1344 12-576 12-740 6-444 132 12-288 

On d:iy 7 
G�{OD (/µL) 34 (n • 78) 43 (n = 24) 34(n•ll) 75 (n -67) S4 (n .. 2) 31 (n .. 7) 
Range 6-1476 12-696 12-636 6-3520 24 -120 12-468 
On dn)' 14 
G.\IGD (/µL) 21 (n C 54) 41(0°11) 16(n•8) SO (n • S3) - 19 (n • 3) 
Range 6-144 12- 168 12- 36 6-480 12- 48

Propon:ion ( 0�) or 
cblJdrcn with 6 7 (n:29) 7 7 (n = 8) 3.8 (n • 4) 12.8 (n • 14) • 1 4(n•I) 
gametocytaenul1 on 
da}.'S o. 7 & 14 

O.\lGD. Gcomctnc IJIClll g;uuctoc)tC dallil): PS. pynmct1umJ,Dc-S11l'.OM, CQ. chloroq111nc; 
C'QCP. chl,onJqu10C plus cblorphaumlll.OC. AQ, I.IDOd.lDquioc. 00�1. P)l\lDdh3ml.DMUlf..so'Wlc combined \\ltl1

dlbllqwDC ot omod,;iqutnc 
•CQPS DOI Ull:ludcd in lbc companson due 10 sm;aJI aumbcr

33 

P value 

0.55 

0.054 

0.003 

0.030 
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children treated with PS developed patent gametocyu,cmia within 7 days of 

enrolment. Thus. the proponion of children who developed gamctocytacmia 

following trcauncnt were significantly higher in those treated with PS compared with 

other treatment regimens <1 = 136.9, P .. < 0.001) 

Presence or patent gametocytaemia at enrolment, and recrudescence of 

asexual parasites within 14 d were associated with presence of gamctocytacmia 7 or 

14 days after enrolment (Table 3 4). Delay in the time taken to clear the initial 

pa.rasiUlCITlin was associated with increased risk of subsequent gametocyte carriage. 

but this association was not significant following multivariate analysis (Table 3.4) 

Children treated with AQ, AQPS or CQPS were significant.ly less likely to have 

delayed (> 2 d) parasite clearance compared with those treated ,vith CQ or PS alone 

(t.1- 41 7, degree of freedom (df).., 5, P < O 00 I) 

Presence of gametocytcs on day 7 or 14 was significantly associated ,vith 

treatment outcome by day 14 in children treated ,vith CQ (:i • 18.3. dfffl, P • < 

0001) and CQCP (,r • 10 1, df• 1, P • 0.001). but not PS('{ .. 021, df• 1, P"' 

0.64), and AQ (i: • 0.24, df• 1, P • 0.62) and AQPS or CQPS 1n ,vhich all children

,..,ere clinically cured,
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TABLE 3.4 Risk factors for P.Jafclpan1n1 gamelocytacniin 7 days after treatn1cn1 

Stanu at enrolment Total No of children Crude OR

no \\ith gametOC)1es (95%Cf) 
on dny 7 

Cametocytu 
Present I I 5 86 I 
Absan 652 102 0.06 (0 04--0 09) 

PCT 
�2d 298 61 I 
>2d 469 127 I 4 ( 1.00-2 07) 

Patent a.sexual panu-
iU1c-n1l11 within l-'d11ys 
Present 157 68 I 
Absent 610 121 0 32 (0.22-047) 

Drug t.ttatn1cn1• 

PS 109 67 I 
CQ 315 78 4 8(3 0-7.9) 
CQCP 104 24 5.3 (2 8- 10 I) 
AQ 104 I I 13.S (6 2 -30 2) 

6 14 4 (5 7 -38.0) AQPS 70 
CQPS 6S I 50.2(112-3137} 

P value 

<0.001
°

0.047 D 

<0.001 

I 
<0.001 
<0.001 
<0001 
<0.001 
<0.001 

OR. odds r:lltD. a Confidcooc m1crntl, • i \\1lh Yiuc·, cona:tion. PCT, pru:151tc dcmnClc u� 
PS.  wic, CQ, chloroqUUIC: CQCP. cllloroquu� plm c:hlorpbcnlnuninc. AQ. amoduquinc;
C0\1.. P)TilllClh:wUDMUlfadoffllC combined ",tb chlofOqUine 01' � 

0 .  amlldal0: !Dien.ii 
•Va.lDCSofOR ,,..pic:scrn clunccs of bctng i;:imc1oq1c fn:,c

35 

AdJustcd OR 
(95% Cl) 

I 
0.0-1 (0.02 -0 07) 

I 
1 4(0.9-2 1) 

I 
0 so (0 3 -0 8) 

I 
8 S (4 9-14 6) 
9 4(4S-197) 
17 .4 (7.3 -41.0) 
14. 9 (5.5 -40 2)
35.6 (7 8 -163.5)

P value 

< 0001 

0.20 

0.007 

I 
<0.001 
<O 001 
<O 001 
<0001 
<0.001 
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Di,cussion 

Gametoc:ytes are oficn detectable in peripheral blood for II variable period after 

acute falciparum infection. with morphologically mature gametocytes being detectable 

1n the blood 10-14 days after originating from mcrozoites (Thomson. 1911, Smalley. 

1976) Carnage rates may vary widely and arc dependent on several factors In the 

current Study, gametocyte prevalence was much higher than those rcponcd from \\'estem 

Thailand (2%, Price et al , I 999) and Tanzania (8%, Akim et at, 2000) but similar to 

that from The Gambia ( 17"/4, von Seidlcin et al , 2001) in the same region of ,\liica 

However, despite regional differences in prevalence rat� the risk factors associated 

with gametocytc carringe \\ere remarkably similar 

Gamctocytc prevalence in the study area before the I 990s. a period of full 

sensitivity to CQ, \V8S less than 2% (L.A Salako, unpublished observation) Presently, 

1n the nrca, CQ treatment of CQ-resistant infections is associated with significant 

gamctocyte airriage and gamctocytacmia. and slower clearance of gamctocytacmia 

(Sowunmi and Fatcye, 2003 n. b) Therefore, it ,vould appear that the present relatively 

high prevalence rate, in pan. may be due to incrc:4.Sing CQ rcsis1.incc Sc, cnty percent 

of all cases of acute malaria 1nfoctions in our l1fC3 of study occur in children aged less 

than ten years (Slllnko et 111 , 1990), the similar gametocyte carriage in all age groups 

(Tobie 3 2) suggests children aged belo,v 10 years ,verc uniformly susceptible to 

gamctocytc carriage In other studies involving a broader ogc range th1111 ,ve c\'aluatcd, 

younger age \I/OS associated ,vilh increased gamctocyte pnMllcncc, for e.xnrnple, in 

Tanzania (Al.im et al • 2000) 

It is unclear ,vhy male gender is a risk factor for gnrnctocytc C4friagc at 

presentation despite sin1ilar duration of illness and other characteristics in both gender 

groups enrolled in the present study So far in records, this is the first rcpon of the 

association between male gender and go.mccocyte C4fri11sc in Afric:.'lll children ,vith 

faJdparum malari11. Could this simply bo 11 chlll1cc finding? Plasma testo�crone 1s oflen 

sig,ufieantly nuscd in pro-pubertal- male than -remalc children (Griffin Md \\lilson, 
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1991), and testosterone and other corticosteroids may stimulate P. Jolc1parom 

gametocytogenesis ,,, Vitro (Maswoswe Cl al, 1985, Lingnau et al, 1993) lt seems 

possible that ditrerences in sex hormone levels may be contributory, but hormone 

concentrations were not measured in the children. Gender-related differences as nsk 

factors for gametocyte carriage require funher evaluation in African children. 

As was expected, duration of illness longer than 3 days ,vas associated with

increased risk of gametocyte carriage on presentation. In areas of lo,v u-ansmission, 

duration of illness longer than 2 days has also been nssociated with gnmetocyte carriage 

(Price et al , 1999). As  longer established P. falciparom infections arc more likely to 

produce gamctocytcs (Smalley et al , 1981 ), it is likely that longer duration of illness 

before presentation allov,ed sufficient time for the progression of committed ase.'<Ual 

parusites to gnmetocytcs Since absence of fever is associated with increased risk of 

gnn1ctocyte carriage, nfebrile children may have harboured the infection for longer 

periods Alteflllltively, children with longer duration of illness may have '13d a relatively 

shorter duration of fever resulting in reduced noxious effects of fever on gametocytc 

development Lo\v parasitacmin (as in the present study) and anaemia arc also 

signilicanlly associated ,vith gametocytc carriage (Price et al. 1999. von Sc1dlcin et al. 

200 I) but hnematocrit values less than 25% ,vas not associated ,vith gnmctocytc carriage 

in our cohort of children There is no clear c.'<-planntion for this observation Anacmin in 

uncomplicated falt1parum malariB mBY be enhanced by prt>e.'<-isling hclminth infections 

(Naeher et al , 2002), and both conditions may cnh3ncc gnmc:tocytc carriage (von 

Scidlein et al , 2001. Naeher et al • 2002}, frequently co-c.mt and, arc common in 

tropical cndcniic regions 

Despite lower efficacy (Table 3.1 ), CQ trc.itmcnt resulted in lower gamctocytc 

carriage than PS A similM obscrv11tion hns been mBdc in Scncgnl nnd The G11mbio 

(Robert et al , 2000, von Seidlcin et al . 2001) The ability to rclca.sc more gametocytcs 

into the circulation follo\Vlng PS treatment may, in part, be independent of parasite 

sensitivity to PS (Sowunmi and Fotcye, 2003 c) and may partly c."<plnin this observation 
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lrrcspcctivc of tn:atmcD1 regimen given. children with patent gametocytaemia 111 

presentation were significantly more likdy to be gametocyt.acmic 7 days later than 

children without patent gametocyt.acmia. This suggest.S the drugs e,'aluated had little or 

no effect on mature circulating gamctocytcs 

As was expected, recrudescent infections ,.,.-ere associated "'ilh higher 

gametocyte prevalence, as was delay in peripheral parasite clearance as parasites 

develop resistance 10 drugs. The increase in gametocyte carriage and density as

resistance develops to antimalarial drugs may confer survival and propagations 

advantages on the parasite in the population (Handunneni et al , I 996, Roben et al , 

I 996 n, So,vuruni and Fatcye, 2003 a, b). In the current study, delayed clearance of  

peripheral parnsitnemia and increased recrudescence rates were most frequently seen in 

those treated ,vith CQ or PS and least frequent in those treated ,vith AQ, AQPS or 

CQPS. Similar observations have been made else,vhcre (Price et al , 1999. Robert cl al. 

2000, Akim et al , 2000; von Seidlein et al. 2001) The significantly higher gamc:tocytc 

density in those treated with PS than CQ 111 recrudescence of asc.�ual parasitacmia ,.,.ould 

suggest that the former may increase the propensity for the transmission of drug­

resistant infections than the latter since gamctocyte infcct1viiy to mosquitoes may 

correlate with level of garnetocytocmia (Tchuinknm et al., 1993, Robert et al , 2000). 

Since lcukoeyc counts may vory ,videly, one of the possible sources of errors in the 

estJmation of gomctocytc density is assuming nn average leul..ocyte count of 6000l11L of  

blood. 

The findings of the present study may have potential implications for the 

maMgcmc:nt or ocule infe<:tions in this endemic area prompt treatment of faleiparum 

infections ,vith effective drugs is oflcn associotcd ,vith low gamctocyte corrioge (and 

may invariably reduce transmission of  QA1T1etocytcs to mosquitoes); tre11trncn1 of acute 

infections should, preJc:rably, employ rapidly acting schi2on1oddc to reduce the 

di:velopmcnt of gametOC)1CS The artcmisinin dcrivathcs may reduce tronsmissibility 

by this mode of oction (Pric.c et al , 1996) Firuilly, the frndings rnlly hove lmponant 
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implications wnh respect to malarial control in sub-Saharan Afiica. \\'here combination 

antimalarial therapy (WHO, 2001 a. b) is presently being proposed for the treatment or 

malaria in the region. 

Low parasitaemia. amongst other factors in this study, is associated with gametocyte 

carriage However, P. falciparun, infections in children in an endc:mic area could 

present with hyperparasitaemia- a feature of severity of infection. This condition can be

managed using oral treatment with antimalarial drugs and may provide a fi1vourable 

condition for asexual parasite committed to gametocytogenesis. Little is kno,vn of the 

effects or drug treatment of byperparasitaemia on gametocyte dynamics-release. carriage 

and intensity in children. It is imponant 10 determine the contributions of 

hyperporasitacmia in acute malaria and elfecu of its management on gameiocytc 

carriage in children 
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Chopta4 

Pllu1nodi111n fnlcipnrum J,yperporasitocmio ;,, cl1il1ln11: 

risk foctun, tnal11�nt 0111co,11es, a11J ga111ctucytae111/o 

folloll'ing trcOIIIIUII
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CRAPTER4 

Plasn1odiun1falciparum hyperpanuit11tn1ia in children: risk ractors, trcatn1tnt 

outcon1es, and gametocytaemia rollowing trutn1ent 

Introduction 

Plasmod1um /a/c1pan1m inreaions may result in rapid multiplication of asexual 

parasites and astronomical increases in circulating peripheral parasites panicularly in the 

relatively non-immune or, less frequently, in the semi-immune These astronomic 

increases mny reach or surpass a threshold referred to as hyperparasitacmill 

1-lyperparasitaemia. defined as 5% or more pamsitited erythrocytes or a pamsitacmia

greater than 250,000/µL blood, is considered one of the several features of severe malaria 

(\Varrell et al . 1990) 

l lyperpamsitnemia not nccompnnicd by other feature, or severe malnrio

(uncomplicotcd hyperparasitncmio) often poses management problems in patients resident 

in endemic areas Apan from a general rec-0mmtnd111ion of parenteral antimalarials 

(\Vl-10, 2000), there are no other clear-cut guidclincs for the management or 

uncomplicated hypcrparasitaemia in children resident in such orcu 1-lo,vc:vcr, it hn.s been 

suggested tluit uneomplicntcd byperparo.shoemlo in children in these endemic orc:IS be 

treated ,vith oral anlimnlarial drugs providing the drug 1s rapidly absorbed and the 

parasites ore fully sensitive to the antimalarial drug(s} chosen (So,vunmi ct nl • 1992, 

1996, 2000 11) Such o suggestion needs review in vie\V of the increasing resistance in /J. 

/a/c,pan,m to many antimalarials and the lack of fllcilities to monitor drug sensitivity or 

P /alclpor11m /11 1'/tr<J and /11 I'll\? 111 many endemic arcns 

40 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



There is little information on, for example, the risk factors associated with 

uncomplicated bypci parasitacmia or the limo-course of gametocytaemias following oral 

antimalaria treatment of uncomplicated hypcrparasitaemias in African children. Such 

informal.ion is necessary in view of the increasing resistance in P. falc,panmr to 

chloroquine {CQ) and other commonly available antimalarials and the incrca.sing 

morbidity and monality associated with drug resistance (Trupe et al. 1998; Trapc. 2001) 

In addition., it may improve the overall management of  these cases The present srudy ,vas 

designed to address these issues The main aims of the study were: to evaluate the risk 

factors associated with hyperparasitacmia in a group of cbildn:n presenting ,vith acute, 

symptomatic, apparently uncomplicated, P. Ja/cipan1"' mn1D.ria in an endemic area, to 

assess the outcomes of oral antimalarial treatment of uncomplicated byperpani.sitaernia, 

and to follo,v the course of changes in gamctocytacmias in children with 

hyperparasitaemias who \Vere treated ,vith oral antimalarial drugs 
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Patients and methods 

Paue,us 

The study took place between July 1996 and Scptembcr 2003 in patients 

prcsaiting 0,1 the University College Hospital in lbadan., a hyperendemic area for malaria 

in southwcstcm Nigeria (Salako et al., 1990) Ethical clearance was provided by the local 

ethics committee During the period. a series of o.ntimalnrial drug studies were conducted 

10 evaluate the efficacy and safety of different treatment regimens. All antimalarial drugs 

were given orally The details or the studies have been described before (So,.,-unmi et al , 

1998 a, b, c, 2000 a; SO\\'llnmi, 2002, 2003, Sowunmi and Fatcye, 2003 a) Briefly, 

children with symptoms compatible with acute falciparum malnri11 who fulfilled the 

following criteria were enlisted in the study- age bclo,v 12 years. pure P. falc,parum 

parasitaemi11 greater than 2000 asexual forms/µL blood, negative urine tests for 

antimalarial drugs (Dill-Glazko and lignin tesu), absence of concomitant illness. no 

evidence of severe malnrio (\VHO, 2000) and written informed consent given by parents 

or guardians After enrolment and start or treatment (day 0), follo,v-up ,vith clinical and 

parusitological cvoluotion was at days 1-7, and then on days 14, Md ,vhcn necessary, on 

days 21 and 28, for example, in patients ,vho received pyrimcthominc-5Ulfadoxinc (PS) 

combined ,vith chloroquine or amodiaquine (CO}.t), Clinical CV11luotion consisted of a 

general clinical cxaminntion including measurement of weight, core temperature and 

physical cxnminotion 

Asse.fsmc11t of para.rftaemla 

Thick nnd thin blood lilms prepared from D finger prick ,vcre Giemsa-stained and 

were examined by light microscopy under an oil-immersion objective. at x l 000 

mogni6cation, by two independent assessors Parasitacmi11 in thick films ,vns estimnted 

by counung asc,runJ parasites rclotive to I 000 leukocytes, or SOO ase�al forms, 

whichever occurred first From Lh1s figure, the pM11site density wu calculated assuming 

an ave111gc IC!Ukocyte count of 6000/µL of blood (Shaper & wvis, 1971, Ezeilo, 1971, 

Sowunrni et al , 1995), Oamctocytcs were also counted in thick films 11Sainst 1000 

leukocytes assuming an average leukocyte count of 6000/µL of blood ot enrolment (day 

O) and on days 7 and 14 Frae1iooal gamctocyte density (FGD) at enrolment ,vas dclincd
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as garnetocyte count divided by tolll asexual and sexual count (Price et al .• 1999) 

Hacmatocnt was done at enrolment in 124 of the patients lreated with PS or CQPS, AQPS 

or PPS 

£1'0/11011011 of response to dn1g treatment 

Response to drug treatment was assessed 1J.sing \Vorld Health Orgllllimtion 

(\VI 10) criteria (\VHO. 1973) as follows· S = sensitive, clearance of parnsitaemia without 

recurrence, RJ (mild resistance) • parasitacmia disappears but reappears within 7 to 14 

days, Rll (moderate resistance) = decrease or parasitacmia but no complete clearance 

from peripheral blood, RITT (severe resistance) • no pronounced dccrcasc or increase in 

parasitaemia at 48 hours after treatment In those with scnsilive or Rl response. parasite 

clearance time (PCT) 1vas defined as the Lime elapsing from drug adm1nistn1tion until 

there was no patent parasitaemia for at least 72 h Asexual para.site reduction ratio [PAA) 

(White, 1997) ,vas defined as the ratio of day 0/day 2 parasitacmm. 

Staftsflcal analysis 

Data wc:n: analysed using version 6 of the Epi-lnfo son1varc (Anon , 1994), and 

the statistical program SPSS for \.Vindo1vs version 10 01 (SPSS, 1999) Proponions 1vere 

compared by calculoting 1.l 1vith Yates' correction or Fisher c.uct IC.SL Normally 

distnoutcd, continuous data 1ven: compared by Student's t•tcsls and analysis of variance 

(ANOVA) Data not eonfonning to a nonnnl distnl>ution 1vcrc compared by the Mann­

\Vhitncy U-tcst and the Kruskal-\Vallis test (or by \Vilco"on f1lllk sum test) A multiple 

logistic regression model was used 10 test the association bct1veen hyperparasitaemia (yes 

or no at presentation or during follow up) and factors thnt were significant 111 univariate 

BIUl.lys1s oge � S years., ond prescnc;c of fever> 39 S°C. Occausc the study ,vas conducted 

over a pcnod of 7 years, time was included as a covariate in the analysis P-valucs of< 

O.OS were taken 10 indicate significant d11Terences 
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Resulu 

The demographic characteristics of the children enrolled in the study are 

summarized m Table 4 I At enrolment.. 303, 173. 104. 203, 143, 78 and 44 oflhe 1048 

children were allotted to, and were subsequently treated with chloroquine (CQ) only. 

pyrimethamine-.sulfadoxine (PS) only. amodiaquine (AQ) only. CQ plus 

chlorpheniramine (CQCP), PS combined ,vith CQ or AQ (CQPS or AQPS), PS combined 

with probenecid {PPS); and halofantrine (JlF), respectively Hypcrpara.sitacmia was 

found in 100 (9.5%) oflhc 1048 children al enrolment.. 

Risk factors for hyperJJClrasita,:n11a at c11roln1c11t. 

Factors associated with hypcrparasitacmia al enrolment are presen1ed in Table 4 2 

An age < S years, and a core temperature ?: 39 5°C \\ere independent risk fuctors for 

uncomplicated bypcrparasiu1emin ot enrolment 

Hypcrparruftae1111a d11r111gfof/ow up 

Follo\ving oml Lhcropy, 1.2% of oU patients (i c 13 of 1he I 048 patients) became 

hypcparosi1acmic, \\lhich developed in all the 13 patients by day l of follo,v-up The 13 

pa1ients ,vho dc\lcloped hyperpnrnsi111emia following treatment were treated with CQ (10 

patients), PS ( I patien1) or COi'vl (2 p11ticnt.s). and follo,ving treatment.. all but I\\O had 

sensitive response. The I\VO children in the COl\1 group who became hyperparasnocmic 

on doy l specifically received PS combined ,vith CQ. The t,vo children wuh resistance 

response ( I RI, l RH) ,vcre 1rca1cd ,vith CQ Comp11red ,vith other treatment groups. there 

,vas a significant dllTerenee in the proportion of children treated ,vilh CQ ,vho bCCllme 

hyperpara.sitacmic on day I follo,ving trcotmcn1 (P = O O I) 

Trea1111c11t 01110011,es of hJ71erpc1rw1to.•n11a 

The clinical and plll'Dsitological characteristics of the I 00 children who had 

hypcrparasitacnua 111 enrolmen1 and were lreatcd ,vi1h orol 11n1imalarial drugs lll'C
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TABLE 4 I Summary of demographic and other characteristics of the 1048 children 

enrolled in the study 

Vamblcs 

Agc(ycars) 

M F 

\Vcig.ht (kg) 

Presenting body temperature ("C) 

Duration of illness (d) 

Asexual parasite density (per µL) 

Geome1ric mcnn 

Range 

No >250000 

Value (mean ±sd (nngc)I 

S S ± 2 S (O.S - 11.9) 

493. SSS 

IS.I ±4.8 (6.6-27) 

38.6 ± I .2 (36.4 - 40.8) 

3.0 ± IS (I • 14) 

30129 

2090-2341000 

100 

4S 
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TABLE 4.2 Risk factors for P.Ja/c1pan1111 hypcrparnsitoemia in children ot enrolment

Total No of children Crude OR P value Adjusted OR P voluc 

no \\�th (95�:0 Cl) (95°/4 Cl) 

hypcrp:inuitocmia 

Age (years) 
<5 533 62 l.6S 1.61 
-

>S SIS JS 1 (1.06-2.6) 0025 I (I 05-2.47) 0.026 

Gender 
aalc 493 4S I. I

fcrnalc SSS SS I (0 S8-1 4) 07°

Ounuion or 
ntncss (d) 

�3 696 66 0.98 

<3 3S2 34 I. (0.62 - I S6) 0.9

Fever• 

> 39 s•c 214 31 I 88 1 84 

<39 s•c 834 69 I (I 15-3 01) 0.008 Cl I (1.17-2 89) 0.009 

GIJTltlOC)'lCS 

- Yes 124 11 0.91 

No 924 89 I (0 43-1 78) 0.9 Cl

• 
:J. 

- OR.odds1'31Jo

• i �,tb V11c·s c:om:icuon

- Cl. con(ukncc iJllcr\ �,

,0 
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5llmrnariud in Table 4 3 Despite enrolment at different periods, these characteristics 

were similar (primarily because the criteria for enrolment into all studies ,,en: similar) 

No child with hyperparasitaemia was treated with AQ alone. 

The responses of the asexual hyperparasitaemia to drug treatment are shown in Table 

4 4 The cure rate following treatment with CQ was significantly lower than the other 

treatment groups (P • 0 001) 

Con1panso11 of outcomes of 1reotme111 of 11011 Jryperparasila�mio 011d 

ltyperparas11oemlo 

Sixteen of 948 children without hyperpanisit.aemia had RIil response to 

treatment compared to 6 of 100 children ,vith hyperparasitacmia. The difference 

bc1,vccn these proportions ,vas significant (-1. • 6.22, P = 0.00 I). Four children (3 

treated with CQ and I with PS) aged < ) years who had hyperparasitacmia progressed 

10 cerebral malaria. while 2 of the 948 children ,vithout hypcrparas11acmia had the 

same outcome. The difference bct,,..een these two proportions ,vas significant (P .. 

0 00 I, by  Fisher exact test). The 2 children without hyperparasitacmia ,11ho progressed 

10 cerebral malaria ,vere treated ,vitb CQ Adverse reactions reported follo,ving drug 

treatment ,vcrc similar in children ,v11h hypcrparasitacn1ia and in age- and gender­

matched children ,vithout hypcrparasitacmia who ,vcrc treated ,vith the some drugs 

(data not shown). For example, in those treated with CQ, pruritus occurred in 5 (of 

))) and 4 {of))) children ,vith and ,vithout hypcrparasitacmia, respectively. 
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T ADLE 4 J Clinical and panunologic.,I chuactcristics of I 00 children 1vi1h P Jalc1par11n1 
hypcrparasiu1cmia who 11crc uu1cd 1vi1h onll anunllllarial drugs 

\gc (>ws) 

�lcin �sd 
Range 
�IF 

DunUJon of tllncu 
(d) 

CQ 

(n 33) 

43+2 3 
I 5-9

12 21 

�Ian 2 8± I 2 
Range 1-6 

Parasnacm,.a (/µL) 
Geometric mean 
Range 

438649 
253091 -
1500000 

CQCP 
(n 25) 

S I± 2 3 
07 
10.5 
13 12 

PS 

(n = 25) 

46+28 
O.S-10.5
12 13

32±1 3 3 5+2 5 
1-6 1-14

467090 
253600 
2341000 

398318 
253091 -
1254000 

co�, 

(n 11) 

49±2 2 
3 -8 I 
6 5 

PPS" 

(n '" S) 

1S:!:,15 

6.3-10 
3 2 

30+07 30:!:,00 
2-4 3-3

387090 
250145 -

716000 

750304 
4147S0-
1388 000 

PS. P)nmctmnunc-sull;JdQ\Jnc, CQ. cbloroqmnc, CQCP. chlorcqu1nc plus dllorphcnlramlnc, 
CO�l P)ruoctlt.lmmc-sabdouoc 00Ulbu,cd '"Ill clllonlqm.oc or 1tm11,qvlac. 
PPS P)OlllClh:unloc-illlfadc_wic combuicd w11h probcncdd. HF, h:iloliullnnc 
·E'ltllldcd rrom mw11p.lc c:ompiruo• bccMc of rcbt,\cly �II number ol pitlaus
••Plmll.lcmu DI cnrolmco.1 was �JIG(,() per )11.

48 

------- -

HF" 
(n I) 

so 

-

I 0 

3.0 
-

-·· 

p 
value 

06 

OS 

04 
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TABLE 4 4 Thmpcutic responses of 100 children \\ith acuce P.falcrpan1m mllbria who had h�11enua 
11 enrolment 

CQ CQCP 
(n-25) 

PS C0�1 
(n = 11) 

PPS• 

(n- 5) 
l[F• P 

(n .. JJ) (n .. 25) (n = value 
I) 

FCT(d) 
\1ean�sd 
Range 

PRR 

Mcdi&n (,c 10') 
lrucrquartile 
range (x I O') 

PCT(d) 

20;!:09 
I - 4 

23±10 
I 4 

)6 10 

0 006-72 2 0 03-44 6

2 2±12 
1-4 

16+0S 22+1J 
-

1-2 1-4 

J7 I I 3 I 

27 3-77 6 0.09-4S I 

302 

I 0 OS 

• 

• 

l.fcan 2 8 .± I I 3 2 ± 0 8 2 8 .± 1.3 2 6 ± O.S 2 6 .± 0.9 3 0 0 4 
Range 2-6 2-S 2-6 2-3 2-4 • 

S (no of patients) 18 22 22 11 5 I 
RJ 8 I 3 0 0 0 
RlJ 2 I O O O 0 

RllJ S I O O O 0 

Curcnuc(¼) 54.S 88 88 100 100 • 0001 
PRR. par.wlc n:docuon l'IUJO. FCT. (C'\ctdc:IIIIJl0C IJJDC, PCT, p;lr.lS!lcdc:uuncc umc. PS, P)nmctb.,n11ne-511lfodo,1nc; CQ, chloroqumc:. CQCP 
chloroquine plus cblof'phcluram.111c, CO\t. P)l'\IDCllw:ntne-sulbdo.une combined "1tl1 chloroquine or amodu1qu1nc; PPS P> nmc1h;1111lnc-
1111Cido-dnc 00mb111cd l'llh probcncod, HF. h.1lof.ln1nnc, Rf• parmuxmln disappears bu1 rc;ippc:irs wuhfn 7 10 I� c11ys. RH• dccn:asc or

paas,IX!Pia bua ao complclc cJc:uua: from pcuphc,;f blood RJII • DO pronoull0Cd dccrasc 0f increase In p;:1m11xml.101 �8 houn aJlcr 
1n::1101COL S • SCJU1u,c response. •fhcludcd from nwlupk c:omp;arisai bcciusc of rcl.ltn,:I) sm.,U number of p:11lcn1S 
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�tocytt! carnage and game1091aem1a 111 ch1/dnn 14-11h hypt!rparcmi«m1a 

In order to evaluate gamctocyte carriage and gametocytaemia in those who "-ere

hypcrparasita.cmic at presentation, children with hypcrparasita.emia ,vere matched ",jth 

those without hyperparasita.emia ror time or presentation. age, gender, and drug treatment 

At enrolment gametocyte caniage was similar in children ,vith hypcrpara.sitaemia 

and in age- and gender- lll4lched children ,vithou1 hyperparasitacmia ,vho received the 

same drug treatment (6 of 100 ,, 11 or 100 children, i = I 03, P = O 3), Similarly

following treatment. gametocytc caniagc was similar on day 7 (16 of 100 v 27 of  100 

children. -( - 2 9, P • O 08) and on day 14 (9 of 100 ,. 17 or 100 children, i • 2 2. P •

0 14). 

At enrolment gamctocytocmia ,vas similar in children with hyperparasitaemia and 

in age- and gender- ITllltchcd children without hypcrparasitaemia ,vho received the same 

drug treatment (geometric mean 12, range 6-24/uL v 14 range 6-72. P - 0 S) Similarly 

following treatment. gamctocytaemia was similar on day 7 (geometric mean 71, mngc 6-

1320/µL v 66, range 6-828, P = 0.4) and on day 14 (geometric mc1111 57. range 12-480/µL 

\I 70 range 12-360, P = 0. 7). 

Fractional gamctocytc density ,vo.s iMignlfiC1111tly lower in children with 

hypcrpara.sitocmia compnrcd with those ,vithout hypcrparosiu1cmio (median O 003, range 

0.001- 0 005 ,, 0 048, range O 0015-2 3%, P • 0.24) 
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Disc:ussion 

Uncomplicated hypcrparasitacmia is not uncom.mon in African children presenting 

with acute, symptomatic, P. Jalcrpan1n1 malaria (Salako et al., 1990, So,wM1i et al., 

1992, 1996, 2000 a) Prevalence rates in endemic and non endemic o.rcas in Africa 

probably vary widely; in soutb,vest Nigeria, the rate is approx._imatc:ly I 0-12% (So,-wnmi, 

unpublished data) The I O"/o prevalence recorded in t11e present study was simihll' to that

previously reported from the same area in the early 1990's (Salako et al., 1990). 

The risk factors associated with uncomplicated hyperparasitaemia at presentation 

are not frequently documented. 1n falciparum infections, younger age (S 3 years) has 

been associated ,vith hypcrpamsitaemia and increased risk of progression 10 cerebral 

malaria (So,wnrni et al , 2000 a). ln the present study, age < S years and II core 

temperature > 39 5°C ,vcrc independent risk fattors associated ,vith hyperparasitacmia at 

presentation In falciplUUITI infections in young children, the general trend is for 

parasitacmia 10 incrco.sc ,vith time, and more specifically, to be accompanied by increases 

in body tcmpcmturc. Ho,vcvcr, in severe infections there may be hypothermia In 

practice many children ,vith lo,ver core temperatures than this model found may be 

hypcrparasitcrnic. This ,vould be so because many parcnLS or guo.rdions bavc ready occcss 

10 over the counter remedies including antipyn:tics before prcscntotion. This 'blunting' of 

presenting core temperature may mislead the auending health care provider and distract 

auention from the possible presence of hyperparositaemia 

The responses of apparently uncomplicated hypcrporasitacrnio to oral lhcrapy ore 

less frequently reported. probably because of the dangers associated ,vith oral therapy in a 

condition that may rapidly progress 10 a fatal outcome. and probably also because of 

inc:rcasiog resistance in P. Jalclporom 10 antimalarial drugs leading to relucto.ncc to try 

or.I therapy Providing the panisites arc fully sensitive to the oral drugs chosen, 

rCJpOnses to drug therapy appears to be independent or parasite load Thus ,n a 

comJ*'IIM study. thcnpcuuc responses of those with and ,vithout hYPCfP11r1Sitacmi11 

�ere similar tn children from an endemic arCD 1n \Vest Afnca (Sowunmi et al , 2000 a) 

In addition. u, dnig seiu1uvc iruCCllons, lhc disposition of pnrasiteernia appurs to follo,v 

SI 
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a first order kinetics (So,vunmi et al , 2000 a, b) In this cohort of children, CQ ,vas the 

least effective drug in children ,vith hyperpanitaemia and clearly represented a significan1 

decline in the sensitivity of P. fa/c1pan1m to this drug. Thus ,vith prevailing degree of CQ 

resistance, this drug may not be ideal for the treatment of malaria irrespective of parasile 

load. The significantly higher proportions of children ,vithout hyperparasitacmia who 

subsequently developed it foUo,ving treatment with CQ or PS compared ,vilh the other 

treatment groups suggest slow onset of antimalarinl action or reduced sensitivity to these 

drugs and a risk for development of post-treatment hyperparasitacmia. 

The similar frequencies of pruritus (nod other 11dvcrsc drug reactions follo,ving 

treatment in those ,vith and in those without hyperparusitncmio ,vho ,vere trcnted ,vith the 

same drugs (datn not sho,vn)) suggest thnt hypcrp11rnsil11cmio does not predispose to 

undue adverse drug reactions follo,ving treatment (So,vunmi et 111., 2000 o), 

Hyperparnsitaemia is o potentially life threatening condition. and ,vi1h or ,vithout 

other features of  severe malaria requires close clinical and panisitological monitoring. Its 

occurrence in children from this endemic area without other overt features of severe 

falcipMUm malaria suggests the presence of some degree of immunity. al1hough these 

eluldrcn arc, in gcnen,J, considered relatively non-immune compared ,vith adults from the 

snmc endemic area, and nre prone 10 multiple infections (}·Lappi et al , 2003) Should oml 

CQ or PS continued to be used for o potcn1ially life 1hrea1ening situation in vie,v of 

increasing resistance of  P. falc1pan1m to these drugs in Africa? This should not be so A 

recent study suggests that AQ, a drug more elTcctive than CQ in both CQ- sensitive and 

rcs1stan1- P falc1pan1111 tnfections, rapidly clears hypefl)BTUSilacmia (Ndounga & Basco, 

2003) In the small number of children treated ,Yith II combination of PS plus AQ in the 

study populAtion. neither clearance nor parasite reducuon ratio \VllS significantly foster or 

tughcr respectively than !hose of other treatments In viC\v or the fact that nnemisinin 

and 11.S derivati\'es clear paruitacmia more napidly than most of the currently available 

111UmalariaJS (lficn & \Vhitc, 1993}, these drug., combined ,vith, for C'Olfl1plc, AQ may be 

111cd ror the management or unc;omplicatcd hypcfl)QTU•tac:m1n 1n children from Africa 

This 11.,ggniion LS prcd1ca1cd on the fact that AQ is a nla1ively safe drug (Ollioro et 111 
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1996), and may be a suitable panncr combination drug with the artemisinin derivatives, 

for example, artCSUllllle for use in Africa (Adjuik el al , 2002). Studies 10 assess the 

efficacy of such combinations in uncomplicated and complicated hypcrparasi1acmias are 

under ,vay in 1he study area_ 

As ,vas expcc1ed, gamclocyte carriage and FGD ,vcre lower in children �vith than 

in those ,vithou1 hypcrporusitocmia. The median FGD was 16 folds higher in those 

without than in those with hypcrporasitaemio. Relatively low asexual para.sitacmia and 

absence of fever arc some of the risk factors associated ,vith geme1ocyte carriage in 

falciparum infections (Price et ol, 1999; Ndrn et al., 2000, von Scidlcin et al, 2001). 

The lo,ver garnclocyte carriage and gametocytacmi11 follo,ving treatment indiC111e that oral 

therapy of  this condition is nol associated ,vith undue generation and/or release of 

game10cytcs in10 the peripheral circulation. Ho,vevcr, it is nol kno,vn ,vhcther 

g.amctOcytcs arising from pnticnts ,vho had hype'l'arasi1aemia arc more infectious 10 the 

mosquito than those arising from pnticnts ,vithout hyperparasitacmia who \'vcre treated 

,vith the same drugs_ 
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CltapttrS 

Plasmodium ralciparum n1alaria In Nigerian c/11/drtn 

during i,igi, u111/ lou• tro10111ission :i.etis1111f: gan1eftJC)'fe 

carriage find response to arid c/rloroquine 
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CHAPTERS 

Pl,is,11n,li11n1 falcipar11111 ,nnlnrin in Nigerinn children during high nnd IO\\' 

tnu1sn1ission seasons: gnmetocytc cnrringc nnd response 10 on1l chloroquine 

Introduction 

The incidence of Pl=11od111111 /alc,1,an,111 mnlnria often hos a seasonal pauem 

Gametocytc generation, cnmasc and infcctivity 10 mosquitoes are crucial to successful 

transmission of falciparom malaria infection, pnniculnrly in endemic areas Caner and 

lvliller ( 1979) demonstrated that the rate at \Yhich se.�al differentiation occur in 

Plas111od111n1 falc1pan1n1 crythrocytic stages depends on certain environmental factors 

Several other studies hnve reported immunological stress {Smalley and Bro,vn, 1981: 

Ono et al , 1986), impact of host response 10 parasite (Mons 1986, Schnewcis et al • 

199 I. Sinden, I 998) and chemotherapy (Duckling et al., 1997. Robcru et al.. 1996 a, 

2000, Sutherland et al • 2002. I logh cl a l  .• 1998. So,vunmi and Fatcyc 2003 o. b) as 

important factors in,olvcd in the induction of gometocytogencsis 

Although some studies have reponcd seasonal influence on vectorial capacity, 

gametocyte carnage and trophozoitc densities 111 the onset of dry or during rainy 

season in endemic area in Afnca and Thailand (Rosenberg et nl • 1990, �1cElroy et nl , 

1994, �folincau."< 1980. Naeher et al. 2004). linle is kno,vn about the effects of 

seaso!\31 variations on gametocyte Cll!Tinge and response to chloroquine Lrcntmcnt 1n 

endemic area of south\\-CSt Nigcrill Such infonnation is crucial to our undcrslnndlng 

of  the potential contribuuon of sanof\al changes 10 mal11no 1mnsmis.s1on Thus, in the 

present study. an C'VB.luation of the effects or lo,v and high transn1ission scMOns on 

pmetocytc c:anuge I/Id response or children to chloroquine during P /ale1pan1n1 

m&l.aN uucction ,n hypcrendcmic southwC11 Nigeria h.u been made_ 
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Patients and methods 

Pa11e11ts 

The study took place bet,vcen July 1996 and December 2002 in patients 

presenting at the University College Hospital in lbadan, a hypcrendemic area for 

malaria in south,vestem Nigeria (Salako et al , 1990). Ethical clearance ,vas provided 

by the locnl ethics committee. During the period, a series of antimalarial drug studies 

were conducted to evaluate the efficacy and safety of different treatment regimens 

spanning the 1,,•o periods of high (April 10 October) o.nd lo,v (November 10 March) 

transmission seasons kno,vn in the area (HTS and L TS, respectively). The details or 

the studies have been descnoed before (So,vunmi et al , 1998 a, b, c, So,vunrni 2002, 

2003) Brieny, children with symptoms compatible ,vith acute faleiparum malaria 

who fulfilled the rono,ving criteria ,vere enlisted in the study- age 13 years or belo,v, 

pure P. falc1pan1n1 pamsitaemia greater than 2000 asexual form.s/�ll blood, negative 

urine tests for antimruarial drugs (Dill-Glaz.ko and lignin tests), absence of 

concomitant illness, no evidence of severe malaria (\VHO, 2000) nod written informed 

consent given by parents or guardians After enrolment o.nd suin of treatment (dny 0), 

follo,v-up ,vith clinical and pnrusitological cvalu111ion ,vas at days 1 • 7, and then on 

days 14, and ,vhcn necessary, on dnys 21 and 28 Clinical evaluation consisted or 11 

general clinical c.umi1U1tion inc.luding measurement of ,veight, core temperature and 

physical cxamin.ation. 

A.\.WSlllltlll of parasiteam,a and gamclOC)1acm,a 

Thick 11nd thin blood films prcpued from a linger prick ,vcrc Gicmsa-stained 

and were enmined by light microscopy under an oil-immersion objective. at x 1000 

magnification. by two independent assessors.. Para.sitacrnia in thick films ,vas 

estimlltc:d by counting a.sc:;(U&I pnrusitcs relative 10 I 000 leukocytes, or 500 BSCX\Jal 

forms, whichcvcr occurred fim From this figure. the panuitc density \\'US calculntcd 

as,unung a INkocyte count of 6000/µL of blood Gamctocytcs were nlso counted in 

tlvck blood films against 1000 leukocytes assuming an average leukocyte count of 

6000/µJ of blood (Shaper&. Lcwu. 1971, Ezcilo, 1971, Sowunmi et al. 1995) 
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E,'Oluatio11 of response to dn1g 1reotmt11t 

lo order t o  cvnluate the response of children to chloroquine treatment during 

the HTS and L TS, 2Smglkg body v.•cight of the drug over three days (10 mg/kg on day 

I, IOmg/kg on day 2 and Smglkg on day 3) was admin.istered to children Response to 

drug treatment ,vas assessed using \Vorld Health Organization (\VHO) criteria (\VI 10, 

I 973) as follows: S = sensitive, clearance of pamsitaemia ,vithout recurrence, RI (mild 

resistance) • parositaemia disappcan but reappears ,vithln 7 to I 4 days; RII (moderate 

resistance) • decrease of pi!.nlSitacmia but no complete clearance from peripheral 

blood, Rill (severe resistance) "' no pronounced decrease or increase in parasitaemia at 

48 hours after treatment In those ,vith sensitive or RJ response, parasite clearance 

time (PCT) ,vas defined as the time elapsing from drug administration until there was 

no patent parasitaemia for at least 72 h 

S1011.flical 01K1lysis 

Data ,vere analysed using version 6 of the Epi-lnfo soft\\-are (Anon , 1994), 

and the statistical program SPSS for \Vindo,vs version 10 01 (SPSS, 1999) 

Proponions ,vere compared by calculating 7.2 with Yates' correction or by Fisher exact 

or by l'-1antcl Macnszcl tests. Normally distributed, continuous data ,vere compared by 

Student's 1-tcsts nnd analysis of vari1111ce (ANOVA) Data not conforming to a nonnal 

distn"bution were compared by the !'.1ann-\Vhitncy U-tcst and the Kruskal-\Vallis test 

(or by \Vilcoxon rank sum test) A multiple logistic regression model ,vas used to tesl 

the association bet\\Cffl game1ocytacmia (yes or no nt presentation ) and factors that 

wac significant at univariate anal ysis: male gender, presence of fC\ er, duration of 

illness before presentation and ascwal parasitacmia at prcscniation The values 

presented below arc generally means and standard dcvi11tions (sd) or stand11td error 

(se) P-valucs of< 0.05 were uken 10 indicate S1gnilicant di1TcrcnCC$ 
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Resulu 

Cl,n,a:il and paro.s110/og1ca/ features at e11rolme111 

The summary of demographic and other characteristics of the children enrolled 

in the study is presented in Table 5.1. Of 1031 children enrolled into the studies. 693 

and 338 children ,vere recruited during the high and lo,v transmission seasons. 

respectively bct,vecn 1996-2003. Patent gametooytoemio (geometric mean 27, range 6 

- 1344/µL) ,vas present in 73 ( 10 5%) of 693 ond 40 ( 11 8%) of 338 children at

enrolment in both high and lov,• transmission sea.sons respectively These proportions

,vere not significantly dilTercnt (x1 
.. 0.27, P• O 6) The parasite densities ot

enrolment in  these children ,verc 36748 (Geometric n1ean, range 209- I 50000) per µL

and 27961 (Geometric mean. range I 116-565333) per µL in both high and low

transmission seasons, respectively (P• 0,00 I)

The response., of the D.SCJ(IJIU porasitocmia to drug treatments have been 

reported clsC\vhere. Foctors nssocioted with gametocytaemia at enrolment during the 

high transmission seasons (HTS) are presented in Table S 2 Duration of illness> 3 d. 

and asc.wal parasite densities less than I 0000/�lL ,vere related to the presence of 

gometocytacmin 01 enrolment None of age, gender or fever at presentation ,vas 

independent risk factor for gametocyte carriage (Table S 2) Ho,vcvcr, during lo,v 

transmission seasons, gender. duration of illness >4 d. and asexual pnrnsite densities 

less than 5000/µL ,verc the independent factors associated ,vi1h gametocytaemia at 

enrolment (Table S.3) 

Cl1111ca/ Jeatlfru and respo11s� to chloroq11111e 

or 333 children that were treated with chloroquine during the study, 168 ,vere 

placed in the l.fTS and 165 in the LTS The clinical features at presentation and 

paruttological paramcter1 of these children arc summariz.cd m Table S.4 The clinlcal 

features were similar, although those enrolled 1n 1hc L TS were signilicontly younger 

W- O OJ), had significantly tower presenung 1cmpen1uJc (P -0 OJ) 111\d IO\\et

geomcmc mean pvui1e density (P- 0 001) Although. the fc:vcr clearance times "ere 

limi1ar an the ITTS and LTS the pMUitc clcanncc limes were significantly dilTercnt 

(P-0003) The ochcr 11tcrapcu11c responses (Table S 4) were s.im,lar in the two 
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TABLE S. I Summary or demographic 11Dd other characteristics of the I 031 children 

enrolled in the study 

Variables 

Age (years) 

MF 

\Veight (kg) 

Presenting body temperature ("C) 

Duration ofillness (d) 

Asexual parasite density (per µL) 

Geometric mean 

Range 

No >2S0000 

Value (mean± sd (rnngc)J 

S.6 ± 2.9 (O.S - 12 0) 

493 S38 

16.4 ±4 8 (S 0-27) 

38 6 ± 1.2 (3S.7 -42.0) 

32±1 7(1-21) 

34063 

2090-2341000 

100 
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• 

TABLE S 2 Risi. liictors for P. JafclfKln1111 gamc1ocy111cmia at enrolment during the high uunsmission seasons

No of children Crude OR P value Adjusted OR P value 

\\ith gnmc1ocy1cs (95o/o Cl) (95% Cl) 

\gc(}) 
.. s 346 JS I 

• 

<. s 347 38 109(0 6- LB) 0.8 

c,ndrr 

male 320 36 I 
• 

female 373 37 I 2 (0.7-2.0) 0.4 

Paras Ila"" 111 

(/µL) 
> 10000 S61 51 1 I 

<10000 132 21 1 89 (I 04-3.3S) 0.03 I.SS (I 11-3.33) 0.03 

F,,cr • 

Febrile 437 46 I 

Afebrilc 258 27 0 99 (O.S-1 68) 0,9 

Duration or

illness (day) 
>3 d
!:ld l56 25 1 1 

537 48 0.51 (0,31 - 0.9) 0.01 0.55 (0.33 - I 0) 0.03 

� 

OR. odds DIIO

rC\-cr, 11.-dll:lt) tcmpcr:IIUl'C :! 37.s•c Cl confidence intcn'III 
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TABLE 5.3 Risk factors for P.fa/c1pan1111 gamctocytacmia at enrolment during the low transmission seasons

No of children Crude OR P value Adjusted OR P value 

\\�th garnetocytcs (95o/• Cl) (95% Cl) 

t\gt()') 
2'.S 159 13 I 

• • 

<S 179 27 O.S (0.23 - I OS) 0.7 

Gtndrr 
male 159 28 I I 

female 179 12 0.34 (0.1 S-0. 72) 0.003 0.3 (0.1 -0.6) 0 002 

Panult11tmi11 

(/µl.) 
< 5000 23 s I 

I 

> 5000 315 32 0.21 (0.08 - 0.63) 0.001 0 22 (0 08--0.64) 0.005 

PC\tr •
Febrile 98 9 I 

Afcbrile 240 31 0.68 (0.3-1.54) 0.4 

Duration or 

Ulntss (d11y) 

<4 d 299 30 I I 

>4d 39 10 3 I (12-7.3) 0.01 3 I (12-7.3) 0.014 

OR.oddsmtJO 

0 .  aJlllldcDCC IOICf\ � 

rC\-u. a.'lilbl) 1cmpcr.win: 2:. 37.S'C

60 
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TABLES 4: Comp3rison of clinic;il 1>3=cters of333 children \\1lh acute f:llc1p;irum m3l:1n:1 :it 
pn:scout1on o.od lhctr therapeutic response following tre:iuncnt with chloroquine during lush o.od 

low transmission seasons 

I-ITS LTS p 

\'lllUCS 
Number of p;iticoLS 168 16S 

Age (years) 
mc:in±sd 5.6 ± 2.S 4.9 :t 3.0 0.03 
range 07-13.0 0.6 • 12 0 

\Ve1ght(kg) 
m=±sd 16.0± 5 6 15 I :t 5.6 0 16 
range 6 S -33,0 6.S • 31 0 

Ourallon of symptoms (d:lys) 
Ole:10 ±sd 3 3±1 8 3 I ± 1.5 0.14 
range 1.0 -14.0 1 0-s.o

Body Tcmpcr:i1un: (oC) 
38.S + 1.2 38.1 + I I 0.03 mc:1n±sd 

range 36.l -42.0 36.S • •10.6 

Pruasn:u:mi:i (/µL) 
36748 2796 1 0.001 G�lPD (3SC3Unl) 

Rnnge 2090-1500000 2116 • 565333 
FCT(d) 

mc:lll ± scl I 5 ± 0.8 1.5± 0 8 099 
range 1-4 1-S 

PCT(d) 

mc:in+sd 2.7 + 0 9 3 0+09 0.003 
-

ru.nge 1-6 1-S 

No Cured 97 92 07 
No ",th RI 60 52 0.4 
No ",th RU 6 10 04 
No wtth RDI 5 II 0 I 

�U'D. p:OfflNnC mc:a:n panlSIIC density. PRR. panwto reduction rwo: FCT, rC\n clC1111ncc umc:; PCT 
paas,JC cJc:ar.u:,ci: 1.1me RJ .. par.wucml.l llu;ippc;ln but 1t:1ppc::lll "i1l11n 7 to I� cb)'5, Rll � clcrn::uc or

pl'Wl:JCIIW' but IIO CIIIIDpk:k c.lc:uGCC from pcripbml blood. RIil � no pronounced clocn:uc Of HlaC!iC 
IA pansdXlllil 111 41 boon allcr u-ca1mcn1. d• II.a)' 
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seasons Analysis of the treatment failures sho\ved that of the 71 that had resistance 

response in the HTS, 60, 6 and S children had Rl, Rll, and R11l respectively; similarly in 

the LTS, 52 had Rl, 10 had Rll and 11 had Rill responses. RllI response occur more in 

the L TS than HTS but the difference was not significant (P= 0 I). 

Gan1e1ocy1aemla d11r/11g trearmc111 with chlaroq11111e 011dfallC111111p 

Gametocytnemin wns found in t,venty seven of 168 and t,vcnty eight of 16S during 

the HTS nnd L TS, respectively at enrolment. There ,vas no difference in the geometric 

mean gametocyte densities (24, range 12-1344/µI, ,•s 26, range 6-1S0/µI; P� 0.3). 

Gamctocytacmia increased significantly in densities by day 7 and 14 in children treated in 

the HTS when compared to the gamctocytc densities obtained on these days in those 

treated during LTS follo,ving chloroquine treatment (Table 5.5). Ho,vevcr, the 

cumulative gamctocytc carriage by day 7 and 14 were significantly higher in the children 

treated ,vith chloroquine during the L TS (P• 0.01 S and P=0.03) than those treated during 

the HTS 
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TABLE S.S. Comparison ofgame1ocyte intensities al presentation and follo,ving 
treatment in 333 children \vith acute falciparum malaria during high and lo,v 

transmission seasons

HTS LTS p 

values 
Number of patients 168 1 6S 

rnrnsitncn1in (per 11.I) 
on dny O 
GMPO (gametocytes) 24 (n•27) 26 (n-28) 0 29 

Range 12 - 134 6- 150

Pnrnsi1nc1nin (per 111) 
on dny 7 

GMPD (gametocytes) 48 (n=29)0 27 (n=18) 004 

Range 12 - 1476 6-264

Pnmsl111cn1in (per 11I) 
on clay 1.-

G�1PO (gametocytes) 29 (n"'20)0 18 (n•35) 002 

Range 12- 144 6-102

GI\IPD. i;cometnc: mc:1n p:1rasi1c dalsll) 
• number of c:lu ldrco Cl")ins pmdOC)lC. G:lmc1ocy1c: c:nmag,c was s1g111ncanll) higher In

LTS b)�) 7ood l�(P-.OOIS11nd0.03)

6)
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Discussion 

The primary purpose of the present srudy was to evaluate the eO-oct of seasons in 

the lo\v and high transmission period characteristic of malaria infection in Nigerian 

children, on gametocyte carriage, response to oral chloroquine and gornetocyte carriage 

following treatment Gametocyte cnniagc rates may vnry ,vidcly and depend on several 

factors ln  this study, the observed prevalence of malaria infection was significantly 

higher in the high transmission season (1354 of 1986) than in the L TS (253 of 789), but 

the gamctocyte carriage rate ,vas slightly higher in the latter Such seasonal effect has 

been observed earlier in the same area (Molineaux, 1980) Prompt visit to clinic and early 

treatment of the infection during HTS compared to slo,v response of infected individuals 

during L TS may be contributory People in this setting appear to suspect malaria 

infection more in the rainy season once symptomatic or pyrc.'<ic It is notewonhy that 

asexual parasitacmia at enrolment ,vas markedly higher in the HTS than in the L TS, The 

rcason(s) for this is not clear fro,n the present study A similar observation of lo,v parasite 

rote during the lo,v transmission period has been earlier reported for the area (Sowunmi 

1995; Salako et al., 1990). It may be that the features of asexual P/as,11od111n1 falcipan1111 

infcctivity or clinical presentation vary ,vith season or respond to chnnges in the 

environment in such a way to favour its propaglltion. 

A critical evaluation of the risk factors for carriage of the SC.'<Uol forms may 

provide some clues in respect of the above observation ln the present study, t,vo and 

three independent focton ,vcrc o.ssoc:iated ,vith gametocyte cnniagc in the HTS and LTS, 

respectively Why male gender should be a risk factor for gametocyte carriage in L TS 

and not in the HTS remains unclear Testosterone and corticosteroids has been rcponed 10

51.jrmalal" P. falctparun, gamctocytogcnesu 111 ,·,tro ( r-.tcuwoswc et al. 1985, Lingruiu et 

II , 1993) Could there be seasonal wnation m the levels or SC'.IC hormones in 1hc

prepubena1 male and female? This finding \\-OUld require runhcr investig111ion in African 

children 

The dumion of illneu longer than 4 day, and reduced parasite.m,a found u nsk 

uctort for pmc:t.ocyte c.amage in the LTS contnlSI sharply 10 the shoncr dW11tion or 
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illness and two rold parasite density in the I-ITS and may suggest lhat there is delayed 

presentation of symptoms or possibly IO\V degree or virulence in the circulating asexual 

parasites during the L TS Smalley cl al ( 1981) observed that longer established P.

falc1pan1n1 inrections are likely to produce gametocytes It is likely thcrcrorc that longer 

duration or illness berore presentation in the L TS may allo,v sufficient time ror the 

progression or committed asexunl parasites 10 gametocytes. 

The effects of antimalarial drugs on �nl differentiation in P. /nlc1pan1n1 is still 

not fully understood. Cenain antimalarial drugs, ror exarnplc, chloroquine and 

pyrimethamine -sulphado'Cine, have been reponed to contribute to gnmetocytogenesis 111

,·,tro (Buckling et al., 1999) or gomc1ocyte generation or rclcosc /11 ""'O (Butcher, 1997, 

So\l>'\lnmi and Fateye, 2003a, b). It is remarkable to note that the children in the cohons 

treated ,vith chloroquine in this study during LTS were significantly younger, had lo\\er 

presenting temperature and lo,v parasite density compared 10 those treated mth 

chloroquine during the HTS Although rcver clearance times ,vere similar, the parasite 

clcannce times were significantly different in the I\VO transmission seasons The 

children tl"Cllled during the L TS had delayed clearance or their asexual rorms suggesting 

differing parasite behaviour and dynamics during trnnsmission seasons Thus the use of 

chloroqwne in children in the study nrco in the I ITS appcan:d more favourable and 

imponan1 to reduce circulating parasite load Dcspilc similar therapeutic outcome and 

resistance rates in the t,vo lJ'QJISmission periods, early resistance of RTI and RJTT occur in 

more children during Lhe L TS 

Surprisingly, the post treatment gametocytaemia and gamctOC)1C carriage differ 

significantly in the two seasons compared to pretreatment gamctocytnemi11 lllld 

gameytocyte carriage that were similar In the I ITS, post treatment g1UT1Ctocyto intensity 

was lugh but srgruficantly fewer ctuldrcn "'·cJe carriers compnrcd ,\'i1h lov.- gametocyte 

mtcmity and high carriage rate in the L TS Thus Rntimalarial drug chemotherapy may 

unpose wcs.s on the parasite, n:spomc to which could result 1n increased gamctOC)1e 

productJon (Buckling et al. 1999, Smalley. 1977) The higher sc"<Ual p11rasite del\Slty 1n 

t.hc I ITS may III addition suppon increased pan.site burden on mosquito and probability of 
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mosquito infection (Carter and Graves, 1988; Taylor and Read, 1997; BuckJing e1 al • 

1999) Thus creating heavy burden or malnria and high transmission in lhe orea. 

The increased resistance 10 chloroquine, ,vhich still remained the most common. 

readily available. cheap and first line antimalarial drug in the study area, may be 

contributory to differences in the post treatment gametocyte generation or release and 

carriage in children. Patients ,Yith slo,v response 10 trcotment ore likely to carry 

gametocytcs thnn those that responded rapidly (Price et nl • 1999) Thts may find 

relevance in our understnnding of ho,v the pM11Sitc ensures tronsn1ission despite 

chemotherapy of the infection More studies would be needed 10 elucidate porosite 

response and behaviour to other nntimaloriol drugs during lo,v nnd high transmission 

seasons 

Overall, o strategy that ovoids the identified risk f11ctors for gnmetocyte carriage in 

the two transmission seasons nnd controlled use o f  anlimalllrinl drugs may reduce 

gametOcyte prevalence and contribute to a reduction in mnlaria transmission 
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S«tion 11 

£fleets of a111i111alarials on J'. (1Llcip11n1m

,:ametocytac111ia and gan,aocytc sex ratio cl,angttS 
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CllAPTER G 

Response to chloroquine lrtalmcnt or childrtn ,vho had or did not have 

gan1ctocy1cs during unco111plicatcd Plas1110,liun1fl1/ciparu111 n1al11ria and inOucncc 

or host chloroquine blood conccntmlions on g11111ctocylc carriage 

Introduction 

Chemotherapy still remains lhe most ,vidcly used approach 10 combat malaria 

infections. Continuing use or chloroquine in the treatment or malaria infections has 

been associated wilh increasing rise in railure 10 clear parasites in patients In endcnuc 

areas, as high as 40% and 80"/o in \VC5t African and East African patients, respectively 

may fail chloroquine treatment (Sowunrni and Fatcyc., 2003 11, \Voklay et al , I 99S). 

This has necessitated nltem3tive antimahlrial drug lheropy. \Vhile a,vailing the 

emergence or alternative to chloroquine in these areas, efforu need be ge3red to\vards 

minimizing the morbidity and monality that may result from continuing use or 

chloroquine One strategy, 10 consider lo extend lhe period in which the a.nt.imalarial 

is useful in a patient is the parasite host-related chl.lillctcristics, for instance gametocyte 

carnage., and clinical response to chloroquine 

Gametocytes generation. carriage in host, and infcctivuy 10 mosquitoes arc 

crucial to successful transmission of malaria infection and n1ay contribute to 

SUJtcnance and spread or chloroquine resistance in endemic areas (Sowunmi and 

Fa1e,-c, 2003 o., b, Sinden, 1983) In addition. little is kno\vn of the effects of 

chloroqwnc c:onccntR1ioo levels on gametocytc carriage and contribution to spread of 

chloroq,Jlllt' resistant mfce1ions in children Thus the aims or the present S1udy is to 

ewlua.le the elTect or gamciocytcs al point time or trc.itmcnt with chloroquine and 

during follow up period on clinical outcome and rcsiJtancc pattern in children during 

acute, uncompticau:d, r.tciparum malana, and &J.SC.U the effects or CQ blood levels on 

pmdocyte dyna.miu 
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Pat1tnu a n d  l\lethods 

The study is n part of 11 large study on efficacy of antimalarial drugs carried out in 

lbadan, Nigeria !Tom July 1996 till 1',iarcb 2003 (So\wnmi et al., 1998a, b, c, So\vunmi, 

2002, Sow.unmi, 2003), One hundred and forty two children \vith acute uncomplicated P.

fa/c1pan1m malaria ,vere enrolled consecutively into hVO groups of those \vho hod 

gametocytcs at enrolment or and during follow-up period and those who did not hnve 

gamctocytcs at enrolment or any point during treatment They ,vere treated \VTth 

chloroquine (25 mg/kg of body \vcight given over a 3-day period 10 mg/kg on days O and 

I and S mg/kg on day 2). The study ,VDS npproved by local ethics committee To be 

enrolled into the study, a child hod to be oged !: 13 years, have pure P. fa/cipan1111 

parasitacrnia of> I 000 ascxuol forms/µI, give negative results in (Dill-Glazko and lignln) 

urine test for an1imalarial drugs. have no concomitant illneu or evidence of severe 

malaria and have the ,vrittcn informed consent of his or her parents or guardians Ancr 

enrolment ond start of trc:ument (day 0), follow-up with clinical and para.sitological 

cvoluation \,•as on days 1 -7, 14, and \vhen necessary, on days 21 and 28. Clinical 

evaluation consisted of a general clinical examination including mca.suremcnt of \Vcight, 

core 1empenuurc and physical e.�amination. 

ASSCSl111e111 of p<irasrtwn,ia and gametocytaem,a 

Thick and thin blood films prepared from a linger prick \vere Giemsa-stained and 

\Vere c::wnined by light microscopy under an oil-immersion objective, 111 it I 000 

magnification, by two independenl assessors Parusitacmin In thick films \YUS eslt11U1ted 

by counting BSC'<Ual parasites relative to 1000 leukocytes, or SOO asexual forms, 

whichever occurred tirsL From this figure, the parasite density ,vas calculated assuming a 

leukocyte count of 6000/µL of  blood Gamctocytcs were also counted in thick blood 

lilms against I 000 leukocytes 11SSt1ming an avcrnge leukocyte count of 6000/�11 o f  blood 

(Shaper and t.ewu, 1971, E7.cilo, 1971, Sowunrni et al . 199S) G11mctocytacmia was 

quanti(ied on days 0, 3, S, 7 and 14 using lhc thick blood smears prepared on those days 

(So�i.uDDi and Pateye, 2003a. b) 
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E,nluaflon of response to dn1g 1rea1n1e111 

Response to drug treatment \WS nssesscd using \Vorld Health Organiza1ion 

(WHO) cri1cria (WHO, 1973) as follo,vs: S "' sensitive, clearance of parasitocmia without 

recurrence; RJ (mild resistance) = parasitaemia disappears but reappears ,vithin 7 to 14 

days, Rll (moderate resistance) = decrease of parasitaemia but no complcle clearance 

from pcripherul blood, Rill  (severe resistance) = no pronounced decrease or increase in 

parasit11emia al 48 hours after trcatmcnl. Ln lhose \vith sensitive or RJ response, parasite 

clearance time (PCT) was defined as the time elapsing from drug adminis1ra1ion unlit 

there \\'as no patcnl parasitaemio for at least 72 h

Assessn1e111 of effects of CQ blood le,-els 011 gamctocytc d)11am1cs 

Venous blood (5ml) was obtained from 22 children enrolled in the study at 

prcscn1a1ion and on day 3 and 7 for chloroquine conccn1n11ions in plasma and red blood 

cells In addition, blood ,vas ob1aincd from all cases of trcatmcnl failure before 

retrcaunent with pyrimethnmine sulfadoxine or amodiaquine al s1andard doses Olood 

was immediaiely cenlrifuge at 1200 x g. plasma separalcd from red blood cell and both 

plasma and red blood cells s1orcd at -20"C until analysis Chloroquine \YUS determined in 

plasma and red blood cells by high pc.rfonnancc chrorna1ogruphy (HPLC), using a 

modified method previously used for the estimation of quinine (Bab&lola cl al , 1993) 

BricJly. Plasma (1ml) and the in1cmal standard 10111 of papavcrine (Sµg/ml) \YCre 

alblinizcd \vilh 1 ml of 2 f.,/ NaOH and \\!hirl mi.'l:ed for I minute. The mixture \V8S

extracted wilh 2ml diethyl ether and voncxed for I minule. The organic h1ycr \YaS

separated following ccntrifug111ion at 1200 revolution per minu1c (rpm) for 1cn minu1cs 

100µ1 ofO IN HCI wu added to 2ml o f  the organic layer and the mi.'l:lurc vortc.iccd for I 

minute and centrifuged at 1200 rpm The ether upper lc1ycr \YUS removed and 20 µ1 of 

chloroqUIDc extract mjcctcd inlo the HPLC 

Tbe mobile pha.sc was a buffer consisting or O 2 /v/ sodium dihydrogco phosphate, 

mttbanol and acaonitrile at a ratio or 65 30 5, with I ml pcrehloric acid /100 ml of 

solution at pl l  of) 7 The mobile phase ,vu degassed in a sonicator just before use and 

pumped through the column at a now rate of I mVmin The column con1aincd o Dond11pak 
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C11 (3.9 x 300mm) The fluorescence detector ,vas set at 254nm The compound eluted

from the column in the following order chloroquine and papavcrine. The retention times 

were 4.6 and 6.8 min for chloroquine and intema.l standard, respectively 

The tha,ved red blood cell, o.Jrcady lyscd by the storage condition, ,vere 

centrifuged at 1200 rpm for 10 min and the upper layer 1ml processed in the same ,vay as 

the plasma .. The lo,ver limit of detection ,vas Sng/ml Recoveries over the concentration 

range 50 -1 OOOng/ml ,vere 90"/o in plasma and 85"/o in red blood cell The intru and inter 

samples coefficient of variation ,vas 4.5%. Co.libration plots ,vcrc linear (r2 = 0.98) up 10 

1 OOOng/ml The peak QJ'ea ratios ,verc co.lcult1ted o.nd concentrations determined by 

extrapolation from the stnndt1rd plots using a Graph Pad Pri.zm software package 

(GraphPnd, 1999) 

S1011s11cal 011alys1s 

Data ,vcre analysed using version 6 of the Epi-lnfo sof\,varc (,\non., 199<1), and 

the statistical program SPSS for \Vindo�-s version I 0.01 (SPSS, 1999), Proponions ,verc 

compared by calculating x2 with Yates' correction or by Fisher exact or by t-lantel 

Hacnsul tests Normally distn1>uted, continuous da1a ,vere compared by Student's t-tests 

and a.nalysLS of variance (ANOVA). Da1a not conforming to a normal distribution ,vere 

compared by the Mann-\Vhi1ney U-tcst and the Kruskal-\Vallis test (or by \\'ilco,on rank 

sum test) The values presented below are generally means and standard deviations (sd) 

or $Wld&rd error (sc). P-valucs of< 0.05 were 14kcn 10 indicate significMI differences 
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Results 

C/111100/ charactensrics mid response 10 chloroq11111e trearmc111 ill children who had or did 

1101 have gameroc:ytes 

The seventy one children each in the 1,vo groups or those who had gamctocytes at 

presentation or during treatment ,vith CQ and those ,vho did not have nt presentation had 

similar clinical characteristics, parasite clearance times (2 9 ± I I 1•s 3 O + 0.8, P,. 0 9) and 

fever clearance times 1.6 ± 0 9 vs 1.4 ± 0 7, p .. 0.6). 43 of71 gamet0cytaemic children 

during the treatment of their acute malaria ,vith chloroquine had g1tmetocyte at 

presentation. These children ,vcrc younger and hod lo,v presenting parasitcamia ,vhcn 

compared ,vith 43 children on consecutive enrolment ,vho did not have gametocytcs 

(Table 6 I ) .  The therapeutic response (Table 6 2) to chloroquine treatment differs in tJ1ese 

11vo groups Children ,vho hod gamct0cytes nt presentation had significantly shorter 

parasite clearance time and fever clearance time when compared 1vi1h those who did not 

have gamctocytc 111 presentation or during treatment of the infection (2.7 ± 0.9 1•s 3.1 ± 0.9 

d, P= 0 03. I 2 ± 0.5 1•s 1.6± 0.9 d, P: 0.01 respectively) 

Gmnetocyre ca"1agt. gan,etocyte 111te11sity a,id d1/oroq1111ie co1,ce1,rrn1101is 111 p/asrr,a 011d 

red blood Cr!IIS 111 21 c/11/dri:11 

Ga.metocytcs ,verc carried in peripheral blood in three of the 22 children in ,vhom 

chloroquine concentrations �re detennincd. 111 presentation, and ndditionlli 3 children 

during treatment, mth mean (geometric) gamctocyte dCI1S1tics or 19 /µI blood (day 0) ond 

46 /µl blood (day 7), rcspcctivcly Four or the six children ,vho had gametocyte at 

presentation or developed during treatment ,vere aged less than 5 years. Table 6.3 sho,vs 

the chnical parameters and 1henpcutic response of these children All the six children 

who had gamctocytc at prc-scntotlon or developed during trentmcnt had resistance 

response. 
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TABLE 6.1 Comparison of clinical parameters of 86 children ,vith acute falciparum 

malaria who nt prcscntntioo had or did not have gnmetocyte 

Parameters Gametocyta Agametocyta p 
. . values cm1c em1c 

Number of patients 43 43 
Age (years) 

mean±sd 5. 6+ 3.0 6.9±2 8 0.04 
range 0 7-12.0 0.6-13.0 

\Vcight (kg) 
mean+sd 16 5 ± 6 4 18 8 + 6 2 009 
range 7 0-30 0 8.5-28.0 
Dur:iuon ofs)mptoms (d11ys) 

mean+ sd J 5 + 2.J J 2 + 1.4 0 4 6
range 1.0-14.0 1.0-7.0 

Body Temperature (OC) 
38.4 ± 1 2 38 S ± 1 2 0 69 mean+sd 

-

3 6. S-40 6 '.16.S-40. 6 
range 

Parasitaemia (per ul) 
G�1.PD (ase.wal) 13588 21716 00S 
Range 209-262426 681-236866

Gt.fPD. gcomcuic mean J=lS!lcdcruity 
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TABLE 6.2. Therapeutic response follo\ving treatment with chloroquine of 86 children 
with acute falcipBN111 malaria who a, presentation had or did not have gametocyte 

Parameters 

Number of patients 

FCT (d) 
mean+ sd 
range 

PCT (d) 

mcan±sd 
range 

Day 14 responses 
Cured r1o) 
RI 

rut 

RJll 

Gametocyta Agametocyta P 

em1c 

43 

12+05 
1-3

2 7 + 0.9 

1-6

20 (46 S) 
20 

3 

0 

emic 

43 

I 6 +0.9 
1-4

3 I + 0.9 

1-S

33 (76 7) 
7 

0 

3 

values 

0,01 

0.03 

0.001 

fCT, fc:-,:r clC3r.lnce umc: PCT. parasi1ecle3111ncc lime. RI • p:lflWUKm111 disippc:u-s bill rc::iwc:us "i1hin 

7 10 14 cbjs; RII • c1o:=se or par:lSlmemt.:1 bill no compte1c clcarnncic rrom pc.nJ11tero1 blood, RIii • no 

pronounced clcc:n:ruJc or ,ncrcuo ,n paDSllncnua u1 48 hours n.na 1ra1mcn1 S • scllSllh� n:spo05C. 
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TABLE 6.3. Clinical parameters and therapeutic response of22 children with acute 

falciparum malaria in whom chloroquine blood concentrations \Vere assessed 

Parameters mcan±sd 

Age (yenrs) 6 2 ± 3. I 

Age< S years 9 

Sex (t.1·F) 13·9 

Weight (kg) 176±SS 

Duration of S)mploms (days) 3 O ± 0.6 

Body Temperature (OC) 38.4 ± 1 2 

Parasitacmia (per ul) 
GMPD (asexual) 2645 I 

Fever Clearance time (d) I 1 ± 0 6 

Parasite clc11J1111ce time (d) 3 0 ± 0 S 

Response 
Sensitive (S) 
Resistant (R) 

9 
13 

74 

range 

1.5-12 0 

9.0 - 26.0 

2.0 - 6.0 

35.7-402 

6240- 262426 

1.0 -2.0 

2 0 -5.0 
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Plasma and red cell chloroquine profiles ,.,.ere available for all the 22 children 

The gametocyte carriage and intensity, and c.bloroquine concentrations in plasma and red 

blood cells the 22 children are sho,vn in Table 6.4 Follo\ving therapy, overall, 13 of the 

22 children had resistance response and had significantly higher chloroquine 

concentrations in red blood cell compared to those (9) ,vith sensitive response (P = 

0.000 I) The plasma chloroquine concentrations and the red blood cells- plasma ratio 

were similar in these l\vo treatment outcomes. 

There ,vns 11 significont ncgntive corrclntion bet,vcen ga.metocy1nemia on day 7 

and red blood cells· pltUma chloroquine concentration ratio obtllined on day 3 in the 

children (Spcamu1ns rho • • 0.92, P • 0 008), but not ,vith plasma (Spearrnans rho • -

0. 70, P • 0 11) or red blood cell conccntrntions {Spearmans rho ..,. - O 5, P = O 9)

7S 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



TABLE 6.4 Comparison or gametocytaemia and chloroquine concentrotions in plasma 
and red blood cells of22 children \vilh resistanl or sensi1ive response follo,ving trcauncn1 

wilh chloroquine 

Parame1ers CQ resistlllll CQ sensitive p 

group group values 
Nun,ber of plllicnls 13 9 

Gametocyte densil)' (/µI 
blood) 

Day O(n- 3) 19•

Day 3 (n•6) 32 • 

Day 5 (n=6) 42 
Day 7 ( n 6) 46 • 

Day 14 (n• 4) 21 

Plasma chloroquine 
conccn1ra1ion on day 7 or 
day or failure (ng/ml) 
mean+sem 303.8 ± 48.3 167 . 3  ± 54.3 008 

range 82.3 - 683.2 22.4 -538.7 

RBC chloroquine 
concentrntion on day 7 or 
day orrailure (ng/ml) 
mean+scm 1096 I ± 143 4 437.6 ± 74 9 0.02 

rnngc 37 9 6 - 1875.4 158.6 • 876 8 

RBC-plasma chloroquine 
concenLnUioo rauo on day 
7 or day or failure (ng/ml) 
mean±sem 56+15 3.8 ± 0 S 0.38 
range 07-19.2 I I - 7.0 
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Discussion 

An interesting feature of the study ,vas the significant difference in fever and 

parasite clearance times in children who had glllllctocytes compared to those who did not 

have at presentation follov,ing treatment ,vith chloroquine. The reason for this finding is 

not clear from the present study Children who presented ,vith gamctocytcs arc 

supposedly carrying trophozoites probably committed 10 garnetocyte production (Bruce cl 

al, 1990). The behaviour of the trophozoites committed 10 gametocytc production in the 

presence of antimalarial drug is liulc kno\vn. Also ,vhy the asexual forms of the parasites 

in the cohort of children ,vith Sllmctocytcs ot prcsentotion appeared less virulent and 

cleared from the pcriphcrnl circulotion earlier in the present study is unkno,vn I lowever, 

the treatment of the infection ,vith chloroquine mny impose considerable stress and 

grcntly reduce parasite number {Buckling et nl • 1997) 

The presence or absence of gnmetocytes at presentation in the children studied 

modulates significantly the therapeutic response of these children 10 chloroquine. As 

children ,vithout game1ocytcs at presentation responded to chloroquine treatment ,,ith 

significantly higher cure rates, there was compnrati\lCly significant resistance response to 

the drug in those ,vith garnctocytcs 111 enrolment. It is clear that chloroquine therapy mny 

favour malarious children \Yho hod no gametocytcs at point of drug ndministrntion In 

such children a combination of game1ocidal drugs plus chloroquine or chloroquine in 

combinauon \vith all su1gc acting antimalarial. like artcmcthcr, mny be of advantage. 

Once a child present with garnctocytcs in the peripheral blood, oltcmotive antimalarial 

superior to chloroquine may be administered. However more srudies are needed to 

evaluate the effect of presence or absence of g.amctocytcs on clinical response of infected 

c:luldren 10 available antimalarial drugs in an an:a and potential contribution to controlling 

I he tnf ec:uoos 

It is 1n1eresung 10 note that chloroquine conccntra.tions in red blood cells in 

children were significantly tugher in children with rcsiJtancc response The reason(�) for 

lhls is oot dear from the presmt 11udy, Although. about 50% of these children canicd 

pmc:1oqte or uc:wal ronru already committed to gamctocytc formariol\ 11 is powblc 
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that the handling of chloroquine by these parasites allows concentration of the drug in the 

red blood cell milieu. It is thus hypothesized that n ·convcnlionnl circulating e.xchange' of 

CQ may occur bet\vccn the parasite cytoplasm and red blood cell environment, via a 

balance bet,\een concentration gradient and emux n1echanism (Krogstad cl al, 1987; 

Ginsburg and Krup.liak, 1992, Sanchez et al., 1997), ,vi1h a consideration 1ha1 rcla1ively 

less C."Cchange occur bcnveeo the red cell and plo.smn companment The increasing 

density of gamctocytcs over time in this cohon nnd its correlation ,vi1h to,v red blood cell­

plasma CQ concentration ratio is  not clear A possible c.xplanation is that S\vitch to 

gnmctocytc formntion of the committed DSC."Ctuil form and the increased gamelocyte 

cnniagc and intensity is triggered follo,ving increased drug pressure and stress on 1hc 

parasite_ an observation earlier rcponcd in some studies (Taylor and Rend, 1997, Buckling 

cl al., 1997), More s1udics ,vould be required to invcs1ignte this observation \Vhether or 

nol this hypothesis explains the observations, ii is clear from this finding that host 

handling of CQ crcntcs 11dap1ive suppon for the parasite in a ,vay thnt contnoulcs panly to 

spread of resistant parasites. 
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C/raptcr 7 

Open rarrdonu:.ed st11d)' of p)'ritnct/10111i11c-sutfa,lo:rinc 

\'C.'r;jUS pyri111d/1u111i11c-s11lfi11/o.:ci11c plus probcnec:icl Jar 

r/,e rrrarn,cnt of 11ncan1plic:atc<f Pliun,otliun, rnldpanun 

1110/nrin i11 d1iftlrcn 
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CliAPTER 7 

Open randon1i�cd study or pyrin1cth1n1ine-sulfndoxine versus 1>yri1neth11n1ine­

sulf1doxine plus 11robenccid for the treatn,ent or uncon1plic11tcd Plti.r11101/i11111 

ft1/cipan1111 n1nlnrin in chlltlrcn 

Introduction 

Drug resistance in P. fa/c,pan,m 10 chloroquine is a major public health problem 

in much of sub-Saharan Africa. accounting for recent increases in malaria-related 

morbidily and monality (Tnipe et ol., 1998, Trope, 2001), gamctocyte carriage, and 

enhanced transmission or drug-resistant infections 1n Africa (Robcn et nl , 1996 a, 2000, 

Sutherland et al., 2002. Drakelcy et nl . 2004, l lappi et al� 2003; Sowunmi ond Fatcyc 

2003 a, b) 

As an alternative to chloroquine, pyrimcthamine-sulfadoxine is \,iidcly used in 

sub-Sahanin Africa, but resistance is rapidly cn1crging (Sibley cl al • 2001 ). is associated 

with point mutations in dihydrofolatc rcductasc and dihydroptcrontc syn1hct11Sc genes of 

lhc parasite (Plowe et ol , 1997, \Vang et al , 1997, Dioune et al., 1999), and confers 

survival and propagation advantages on the parasite in the population (Sowunmi and 

Fateye, 2003 b) 

These developmenlS have led to rene\ved search for clTec:tive ahcmatiVtt to both 

chloroquine and pyrimctlwnine-$Ulfadox.ine, and to the use of both drugs in combination 

w11h c:adl other, or in combinAlion with other antlmalanals with modes of acuon different 

from those of chloroquine and pyrimcthamine-sulfadoxine, with the aims of slo,ving the 

progra5ioo of rCjlstanee to these drugs and prolonging their lifespan (von Scidlcin et al , 

2000. Sowunmi, 2002, Duco et al , 2002, Guasira et al , 2003, Dnikelcy et al , 2004) 
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It has also led to the use or chloroquine in combination \vith resistance modulators, for 

example, chlorphcniraminc (So\vunmi et al •• 1997). 

Experience \vith chloroquine plus chlorpheniramine for treating chloroquine­

resistant infections comes from southwest Nigeria \Yhere the prevalence or chloroquine­

resistant infection is 3S-40"/o (So\vunmi et al, 1998 a, b, c; So\YUnmi, 2003). A recent 

study has sbo\Yn thnt probeoecid. no inlu1>itor or organic anion trnosponers nnd 

mulrircsistnocc--associatcd proteins can chcmoscnsitizc P. fa/clp<rn1n1 to pyrimcthnmine, 

sulfadoxine or chloroquine 111 vitro (Nziln ct al , 2003), but the clinicnl significance is  

unclear To date no study has examined, clinicnlly, the usefulness or prolx:nccid in 

combination \vith pyrimethnn1inc-sulfndoxinc for the trcntn1cnt of mnlnri11 in African 

children. Such n study is essential for a number or reasons I It is possible that the 

combination. given in npproprintc doses., may improve trcntmcat efficacy. 2 Malaria 

transmission mny Ix: reduced if it n1odulntcs the gnmctocytogenesis-enhancing eOcct of 

pyrimcthnminc-sulfndoxinc. 3. It may potentially modify the management of paediatric 

cases or mnlaria. 

The present study repons the safety, antimalarial treatment efficacy. and effect on 

gametocytc carriage or pyrimethnminc-sulfado�nc-probcnccid and pyrimcthnmino­

sulfadoxinc alone in children aged 12 years or lx:IO\Y \vith acute, symptomatic, 

uncomplicated, P. Jalc1pon1m malaria 
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\laterials and n1ethods 

S..dy ana 

The study was carried out in lbadan. southwest Nigeria from July to September 

2003 In this area of hyperendemic malaria, transmission occurs all year round but is 

more intense during the rainy season from April to October In the area, it is difficult, 

clinically, to distinguish recrudescence from re-infection 14 days after commencing 

antimalarial treatment, and traditiono.lly antimalarial efficacy tests have usually been 

conducted for 14 rather than the customary 28 days (Ekanem et al , 1990; Snlako et al., 

1990) Chloroquine resistance \V11S reported in the area in the 1980s (Eknncm, 1985, 

Salako and Adcrounmu, 1987) nnd pyrimethnmine-sulfadoxine rcsist1111cc in the I 990s 

(Sowunmi et al, 1993, 1998 a; Fa.lade et al. 1997) Presently, chloroquine resistance 

reaches approximately 35-400/4 (So,vunmi, 2003) and, pyrimcthnmin1>sulfadoxine 

resistance approximately 25% in the under-five-ycar-olds (So,vunmi and Fnteye, 

unpublished) 

Patil!nts, tnaJnrent a_n,I follow, .. 11p 

Patients ,vere eligible to join the study if they \vcre. aged 12 ycan or below, had 

symptoms compatible \\-ith acute uncomplicated malaria. ,vith pure P. fa/cipanm, 

parasitacmia > 2000 asexual fonns/µL, 11 tempcruture > 37 4 •c or recent pyrc.'Cilll 

antecedents, absence of other concomitant illness., no history of antimalario.1 use in the 2 

weeks preceding presentation, negative urine tests for antimalarial drugs (Oill-Glaiko and 

lignin), and ,vrinen informed consent given by parents or guardians Patients ,vith severe 

malaria (\VI 10, 2000). severe maloutrition, serious underlying diseases (renal, cardiac, or 

hq>atio), and known allergy to study drugs were excluded from the study The protocol 

was appro,cd by the local ethic:.s committee 11,e disca.sc history ,vas rocordcd by o.sking 

patients or their parents ,Yhcn the present symptomauc pcnod hnd stnrted, BDd was 

followed by I full physical examination 

Enrolled paucnu were randomly 1.SSigncd pyrimetlwninc-sulfado'Cine 25 mg/kg of 

body v.i:ight or the sulfadonne component 111 preseruation (days 0) or pyrimcthaminc­

aulfadcnune u above plus PfObcnCCld (Dateh 2013, lndwtnn Farmnccutica Nova 
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\rgentina �lilano, ltaly) 20-25 mg/kg or bod)'\vcight in two divided doses daily for 3 

lays (days 0, I and 2) All drugs \Vere given orally. except the second daily doses or 

probcnecid, all drugs were administered in the clinic, and all patients ,vaited for at least 3 

h after drug administration to ensure the drug ,vas not vomited lf it ,vns. lhe patient \\'85

excluded fonn the study If necessary. patients ,vcre provided ,vitb antipyretic 

(paracetamol 1.ablcts, 10-15 n1glkg 8 hourly for 24-48 h) Drug administration ,vn.s 

controlled by o physician 

Follo,v-up ,vith clinical nnd panasitological evaluation ,vas done daily for seven 

days (days 1-7) nnd then on days 14, 21 and 28 Thick 1111d thin blood lilms prepared from 

a finger prick were Giemsa-stnined and ,vcre exan1ined by lighl microscopy under an oil· 

immersion objective, nt x I 000 magnification, by l\\'O independent assessors who did not 

know the drug treatment of the patient. Parasitaemia (asexual or sexual) in thick films

,vns es11ma1ed by counting ase.'CUol or sexual parasites relative 10 I 000 leukocytes, or 500 

a.se-'<Ual or se.-rual forms. ,vhichevcr occurred first From this figure, the porasitc density 

,vas calculated assuming a leukocyte count of6000/µI of blood. 

Routine haematological (hacmatocrit) and biochemical tests (concentrations of 

llltlllinc am1notrunsferasc, GSpartote ominotransfcrase. bilirubin. and erc:11inine) ,vere done 

on a proportion of potienlS, p�1reatmcn1 and on doy 14 Blood ,vas spotted on filter 

papers on doys 0, 3. 7, 14, 21 and 28, and al the time of lrelllment failures for pn.ru.site 

gcnotyping. 

Classification of responses to drug treatment ,vas accordlng to \Vl 10 criteria 

(\\'HO, 1973) Parasite clearance time ,va.s defined as the time elapsing between drug 

adrrun1stn1tion and absence of dctcct11blc parasitacnw, for at least 48 h Fever clearance 

tune wa.s dcfiocd as the time from drug administr1tion until the core tcmpcroture fell to or 

below 37 4°
C and remained so for 48 h 

Cure rata \l,ere defined u the percentage, of patients who remained free of 

parun.aania on days 14 21 and 28 of follow-up (This step wu necessary because or 

82 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



intense transmission in the study area, making it difficult 10 distinguish, clinically, 

between �infection and recrudescence n_fter day 14 (Ekanem cl al., 1990, Salnko et al., 

1990) and the relatively long half life of pyrimethamino-sulfadoxinc) 

Rerrearmenl of dn1g rrea1t11e111 failures 

Patients ,vho failed 1rca1mcn1 (within 14 days) ,vi1h pyrimethaminc-sutradoxine 

were retreated ,vith pyrimcthaminc-sulfndoxinc-probcnec:id and ,vcre foUo,vcd for another 

14-28 days Those failing pyrimc:thaminc-sulfadoxinc-probcnccid ,vcre retreated ,vith

oral amodiaquine 30 mg/kg over 3 d and ,vere follo,ved for another 14-28 days. Patients 

were retreated ,vhcnever they bocame symp1omo1ic (usually bet,veen 14-2 I days after 

initial enrolment) Patients ,vi1h profound clinical (hyperpyrexin., oral fluid intolerance) 

and parasitological detcriorn1ion during follow-up ,verc treated ,vith 11I1cmether (9 6 

mg/kg. over 5 days and ,verc regarded as treatment failures. 

Dora anolys,s 

Sample size \YaS calcu.la1ed on the basis of recent cure rate (75% on day 14) for 

pyrime1haminc-sulfadoxine in  the under five-year olds. Data ,vcre analysed using version 

6 of the Epi-lnfo sofl,varc (Anon , 1994). Vlll'inhlcs considered in the analysis were 

related to the densities or/>. falc,pan,m gametoeytes and tropho10i1cs Proponions ,vcrc 

compared by calculating 7.2 with Y l\les' correction or by Fisher exact or by MBnlcl 

Haenszd tests Norowly distributed, continuous data ,verc compared by Student's t-tcsis 

and analysis or variance (ANOVA) Data not conforming to a normal dis1n'bu1ion ,vcrc 

compared by the MaM-Whilney U·tcsts and the Krusknl-Wnllis tests (or by \Vilcoxon 

ranked sum test). All tests or significance., except where specifically indicated, ,vcrc two­

tat.led P-valucs of < O 05 ,vcre taken 10 indicate significant dill'crcnccs The values 

presented are generally means and standard dcvi11lions (sd) or standard enor (sc) 
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Results 

Patients' characteristics 

A total of 529 children aged 12 years or belo,v with symptoms compatible ,\<ith 

acute, uncomplicated falciparum malaria ,vos screened during the period. Parasitaemia 

was present in 313 children, 256 children ,vere eligil>lc for participation but only 153

children ivere enrolled or the 153 children enrolled, 79 \Vere treated ,vith 

pyrimethaminc-sulfadoxinc-probenccid and 74 ,vith pyrime1haminc-sulfi1doxino. T"•o 

children, one from each of the treatment arms, \Vere lost 10 follow up after day 7 be<:auso 

of parental relocolion These children ,vcre c.xcludcd from the data onalysis Figure 7. I 

sho\vs tho trilll profile. Overnll results arc for 151 children The demographic and clinical 

characteristics of patients at enrolment are shown in Tobie 7 I These cha111cteris1ics were 

similar in the t,vo trcatmcnl arms, bul the dura1ion of illness at presentation ,vas

significantly longer in those treated \vilh pyrimethaminc-sulfadoxine-probenccid 

,.�V!r a11d parasfrc c/earm,ce, OJI(/ gan1tfOC)'le carriage 

One hundred and seven children were febrile at corolmcol, 57 in pyrimcthaminc­

sulfadoxine-probcnecid and 50 in pyrimcthaminc-sulfudoxinc groups. By day 2, fever 

cleared in 42 illld 26 children, respectively There was a significant dilfcrence in the 

proportion of patients in ,vhom fever cleared by day 2 <1 • 4.5, P • O OJ), O\'erall, fever 

cleanince was significantly shoncr in those treated with pyrimclhamine-sulfadoxinc­

probcnecid (1 9 ± I I VS 2 4 + I 2 d, P O 02) (Table 7 2)

Compared with pyrimcthaminc-sulfadoxine, pyrime1haminc-.sulfado,cinc-probcnccid 

substantially accelerated the clcan1nce of para.sitacmio Oy day 2, 53 and 37 children in 

the pyrimcthaminc-su!Cado'Cinc-probcnccid 11Dd pyrimcthomine-sulfadoxine treatment 

arms, rcspc,eu�dy h:ld cleared their parasitaernias The dilfercnce in this proponion was 

sigmticant (i - 3 98, P - 0 04) Overall, parasite clca.runcc was significantly shoncr in 

those treated with pyrimcthanunc,-sulladoll:UlO-probcnectd (2.3 ± 0 9 vs 2. 7 + I I d, P • 

0.04) (Table 7 2). The cure rote on day 14 (96 2 vs 83 5°/o, "( S 3, P • O 02) but not day 
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FlGURE. 7.1. Trial profile of patient! enrolled in the pyrimcthrunine suJfodoxinc 1•s 

pyrimcthanunc-sulfadoxine-probenccld study 
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TABLE 7.l. Demographic and clinical characteristics at enrolment of the 151 children 

with acute falciparum malaria who were treated ,vith pyrimcthamino-sutfado)Wle 

probenecid or pyrimethamine-sulfadoicine 

Pyrimcthan1ine- Pyrimctbomioe- P. value

sulfadoxioe-probcnccid sulfadoxioc 

No. of patients 78 73 

�tale/Female 41/37 38/35 

Age (years) 
mean+ sd 6.3 ±2 9 S.9 ±2 9 0) 

range I S 12 08-11 5 

No < S yenrs 29 25 08 

\Veight (kg) 
mean± sd 17 8 ± 6 I 17 2 ± 5 6 OS 

range 7-35 5-30 

Duration of illness (d) 
mean:tsd ) 5 ±  I 7 3,0±1.3 004 

range l -10 1-9 

Temperature ("C) 
mcan±sd 38 I :!: I 0 38 4 ± I 2 02 
range 35 9-40.J 36 .1 -40 S 

Parasite count (/µL) 
gcomctnc mean 46,792 57,745 OS 

range 2010-1,388,000 2020 - I ,254,000 

Haemntocnt {��) 
mean+sd 316±5.S 33 I :!: 5 l 0 ' 
range 18-43 22-46 

No <25�. 8 2 0.1 
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TA13Ll: 7.2. Therapeutic responses to pyrimcthaminc-sulfadoxine-probcnecid or 

pyrimethamine sulfadoxine of children \vith acute falciparum malaria 

Pyrimcth11minc-sulrndoxinc- Pyrimcth1uninc- p 

probcnccid sulfndoxinc value 

No of patients 78 73 • 

Fever clearance time (d) 
1.9 ± I I 24±12 0.02 

mcan±sd 1 -5 1-7

range 
Parasite clc3rance time (d) 

mean±sd 2,3 ±09 2 7 ± I I 0.04 

range 1-5 1-6

Day 14 responses 
No cured 7S 61 

No Rl I 10 

No Rn 2 I 

No Rill 0 I 

Cure rate(%) 96.2 83 S 0.02 

Day 21 responses 
No cured 66 GO 

No Rt 10 I I 

No R1J .,- I 

No. RJJI 0 I 

Cure rate(%) 84 6 82,2 0.8 

Day 28 responses 
No cured 62 S3 

No Rl 14 18 

No Rll 2 I 

No Rlll 0 I 

Cure nte (%) 794 726 04 
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2 8  (7 94 vs 72.6%, x.1 = 0 .6 ,  P - 0.4). was significantly higher in children treated ,�ith 

pyrimctharnine-sutradoxine-probenecid than in those treated ,vith pyrimelhamine­

sulradoxine Response to both treatment regimens wn.s not related to age: one child and 2 

children from the 29 and 49 < 5 and ? 5 ycar-olds., respectively treated ,vith 

pyrimelho.mine-sulradoxinc-probcnccid railed treatment by day 14 (P - 1.0, by Fisher 

exact test). Similarly, 4 and 8 children from the 2S and 48 < S and ? S year-olds, 

respectively treated ,vith pyrimetharnine-sulfadoxine railed treatment by day 14 ( P  .. I 0, 

by Fisher exact test) 

Gametocytc carnage in those ,vho did not have gnmct<>cyloemia at enrolment (n = 

73 and 72, respectively in the pyrimethaminc-sulfadoxine-probcnecid and pyrimethamine­

sulfadoxlnc) was simihi_r on days 7 (32 of73 (43 8%) vs 31 of72 (43%), 1: • O 01, P -

O 9) and 14 (16 of73 (21. 9"/4) vs 21 of72 (29.1%), i = O 66, P = O 4) ,vith both regimens 

Response to pyr1n1e1/,on1i11e�,tlft11/ox111e-probe11ecicl of c/,i/c/n11 wlllt pyr,me1han1i11e­

s11/fadox111e-treoh11e111 jail11res 

Seven of 12 children ,vho foiled initial treatment ,vith pyrimcthaminc-sulfadoxinc, 

"-ere rctrcated with pyrimctharnine-sulfudoxinc-probenccid The therapeutic responses of 

these children are summarized in Table 7 3 ParasitaemiB and fever cleared ,vithin 2-4 

days of treatment "ith pyrimethamine-sulfadoxine-probcnccid The child ,vith RIT 

response 10 pyrimclhamine-su\fadoxine during initial treatment hod a RJ response 

foUowing rctrcatmcnl with pyrimethamine-sulfndoxine-probenccid The curo rates on 

days 14 and 28 \\ere 86% and 72%, respectively None of the three children ,vho failed 

1reaunent with pyrimethaminc-sulfadoxine-probenccid on or before day 14 (sec Table 7 2) 

and were subsequently retreated with amodiaquinc foiled lrcatmcnt during a 28-day 

foUow-up period In lhese children rever and para.sitaemia cleared ,vithin 2-3 days of 

miuating amodiaqu1ne therapy 
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TABLE 7.3. Clinical and parasitological parameters of the 7 children ,vith Plasmod1um 

Jalc1par11m malnrin \vho hnd resistance response to pyrimethamine-sulphndoxine during 

initial treatment and subsequently treated with pyrimethnmine-sulphado,cine-probenccid 

No of p;111CD1S 

Age (yc:us) 
mcan±sd 
r.ingc 

\Vcight (kg) 
mc:in + sd 

-

r.ingc 

Temperature C"C) 
mc::111+ sd 
r:ingc 

Pnrasjtc count (/µ.L) 
gcomctnc l1lC3.ll
r:ingc 

F e-.,:r cle.unncc Ul1lC (d) 
mc:lll+ sd 
range 

P:u:uiu: ck:;iran0e umc (d) 
ll'IC1ll + sd 
r:ingc 

D�y 14 responses 
No cured 
'lo Rl 
No Rll 
No Rlll 
Cu� r.uc (•,,.) 

l>.J) 21 I tspOiiilC:S 

No cured 

No Rl 

No RII 

So Rlll 
C�ra.lC\¾) 

Pyrimcthaminc-

sulfadoxinc 

7 

.8 ± 2.6 
3.3 -11 S 

19.9±3-1 
15-26 

38 8 :t I I 
370-403 

47,835 
l.020 - 115,500 

2. 1 ±. 1.3
1-4

36±10 
2-S 

0 
6 
I 
0 
0 

0 

6 
I 
0 

0 

Pyrimcthaminc-sulfado1i11t- P. 

probcnecid \,iluc 

7 

20 I± 3.8 O.S 
15- 21.5

37 S + 1.4 0 I 
36 0-39 S 

8,156 0.01 
716-27,622 

12:tOA 0.35 
1-2 

28+09 0.26 
2-4 

6 000� 
I 

0 
0 
86 

s 0.001 
2 

0 
0 
72 
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:Ad\.-er.se e1-e11b

Pyrimethaminc-sulfadoxinc-probenecid and pyrimethaminc-sulfadoxine \Vere well 

tolerated; no child was withdra\vn because of drug in1olcrucc. Symptoms reponed 

within 1he first week and during follo\v-up were similar (Table 7 4). However, vomiting 

was more frequently reponed by those treated \vilh pyrimethaminc-sulfodoxinc. None of 

the 7 children \1/bo failed in.i1ial treatment \vilh pyrimethan1inc-sulfadoxine and \vcrc 

retreated \vith pyrime1haminc-sulfadoxine-probenccid reponed adverse symptoms 

Hai:n,atolog,cal and b,oclienucal paranwters 

Except for hacma1ocri1 vlllues belO\V 2S% 111 enrolment in 8 and 2 children in 

pyrimctha.mi.nc-sulfadoxinc- probcnccid and pyrime1hamine-sulfadoxine groups. 

respectively, and 111 day 7 in 4 and 4 children, respectively, haema1ological, biochemical 

and other parameters remained normal before and oner treatment in all subjects. 

Thrombocytopenia \\'llS present in 10 and 12 children in pyrime1ha1nine-sulfadoxinc­

probenccid and pyrimethaminc-sulradoxine groups, respectively, at cnrolmen1. bu1 \VBS

no1 seen on day 14 in any child.. 
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TABLE 7 4 Adverse drug reactions reported during the study 

Pyrimethamine Pyrimcthamine-

sulfadoxine-probenecid sulfadoxine 

No of children 78 73 

investigated 

Reporting 

Pruritus 0 0 

Vomiting 2 2 

Abdominlll pain s 2 

Diarrhoea 0 2 

Anorexia 0 4• 

Oro\vsincs.s 0 0 

Cough 4 7 

Headache 3 3 

\Veight gain � I 0kg 38 (n = 66) 32 (n= 60) 

• Si&ru[IQJU SlllUstical dtlfcn:ncc. P • O,OS
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TABLE 7.4. Adverse drug reactions reported by children \vilh acute falciparum malaria 

treated \vith pyrimethamine-sulphadoxine-probenecid or pyrimcthamln�sulphadoxine 

Pyrimclhaminc Pyrimethamine-

sulfadoxinc-probcnccid sulfadoxine 

No of children 78 73 

investigated 

Reporting 

Pruritus 0 0 

Von1iling 2 2 

Abdominal pain s 2 

OiruThoca 0 2 

Anorexia 0 4• 

Dro\vsiness 0 0 

Cough 4 7 

Headache 3 3 

Weight gain� 1.0kg 38 (n "" 66)0 32 (n • 60) 

• S1i;nuican1 SIAUSUCII dtlfc= P • 0 OS, • Number \\IU1 incn:3sc ,n waght
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•Y also be due to additional increases in drug levels arising from repeated administration

of pyrimethamine-sulfadolline. Although no unto\vatd effect was observed follo\ving rc­

treatmcnt, caution is required with this step, since it may increase the chances of adverse

drug reactions to pyrimcthamine-sulfadoxine

The drugs used \Vere \Veil tolernted The most frequently rcponcd adverse 

reactions were of gastrointestinal origin, and most \Vere indistinguishable from the 

symptoms of malaria r.1alaria, and the drugs evuluated, can cause anorexia_ 11 is possible 

the significantly reduced reponing of anorexia by those treated \vith pyrimelhamine­

sulfadoxine-probcnecid \Va5 related to the nccclemted clearance of fever and parasi111emio 

Both probenecid and sulfadoxine can nlso induce hnemolysis in Glucosc-6 Phosphate 

Dehydrogenase (G6PD)-deficient subjcctS. but no child, follo\ving treatment, reponed 

features suggestive of drug-induced haemolytic anaemia 

It remains unclear e.uctly bO\V probenecid enhanced the antimn!arinl e.lfect of 

pyrin1ethamine-sulfadoxine in the cohon of children studied Probcnecid can reduce 

folatc uptake by P. falc1pon1m 111 vrtro (Nzila et al., 2003}, in addition to increasing 

plasma sulfooamides concentrations by reducing renal tubular secretion of the latter Both 

of these actions arc independent of pamsitc sensitivity status 10 pyrimcthomine­

sulfadoxine It is possible that follo,ving treatment ,vith pyrimcthamine-sulfodoxine­

probcnccid. sulfado,tlnc concentrations \vcrc significantly big.her than in those treated 

with pyrimctlwnine-sulfadoxine alone. but drug levels \Vere not measured Probenccid 

can also reverse resisLance in cancer cells 10 methotre."itatc (lolooijberg et ol., 1999) and 

rcsutance In P fu/c,pon,m 10 chloroquine 111 vitro (Nzila et nJ. 2003}, by inhibiting the 

multi-drug resistance associated proteins. lnlu'bilion of the multi-drug resistance 

a!,oc,•Jed proteins is  an unlikely mc,chanis:m of the enhancement of the antimalarial elfcct 

of pyrimethaminc-sulfadoxine by probenccid since rcsislllncc to pyrimcthamine­

ailf.ad<rone is associated with mutations 1n the dihydropteroate synthctasc and 

d.1h)'drofolate reduetasc. and not mutations in the pfmdrl gene of the pllJ'IUitc (\Vang et al, 

1997, Diourtl et al , 1999, OurllSingh et al. 1997) 
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There arc justifications for the dosing regimen, the relntively modentte dose was 

)lsed on the dose used to rctnrd tubular secretion of penicillin in children- a convenient 

Marting point since the drug has not been previously co-administered \\ith pyrime1ham1ne-

1Ulfado'(inc for the trea1men1 of malaria in children, 1he three-day dosing regimen is 

practicable. o.nd compliance is more li�ely than if it \vcrc for longer periods Ccrtainly 

pharmacokinctic and plwmacodynamic studies arc required before op1imal dosing 

regimens can be achieved There are potenual clinical applicauons of these findings lf at 

modern1e doses probenccid enhances 1he antimalarial efficacy of pyrime1ha1ninc­

sulfadoxine., it follo,vs that as resist.� increases to pyrimetlwnine-sulfadoxine. higher 

doses of probenecid may be cfTcctivc, since it is possible tl141 enhancement may be dose 

related 
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Cltnpler 8 

u,n1purari1't! t!Jlects of p)'rin1ethan1in�su/fudo.xine wit/, 

ar ,.,;,/,nut l'"1be11ecl,/ on ,:,1111e1tx::yfue111iu u11J i:a111daeyte 

se:o: ratios i11 c/1ildrt!11 ,vit/1 acute, $J•t11pto1r,atie, 

1111co111plicatetl, Jolclp11n1111 1110/uria 
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CHAP'l'ER8 

Comparative elTecls or pyrin1cthRminc-sulfRdo:i:ine ,vith or "'ithout probcnccid 

on g11mctocyt11c1nia and gamctocytc su ratios in children ,vith Rcutc, 

syn1pton1atic. uncomplicRtcd, fRldpRrun1 n1alnriR 

atroduction 

The increasing sprC4d of f'/am1od111111 fo/c1pan1n1 resis1an1 10 pyrimcthamie-

iulfadoxine (PS), the first or second line treatment or malaria in most endemic 

:ounuies in Africa (Faladc cl al • 1997, Plo,ve et al , I 997, \Vang cl nl., 1997: Diourtc 

et al., 1999, On1ar et al., 2001 a., b; Sibley et al , 2001), has led 10 renC\ved search for 

cheap, e!Tcc:tivc altcmn.tivcs to PS, and 10 rene,ved efforts to prolong the clinical utility 

of the drug in ,\fricn (Nzila cl nl., 2003) \Vben used as part of combination therapy, 

partjcularly ,vith the 4-aminoquinolinc, amodiaquinc, or the artemisisin derivatives, 

not only is there a rapid clearance of  asexual parasi1aemia., the frequency of 

gamctocyte carnage and lcvcl of gamctocytaemia during treatment ,vith PS may also 

be significantly reduced (So,vunmi, 2002, So,vunmi and Fatcyc, 2003 b)) However, 

it is not clear ,vhethcr non-nn1imalarial drugs that C40 po1cntiBlly enhance the activity 

of pyrimcthamine and sulfadoxinc ,n \llfro and 111 \1/1'0 ,viii influence the PS-induced 

inc:rcaseS in frequency of  gamctocytc carriage, level of gan1e1ocytacmia and male· 

biased sec natio (Sowunmi and Fateye, 2003 c) 

Probenead, an inhibitor of organic anion transporters and mull,rcsistanco-associoted 

proteins. can chcmoscnsiuze Plo.smotltum folc1pan1m to pynmclhaminc and 

su1fadoxinc 111 111ro (Nzila et al • 2003), and at least, 111 v11'0 in Nigerian children 

t.rea1ed "'ith pynmeuwnino-sulfadoxinc (Sowunmi et al • unpublished data) 

Hc,v,�cr. its effects. i f  any, when added to PS for the treatment of acute., symptomatic, 

uncomplicated, faloparum mawia in children, on the frequency of gl\lTldocyte 

carnaa.e, la-cl of gamctocytacnua. and temporal changes in game1ocyte SC'I rnuos are 

wwx,wn. Such 111fonna11on it cssenual u increases ,n both the te-.·el of 

9S 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



11tocytacmia and proportion of gametocytes that are microgametocytes may 

lificantly increase the infcctivity of the human population to the mosquitoes 

ding on it (Boyd et al., 1935, Roben et al, 1996 b). lfthe addition ofprobenecid 10

attenuates the potentials of  PS 10 enhance malaria u-ansmission, and ,'1i1hout 

:,ducing undue to,,acity, il may be the ideal chemosensiliz.cr of P.Jalcipantm i11 vil'o 

'le aims of the present study were (I) to determine the elTCClS, on the frequency of 

unetocyte carriage and the level of gamctocytacmia., of the addition of probcoecid to 

S (PSP) and (2) to follo,v the temponil changes in gan1etocyte sc.x ratios in children 

eatcd ,vith PSP 
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Patients and methods 

Pa11ent.J 

The study took place at the University College Hospital in !'bad.an, a 

hyperendemic area for malaria i n  southwestcm Nigeria (Salako et al, 1990) from fuly 

10 September 2003 The subjects were 151 children presenting with acute., 

symptomatic, uncomplicated Plasrr1odi11m falciparom malaria that \\"Cf"C nindomizcd 10 

the following treatment regimens PS given orally at presentation (day 0) as 25 mg/l-g 

of the sulfadoxine componcnL, or PS given as above plus probcnccid 20-25 mg/kg 

given orally in nvo divided doses daily for 3 d (days 0-2) The study protocol ,vas 

approved by the local ethics committee. 

The clinical aspects of the study were as rcponed in the previous chapter 

(Chapter 7). Briefly, 10 be enrolled, a child had to have acute. symptomatic., 

uncomplicated P. falclpon1r11 malaria. 10 be aged 12 years or below, 10 have a pure I'. 

falclpan,m parasi1aemia of> 2000 asexual forms/µ! blood, to gh-e negative results in 

(Oill-Glazko and lignin) urine tests for an1imalanal drugs, to have no concomitant 

illness or evidence of severe malaria, and 10 have the ,vriuen informed consent or his 

or her p.ircnts or gu11rdi'1flS 

Ancr detailed clinical and parasilological assessment and drug administration 

at presentation. each child, a.s follow-up, ,vas checked cllnically and parasilologically 

on each or days 1-7 and 14 Fingerprick samples of blood, collected on days 0-7 lllld 

14 ,verc used to 111Jlkc thin and thick sn1cars so tbal the levels of p1l1'11Sitncmi11 could be 

estimated (So,vunrni and Fa1c:yc. 2003 b). 

Q11a1111jic:ot1011 of ,:amctocy1ae111/o 

Gnmctocytacmio ,vas qunntified on days 0, 3, 5, 7 11.nd 14, using the thick blood 

smears prepared on those days (So,vunmi and F111cyc. 2003 b) Lcvel.s or 

gamctocytnemiA (sexual forms/ 1JJ) ,vcrc estimated by counting gamctocytcs ognin.st 

1000 teucocytes and assuming coch pattcnl had 6000 leucocytes/µ1 blood If the level 

o f  gametocytaemia was 01 IC3S1 I O �I forms/µ!, the gamctOC)1CS ,vcrc sc.."<ed on the 

basis that males (microgamctocytcs) ore smaller than rcmales (macrognmctocytcs), the 

nucleus is larger in the malc:s than the rcmales, the ends or tl1c cells arc rounded ,n 
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males and angular in females, with Giemsa the cyt0plasm Slains pale purple in males 

and dc:cp blue in fcmalcs, and the granules of malaria pigment are cerurally located m 

fcmalcs and more widely scattered in males {Caner and Graves, 1988; Robcn et al.. 

1996 b) The time taken to att.ain a SCJt ratio of I (SRI) was defined as the time 

elapsing from drug treatment until this ratio was achieved and \VIS calculated for each 

patient, from a plot of sex ratio v time. by computer extrapolation.. The data from the 

patients who did not have at least three estimates of gametocyte sc."t ratios \Vere

excluded from the estimation of SR I and the exploration of the disposition kinetics of 

gamctocytncmia 

D1<rp<>s1tio11 lr111etics of mu:ro- and n1acro-gan1l!tocytal!m1a 

Gamctocytc kinetic pnramcters were estimated from the levels of micro- and 

mncro-gametocytacmia by a non-companmental method, using the computer 

programme 1i1rbo Ken (Clinical Pharmacology Group, University of Southllmpton. 

U.K., through the councsy of Professor A.G. Renwick), gcncnlly as previously

described (So\vunmi & Fat eye, 2003 d) Afier determining SR I. the absolute counts

of micro- and macro-gamctocytaemio ,vcre log-trnn.sformcd for each patient and

plotted against time. The follo,ving parameters were noted or dctcmuncd (1) time to

attain SR I (lsRi). (2) area under the curve of the plot of micro- or 11U1cro­

gamctocytecmie v time, from tn1 to day 14 (AUCs,u.u). (J} the half-lives (1111) of the

micro- and macro-gemctocytaemia, calculated from ts11. and (4) the volume of blood

completely cleared of micro- and macro-gemctocytocmia from tsR,, defined as (the

level o f  micro- and macro-gemetocytaemia BI 1s111/AUCsa,.u Sincell was difficult to

determine the tinie that gnmctocytc rccn111mcn1 stopped in the patient, tbc levels of

micro- and macro-gametocytacmin at ls.i ,vcrc nssumcd to be the levels ,vhcn

recruitment stopped

Stausricol 01,alysif 

Data were anolysed using version 6 of the Bpi-Info son,varc (Anon . 1994) 

Proportions ,vcrc compared by calc:ulating 7.2 ,vith Votes' com:ction or by Fisher c.uc1 

or by Mantel J,laenSl-CI tcs� ormally distributed, continuous data ,vcrc compnrcd by 

Student's t•tCS� and analysi, of variance (ANOVA) Data not conforming to a normal 

d1SU1but1on were compared by the �fonn-\Vhitncy U-tcsts and the Knukal-\Vallis tests 
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(or by Wilco�on rank sum test) Correlations were a.s.sessed by linear regiession. AD 

tc:st.s of  significance were two-tailed. P-values of  :: 0 05 were taken to indicate 

significant differences The values presented below are generally means and standard 

deviations (sd) or standard error (sc). 
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Results 

Chnfcal feat11res at enrolment and respo11Sl!S to therapy 

Seventy eight children were treated wilh PSP and 73 with P S  The details of 

the clinical and parasitological responses 10 the two treatment rcgi.meos are presented 

i n  the previous chaptu (Chapter 7) Bricily, the clinical and para.sitological 

parameters at enrolment were similar in  the two treatment groups Mean age at 

enrolment was 6.3 ± 2.9 and S.9 ± 2.9 years in the PSP and PS groups, respectively, (P 

: 0.3). Fever clearance ,va.s signi6cantly faster in those treated ,vith PSP ( I 9 ± I I d), 

thDn in those treated ,vith PS (2.4 ± 1 2 d). The difference bct,,·ecn these values was 

s1gni6cant (P • 0 02) Similarly, parasite clearance ,vas signi6cantly faster. and the 

cure rate on day 14 was signi6cantly higher in those treated ,vith PSP than in those 

treated with PS. For cxnmplc, the cure rate on day 14 \YIIS 96 2¾ in those treated ,,ith 

PSP Dnd 83 S% in those trcated with PS (P = 0.02). 

/•;cq11c11cy of gametocyte co"lage a11d /e,-el of gametocytaemfa 

During the entire study period, gamc1ocy1aemi11 was found in 39 patients 

trented with PSP and in 34 treated ,vith PS The frequency of garnctocy10 carriage ,va.s

significantly higher on each of days 7 1111d 14 (P < 0 0 I) than on day 0, both m the 

PSP- and PS-treated patients (Table 8 1) Similarly, the levels of gamctoeytacmia 

were significantly higher on each of days 3, S, 7 and 14 than on day 0, both in the 

PSP- and PS-treated patients The level of gamctocy1acmi11 ,vas, ho,vcvcr, 

significantly higher on day S in PS- than in PSP- treated patients {P • 0.004, Table 

8 I). T,vo children and one child treated ,vith PSP and PS, respectively ,verc 

gamctoeytc carriers a1 ell times during the study period 

Gan1etOC)'fC sa roflos 

In the 39 children treated ,vith PSP ,vho had gamctoeytnemio durins the study 

period, 42, 32, J 32, 460 11od 138, 8llmc1ocy1cs , ... ere counted on days 0, 3, S, 7 and 14, 

respectively, and most of these g4metoeytcs (39, 32, 130, 4S3, and 138 on d11ys O, 3, s.

7 and 14, respectively) could be sc.'(ed In the 34 children treated ,,ith PS who bad 

gamctoeytaemla during the study period, 12. 38, 122, 578, and 143 gametocy1cs ,,..ere 

counted on days o, J. S, 7 and 14, respectively, and most of these gametocy1cs(l2, 37, 
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TABLE 8 I Prevalence nnd inlcnsitics of  Pl'"n1odJ11n1 fa/cipan1n1 gamelOC)1aemi11 al presentation 

and dunns follo\v-up of malruious children treated with pyrimeLhnminc sulfodoxinc-probcnccid (PSP) 

or pyrimcthllIIlinc sulfadoxine(PS) 

Panunctcr 

PSP (n • 78) 

l\o \\ilh gamctocytacmfa 

G\IGD (gamctOC)'te/µI) 

lunge 

PS (n • 73) 

No "ilh garnctOC)1acmia 

G\IGD {gamctOC)'te/µl) 

lunge 

0 

s 3 

17 32 

3 

9 

33 

Day 

s 

12-36 24-36 24 • 48 

12 

3 

so 

s 

67 

36- 72 48 -84 

7 

32 

63 

12 -960 

31 

41 

14 

16 

44 

12 -216 

22 

30 

12-687 12-84

p 

0.00001 •

0.002· 

0.00001 • 

0000, ..

GMGO i:-crk mc:u, p.mclDC) IC dcruJt) 

All comp;uilons \lcrc 1110-1411 

·Krusl:Al-Wnllistest. • r: tat 1111h Ya1cscorrccuon:
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121, 576, and 142 on days O. 3, 5, 7 and 14, respectively) could be sexed The data on 

the sex ratios for both PSP and PS were pooled because of the small number of 

pmetocyte carriers observed pre-treatment (five among the PSP children and one 

among the PS children). Overall the sex ratio ,vas male-biased, a m= (sc) of 59 

(12%), range 30-1000/o (95% confidence interval 26-92%). At presentation there was 

no significant correlation between the proportion of gamctocytes that were male and 

asexual parasitacmia (r • 0.7, P • O 17). core 1cmpcrature (r .. 0.2, r = 0.8) or 

garnetocytacmia (r • 0.02, P • 0 98). 

The temporal changes observed in the gametocytc sex ratios ,vere sinular for 

the PSP and PS treated children (Figure 8.1 ). There ,vas a progressive increase in the

proportion of  garnetocytcs that ,vcrc male such that by day 7, over 80"/4 of the 

gamctocytes ,vcrc mnlc in both treatment groups In 3 children (one in  PSP and 2 in 

PS) with pre-treatment female biued sex ratio, SRI ,vas reached by day 5 On day 7, 

5 of  32 children ,vith gamctocytacmia ,vbo were treated \yjlh PSP had female biasc:d 

sex ratio, ,vhile on day 14, one of 16 ,vith gometocytaemia had a female-biased ratio 

In the children trClltcd ,vith PS, I of 31 children ,vith gamctocytaemia on day 7 had 

female-biued ratio, ,vhilc none had such ratio on day 14 In those treated ,vith PSP, 

the proportions of gamctocytes that \Vere male on days 7 and 14 \\'Crc significantly 

higher than the proportion on day O (r'" 17.1, P - 0 00003, and i! • 271, P -

o 00001. respectively) Similllfly, in those treated wi1h PS, the proportions of

gamctocytes that ,vere male on days 7 and 14 \Vere significantly higher than the

proportion on day O (r - 38 5, P 0.000001 and r 51 4, P - 0.000001,

respect ivcly)

The levels of miCTo- and rnacro-gamctocytaemia before and after treatment 

"'ith PSP and PS for all the 73 children with gametocytacmia during the Sludy period 

arc shown in Table 8 2 In PSP treated children. the levels of micro- and mncro­

pmc1ocyt1cnua were SJrrular between days 0-S I lo,YCYCr, by day 7 the level of 

micropmctcytacmia wu signdicantly higher than tha1 or m11crogamctocy1ocl1Ull In

tbc»c vcatcd With rs. macrogamctocyatcmie mildly prcdomine1ed bctw�n days 0-s 

How�a. by day 7, micropmctoc:ytaemia predorru!lllted, the levtl or

micropmcsoc:yucmil being liplluntJy higher than lhOle ormacrogamc1ocytanua
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sulfado'Utlc-probcnccid (·•·) or pyrimethnmine-sulfado�ne (·A·) lrcatment ofocute 
l'lasmodurm falt:tpuro"' malaria in children 
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T AOLL II l Pm-.il.:ncc nnJ tnta1$lllC:S of micro- and 1113Cro-g:undOC}1llCmg densities in 73 rmlarious children b· tod mlll ..,.,11• 1m1 

sulf:ido,inc•probeo«id or P> rim.cth.:urunc-sulf:1doxu1e 

D�O 
,ll ,,llh pmt:toc\t:lcmg 

Gcomctnc lllCIII IC\'tl of 
�uaru:i 
b&c (pm:1oC\ l.!5/µI) 
D�J 
1'.o "'lb pmC'IOC\1llOIUl

G:omt-u,c ll'lc::lll lC\-cl or 
pnc:,oc)txll\l;J 
� (pnctoc:yt.::s/jil) 
D.i.rS
:,.o ",lb g;unctOC} 111allQ 

Gcomcu,c me:111 k\cl or
�1:Xn\U
ltingc {pmdOC)lCSfjil) 
D.iy 7 
No.  \\ith �1aat1Ll

Gcomcu,c IDClll lC\"t:I of 
pDCUIC)'l3cmU 
lw&'C {g:lm(IOC}tcslµI) 
D,y 1-1 
l\'o ",th g:un,clOC} ttlc:nlJ.l

Gaimctnc mc:in IC\c.l of 
p,i,:IOC\= 
� ee,m2-,2ldlw> 

0Wtko-<on sign r:rnk 1C$1

Pynmctlununc-sulfo.do�- P' P}nmctluminc-sulfudo=c
probc:ncc1d 

�hcrog:imcto- 1'>1:i� 
C)1JICmU -ocyucmi:i 

3 
15 
12 • 24 

3 
17 
12 • 24 

9 

21 
12 • 2-1 

22 
115 
60 • 852 

20 
64 
24 • 180 

I 
12 

3 
17 
12 • 24 

8 

27 
12-36

7 
28 

12-108

3 
2� 
24 -36 
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I 
12 

3 
17 
12 -24 

3 
30 
24 • 48 

29 
96 
24 • 564 

16 
38 

12-96 

�bc:rog;smcto-
C}1l1Cll\J 

1 
12 

3 

2-1
12 -48

3 
SI 
36-60

17 
43 
12 • 313 

-I 
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12 • 12 

P' 
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0.1 
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0.18 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



Disposi11or1 k111etics of micro- and macro-game1ocy1aem1a 

As, at each time-point investigated, the sex ratio and levels of gamctocytacmia 

for the PSP treated children ,vcre similar to those treated ,vith PS (see Figure 8.1 and 

Table 8.2), the data for both groups ,vere pooled for analysis of the disposition kinetics 

(Table 8 3). The AUC and the 11,: for microgametocytaemia were significantly higher 

than those for macrogametocytnemin, nnd the clearance of mncrogametocytncmia ,vas 

two and a half folds higher than for microgamctocytacmia. 
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• 

• 

TABLE 8.3. Disposition kinetics of P.fa/ciparum micro ond mncrogamctocyte follo,ving 

pyrimcthruninc-sulfadoxine-probcnccid or pyrimc:thaminc-sulfadoxine trentmc.nt in 

children 

Parnmetcr• Mic.rognmctoc)1ncmiu Macrognmetoc}1ncmin 
(N=8) (N•4) values 

AUC (scxunl forms/µl.h) 
Mean and (S.E) 17619 (3831) 4728 (691) 0.011• 
Rnngc 5040-40017 3034-6250 
95% con6dcncc interval 8561 -26678 2530- 6927 

1112 (h) 
Mean and (S.E) 265.6 (59.4) 74.3 ( 12.8) 0.05 
Rnnge 66.3 -624.0 37.1 - 96.0 
95% confidence interval 125.1 -406.1 33.5-115.1 

CLu.,,, (µVkg.h 
Mean and (S.E) 0.00008 (0.00003) 0.0002 (0.00008) 0.14 
Range 0.00002-0.00015 0.00002 -0.0004 
95% confidence interval 0.000009-0.00016 -0.00007 - 0.00048

•C;ilcul�tiaru """"' from the time to allllin o moJe: fcmlllc sa,c nuio of I
'Wilcoxon sigricd runk lc:s&.
A UC. An:a under the cun-c or fl1J11d0C)U-cmi1 "· lime: 1111 • 1pparcnt hllf·llfc or pmetOC)'lacmia;

• volume of blood completely clcatCd ormlc:rt>-Of mac:ro-pmdOC)1CS per u11i1 time.
ci._ 
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An ideal chemoscnsitizcr of P. fafclpon1m 10 antimalarial drugs 111 vivo should not 

only accelerate the clearance of asexual parasitaernia and symptoms of infections ,vithout 

producing undue 10:<ieity, but also reduce the frequency of gamctocyte carriage and level 

of gamctocytaemia. In addition, it should produce temporal changes in gametocyte sex 

ratios that reduce gametocyte infeclivity to mosquito. 

The present results sho,v tluit, compared to pre-treatment, at the dose level of 

probcnecid used, botJ1 PSP and PS. signilicantly incrca.scd the frequency of gametocytc 

carriage and levels of gametocytocrnio post-treatment \Vith the exception of the levels of 

garnetocytaen:iio on day S post-lrcatmcnt, both these parameters ,vere olso similar in both 

treatment groups h is unclcar ,vhy there ,vas a significant decrease in the level of 

gametocytaernia in those t.rcotcd ,vith PSP on doy S, but il may not be unrelated to the 

relatively rapid clearance o f  OSC.'(Ual parasites induced by the addition of probenecid As 

commitment 10 gametocyte development occurs prior lo schizont maturation (Silvestrini 

et al., 2000), and delay in the time taken 10 clear initial asexuol pn.rasitaernia (> 2 d, 

So,vunmi, unpublished) in children in sou1h,ves1em Nigeria, is associated ,vith increased 

risk of gamctocyte carriage. it appears rapid clearance of asexual parasitaemin by PSP 

tcmpororily, reduced the progression of the comrnincd populations of asexual ponuitcs to 

sexual forms. This effect, however, \\'as of short durotion os levels of gamctocytacmia 

were subsequently similar thereafter 

The gamctocyte sex ratios tn the smol.l population of children at enrolment ,vas 

maJ�binscd, and al vanancc with earlier report (So,vunmi and Fotcyo. 2003 c) The 

relatively lower level of gametocytaemia at presentation, as a form of feniliry insurance 

(Gvdner et aJ , 2003), mAY be pM'lly rcspo11.S11>lc In addition. the children could have 

been aposcd 10 oilier sex ratio modifying lilctors prior to presentation These underscore 

an unportanl fact gametocytc sc;,c ratios in P. fulc1J)(in11n may be variable (Paul et aL. 

2002. Robert et al , 2003) These, in tum, mAY explain why in some of the children SR t 

wu rc:achcd before, at or  shonly aflcr prcscn1a1ion 
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In general, following both treatment regimens, there was significant increase in 

c ratio In a loogitudiruil follo,v-up of gamctocytc earners in a viii.age in Senegal, 

lben et al (2003) found a density-dependent relaiionship with sex ratios Peaks of 

unetocytaemia ,vere sometimes associated ,vith minimum sex ratio, The finding of 

,creasing sex ratio despite increasing level of gametocytaemia (and peak 

ametocytaemia on day 7) follo,ving treatn1cnt ,vith PS in our small cohon or children is  

n agreement ,vith previous rcpon (Sowunmi nnd Fatcyc, 2003 c), susgcsting that PS, 

acting singly or in concen ,vith other fnctors, may substonriolly incrense gametocyte 

maleness. The similarity or temporal changes in sex ratios between PSP- and PS-treated 

children indicates thot the addition of probenccid to PS had little or no elfccts on 

garnctocyte sex ratios 

The findings or the present study support the not.ion thot microgametocytes persist 

longer in circulation than mncrogametOcytCS.. or ore longer lived (Ponnudurai et ol • 1986,

Rcccc et o1, 2003, So,vunmi and Fateye, 2003 e) However. the nddition or probenecid to 

PS did not alter micro- and mncro-gametocyte disposition in the population or children 

Given th:it levels of gamet0cytaemia and a male-bi11Scd SClt ratio correlate ,vith 

garne10cyte inrectivity to mosquito feeding on hum.ans (Tchuioknm et al.. 1993; Rohen et 

aJ , t 996 b), it ,vould appenr that.. the combin11tion of probenecid 01 the present dose level 

with PS is unlikely to decrease the potential for transmission of malaria in the population, 

whether the gnrnetocytes arise from sensitive or rcsistnnl PS infections 
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Clraptcr9 

Con1pam11,� effects of pyrlmethami11c-.srtlphadoxi11e, 

d1/oroqu11� plus chlorplt1!11tra111/11e u11d ua10t.lloq1111,e p/11!. 

pyr1n1ctl,am111e-.l11lpll0dox111c 0/l l(an,ctocytes d11n11g 011d 

ufler /Nutmcnt of acute, 111u:on1plu:atcd malaria 
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CHAPTER9 

Comparative cfTccu of pyrimclhnmint-sulphadoxinc, chloroquine plus 

chlorphcniraminc and amodiaquinc plus pyrimclhnminc-sulphadoxinc on 

gnmetoc:ylcs during nnd nflcr lrcnlmcnt of acute. unton1plicalcd n,atarin 

Introduction 

As resistance to chloroquine (CQ) increases in C."<tcnt nnd severity. altcmauve 

regimens available to control programmes in developing endemic countries including 

pyrlmcthrunino-sulphndo:onc (PS), omodioquinc (AQ) (Olliaro et al , 1996, Brasseur et 

al., 1999, So\vunmi et al., 2001) or combinotion of AQ with PS (AQPS) (Sowunmi

2002) or other suitable combinations have become ,ncreasingly used in the treatment 

of CQ-resistant falcipnrum infections These alttrru1tivcs have varying effects on 

clearance of ase.wal parasitaemias or scicual fonns of P. fafclpan1111 For cxnmple, PS 

may (Puta and Manyando. 1997) or may not (Hogh et al., 1995) enhance gamctocytc

carriage during treatment of  acute falciparum infections Although t.hc presence of 

gamctocytcs in peripheral blood after antimalarial treatment is no proof of VIBbility, 

their generation is required for the transmission of the infection fron1 the vcnebrate 10

the anopbcline host In order to improve the mBDBgemcnt of paediolric cases of 

malaria and reduce trarumission in our arca of study, the effects of thc.sc drugs on 

g.amctocytc production necch urgent assessment In addition, it is not clear\\ hcther the 

c:nlw,canent or non-enhancement of gainetocyte production by rs \ViU be influenced 

by its use in combination ,vith other ll!llimolanal drugs It is notcwonhy that 

antifolates 110 inclTcctivc in the treatment or uncomplicated falciparum malaria in 

South America. for example. ,n Brazil (Fontes et al., 2002). 

Resisuncc to CQ in P fufclpon1m can be reversed by chlorphcniramine (CP) 111

ittro and Jn �'tl'l'I (So�"nmi et al� 1997, 1998 a. b, c) It has been recently shown that 
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the presence in peripheral blood or very young gametocytes (PYG) 72 h after 

commencing CQ may be used as indicator of response to CQ (Sowunmi et Ill .• 200J}. 

However, it is unclear ,vhcther the addition orCP to CQ ,viii alter the use of PYG as an 

indicator of response to CQ or indeed as an indicator or failure of reversal or CQ 

resistance 111 vi,-o by CP Although the combination of CQ ,vith CP ,vill not be 

employed by control programmes in Africa in the very near future, it is still esscntilll to 

study PYG and peripheral mature gamctocyte (Pt.1G) generation during treatment ,,�th 

CQCP in the event that this or other similar combination become ovaih1blc 

ln other to address these issues, gametocytc generation during treatment of 

falciparum malariB in children ,vith PS, CQCP Bnd AQPS have been evaluated The 

main aims of our study were: (i} to evaluate the effects of PS, CQCP and AQPS on 

gametocytc generation during treatment ,vith these drugs. (ii) to determine whether or 

not the addition of PS to AQ ,vill influence the generation or gametocytaemia by PS 

and, (iii) to cvalu111e PYG as an indicator of response to PS, CQCP or AQPS 
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Patients and methods 

Studys,te 

The s1udy si1e, lbadan, is a hypercndcmic area for malaria in south,ves1cm 

Nigeria (Salwco ct al, 1990). In 1he area, it is difficuh to distinguish, clinically, re­

infet1ion from rccrudcsceocc after day -14 of 11eauncn1 because ofin1ense transmission. 

Antimalarial drugs have therefore generally, until recently, been evaluiued OD lhe basis 

of data recorded up 10 day 14, mther 1han 1he customary doy 28 (EkJlnem c1 al , 1990, 

So,vunmi and Salako, 1992) 

Pa1ie111s 

The s1udy took ploce 01 the University College Hospital in lbodon, Nigeria. 

Overall, 166 children ,vho presented ,vith acu1c, symp1oma1ic, uncomplicated P.

Ja/C1pan1n1 malaria ,vere enrolled in the s1udy bet,veen September 1999 and September 

2001. 

The study ,vas designed 10 elicit a 2�/o dilf=c.c in cure rates be1,vecn 

AQPS/CQCP on one hand and PS OD the other hand ,vith 80% power Md ot 95¾ level 

of confidence. The minimum number of patients required for each treatment orm is 45. 

In general .• 10 be enrolled. the children had 10 be aged 0.5-10 yeors, and have symptoms 

compatible ,vtth acu1e, l'alciparum malaria (wi1h fever or history or fever in the 24-48 h 

preceding presentation) and a pure I'. falcipan,m pnmsiUlellUll or > 2000 =ol 

forms/�u blood Those who bad taken antimalarinl drugs in 1hc 2 ,vccks pnxcding 

presentalion. provided a urine sample found posuive for 4 aminoquinolincs or 

sulphonamides (by the Dill-Glazlco and lignin 1es1s. respectively), or ,vho had a 

concomitant illness. such as sicklc:,.ccll anaemia, or severe or complica1ed malaria 

(\Varrell cl al, 1990, \VHO, 2000) were excluded The informed consent of a poreru or 

guardian was oblllined for each child included in 1he s1udy A child ,....., wi1hdro,vn 

from the srudy if she/he dc:vcloped concomi1an1 illness during the follow-up period, or 

if lui/het parent or guanhan requested ii The study received ethical approval from the

loc:aJ cthic:s committee 
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Before enrolment in the study, a medical history of each child was obtained from 

an accompanying parent/guardian 1111d each wns physically examined J3ody \\'eight 

and oral or rectal temperature ,vcre recorded, and thick and thin films ,vere prepared 

from linger-prick blood samples These smears ,verc Giemsa-staincd for parasite 

identification and quantification of any peripheral parositaemias. 

Dn,g 1rca1111c111

Children ,verc randomly alloned to one of 3 treatment groups One group 

received PS nt presentation (day 0) ot n dose 2S mg/kg of the sulphonomido 

component. Each tablet or PS contained SOO mg of sulphadox.ine 1111d 2S mg 

pyrimethnmine The other groups received chloroquine base_ 30 mg/kg of body ,veight 

over 3 days (days 0-2) plus chlorpheniramine malcate, 6 mg nt presentation follo,ved 

by 4 mg every 8 h for 7 days (days 0 -6) if the child ,vas aged < S years, or 8 mg at 

presentation folJO\\'ed by 6 mg every 8 h if the child was � S years, or a single dose of 

PS at presentation plus AQ 30 mg/kg over 3 days (days 0-2). All drugs 1vere given by 

a physician orally and each child ,vas observed for at lcut 3 h aficr each such 

supervised drug treatment, in order to ensure that the drug \\'11S not vomited lf it \VU.

the child ,vas excluded from the study. Additional nunagement of some children 

included the ndminisrration or an antipyretic (e.g 10-IS mg paracetamol/kg, every 8 h 

for 24 h) nod fanning and tepid sponging when necessary 

£,-0/11011011 of response 

Clinical observations 1vere recorded daily for 8 days (days 0-7) and then on day 

14. Thick and thin blood films, for quantification of plltllsit•cmiA. were prepared at the

same times At each follow-up, the gunrdillllS or parcn� (and. when possible, the

children) ,,ere actively quesuoncd, using a standard questionnaire, and the children

were c:,wruned for the presence of adverse re1tctions to drugs

Gicmsa-slllincd blood films were CJCammcd by hghl m1tfoscopy under an oil­

unmcnion objcc;tivc, 11 X 1000 magnification, by two independent assessors ,vho did 

not know the dl\lg treatment of the paticnti Para.sitaemia in thick films ,vu estimated 
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by counting asexual parasites relative to I 000 leukocytes. or 500 asexual forms, 

whichever occurred first. From this figure, the parasite density \vas calculated 

assuming a leukocyte count of 6000/µI blood Young gametocytcs (stage I-ID) and 

mature gametocytes (stage lV and V) (Sinden, 1998) \Vere also counted in thick blood 

films against 1000 leukocytes on days 0, 3, 4, 5, 6, 7, and 14 The responses to drug 

trea1meru were classified according to World Health Organization ( 1973) criteria 

Treatment ,vas considered a failure if the day-3 parasitaemia \\"AS > 25% of the day 0 

value, if parusitaemia did not clear by day 7, or if parasitacmia clea.rcd before day 7 but 

re-appeared before day 28. The parasite clearance time (PC!) ,..,as delined as the time 

elapsing from drug administration until there \Vil$ no patent parasitaemia The fever 

clearance time (FCT) ,vas dclined as the time from drug administration until the oral or 

rectal temperature fell to !: 37 4°C nnd remained so for at least 72 h (This definition 

,vas necessary because of the routine use of po.rnceta.mol during the first 36 h of 

treatment in some children) Cure rates \Vere defined as the proponions of patients 

who remained free of parnsitaemia on day 14 of follo\11-up 

Re-treatn1e111 of dn,g lrca/n11:nt fa1/11res 

AJI treatment failures ,vcrc re-treated with AQPS on d11y 14 provided they ,vcrc 

not symptomAtic before this time Patients \vith profound clinical (hyperpyre:<ia, oral 

fluid intolerance) nnd parasitological dcicrioration during follo\v-up \vcre treated with 

ar1emethcr, 9 6 mg/kg of body \Vcight over live days and \\'CfC regarded as treatment 

failures 

SlatLS'lical 0110/ysis 

Data were anal� using VCf'SIOn 6 of the Epi-lnfo software (Anon. 1994)

Proporuoru were compared by calcumting x2 with Yates' correction or by F°WJcr exact 

tests Normally distnllutc:d. continuous data were compared by Student's 1-1cru and

analysis of vanance (ANOVA) Data not conforming 10 11 normal dis1ribu1ion \1/CfC

compa.n:d by the Mann-Whitney U-testJ and the KruskaJ.\Vo.lli, tcru (or by \VUcoxon

rank wm test) The values presented below are generally mearu and standard

dcviation.s (ad) 
p.vaJucs of < O OS wcro taken to indicate &ignifiunt dJITereOCC$
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Results 

Cl1111cal and parasuolog,cal c/Jaracterisflcs at e11rolme111 ar,d t/Jerapeuuc respo11ses 

A lollll of 166 children \Vas enrolled in the study Fifty one, S2 and 63 children 

were enrolled in the PS. CQCP. and AQPS groups, respectively Of these. 49, 48. nnd 

60 children in the PS, CQCP. and AQPS groups, respectively completed the mandatory 

14-day follo\v-up period and \Vere analysed. The clinical and porasitological 

characteristics Ill enrolment \Vere similar in all groups (Table 9 I). The therapeutic 

responses to drug treatment ore nlso summariz.ed in Table 9 I AQPS \Yas significantly 

more effective thnn CQCP or PS in clearing fever and parasitacn1ia and ,vi1h a 

signilicantly higher cure rote on day 14. Direct comparison of PS and CQCP showed 

that fever (2.2 ± I I ,•s 1.6 ± 0.8 day, P = 0.008) but not parasite clea.rance in those 

,vith sensitive response (2 7 ± I I 1•s 2.S + 0.8 day, P = 0.33) \\'3S signilicantly faster 

with CQCP than ,vith PS The cure rate on d11y 14 was also significantly higher with 

CQCP thnn \vith PS (80,8 vs S9 2%, P = O 03) 

Gametocytal!n110 d1rri11gfollow-11p 

The prevalence and intensities of gamctocyt11cmi11 before, during and 111\er 

treatment are summarized in Table 9.2. Gametocyte carriage on days 3, 7, and 14 or 

days 3, 7, and 14 combined ,.,.ere significantly higher in the PS group than in the other 

treatment groups Hov,ever, the geometric mean go.mctocyte densities (G�1GD) were. 

simll111 m all the treatment groups 

The median SUJ'Vlwl ume for peripheral yowig go.mc.tocytcs (PYG) (Figure 9 I) 

in PS. CQCP. and AQPS treatment groups ,vc.rc 3.5. 1.S, and I S days, l'C$pcctively 

There ,vas 11 significant djlTcrencc in the overall comparison of the survival experience 

uSUlg \Vilco'lon (Gehan) statistics (r.2 - 14 7, P ... O 0006) The ratios of the dcnslt1cs

(per µ1 blood) of peripheral young gnmc1ocytes (PYG) to pcnphcml rnoturc

pm.ctocytes are summanzcd in Table 9.3 The ratios \\-CfC consistently below I in the

CQCP and AQPS BfOUPS up lill d1y 7 I to,vevcr. in 1hc PS group, this rouo rose

PfOjJcs.sivdy 10 
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TABLE 9 1. Clinical and parasitological parameters of the children enrolled in the study 

Age (years) 
mean+ s d. 

range 

Weight (kg) 
mcan±sd 
range 

Duration of illness (d) 
mcan±s d 
range 

Presenting body temp 

PS (n -49) 

5 I+ 2.7 
0.6-10 

15 .4  +56 

6.5-26 

3 I± I 4 

1-7

(OC) 38 5 ± 12 
mean ± s.d 35 8-40 5 
range 

CQCP (n • 48) AQPS(n • 60) P value 

6.0 + 2.3 
-

2.0-10 

16.8 + 5 .2 
8.1-35 

3 6±24 
2-14

38.6 ± I 2 
362-40.5

5.5 ± 2.5 0.  52 
I 2- 10 

15.5 ± 4.7 0.32 
6-26

2.8 ± I 3 0.06 

1-8

38 .1 ± I O 0.05 

36-40 2

Parasitacmia (per µI) 
geometric mean

range 
37858 29248 3 0482 0.56 

Fever clearance lime (d) 
mean ±s.d 
range 

Parasite clearance time (d) 
mcan±s.d 
range 

No of clllldrcn 
cured 

RI 
Rll 
Rffi 

3310-375476 251 1-219600 878-716000

2 2 + I 1 
1-S

2 7 ± I I 
1-6

29 
10 
7 
3 

I 6 ± 0.8 
1-4

2.5±0.8 
1-4

38 
10 

-

1 2+09 
1-J

22±07 
1-4

60 

0000001 

0.012 

0000001 

95,.o 95% conf'idc,icc 101cn-al. PS pyn�lpb:wloTUie; CQCP chloroquine plus 

dlJorpknlnnnac; AQPS amodlllqulnc plus P)TU1ltlMllllDC-1Ulplwjo.U11C 
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TABLE 9.2. Gnmctoc:ytacmias before, during and after the trc:itmcnt, with pyrimcthamin<> 
sulphadoxine (PS), chloroquine plus chlorphcniramine (CQCP) or amodfaquinc plus 

pyrimcthamino-sulphadoxinc (AQPS), of Plasmodiumfolcipurum infections in children 

Day O Garnctoc:ytucmia 
Gcomctric mean (/µI) 
Mean+ S.E. 
Range 

Day 3 Onm<1oc:ytacmin 
Geometric mc:in (/µI) 
Mean± S.E. 
Range 

Day S Onm<1ocytacmill 
Geometric mean (/µI) 
l\1can ± S.E. 
Range: 

O:iy 7 GamctOC)1acmin 
Gcon,cuie mean (/µI) 
l\1can + S.E. 
R4ngc 

D1y 14 G:undoc:ytacmia 
Geometric n)Clfl ((µI)
!\lean.± S.E. 
Range 

No of palicnl.S 
gamctocytacmia on • 
DayO 
Day '.J 
Day7 
Oayl4 
03y3. 7 & 14 
03y7 & 14 

PS 
(n • 49) 

36 
87 ± 52.1 
12-444

36 
I 00 ± 43.S 
12-876

70 
243 ± 112.9 
12-468

135 
399± 141.2 
l2A3S20 

83 
139 ± 29 
12-480

with 

9 

2S 
26 
20 
32 
27 

CQCP 
(n • 48) 

22 
26 :!: 5.3 
12-J6

44 
127 ± 83.S 
12-612

61 
118::t64J 
12-S I 8

39 
136 ± 73.6 
12-696

34 
60 :!: JO.I 
12-168

g 

8 

8 
4 
II 
11 

•witcmoa (Ochan) tor .surviwl anal)'SU (i2-• 14.7, P • 0.0006)

116 

AQPS r wluc: 
(n • 60) 

40 0.49 
74±43J 
12-288

40 0.92 
86 ± S4. I 
12-408

4J 0.74 
141 ± 121.0 
12-504

36 OJ8 
98 + 74.J 
12-468

19 0.21 
24 ± 12 
12-48

6 0.42 
7 0.000004 
6 0.000002 
3 0.000001 
J 0.000000 
3 0.000000 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



a_ •• .. • 
• • 

/ b 

' 

:.J 

FIGURE. 9.1. 1',ificrogruph ofpc.riphc:rul young gnmclocytc ( DITO\vs 11-stage n. b-stage 
rV) obc.o.incd in lhick blood smear or 11 child �led with pyrimethamine sulf'.odox.inc 
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TABLE 9.3 Prevalence and intensities of peripheral young grunetocytes and peripheral 
mature �ametocy1cs in children treated v:ith pyrimethamine-sulphadoxine (PS), 

chloroqu1ne plus cblorphcniraminc (CQCP) or amodiaquine plus pyrimethamine­
sulphado�nc {AQPS) 

PS CQCP AQJ>S 

Day GMPYOD Gl\1Pl\1GD Gl\-1.PYGD Gt-1.Pt.tGD Gl\iPYGD GMPt.tGD 

(/µI) {/µ)) (/µI) (h1I) {/1tl) (/µI) 
0 21 (5)a 65 (4) 12 (4) 36 (I) 42 (2} SI (2) 

l2-36b 12-408 12-12 24-72 12-216
1c 3 1c I 3 I 1.2 

3 28 (20) 57 (9) 55 (4) 106 (2) 27 (2) 348 ( I) 
12-372 12-552 12-144 24-468 12-60
I 2.0 I 1.9 -· -

• 

5 37 (21) 54 ( 17) 46 (6) 58 (4) 23 (3) 39 (3 ) 
L2-640 12-1840 12-348 12-180 12-84 12-420
1 I 5 l 1.3 I 1.7 

7 79 (24) 85 {21) 42 (7) 97 (4) 28 (3) 87 {2) 
12-1320 12-2210 12-216 1 2 -600 12-156 24-312
I I I I 2 3  I 3.1 

14 50 ( 14) 78 (12) 21 (4) 35 (3) -·. 19 (3) 
12-240 12-444 12-120 12-72 -·· 12-48 

I I 6 I I 7 

G.\<PYGD Geomctrie mean pcripbctal )OW\g pmclOC)1CdcllSII). Ot.fPMGO Gcomctnc mcnn pcnphcl'III 
m:1nm: g:unctOC)1C da\S>ty; a \11l11CS in pcucntba<:s rq,tcSCnl nurnb,r nf duJdrco \\1tb pmc1ocyucmb, b 
lllllS,:. c G.\IPVGO:G\lPl'-100 rullo. • not c:alcu.blcd. •• 00 pcnphcftl )OWIB &IIJDCIOC)ICS obscn'Cd 
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1 on day 7 indicating continuing production (or generation or mobilization) of young 

pmetocytes PYG-PMG density ratio increased significantly from day 0-14 in those 

treated ,vith PS and CQCP (x2 .,. 76, P .. 0.000001 and x2 • 42 2, P • 0.00001. 

respec11vely) but decreased significantly in those treated \\tith AQPS (x2 = 53 2, P • 

O 000001) (Figure 9 2) 

Relatio11sl11p bcn1ee11 PYG and respo11ses to dn,g trcatnrent 

None of the children successfully trcnted \\ith CQCP hnd PYG during the 

follo,v-up. In children ,vho had sensitive response to PS treatment (n .. 29), PYG \VllS

present on days O. 3, S, 7, nnd 14 in S, 12. 13, 13, nnd 7 children, respectively 

Similarly in those successfully trcntcd with AQPS (n • 60), PYG wns present on dnys 

0, 3, S, 7. and 14 in 2, 2, 3, 3, nnd O patient, respectively The PYG rates ,vere 

significantly higher in those trentcd with PS than in those treated with AQPS at all 

1in1es during follo,v up (P !: 0 006 in nil comp3risons) Post Hoe Turkey HSD test for 

repeated measure of the effect of PYG generation over the 14 dny follo,v up sho\',ed 

significant difTe.rcnces in the comparisons of PS 1•s AQPS and PS vs CQCP (P "'0.()001 

and 0.000 I respectively). There ,vas no significant d.iffcn:ncc in the comparison of 

PYG generated by those treated ,vith ,\QPS 1111d CQPS (P = 0.08) 

Relatio11s/11p bef\1l!e11 PYG and outcomes of treutn1t11t 111 the children tn:otcd "1th PS 

a11dCQCP 

The relationship bct\\cc:n treatment outcomes and presence of PYG in children 

trc3ted with PS and CQCP arc shown in Tables 9 4 and 9 S. PYO rntcs ,..,ere similar in 

tho,c with sensitive or resistant responses 10 PS ( 18 of 29 ,•r 13 of 20, x2 = 0 04, P ..

o 93) and the rates ,vcrc similar from days 0-14 In contrast, PYO was seen only in

tho� with resistant response to CQCP In those ,vithout ga.mctocytocmia ot

prcscnt.a11on. but ,..,ho subsequently developed PYG 72 h aner commencement of

CQCP the prcscncc of PYG was associated with uwmcnt railurc on or before day 14

(fable 9 S) 
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FIGURE. 9 2 Changes in geometric mean peripheral young gamctocytcs(GMPYGD) 

and geometric mean peripheral mature gamctocytcs(GMPt-iG) nuio in children treated 

\vith pyrimcthruninc--sulphadoxinc (·•-PS), chloroquine plus chlorpheniramine (·•· 

CQCP) or amodiaquinc plU5 pyrimcthaminc-sulphadoxinc (--.·AQPS) 
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TABLE 9.4. Prevalence of peripheral young gnmctocytocmia (PYG) in the children with 

1C11Si1ive or resistnnl response following treatment \vilh oral pyrimcthamine-sulphadoxine 

(PS) or chloroquine plus chlorpheniromine (CQCP) 

�.or PS- PS- p CQCP- CQCP- p 

children se.nsitivc rcsistnnt volue sensitive rcsistllnt value 
withPYG (n = 29) (n•20) (n= 38) (n = 10) 
on day 

0 s 4 0.81 3 

3 12 8 0.96 4 0.001 

s 13 8 0.8S 6 0.00002 

7 13 11 0.38 7 0.000002 

14 7 7 0.34 4 0.001 

3, 7 &/or 14 18 13 0.6S 8 0.000002 

7 &/or 14 13 13 0.11 7 0.0000001 
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TABLE 9.5. Peripheral young cnmetocyte (PYG) carriage at or after dny 3 in children 

treated ,vitb oral pyrimcthamine-sulpbadoxine (PS) or chloroquine plus chlorphcnirnmine 

(CQCP) and who did not hove gon.JCtocytocmia on presentation 

No. of PS- PS- p CQCP- CQCP- p children sensitive resistant vnluc sensitive resistant vnlue with PYG (n = 21) (n .. 15) (n .. 38) (n•4) ondny 

3 5 6 0.46 • 
• 

4 6 6 0.72 2 0.008 

5 9 7 0.91 I 0.08 

6 10 9 0.69 0.08 

7 11 10 0.61 2 0,008 

14 7 7 0.64 2 0.008 
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Discussion 

The ideal antimalnrial drugs or drug combinaLions for the treatment of falciparum 

malaria should not only promptly clear parasitaemia, fever or other symptoms of malaria, 

but should also prevent the generation of gametocytes from ese.wal forms during 

treatment In the present study, PS was significantly less effective than CQCP or AQPS 

in clearing para.sitaemia or fever in children \vith acute falciparum infections This is not 

surprising since progressive decline in sensitivity of P. falc1panlfn to PS hns been reponcd 

from the area of srudy from the late 1990s (Falade et 111, 1997; So1vunmi et al, 199811) 

111c decline in sensitivity of 1he plllUSite 10 PS has also occurred in many areas of Africa

(Sibley et al , 200 I) 

In addition 10 their effects on the sexual forms, gametocytc carriage may be 

influenced 10 a considerable C.'<tent by the sensitivity of 1he asexual parasites 10 the drugs 

used for the 1rea1n1en1 of infections For CJCAmple, as resistance of the ase.'(\Jal pamsi1es 10 

the 4-aminoquinolines, CQ, and AQ, increases, gametocyte carriage also increases 

(Strickland et al, 1986; Hogh et al., 199S). In these studies, gamctocytc carriage rates 28 

days after PS treatment were significantly less than those of CQ and AQ since PS was 

more effective than the 4-minoquinolines on asC.'<Ual parasi1es in the scuings of these

srudies. Ho,,ever, increased carriage mny also be related to decreased scmi1ivi1y 10 PS in 

cenain circunmances (Sowunmi et al. 1998a; 1jiln1 et al 2002) In this cohon of 

children. gamctocyte carriage was significantly higher at all times aflcr lrelltmcnt ,vith PS 

tlwl in the other trea1men1 groups In addition, PYG rates were similar in both PS­

sensitive and -resistanl infections supporting a kno,vn foct 1h01 PS cnhnnced generation or 

release of gametocytcs during treatment or acute fillcipnrum infections (Pu111 and 

Manyando, 1997) However, Gl\.1GD were sin1ilar in all the 1rea1men1 groups 

f.ian y antim4!4riAI drugs appear to reduce gamctocytacmia by clearing the ascxunl 

stage infecuons This dca11J1CC. if cccep1ionally rapid, may reduce transmissibilny 

pankularly ,n areas of low transmission For c:wnplc., the artcmisimn dcrivlltivcs have 

rcdvced uansmiJ.sibilily 1n some pans of Thailand by this proccs, O'rice et al , 1996)
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In order to detennine the influence of treatment ...,;th antimalarial drugs on 

pmetocyte production nnd densities, both young and mature gametocytes were quantified 

and were expressed as ratios The ratios of PYG to PMG ,vere consistently below I up to 

day 7 in those treated ,vith CQCP and AQPS, but rose to I by day 7 in those treated ,vith 

PS irrespective or the sensitivity or the asexual pnrusite to PS This sho,ved continuing 

and enhanced production or, preferential mobiliz.ation of gamctocytcs by PS irrespective 

of the sensitivity of the nsc.'<Ual parasites to PS. This process of continuing or preferential 

mobilization of young gnrnctocytcs by PS may explain why gametocytcs persist longer in 

some patients treated \vith PS. This is plausible bccausc the young gamctocytcs must 

grow and run the normal time-course of survival of the normal mature gan1etocytcs 

Given that gamctocyte density may correlate with mosquito infectivity and 

therefore tronsmission success (Tchuinknrn et al., 1993, Drakclcy et al .. 1999), the effects 

of PS on gamct0cytcs corriagc and mobilization have implications for malarin control 

programmes with respect to the use or this drug. Recent \VHO recommendations (\VIIO, 

2001a, b) have focused on the use of combination antimalarial therapy (CT), particularly 

anemisinin-based combination therapy (ACT) Although several control programmes in 

Africa have s,vitched to CT, some programmes use PS-based combination, for example, 

AQPS (So,vunmi, 2002) The modulating effect of /\Q on enhanced production of PYG 

by PS may provide supponing argument for the use of combination therapy. However, 

the reduced generation of PYG by PS despite its combination ,vith other drugs suggests 

1ha1 generation of gametOcytc is on inherent property of antifolatc ontimalarials (Hamel et 

al. 2005) 

In a recent study, 11 was shown that the detection of PYG 72 h aflcr the stan of 

CQ therapy may be used as an indicator of response to this drug (SoMJnmi et al , 2003) 

The results of the preseru study sho,v that PYG may also be used as an indicator of 

rcsponJe 10 CQCP Failure of tJie enhancement of the antimalarial efficacy of CQ by CP 

111 ,,t,,., was as5()Clated with 1he presence, ,n penpheral blood, of young gamct0cytcs. 

ll�-eva-, PYO was not an indicator of response 10 PS, since both PS-scnsnivc and • 

rauwn mf«tions generated PYO In 1ddi11on, the presence of PS in combination with 
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AQ also generated PYG and was clearly not an indicator of response to AQPS since the 

cure rate in this group was 100"/4. 

The limitation of the present study is the fewer number of gamctocytc carriers in 

the AQPS and CQCP groups following treatrnenL Therefore caution is required \vith the 

interpretation of the data from these rwo groups. 
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Chaptu.10 

Co111parotii•e effect., of antifolat� rrin,ethoprin,. 

:.ulfa,11c1l,oxawle an,/ J1J'rin1e1l,an1l11e-SJJlfl11la.xine 011 

,:a111doc:ytes in e/1ildrc11 11itl1 acute, sy111pton1atic, 

11nco111plica1c,I, Phumodium r11lcipnrum r11alaria 
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CllAPTER 10 

Co1npan11ivc effects or antifolntes- trimcthopri1n-sulfan1cthox11iolc and 

pyrin1 cthan1ine-sulfado1inc on gan1ctocytes in children with acute, symptoo111tic, 

uncomplicated, Plas111odi11m /olcipon1n1 malaria 

Introduction 

The antifolate antimalarinl, pyrimethrunino-sulfndoxine (PS), lw become 

increasingly used as first line treatment of falcipnrum mnlaria in scvcrnJ African countries 

because of incre.ising resistance in PIOSJnodflun fafclpan1n1 to chloroquine (CQ). In spite 

of frequent use and of 111 1·1vo and 11, 11ftro studies (Hogh et al • 1998, So,vunmi ond 

Fateye, 2003 b), its clTects on gametocytcs in children ,vith falciparum infections remain 

incompletely understood. 

\Vith increasing use, resistance in P. Jafcipanrm to PS is increasing {Sibley et al , 

200 I) probably as a consequence of long half lives of its components It has recently bttn 

suggested th:lt, trimcthoprim-sulfamcthoXllZOlc (TS). an antifolate anlimalarial ,vith 

rclati"vcly short hnlf-livcs of its components compared to PS, may be used ns ahcmative to 

the latter for the rrcatmcnt of uncomplicated falciparum infections in children bcca\1$C it is 

as cflicaaous as PS (Omar et al • 200 I a, Fchintolll et al , 2004) It is I\SSUmcd that the 

rclativdy short half-life of TS may, ,vhcn compt1red with PS, reduce the chances of 

cngcndcnng resistance in P. falclporon1 to this drug and may provide odditiona.1 advantage

with ll'lnSminion of drug resistance infections over PS. 

lfowc:vcr. while the clTccts on PS on 81111\Ctocytcs and gamctocyte sex ratios 

(GSR) ate known (OSR may inOucncc infectivity to mosquitoes and transmission- 5CC
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Robert et al , 1996 b, Sovrunmi and Fateye, 2003 c), the effects ofTS on gametocytes are 

relatively unknown in African children with fo.Jciparum malaria, It is hypothesized that 

PS and TS have similar effects on gametocytc prevalence, density and sex ratio, and 

possess similar errccts on gamct0cyte survival in children treated with these drugs. This 

hypothesis was tested in a group of children ,vith acute symptomatic uncomplicated P.

falc1pon1n1 malaria ,vho ,vcre randomized to and ,vho received PS ond TS for the 

treatment of their infections. 
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Patients and methods 

Pati1tnts 

Between June and August 1999, a randomized trial ofTS and PS for the treatment 

of uncomplicated falciparum malaria ,vas conducted in I 02 children at the University 

College liospital in lbadan, a hypcrcndemic area for malaria in south,vestem Nigeria 

(Salako et aL, 1990) Ethical clearance for the study was provided by the local ethics

comminee. In general, to be enrolled, the children hod to be aged O.S-12 years, nnd have 

symptoms compatible ,vith ocute, falciporum malnria (,viih fever or history of fever in the 

24-48 h pre<:eding presentation) nnd a pure Plas111ad1un1 falc1pan1m pllf115itaemia of > 

2000 ase.wal forms/µ! blood 1l1osc ,vho hod taken nntimalorinl drugs in the 2 ,vccks 

preceding presentation, provided a urine sample found positive for 4 nminoquinolincs or 

sulfonnmidcs (by the Oill-Gluko and lignin tests, respectively), or ,vho had a 

concomitnnt illness. such as siel:le.-cell onaemin, or severe or complicnted malnrin (\VHO, 

2000) ,vcre c.,ccludcd. The informed consent of a parent or guardian ,vas ob1111ned for 

each child i.ncluded in the study A child ,vas ,vithdro,vn from the study if she/he 

developed concomitant illness during the follo,v-up period, or if bis/her pnrent or guardion 

requested it Thick and thin blood films from all patients ,vho port.icipoted in the study 

were examined for the presence and dcnsiry of ase."<ual and se."<Unl para.sites 111 enrolment 

and stan of treatment (day 0), and at follo,v-up at days 1-7, and then on doy 14. TS ,vas 

given as 20 mg/kg of the sulfnmethoxuolo component t,vicc daily for 5 days (day 0-4), 

PS ,vas given as the 25 mg/kg of the sulfadoxine component at presentation (day 0) AJI 

drugs were administered orally 

�ent of panmtat'm1a and gametocytc .JU ratio 

'Thick and thin blood films prepared from a finger prick ,verc Gielll54-stained 1111d 

"'-ett e:umined by light microscopy under 1111 oil-immersion objective. nt "< 1000 

magruftc:atioo, by w.o 111dcpcnc1Clll assessors who did not know the drug treatment of the 

patients Parasitaemia rn thick filru was estimated by counting asc.wal 1)4111.Sitcs relative 

to 1000 leukocytes. or SOO IUCXU&I forms, whichever occurred first From this figure, the 

pat'ISlte density wu calculated assuming an avmigc laikocy,e count of6000/µL of blood 

(Shaper and Lewts, 1971, E7..cilo, 1971, Sowunm, et al, 1995) Gamc1ocy,e1 were also 
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counted in thick films against I 000 leukocytes assuming an average leukocyte count of 

6000/µL of blood at enrolment (day 0) and on days 3, 5, 7 and 14 GlllTletocytes were 

sexed if gametocytoemia was � 12 sexual forms/µ) Game1ocyte se."'< determination \vas 

based on following criteria (Caner and Graves, 1988, Robcn et al., 1996 b). males are 

smaller than females: the nucleus is bigger in males than females; the ends of the ceUs are 

round in males and angular in females; the cytoplasm stains pale purple in males and deep 

blue in  females, and the granules of malaria pigment are centrally located in females and 

more wide.ly scattered in males. GlllTletocyte sex ratio \VOS defined ns the proponion of 

gametocytes in peripheral blood that \Ycre micrognmetoeytes (Pickering et ol., 2000, \Vest 

et al , 2001) 

Srarisrlca/ a11alys1s 

Data \Vere analysed using version 6 of the Epi-lnfo soihvarc (Anon • 1994), and 

the statistical program SPSS for \\lindO\VS version 10.01 (SPSS, 1999) Proponions \vere 

compared by calculating 1,.2 with Yates' correction or F"isbcr c.uct test or Mantel Haensz.el 

tcsL Normally distributed. continuous data were compared by Student's I-tests and 

analysis of variance (Ai'IOVA) Data not conforming to a nomuil distribution \Vere 

compared by the f.lann-\\lhitncy U-tcst and the KruskAJ-\\IDllis test (or by \\lilcoxon rank 

sum test) Kaplan-?-.1eicr analysis was usoo to estimate the cumulative probability of 

remaining free of gametocytes during follow-up for all cases of IT\lllaria combined and for 

lhosc cases th4-l were free of g41Detocytoemio at enrolment Differences in survival time 

were assessed t,y inspection of Kl!plan-t.leier curves and pair \\'ISC log-rank tests p. 

values of� o 05 were taken to indicate significant di!Tcrenccs 
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Raalu 

Demograp/11c characrenstics and tl,erape111ic responses 

A total of 104 children ,vcre enrolled into the srudy. T,vo children. one in each 

treatment group ,vere excluded from the study due to parental relocation These children 

were cleared of their peripheral parositacmia at the time of exclusion The demographic 

characteristics of the children enrolled in the study and the therapeutic responses 10 the 

treatment given arc ru mmarizcd in Table I O I. These ,vere similnr in the two trcatn1ent 

groups Ho,vever, pnrasite clearance ,vas signilicantly shoner in those treated ,vith TS 

than PS. 

Pre,YJ/ence of gametocytaem,a 

The prevalence of gamctocytacmia before and after treatment with PS, and before, 

during and after treatment ,vith TS is sho,vn in Tablo 10.2. GametOC)1c enrriage was 

similar on days 0-7 in both treatment groups and it peaked et  day 7 in both TS and PS 

groups. Gametocyte carriage ,vas significantly lower on day 14 in those treated with TS 

than PS (xl - 5 .  7, P • 0.017). Eleven and 19 children lfcatcd ,Yith TS and PS, 

respectively ,verc gametocytc carriers on both days 7 and 14 The dilferencc bet\vccn 

these proponions ,vns significant (X2 = 4.0, P = 0.046) 

In general, compared to pre-treatment, both drug., signilicantly increased 

gamctocyte carriage post-initiation of treatment (x2 ., 20 9, P = 0.003 for TS and xl • 

28 4, p • 0.0001 for PS, see Table 10 2) In children "'ithout patent gamctocytacmia at 

enrolment. there was 8 greater propcruity 10 be gamctocytc-positive by day 7 ,vi1.h a 

sigmJicantly greater proportion of children tl"Clltcd with PS hnving gamctOC)1CS by day 14 

of follow up compared with TS (30/47 (6J S-/4) vs 16/48 (43 3%), x2 
• 7 66, P • 0.005} 
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TABLE 10. l Summary of clinical characteristics at enrolment and therapeutic responses 

in patients \\�th acute falciparum malaria treated with trimethoprim-sulfamethoxnzolc or 

pyrimethaminc-sulphadoxine 

Agc(y) 
mcan±sd 6.3 ±2.9 6 3 ± 2 .8 09 

range IS -12 0 0.8 -10 S 
\Veight (kg) 

mcan:tsd 18 2::!;6.4 17 6 ± S.2 06 
range 7.S 34.S 7 .0-28.0 

Tempcnuure ("C) 
mcan±sd 38 .1 ::!: l 3 38 4 ± I 4 02 
range JS .7-40.9 3S.9- 41.0 

P11rasite densi1y (/µJ)
Geometric mean 36S43 34983 0.29 
Range 2200..349636 25S2-6S2800 

Gamctocyte density (/µJ)
17 (n = 2) 08 Gcon1ctric n1can IS (n • 3)

Range 12-24 12-24 
PCT (d)

2 S ::!: 0.9 (o • SO) 3.2 ::!: 1 .2 (n = 44) 0.002 mcan±sd 
range 1-S 1-6 

FCT (d) 
mcan:tsd 2 0±1 0 2 .3 ± 1.3 020 
range 1-4 1-6 

Day 14 responses• 
No of infections 

Cured ("/4) 47 (88 7) 43 (87 7) 0.88 
Rl 6 s 

RU 0 0 

RJTI 0 I 

•uuni \\lt�:!!1�,::3n'QLOlc. PS. P>"'mctll3lllinMUlph:ldo.unc; FCT fc,cr clearance lime;
TS, tnmel 

t me.; sd $Wldlrd de\ iatJon. A1I compiU1JOftS "m: l1>1>-14llcd
p:uasl� �na: I 
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TABLE 10.2. Intensity and prevalence of P.falc,parvm garnetocytaemia follo1ving 

treatment of uncomplicaicd malaria ,�ith trimcthoprirn-sulfametholCIIZOle or 

pyrimethamine-sulfadoxinc of I 02 malarious children 

DayO 

Day3 

OayS 

Day? 

Day 14 

- -:r?"- - ----\y . . ___,.- ·,-..--;,.,� - ,�-,, -- � :..:�� ·'"·1'.\ \ - - •':_J, )-',',,!\ ,. __ ,.. .,<\\, . .  - i: .,-� 

18 [12-48}· 17(12-24) 1 o•••

5/ 53 (9 4%)•• 2/ <19 (4 1%) 0 44 

27 ll2 120) 27(12-144) I 0 
13/ 53 (25 0%) 12/ 49 (24 5%) 1.0 

33 {12-420} 45 l 12- 1872) 0.49 
2 1/5 1(41 2%) 25/48 (52 1%) 0.31 

42 ( 12-444) 71 [12-2316] 0 27 
28/49 (57 1%) 34/ 46 (73.9'¼) 0.13 

33 [12-120) 43 [12-1200] 0 52 

13/37 (35 ,��) 23/35 (65. 7%) 0.018 

• Qcomeinc nlC:lll (rangcl ••G:uncl«)1C pos,twcf No ofpaticna c.'lllJDiocxl \'\11ucs tn p::ircnlhcsc:s

represents perteOl;tgc of p;,tlcnlS "'lib g:u11C1«)1l1Cllli:I • •• 1'tmn \VbJUIC)" ICSI 'j t' sq= lest 
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Gametocytaem,a 

Gamctocytaemia before and af\cr trcauncnt \Yith PS, and before, during and after 

batment with TS is sho\vn in Tnblc 10.2 Gamet0cytaemia \V&S similar throughout the 

duration of the study in both TS and PS-treated children with peak gamctocytacmia 

occurring in both treatment groups on doy 7 Peak gamctocytaemia (on day 7) \VBS

significantly higher than day 3 gnmelocytaemia in both lrcatmcnt groups (t -0 066, P • 

0018 for TS; t = 0.08, P .. 0.017, by \Vilcoxon sign rank test for paired dntn). 

Gamctocytacmias occurring on days 3-14 were nol compared \vilh pre-1rca1ment 

gametocytaemia because of the small number of p:itients in both groups However, 

multiple comparison of gnmetocytncmio using Friedman test sltO\\'ed that there \YnS

significant increase in  gamct0cyt11ema \vith lime on days 3, S, 7 and 14 in those treated 

with PS (P • O O 11) In comparison, there \\'OS no significant increase in gametocytaemia 

with time on days 3, 5, 7 and 14 in those treated \Yith TS (P = O 29). 

The Kaplan-1'-teicr survival curve of the cumulative probability of remaining 

gametocyte-free in children ,vho ,vcrc agamet0cytacmic al enrolment is shown in Figure 

9 I Dy dny 7 or follow up, children treated ,Yith rs had a significantly higher prOJ)ffi5ity 

to have developed game10cytes than in TS-trcated children (Log-rank statistic S.3S, df-

1, P • 0.02) 

Temporal cho,,ges /11 gametQC)'le sa rot,o.r 

1n TS-treated children.. 7, 28, 104, 134 and 44 gnme10cy1es \vcre counted on dnys 

o, 3, s. 7 and 14, respectively and approximately 7'r/o of  1hcsc garnctocytcs could be

se:<ed In PS-treated children. 7, 34, 230, 293 and 168 gamet0cytcs \\-ere counted on days 

o, J, s, 7 and 14, respectively and appro:cimA_tc:ly 76% of thC$C gamctOC)1es could be 

sexed The data on GSR 111 enrolment �ere pooled bcc.ause of the small number of

· _ observed prc-lrQUncnt (live among TS-1rea1cd children and 2 lmongpmctOC)1C cam ... • 
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FIGURE I 0.1 Figure I Kn plan-Meier plot (survival curve) of cumulative probability or 

remaining g.ametocyto-frcc in 95 children who ,vere asnmctocytacmic at enrolment 

foUowing treatment with uime1hoprim-sulfamcthoxnole (TS, broken lmc) or 

pyrimct.harnine-sulphado:\ino (PS. solid line) 
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PS-treated children) Overall, pro-treatment GSR was female-biased, but became male­

biased by day 3 in both treatment groups,, and remained male-biased till day 14 in both 

s,oups {Figure I O 2). GSR wus similo..r in the two treatment groups on days 3, 5, 7, and 

14 (P- 0.4, 0 7, 0.7 and 0.2, respectively on days 3, 5, 7 and 14. 
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FIGURE. 10 2 Change$ in sex ra1io of garnclocylcs before and aner trea1men1 \vith 

pyrimcthamino-sulfadoxinc (PS), and before, during and after treatment ,vith 

trimcthoprim-sulfametho:<ll2ole (TS) in children ,vi1h acute, uncomplicated, falciparum 

malJlria.. The vertical lines indicn.tc standard c:rror 
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ussion 

TS and PS were both effective in the treatment of uncomplicated fnlcip11n1m
malaria in children from this endemic area of sou1hwes1 Nigeria. Apan from a
lignificantly shorter parasite clearance in the TS-treated children, none of the outcome
measures, clinical or parasitological., differed bct\vc:en the hvo antifolatc drug
combinations. The results support those of recent findings from the same area (Fehintola
et al., 2004) and are in agreement ,vith those from Kenya (Omar et al., 200 I a). Ho,vever,
the results are contrary to the suggestion that TS is less clTcctive than PS for the treatment
of malaria (WHO, 1996) ln many areas in Africa, for =pie in Uganda, there has been
appreciable decline in the sensitivity of P. falcipan,n, to TS (Kilian et al , 1998)

The prevalence of gametocytacmin sigoilicnnlly increased follo,ving treatment 

with both drugs but this effect ,vas more marked in those treated ,vith PS than in those 

treated ,vith TS Sexual development in the mlllario pnmsite and its modulation may be

influenced by several factors (Caner and t.1illcr, 1979, t.-tons, 1985) It i.s not clear 

whether the significantly lo,vcr carriage on day 14 in those treated ,vith TS \\'ll.5 due 10

fundamental diffc:rcnccs in the responses of the a.sc,cuaJ parasite populations to S\vitch to 

grune1oq1c production follo,ving exposure to the two drugs. The components ofTS have 

shorter hoJf lives than those of PS and it is possible that this. coupled ,\'ilh individunl 

variation in response. may partly aplain the observed difference in gnmetocyte 

prevalence between the tY.'0 drugs 

Although there v.cre no significant differences in gametocyte dtnsity in the 1,vo 

u-caunent groups, the significant incrca.scs in gamctocyte prevalence ,,ill, time. the greater 

proportion of children ,vith plllcnt gamctocytaemia on both days 7 and 14 among children 

treated with PS, and the signific:Antly higher propensi1y to have developed gamctocytcs by 

day 7 U1 PS compared with TS treated children (sec Figure 10 I) suggest a more marked 

efTccu of  PS on pmctocyte production_ These findings with PS arc in ngrccmcnt "ilh 

previous ob,c:rvations from the same area (Sowuruni and Fatcye, 2003 b, e) Thus, the 

llgnific:antly reduced cfTCCU or TS on gamctoc:yte retention may be an advantage for the

u1e ofTS �'Cf' PS in cnck-truc SCHtng
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Despite lower gamctocytc prevalence and insignificant increase 1n 

gametocytacmia with time in TS treated children, both TS and PS appear to have similar 

effects on GSR None of the post-treatment initiation GSR data differ between the two 

antifolate drug combinations; both drugs favoured gametocytc maleness II is not clear 

whether the effects of the drugs on gamctocytaemia arc fundamentally different from their 

effects on GSR. Since GSR may be inOuenccd by several factors (\Vest et al , 2002: 

Gardner et al , 2003), this may impact on the temporal changes in GSR. The male-biased 

sex ratio afler PS treatment is  in agreement ,vith recent findings from the same area 

(So,vunmi and Fateye, 2003 c). The gametocyte maleness seen ancr initiation of 

treatment ,,ith both drugs suggests that antifolatcs, in general, may favour gnmctocyte 

maleness Since gametocytc infectivity to mosquito is increased by gamctocyte maleness 

(Robcn et al, 1996 b) and infectivity correlates ,vith gamctocyte density (Tchuinkam et 

al , 1993; Robcn et al , 2000), both TS and PS by enhancing garnctocytc maleness. 

gametocyte caniage and gamctoC)1ncmia, may m111kcdly clUlllllcc malaria tronsmission 

whether the treated patients have antifolatc sensitive or resistant infections This a 

demerit for the use of  these drugs alone for the treatment of malaria. 
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Conclusions and RccommcndAtions 

The studies presented in this dissertation have sho,vn that 

• Children are uniformly susceptible to gametocyte carriage and that longer

duration of illness, absence of fever. male gender and pamsitaemia < 5000 /111 are

risk factors for gametocyte carriage.

• Apart from male gender, the risk factors associated with game1ocyte carriage are

little affected by season

• Children ,vith CQ- resistant infections nnd those trclltcd ,vitb PS irrespective of

outcome ,.,,ere signiliC11J1tly nt risk of gamctocytc carriage

• PS treatment significantly increased PVG PMG. but significant increases in this

ratio \\ere found only ,vith CQCP resistant infections AQPS significantly

decreased the mtio

• Presence of PVG was an indicator of response 10 CQCP but not 10 PS or AQPS

• PPS and TS, like TS alone, enhanced gnmctocyte carriage and gamctocyte

maleness. but TS has a 10,ver propensity to cnus e gametocyte maleness

• �cccntly developed molecular o.ssays are more sensitive than microscopic

method Therefore. the estimates of the prevalence of gametocytacmin in the

studies reported in this thesis are likely 10 be undcrc:1tim111cs

Further studies arc needed in the follo,ving iu-cas:

L The effects of other antimnlarinl drugs. for ex.ample amodillquinc, a drug similar in

acuon to chloroquine, or its combination with ancsunatc on gametOC)1C carriage

o.nd SO rlllO 

b Evaluation oflhe value of PVG as 1111 indicator of rcsislllnce 10 amodiaquine

!\loleo.!lar and cellular b:uis of the mobilization of gametocytC) 10 peripheral

C 

blood by pyrimcthanUne sulfadoJUl\C.

d tnfec:tivit)" 10 mosquitoes. o f  pmctocytcs obtained after 1rea1men1 ,vith various

antimaJArial drup �udJcd ,n this dmctotlon 
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e The prevalence of submicroscopic gamctocytaemia before, during and after 

treatment ,vith various antimalarial drugs and combiruuion therapies by molecular 

assays 

f lnfcctivity to mosquitoes of blood obta.incd from children ,vith submicroscopic 

gametocytaemia before, during and after treatment ,vith various antimnlarilll drugs 

and combination therapies 

g Distinguishing benvecn male and female gamctocytes usiog molecular assay 

techniques 
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APPENDIX I 
ests ror the presence of antimalarial in Urine (Dill-Gl•·ko � and Lignin ICSI)

7A. Dill- Glazko for 4- an1inoquinoline 

'Reagents: 

Eosine powder SOm.g 

IOOmJ 

lmoVL 

Reagent grade chlorofonn 

Hydrochloric ncid 

Procedure 

I Add lhc 50mg cosine to the I OOmJ chlorofonn nnd I ml }ICL ( I mol/1) in n glllSS 

stopper cd separating funnel 

2 Shake gently for fc,v ntlnutcs until lhc chlorofonn becomes light yello1v in colour 

J Separate 1hc chlorofonn layer and store in dark bro1vn glass stoppered bo11le 

4 Add 10 drops of chloroform solution 10 2 ml urine inn 1est-1ubc and ml,c 

vigorously or n fe,v moments 
5 The presence of chloroquine in urine is indicated by a change in the colour of the 

precipitated chloroform layer from light yellow 10 violet red 

D. Ligoin ICSI

This i s  a simple qUll.litativc field test for 1he dc1cc1ion of sulfonamide.s in urine

Rl!agc11t.s

Paper I0\1el or blank ne1vspapcr srnps 

Hydrochloric acid, HCL (Jmol/1) 

Procedure 

I Place one or two drops of urine on a blank strip of newspaper or paper towel

2 Add a small drop of J tCL (3 mol/1) to tbe cent et of the moisturcd area The

immediate appearance of a yellow 10 orange colour indic;atcs the presence of a

__ ,,, rwnld nd The test t,ecomcs posiuvc 1 hour oiler the tngesuon of
:M.WO e compou 

tU!fonanudcs and sta}'I posiuvc for J days (Caution- paper of bond quaht> or

filler paper C&l'IDOI be used)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY



- ;

• 

,. • 

Appendix 2. Microgr:ipb of pcripbdul mature m:ilc (lll'l'O\Y o) ond female (11rto,v b)

obt.a.incd in thick blood smear ofo child trcotcd with onLinxilnrinl drug. 
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is� factors for g�metocyte carriage · lc1parum malaria jn children
1n uncomplicated

A :,CJ\\ \,;�:\II•, 0 A rA'T'EYE A A ADE0£Jt. FA. f'EHl:-:TOI • .-\ andT C HAPP!��·�,,I"' Ph11,.,,atolr;o-mrd Th,,nfWUlln alfll l,ur,11,1, /•• ,\l,d,rn/ R.,,.,.,t, •-' T,u,,u• , ••-···- .w mt�� •• 

1'\t ml f«tnn a.un,,.:�u;i.l •1th a.amc:1ocyu�m.1,1, •t prac:nt..a•Jon and 4(ttt trntfflffll ""h dUfuml lllflnmaluul dru,: rrc,. 
''"'11 •nc n•lu.,cJ in 767 <h•IJrn, cnrollnl 1uo,pccH'<I) 1n S 11n1tmabn.,I Jn,� 1na!. ""''""" JulJ IW6 onJ D.ttmbc,
:!002 ,n • h)l'fftndcm,c lt'n nf ,,,uth\\n!Om '.':igcna 'In• chtld,m........, -•R'W"I 10 cow of 6 1tta1men1 lt"OUP". chlon,­

.,_ 1co1 only. Plrtm<1h•m1n•·•Ulfado1Utlc (I'S) onli·; unodlllQWMl (AQ) onl,. CQ wmbuwd .... h d,lorpha,,nrrunc 
ICl)CI-') or re; comb,nnl ""h CQ (CQl'S) or AQ (AQl'S) ,\1 cnrolmnu. 11 S (I 5"·1 or,67 chtlJrm ,.,,... �amtllXll< 
nirwn UurinM follo,.,u,,, IS 6"� uf •II p111cnu (I.e. 120 iuucn .. ) de-clopcJ p.,1m1 c•mnuc)� "'hld, on as, (102 
l'Slatnu.} haJ t.lc\clopc:J b) J11) 7 folio"''"" 1,catmC"nl In • mutltplc rc,rrcuion modd, -4 f«tun ��,-c- founJ 10 be lfttik­
,-kn,'"� f.cton for the prncnu nf a1m<10C)tumi•., cnrolmcn1 malc ttc...Scr C•ilJu.1«1 oJil, uuo [AORJ-o SS, 9S 
'""-'>dta.ctn<c"al !Cl JO Jl>--0 lO, P•O IIOS). aburicroff<"cr(AOR• I ·Ill. 9S �Cl I OS-! S, l'•O OJ),ilura.....,or.11-. 
>I d.." CAOR• I 57, 95•. Cl I ·0-2 �. />-0 IM7), and uc•ual psm11• dnu111n 1..., 11 .. n S000/J•I fAOR•O �?. 9S"-Cl 
C>ll-() 7J, /'•0 002) 'l"hr r,rncncc of p>t<nl i;,mc1oc,10,mia at onn>lmml (AOR•OIM '1S"1. Cl 00?-11117, l'<O 001) 
&ad rttruJc-&cn\C'c of .1.tC"•u.11 p.,r-:uun wnh,n u d.), �ttt a.,ocut«l --.uh 1hc prc::wnc.c u( i,:ffl'lllhk.")l.anq 7 or 1-4 J•)• 
<f1«m111lmn11 (AOR-0 s, 95"-Cl o J-0 s, p.o 007). l)da1· ,n 1hr umc tucn u,dcar ll1< ..,. ... 1 su, .. ••••�(>lu.,-.) 
•u �1tJ "llh 1n'-rc.attJ ,111r. uf ,ub.tqucnc gAmtlOCf1C cam•�-·J'na,c- firuhrutt RU'II h.t,� tmp1u,:.al.eon• for nuY.na 
«:ant,� <ffnn, ,n ,ub·!:i•h1.tr•n J\(tt-.:4 "here u,n,col o( ,he d''"'t dar,c:nd.J 11rnnt1 mtJn·I) on cMMOthc:rar) 

1'••nol t.. 1 1u� 
111ir ,.._n"nllumn uf /"/,um �111,m ful11p111um (rum 
11•m.n, lu rnn1qu11oe c-on nnl) occur 1hruu11h the 

::::���:1c;���:11�1
����o"c'���:.:�

r

,::�:�;
"w-nu11 for 1he 1nfec11nn nf nc" 1111•11 b)· •h� """'. 
'IUltl) (Sinden tt al 1978, t:ar1er & Gr••·c•. l'Jl>J!).
,\lthouah th, mcchan1111u or the ... uch (ro1n a,ou•I
t "tUJI "•»e. •nd itt 1nudula11un, H<' compl<'� •nd 
'""'"111le1<11· un1lc,ntood (Carter & J\ltllcr, 11179: 
�lon., 1985), the pnx.c••. and the lnf<c11v111· 01 th' 
Cllnc,oc,,.,. 1ro11n11 r,nin 1hr 8\\lt{h ma)' be ,ntlu­
l'nqd hl 1n1tm•la,a•I .irui;• (\\'llltlnwo ,t al. 1'17b, 11st<hcr, 1'1'17, l luddin11 rt rll 1'19'>) In •ub-iuh•nan ,\frlt•, 1 nc,..,111na drull rcsh••nc-;,. l'.J11trrpu,..,.., h.u led tu ,it.rc ... c• ,n malarl1·1d1tr< 
�•bid,ty and mun•lt 1) (Trap•,, 11/ lqq'I, Tnri•,
·"JI) anJ la 1hou11ht tu h<e ,,wc1a1cJ \\llh ,n-,e••""
., f>"'<t1><1 le, carr,aac 11nd l(Jn•ctllC) •• ,nk<II' llf 7 
�"''°" (Rn�n rt nl l'l?f1, 2000, 11011h ,, ". 
IV;!/ In \\'nt ,\fric•n ,h1hlrccn. r•c•tr••tmctll 
...... "' h l< lak•r•rumJC'Jlc- -arr1•�c ,n thn "11 acu 

1 """1,,,,,. m,,y rncn 11-17 (,-c,n �.,IJJcu• ,t 11 

20(>1, s, .. ,unn11 & l'••<l•• 21•1111). nJ ch1IJ1tn. ,n 
11cuc-r•I. �h 1huu11l11 10 ..,,,,11111111, 11 "u;n1tu . .an1 fl.·•·

cn·mr of 1nfrc1ton 111 •ub �ahar-Jn \fr1ta (Cuhc�o 
,, 11/ 1'1'12. Uonnct" ul 2001) 

A rc«nt 1tud)· from The G•mh•• (u,n Sc1dle1n 
tl 1>/, 2()(11), Jn llf:I Of ret:Hr UIICntll) of m1l1n• 
lf.lfUflltHIUO 1h.1n �1�1.:n,1 (!-1,1.a\.u ,, "' I '190), h ... 
ihnwn 1lu1 fll\Kfflll, obocncr n( '"''' anJ par1-
a,iacmi• ltJ.> thon 100000 ••••u•l form, I"'' 111 "'""

d l'.nt.l<nl rltl< f•<1t1n for 11•metCK:)'I< ..... ,•�• 11 tn C 
pr<'tcmlatin" fn Ciamlu�n dnltJttn In •dthho�1 trct1t• 
mcnl "''h p)rlmc1ham1nc•1ulrodou11r II':.) alono 
\UlJ auoci•u:d ,\.Ith incrcv>-.,J rule of .:amcutt.."'\ tc 

7 di)'' ahC'r trt'atmcnt \u.-n,..tt·J to c.hhuu� u r n4 J?C' 
-iulnc (CQ) or 1rt�m111ntn·b•� L-ombinauon 1her, 
ar,)· It  •• uncl�r uhcithcr thtK f•t.1u1t. •loM or ,n 
a,hhuon 10 cuMr,1 

arC' a1.MJCU1lcJ ,\ltl1 �.amctcJt::} tc­
c,rrt•W• ,n '-111:"n•n ch1ld«n 

\I houllh ,.,,h 1ncri,u1na 1n11m1l1111I llruir 1c:s.n1-
' 'tr'ot.d• tl nl lt/'17. sn .. unm1 ,1 ,1/ 19911•,6, an«-

_, I lool) iltcr< h•• • h«n •'1nc111.,. 1ncn·••••So"""'"� 
.. ·tmtioc) ,c L1n1,a, 1n �,Jitcnan chtldrl'n tll i; mi � r•I<)•, �IMl111), th,·n· •• l,111,• 1nfor (Sfl\\Un ' 

Ille r••lr. f•t to,.aunc1.11cd \\llh C"lffif'lniC)·tt"11.,onn nn 
1rtr.· h rC'· nr f" ,.,.,r�tmrnl m ,..,.u,cr11n c ,ldrc-n ._ ,r1ac< I" 

I . J f ffflJIIUR I> n<'<CU.,r) a, II ffll) f'Cllffllll I)�u ... , ,n n 
I f1Tu t1• 1imnl II the mnnaaemcru an\l h,rtlC ' t l 

I ( In•"' 1c ,,,.n,c- m rhr f"nmnn1011)· In th<" l'fff\UO n l " 
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Pft'IC"1 >1uJ) ,.., cv-o1lu�t,J the fo1,1un 1L. II n.at 1n UCl"k.'1: thr proJucuon of �mctOC\ ,..,. 111 ch,ldr-n p h � racnun� 
• I acute, •}mf'tomauc. uncomplta1cd p , • 

I 
• Jo,,,.,.,.,., "'" .ana 1n ii h•r,c:n,nd�,- a� f ._ · 

• 
1 " • ea o ffi4uri.a in -lh\\ NI � ll!C02 

P\Tlr,r, ,,,. \IFTll<tll�

Pa11t11u • 

1nc 11 uJ) cook l'l•cc hcl\, ccn July l?IJ6 Jnd Oc­<?'1bcr 2002 1n  pa11enu J'rac:nuni; ec chc un .. cnit} Coll<"iic HOllpll•I ,n I bad.in, .i hr11crcndcm, c  am for 
""'�'"' in 114'Ulh\\Nl«n 1\1gcno (Sol11ko tt al 1990). Echical clearance "u p ro,·,dcd b) che loal cc hies
comm,ncc. Durin11 the Jl<eriod, • ocnn of an1i­
m1bnal druR 11udics "<'"' eonductcd to � .. luotc the 
efficacy •nd ufcc)· uf d1fTcrcn1  1rc•1ment reg,mcru .  
Stud1« on CQ \\Crc done dunng rhc cn1 1rc 6-)car
ptnod, 1h01c o f  chloroqu,nc pha chlorphcnl.-.m,nc 
ICQCr1 1n the lint l ) c.an, thon• uf PS in rhc fin1 2 
•••r..a,uJ th,: ln•t 2 )<c.on, chu,c of un1oJ1�•1umc (,\0) 
•••nt '" the la11 3 ) c11rs, anJ thOM: of comb,n•rion 
'"1tm.ilar,ol1 in the IJ,t 2 )C:-.tn. I lu\\c,cr, thtr< "�• • 
car111dcrahlc dei;rec of o,·crlap ,n the arud) period, 
De�1l1 of rhc arud,a ha, c been deacnbcd bcfo« 
(!>O\\unn11 tl al 19?8o,6. So\\unmt, 2002, 2003, 
So,.unm, & l•ateyc, 200lt1) Dricth·, children'"'" 
1Ym11111m, comr,01 1bl• "uh """'" (1lc1p•rum m•l•n• 
""" fultillcJ the f11ll11,\lnu �r itcrt• '"'''" •nlo•t<-J in
tl,c •tuJ) •N• bclr,\\ 120 n,onch,, 11ur.- I' /ult1pun1u1 
Plr•,110,m,� 11r cJtcr 1hun 2000 11-•••u•I form•fJII of 
hlooJ. ne1t41 1\ c urine tntt fur •nrimalor1 a l  Jn1111

lOill-Gl•tku �nd llan,n 1ctt•). w1Hc:11cc of ,oncom•· 
t.int dine,,, no � idcncc r,( ..,,·c rc m•l•ri• (\\'I 10, 
2000) •nd written onfonncJ con••n• II" en h) P•rcnu 
or 1111rd11n, Afccr enrolment aoJ 11ar1 or 1rc•1n><nl 
1dJ> OJ, folio\\ ·UP \\ ith dlnlc•I 1nJ J'lr811IOIORIClll 
t,.atu.1t1Un \\.:&.s �I d.1�"' 1-7. ontl then un Jii> 14, unJ 
"hen nrcn1ary, nn J�y• 21 •nJ 28, (or c:c1ntple, 
•n Plllcnto who received PS cnmb1ncd with CQ 
(COPS) or AQ (AQPS). Chn1.-ol .,,,.lu4tlon con-
1111"<1 of • 11cner,1I chn,col c,umon.cinn rnclud• 
•na maou,rmcnt of "c-1ulu. cnrt' fr-"1prnuurc ,,nJ 
rh>11cal •••m1n111nn 

tfun,�tnt ,,f pu,1111tu1mfo 

i,,.,lc •nd thin hlocid lilm• prepared frnm • lin�•r 
Pnc• "•re Gi tm•1-n1,nrd and ""'" .,,..m,ned l>)

h-• ob•ccu,c .,., rnacrou:op) under an 0,1 .. ,mn,c.r:1,an ' 
"l � 1000 O'\llJ1TI1fic•tton t,,· 2 ,ndepcndcJII aJ•«'• nr 
I• ' • .. , '" caunttnw 
"'•"l.olcmi. on thoc� hlnu "llJ """'"1"' · "()Cl
""1.u.J parurtn rcl•1 1,c to 1000 leulmc\t�•· or '

h 
"'n. J I l•r1Jm t IIu,tl form•. "h,-hc,•cr l)<..._urr• hn 
"-. - ,. I d auumonR • '"-.Urt, th'C' per.a,uc- dtnttlY ,,., c.•K-u att 
"1.•- -· -' C1mctOC:' 1"

--=11, CT1Un1 o f  blJ00/JII c>( bluuu tOOo �"• al.., et>un1rd 1n  thock bluod him• •
P

'"
" nc of-�-- lcukocyrr cr,u 

11 -.7tn anum1n11 1n •• tr11uc 
.,71 l!tt1lo, 

�,,., "' blOtkl (!,hal'(' r & Lt-w11, 1 ' 

1..'b 

11171 · �, .. unm,. \LtnJd, � lltl .:un, 1'195) \ h.,,,. 
rnatocn, , • .u done a1 cnrulm.:n1 1n 11-i of the p:&hC'n�

lrarcd \I.Uh COPS or AOP� .,, order 10 <'•aluarc chc
... re,> 01 cumb,n.ot, "' 11111111ulJn.il thcrof'>. 

£1 aluo11011 of t,JP,,IIJC 10 Jn,� 1,,.,,,,11111

lt...-:-,pcm"'-" UJ druJ,t 1n.-.a1m1.,u \\.u ,nM:.M:J w.1n.:

\\'arid I lcshh Ori:.aru.1.1oun (\\'HO) cnlt� t \\'HO, 
I ?73) a.> fnllu" • S • '4ehllln ,. dr•rant'<' nf p.,r•· 
111iJttn1a wuhout rrcurrmcr. RI (mild rautancc,) .. 
p•runacm1• du.:1prcun bu1 ""l'r>af11 """'" 7 rn I.I 
days: Rll (moderate fff11tancc)=dettca1t or para­
•noem,a buc no compltrt clnnon«: from por,phcral 
blood, RI II (IC\crc ra11IJncc,)•no pronouncnl 
dccrcuc ur ,ncrn..c ,n J\llrMllaem,a a1 oil, h a(,rr
trC'Jtmcn1 In rho..- \\llh ..,,,.,,n., or IH r"'purlK,

1'•ru11r clc,1rsncc llmc (PC'!) "udefincd ,u ,h.., 11n1• 
c l.opsong from dru1t admin111 rauon unul ilitR: \\<1.< nu 
P•tent par.u,uot'mro fnr at le<1u 72 h Au,u1I r•ra•11r 
ruluctinn m1111 (l'lllt) (\\'h,1,·, 1'1'17)" , ,l..i,n .. l "' 
1 hr ratio of cuy 0/d.y 2 p,,runacm .. 

Stoturltol """''''" 

D••• \\ere •n•l)''ICd u•,n11 ,,noon 6 or the lrn-lnfo
aoft,,�rc (Anon. I�', .. ). •nd 1hc t1.111111cat pro1;rnm 
SJlSS for \\'1ndo\\a ,�n,on 10.01 (SflSS. 19?9),
PrnJlOrt1un� \\('t'C" 1.:un1,,�ucJ h) ,•kul,11n.: x• \\llh 
V�IC·· c,orrc.\.UOn l\.umull) J111trthUltJ, \"UOIIO\UtUll 
J11a \\t"rl' cnmf'l.arc-J h)· �tudcnt'• l•1n1t an,l nal) •

u( ,.,,11u.:c (,\�OV.,\) In 1ht' JN,: 1,n1mcn1 s:ruup, 
po,t .. Jtut. \:t1n,r,r1wtll \\trc do"� u11n,: Tukc)
hon<ath tl•ntOc anc d11Tt1<11<• (Tu�c) I ISO) O,u 
nnt con(nrmlnJt co • nor1n.1l Jattnbuuon ''�l'T

compared b)· ili• '.\llnn-\\'hnne> U-1\"it and 1hc

Kru1kol-\\'1lli1 ,,., (ar b> ' \Volcoxl'fn rank ,um lt'<t) 
,\ nu1h•pk 10111,tK' "Af'"""'°" mottd ,,a11 ,.,,. ... ,1 tn ,, .. ,

du: ilUUCi.&htlll 114."I\\U'II WJOk II�) t.1,·1111.a c.,, .. ur nn ... 
pre1tnta11on or durin11 folln\\ up) and (1c1on 1h11 
\\�IC: ,ii:n1f1U1nt 111 unllJrtJlt· •n•l,111. msk "'1.:nJ�,. 
J'r<'i<ntr o( fc,cr, dura11on of illnou bc(or• P"'••n­
uuon, aiC,.ll•I r,.arautacnw, •• rn·cu·n1a11un, JuJw, 
tn:JIO\Cllt 1.1nJ fL"t.lUJt..�l.l:U� uf lbCAUJI J1Jra•lh.'"$

,uth,n 1.1 ,l1)M of 1n111•11n11 ll<•1mon1 OccauJr 1hr 
,cuJ) ,ua, i..:nn,JuttrJ o-. .:r .a p c  nod oC C, )c.ir.. 1,m� m 
)CJ.U a,nc� tht: comn,to«mc:nl of 10.11, w• .. fncludct.l 
•• a cu••r,. .. 1n 1hr n10<l<I for pr<-1re11men1 fllTI<'•

toC)tilttnia The- ,alut• rrttfflttd h<-lm, ar� ;rnl"r• 
ull)' me•n• anJ 11and�rd de> ••11nn• (• I>) nr •l•nd•rd 
,n11r (• 1 ,) or median " ,1h 1n1<n1u•r11I� r1n11c I IQRJ 
JJ ,:tailuc .. u l  <0 05 \\&:U t•ki..n tu 1nt.ltt."11tt 11J:,\ltl\..ol1II

d1trfl<fl<M 

t11-.l1l T• 

l'al<flt ian><IOC)'llfffll• ( eomclrlC fflt"ln JI), r1n11c
i>-IJ-1�/µI) ,.�, I'''"""' In I IS (l,')I,) nl 1 h, 7ti7
ch1ldrcn at cnralmrn1 
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f«1•11 J-,, "'"'''"'> le cornaf(r al mrol,.,,,.1

•rr
rnpotUQ

nn, 
of t he llk'fWII panu11racmu to drug' :and 111111\C:IOC) te carriage dunng and/or u�unc:nt arc ""'"" o n 1'able I PRR eh 1r r,1tJ '"th .AQPS or COPS " 

10 il-
iatM,r lu 1 

• "U ., IP>, tinnily1 n a I nthcr lrt-21mcnt groupw (P<O OOI)oht """"''?n °� thc_AO and PS grOUJ>1, .-h,ch,p,r.,J on CQPS, dtd not differ .,11n,liC1nt l  •O O?? •nd O JO  rar,ccu, cly. Tukc ) ·  HSO). l'C."i­
••�-n he. nil) honer in thl>M' IR!lllcd w1tl1 AQPSCQP� nmpircd 10 01hcr treaunent group, (P<:1 n,cp, AQ (P•O·OS2 gnJ 0·25, respn:t"cl>,
7 HSD) PCT was •bo •il(nilicantl) shorter ,ntrc.atcd '"th AQ comp:arcd to CQ (P-0 019

Uk<) 11�0). Focton u.oc,�tcd '""' 11•mctOC) Uc�
" enrolment •re r,rde!n1.-J ,n ·rable 2 :. lol eer, ab«nce o( rc,er, dur1111on or ,ltncu >3 dJys,
••••u•I ,,.ruttc dcou,11� l,::,o, than 5000/µI

tt related tn the r,rcs.-ncc o( llllrflCIOC)'Tilltm,o ••
rolmtnt '-c11hcr ai:e nor packed cell , •olumt"'""'111•Hon was an 1ndcpcndcn1 ruk factor for

.. mc,OC} 1• um�ac (Table 2)

lt.ilt /atlorJ for lftJmtlocylf carnn1r d11nn11 Jo/lo,, 11p
l>ur11111 folio\\ -up, IS•(,",. or all po11cnto (1 c 120 
P.lltnll) Jc, eloped pJtcnt 11amc1oc�1ucm1• "l11ch, on
l!·•(IO? pJucnta), h•d de, tlnpcJ b) dJ) 7 rollu» on�
"••tmrnt Cnm<1oc, tc dcn1il1•• at enrolmtnl w<rc
:�•lar 11\ 111 l rcau,;ent 11roup1, were 119n1tlc•n1ly

lhtr on 11.,. I .. 10 1hu,e lfCJled with rs. and. llfl•
;·"'•ntl) h1whcr pro1)0rl10n or ch1lc.lrcn ttc•t•d \\ 1th
� carried ,:)'1'1Ctoq cc 1hroughou1 1hc duration o( 
1 t,.

, IIUd) (1"oblc 3). I n cite cohorl o( ch1hlrcn 1n
" m -.r11rnc:1tk.:)'l1:� \\ere nut JelcucJ 41 cnrulmcnt, 
� ur 259 ( I l•'J'l.) chi ldren trcutccJ "11h CQ, ') u( Ml
11  o·., trr.11cJ w11h CQCI' 3 of IJJ (l•2%) uc,ucd
•tJi ,\(J, I or C,� ( I •C.'11.) trca�cd ,.,th CQl'S, 3 o( <1�

: 1'-l children 1rc.11ccJ "uh ,\Ql'S, ond 511 nr '10
s '•"> clttldrcn trc•tcd with rs Jc,clopcd potrnt
tncioq1•cm1• \\ 11h1n 7 II•>, or c nrohn•n• 'fhu•,

p,npontnn nr childrrn ,,hn dc,clopcJ i;amcto­
lA<ml• fnllow,ng treacmcnt \\ere 11un1f1cantl)
doer 111 tho1e tr�ated "11h PS compared "'th 0th<r

'n_111•nt '"R•mcn1 (Ch11 -136 IJ, I'• <<10011
1 pre.cn�c or JIJlefll J:JlflCIOC) tacmoJ at ClltOI•

111· •nd t<ccud�.cc ncc uf a,cxual p•,.•ot•• "ithln
4 d.t,-. ... , .. a,f(,anccd \\ i1h the pr,:acncr or ,.m.-­

�tllcnua 1 or l.f da)a after cncolmcnl (f•hl• �
1 •n tht ttmc 1altcn 10 clc•t the 1n111•1 I'• •

roi....,
, .. , .. ,. u-,oJtcJ \\ Ith ,ncr·c••cd ruk of ,uh-

•n, 11•rn<1ocytc arr1.111c, but th•• .....,ciaoon

ft .. 11<,t ll�ntlo;;;int rullU\\ IIIW 1nult1\llrlJIC an�I) Ill

(:(� .f) Chohlrcn trt".ttcd ,,oth ,\0, AQl>S 0� 

b} .,, ilflll C"Jnth lcu hkcl) '" h••• Jcl•>• 

,,. d.t •I 111na 11, cir ir•n�., a.unpartJ "11" ilto�
'1,. �d uh CQ or I'S lune, (Cho''" .fl•7, Jr11rtc o 

dr.n, lr, ) S, /'<'0 IIOI) 

,,­-·

The pres.,,- of i:,tmC1oq lo on J.,) - or 1--1 ,.,..'-11&'11'1L�Md) IIUil -J I da, 1,4 
Kiah \\I( I lhJIII" 111 •HJh ... u, lh

) tn chilJrcn trc:uNI ",th CQ (Cho' .. Iii J u' "'I P- <O OOt) •nd CQCP (Cho'= 10 · I 11, ••1 p.,.O·OOI), hue no, PS IC'hr'-o 21, or • I p.0 6-f!, •nd AQ (Ch,' .. 0-24. u.1 - I' P-u 1,2j 1111<1AQI:, '" CQPS ut -.h,ch all clul<l«n .. .,,.. chn,c.ilhcur,'d 

G>.mctOC)'tcs arc often d<1ccL1blc ,n pcr,nh.-nil hlood
fnr • •·•ri�blc, pc,nod •ltcr •cutc folc:op•rum ,nfcctton.
"uh morr,holoJ?tcall) mature i.:aructt>eyto bc,n11<lctt,ct•blc on 1h.- blood 10-14 J•>• ahtr on,:,n,cini,:
from mercnoorca (Thnmwn, I'll I. Sma lle)·. l'Ji(,)Canu1gc nuca m.t� ,·.ir) "1Jd) .and .arc c.lcpcndcnl un
k\CNI f1ctor1 In the current ,ru<I). 111mctOC) 1.,
prc•11lmcc \\:U mud! h1�hcr th•n thnM reported
from "r.-irm 1n•oland (2 '!lo, Pntt t1 al, 1999) •nd 
Tanzt1n 11 (8'li., Akim tl al. 2000) but aun,l .. r 10 tJu1 
from The Gambia (17-.,, ,on Sc11Jlc1n" al 2001) 1n 
1hr um• region or A(na, I ln"r' er, dnp11.- rc11lun•I 
d1ffen:ncct. tn Pl"t''"'llcnr-c ratn. thr- nil,; facton .a.,. 
MJCt.11�d wuh s1uYKIOC)'ll' aamoi:?:c \\cte rt'JTU.rbbh

11m1f.1r. 
Com<"IOC)'te prc-·•l•nc• on the >1uJ) ., ... before 

1h� 19\IOI, � pcrlt,J "' rull •cn,ltl\ II) Ill C(J, ... , le • 
1ha n  2'1. (L A S•bko, unnuhlt1hc<I ,1bwn,1onn). 
r,.-,enol>, 1n 1he "'"· CQ t<Ntmen, of CQ-rc,111•nt 
•nfct11una it •1'<.K'latc-J \\llh ••1tn1t-it.:.ant ,:-amctt>C)h:
c-..arnaac 1n"1 a,rnc1UC')t.acm1•. unJ 1Ju,,c-, clcanuu.:c:
or ll\1m<10C)lltm11 (So\\unm, � Fate,,, lllOln,b)
TI1crclore, 11 would •nrcu thJt the prc�nt r.l .. 1\.-1)
hl�h prc,11lcnn, root ma). ,n r•n, ht Jue 10 on­

cn.·a)ltll! CO n..11111.1.m.1:. S-.:\\;nt) l'k:fT("nt o( .111 l.""+1n, 

of •tlllt m•l.artll 1n(«l1CJn1 In oUr 1ut• or •IUJ\' ou.:ur 
in ch,IJr<n oa<d Its• 1h.n Uh ,an(S•l•ku ,, ul I ')'>OJ:
thr •1milar 111me:«OC.:)IC t..--an,..,ac 1n ,tll a�c wruups
,ut:enl• 1h11 ch11drcn •ac,1 hclo\\ 10 ,un "trc
uniformly ,u,ccptohf< 1n r•m<tt>c)C. cam•a< In

ochcr .,uJ1c, 1n\"l)lvm1 .a bro.1tftr •a:� nnac- 1han
\\C' c\.•h.1a1tJ. n )numttr UQC" \\,11 •Htk;lllilnl \\ith
fnctt,utd Jlllr1UtDC)t"" l'UT\.flrncc, (or <'�•mplf', 1n
Tanx:a1u• (Akom tl al 2000), 

h 1, unclcat ,\h) m.alr Rt"nd•r" ii n•k f.1e1c-.r fnr
A"".amctOC')tt" c:•rrugc at rrnrntauon. dr1p1tr- a:,m1l,ar
duraunn or ,llncu 1nJ nthr, th•roc1rn,11ca ,n both
g,nc.lcr 11,nup, (d111 not ,110.,.n). •ro our knn\\ lcdfle,
,hu •• 1hr Ant rcporc of the anocu1uon bc-h\ccn
rn•k J;('ndC"r ,nJ i,:,inrtnc)tt c•rTtDi::t<' 1n .,\rru.an
c:htlJrcn ,.,,h (alelr,,,rum nt•l•u• CoulJ 1hu 11mph
be O ch..anct tinduu: 1 f1J.um.1 tNlnstrmnc o nf1cn
i n,h,anoly r•oM<I lnprc-nubcrul•1n•lc th•n-Cc1111lc

:,:.rLI"" CC:rtU1n ,\ \\'11,,ut, l'J'>I)� .anJ "'"'*'1-h·1m1,·

•nJ olhcr ,orlK-C•tl< r ,,1,h in•) ·o,mull.llC' P Jolu­

r,or11tt1 ec,an;c:UK) t• 1gtnt:i •• ,,, • ,t,o(\lal\un\\ c-. Pe1,r,
,'< \\'arhu,.,, 111q�, l,,nt1n•\l ,, a/ 1'193) It  ,,.-m,

I"' •Ihle tlt•t  .Jolf«nn<T• ,n ><, tuorn1unr lr, rl•
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II '"""'It'•• tluldrnt

!SQR"k facton for Pla,
moJ,umfal c,parumgam noq tac:,nu •• enrolment•

:--o or eru.i. children ,. ,th odolsnt,o AdJ1t1tnlOR lr,lmnO<ytQ \9S'-Cl) P•awc 195'.\. Cl> p \"11\H' 

42 0 69 I 
1�, -16 1178 (0·52-1 2) 026 

lS-1 66 I •11 .jl) t> 6 I o -l--0-'J > 0·111. II ·  SS (0 ll>-4� �J) ow:; 
11«mu UPI> 

<SOOO 112 21 I I >SOOO 685 � °'46 (0·26--0-SJ) 0'001 IH2 (0-2-1--0 7J) 0-002 

�]J 73 I I 208 -12 I I) (I «.-2 IJ) 0 ltlt I DI (l•US-?·S) U-0) 

575 76 I I 
162 l'I 1·7 (1•1-2·7) U IIOlf 1·57(11>-24) 0047 

2• J I - -
100 10 o 78 10 s2-1 2) 0·71

"T 
t F � "---i• included u • C0\11natc in lht: an.al,'111

nn, •"ll•ry tcmpcroturcr ;a l7 S C 
cff" • llKkcd c,ell volume

1 •uh Ya1r·1 cnrrrcunn.

•blc l Gamcioctl< dcn111ic1 at enrolment and folio"'"� 1rnlmMt ""h on11m1l•n•l lln111•
IOMoo C plu h • 

tnmunr mnn a•mtlOC)'Ct" Jcn,uy, rs. S,)'flfflCINffilnt ... ulr,dnuM, C01 chlnrP11uinr� CQCP chlomquuw

.. ,�,
'
) 
lorphcn1ranune AO, omod1111u1nc, C0:11. p1nmc1hom1nr••ulfoJ,,.,n, comb1"<J ,.,th ,h\ •"'lu•n� ur • ......i ...

CQ 
(11•JIS) 

2St••S61 
(>-I J.i.l 

u , ... ,s,

1>--H?l1 

11 , ... s�i 
/,-.IH 
1, 7 (11•2�1 

CQCI' 
(n• IC)I) 

l-1 {1t•ll)
12-576

-ll ,,,_,., 
12-t.v,, 

., , .. -111 
12-lh' 
,., <•·"' 

AO 

(•• 1041 

2V <•• II> 

12-7•0

J4 ,.-111 
t 2-ti.)t,

16 (••lll 
IZ0lh 
J 6 , .... , 

rs 

<•• Ill?) 

14 I•• 191 
6-M• 

1S(ot•h7l 
�.JHII 

•uc .. -u,

h-tM1

U·l< t•• 141 

co1•:-• 

!••IIS) 

Ill I•• I) 
IJ2 

,,, ... 1, 
l-+-llil 

-

AQP:, 
(,r• 70) 

IU I••�) 0 SS 
12-2�,

JI I•• 7) UOI�
12-11,s 

19(••l) OllOl 
ll-Ol 
I 4(ot•I) llOJU

• �PS nm tn<ludnl ,n 1h• comp,nlOft du< to  am•ll """'b<f

lnfi,,:tn>•n .,.. mun, hkd) tu p1uJuu· 11•mc1u..:1 tc:a
(Sot•llc)', 011>"n $; U...<cll, l'ISI), II I• hkch that
lon1ttrJor•11on of tlhtr•• bcfur• 1uuc11101111n 11lu ... cJ
aolhc;,cnt umt (or the r,rowrc•-1m� uf c.ornmutcJ 

••••u•I p,, .. u1ro 1n a•mtt()Cl ,., S,n� 1lntncc of 
(c-,•r "D)O<:totcd \\llh ,ncne•••d rl•I. o( 1•m<10()tt 
c,onuNC, 1(<btil< ch1ldr<n mar ha, r h,rltouR<I 1h, 

,nftctinrl for• lnngcr rtri"'I ,\hrrnou,rl>, ch1ld1,n

"hh Ionic• .iur•uon nl 111n•" tn•� h••• 111d 1 �••·

,i,ch a)\nr1•r Ju,-11nn "' lf\tt 1c,ul11n111n r.Ju,,d 

"'"r be cun1ribu101')' but hurmon• conccn1nnion>
::,;• r\ot ITlealUrtd In the ,hfldrcf1 C,nJrr•lclltCd

,.;,«nccs • rol.. lac1nn for 111mct0Cl tr nirn•�

.\,,. lunh« <"Voluauon ,n ,,\(rlCJUt child� 
11, "'&1 "1>«:trd dunuon of ,line» longer ,�n 3

,. 
11 "'�• •11oci.icd � ith 1ncre21cJ u!k of gim<IO·

·,le <llrn I lo>' 1rwn .. 
� 111"• on p1c•tn1111on In 1ne•• O 

• du111oon of ,llncu lon11cr 1han l J•Y• h••
b.,I\ 1aa� (f'rtCC

•r 1'-Wlnl with 11•1ncto<,;) ,� n,n � 
., l'l'n1 A, lunw�, uul>luhcd P 1°1""'"' ..
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260 
H11k l;L1ora for PfaJuwd,um /al 

rP':'i 
nporum 1,.-amctocy� 7 p,umnh.1mn1e'"4llffaJn'lmc ( Q hLtt 

m1� J.a), .dt-.T lrCJIIUdll 
COll p n,ncthJn, n.:-.utr.J.& 

• • " '1111'"'"". ('"(JC',, ci\l. 
II.IOt.: u,mhmcJ a,th hlu 

'9 ""•f\Uftl: r,lu. I hlurr1•U1 " �uir� ·  .. ,. ., ... ...i..a,.uu-. I 
...... \f) -*""'"lll.'IIJIIU� 

"" nr 
lh1Mrn1 ""h ·rut.I�n.u •t rnrulmcnt 
l(.a fflc.l OC') 1ts LruJc oc.lJa "''•• ,,,.,....,,,. 

on da) 7 •dJ• ra,�,nu. (9i'I. Cl) I'"""" (9S•. Cl) p,.i .... 

CilfflClllCllN 
·p,_,,, 115 86 

I Abwnc 652 102 o--06(0�, 
re.,-, 

<0-00lf 0 04 (0 0?--0 117) <0-001 
ClW}I 291 61 I I >2cb11 �69 127 1-111 �zon 004it 1"1 (() 9-l ll 020 Patcn1 u.c,'"-1 

per.uu.1inn&11 "'utun 14 d•)• 
Prcxn, 157 1\8 I I Ah,cnt 610 121 0-Jl ( 0-22-047) <l>-OIII 0-511 (ll .H>�) IH)ll7 

Dnaa tra1mm1• 
1•:- 109 67 I I I I CQ 
CQCI' 

JIS 78 4 8 (J 11-7·9) <0-001 ' '(4.(1...14 6) <0001 
UM 24 S·lll·X-1111) <0001 94(4�197) <00111 

\Q UM II IJ·S (6·2-30 21 <0001 17 4 ( 7·3-41 0) <ll Olll 
AQPi-t 70 f, ••.• (5·7-)3 0) <0001 H 'I (S J..40·i) <01101 
L<Jl'l> c.s I S0-2 (II 2 -JIJ 1) <OWi JS hf7 1>-lf>l SJ <U UOI 

no,mu, efft-c:to l>f rc,cr nn 1[,llh<IUC)IC Jc,clop• 
t1>cn1 l.o\\ r>••••11••m1a (u, ,n chc prc,cnc tiuJ)') 
•nd •n1cm1m Ar c olao 111,1n 1hc.,n1I)

' JnOCIDlrd "itl1 
tlmctoc) •• �•.rrh111c {Prccc f/ al 11)99. ,on Sc1dltln 
tlal '001)l • - 1111 hacnuuocr il ,Jiu•� lcu tlcan 25 ._, \\ere

�• 11•�1.11ctJ ,, tth w11mcu,-..1c �.-rriaotc 1n our cohor• 
,1r h· 1 

., 
< 1 dren \Vr h ,nr no clc•r cir,f• nauan (or 1hi1 

i.b,.n-.unn ,\natrn1D in uncomr,lic::11cd (1lc1p1n,n1

nul,na may be cnh•nccJ by prc·•�1,1m11 hclminth
"1rrr11on, (:-.1chcr tl nl 2002). •nd bu1h conJ111on• 
nuy tnh•ncc 11amc1ocy11, cam•11r (, on SclJlem ,, al.

?Oil!, 11:acher ,1 al 2002.), (rcquentl) co·c"II nnJ,
•rt C'Ommon 10 1ropic•I cnJcmcc rcir1on•-

Dnp11c lo\\cr cllic:.c)·, CO ucacmcnl rc•uhcJ ,n

lo,.., 11amt11>1:)1 r  ,-,,rr,�II• 1h10 PS \ 11m1 Jar oh·
scn,ur,n ho, bttn mode en Scnelf'II anJ 1'1,c Gamh••
IRobc,n ,, al 1000. , on :,e1dlr1n ,, al 200 I I ·rhc

l,.
hlln) to r�lcD< nu,rc µa,nc:lo<) 1r• 1n1u lhC' c1rcu-
11"" follu"IIIIC I'S uc,1n1cn1 n,a,, In r•"· 1..- 'nd•·

t"•drnc u( r•r••llc •crunn U) co I'S (Su"unm• &
acqe, 2003,) and m•> p•nh c%r,l,on chu ut»<-r 

• •i.» I mrn ... ,�ell
' ""JK"C'"', nf crr-.-urncot rcta• " 

<liild,..., "11h patrnt frJmtlr>C) 1,cn1 1• ••  111 ... cntauon

;ct'C' 111n1hmn11) rnnn: til-:tl) 1u UC J,!lll"1tlfK)IICll\lC

�,, la1<r chan ,hclJrcn "11huu1 pJconl 11,rncio· 

�utm,a Th11 ,u11irc-1> 1h11 1hr Jr1111• c, •111•1Nl lw,J
Ille-.,, no c1rn;1 on nucuro circul111nJ111•mccn<> ••• 

,\. ••• cas><ucJ ,ccrudcu-rnl u,rccuon• \\tl<

� .  
' I n<<_,,.., 

..._-..ccJ '"uh l1111h•r ••mc10C)'tt prr•• • ' 
... 1,, 11 p•rw111t• 

"1 pc,rcpl,cnl para111.< clc1r1n<• 

Jc-\ctnp rn1,t.1nu· 10 ,hut:• Tht ltlCfC',UC ,n a,r.1mcto• 
"'""> &l' c.am•wc •"\I ,lrn,11) .,, 1t-t111it•nc,: dt,·r1nf'\, 10 
•n1lnulari•I Jrutt m•) confer un I\ 11 anJ r,rop•·
sca1ion athanl•RD un the r,.u1111tc in thr r,oru1�tton
(l11nJunnc111 tt ol 19'11,. llnhcn ,, ol. 1996.
Suchcrl•nJ rl ul. ?002; Su" unm, & I'•••><', lOOJu, t.). 
In chc cur1rn 1 ,1u1h. J•I•) cJ cl<•r•ncc- or J'l('riphc ra l
p.1ru11•1:m1it am.I 1nc:rc•t«I r«ruJt•ttO\C' UtH \\trc­
moat r,equcnll)' .«n en chu,c untcJ "11h CQ or I'S 
.nJ i. .. , frcc1utnl ,n chn•< 1rr11ttl ""h AQ. ,\Ql'S
ur COPS S,m,lor ob,cn�11nn, ha.c bttn m•dc rt.,.
1,hcrt (Prtt< ,1 al If)•)'): ll<>b�n rt o/ ?000; \�11n
rt nl 2000, ,un Sc,Jlc,n rt al lOOI) 111011gn11icanch
hiahtr ir1mt111Cl I< dcn111)· in tho,c 1rntrd "11h I'S
lldn CO 11 1.-cruJu,cncc or uc>.ual p1,.,hacm,.
,1uuld 1u1R•" 1h11 the former 1n11 ho,c I hither

JUar<'n111y fnr 1hc- tr.antntht:101\ ur drui--rcsu,,1101 
,nf("(.tion.1 1hDn the l,nrr ,mcc 111n1<t1,,M,;} le ,nfr(th it)

10 ,ntNC.tU"°" m.a) ,orn·l.•tr ,., uh IC'\ C'l nr a:•mttn 
C) urrn1' (Tchu1nl•ni rt ul I 99). lloll<'rl tt al. 21HIO)
!;en«. tcu�OC)lr ('llunh nu\ ••ri \\1Jd, ono ar 
th<" pou,blc ,uurcc ul tuna 1n out C"\lll'n.aUon ..,1
1,mt-u,cytc t.lr1111t) ,, •nununc .tn �,trwar, kul.OC)·tf'
cc>11n1 of r�••lt,,I nl hl••"1 

11\C 11nJ1n(lt .,1 eh� prntnc ••utl) m•) h"r
pnccnclal ,mpllcauon• (or chc m1n1�cn1 or """'t
cn(rtl1""' m 1h11 endemic ••r• 11rom111 crn,mc nt
of falci1'1rum uclccuon• "nh tlftcll\t tlruR• c. ohtn
.unr»INI ,uch In" 11•mtl«)lr c•rr ,.ae (onJ 11\0) 
tf'l, .. ,.,bh ,cJutf' 1nn,m1•11nn of 1om,1()(, '" tu
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IIOO), ln:.>tmtnt of acu11: ,nftttnnu ahoold 
hi) rmpln\ rar1dh acuntt: a.ch11,1ntocufc- .� 
1hr dc,·dopmrnt of sr•mctoq 1.,,, , Inc anc­

'" dcr"�'".,. ITU) rrducc tnarum1h1b1h1) b>· 
mod,, or acuon (Pncc tl al 1996) Finall, ,he

I' nu) h••c •mr><>rt•nt imphoauuru ,.,,h rc­
tnnu,l�n•I cnn1rnl in  •uh-Saharan ,\fria, "here

b1na11on an11malari1I 1hcnp,· (\\'110, 2001 o,6) 
pr_arn1h bc,,nR propo,w for the tra1mcn1 of 
no in rhc rcaum. 

\lud) rt«,,c-d fui.arw:ul aupport lrom the u::-.or,
•IJ 11,nL/\\ 110 Sr«ul Pru;:r•mmc for Rnc.o«.h •nd
ran,n� in ... , .. p,al 01Ka<'>. A S wa, •UPf'On..S br •

IO{l'lllt c:.,.,�, Onclopmcn, A<,•rd 

iu.' • f, 1Q.A1,,;C4.r.\ l , --.,,r,...,. T ,tuo,. a., .. t ,...,,,..,. 
� A ' .. '"·. ' UOOO) 0) 04Ml4.:'J or l 'lturnoJ,..,,.
/.Jn1MJ,u• 1.t.1JnctOC')ucmh1 tn l)mp1om,utc r,alltnll m 
an •tt• "' 1nt�nk' pcrn,n,al 1nn•m1u1on 1n Tana1n11 
,1.,,.,0 .. Jou,,.,,, of r ... ,,1,01 ,\lt,/,r/n, n•J u,.,,� 6J. 
l'l'J-?OJ 

"" !I'm) HP< Info """"" 6 ,t 11:orJ Prornnnz Doto 
D.11m,d ,'i1011,,,,, l',o,,n,,,/or Publir 1/,nllh •• ID,\f,
,,.,,.,-.ubl, \l,r1111v,.,.(>utn, All•nt,.;, GA Ccntcn for 
1) ,...., ... t"tmttol •nJ r,c,f'ntton 

"..,,,,• hUt \c.,,\, L. c;,,1 l"A\.I N t, 1 Ull t.UI, I• 
\fft '"•· J.•\ • 00\. bl'i, c.. (200)). C.hm•tton of malaua
lt,arn1nu�uon r,om hum.in, tn '"n ntuthhuurutN, ,111.u:, .. 
"' •.-..i1h C ""tru.ttn t\ •lu,1tnn 111ntl t:omruriwn uf
oaual 1nd1tn T1nn11u11u•t of tltt l<oial SK11t, •I
1••,-,.i t,f,./u,M nnJ ll>·l'tllt 97 Sl--S'I 

.._,,J..ho, , • '"'rn,1r,-c,4m,ttu�1n. L t.: • .-uu.."t.,,. •
•.uu. 4 f (lfr)•i). Chloroqutnf' ,ncrr.uc-» P'ftu..,Jiv• 
/"11,Jt,tt"',. M•nvtoqcuwcnn11 '" ntro r,.,a,f/o/lll) l 18, 
ll'i-�� 

... , 111 " <. (19?7). ,\num,l,rul Jrus;t ,nJ ,, ••
fflivlq1.111u tr•nun1uum uf Pltu111oJi11m l•ltm411"MI 
,.,.,., f,11 Pa1ou1olol(J 17, 97�-'187 

l.t'p f & 'Ill I IA, I If (1971JJ t:'°HlcnCC' lc1r 
'"' nfltncnt•I n oJul.alhth nf  c.1m, fO(\U•srctk•1' 10 
""4,....i,.,,.Jalttp,,,,unt 1n c:ununuou• cuhurc: O,;Jltt'" oju., 11'•dd 11,ulth 0••••11zat1v• 57 (Surpl II, l7-JZ 
tu, · • • r,1\\r r " (1 1l�S) C•m<"'""''"' In 
\t..1,..,,0 /•,,,,. ,,./,, 0,. I/',,,,,,,, .. ( \lof,.11,J .. , -. ul I 
t" \\""'<1,.,/n. \\' 1 1  &. l\t.l,rt11tir, I.J,111'·2SJ•llfl•

'Ii.. .�,u , ... ,ntraton<, l.:J1nbu•1h 
.t ,.J 

""'• 1. l (I '171) :'\:cuuup'(nta ,n \(ni..•n;--. Tw/tfr fl 

c;,..,,.,.,, •I lln/111•, Zl, 21>4-2117 
I • 

bt.l o -..u,-.n �-' ,w,t,,u ,.uot.n1.,,, "· 
u.. 

· • ' 1 hl1Jn-.,01ot:', -•t•. r tlfrJ1J C.:orn11.rr.,11u· ctln.�'-1 •1 c. 
lloal.,.,.,ntlt 1nJ a11lrh1Jn,int-P) t1mrthatn•�• '" 

1 btic. 1 ,n rn1Lart.1 n 
� """' of l<'lllt un«1mphco1tJ <• ,,,..ru . 11 

•f

1 ..._,, chi JJ,.n r,.,_,"'""' of 1/ll R•,..,, :;«u 
'''"'"' lfnt,uw .,,.,, ,,,,..,' 'II. si.-tiJ

1'u.t, .,. • " • I"' ........ , ... 1,, •• ,11 , .. I ' " 
• 11 "httJ,, «-.AU u 11 I.J' • f II (J'l'/JJ ,c 

�� ... ,, ,,, ,.,d ,� / •I,,,,.,,.,. m•'"'"' Jn" 1 t�I 
..__._ ., dill .. ,. 
�� •'t11 J( \\'nttfn h-•nr• ''''° S6 
II• s.,.,,, •IT, '" ,t lfrJ111,., ••' 11,,,,,., 

--1u 

!fol
••l..llH,.J L4'tU1.M1,.J •• (l!l'IIJ Uht,n,k-nof1hr1"'"'­lnll.,,.,,..•, Pn•trln•flwrre.J \ / -'· _, ,1 I
" 

-·�·--··,i..... I 1'. u,...,,. .w . t . i. .. 11...,.,., h. J 
Pt1cnlnnf. R <. . \1.n,n J U r. .\ s & n,.,1
R i.; 1. rp 111,;...17;1, �1,c,. ... 11,11, ,.,. , •• �

u"'"'-''nTI. u , , u t ,,, r TIii ,, '• 
r r .  • 1 . uu.u,4.._r ._ . \,n,"' ... '"·" ..... _.. .).I ,u, .

""·' (l•l"Jb) Fatu� of rc-,-ruJ ....... ,-n, c:hlun,q:u1nr-.. 
,......,,, Pt.,..,,,_ /.Jn,-... IN<CIJOnl ....,r .. , I 

sun--rnJ 1ch,m�on par.uttt> I.Ad twu:: rmplauon, for 
diaa.c eun1ml r,.,_,_ •I tJ. R�1ot s-,, of
Tropi,dl /IINIK1ttr ...i 11,�,., l'O. Sbl--J&7 

Hf�II, L fi.\\Uf".r.u1,r,1 ... A 1P'Tl111 , 11tot.tr�,n,. 
"· Pl:Tal. ?. to., in-...111, f. • hit .. r , \I, OCfYM.:C,. \L, 
LU rn,. , .. I· ··"··• :t. •"HI,,• (11191) Thr 
d1ff'rnng lffl,-ct o( lhlnf'QqUU'lc 11nJ P) nmcthanunc-/ 
•ulr .. uio.stnc upon the: mfa:h\1h or •n.Lui.a ,pc-ao to
l't'MNqUllo \' f'UOr . .f�tNUt1}1111twuJ ,j Tf'f,lt-U.J \tnf,t,,_. 
a,.J II),.,., 58, 171>-lkl 

'·"'·'-''• ,.,u "', 1,.\1 \IIN•" \ a-.a11-:r ... 11 \I IW}I 
TIK dTn:o ur hurmo""' 1,n tlw-PO\'l '"' \ foC<fW'll'\ nr 
rw..,.•folt,,-rw• •• ntra. .ipf'l,tJ Po,ont 4oe �.

Ul--1 CAI 
,,,,-.-, .. "1. ... ,.1 nTI.L,." • "uun a.,T n c (l'>s,, 
CanlCO\l<r01d 1ttm\lla1,on of the a�,h of�.,.,..,,. .. 
/olnr,,,.,,. ll"'tncfOC'flN ,. "'"' A-,J, n/ T,writol 
.11,J,nwolld p.,.,.,,.,. 'O 79 607-1116 

uu, .... a. (IYAS) lm.hw.uon nf  'IC"\u.tl -.l1tfcnn1i11t,1n 1n 
mahn• P••alll.,"«' r ... , 1. �7-i,o 

'-4Uf a.,,. 1,,.u, .. ,,-,..,u,, , .. ,11.,lH,\11111..,,, v. 
ffl r11t,t.tfll"A "-•I,._., 0,000,..._ f.\\• J, \IUIIJI+ n 
,. u• ,ar,1 ..-"'· • UOOl) ,A ....... , .. u.,n nf htlm1n1h 
1n(«1ton• \ill Uh ln<"ffA\C"J RllnWlf"-) •c: C11rn.a1tC 
Junn1 mild f1lt1r,uvm n-.t,n, n\ ·1iu,11nJ 
,1,.,n,o•.J•1""'1I oJ T,•ftUtJI lf,-J111w •-' lh'l'uf 
65,M�47 

,..1c,.•, ·""''"'Tf'·'··'.l'•ltat••·••.t., na ... 1..tL.£.r ... 
''""' "'·, .. ,f. Un't .. 1 nn,..,-.11,001 , r A •urn., J 

( ,.,,.,,., I .ar,, , ... , ilt1' ni • •11111 J-. 1 I\ •II\'"' 11n nul.aru 
,,.,,,,,,. .. 11>,l,II IA•"' l47 lh< ... ll>Jli 

tat',-1 a '°'h,1 �, I 1 .. 1'111"""" 8 \ l l ,UlltWCJU, l • 
r.t1,11 .... • • TUI ,o U l I , -"'\I' r, \f 

, 111,,1 ... t"l''"'•lhl•t11., •"'or,,,, t (IY�'IJ fhtl,. 
tKton for can,ctUC')t<' un1.ai:c- 111 t,nha1'1rhc.unl 
f•lct1't1tun• "'Jbtu . l�rtta• J.,.,,,,J •/ 'TrttJIHttl 
,l/,d,r1,w •,.J IIJI'"" 60, IU19-IUlJ. 

.,1 ,, 1., , ,,..," ,., f l'hti) �hon fT1"'"•n flf" , 
pmcft,'l 11 '"f-t,_,...,.,u1� ,,n,1uf'\. •nJ lh\ ,,f..un, 
fl,al•••lt.:. ,uf"\OAl •J••Ol.tltl uf "'""14nt •U•u1, uf 

t,k,p•rum nu\ln� ,n \\'c:-1 Afrk-. A•tlWdflt]O.NMI

•/ T,op,t1" ,lfn/1<1wu•1./ 1 /J(''"' SS, JJtl,,J}I 

r \ ""u,,,...\\a:a.t.'L. n I", 1r uc..,.1u,1 ,., ._ "t"'"·au1u1 , ·• 
,.r, CJPOO) c;11nw:1uc1 t.«tni• an,t ,nftC11\ Ut 1n 

mcntluitCJO 1JI r,,ttcnt-,...,h "n,umrtl'-•teJ l-'#.t,...,.J,"flff

J�l"f!d"'• ffl6]an• ett-<k• tn.11td "Ith thlnrnq1,11nf" "' 

1ulf.11Jo,,nc·rY"�th•nd� '"""'" J,,.,,.., 01 

T• ,_,,•I 11,J,,,.., tmJ ll>'f't• It? 111�211, 
' ' ,, ... ,, ' tl '"""'' ,,, \ & "u ...... , .  Cl1'4-"1> ,,, ,.,.,, 

\l.t"t,,u tn s,11"', ... ,c� tltt.;f 111,..J,' J 1 mltfflll ,lf rJtt,_

,,,., f'•••nl• 0#:1 � �>S� 4 
,.1 1 r(l1 llll•••• .. •"'t1• ......... 1H .. h1

"11"-.•k"
,,
� Afo..-n a1111n 1 .. ,,.,1 II, IOJI-IOJJ 

r""'°f1 • ._ ''"'-''•' , , .. \l .. , II • I !tt\OU I\• \I t
"'"',,a ... . .,. I 
(191A, c;,.,nctr ,•�•nd w•mctr-.,r ,,r,nrnt '" 
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,f Sor;,....,, "..J ot lr,,.

,,,.,,,,.,.. Joie,,,.,,.., Pro<«d,nr, o/ ,,., Ro,w Soaa 
•I L,md,,o, S,nn n 201, J7S-J9'1 

,. 

... .._,.,, \I.L(l'l'i6) Plm-'1w,,,/oltrpar,,. 
pn'Wfoq tO'.,ln\Cl.aa "' ru,o. ,Voo,,,.. Lolttllt,a 264 
271-2i2

•Vall, .... • \J � llaa\\-s, J, • &A.Mt:rr. ' ,.,_ (1981) The ni�
ol proJucuon or />ID,tnDd,um Ja/r,pon,,., llffl'C10C)-tC11 
du11ni, n.runil 1nfC1:110- Truru.,rt,o,u of tl,, Jlo,ul
• w,111 °/ 't,optcul ,\J,J,t,,,, anJ II-,,,,,,,, 7S, JI 11-319

"r,� '"·" (1002). A nlndom,1cd comp,,n>10n ol 
chluroquu1c-. ¥.moJ1,qu1nc and thc,r combuuuon w.cilh 
pynmr1ham1nc ... ulfadox,nc ,n the ucauncnt o( ecutr 
VnG'.lfOplu,..,.,ed, Plan,w,d1uwt /alc,p,a,11t1t mal,ru m 

• 

thtldrcn A onul, •/ Tropuol ,\l,d,un, aod PorOJJJolo1&

96 22i-2Jk

w-----4, \II ' {lOOJ) ,\ nanJomu.cd CIOfflP'.ln50f'I nr 
chlotoquinr- and chlc>roqun,c rlua knoufm. ,n ,h� 
lrCJlfflffll of acu1e1 unc.omplic1.1rd. P/01nt0dn,;m 
/olnpurum =l•n• in duldrcn ;lnr,al, •I Tropltol
,\l,d1t1o,c unJ Pa,a1{toloo, '1'1, 103-117 

-�,,u, A,, M.l'bU.J., I A • IAU)(.I.,, 'I A. (19?}). 
Lc-u� le counu ,n 6'h:1pan,m malan• ,n  Al nan 
cl11ld1,n from on ,ndtm,c 01r• ,1Jnron7w-l •/
.\l,d,ron, ,u,d ,\/rd1<o l St1tMt1 14, 14S-H9 

"<NL '\ll, A.� rATEn a A, (lOOla). ,\aymruom.atlc. 
rttnadNttn1, c.hloroquinc•ra11tan1-. P/01,..dunn 
/•lnporv,n ,nfcclio,u ,n NiJ<ri•n chJdrcn cl,n,.,.1 ond 
pa, .. 11ofoR1c.a1 chu1.c1cri,10 anJ ampllc.auon, for 
1un1nuu1ttn o( dru11•ra1Jt.1nl tnfrcuon, Anrt0U o/ 
T,o,11nl ,\1,./,t(N nn,I f'n10111olof0' '17. •69-479 

'""'\!'"' \ • IATI\�, M 4 (200lb) />lw.,.,J,u,., 
Joft11Ntt11tt l'•muoey1��m11it in 'N11tr1•n ch1IJrcn bcfo«'. 
Jurina aoll •htr 1naun�n1 �,th •nt1nul111'1 dniff\ 
Tro/)1101 ,\f,d1rtM and /nr,,notlo,,.,/ /110/th 8, 7�l-79Z 

tr.1. '"'• \ • '-'Tf\L, t, .-. (200lr). G1mr1or,tt k'& ra11'-" 
•n ch\lJrcn wuh uymptom.auc. ,n:11.1<lnccn1, 
P1r1mc,:h,1m1nc-1ulf,JoJE1nr•rc•1•••n• P/o,...,,J.tu• 
/0(11,-,,,,. m•J .. ,, • .,,j,,,.,,, o/ Twru, I .\ltJutn4' dHJ 
l'n,untilloo-'17, C.71-<tSl 

UII� ,, ... , ... 00\:0"""· \ \I J .• oau,oAtU .. , ..... u .  A, T a

"•�n. t. , (1998a) C'omr•••11•• cltiC11C}' of 
,hloru.auineo rhu dtktrrltuur.nm,,.. •nil rt> nmcitwrn\n..-•
t.vlpt'Uldo1one 111  ucu1c uncumpha1U:J f;1t .. ,p.ae'-.lffl rnal•

�
U\ l'itr<n•n ch,lclron Tru••"' 1,on1 •I tht R•>�I 9,,....,> 
T,o,�al 11,du,.., a..J 11,,.,,., 92, 77-81 

0 \ ,, ... " Uf>\.'CU..A, " \t I • nn\ ,n,uu,,1. 0 A T • 
"'' 

'U-\""· L _. (1998b) EnhaMemcnt urtheanum•I• 
<t ire, nr chlo,oqu,n• by chlorJ)htntr•m•n• '" 7,; 181
r,.,., .. , .11n1,rr., •"" ,,,,.,,,.,,.,..,, ,,,_.,,,. 3• ,.; 

J 

-119'.l<I). SPSS Jo, II'•*"""' /11l1�11 ID OI (Sin •• 

I ',,,, •I Sl'Sl> In,. Chte•ao 11.. OS,\ 

21>1 

M..'TIU_.L.A,,u, 1.4J.,...\LU1t.a.uu,. , • "' 1rn, • .1 .. blU .. ,..,,. 
r 1.,<MD.a...tM a.,1,,,;;u. M ,�.,_.... a. \1 • 
• UJl1 .. a.:tT. u 1,; •r lTT. u , T (l'OUlJ G.unbwn 
ch,ldm, •ucnufull) tnatNI •uh chloraquu,c an 
luitio, mJ ,,..,,.rru t Pie·••'·•• J..JL,,.,,,,.,. �"""'°' > 10 
... ,.,.,,.. tauwi1 ,;ma ,._N,,,,:, • ...i •I r,.,.,a1

,\f,J,n., Olld ,r,ro, 67 S7�S�S 
n,11"�''',T;,,1111 1 1 1.111•"u.1i.,,-run11..-.u • 

\'T1U1n,, 1 •. urr, u. &.:Aa," u.i:. r. ,tn.,-.1 ,.

J LILT • Malff' \. {I 'l?J) E,pcnmcnul mrtcriun, of 
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PLASMODIUM FALQPARUM HYPERPARASlTAEMIA IN CHILDREN R1SlC fACl<XS, TIWMEHT OUICOMES, � GAMETOCYTAlMIA fOUOWlfG TlfAJM&IT

INTRODUCTION 

50WIJXMI A.. ADIDQI AA, FATn"E 8.A. & lllJW.OL\ c.,

-

rn:quc-ndy. In the c.rml-lmmune Thac nu4i.,,ve 
� n\11 tt»<h nt MIJ'l'L"' • l.btC>hdd tdcrtt<I _, 
» hl'!'Ol"�'ttxml,L II� dcC.-1 u
S ".,.. mntt JU'"""""'� ar • J'Uf'L-.&>cnw
J:""'ICI' tlun 210po0/1il. hlnod. 1' � nnr rl '"" 
,c,...,i lolllC' rl on= ffQ).,"' (.'ll:'IIO I�». l0002)
ll)'J'Cll"f,1....UUIILI nul ...-nrul\it'll t.,. "'1ltt fe>I\JI\" 
nr == ,rul.atu (untanll>»e:ncd hYl'ffl'•l':l .. t.lfflW) 
o,:cn ,,...., "'"'.....,,.,. n• Jllri,ltm• 1n ('lll...,l" rc<•lcnl
In � , ... .,. Af"n '""°" • .,-n<nl l't<<Nomffllb. 
""" tt1 �I .,.,m;il,11.ili ('1, 110, 2IIICll hl. thrrr 
= "" ad>n d<-•l'<UI ... dd,nc;!i , .. tlx, ffUn.l,:,cmcnl 
.,r �ru h)flCl!\W\obnnO "'ch.klrcn m<IJcnt 
In audl a,o.< 11.,..<'<f, • t,.,, t-n ""MUlkd lh>t 

____ , 
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SOll1.!Nl,U A., WIDQI A.A. PATE\1: llJI a Ul\l1AJ.Ot.,\ C.1'

unMmplu::>tc:d h11>crp.,111.,11:1cmu 1n chi� In u.e..,
mdcrnc =• he tn,:it<.'tl wirh nr:il ,n11m:abrul drug,
ptn\id1n1t lhc dn,R L• rJpklly ah<clfhcd ,nd the p;w­
"''c< ,re luUy ""l\<\u,-c ln the unlim.>bnJJ dn,Jl(,) dllViCn
(So..,·w11nl ,., nl, 1992, 1996. lOOO •) :.Uch � '"flll<'l'­
IH'll needs review ln •lc!w of tho lncrei,fnR l'C'll<Uncc
,n I' /alclpan,m tn m,ny untim:lbri;il• drujp and the
lxk of r:aal1toe!< 10 mnnltnr dNR /\Cl\\{livlry nr P fn/tt.
parum 111 ,11,0 .ull.l 111 l.'lto ln m..l/\y c1Klcn\lC �='­

� l• lutk- lnfnmuunn <m, fn, cx:,1n,,k-, the n_.Jc fac­

"-' �,«>a.1tnl ••th unmmr,lkiotcd hypcrp,ar.wmcmLJ
nr the limc-<X>Ur-c of R>mc-tncyt,cm.LJ., ra11nw1n11 n,ol
•NU1ul.ari.ll treJtmml nf uncompllaU:d h)l>crp.,n_\1-
brmu., Ln Al'rfc::,n chlklrm Suc-h lnfnrm.tl>nn L• M<'C+­
'-lfY 1n """" oC the 1ncrc,..,1n11 rc<..<DAC"e ln P /Jkt­

l"'n"" 10 chlnnw1ulno, (CQ) •nd ntl>cr <Nnmnnly
•�.lll.:lhlc ffllittul.uul< .-nd the lnao.""3 rnntl-o&Uy •nd
moruluy ,._,_�,cd •llh dru11 rc:o..<anc,, Ctnpc rt 111,
19il8, 'lnpc, 2001) ln odd,llm, II m,y lmP"""' tht­
.,.....,...D llWUI\Cflcnt of t1>coc, C1c-. 'The p- lll\MJy
"'"-' UC<ijlnnl tn adclrc,.• tl,c,,c ,uuc:,.. TIM, ff\llln aim•
of !he: CU<.ly ..,..,,.., in a·.dwtc lhc rult C.<tl'II' • ..,...
a,l<,(J •llh h)-pc:rp;lra.\lOcmla In • llJOUP I')( duldn,n
� wllh .ia,tc,, qmr,mm;at,c. ar,pumtly W><Cn>­
pl,c:a!C\J. p /.»clpUrwn maJ.;a,u In ,an cn<kmlC aio1 11>
�,,o.., the 'M.I� of C1ttl1 .tnbll.Ul,uul tn:,aa,,,cn& nl

,,n,:.>mf>llClltcd h)'f'C11'U1""'4.'CIW, ......i "' folk> .. the
""1'...,.JI <h:a� '" 1::11nc"n.."ton,w., tn dllliltcn .. ·�b�-.,,:ar:tsacm<>.• ,. tw, .. ..,, in:-:atro •llh oral &n 
"'"1.uw druj;' 

PATIENTS AND MElHO
.:.
D

.:...
S __ ---

1 

\nfcmn,:d ctlNCftl JC1�cn hy 1un:n1., nr 11wnJ..a.n1. AJra
Cnn1im�nt •1111 .Un nf UQlfflC"nt (wy 0) , (nllnw•Ufl
\\1'h clinlcd Qnd runh,rnlOKlcll ,-vJIIIJIKln .. J, lt W)•
1-7, and Ihm nn IU)• M. '11111 .. i.-n ncccs""), nn wy,

21 •OLI 28, Im cumpk, 111 l',lticnL• "'M' 1ccc11cd r•YII·
111cth.ul\lnc-111lf>dtiw11, (I',\) tr,l\...tu«, llnfl',nmn Li
lu1<h<cJ «•mhonc,J "•h ,hli111111u""' l"h••1ul111. ... M•Y

& O.Un Pk, N1Anul OJ omnilu11uloo IC:lrmqu,�.
P•i'-e 0•"1.•, �11:'U Cllnlctl c,Jhuoon mML\laJ nl 
o �nnal <llnir.11 c�m,n,un,, lnC't111l111Q fflC'.L\Wcmcnt
ot ��(&111. mlt' tc"1t1ptT.1ruR't .anti ftl•) -..;.al o..1mlruhon 

A,\\C>\.\11:l>'T Of l'AJIA.VTAf.\llA
i-111Jt �"" ,1,1n hit••• ,u .... ,...,..,.,, 1 .. v11 .. r.., rwi,.k
"''"" Cicnw-,.ulncd •nd .,,.,., u.amlnctl hy lltcht
rnlun.«1(1)' u...,c, "" nll-lmm<,r•l'1n nhlttt11r, wt

,. 1,000 nu,;olllcaltrm, by ....., lnd<!pmdcnc �­
l'•ra."1.1cm.u In lhkk IJn., "'"'"' c.i.nut<tl hy cnun�nll
1<-c,.u.al p,n_...,_. rcLJthto m 1.000 lcu�u•. n, SOO
"""'""' rrv� "hfchc\,ocr c>tcurrcd f..., Frnm th'4 
fljtU<C, the: p.lnl\4C <ktwly .. ._, c:.,k\ll.11aJ .L ...... J\ln/1 "'1
a,...,.Jt(C IC\ILl\<"\-IC a>unt nl 6.000/µL o/ hJ,v,.J C.hJpct
& u:---,, 1971. Cn:Uo, 1971, ""'"MII t1 oJ, 19'),> 
Cl>m<V>CYI"' -- .. 1 ... cnuntrd 1n thlo. m,m •iµIMt
I ,M leukrq'tc:, .. ...,� •n .-er,,.. lc\JMIC)'1C cnunt
n1 �11L 11/ hl,nJ Jt cnlf>ln><,. ('1,r OJ ,nJ m 11.Jr
7 ,nd I� I rx,,,1n.l ,:,1nc:,.,. tl< lkn..,,r (fCOI 01

cnmlrncnl -�· lkfincd ... It-'"'''"")"' <UUN <l.>i<lcJ
hr 111UI ._..,,UJJ •"" ...,.,..., ""'"' 1rna: « "', 1m, 

IIMm110Cnl w�, .s,.,.. •I cnwlmcnl in 121 <I the
f"'titnl.' trc:uc<l "1111 I'!> "' �- AQP"i nt rl"'i 

f?\',\LllATION or llr.901(!,[ TO DIIJO fll!Al"MD(T

k:<f>On"C III dNII rre,lm<"nl •"' a..-.-1 ._.,,. V.-nrlrl
ttolth OrJl;UllUtinn (WIIO) aunu �10. 19731 •

rnlln•.. s - -·�. dcu,ncc: or ....... � .....
•ll/lnlll ,_110,cc RI Cm.lei .,-.,nrr) - ,-,­

�.,.,.,..,. ta,s l'r2Pf'<""' Wllhin 7 Ill H d.,y,i, Ill

<""""'""' ,a,lc:lnc<-) - cka•-"' r,an_\bcmg hul
M a,n,plcm cr.or:rn<'t I""" (ICll['hcnJ hlor><J, IUtl 

(>,<off<' ,.,.... nee> - no 1v,11,ouft<Dl diccn:.L,c, or
_.. 1,n pan.� ., �8 """" "'"" lft1IDnffll. In
d,ooc .-et, _,.., or 11 ,,,..,,......, s-... - dc:anna,
- ,,en - dcf'.,..J ... dw ....... ct.i-11 '"':"' cln,JI
�WIDl�•._.nn,-U"Ntora-l 1<.aj,,

•• lea" 72 i, "'°u.al ,,..- ..,,._ nan lPUI
�• j9'17) •>I dd ...... al (I-.., r.J!><I '' d.,y (l'.S.,y 

1 p,cdrw 2IUI 

PW 7 , n1'. If It.DOI
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up lnr '""1lhcr 14-28 <b)IS l"alticna< ,..,,., n:trc:ucd 
.. �,,. !hey hccimc •ympt<WNtk nt "'hen !hey
"'-" l'ff)lnund cUnlClll (hyl)Cl'flyrcxla, C'INI Ould ln11>­
knnce) nr p;>r.>.<itnlnglcil dC1crioNtlm 

ll'TATI-\TIC>.t ANALVSt\ 

� "CR' Jrul)'<a.l u1,,ng •=ion 6 or l,hc l1ll-tnfoM11-
.. -- CAnan. 1994), •nd !he !ll;lll.'llcal pm,ir•m \?.'.\ 
fnt w-.n11n ... -. ,-cr;1m 10 01 (.�PSS, 1999) l'tnfl')ltilln< 
"'""' mmp:arc.,d hr olnlbtlng x• w,th Y>tc\' C'(OIC,C,• 
bnll II< FL'lh<T C:UC't l"-'l. NOmull) dulnhutc,d, cnntl­
-· dno "en: mmp;ircd hy �dml'• 1-1c<1.• ond 
•NI)'<<. o{ v:u\.mtt (ANOVA) l>•tl me ronfnm1I"- tn
a namul dl."11\00DOl'I Wtte, � hy the, �\>JVl
Whitney ll-<c<I and the, Kru.,kal,W2llic lt'<I Cnr hy "11· 
ro,on r:ank Alm tc:q) A niuldr,lc l<>Al<ilc rqtt,,Wffl 
rmdcl ,....,., """"' 'o le<l the, ..__ hc!,o.'ttn h)'f'<r• 
l\>r:U&tlCff\U () ... CW nn DI J>tt-"<fllallCW'I CW durlnl! 
r..u.,.., UJ>) '1nd foCffll'< lNI wcn: 'IIJlllllca,N ot uni� 
n.uc •n.aly,.- age: .s $ ,�. alld fWC""11C'C nl f.,.,... 
(nr.al cw rttU1 tcmpcnwn:) .? )9 S" C. Occ11,1,,e lho 
C\ICly •�• aioduord o"'' • pmod ol <'""' )....,,.. """' 
""-' ltdxlc<I a.• a crwa,uu, In the onaly,,,.,. P.� 
cl.SO 0) •en: r:Acn to lnJicalC �1 tlJTacnt'U> 

RESULTS 

---T....i 
...... bypc:cpa•II eh -

- -

_,,-.) " 
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,. >1 ,., 
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'1011.'\l�\II A., AD[OfJI A.A., PATI:Yl: II.A. a llADAI.OlA c,p 

H\'l't:IU'�AL\IIA OUIU1''C F'OU.OT UI' TIU'.A'TTIII.NT O\mXl-'IL, or IIYl'UU'AM\ITAJ:MIA 
F<>Um.,Qjl on! thcr•py, l.'2 � or •11 fl"llffll'\ (1 c 13 oflhc 1,4MS f"'lk:nl1) hc:Clme h)'llCST>2r.lwem,c, which
tlc-clopc,d In :all p;illcru.• hy day I nf folJo,.,up Thc 
13 r>*N-� ""'Ct"C tre:1t<tl "'ith CQ (10 pr:wcnts) PS (one 
� ot C.OM ("""O J\Jticnt.v, and lollo"'Ulll IJCltmenr, 
all hut ""'O lutl 'Cmlll'C ""'f'Ol\,C. The 1WO childtm In 
lhc COM tunuP "hn I� h)'flelflUl\1\il.lcmk on day
I 'l)O<lllc,!Jy �,·...t PS rnmhlncd with CQ TI� i,,,..., 

chUdtm "'lh rc::-...�ntt ""'""""'"' (I RI. IRIO "'""'"
� ..,,lh OQ .  Comp>n:d wuh nlhcr lr'Clllna)l jtl'OUp<, 
lt,m: ,.-:a., " '41nJlc,nt tLJT=ncc 1n lhc rwnr,cm1nn nf
ch.ldrcn DC.lied "'ilh CQ "'hn hccunc hypcl'f'JJ'W­
tacmlc on 11,y I foll=lnll antmffll (I'• 001> 

The dlnlml •nd p,N.<ltnln"lcll th,ructcn_«o nf chc 
100 dwdn=n ..,1,o lull 1,yP<'fl.,.rol<lt>c1nL1 �• cnmln'11:111 
and..,..,,., trcJ1"'1 "*" nnl IUlclnubrul 1!ru11,• �•• •um­
marlU<I In Tahlc Ill Dc<plc,, cnrnlmfflc "' d.lfermc P<T 
Intl•, lhc.<c dur:tctcrl<lk< "'n" •1mll.ar Cpnm,rll1• 
hccusc the, mu,,u for C'l\mlmmr fnrn oU •rudlt,< Wt'rt' 
'ilNl.u) No child .. 1rh h)'JlC'l"lll..,..rnuJ .,,., uc.11«.I 
With AQ ak,nt,. 
The re,-nf tllt' .L'C_\IUI h)lXTJUl2'oUctlW 1t1  IINR 
ucalfflfflt ..,., •hnwn In T.ahlc, IV The run, ,.,., fnU<>· 
"'"Ill U'IUUll«-nl "'"h CQ ..,,_ .i11111h,�ndy in,. ff llun 
lhc other 11\':J!mffll lf'OUfl" 

CQ CQCP ... ro» �· ur-
UI • JJ) ea • nt , •• l'\l C• • IU 111 • U I,• II r . ...._ 
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C.O.,IPAIU.'101'1 Of 0\TrCOMt.� Of TI\EliTl,l[N!" 
01' NON IIYPDQlAM'JTAv.llA Ml> IIYPDU\\M_'illl\[.\IIA 

,.,,_, al �18 chlldn:n wl1hou1 hYJ>C•l,."""tl"mb lllMI 
IUT1 rcq.an"' m t=unc,nc campo.n,d tn Ab n( 100 chll­
dr,:n wllh hypc,riun�taemb 1'llc dITT,:rc,nC10 hcttv«n

tht<c """"""°m ....,., �lgnlllc.tn1 (11 • 1>22, I'• 0001) 
Fnur chlldrc,n (llm,c, m::atcd wllh CQ ond c,- wllh � 
•!ICU .S. } )'On< -.. ho h•d hypc,,y,u.1.\lucmb P"'IIJ�<cd 
to tttthr.ll nubru, "'hlle IWft of lhc l>-18 thildrcn 
..,.ilhoo, h�mcmb had I.he wnc ouu:c,mc, 
Tbc d,lf.ion �=n the..., 1 .. a pmpan,om _, 
\lllfl,/lCllJ\I (J' • 0001, I')' Pl<hef c,u(I tcq) '1111, C,.Q 

chiltlrm WIIOO<tt hYJ>C11x1,:1.\lt11:mb .,hop� tn 
tttthrul m.ullt1.l "'""' tn:":llc<l .. ,l.h CQ Ad,......, !"CIC 
UN\\ rc,pn,t<'<I rnllnv.11111 drua trntmcnt .,..,., \lmll.ar
m chlldn,n "11.h h)"f"'l'IUl'll'llbcmLI "nd 1n ·� �nil 
l('fflda- nu1chc,d chaldl't'n ,_,lhnu1 h)-pctt»nWClm.& 
"M Wt:«e ttotcd .,'IJh the: "'"1\C, dNJI,• (cbl� nac 
.i.n..-n) r'<V cumfllc, tn � ll'Clt...d •th CQ. pN 
rau• O<'C\lfff'd In n,-c, Cnl �> and lour (al))) childrffl 
� llnd .. -llhau1 h)�..aemu. �,cl) 

l"w re nA. !,;.ll�«�n-o�,�-------=

Rt.•nL\'1'1110-'1' or 'TlU;A'IMUlf IAJUIIIJ;.\ 

All t=tmtnt failure< n,<ponckd tn n,,ll't'Jtm011 .. ,lh 
lntr,mu<C\lbr •n•mcd,.-, nr ond m<llnq,,lne with clc•· 
ran,:,, o( f.,...,. <and p,r.u.ocmu .. ,lhln 72 h nl mn>­
mcncinR rc-trc.1tmcn1 ond wit!, oo rca,rr.,,cc nl j>,11\f• 
Alunnb durin11 •<kl.tJntul 1+28 d.r-al ro11o ... ,u11 

DISCUSSION 

-----�--------·, 
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o.1j\Dillcin�y b.qc, or higher, rc<p<'Cllvcly dun u,n.q, o/ 
Olhcr ttelln'lfflt<. tn v,eo,, <ll the ba 11m � Jtxl 
It< <krh�ti•"fi dear p.lT.1.1"'1<ffli.J mnrc r•pidly lh:&n 
"""" o( 1hr CW1'Clldy ..... ,table aruumbrl.,.b (lllca & 
While, 19?3), lhoc cJru,c., mmh.111:d w,th, for cumpr, 
AQ moy be alaJ for 1hr RW>;ajlCllicm of uncompb1al 
h�cmb In ch!ldrm fmn Afrlr:a Tiu• <UR­
IIC'(IOO l• fnd,cl� <lO lhc: ran 1h:11 AQ '-' o rmuvdr
�e clJuR (Olltlm rt al, 1996). •nd may ho,• <u1cahle 
runner awnh,NUnn drua .. ,lh lhc onctml."111n dmv:a­
d,-c., fnr c:umplc, onccuru1e (cv u"" In A1no (,\dju.k 
n aL, lOOl) Srudio tn ""� d1c dicey rl such rom­
hln.>tiont ln uncomplcle<J and ,..,,npl,ciled h)l)Crp> 
n._\lmcmb.• ore: und<r -y In our arudy """" 
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Plas111odi11111 [<1lciparu111 Malaria in Nigerian Children During
High and Low Transmission Seasons: Gamctocytc Carriage­
and Response to Oral Chloroquine

A \ AJN<JI • f A fthiatn!., ' R A f1tt)o' T C lbrs,I A O I -\m"' 0 O Clt..,s,u:n •_,A l.ow\lnm1•r,q.,,_,,, ,y """"'""""'1• 4 n,,,,.,rn,,.,, .J ,,.., ,,,� Jar .,, R, • ,4 r '*' <., ,,.,,.., /W..
&J., ,.,,. .. 
,.,,_ 1'"""' t>/ •,,,.,.,,,...,.,,,,'I• °"'I ' \I,. .,.. I/ ,n,,I,,, orJ -1 I',.. tit"'-, • Ob.,k-4 I • .,_,. • C-'1,r, ,( II coltJ, S.'""n 0,.,,_J ONJ..;,, ( 'n/r,roltJ, � -,, \ ,..,.,

.!,_,,, 

l'i,,,,,u,<1,,,,,, f•lril""•nt m.abria llarin,: l11�h and "'" 11,11,,nlw1111 ...,, .. ,,,. ,._. c11 lu•tcd In 
IQ.ll duldttn 1n:01cd "ilh dllTc,nn 1ntim1b1f11 dn11 In � h)l1trtllll«nlt 1rr1 nr -•••r,urn 
,�cria. M•ml)·lhtt<' ( 10.s• •) or 693 and fofl) (I I.Ji,,) of l.\tl cklldrrn ,..,, pmrloc,)lt carrk.- 111 
•he hij:b tr1nvnl�on ""'"""' (II IS) and lo,. 1ro-..won -- (I I',), ,..,.pc-<thtl) la 1 1H111fok
tq:to:-\'IH)tl model, 1"0 (1ctof' ,.,re fo"""' ID W ia<kpa,dtnt tl\L flCION for tJ1t r1c,.coc,r 11(
t•mttOt')ltmlo 1\1 mmlmm1 In the 11 I'S: dar11l011 or ill- >ld, ond _,ail ,.....r1c ok..SllC'\ 1.,.. 
lbn 10000/Jll. <ilnul.ul) rn1lt cu,dcr, danlJOD or 111,,..., >Jd ud 1"'"'-Vlt dtnJt) le,_, thin'°°°"'' 
""t found lndeptncltn1 rl,� f1t111.- for p,.....att or ,:1m<IM')lcnola •••"'ii LT, lhl ,.,....,w,,,
,an\11mil1. 1)21'1\IIC' clnnollN' I� Ulltn.;1, o( C ... IO<)l<rub One! rrororlion C'lrr)l"l lAll!tll!C)I" 
l")\I l<Nlffl('tll dilTtr ,1t:ninon1I) in 1hc J.lJ (3?.J."•l of ,....,.. rlollllrm 1lu1 ,. • .., 1n11f<1 .. 11•
, • ..,,..,.. .... in 1hc 1100 .. a-.im. l°1w,< rielill!-� m•> bt uapon:oa1 "'our -,,.,-, • ...uni: of r./a/('l,....u,n
ltonsmJ,\lon '"'ltmntt, rc:>pOII><' co t�orc,qwiM thtnPJ anll n>nlrihtlon of d1loroqalnt 10 i•-•OCJ••

t1rril,:c •• <n"'ul du"CC" nttllf. 

l.attoclanioa 
� <'f PI J.dn,..,,,,,,. auuna "Oen 
h., IC.l,onal poncm CiamctllC)lt pcnuon. car• 
� •nJ lnfCIC't1>1I) 1 n  n,c,.qu,loa an: crucul in
llk'C'Ch(\II lnnmuwon cof falor-arum m.,bna 
lalcruoi, Jllnnbrl> ,n mdtml.:" al'Q• C'"ar1tr 011J 
'111:cT dnnoru1n1cd 1�1 1hc nlc •• ,.lud, .,.,.,.I
c!dTaa,1yUoa occur m PJarnwJ;,,n, f.-,,.,,_tr>lllni..-,""' 111.lJCI dq,n,J1 on cuuln e11 .. ro-ul
r.ton. 'ic,cr,al otJ,cr 11u.ha ha,e reported 1mmu· 
••lofl("al urnt" ,mp.1c1 of h011 rctl"'ntc 1" 
111,a,,�• .. anJ cll<:1nothcnP), 1 1  •• unpmt•nl (Jc
Ion IJhohc,d ID lhc 1ncfucunn etf lt,lfflC:IO<°)loi.TOCGI 

Ahhovdl t•\fflC ,1udlc< bJ,e n:ponal 5e>10n•I 
,nllucn« ,,n ,a:1onal c:,p,c,1), r•m<IOC)1c -.arru,c 
1nJ 1ropho1<t1lc Jc'\ubc:1 al the <'n1<1 or dry nr 
Junns n,n, on 10 ffl.Jt-mic •rn ,n Afnra anJ 
1 tu,Liad '"''" link " Ln""n aMul lhc tll<"<1 co( 
-.awn.al ,mal•""' on f.Jlll<1"">tc ramaic >nd 
rnrontc 10 chl<'n>cjutnc tra1mcn1 111 cndcmk am
c,( touth•cll 1',sau SYcb infoffll.lUOQ u '1uo1I 
11, ,..,, un,1tff11nJ1n1 of the p,1cmul con1nbubn11 or 
IC<IOOIW clunsa le> mil&ria lrUWDIWOD 11,..., w 
the rretenl <1ud), "'c c-1lu.11cJ CM clTc>:1 nf lo .. and 
high cnmrruuloo >GUOa• on p111C1oq1r arrusc 
on,1 rcq,n1tx of ,h,IJrm h> c-hl,,ro,1,11M Junns r. f,,/, ,,_,_ ....i.,,.. 1nfcrt1on 1 n  h)  rc,aadcnuc 
,nulh><c.1 :-.,gen.

r,,,,,,.,, 

Tb< �uJJ 1ool rfacc hcl,.m> •�•• 19% and 
l)cufflhef 2001 ,n f'IIICnll rn:,cn1111, 11 Ille 
11,,.,c""' Collr(lr lf"'l"C.I 111 11,ed,n. a b)l't'•cn• 
Jcm,C uca (or ""'''"" In _,h-•alnn l\ltffl.t • 
tllual rlar1ntT ••• p1otidaJ b) 1Jw kic.al ctha 
cmamincc 1>•1111s 1� r<ri<iJ • Knn n(1n1rm.abrul 

Pi M I C -,, Ot.liH I ____ _,., ,.._ 

I t C ,... ..,,_.f ,,..,.,,,. ,.,, __ ,._,,_, ,  W--,
.. ,.,. ....... ·- ,, 

I ,4 1 

......... ._.. 
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dru� ttUdtcs "im: corulue1cd to c,-a!UAle the dl"iacy 
aaJ WClY or difTctent tl'C1ltmcnt n:gimcns <panmng 
the ,,.o period, or htah (Apnl-Oclobc:r) and lo" 
111-0,cmbcr-\lan:h) ll'IU\SIIUSSlon SQSOD) l.no .. n 
m 1hc an::i. I be ckuu.ls or 1hc Muilics M,c been 
dctrnbcd bcrorc.1¥ �· 21 DncO). children ... ilh S)'llll'-
1nms compaublc "ith ncute fak:lp;arum ITW.)n> 
.. bo fo\f'ilJcd the follOl',,ng c:nll,tU ,.,m: enfulcd ID 
1he 11udy age I l )C31'1 or bclo11. pure P .  Julrlrun,m
puu11lcJIIJil [:JC!llff' tlwl !000 ,uo.11.11 fonns ml 
blood nq:au,c urtnc 1c,l1 rnr anlim1l1n.tl dn11, 
1D111-0lula anJ ha:nln 1�1s), ab,cncc nr collfflm•· 
l.UII illnes1, no c\ldcnoc of se,cn: mabri.l:t: anJ 
•nncn ,nronncd consent 1,-i,,:n by pan:nu or
g..ard12n1. A.Ocr cnrolrnc:nl and sun or u..:.1mcn1
(day u1

. 
fouo .. ·up .,.,,h di111cu and p;ira111olo�

nah.uuon ""' at dll)> 1-7. •nd lhtn on .U)> 1'4,
aiul •bcn nccuwl')I, ,,n di)> 21 and 28 C1uuc:il
t:vllu,llion COll<l\lru of I acncnl cJmlQI c.\llfflln&IIOD
1ndullm» mcasun:mcn1 "' l'aahl. ,-on: 1anrcra1un:
uiJ ph)•lQI CYfflln>IIOD

<'4 utttnJt'nl of p.Jttuttrn,1 11 tJnd t1m1tlOt) 1,n11.1 
lhtd. and Ihm blooJ Olm, prqurc:,1 from • l'in�-cr 
rncL -.en: (l,cnu3.1tam..-d and v.cn: e,am1ncd h> 
hglu m1aoscopy under an o,J-,mrncNOD obJC(tl\C. 
II xlOOO mAi,!llll'iCIIIIOD. b) 11,0 mdq,eftdenl IWCS· 
'°" l'llnu,temui 1n 1l11d, film• "a., C'Um.11<tl 
by counttng cuo.ual por:uilct rdan•c 10 1000 
l<ukOC)tcs or SOO oKtu.l! fonn.•, \\h1cbc\cr nccum:tl 
lir,L r rom 1lus fil!urc. 1he p:u,.,tc denill) •as 
nkul:ued ,u,umiog • lcukUC)IC count or 6000, ml of 
bl-1. Gamctnc,tcs .. e n:  •lso counted ,n 1h1el blood 
film. a1,11ru1 1000 lculOC) I.CS ,wum�.�� o,·ct11gc
laAoc,1e count or 6000 ml of blood 

l,il 1 

for \Vwlo"s ,cnooo 10.01:1" 1'n>por11oiu .. ere
comp•ml b) at.,uuuns j .. uh \ 11e1· corm:11011 
or b) I uhcr cuct or b) \lan1cl H�cns,d lc-t> 
1'onnally d1<1nbu1cd. conunuou.1 cl:au ,.er,: com·
fl,lred b) Student's 1-1esu and an•l>·su or ,11m nee 
{A1'0VA). D•u 001 conforauos 10 • nomul 
d1S1nbullon •en: comi,arcd b) the \11on· \\'lutnc) 
U-1cs1 and 1bc �ul-\\'0111$ 101 (or by ,v,.lco,on 
rank ,um 1cs1) A mul11rlc: lo,i,u.: r"1;1�>1on model 
\\.U u.>Cd to 1c,1 the a,1na.111e>n bct"«n pmcu>· 
e)um1,11 (\'cs nr �o •1 prc..:n1•11on) anJ (ac,or, 
Iba! "en: 11gn,f,anl :ll unl\-anatc Onll)»S: fflllc 
gc,,clct, rn:xn« of fc,cr, dull>llnn of il lncs, hcfon: 
pruicnuuon and 11.JQUOI p:aru11mila 01 P"""niauon 
·111e ,atua prc...-ntcd 1-clO\\ arc ccn=II> mCAn•
ancl S1•11d•nl Jeslouon• ho) or •tandard error tn)
p-,al,io of <0 o, \\ere toun in 1nd,a11e ugniticani
d I IT et ffl(U.

Cltnlr1il .,,.J paru•Jlul<•t1<�/ {roJ/u,v, "' t11rvl1T1<JH 
I he llcme>llflll'bi.: l'lramc1cr, and other ehar.ictcr 
um:• or the ch1klrcn cnrollcJ ,n the 1111<ly an: 
wmm�n..cJ fn I ibk I Of 10)1 childn:n curoUcJ 
,010 1h<: <1ud1cs. 69) and l)K cbildral \\Cn: rccn111cJ 
dunng 1bc hlab anti lo" inmmu.>ion sc;u.,ou 
n:1pcc1,.cl)' 1,c, .. ccn 199f,-200l 1':atcot pmcto• 
e)1cmu (i�c1n.: mean 2�. r&lli;c 6-JJ.l.4 1111 ,.,.. 
r=t '" 11 (10 s• ,) ur 691 o.n<.I 40 (I 1.11• ,l or lJR 
chiktrcn ;a1 cnrnlman to both h•� and "'" ll'"nDu· 
JJOO sc:a.w,u. rc:,p«ti•d) 11:c.c proJ>OCUOIU .. .,re 
nOI >IJD'r,r:anlly <.li!Tcttnl (J'" 11.!7. I'· 0 6 ) .  The 
l"'raa1< 11c1u,1oes 01 corolmcnl m thc.: cluldn:n 
,.cr,: )6 748 (Gcomctnc me-an r:in� ?(JI). UOOOO) 
anti l71161 (Gcomctrr mc•n ntn�-c 1111>-$/IS ll l11n 
both ruE,h 1nd ''"' uan.ffl'll•'llnn «2 nn• n:,f\(\"11,d) 
tp=OOOI) 

n,c rc,pooJd nr 1hc ascwa l f\,UlUIICmt.1 to tlrup 
uc.aima>is t,.,,c t,c,cn r<J!<lncJ d"""bcrc rae1ors 
..-u1cd .. 11h pnl(IOC)ICll\11 II COt'Ol!DCDI durWJ 
the ht£h 1ranG111\1ton tcliOtt• tllTS) an: procntcd 
u, fabk 2. Durauoa or il1nca :>ld. and o,uual 
pira• re ,lc11J1Ud Jess than 10000 11I "en: n:b1tJ 10
the prc:saice .,r µmctoqwnu 11 cnn>lm<111 !\one 
nr 1,:c. i:,cnJ<t or fc,cr 11 precn1.1110n ,.., 1ndcpc,1-
Jcnt n\l. r1e1or fnr pmcU,")IC nma�'C (fllbk ll 

I tov.e>t:r, dunnJ k,,o. UID>tllbilOII -.01\l, ,:ender 
,J..raunn of ,une-, >J d, ;anJ &IICIIIJII p,lJ\1111C 
dro»''°' le<• wn SOOO 111 ... ,., tbc mdcrcnbn1 
uclnfl a11«1,1lcd ,uth p-•"'--, 1cn,01 al mwlmrn1 
1r,tii.: 1, 

('/111/a,I /tat-• and rr•� , ,,. <Iii .,,,.,Id

Of,,, d111Jtcn 1h11 •C'I'< lrcalcJ ,.,Lb cbl,,h,q111r
dul10II tl,c uud). 1�, "Cff pi.w.-cJ tn lht IIT'i anJ 
111s ,n 11> I ,., lhc: duual rca1urn 11 ,,.,....n1a11 ,
anJ r,,ra ,, �,, ul plram<tcn nf lhct child=

Jo,ael of Tt"'l'C&I r..i..ma 
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.,..,.,,., 

unmarmd m T1blc 4 The du11c:il [e11urcs "ere 
r 1llhough lhoM: cruollcd in 111< LIS 
>ll.!llllicantl) )OUD�CT (p=O.Ol), h:i.d Slg.ow•

) 1o .. c, rrc1en11ng tcmpcnuurc (I'= O.OJ) and 
gcomctnc mc:i.n par,..11c dm.sit) (p=0.001). 

J h .  the fe•cr dQfllnec umcs 11cre simtlllr 10 
HIS and L rs. the 113ra>11e clo�nec umcs "ere 

"'-'r.,onlly d11fc:nn1 (p=0.003). The thcrapcutr 
1e11,,011io (Table 4) "en: ,tmilar i n  the ,,.o >UMllt1. 
Aul)>tt o f  the tn::11mcn1 fwlun:J sho,.cJ that nr

die 71 that had m1�1ancc �n.., m the 111'3 60, 
6 111d S duldrm h•d IU, RU, llOd Rill rap«U,cl), 
amul.arly ID the L fS, 52 h:i.d IU. 10 h.ld Rll �ml II 
Ila.I R.111 rcsponso. R.111 rcs1>oruc occur more ID tlM: 
L TS lhJn IITS but the dilfcrcncc 11-., not 11�11ican1 
lr-0.1) 

TADU I 

5'm1rr11u1 of d, ,m�ruplllr 11n1/ u1hrr r/wrut.ttr/Jltr• of 
1hr /OJ J chlldrtn tnrollnl In 1hr ,wdi

\s, l).,.n) 
\IF 
'''"'*'' 1\11 
""'-11t11 boJ) ltall'ffil • = I C I Dl:ntion or ,1inn. (.SI
A>nual iwwtc 

dffiMt) (per I'll
�rnmn
11.ni,; 
No >? ,o oc,o 

Val,.. (m�.in l >0 (r..n11tl 

5.6±?.0 (0 S-12111
�Q, SSS 
l6� 1 4 � (�0-171 
116:s. l.2 ()) �01 

) ?± 1.7 (1-21) 

Gan11l«J lama duru<r tr,ulfnn>I "uh cltloruqwnc 
.,,.J '"'"'" "" 
G.imc1CX)tcnua ":u round in 27 out of 16� an.I 2, 
out of 165 dunng the H I'S �d LIS. rap.,c,1,cly, at 
cnrola,.,nt. I hen: "'u "° d11Tama: w th< gcomctn,;
man pmCIOC)'IC dauitia ,�. nu,ge 1 2 -1344,,J. 
,, 26, r:tn�c 6-1 SO 111. r = 0 1). G.imc1e,,.,,1c:mi.> 
inct'Clscd up:uricantly 1n dcru111e1 hy dlly 7 1nd 1.s 
1n children 1re•1cJ ,n the II fS ,.h,-n c,,mp.,reJ '" 
the pmc1CX)1e ckrumcs obt•1ncJ on thcsc d>)• ,n
thole IIC>tcll dunn11 L 1'S folio" ms chloroqu,ne 
1rea1mcn1 (Tobie S). llo,.c,,:r, 1becu.mubu,c pmcto· 
C)1C am•FC b) dA) 7 Aod 14 \\Crt llll4llt0ntly 
bJSbcr tn the clulJrc:o uc.atcd .. 11b c:hlorOljulllC 
dunna the L r; (I'= O.OIS anJ I'= 0 O)J lb.in 1ho,c
treattJ Junn11 tbe IIT'i 

O�u,..IM 
I he pnmary purpo&e of 1bc prctent ,1uJy \\U 10 

c->IUAtc Ille effect or ,c:unn• m the 1c,,. .ind h,,b 
1nruml,<1on pcnoJ ch.inoetcri<t"' at mal�ria lnf«· 
1100 tn 1'11ECri�n children. on ?mttOC)te amairc 
the raron>< 10 or.ii chloroquine 111J 111mct.-.-ytc 
arrlage follo"mll 1rarmcn1 (;amctOC)tc ColrTUGC 
ralo m1J vo.r; .,,dcly and dq,cnJ on�-, racto� 
In thu siudy, o� p.-.-a�-c "' mabna tnfcc· 
uon w ... .,,.,.raanlly higher 1n 1hc h11lt 1r1nsm1<111>n 
:IUMIR (67.:?�•) 111.1n 10 the: LI�('?.��:.). hut 1hc 
pmctoc>tc c:amar,;: note ,._., d1aJ,tl)' h11hcr m the 
1ancr Suell K,UOnal c1T«1 b•,1 bccll oh<cr\,:J c.lllla
111 the� arc.11

• Prompt .,,,1 hi d1111<: and arl)

u-c:1ta>CDt or the 1nfccuon dunna HIS .:omp•rcd to 

TAILl 1 

r-•-�•rum 1··-rl«tlc1JW ill rrtr-.i/ml'ttl dJailtt tltt- hf'(h 11wn.11 ut/'11t tf..&.nJftJ
/luJ. /t>rlD" for r .......... -·· 

___ .:...,_..:;__:::.:.__:;,:__:__....,;:_____ 
c,...ic OR I',. • .., Ntju)W OR , \al11t

Toc.>l :So.
�
o�f-�!'-�

o
�m�c.hllJr<o���-_!lt�)::_:'•'..:C�l:!.) ______ ..;.19_)_'_•_C_;IJ _ ____ _ 

<. • .tmo wilb P1"'trc) It< 
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<.S -U1 II 

� .l6 Malo l:U 
rc:tn&lt }7) 
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..... _(jll) "?JOIIO )61 21 <IOf•JI n? 
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,. At.bru, ::.s.a 
-·

o.,,.,_oflllo,ru
>)d 
,, .. 

2$ 
lj6 .u 
H1 

'»-Cldd1n1a0 
• , ...... � ltml'<flta:'11 >l1) l 
c J ner1t � ... � • ...,,, nt. -� + 

.__, ot Tr""""1 ,._t&1trlo 

I 
t O'l ,o ,.., 3)

t 
1 l j(l 7-!.0) 

I 
I 19 (I C)4 ' Hl 

I 

n 99 (II 1-1 (,JJ 
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RhJ. ''"'"" ,.,, p f I 
TARUl l 

a ar,=sru.m f«un,·l«Jttmw "' c.nrufmHU Juru,� ,M /01, ,r1,111.vruutt,n rto.WtTt

Toul l\n of )'; C' nr C hiJdmi 
ch1"1rrn •ilh pln<lllqln

A,:()') 
>S IS9 11 
<.S 17' 27 

G,,1'dff' 
�b'.o I S9 ::II 

Fmult ,� 12 
f'.m.ili<mia � 11L) 

oOOO 2J 8 

>SOOO JIS )2 

F"t"tt· 
F'cl>nlc 9K 0 

M1hnl, ?40 JI 

D•ratlO<> ol w.-
-JJ 2119 JO 

>fd �9 10 

OR NJ.>nuo . 
• r ..... 01Ul.u) tc,npmnw.. >)7 s·c

Cl coofiJma, in1cr,'ll 

<In .. response or 1nrec1oJ 1nd1ud11Jb dunng LTS
l'l>y be con1nb1110,y. People III lh� <elllnJ appc:,r 10

... �, mahru mrccuon mote ,n lbc t:1111\ .c:uoa
""" ')'Tnptomo111: or pyrcic It " nOIC\<l'nhY 1h21

�·•�u.tl p,;tn>1tcttU2 31 ffltOlmen1 "'" m•r�cJI>
higb<r in 1hc IITS 1h.1n 1n 1hc t:I S Ille rc.>JOO(tl
for lhl• n on1 cl=r fl'l'm 1hc prcscn• <t11dr A ,urulAr
�0111>0 or lo" JlOl'lf''" r.tre dun114: tbc lo"
rn111mw1on pcnod tud been orbcr rcrnricJ roe 1bc
Ilea.,.._ .. II au)' be llut 1b.c features of uaUJI
P. folt1f'(JJ'1111r in(cctJ.il) or cllnlCll ,,n:<COI.IUOD , 21)

•ilh ICA><>n or rc,pond 10 ch.1nsc< 111 we co,iron•

111cn1 rn ,ucli a ... ). 10 (a,oirr 11.1 l'Jru11um and 

i""F'"J*IIOD 
A mLJC1l .-aJ11211oo of 1hc nu. (mctort for com.>SC

nfllk..,.ual foma =Y pro"Jc ,omccLuom mp«1

"' lhc abo,-c obtcf'1110n In 1hc prc:,ocnl 111udy.

h,o •nd Lbrcc ,nckpcndcnl facmrs .. c:rt '"''°3itd

•11h pmcto..")IC ca,TUS( IR the IITS ,nJ L rs

�"cl) \\hy .. nukl male ,ender t,c a n•\

flt'lor for plDdOC)1C canu� u, L l'i ond not "'

the H re; rcrn.a,n, unck-'lr I c:>U>Jtcron& anJ ,orucn·

lla'Oid I h.JJ l,c,en m,c>f1W 111111 "1> IC /' /.Jctr,"'-nt

Pllct,,cyi,,1 ,c-nc•u "' ,11,., • '' CC>C1ld 1hcrc he c:a·

IOIUI \ar,1111>n 1n 1hc tc>dt o f  ,,,_ h<'r,nooes in 1�

P-trubcrul male uid f('ffl.llc'.! n,, ruiJu,11 .. ou 

l'Qjll.lrc f1111ba rn.atrpl1<>n ID ,\(n.--an chitJrco J
Tbc d1&ra110n of il!Jlo• tontrf thaJI I tl•> • an 

rCld-2 puau1m1ta round a..c ru'- f,ctr>f" =
....,.....IIC)IC camag,:: U1 lhc LI 'i c,nntr:ll) IO 

taioncr dllttlJOII ol .Uncn and ,,.o fc,IJ f'lr11.a1r 

dcnmy 111 lb: I I IS wstP' 1Jat lhtJC " Jda>rt}
P<Oft!Ulloa o1,1mrimn• Of poui1'1Y...,,. .k,,-CC" 

•.-1 

Cn><k OR ,. ,., ... AIIJu.•"'1 OR r,"* 

(9S•. 01 19s•. CII 

I - -

o s 10 l'l-1 oq 07

I 
034 \0 I S-0 7�1 

I 
OM) II' (01-<'ll•I QO,I� 

I I 
0 !I 10 0$-0 &J) 0001 0.11 (0 � c,o ooos 

I 
o�• 1n '-1 lJI 04 

I I 
JI 11 � -7J) ().01 JI 11�-7.lJ 0.014 

,1n1lcnc-c in 1hc nn.-uullnn 11JC1U.l.l p.ilbll.CI dunni;
1hc LT'I 'lmllc)'. ,1 u/" lwd oblic:r-cJ 1h01 looser
dl•hluhcd r /alrtpan,m infections .ire Lld) 10
prNlu« £,lfflCll>C)IO. h i• li\.cl) lbcruol'C lbll loflF
J11r.11ino of lllncu before P"'""i.allon in 1hc L rs

m•> 1111'" ,u1nacn1 llrnc rc>r 1hc prt'Jtt1o"nn of
comm111cJ 111:,ual r,.n.111a 10 pmclOC)I« 

rhc clf«t or an1im&J.iml drui;, 1 n  1e,uol d1trn-­
cn11•uon 10 r./a/t{ponllll ll 11111 nOI full) umlcntooJ.
Ccruin a.111Jm>l•rul dn,J$, far oaamplc chlotoqu,nc
3nJ p)runcth•minc alllphado,lnc, ha,c b«n 
rcJl"flcd con1nbutc 10 a;,mclnc)tc>•'<I\"" "' .,,,,."

-,r p.mchX')t< ,c:ncnonn or rc-la.\C 111 ,1,0. 11.11 ,_.

II u n:nurL•bk '" m•IC rluol the dultlrco Ill lhc 
cobl'f1• 1ma1cd ""b c.hlnr.-.qwm In lhh ,1ud) tlunni,,
LlS ,.ere ,,anJl'lc:utUy )Ouni:c,. luJ lo,,c,r ptQCnlin�
tcmp<fllllll'C aoJ lo,. para.sue: dcngty comp:iml lo

1hC"" trotcd w1lh dllor,,qwcw: Junn11 ,� !IT'> 
Ahh11uth f.-cr dc�DD«" lime< "ere \lfflll.lr, 1h 
parallte �tcarancc umn \\crl: aantfnnll) dilfcrall
in 1hc , .. o 1ran1nw,ll'ln ""'°"' fbc children 1rc.11cd
Jurina 1bc L"r<i had dcLt)al clc-.uutr:C ur tbctr
L'°�I fomu ,u�unJ tli!Tcnns par11,1c hch,l\lour
1nJ d)'fllffllC1 dunllll 1nn,rn1"'"" ,cuoru .. Thu,
- 0( chtnrc,q111nc lu clultlrco 1n 1hc I.IL>d) 41.,. n 
lhc II 1<; 1pt,e.1r<J more (a,_,.,rahlc and '"1pc>tUnl

"' rc,lUIX '11'<'uu1a11 p,.tra\llC INJ l>.:.,p11, ,mllar
ihcnr,c-u'"' ou1comc anJ ml,1an.x r,11,.. in the
1,.,1 [l'lnan.-n r,criod'- u.rly n:,u11oa: l'f llll
and RIii cn"llr ,n  more ch,IJrcn J11111111b. Ll'I 

s..rrn• .,11. 1hc ro•• uc.a1rnn11 pmc100.�1rntb
.AJ a•,..,,"l�l•""m.t,= .Wier aplfonth 1n the 1 • .,

oc:a••'"" ="'rid ,., prttrc111Mt11 r•mtt,-.. )tania 
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...,.,..,, 

T,au. 4 
--,..ri,<111 uf clin/t,1/ /'flruJm:/,r, 11( JJJ <111/1/rcn 1111/1 
.. ,, f�/, lf'<lrwn nwlur/11 111 P""""''"'" and rhnr 

rn,tll' ft'ff'(IIIJ<' fal/mnn.e rrcol111Lnl t1·i1h rh/ort>­
fUSM J./Tl/11( h11;/, and lo" lfOIIJfflU nan ><<L'<Mll 

lrTS 

l\unbcr or 16S 
IWl= 

Ar;, l)cinl 
M ... n:l:\ll S 6:1::U 
lw>p ll 1-D.O 

V.aµI 1kg) 
\laaj \D 16.0 i.56 
R.u,p &s no 

Dwt1.,n nl ')"lllplom• (<Ll)•l 
�ICID:l:<O 1 l:t I« 
lwl,:c I 0-14 0 

Bo.ly lffllpcm'-1� ( CJ 
Mo,n¼m )!l..S+ 1.l 
It.on"° )6 1--12.0 

P>ra,...,,!a ,,�ll
C\IPD l67-IS 

rw,u.al) 
Rln,,. ;J)')()-1500001 

rcr 1d1 
Mau1:l:SD 1.s::1:oi 
11. • ., 1--1 

PCT (JJ 
\!aa:1:w 27+09 
R.aF 1-Q 

� .. 
!so CwcJ '17 
�o ••lb IU "° 
'-n ""' RII 6 

"o '" \ RIii ) 

LTS r"'""'

IM 

4 9::1: JO 00) 
n 1>-12.11 

U I L S.6 0.16 
6 S-11.(1 

11:1:1� 0 14 
IMO 

)�1+11 00\ 
16s--l0� 

?71l61 O ('(II 

?Ill� 
�)H 

1 S¼ 01 0'19 

I -\ 

'0+11'1 oiwn 

1-s 

92 0 .7 
<l 04

IP (14
II n I

TABLES 

Compa,ufNI of tamt1ori1,· urltnllll nJ ptt"J<nlUlttJ/1 

@d follotnnc 1r011mtnl 1n J.IJ rh1/Jrcn "uh """' 
fuk,pa,wn 11.Juraa J,u,rtt hlt(h onJ /,11, """""'"'°"

� f)h'lfl• 

llTS LTS p \�\LI,('\

No f'ILl<lll> 
""""'"""' II'" I'll 

16.\ 165 

OD J..) 0 
OMPD (ptnnOClffl) 2i 26 0� 

111-!71 '" 2�) 
lunp 12 -ll.l 1-1$0 

l'anulalUI II"" 1�l 
OU J�y l 
OMrD lpn>ct•'-'JI<') � Jl 004 

Ron11t 
I• • :?9l I•• .U) 
11-1416 .... 2,.i 

l'anll...,.. II"" µII 
on J.,y 14 
GMPO (p111tl<'-)1<>l ?I II on? 

l••20J (• lSJ 
R411f<! l!-IU 6-lll! 

(i\lPD, � ...... l\lf214lOdCAA!), 

lbc ,r,em,,c to1SUJICI' 10 chloroqu,.,.,, •h1<h 
11111 rnru111rJ mrut c,,mmun n:.1d1I) •••lbblc, 
chor •nd tint bnc onttm.tbrul drug in the stud) 
• ..-. ma) be c1>nt11bu101') 10 dtff'crca«< In 1hc l'O'l
tre'lllllffll pmcl�IC i;co<RIIOD or release )Dd
c:uNiC ID d11ldttn. P:IUcnlJ .,.,th slo" n:11"'RIC: 10
1rc:11me111 ore 111.cly 10 c:ury pmctoc:')I.CI 11.ln 1hooe
1h01 rol)Ooded nap<dly • rvnhmnorc, htSh carr11rc
nl< \tl thc LTS ro11 11\"otm<nl ""b chlor1><1u111,
ma) olJo ••�"' • comrcnutol') mcch.ln1un 1n
,,uurt (unhonna: of 1r.1n.,nlc,1on at alm<»I 1o1mc
J'OICOIW IU 10 HTS rcbU•c to a,&llablc uarumu.uoa
•kl'- Thit m•) OnJ n:IC\•OCC In Put unJm1ond,n11
"' how the ptr.iJIIC cnwte lnD!IIIGOD daptlC
d1cmothcfar> or the ID/'«11""- \Ion, .iud,cs .. <>wJ
be ocnW 10 cluod.ltc porullc rarolUC 111d 
t..h1nnur tc> ,�bcr aounubrul dNif Jurin& ,.,... 
.iu1 b1Jh 1ranm11WOo ... .on• 

{)\,nil O 11RICI) 111>1 a,old• l hc kkouf'IC\I ni1' 
r1e1ort ror pmC'l<IC)'I< arr�sc III thc ,,.., u-animb· 
""" ,a.l<lftl ond con11t'1lo.l wi: of an11mwn.al 
Jr11J• m•> n,Jucc pmctr..')I< rrc••Jrncc and con
111t.,ute 10 • rt(h.k."1k'lt •n m.tlan.a 1nnvn1t1.1on. 

Rcfac,w:a 

I t1&rttf r \1 ,\\,-f l 11 f 11Jn1.c r.,. t ,,,O&C11<11III
_,.JaJ.aUOa ol pa1Cl.CJPo")1' .,__, •• ,,.a,e •• I

1,..,_,,.. , • ..., , -.,.,, ... n � 1 1 0  "" s, 
c\crr1 " r , 

2 , Mr llr •Ill r,-....i,-f.,..,,_p_

<) "'" *"' �,..i t,, t,""""'°'l... o..) WftBI
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11'L 

,.,.,,._ pm<lftC)10gc,>OI• ., n1,o. P:anw10loC) 
1999 lll J)�(, 
..... ..., GA AA1,nul.11w Jrup .uid lht """'IWto 
u,c,m1,ooa ol Pt..,,,.,Jum, 101 I r•nwlcl 11197; 
�1 91>-11 
Sona� \IE pz.,, • .,.r_, fakl/u,un1 pm,cu...-,'<.: 
lit tlT«'I of cblon,qwno on Iha, de\�lo!,llldll ,. 
""" Tr.ua Roys«Trop Mcd lit& 1977; 71· Sl6-?9 
C11rtn R Gr.,,,.. l'M GomctOC)US In Wcrmdo1r<1, 
\\ II &. McOrrsor I r .. 11) \l.ilin.:a· l'rillapln •od 

l .... ol d f �- l',iliJUO 

PIXIIIOt ol Malanolc>I) V<0 I ChllJ'dllll U\IJIC'l,_, 
fAlnMali-ltm.· l'f' �)-)(Ii, 

17 Ta)�" LII RQJ Af Wh) '° r ... 1ran,a,,,...-,n ,,..,..1

Rrrroductoe mtnui1 h> nubn:a rur.1.1..ir hra1o1ltl 
To.I>) 1997, 11 I \�1 

lS l'na: R. NClllnl F SunrM>n JA, L11."11llmll<f C 
l'Qiphua l. Ltt Kwk f \lft VQII lil 
Cbonpl.pll:IJ>ui!Jbo T. White NJ Rlik '"'"'" rar
s;aoxtOC)t• Qffl>tt •• uoa>mrlal.J r,l<il'lra.m 
m>),,u Am I Trop Mai ll)C 1994, II ·  IOl9 1.l 
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Es l C1il �hcrobM>l la!ect D11 (2006) lS. Uf>.128 
DOI 1010071111009�-S 

A. A. Adcdejl • 0. A. F�1cyc • A. O. J, Amoo • 
A. Sowuaml

Response to chloroquine treatment In children
with or without gametocytes during uncomplicated
Plasmodlum falciparum malaria

l'llblisllod oalu,e 16 l'tbnwy 2006
0 Sprior.a-\\:rlaa 2006 

Cbcmo1bcrapy $!ill rcrnauu 1bc most widely =d eppro.,cb 
ID �I llWAnll infection. Howcvcr. cl1loroqu!ne bu 
1DC1W111gly been fiillng 10 clear parasilcs in pat!enl! in 
�IC an:as. 1111d fi\1lurc l"lles as b igh u 40 anJ 80% have 
"""rcpcned for \Vest Afiic::in and East Amcan po1icnl!. 
rcq,«th·dy I 1, 2). This dcvclopmcnl 1w nccess11A1cd the 
dc\-clopmcnt of an A11ml!lli,·c an11ntalJ111lll c!Ns thcnpy. 
Wl!,lc awaiting the cmcrscncc of an ahcrmtivc 10 ehloro­
qu�c, however, clforu nc-cd to be geared towuds min· 
lffllZlng the morbld,ry and mortality lb.u =Y n:$Uh from 
!ho continucJ use of chloroquine In codcrnic tllUS- One
llhlcgy lint may prove u.scful for extending 1bc paiod 
� 1"hicb thts anlLmaLtnal agcol rcmii!U cO"cctivc is 10 
-idcr iwu11c ho11-rcla1cd cbandcrulits. ouch IS �­
mctocytc ao-laac, and 1hc clinical response of patiaiis 10
�utnc. Gamctocyie gcncnnion, IIO>I c:inugc, anJ 
lllf�YIIY of mosquitoes an: cruc.al for lhc ,ucccssful 
ll'lnslnissloo of mal.eria lnfcoion and may coa1n:i,u1e lo the 
RWcnancc Ind ,prcad of chloroquine rcoi>Ull1CC m cndcmte 
"as II, JI, Thus, lhc pn:unl .iudy wu condu� to
""'°* the role played by  gamcsoc)1cs II the 11mc or
�, wiUi chloroquine and during the follow-up pmod
Oil tlinlc:al Ol.f<:omc and ralSIIOCC paucnu in chtlclrffl w11h
IQac uocompfica1ed faktpalum malanL 

TbiJ >1udy is par1 or an otcns,vc. long-1am .iudy on lbc 
ctr!CIC)' of 1J1bnularW dN11> C<UTial ou1 ,n lbadan. Ni­
geria. Crom July 1996 to March 2003 I-HI. A to1al or 142 
children 1,it11 acu1e uncomrlfcaicd P /olc-t1xin1m malana 
were enrolled <0ruccuti1·dy ua10 1wo g,oups; 1hc firs• 
group included 71 children II ho IIAJ g.111\CIOC)'ICS II CII•

rollmcn1 and'or during rolluw up. •nil 1hc $CCOnd ivoup 
included 71 �licnis "IIO did nOl luvc gamctOC)1cs either 
at cnrollmtnl 0< II any potnl dunng ucatmcnl. All pancnu 
wuc U'Cllcd wilh chloroquine (2.5 m1111<g or body 1"-clsh1 
sivcn over • J-day period I II ms/ka on days O and I and 
S mg/leg on day 2). For cnrollmtnl mto lhe srudy, each child 
hid to mct1 1ht rollO\l lng m1au: (a) 111e <IJ ya,s; (b)

J,.6"0'i• or P.folctporv111 ,..,,..11om11 w,th >1,000 l>duil 
rorrns/µI; (c) ncp11,c iaulu or unnc !CSU (Ditl--Olwo 
and lignin) for anumat.uul Jsui;s. and (d) no COftalfflitan1 
tllnos or cvidcnc,: ur $0Cfe malaria. \Vnllen inronnal 
consenl ,.u obllincJ from 1bc ram,is 0< guudwu or each 
dtild pnor 10 cnroffrncnL 11oc .,uJy wu appro,'al by 111<
local dhh:. commi1t= 

Aller receiving • dcailod chnial and paruitological
wc:UfflC111 and drvg adminu1ntio,, 11 p,c,,cnWlan, each 
child unJawcnl clinical anJ .,.,-a,11olog,aal ClWIW\lhon 
daily on day, 1-7 and on day 14 At C14'h wcumcrn. 
fingcrpnck blood s;amplc, w= collcrud and llkld 10 malcc 
!luck and Ihm snun '"' 011nu1tn111b.- k>cl or paruu ..
rma. oamc1ocywnla wu qu.niUlcJ on days o. J, $, 7 and
1,1111Ut81bc 1blek btouJ wean� on lbosc days 111 
cw.s,r.ca11011S or ropo= 10 dnls uall1lel1t ,.= dc­
rcrmincd a,:conltllj! to 1bc cn1ma ouolincd by !he Wocld 
He:tllh 0rpn{u.11on 171- Puu,1c clonocc -.-.. dcrtncd IS 
1bc 1J1)01/0I o(IIIDC bct\\'CCII !he '1111 or dNg adminulRIIOII 
and lbc at,sa,tt or dc1C(Qblc raruhcmu, "bic-b ..... 
mainuJncd far II lcu• 48 h Ftvcrclann« 1"udtfmcd IS 
lbc amount of M1C rrom lhc '1111 of dnla &Jminutra11on 
unul ih• c:crc 1empmturc fell lei !!37 4•c and remained 10 
Car 4s b. o.a ..-ere analyral ui111i ,·mion 6 or lbc Cri­
lnfo .oltv,-.rc (Ca:llcrl r°' Du.-Cooln>I 111d l'rcmioon, 
AJWIII. OA. USA). and dtlTcrcncn S,\inl p v.ha of 
<t) Qj \l'ffC W,Cfl U alp,i(ICOIII 
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1bc tv.il g70ups of cbtl�n hAd similar clinical char­
ldlNlics. pansitc clc:annc:c times (2.9::1.1 vs. 3 .0:0.8;
r,.9) &Dd fever clearance times ( 1.6:::0.9 vs. I As0.7; 
,.0.6). �f lhc 71 cb1ldrm w11b gametocyt<m,a during
dllaroqUU'lC ircatmcnt. 43 Md gJll)lClocytCS at prcstntation. 
11ac cbildttn were )"oungcr and bad town IC\•els of par· 
llllani• 11 p=n111ion compared wnh 43 children lrom 
11,c group wilhou1 pmctocytcs, who were sdCCICd for 
companscn basct1 on consccu1ive cnrollmcnt (Table I). 
111c thuaj,cutic response to cllloroquinc 111:atmcnt atw 
dill"cmi 1n these two groups Children who hGd gamcto­
C)'ICS at prcscnu110n had Slgllific:mlly shoncr LU11C$ lo 
pamue and fever c!C8lllllcc compared with those .,. ho did 
DOC luvc pmcloC)'ICS at prucn1t1ion or during 111:llmCnt 
(2.7:0.9 vs. 3.1±0.9; r0.03 end I 2=.0.5 YS. 1.6:0.Y: 
,-4).01, respectively). 

An m1c:rcsting rutding of 1bc ,rudy wu lhc ,ignllican1 
dlffcmicc III fcva and p;in,sitc clclll1IOCC lilnCl following 
trai1DC111 with chloroquine In cbilc!Rn wilh g,mctocytcs 
Qlfflp>ICd to those without gAn1clOC)'IC$, The r<410n for this 
ddTcrmc.: could nOI be cluads1cd in lhc pn::.cnl �tudy; 
1111•,C\'<r. 11 1w previously been rcponed lhsl children who 
PfQCnt wub gamctocytcs arc probably canying rropbo­
zoitQ lh:J1 arc likely 10 be cu1M\1llcd tu 1,1.mctocylo 
J)IOdlldion 181, Unfonunatcly, liule is 1:no-..11 about lhe 
bcba,iorofll'Ophozoiits cornmined to gamclOC)'le produc· 

127 

lion in 1bc prcscncc of IUlllln3WW dsvgs. We arc abo 
IIIW)k to c:.xplsln why dic IL.\C.1(1111 forms of lhc parasites m 
our colion of duldrcn with prnetocytt:s at prcscnWion 
appeared less virulent and were clc=d from pcripbml 
blood csrlier than III tbc group or p:ltlcnts ..,;lhou1 game• 
toc)1cs. While it lus bcco rq,oncd previously lhal cblo­
roqu,nc 1rc:111DCnt nuy impose coruidcnbk Sln:$5 and 
grcally reduce lhe number of r,arasucs 191. lhis require. 
fwlhct invc:s11gAJion 

The results orlh11 srudy indicate the prcsa,cc or ab"11Ce
or g,imctocytCl 01 rl'C!fflUJion modulllcs the tbtr0p0111c 
1e1poNC ofduldrcn 1ochloroq111nc 11s,i1f1C0111ly. Sina: the 
cWldml withoul proclocyte) at presentation rc$p0ndcd lo 
chlOfoquine lrCllmCIII with 11g111(1C1111ly higher cure rates, 
it seems there wu compantivcly iigni(ican1 rcsutAncc: to 
the dsvg in lholC chJldn:n \\1Ul 1J,1111C1ocytc:s 11 cnt0llmcn1.
It is cleat 1h11 chloroquine lhcn1py rMY be more benefici.111 
in children ,.,1h <Nian• who lad: pmctoc)1CS 11 1bc limt 
of ll'Clllmfflt in11!.1lon In chlklrrn wi1h samctoc)'tCS. a 
combuwion or Sl'fflCIOCkbl drug• plus chloroquine or 
cbloroqulnc in cornb1naaun with 111111l11Nlanal 1gcn1 IIC'\1\-.:

agaimt 111 pan.uic stages, hlce ancmclher, may be ad· 
vant,q;cous. ()nee, a child prcscnrs wilh pmct,X:)'ICS ,n the 
peripheral b1oo<l, ahcrmu,-.: 111hm.ai£ml 11,"t111S •upcnor 10
cbloroquinc rnsy be administered. However, ma« Jllld!CS 
arc nccdtd 10 C\'2luatc the elfcct tlul lhe pl'C$CIICC or absence 
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oC pmclOCylCS bas on Ilic chnlC&J rC$po11SC or inrcelcd 
diildn:o lO available anflmalanal drugs. These funhcr 
IUllc:s $hould be conducted in an endemic an:a and could 
_,ibu1c 10 erroru towords controlling ibis infection.

I Sc,..,wnj A. FIi<)'< DA (2003) P""'-111;,. foldp4rv,tl 
� ui Niama1 chlldttn; bd'- dums ...s o11c,
ltu111:cnl .. ,111 ID\UUIW\II dN!ll r,,,., MNI 1111cm Hhll 1:71.l­
""l 

l w,,u,y n, Ku"C&b T, o.a,ni• D, llod<s R (199SJS...U.1hi1yur 
P'"":"::r:.{:/df"Jrvm In nvo oo dlloniql,lae and P)mKQ•
..,,., me In R"'llld.t r-dcnll In rtf\,&tC c,mp In
2.ure. Ta.ru R :,« Trop MoJ 11�6f" 655 

J Sllldm R£ (19Sl) Scaal da-. of malaN p&IMIIO, 
Ad• Ptn.11101 ll!Ul-216 
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Open randomized study of pyrimethamine-sulphadoxine 

vs. pyrimethamine-sulphadoxlne plus probenecid for the 

treatment of uncomplicated Plasmodlum falclparum malaria 

In children 

A. Sowunml, F. A. Fehlntola, A. A. AdtdeJ, G. O. Gbo1o<ho, C. O. Falade, E. Tambo. I. A. Fatoye, T. C. Happl
111d A. H. J. Oduola

o.,,,,...., r,f Pl»""""°'"rt c> n,,.,.,.,.., ••J '"'"'"" (rt, Al,J.u/ �.,_,. _, T,.,_,., U•h«Jl'Y r( 11..J,o, 1"411•, 1'//1m1 

eACKcaou110 lncrnring drug mnuntt lo l'u""od""" f•la,,.,.,,., hu nn,w,urtd rmc"td ,u1d, 
for d,np, tl(ttttf< .J1<nu\lVC1 ID �f anil>bk tncunaJanaJ,. chlon,qum< onJ p)'llmdbol!IIOC­
IUlph.,dcma<:, (or 1lic 1ra1mcD1 of nul.ui., In Afnet. l'robc:oa:i4, an lnhlbato, of org,al< an,on 
1nmpurtcn and mulw,:su.ta.a,t't;-�lc.J prvtcim. an chc:molcru1lli.r P. (.,,a� tu 
p11uoe11wnlnc enJ .ulplwlo:a.i>< •• ,,;au, bu1 thr clinlnl ug,,l{raA'< 11 unclat, We -.......J thr ,Jriy,

trulffl<fll cfliacy. IM cffr<U OI\ paK'O"ll< Offill;< of add,� p<0beft<C!d lO l')'M>rllwnit,c,­
tulph>JWCIIK, 
Mm 100, We �w1cd l SI dllldn:n "l,cJ 12 yun or yo�« ,.1,o h.aJ --,,oplic.1<d r. f•lap.r•'" 
mabn1. Podcn11 ,...,,. nndornly o..rc,,..l pyrunttfumitl<-->ulpht"4iunc !?.I ""°"' of tb. ,u!pludo11M 
component) nt pynmcthamioc-Julph1domrc u aJ,o.c plu, pn,bcncad 20-?.I m�1: of bodywd,i:br lo 
twu IL.-tJ«J .i.nn clai\r fur J tbt� 11w: priml11 cn�put.ob were p-.r•utu\ugM.:11\ 1,:urc n1n un J,,, I<\ 
and ll 
lUULn Both rrz,m<,,. .. -.... ,.,u 10l,nrcJ; nodtdd wu ..,""1t>wn btau"' ol wvg lnullcroo«. Fc\'ff
(1.9 1 1.1 l'f !.4 • l.l chr<, P -0.02) :aoJ pU"llUcdclnncc (2.l • O!I , .. 2.7 • I.I chy,, P 0.041 
wm: .;gru&:.adr '"°''"· ,nd lht pJ1J1llolOt:JCJI nuc n1c oo .i., 14 C!li.2% ,.._ 8J.S%, r 0.021 bu1 
no< J.t 2J (7',4'X. ,� 72.6%, pa 0.4J, WJ.I tJglllfi<>Mlf "'51,cr 14 crulJrm '!"'lftl W>lb PJND<lli• 
amiD<-wJpl,.&d4.-,rabca<od dw, in 1bo,c uuud Wlih pyn�,pll.,daanc. C'...-oq,1c 
curia� wu ...,,ilat w11h bo1h ,n:anncnt r� 

.,.._ _  --•w11M nf prria,edwill.......,Jpluda<inc, and p,,,btnmd, &1 • ma,i,..J, co>«:un10,11 , .. .....,,.. 
L ·d " .,,__ • h modtnto do><. '"' ml ""'"'"" cffocy bu< "" "° cro«1 .,. g,_mc1N'Jf• "'"'C'· •...., r,,,_, 

pluJ I"" _.........._,J combuuuoo muiu 11111!1<1 cnlw1wn n • po1eo11.J trutmmt fa, -amillt-tul ui.oc-p,v,uu-., 
,n 11,1.ltffl• 

keyword, ptt>baxad, p1nm<1!,,m,,,....u!pludo.Dn<. ...i,,.., duldm>. l<,gma 

re.,,., ... It rwpwllr <m<IIJII (Sib:cf "ol .  2.0011. II u
.,_,,,J w,th pn1111 muuiau tn .W.1Jmfolt1e ttducu1t 
.,,.i d,hydtop<...,,.,. lflltbrl"< «-> or !he p,.ra,,rc 
1-,i., .... " •f 19,7('\Vaq; rl .1. 19971 o- t1 ., .,,,, • 
.,..i mr,la, ..,,.,,,., anJ p,np.tg.,, .. ., ,d .. nu&n.., ,iw 
p1r>lll< w, (ho populallnn CS-,,nmi t.< hl<f< lOlllh). 

'tlr,rt,c Jr� iu ... lod "'the mx....J _.... ,.., 
,,,..., .. ,hUD.1b•<> rn l,ulh dtmtt""' ,r,J prnnwth•· 
,,._.,..iphtdo•-, ..,,I tn 1hr "" nl Mlh dRIJ' In 
.-hin•""" -,1h N<h ,.hct, nr In tm1'-n11...., w-.tli 111hu 
,mJa&WUh with mndn ol - d,ll<Rn1 lrn,n ,h.,,. nt 
chl"""1'""' and PJfU""lwn<nr-tulph.tJow,c. -i. 1k

• )'tlt&.. ..... �, .. 
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\'OlLW.& 'I _.o J l't "°'""''• M.A'l' lOOol 
A S.0-Ua tt •L , __ pi... p)'rim«Nml� to, ............... rNl.vi4

a.m, ol ilow,ng the prog,=on ol rai,una, Ill 1htrc: dt\lgl
&lid prolonging th<ir blc<pon (von Scidlan tt •I. 2000;
ll1<a, ,r •I. 2002; So"''llllmi 2001; Onkdcy er ol. 2004;
C,,uin n of. lllOJ), h 1w abo lcu 10 the u,c of
chloroquine: in camhin.uion wt1h tc\llla.na modula1nn, 
c:.a. chlnrph<nlnmtM (Sowunm1 <f al, 1991), 

� wuh cblo""I"""' p\,u cblorpb:a.rJ.mim: for 
ualing ch!oroqutnc-roi,r,ru in(a.tiouJ comu (rom 
111Uthwa1 N,icri• when: 1bc pn:nl� nl thlnmqul� 
rain•nt ln!ecrion i, JS-40% (S..wurunJ ,r o/, 1918,,l>,c;
Scnronrnl lOOJ). A rt«nl sn,dr 1w ,ho""' du1 pro!,m, 
«id, 1n tnluhitor o l  o,g.uuc: anion tnrupollcn 1Dd
mul111ai>.._.uu,cu1cd pl'Ulcin1 an chanokniitlu 
P (,l,,p,,n.m ,n P) nmt1ham.nt, ;11\phluoa1nc o, cbl11t1>­
•JU1n< ,,. .,,,., (Nub tt al. 200J), but the d.rwcJ .,""5,
cua \\ unc.lar. To date. nn ,c:udy tru u,nuntd, clt.nicllly,
1hc u .. lutn..1 of prubmocid Jn toenbhu11nn with pyr1·
m«h,m,-ulpl,uln,lnc for rhc ,_,.,,.,., nf m,.J,n, in
Afn«n chilur<n. Such I .cw, u .. -.,uial lor • numh<r "'
tt:UcXU., u b pouiblc th.J,1 the comhlft.)uoo. g.,cn ,n
api,ropn11c dote>, m•y lmptort m,ana,1 ,f6c,<y, M..S·
Ina l<U\fflll<UOI\ m,y t,c r"'1ueod if proba,ocid modula1n 
1hc pmc1nq1uq1c--rclcn1"1 d(ru ur ,,,n,ncthJm1nc:-
111lplwlmonc. le can help ahtr the "''"'""""' .r I"'°''
a1ric cu.e-c n( msbn> 

Hen:""' r<p<>n th< ulur,•nlllTWffl•l 1ru11-t c/6.>cy,
•ncS.Uccton �.,.m,� ol pynmcu>•...,_
,ulph•dam,e-prul>cnccd and p,nmctb>minc--.ulph•do•·
iac alaodo chlldrai agcd 12 1nn or roun&Uwitlu<"tc,
t}'fflplflffl>tlc. Wl<Dfflpliaotcd I' ,.,,,,..,.,,., m>l.tN.

·�· •.. ....,...u, 

P,Ucnu, ua,mUil ianJ (o1low-up 
r,oaits ....,., w&iblc 10 1oln ,he 11udt If 1J,,ey .,..,., aacd 
12 rnn or yow,p:r, h,J J)'T!lploro, tm1po11hk w,u, ae1>t< 
vnromplbtcd tn1lari.a, w,1h pun 1'. f.1/0,»Nm pan111• 
aania >1000 n cnul (nmultil, a tempc:r.111.an: 1-J7.4 -C nt 
,_,,. pyrcsl,l w-·lmts, ..b,a,a: u( othc, ...-miw>t 
.un.,,. , .. hlttory uf anllm,u,i,I U>t Ill ,he 2 wacu

pr=d1ng pt-llllM, nq•tl\'t urine IC\U for tntlm.ll&riJI 
dl\lf,' (OUl,Gln.kn tnd Uan,n� 1nd written infom,cd 
C'Olltffll from p:arrna or 1'1.ard&ln.1.. P.1hfflt• wnh K1't:rt 
miliru (WHO 1000), ,....,. mJ!nutntJM, KJiou• undct· 
Jyi,,& d,..,.,.. (mul, Clfda<, nr hcp••lt), •nd ia.o,.,., 
.Uctgy In I\Wf urvp wcn, nduucd '""" tb< wody. 
[JI-' c\«1t11D<< fl>f tlK tl..Jf WU ptu...JcJ by Ilic £till0 
C.-iu« oC Oya S,-,c M1n"uy al Hcal,b, lb,d..., 
S11:cr1>. The d11,ca1< hi.rory wu n,rorJ<,l by a,lons 
patic:nll ., thdt pucnu ,.ti,n the pmcnc •rmptomati<
pmnd h.ad ,r•ncJ, .,,.i *" lu!L!W<J i.,• lull phy,ic•l
aamlo..uion.. 

EnrollcJ pillc:01.1 wcn nllJdrnJr uucncJ pynmctl,. 
tmine-wlpludo•.-.c 1.S mgl\.f, ul lo"1J""a&l-t al lhc 
,ulph>Juunt t'llfflP9Wk1U 1.1 r,racm.umn (Jaf'I OJ ,w 
p7nm<1b,m,,........Jplu1J1»iftc ,i •bu,c plus prubcnc<\d 
(l\,t<h 2011, lndlNIU Farm.t«\ltla Nnn A,vn11n>, 
M,l,no. half): 20-lS •..itJ ul buJ,-ql11 111 two .S.ndcJ 
do<e<d•�J fot 3 d>,-('4!' 0, I and 21 The nodomlullar, 
,.., n,mf!Ultr-tmcn«J anJ untman ,uJa ,.ac,c w:alcJ 
in ind,ondw ,a«Jopo. Once auolltd, tl,c 11udr dn,p 
W<nr odl11'nl11tttd by a phf"'Ut\. r,omt <YllwUnt\ tnd 
follow-up ,J«t � ailrnul.rn""" wu palotm<d br 
.-h<f phrnd>D blinJ<J IO lhc dN!J IIUlm<Ot. All dn,c> 
.. � ..... onllr, <>«pi the ...-s cw1, di-, or
� all dn,c> "<ff •""""111cml io th< d.M, at>d 
.u p•Mn" walud for II lca,1 J h ,,,., dNs 1dm:ai..1n""" 
10 rnrun: tblc the dn,g wu ""' rormtcd. 11 ,t ws-. the
p>UO'II wu a:di.Nlnl frum ,bi ._,ud,. If rwtt1UirJ, paurnb 
.,.,. pm\'1J<J with antJpyr<1n (par.lffl•mnl ulikt,, I� 
IS m,,'\g <fflT I h IOI 24..ig h). Thc tNdJ r,w,c obta10<d
'"\; ..,J wo blood 61m, lroo ca..h <h.W II IOOD u t.hcJ 
cam< 1o ,h< tLnlc. The J.t.. "'<I< a1<lullr ltl,c.llcJ w,th 
Lht p,llctlC• ..,.Jr. an.I ,...,c a i r  JncJ b<lutc bang ,,ai,v,;l

rou-"' ""'" chruc'al ,oJ l'l"'..uilos,.., "'""'""' 
••• pnfon:,al <Y<IJ dJy lur 7 dJr, (J1y, 1-7) aJ>d d,c,, m 
.by, 14, 11 and U ThlO< •ad 1h:n h!ood 6im. prq,uul 
fro,n I Ml" rntk w,rc G1tmY .... ...i ,nd .. ,. 
cµ...-S bf 141t1 m,cr- ..,Jrr an.,.. . .,.,.,.,._ km,
•• 1000" �uo,, b7 "'" ,nJcrcmlm1 &JOmon •ho
..,. bl,nJcd to the un11,,m1 al the !"hffll hn11tW11!.
(,..,.....i a, ..,.,.J ton,,,\ tu 11,J. filim .... Cltll!llltu hf
-"" .... ,..1"' ...... , '""'" tt1, .... to 1000 ""-' 
<'I"'- ut JOO.,..,.\ ot l<Utl f....., wh.<hnff 0<'<\1ffl\l 

\ 
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&,,a. Fram tlw 6guro, the pu..,ilc Jcrui1r wu nk,,larcd 
_ ... ,ng • lalCOCy\c coun, o( (()00/\11 of blood. 

lluut..., t.acnutologlcal (h><m>uxrit) and biodicmial 
1ffll (cu..-cotntioru ol aluinc aminotn.Mfcn.sc. 
1�1utr amiootran,lcrn,c, hlhn,hm, ond cn:>rlnlnc) 
ftlt prrfnrmcd in S4 randomly .. !c:ctcd diild,w, 
pi<-tmrmmt •nd on day 14 airer 1rc&1mcn1. BlooJ .. .., 
,poctcd oa &htt p,pcn on .Ly, 0, J, 7, H, 21 anJ 28, in 
.U p,ucn", anJ II the lime ol tJntlllCf\t lallurt• fo, 
pomttc cmotyplog. Pua,itc gcnotyping w,JI he r<p<>ned 
t3C'*'btn. 

� ID drug tratmtnr -· "'"",cd uvne WHO 
(a,7JI <ri1<ri2, u lo!Jo,. .. , S, ,cnutire, clc,r,na al 
p,noucmla without rccumncc; RJ (mild raL1uncc), 
p,rauu,m11 Ja.ppnn but rnpp.-..n wnhin 7-H J.11, 
Ill! (moJ,ratt lt\Utan«), J«ro,c 111 puau, ...... • but nn 
rompl<tc dal'\1rce ln•n pc.rirlrcnl hlonJ: RIii (,c,u< 
mi11ann:). nn pmnoon«d dccrnx ar �nan1e \n tnn· 
tH"l.tmia at .. , b aftu u-uWKn&. In 1hou wich tc1ll1fl,'l' tlt 
lll tapocuc, puuitcclc.,..,..,c time wudt&ocdai ,hcnmc 
,t.,,..,,, b«,,,ttn drug 1<.lminbtndun aaJ � of 
dru.:ubk l"t.,Jtaania lor at lc:,u 48 h. f<«t clur>n<'< 
(aM ..... dcfincJ •• the c.- ltocn Jrua 1Ju"'11>11•t- unul 
1hr tor< l<mpcnl\llC Id! en nr bdnw J7 ,4 •c and � 
IO lo, 41 h. Cu,c nra "'"re J,lin<J a, the pcttcnt•J<> ol 
pu...,., wt-< UCX\111 """""'' .... ckaml from rccipl,­
tnl blood and wtx, .,,.,. l r« uf p,1<0t aw:awl p,r.,it>e-
..,. oa da71 14, 11 and l8 of 1ou- up. 

IMttuma,1 ol dJ'Ult truu»UII 1.,u., ..

In_,. who lallcJ truancnt (wilhu> 14 dar,I, the 
.._. •-.re btuka1, and u the P"""'t .,.._, i4,wUr ,re.otcd 
-,&I, �uJpb&do.;,,,.. ,he Df \,e W&I
, •• ,, .... ,cJ ""th �,_...ipb.ul�l,mtcid 
oed followal 11p lo, anocbtt 14-.?ll da71, n-c f,tunc

"'tial ttanncnc with (ll't1n1Ctlllmior--«>lrhadn",....
� ...... c.-cratcJW>U1ural•.....L"l"""'JO �
"""l da71 and fallowed up la, another l�-U da1t. 
,.._, � c.-unrnl ,.t,a,r.cr •her btnm< ,,.,,pc. ,.

Oladc: (v,wllf l�-2 I Ja1-. after cn1U>I cn,n!lmt11tl r11rm1t

"Uh pro/o...,d duucal (bypaJ>rrc,_.., onl 8uid ...,ol<t 
-. &ad pvucalol)Cal dua,ora,_ donnc loll,•"'"' 

nJ-.,. ttcucd wuh uta11tthcr ,, , m� am S d>l"I • 
..... n-s,.,dcJ U tJnlll>tftl lailuro-

powtr •t • .S,C, 1,1�t lc...t (u -.·.u ...,I.IDCJ wr 75%

ol t"- i;i= pynn,clhlm1..-lp�doiloc. based on  the 
current cure l'\11< In th< unda S•ynt old>, ,nd ,1,c, ol 
lbos, 91,·rn pynnxthu1w,o-•ulpludo,uae-pn,�d 
would i... a,rcd on lint trutmmt). At ln,t 71 child,m 
""" occdc,J [a ach t.r<-ltfDUU arm. o.,. 'l'UC I.D&lr,cd 
u""' vuli<m 6 ol the Epl-lnfn .altw&tc (Anoaymow 
1,94J. Vamhla tlMUidc:rtd in Lire an>lf>l• "'""' rcl,tcd tn 
the Uffl<iria nl P. (olc,p,"'"' pm<lncytct •l\d nai*,aoo­
itn. Pn,pnnion, -.-.nmmp.,ttd br ... teul,nng <hl·,qu>rtd 
•1lut wuh Y•tt:t' C'Oftt<1Jl'X'I or hy hshc:r �.UC'I or bf
Mantel. H11nuul 1nu NonT1•llr d1,1nbutrd. con11nuoo1
J,u, ..,.,. a,mpucd by �rudm1°, r tnlt onJ iuul71.s nl
vanaoa: (A.'<OV,). Data not cunformu,g to a nomul
di,tnbu11m ,..,,. comp,ml br rlw M1n..-Wru1n<f U-tnu
anJ the Krwul Wallll ,.,,, (or b1 Wikn\l"1 r•okc,d ,..,.
ICJI), All te>U o/ .,sni&..u,cc, cxocpr .,.1,.,, ,p,o6al)r
rndreaccd, wtrt ,.,., u11td. r-,.i-"' dl.OS wctc
1nJJC"<J IIQUbCIDC J,{lcttn0<>, 0,r, ,...,. cntcrcJ oaully
u,lng d,c paO<nU coda and-· mlr ao&!r>ed .. IM md
ol rhc rl\lJr,

A.•1ult1 

P.;arimu• ch1ne1crinio 
On< bwlJrcd and &frr-tlv« ch,IJrcn .. -m: cnrollcJ, 
7'J ...ere ucatcd .rid, pyMl(\h.utune-<ll!plwlo,ooc­
proba>«id ood 74 wnh r�ula,hadoidne. 
Twv chlld:<O. - from""" ol the unanmt anru. 
,.,.,.1o,, ro r,,11.,.,,u{' ahtt dar 7 b<a.,.. oJ !"tmtal 
,�loc,,tlon. 1hc-.. children ,..uc cu:lodtJ lrom d.ta 
• ...i,-.. t,il>« I ,ho.,, the u..l pro6!c. Orenll raulu
ate !or IH cbl.ldRI\. The Janav•pilr< and dmal
dur>d<tt1da o f  p•UUII> 11 m,,,ll.mcm It< J,uwo IA 
Tabl< I, 11- c:bafl(1crlrtio wtl< simiur In tlw "'" 
,rnrtl'Wff• 1nn1.. hu& the dutaltM nl inncn. •• prnmlthnft 
,.., .,...,lin�tlr Jooc<r u, ,i- ,,.,,,J w,rh pynmcth• 
....,,.....ulphlllil•,_p......-,d (P � O.�� 
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,.,. cl<-tran<T ol 1"""1..,•" a, J.ar 2. JJ .,,., J7 

duldrm in dx pfllll)dh.ulliM-Clalph•J.11..,. 111obmcc>d

and p�l!'ludo\)nt uu-1111D, 

mpccun:lr, had""" "'11cucm,, daNJ. Tbr ctrr ...

..,.. UI 1h11 proroc1IOO WU� It• J.fl, 
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JJl,11 
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J -

p o-04, O'- = L06, ,.nr, a 1.111--4.211. o..nn. 

...,..- clnroO<C WJI L�lf q,,...l.a ,a d,o,c 

,,..,od wuh �ulpa..doa;.e pn,b,-,d

1u • o., .... i.1 • 1.1 .i.,.. r -o.oc1 n .w. J� 11w

011Y ,ale m clir 14 tH.l,t, rt. W,,._, ,' J.J, 

I' O.Ol, 01\ • 4.fl. fJ'!I. 0 I 14 -ll 01 M - 4,1
11 er, 4'11,,.. n,,r., I 0.6, I' 04, Olt • I,,, 
tS"- 0 • 0.64.Ufl. .,.., ,,..So••:, a.ci,n ia �

ff'll,Ud � PJr•w•t....-aa• wl,�do-:Jal ,: 1b.e6t 

tlua,. ""- ,_..., _.,h �pl,lldouor.

....,, I SF '? l,ad, Ifft,_ ff'&,- WU - tt.&liOI ID

qp - J,,1,1 • ..i r,m tbJJ,m 1/<m ,tw lt -.I •t 

U' ... :t.S--,..., alJ<. �,,,.,,. """"' w\llt r,ri­

aa!srrN •lfhr tc:e:iM ,a �sn•dJ bJr.4 tn>rw:ee "1

4,y 14 11' • 1.0. "1 ..... , ... , mt, 011 • Q.M. tJ'II. 

0-001-1,1� S--rir, •- ..i "$lit dotl.lra ,,_

illr U _. 41 cJ• _. v JUI el,t,, ....-,..i,, .,..,_

.,.;.dt fftWttd I ,.._ td;h,o\.t- ,..W 11 ... nlM "' 
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r_.i �l<d- •nd lnumouon.l I luhh 

l')nmnlu011nr-tQlrlud<utM- """"""' ......
Tt.ba.1 ThtHJ'CWir tnp11.0"1 tu 
s,rn,nc1lu,al�otf4,dnun,,o,p,.1�--nJ rmll<ncad ...tjlk,do .... ... .. , ... Of t, NIW th.lllllM'-llil)t� do,

M,ipa.txao ,. 1l 

._ dun°" wnc td.lr•I 
Mcoa,W t.9,1,11••'71 1.• • l.l (• - '°' 0.01
,l>l!II' t-S t-7 

hnw dt1nnc, bffl( (d.lr•l 

=• 
SD 2.J • 0.9 I•• 7" 1.7, I I,.• 711 0.04 

l·S '"' 
na,14,_ 

t,: .. """" 7l " 
N-.IU I 10 
r-:... an 2 I 
1/4.1\JD 
c.,. nte (1'1 

0 I 
M.l I) I 

0.J ll �nan 
N"' amJ I.I, �n 

""-IU' ....... tml 10 II 
Na. lUJ I I 
Na.� 0 I 
o.. .... ,., .. , Ill 

0.,21,.._ 
.,.._ Q u

l'4 •• ,,. ht''fll ,. II 
i-:..1.11 1 I
Mo� 0 I 
C-rutt'41 7'. n, 

• 

.. , 14 (r IA by Fuhtt .-, ,a,, Ott O.?I. 95"-
0 • 0.lt-4.11). 

C..-O<JU cam-p: m lhaoc who d.d ""' ,-.,., 
SW:..-,,_,_ al  carollm<OI (• • 7) and n UI th<
PI• •he:rr ,..J�.,1,awad 1aJ PT� • ..,..,�,daiuec. ... pca;,dy),.... -,la, on .i.,.. 7 
l2l1l 1-0.n.1 ... Jl/721u,r.). t 0.01, r • o.,, 
0• -u. ,s,r. a. o.s1-1.101 ,od 14 f1"7J 111.,,c,1 
� zw 1u.1,r.1, t. o.u, r o.4, 01t • o.61, t5"

• �l.$41 wllll i-11 rq,-

�., 
11 cWd,,. wllo lwl ..,,,,.,.,.,,...or • 

*"""' ,J � _,..., 14 .i.,.. ,J _,., u·w·
:: •a fr•C d C 7 t 'lb..,._ WV0 rruoacl 

'*' rt ss ..t t: �41£ sal' di 6'- The 
6u 

. ... 
: II. ... µ • • ., ... d!Joir<e 1,,11aw,,. 

-. ·-; -�·---,ikrr

� 
-... Pt•• f C 5 r .,....,- ,;-. ___-w onr, i. Ta)I. ) ,.,..- 1od kOff

:,r.QIIJ-"' • 1.-4 ._,. • .,._. widl ,, • .a r.,_ 

wr , , P• rid , .. dliW .,. Ill,

001 

01 

o.• 

mponoc 10 �lpb.1do11nc dunna .,....J 
uc>.-.C lud m JU ropani< lollow,.ng rr,ra_,,. -,di 
prrlmc<hlinln<-ill!J>ludn•�· ,,,. ""'" ,. ... 
"" .i.,.. 14 aod 21 ,...,. ,,,_ and n,r,, l'CIJl"(Unlr­
i-.onr ol the ,hrcc d,Jd,... •bo la.Jed uutmtnr wuh PT""""""",........�ml,cftllcid an nr lxlncc 
.i., 14 CT•bk 11 ud wt.o ...... ............,,1, n--,ratcd 
wi,h ,a,od.JqlWX l..lcd uu- c1un,. 1 11..i., 
/ollo,,Nrp penod. In il,nt ch,ldtffl l<ffl' end por>m-•
dwt'd W\tltlll 1..J .i.,.. ol u,;,..,_ o/ ......,._qaar 

11,a,l'f, 

"'-"""' 

r,,na,eh., _....,�,.�-' ,,,-i.
--,ulph•,&oo-WffY wJ •••t.J. nn dtiW WU 

...i,J,1- "'°"'" "'.in. lof ,.,.. .... '"""'-,.,,.., 
...i ...i.. tht Sr« ftllk -� lollow..,,.... eede: 
(t.W. .. , t4,;.a;>U, I I, ... •••__.. 11 Q 1dy "'°' 

,.J bJ il,a,t l1'NttJ" ,t, PT�� 
s,.rJ1tw_dlildl<e..-l•lntilwaltMm ,: 
� �r.tr alld wm n trak .. 
.,.,h ,,,wsh r r wl;,hr+-li.nt�ubcmdit ,rp,;IIIIN 
.. WI .. •Ptif' F

en-..._.-..\. 
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'\'Q\UMl f ,-.o),, "°"""14 MAY 100f 

A.-.,,. fl .J. Proll,,..dd pi... pr,t�hMlo,;;:-;: _O<l,plc&, ... fN1&rla 

Tule l Ouual nJ roru,U>tc,.ical 
r..anftllffln of the ll<'fD fhelJn;n .. ,ttt 
,�,. f•lci,.,- OW,n& wllo �ad 
ruAUr•ft(.'C c.1r AO ck:t,.nc.c nf f\lr&,it.1.t· 
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\OlUML f ai:O j,, '°'""'61t '44f lOO.

A.� tf Ill. P,,>bcnedd plvt, pyrtnltt'hJ.l'nlM-4ulph&doaLne kM' \11'1,(:0mpllatc-d n,,lla,U

199S• • .-.n D1llrn "J/. 1999, O,n�r <1 a/. 2001. S1hlcy
II .t . 1001) and che crnJcncy for 111< Jcug co.,.,,.,..
pm<tO<l'• a.nur;t ,!tcr iu ""' lot the ttt&lma\l ul
ma!>ru (Rubm ,t al. 2000; ,oo S.1Jlcln tr al. 2001; 
s.i-mJ 6: FOl<y< 200Ja,b), cll<rc 11 a nml 10 tt\ltW 
chtmnchcnpt\lli< orol"II" h•_,.J nn chc W<' nl chi, dnic
aloac. The mulu o l  chc prarnc uuJy cndlc::11• 1lu1 
probmcdd, an lnhlbi1m of organk onion ll'ln<potl<U and
...,1,imn-a.uoda1.J proccin, (llo.r>l ,1 11I . 1000), ond
I <hanosrnliCU.ct or ,. {alc,p;,,um in nlro 10 ,nulc� ••• 
•pts (!',.'l!L, ,1 •'· lOOJ), cnlunco 1hc aotlmalu,.J dim
al pynmctluml"°'ulpl,aJcl\iM "' rrvo In duld:m W1lh 
_pl,c..,td falap>Nm tnl«uon-. Thu h ,her ... '"""'
ol tht mht.nan,u,1 al 1hc ,n1unalari•I ec,1.-lr, al an 
>1Wfob1c ,,enc by pmbc:nmJ 10 hum.an� 

Th, rcbtl\�Jy oa:dcrotrJ clnn,._-., of IC\,tr anJ r>N
• nan,• pmJUC'C'\I a <Utt .... ol 9&'11io by J•r I� altrt 
lmanmc "'11h pynlllC'lhAmii,c,-.ulph,J,uo....-pn,l,rncdJ.
............,,, only a,,. ol ,he 11\ttt dul.lml ,.1,0 l..i..l 

ll'hnlknt WU <.J )TA.A oJd � .... 1u.110R of its ac.d)'IJ.U:lif1
IUllh o/ the lal!Uttl wnuld tu« koc<n brlpful. Lort<• 
dont.at.ol .U.... (•! ) d.tT'l u 1n«Uml W'olb ID."'l'OIOl
"" of _,...,,t, ,,.,.u.s< "' _,,mplo< .,cJ f>l,."ip,uwn 
-.!&no1�n•l lffl� H.,....,.,.,,dnprc1"""'1 
..,.t..., o/ 1Uncu t...frn r,acni,unn in ,be pyntnc1h
•, re1ulpha�ua1cd clvldtm. 
FO 11-,t< ama1< bclor< and follow"" uoUDdlt .,.,

..i.r m lbo,c of pynmabam,11M11lph.1Jo•,ac-tte1C<d 
•':cl•= n.........., p,x,oq1< a.r� lull..-vrg uni

-wal, loath .......... ,odacs� Iha• chc - al 
F!l-tbao,_,.,'pbadio,u• ,,,.,i,.,.ciJ 11111 IIDI inu,!7
4-.a.., tlw ,n_.. ,,_ .,,/ paw,oc,U, am:tiC &­
"-a -ff ............ inlio<t,nnr.. 

Vcim!!y &!I of tl,. pjte<tl>>..,""' tUJpl,>AlolliOC u,o>t·
-bilurawcrc.....Jolibritinlo1ic.m,rl,aid,cy,._ 
.......... wo,rt-t ,l
o..rJ. dii. it,d,au:, ., bc:oi &,:al df«t of prvl..o:d 
He ...... dw '"• l\cuJ .a ....... , .i.o be .,_ to cd
, 1 S .: Wlwww • dNs kffu -an,&OI {tolD rrpnt 

• n,., .... .t ,rnnctbee -. ...tpW ,Ylnc. Ali�
- __ .,.. dloa ,n, ' • '.:J � -ia:· 
---I ,d WO -.... .. "_, 1oc-
d I --�·-

"* W ............ --- ID pr nr,,u-- ·  
.! I ' I • -. I

Tl,, .......... •"" ••!I co>lffand n,c-.- f,wq,,f'' 1
-�-- ..,,u .... ,,.._..,,.. "'� T 
_, __ 9Cllf iDr'a ,,1nh':w &affl dw .,_pr-=-

lt.:a,-.a, :--' ........ ,..,.......--;;
-.na. • .-p,a¼ ..,_. dw •V S,;...dr ,..i.,. 
lo;a '"' ; Jola..,.,_.,-,;_"!,� 

-, AA t ...-=r l rdJ ••• • ,nr 

·i.t,� ... dct-· °'""' _, ,.,.....-• .... 

' l 

p111i,.,,..1J -nd ,ulpl,•J11,1n< u111 alw, lnJuce lunnulr,11
in .,..,.,.. 6 rt,.,.p1111c J<l,1J"'l<n•" IC6PD).Jdkknc 
wliio-"\>. but no <hlld, (nllOWll\g 1r,>1m<n1, cq,otttJ 
forum •ur.,;ourt nl Jnia·in4,ml h11:111oly1l< •0•<111l1 

le rumlru uoclcv uoccly haw prolxnrad nJun«d 1hc
1ndm,l>ri1l ,ll«1 nf 111nmnlum,,-Jj,h11ln�ln< m ,he 
C\lht111 of chU.!nn 11uJ...L 1•11,bmcdJ cin rrdun (obcc 
upokt by r f•lriparvm IA "''° INt1I> ,1 •I. 20011, In 
-dJ1lll)II In ,nnn...,. rJ11m• 1..!pl1un,mw .. "'"""""' 
clont b)' r<duccng lffl.ll 1ubuur 1«1<don nf chc hcctr, Both
nf chae IOtNlflt a,e lJlil<pmJc,I• of P"l'llllt wnwlfllJ 
11a1u, 10 P1rkn<tlwnJ,,...ulrludn11nc. h It pm,1blt chsc
1uu, ... 1r. 11nuocnt whh .,,,.ID<'tlun•-ulph.ul,,.,,,.. 
��. ,uli,h1do1lnc tonm\lrtl\aftt ., .. .  1\i;nlfic.tntlr
luaher 1h1n In 11wlw u��,cJ w,1h Prn.,...lam1nr-
1ulrtudnnnt 1lcw, bul Js"(I tc.,,,t. •·tct nut tn(,11\.l(cd 
Pmbr:ntaJ nn ,ltn rtt't"fV l'C"IJ1111-.� In uoc.<r «Ut m
mcchcxr<>>I• (I loo,Jb<rs rt ,t. I "'land '"'"""' I n  
P. f•tt.r,UNM IO dtloffl()Wnt , .. um, 1t-uU ,1 ,t 100.))1 

by 11'1:u.biti,,4 dw muld.J.1\11 rn ,u,-.c •�•.nJ ,pn,tr�u._
lnlw'ltmun of che muln-41\11 ml1Unt• ,...,._wc«I protnn• 
is.,. unhkd7 ,-h.,nism of  cl,; fflh•:>Cll'ffll u( eh< 
aoum.wnal .rr ... , ,,r p1nm<1t..,,.,.-.ulrt .. J., ..... br 
pn,b<orod u ,..1...-"',rnm<ohun,,,...ulpha.,,,._ II
a»o.i11cJ .... ,h awuriM• In ,he ,I h7dn>p<rr•••• •J111hc 

II>< .ncl dJlfd,ofobl< ,.du<I>«, ,nJ IIOC CIUDIIUO.t In tht 

p(r,,J•I 1mcoflh<p.1rt�1<tllun,,..,.,,,,, lff7. W.u,1
,r .t I tt7; Diollrt< ,r •I. I Y»,1 . 

l1,ttt � 1\DUfic-liUC',JQa ror out Jou,. rrpmrn. tbf 

nbu...ty -"'"1• dcM ,.., 1,a...i on tbo cl,,.. """ <n

roucd cubul.u K<ffl.., of J>ffl,al..o "'cbiJJtcn. • 

..,,,n,,kftc ,a,tit,g polnc ., che dnia bJ• - bmi 

.,.....,..,1, ..,...!minnttlW<I .,.,h l')'nmc<h.lm ,_ 

mlrludalrrx ra, che u-cm:,<111 ol mol&nJ ID cml,Jrrn;

che J.d;r .,.,,,,. rq,mt0 " pn<l>Cf'bk. uid -pla-

,. cnor< libiJ cJuD ii 11 _,. fo, kq.t pmod,. c..t.Wr
�Nb< ..,J pi,o,_..,JfMl!LC .....J.n It'< 

� bclon apnmJ � ""eel>' ""'• 1<....-..L 

TI,cff ,tt p,C<ftual cho,.-.J 1ppllat,Om ol GUt s.i.,,p. U

.. ...,JrrolC..,.. pot,a.U ...,.. ..... the .,..-1,uu1 

a;...., ol ptn'IW'......,__.i�" follow> .i.., ...

�ilGdlCl •"nmr:t'uar• .�pt, dr..-, 

�_.o/pr1ie:1:w .. , ... r1rm, ......... � !,,

..., _.,._.,. .. , ....... ,.: • ...i 
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11,zww 60, OJ-471 
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A. \oo- tl tJ. rrol>onedd .,..,, pyri_,,_"'9......,aw to, -Offlllllu..., ,...i..u

loo- A� Fatty• 8A (lOOl•I A,rmrcom,11<, rc<ru.k>tui� 
....._.,,('<VIUDI pw,,,oJ,wM ,.,,,,.,,.,,. l•Jm ... , lft 
�'l""M dwdrtl'I d1Aia1 and ("'&fl.Ul\l�'fal clur111t1tmuo 
ud ....,KltlllllU for tn.Mrru .. nioo of drv, rrM,aat Ul.lrt,uai. 
A_,, o/T..,/c.,1 Mtdl""t .,.J l"•r.wr.,.17 97, ,,,_.,.,,

»- ,, •ecru� M (100Jbl l"w,wo.J""" ,.,,,,..,.., 
.,....,.,.,,....,. •• 1'\i<rua <hildrm l,c!Off, dunna e..i •Im 
awen1 •llli uunullr1.J Jn,p. Truj<IUI M.JICJAt •w
,.,,,,.,,...,, lluldt ,. 71}-7'1. 

-- \. Oduou AMI, S,,l.a\o1 t A t1 "1 Clffll ,,.,.., • ....i., 
�do..,,...r,ru,,nlM,alD< "'thloroqui..,fl"IUOI ,i.. ... » 
.._ ,._,,,. ...t.na don"I rr,pao<r T,_,, .... , o/..,
a.,,_/ Sootry o/Tro,tul MtJ.nN ..J 11,,...., a,, ,n.

...,__,.. A,ruoot, AMJ. Qi,,rwhln•"" 0 n•I ll"l'l f•h•oml 
dic,q- ol thlo,o.t•Ultl<WO'f.....,....,. .-1>1••-,. .,.., 
-•iwoml f.kii,.,- ,...1.,,.. (II du)Jm, Tt-·""

"°' � Soaltt o/Truplaf Mal.aot u.l 111-r"" ,1, 
047 

lo• et A. Odeou MIJ, °""""'•ua.11 OAT & Sal.o\n LA
,,tta,, c-,.nm. dflel<J' of<� rt"'�., 
._ ud ".,_,�,..., • .,.,. --rir
a,,d l>lor,arm .. 1.,,.. Ill N'•riU <t.ldftn. » .... -.-, of 
* a,,,.Sootryo(T_.I �W_,_, /t,pw 91. 77_.I

S.. -, ,\, Odld. A.\IJ, (lsu..SO"'a•!! OAT 6C Sal&\o LA 
ltt�) P+L&WWW 411 Git !MIWkrvl ttWfl ot � 

-br 41orrk•-.. ,,.,.. T.....,., ,...,,,,_ _, 
,_, _ __, lleoll J, 177-IIJ. 

' . 

So•"""" .... ftliioaol, rA, �hA•I OAT 6C OJ..ol, AMJ 
tttHcl C..1p111u,c 1f6r•<r or tl,lomqwn, rt•• chlorri,,,w. 
1nut1t ,td UW,naW u, an,1, 4..aCMflrllC"•trJ f•kir-.ni" 
ruL,n,"' Nc,n.t• dlilJma. T,...,....,.., of IN lll,y,/ s..,.,,.,
o(T""4,-I Mtd,o., .,.J 1,n,t,lt ,l, "l--4AI, 

SuWtllal <;J, AU.-.k A, Clmh J t1 J. 110011 G&11hlln 
dv\.stm ,..cuuh•, ffUtn' •tth <h"-•01u•"" <1n twtG' •ftd 
trlMftl �-,.,Jp,,,.. f,Uip.Mt,,'14 �1-.;u,.,11"\ t•IT)10&tnal

a.riff lffl"' A111tna11J1,-,a1/ t,,/Tt11 ...11 ,\1,Jw••ttJ ,,,,._,., 
,1, 17�111 

Tur< JPtlOOlt T\c rul,l,c l.uhJ, """"' ul clhl,..i .. r<•••· 
,_., lo Afn<> ,-_.,. J--' o( l••r,w M.Ji.,.,,..J 
,,,,.,... � 11..,.i l·l� 11-17 . 

rul"' If,....,. G. r,.,l,,,o '' r"" 11••11 ,.,.,.,. "' 
"� ,nuueu 09 �1,uu ,.,.,.i.,,. ,�, kwtt,11 )1 I 1
OM'7. 

w ... ,. Let� a.,-i" ",, ""7) ....... -,. , • ., .... , 
• n.-,1 ... ,.,,.,..,_ -cd br wq••« .... 1,., oJ 
.... yd,o_ ................. d�l,,L,,c rtd"""' .UClo 
"' • b.rtt awabrt o, ..,w uarld • 4'tc:nc • .._ �, 
.J lllt,t,-.,,,,J ,.,.,Jlt>i,r, "· '"·'"· 

lllotid ltcslth Otpalualoa ffl 10) (t'1JI �,.,..., i,f 
M,,t.n,, •.J -ni.u,.a ,� ,1__,,..J,. WHO T�
l\q,ort !cria No. n,. ea,,,,

World fiahli o,,p.u- tJOOOI S.-. Utc,rl--.1.rN 
r, _ _, el ,,.. 11,,,.i Sod,ry of r...,,.,i ,,,,_-' 
I/yr-, !M js.n,l I� 
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A uvb ,/ T n,p,,.,J '"""°"' e, p.,,., .....,,, Vol 98, No. 8, 87>-178 (200 I)

SHORT COl\-\l\\UNlCATION 

Comp:irative effects ofpyrimethaminc-sulfndoxine ,vith

:
d \vtthout �robe_necid, on Plas,nodi11n1falcipan11�1

almct�cytcs lD children ,vith acute, uncomplicated 
m ana 

The lncrculna 1prcad of l't1umod1u1rt 
/�parum rcib1an1 10 pynmclhiunln.­
"11fad0Xlnc (t>S), 1hc: lint• or 1ccond-llnc 
1.n:1tmcn1 of ma)Qna In many endemic coun­
tries In i\!riaa (Sibley" aL, 2001), hu led 10 
•. l'C11C\\�d ic:lll'Ch for d\c:Qp, cfTccu�e ahem•·
1:N'Cs to PS, and to renewed cfTon, 10 prolong
lhc: c:hnlc:al uti11tY ofthb drug comblnodoo In
Africa (Nub " aL, 200)). The maanc:nt of
111:Ulc, P. Jaloparvm m.tlaria wilh PS b often
11soci11cd with c!.rua-lnduccd tncreues in
the frequency of pmc:tOC)'tt caniaac and

lhc level o! pme10C)'l1cml1 (So\Nl\ffli and

F11eye, 20030, b).When PS b wed lo c:oa>· 

binadoo with oilier &l'nmal•rlal druP, pani­

C\llarly w11b amocllaquloc: or !he ..ncnili!niD

dcnnln'a, �=, these unwelcome: cban·

rcs may be coosidcrably reduced (Sowunml,

2002; Sowunml aod Fatc)"c:, 20030). 

and aumc1oq1c we rallos In d1lldrc:n 11c:ated 
wilh PSP

Tl1e 1tudy took place In lb1d�11, a byper­
cndcmlc area for malaria In 1oulh-c11em
Niacria, In Jul)'-Scp1cmb<r 2003, Overall,

ISI cblldrc:n prc:1<11un11 whh acute, uocom· 
pllat<d, P. /o.Japanmi malaria were random·
11ed to receive a 1lnsl• trc:atmcnl wilh PS 

alone -lhc: PS wu ah-en orally 11 pruc:nta·
don (day 0) •• 25 ma of the 1ulfadox.ln•
c:omponcnllk& - or lhc: aamc: do1e of PS

plus probcnedd (20-25 mwq.day 11vc:n

onlly, in 1wo divided dos«, on each or day>

0-2). The mniy protocol wu appl'Offd by

the local C1hla c:omnune• To be enrolled

on lhc 1rudy, • child bad to be 1acd < 12

ycan, ha\'t a pure P. /;,lof>""'m p1rul11cmla

or > 2000 11aual fomu1"1 blood, sivc o r a:a ·

11vc rault1 In (Dw-Gluko and ligom) wu,c: 

tCSU for antim>larlal dNJS, have oo c:onc:om-

112J1t Ulow or c:vidcncc: of IC\'ert malaria,

and h,tvc the wnnco l.oformcd cotuc:ot ofhb

or ber parents or guardian• 
Ptabcn«id, an inhibitor o£  orpnic anion

tnmponcn and multi-rultt.&Dce-usoaated

PIVICW. can� P f:,/opO""" to

P)'T1111ctham.mc md iuJ!adaanc, bolh in"""'

(Nzila Cf oJ., 2003) and, at \cast ID l'fliCrlan 

diildrm ua.ted with PS,"' t,-nlO csc,,,rwunl

,r a, 20CH) The df«u o£ prol,cnc:ad on

Cbc frtq\lCl)CJ of pmctoc,tc carnaac, tctt l

at pmctOC'J'tXIDD, and tcJ.'l'lponl challltS lo

pmnocytc IC& ra-. when added co PS for 

die C1'CMhl1"1\I of a,elana U') c,hlklrcD-• arr, 

111:s,,a, ,m);rw4JL The Mtl2I ol U\C JJfdC"1

• tr ftft (I) co dcUfflllll" \bc �. oo

• �.tp·:-0 yu can,11SC and lht

Ind fll 1e1MCocytM«N'• of t.lw �DOD ol

r:t M r:"t 10 ,S (PSP) aid (2) to foflo'W

u 11.poa al ctscJ s en pmct�

M<r dc:111lcd clinical aod puunolotical

uso.,mcin and dNS admuusustion 11 prc­

ldlllDOJI, each child wu checked cbnially

and paru11oiopcallJ on ocb or daJI I -7 and

14 Fmstrprlck .amplcs or blood, 00Dcncd

on cuy, 0-7 and 14, wcrt uKd to maltc thin

and thld arr,can 10 1h11 the lcffll or pem,1-

aellll.t could be a-umaicd. OamclOCJ\ltmla 

...., quanollcd on dal" O, 3, ,. 7 and 14,

usllll the thld bloodarnnn ptcpwcd CMI

u,oltd.l)'I (5(nl'U1llfti and Fa�, 200,•). lf

d,c: lcftl o/ pntctocyucmia WU II kast 10

.oua1 ronm,'til, 111it pQ)Cloc,tn ftft KUd

•• dctO'lbcd bf Caner and o...- (1988)

Cl 1:1:. n., t., rtt s ttATmUd •• C ,..
; 

tu It llf'Mll)'JMffJ411JII 
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874 SOWUNMl BT 111-

and Robcn ,1 al. (1996}. The time clap1ing 
from lint drus treatment until a ,ex rado of 
I "''' achieved (SRI} wu calculoted for 
«eh patient, from o plot or sex ratio u. time, 
by computer cxtr0poladon. The dota from a
patient were excluded, from the uploratlon 
of the disposition kinctia or pmetocyuc­
mla, lf gl\llletOC)'te ,ex nauoa hod not been
ntimoted for that patient ot lcut three tlmn
af\cr SRI. 

(llametocytci/111) In the PSP-tr<atcd a1me10-
cy1aemlcs, for cum pie, were 17 (nnae • 
l2-365i N•5), 32 (ranac•2•1-36i N•3), 
33 (ranae•211-481 N•9), 63 (ranac• 
l2-960i N•32) and ,14 (nn1e• 12-2l6: 

01lmctocytc kinetic paramcten were oil· 
mated, from the level• or the micro- and 
m1cro-pmetocyn1cmlas, by a nou-compan• 
mcnw method, llcnenJly u prcviou1ly 
de1a,� (Sowunml and Fateyc, 200)b), 
Oita were analysed wlna vcnlon 6 or the 
Epi-lnfo ,oflware (Anon., 1994), and di!Tcr­
cncu IIMffi P.wlues or ,_o.05 were t&Un u 
11111ifican t. 

N• 16), re,pcctivcly. The cone1pondlna 
va\uu for the rs-uu1cd ,ubfccu wc_n: 
12 (N• 1)1 50 (nniic•36-72; N•)), 67
(ranae••IS--84; N•5), •II (nnac• 1�87; 
N•3I} and 30 (ranae• 12,-Slli N•22), 
111c mcllll level or pmetocytacmla was, 
however, slanlncanlly hlaher on day 5 in the 
PS-tr<atcd aub)ccu than In the PSP-ucatcd 
(f•0.00-1). Two of the children trc11ed ...,,th 
PSP and one of those 111vcn PS were found 10

be il'mctOC),c carriers every time they wcr< 
checked. 

Sex could bc detcrmlllcd Cor > 90% of 
Ill �ctocytCI. At presentation the ovcrall 
sex rado wu malc-bwcd -with • me.an or
59'1' (ranae•301'-IOO'l': 95" confidence 
Interval (Cl)a26�2%) oraJI Jam(IOC)'tcl

,cxcd then being Identified u male - a.nd

there was no .,;nific:ant cotttlallon bci....cto 

the proponlon or pmetocytcs \hll were

nu!< and the IC\'CI or ll)CllUal pa,-11t1cmla

c,-o.7; p.0.17), core tcmpcr•NrC (,-0.2;

P• o.8), or IC\""I or pme1ocyucmia 

c,-0.02; r-o.98). The temporal dlani;a

obKf\'Cd lD the pn>CIOC)'IC ICS ,-t)os Wtte 

Of the I S9 children cnrollced, 73 (39 
1rcatcd ,.,th PSP and 34 with PS) wtte 
round pmetocyucmlc 11 lcut once dunn& 
lhe INdy. Althouah the enrolment cbffllc­
tcnma Cor the PSP and PS poup• wcr< 
>imilu, mean (s.D.) ft'-cr-dcarsncc LiJDcs 

(1.9 (0 .8) da)', With a ran" o! 1-4, "· 2.5
(1.0) clays, w,th a ran&"( or 1-7; p.0.009) 
and paruJ�CUUICC time:, (2.2 (0.8) cla)'I,
wub a ranee or 1-4,,. 2.7 (1.0), With• ra111c

or 1-5, P•0.001) ..-ctt 1lgnafiCAll11Y Cuter,

and lhc Crcquaiey o{ paruitolosical cutt on

day 14 (37 or 39 " ·  26  or 34 cblldtenl

P•0.02) wu s!p!ificantly bii),cr In tl,osC

auud W11h PS P than 1n those: sino PS. 

1bc £n:quaiq ofpmctocytc canu&"C""'

"41116ao\ly tuihct on cac:b of days 7 and

14 tba.a on day O, both ID tbc PSP-untcd

pancaa - 61-c chil�n on day O "' ll on 

day 7 (P • 0.00000 I) aod I 6 diildrffl on day

14 <P•0.01) - ...,d the l'S-IJ'Cllcd - one

cbidcm d-,0 "· )I oo cby7 (P•O ()()()00I) 

IDd 22 cm day 14 (P•O.()()()OOJ). Su:ndJI�

c1-c kTtlt ot pmaoc:yuc<JUI •ct11 I\SD 

ca.dy t:lp!Y oo each of di1' ), 5• 7 --::
14 die cm dlJ O, � lo the ,SP·ud

l 
tcd 

� v--000?) and lb& ,s..uca-1.be

CP-o.cioou o. 11,,,. o, ,, ,, 1 � 
• tuk mcm lr,d• of l,IIJII 

,lsnllar (or the PSP· and PS-uutcd cbUdn:o

(f11,). In both acatmtol poupo tbtte IJl'U

1 propcuivc U1CffUC In the proporuoru of

pmctOC)'\CI that wcn: OWC aucb that > 80,C,

or the pmeiocytcs .-ere male by d•J 7 In 

the tbrtt chl)dtcD (one sr,-.,n PSP and two

IPVCD PS) who hid • remalc-bwcd 1C1 nuo

on prcsc:otatlon, SRI wu reached by daJ 5 

Of the cblldrcn uoicd "1th pSP, liff of the 

32 pmttOCJUcmlc on day 7 and one or the

16 pzncu,cyucrnJc oo day 14 b.td Ccmalc­

b.al(d pmciOC)'Ud!IID It tb- times 

,\fflClftl the c:tuldtU uatcd .-,tb PS, ooc or 

&be 31 pmctOCJUCfl'l" on dlJ 7 but nooc 

the 22 pinc1oc:yucmJ<= on dlJ 14 bad
off�jaKd ,-no II lbaM ._ 1n iJw
-rR'tcd w,1h PSP, lb� pn,pa,uont

c,! p,nrtoef1tt 1)111 Wff1 maJc OIi daJ'I l u,d
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PROBENECtD lN THE TREATt,\ENT OF l.WARIA 875 

14 ,,.ere 11anifiantly lu&hcr lh.ui the propot·

ooo on cby O (wuh P-valucs of0.00003 11nd

0.00001, rcspccavcly). Similarly, in those

uu1ed with PS, the proponioos or pmcto­

cyt.cs th2t WCTC tnllle OD d2ys 7 and 14 were

111111ificantly higher than the proportion on

my o (wilh • /¼lllue or 0.000001 for e2ch

componion; aec f'llurc). 

In the PSP-tre1tcd children, the level

of ll)lcrogam e1ocy1.1cml2 in the pcriphenl

blood wu 1111ul2r to thAt of maCTOpmcto­

qucmla between da)'I 0-5 (ace Table) but

male pmecocytcs �e sianificantly mo�

numcrous than the fcauilc by day 7. ln those

treated with PS, the level of micropmeto­

quemla allgbtly excee ded that or macroi;:,·

mctocyucmb between days o-5. By day 7,

bov.'CYcr, the mnn lntensltY of th e auCtOlP·

mc1ocyucm1as wa.s 11gnilic:antly hl!lher thAn

that or the macrogametoeyt.ocmi:u.

trntmffit i;roups were pooled f ot the analy­

sis of the dispol.iuoo ID.netics. For the awe

g:,metOC)1CS, the mC211 (S.!.) 'atc:2 under the

curve' or the plot or pmetoCJte density o.

time (AUC) - alcuatcd from SRl and

ex-pressed in un.iu of ua,.ul fomu/µlh -

wud1111ificantlyhigbcr (17,619 (3831), w11b

a range of 50-IG-40,017 and a C l  of 8S61-

26,678; N• 8) than that rot the female 

pm etocytcs (4728 (691), with • ranac

3034-6250 and • Cl of 253o-6927; N•4;

P•0.017). The mean (s.t.) bal!-Ufe (1K) of

the male pmctOC)'tCS (265,6 (59.4) b, wub

• ronsc or 66.3-624.0 md " Cl or 12s.1-

406.1 h) was lllso 1icxufic:aotly loni;et than

that of lhe fcrnal< pmctocytcs {74.3 (I 2..8) 

b, v.ith a rang,: of 37.1-96.0 111d a Cl of

33.5-115.1 b; P•O.OS). AJthoua)t the mell.D

(s.1!.) dot:111« of the fcmllle �ctOC)"tCS,

expressed in units of idfkg.h (0.0002

(0.00008), wub • ranac of 0.00002-0.000-1

and a Cl of -0.00007-0.00048) wu 2.5-fold

• 

As, 01 coch dme-polnt investigated, the

aa rotios and leveb of game10C)'Ulemi• for

the PSP-ueatcd dlUdrcn wue 1lm1lar 10

thoac treated with PS (with the ac:epuon of

the interuhics of the day-5 gametocytllcm!Mi

lee Figure 2nd Table), the dalll Crom both

l.l

..

1 1.0 

bia)\cr than thal of the male pmc1ocytea

(0,00008 (0.00003), with • raJlie of

o.00002--0.00015 a.nd o Cl of o.000009-

o.OOO 16), this dlll'c�ncc wu not ,a11.uucally

1,i;nllic:i.nt (P•0.14).
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OvcnaU, :SP oppellrcd 10 be thenapcuti­
cally supcnor 10 PS, in clcarinll asexual 
piruimcmia and fever. Trcouncnt with PSP 
or PS was, however, aencllllly auoclated 
1,ith incrcucs in the rrcquency of 1111me10-
q1e caniage and  the levels or gamc10-
q,acmla. The bc1wecn-lJ'Clltmen1 dilTercnce 
tn the level or gamctoC)'tllemia on day S is 
pabaps 11tnbu1oblc 10 the rcJau,•ely r1pld 
elelll'lnce or asexual paruhcs Induced by the 
addition of probcnecld 10 PS. 

The ob1er1'lltion or II prcdonunancc of 
male pmctOC)'lcs over the remote, In both 
irutment groups a t most times durina 
follo\\·-up (Fla.), Is In contrUt 10 the aener1I, 
urly predomlnan� of female aometocytcs 
observed, 1n the '4111• anady attD, by Sow­
wuru &nd Fatcyc (2003b). It may be related 
10 the rclalJ\'ely tow tc:vcl of pme1oq-ucmla 
1«1111 pruentatloo in the prcKDt anady-•
llllle bias when thett arc few pmetocytca io 
the peripheral blood bcini; a fonn of fcnilltY 
uuuran� (Gardner a al., 2003), In add1·
uoo, the childttn m,•csopttd in the present
Hudy could ha\'c bcai exposed to other
1Cl·r1tlo-mochfyina facton prior t o  pmcn·
utlon (Paul tt oJ .. 2002; Robc11 tt oL, 2003).

Such Cat1on may cxplaln wby, in the procn1
lrlldJ, SRI wu reached in aome of the
childrm before, 11 or shortly after p,ucnlll·
ba:1. 

Dcsp,te the inac&Sllli lntautUCS of the

Pl!Kt0c;yt1c-miu, there were sii;nulClllt
mcrc:ua in the puanu;cs or pmctOC)'(d

ihn were male roDowu>J aeaancnt ,.,th

albc:r PS or PSP (As.). AJthou;b, ma lonsi­
lDdmJ follow-up of pmcu,cyte csmcrs In
1 � In Scoitpl, Rohen a ol (2003)
ck-_..,c,1 1 dcml��I rcbuooa!IIP
Wida 1a r1-, they reported !hit � of

Piilrlocytxzn!.I were aom,comcs U$0CYtcd

wliOa 9UJ low makJcznalc ta raU<K- 11

� appca.n that PS, ac:tml dnllY or

ID 01 rot W11b odlff r.aora. 1ubtD11dallY
_,,, I J � pctCCJIU# a{ pmcioc,«9 �t

an Clllc � added ..., PS, p,ot,cDccid

1'P.w, &o !aft no d(ccl aa pmeioe,t.t �

rtdc,i(Fq,) 

The prcuot obsc_rvotloni 1uppo11 the 
notion thot male gametocytC'I pcnl11 longer 
In the peripheral circulation than femnle p· 
metocytcs, or arc lon&er•lived (Ponnudural 
tl aL, 1986; Rcec:e tt al., 2003; Sowunml 
and Fatcyc, 2003b, c). The addition of pro­
bcncdd 10 PS had no 1lgnlfiant Impact on 
the d11posltlon of male or female pmcto• 
cytcs tn the peripheral blood, Given that 
lnten1ltle1 or aunc1ocy11cml1 and the male 
biA1 In pmetocyte ac� natlot corrcl•te poll· 
tively with 111metocyte lnfccuvhy to mo1qul• 
ton fccdin1 on humaM (Tchulnlwn II oL,

I 993i Robffl a oL, I 996), I t  would 1ppc1r
that the addition of probcntdd 10 ucaanent
with I'S Is unbltcly to dcc-rc11c (or lnacuc)
the 1ran1mls,lon of malaria In the popula­
tion, whether we gome1ocytc1 lnvolv•d arise
from PS-tenJ!dvc or -mb1an1 !nfec:dom. 

1,ci::i;oWUOOl!o\lJ:1111, The 1nady rc«lved
fina.ncl.11 1uppo11 from the UNDP/World
J»nlt/WHO Special Proinmme for R.cac·

arch And Tnit\lna m Tropical Disc.uca,

pa,tly via a \VHOrrDR Career Develop­

ment Grant awudcd 10 A.S. The authon

thllnk thrir clinic nun.•, foll Anuio, for her

usu111n« with runnin& the 1tudy, 

A, $0\\'\JN)U

A, A. Al>U>IJI 
8. A .  FAffVI
F /L Fo11NTOLA 
()cpUUIICDI of J'hlmi.tc:0101)' 1Ad

jbcrapcuocs, 

and trudwtc for follcdical Rourch ..,d
Tr2inlnl,

Unn-cnill' of n,a.bn, lbMl.an, NiaUU
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Eff eels of pyri�1ethamine-sulpha�oxine, chlor�quine plus
chlorp�en1ram1ne, and amod1aqu1nc plus pyrimethamine­

sulphadox1ne on gamelocytcs during and after treatment of acute,

uncomplicated malaria in children 

A So\wnmi/�, M Adcdcji, GO Gbotosho, OA f;ilcyc, TC Hnppi

0q,,,t,u,co.1«>f�l"IY .1. Tbcrarn, .. ._.n.i �,..,, h ,1rtw r .. �,1\1 ..... tlt, "'� , .. n .. ir ,

l 'N\'ffl1lyafl� lla!A 1'1JCIU 

Tlr< •ff.xo of pJrlni.,tltum11111•-1uJ11/lmb11I� (PSI ,1t/"""'"'"' ,.iu, ,h/,..,pl,tnlft1"'h1, u Ill 11:<tpt11r u•·

"'ltlllltfl 1/w1 "'"''''' tl1/t>fU<lul10.• l\:flrw,11.<1111 1'1.L,modium tilcip;uum 111 ,11,., u1•I In''"' tCCJCPJ, .,,.J .,,,.,.

'�"'llolll< 11/w f'Jrl�th"11ll11,·-1ul1•l1.,Jo,.lth· (l(]PSI ot11Wfft/ot.11t f''°'""'l/m1 "'" �,il11utttl In /J1 thlf.rai

'"'" O('Vlt nfflj)l011iolk. 1,nn,mp/11\Jt.,I f,1/,·/pc,r•"' ,nu/,./.J "'"' ,.,,.. ''°"''' """ '""" J,11,rs PS,...., ,111111/1 

co,,1h I�" ,((.•(II\� 1lt,1n CQCl' ,., IQPS ut r/t,,rl•>: "'"""' ,,,,,ro.,llu•·"'lu vr 111/,•r ""'I�"�" nf n1ol<1r/J 

C...1t1oc:,1,• tom"lt•' un ,I.Ji� .I. 1 111•1 I' 11<1W "8111/1• o111/h /tl� •, l<t th,114 trnttaf ,-,tit f'� 11>< n,t/<1 t,f tht

,lttul() (f'T pi 1>1,..,.11 c>{ p,·tlJ>h.·NI ,.,,int i:•-·""' t,· (Pl'<,J 1/IOI h S ,t�t Ill 1,, /""1t"• rut ""'"'"' '""""' 

c,r, tP\IGI rlh,r h .  '"'•� II' ,,..,f 1i .zn Jnt�J t>f rt••"""'""' ll'"'"'fl"" vf •"""''�' ,,, n " 1u I J,,, ,'1, 1 nj

a,-,rr,t ln tltn1� tra,t,,I 1u1/t PS, ,-,., ('(lfl,JIMII ""',111,,./h t.!/,,w I In ,,., "'"'' t/Ylll•oefll S"'II/'' PYG-P,\tG

Jna,11 ,.,,.., 1nrn>1..-,I 11g111(kun1/, fn"" Ju• /I-II In t1-,., ""''"' .. uh PS-' C(!CI' (x} - 16. P n(l(ll)l/11/

""'1 z! • 41 ! P • 1100001. rr.,pc<ttn,./)'I �111 J.-crNI� 1ti,;nl/lal'II// I• rA<ut tnauJ 1</t/, AQPS /z1 1J 1 I'

n /IMM/J &>1h ps.,,.,.,ttt•"t _, .,.,,1.,.,,,t 1nJ,-.11<,,1• '-"'""""J PlG //If ,1 i, ,� IJ "' in. z1 11/IJ r -

n QJ1 ,.,,t Pl'G .. � pn·•,·nl ,.,,,, '" t"'"' ",tit ,,,,.,,.,,,, R''I""'" tu ('L)(.'(' c,,.,h11""'"" o( Pl �' .� -''"""''�

11()1 11to1 I• ( l(!f'SI ,,,11/t,tf in lt:1• 1.,uJ.., tlOn of PIG. i.,, 1,, /Ah tt1r111R Ptli '"" ,._,, u•lirtltn� 11 ,...,-,,

., IQ/>� n,.,,. du" 111,£, ,,i, 1,w, PS r,Jw• ,.1 f"',J,,t;/JIJII or,,,,..,.. ef >""1111 prll.,qt,. •Ntr 1110/ ol-

6.t �.,.,,N In, ,_18 .,..-""",n ,.,.,,. u.,t1f,,. .,,..J,l,tullalt ,.,r/1 ,IQ PTG /IIO\ ·  ,_ .,.,,J"'"" "*''°""' eo/

mpo,n to CQCP l,,,t ,.,., PS or PS-lumf nwnNnolk•t .... g., 
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Sl,Jlu1'6JI uMh:ds lhaa wm: an:ilynd IWDll \er­
'""' 6 nf lhc Ep, Info wl\v..uc (,\non l'19�1 l'ropor 
bro> "�re cllmr,iri:d by a.kulallng xl v.,lh Ya1c,· co1
- or b)' Fi,hct C\JCI ldl• '11,1111.1lly w..<lnWIC\I,
COIIIIJIU()IIS cl,u wrn: cump,md t>y S1uJml'• l·leil> IDll 
anu)>i>ufvanancc ll\NOV,\) Oa� n111 cunromuna w
• oomul Jl,t .rlbutioo \\ere c ompuro by 1hc Mann·
'\>.lulnty U·ICSIS and 1hc Kru,lal \Valhi tc•IS (ur by
\\1\.:.,,00 r.anl ,um 1(-\1\. 111c ,.du"' pR'>Cflll:d bc\o"
�,-.. icn11ly mean• a11<1 ,W)d.,1\1 de1ia111>u.,(WI r-\al 
u:. uf, 0.0.S 1\ ere u\.m 10 1nJi.::i1c •lsmlk•nl d1ffo
_.._ 

ltl,\ l'l"J 

llinlcal an.I pa,m110/0)IIC11I rl,uro,;/rrurlu u/ m

ro/•o,JI/ 01,d 1/,.-r,q,.,111/r ,V,,j>(llllfl · .\ tl)I.I\ uf \61, <hi\
drtn \\11 rnrolltd to J\IC .iud) . .SI. �2, .inJ lil ch�dlffl

•1erc mrullcd in the I'$, CQ( I', and A01''- g,11111", n:
'f'C\1&•cl) Ofthr-.:. 4'1, 48. and 60 sluhlr<D In lhc l'l>.

cocr. and AOl'S gn>llf'S- n:sp.'Cll\'CI) co111plc1rJ tbc

� 14-d;iy f,'11.-,.,.. up p:n<JJ ond \\et>' an.>!)� 
Tur chwcal and J»l1L"l<l1ogical dQtllC\ffl1lie> Ill enrol

mml ,..,c ,uruur 1n �11 PI" (Tllblc II Tbc tht�
laC �'(I.\(:) to JNg tfCIIIIICIII ""' tllk1 CUl1\fTl>IU'cd In

lab\< 1 ,\QP'\ v,;u ,1 (1111iC'11�1) mton: cff�IIC tlWI

CQCI' orl'S lndc:mna fC\ci &nd JW.Wllktlu:&and w1\h
a 11g111fic:intl} h1aht1 cure rat< oo dl) 14 Ouc.l rom·
paruu1 ofl'!i an.!CQCI' ,h<l\\cd 11\.11 fe1e1 (2? I I"
I 6 0 R cl>), I' O.OOM! hul no1 pw11-1hc clur:ioo- '"
1IIUill,.ilhsccu1ll\<le.JllllU" tl.7 11.,l.S 011.U),
r O.J.l) ,..., 11gnllicmUly f&11c1 .. ,,b CQCI' 11,;,n 11-11!1

I'S. Thl:cwcfillooo«by l411aselw'1gnl!lonll) hl&Jirr

••th (QCI' than w11h I'S (80.S \' 59.2�-. I' O Ol) 

"""k lorJ1,Jin1J,,, J11rl11t Jqlfn� ·U/• The l"n•lmce

and inU:ffl I IJ CS ,, f i1111rlOC) t.lrlJl1a l;cf llC <, ILlnU 9 anJ I llo

"""'unrnt 1ll't •um11t.lri1ccl m Tobie II CiMncla<.-,tc w 

n-..-.: untl.a)11 l. 7. anJ 14 urd,)11 l, 7. ,anJ 1� cQGtbin.'11

v,a,: llgllllit:Wlll) hlsJ1tt fn the I'S 11uup ll..., Ill thoUlhrt

uca1mcn1 SJUUI'" 11,,,. .. u, 1hc 11c:.HD<11k 1DC,111 jplllC 

IOC}\C 11cns11lr1 lOMGOl wac llmilar in 111 thl' 11n1

nttnl "'""" 
The mn!i111 wr,11•1 um< foe pn,rlitnl )"""' P

mtll>C')1" tP\'O) In PS, ('(,I( I', and ,\QrS 11"1mnu

1100� ,.en, 3 S, I.S, anJ 1.5, 1opt'Cll'rly Tllcrc ,.., •

,tplRC&111 .i.1Tci� In the .,..,,.11 � 0.r 1� 

,ur1t111! opcnc:1Kc 1111na Wilto100 (Ocbanl 11.111cln

11,. 141, r 000061 The nooo of1ho<1<ru1:1r1 lr<t

�I bk>odl ur pcuphcrat >"""' iµn1ct('()'tct II\ 01 k>

pcnpb<,-I nu1ur< ,.,,,...,..,..-,10 ace ..a,u...urd In T ,M<

fAl)l.[ I 
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n1 Tbt �Ill .,-CR? CO!lfislcnlly below I in 1\11: CQCI'

..SAOPS pwJ11 Ill' ull cb) 7 IIO\\C\cr, 111 lbc PS group,

11111 rali.> l\hC l'f\lifO\l\dy IU I 00 lb) 7 uldiating

COlllllllllll& produ.:11on (or 11cncra1loo or mobili1.:11iun)

ol )VUI\I i;lllltlllC)ICS t•YG l1MG dcru.ity r.li11 tn•

an.,.-J,ia,iifkantly fum1cby 0-14 Ill tho.clR:>lcd "11h

PS Ind CQCr 1,:l 76, I' - 0 OOOOOlnnd x1 42.2, P

1)00001, rcspcai\-cly) but Jccrc.L\Cd 1ia1110an1ly in

!A>lc m:•lcd \\ith AQl'S tX1 • 53 l. P -0 0000011 

lft/u1h111,/111• """'"'"' Pl'G 011J "'I'"''"'' tn ,lr,,i:

,,.,..,..,., �ooc 11f the ch,ltltrn ,u,c .. ,!ull) 11,:.11cd

•uh C'QCr lud 11\'0 Ju�� follow up In chllwa1

,.i., b)d ,c,nitl\c rc-p<'C\..C tu I'S 1�11ncn1 In 29),

P\'G •-a1 J"'C"11' oo d.'>>• 0, 3, S. 7, 0,11114 in S, ll, ll,

ll. and 7 childmi. �11,d) SunllilllY ,n th\11(' ru< 

maMly lr\'>lcd wlthAQl'li lR 6'11, l'YO \\� rr<<nll

1111 tb), II. ). 5. 7. :and 1-1 in �. l, " '. lltlll n fG1lt11I,

r<l4lCCll\tl> The l'YO rat� \ltrc 11�'11111,mtl) hlgl,,;t

•\bo...r UOIN ... ,111 rs �Q ,n � ln:ll4lll ""h AOl'S

• 111 uinn Juno, foltO\\ up (I'S O 006 In oil C(lffl!Wl 

lulll)

Dtn-o_,_,u.. •• 
r. W,t-l 1)11

M-•S.I 

a..,. 
�l_.,,,._
C. C-('pl)

"-• s (:. 

� 

0.,,,, .... ,.,aa 
c. a,,._, idl

Maa•st. 

a-.. 

� ... i &JDC e 
" t -,;.i, 
W..•SL 

f.-.:, 
O.,u- � ... ,.. __. .. ...-
C+1 CJ.I ...... - ) 

'-•til 

� 
1ee1,.., ....

-

0.,1 
bo,J 

.. 

CioJ I ..

"' 

lz:1: I 
ll-

"' 
1oos-UJ 
1?.&'16 

� 
l-''• 11:• 
I� 

'" 
)9tt \All 
1»131 

0 

.,,.:, 
IJ.d 

' 
lS 
» 
'JI 
JJ 
11 

1'011 lloc Tur\cy IISD tell tur rcpu1cd mcuure
of the c1Te1:1 of PVC, 1cnc11tion o><r 1ht 14 day fol

\01< up 1ho\\fll >11n1lkam d11fc1cncc1 ,n 1hc cump,ri

'<!111ofl'S\1/\Ql'S•ndl'S,TCQCP\P 00001.md

0.0001 n,,pcdi1cl)') Thc,c ,.., no �,,ntnc1n1 dlf 

kn:11cc In the cumpari100 "' l'YO 1cncro1cd hy 1hon

1rca1td 1'11h AQl'S and CQl'S (I' 0 01) 

/lrlalll'n,hlp h,,1t1,-.-n /'YG u,.I u•Jcvm.• n( lrtot•

n,<nl In ,� cltlltlrr11 ,,...,,,J 111111 I'S dntl C(X'l' Th•

rtloliundur bcl1<ccn UcAlfflCRI OUlt�mc, llld rr. 

cncc uf l'YO 111 chilJrcn tn:Jrtd .. ,111 I'S •1-.I rQCI'

IIC 1ht""n UI TablN IV lllld V rYO rotct l'<IC 1lnult1

In t1,u1c ",tb 1cnu11,c ur rccl11,n1 rc•ro1uc1 10 I'S

( 111 u( 19 1t ll uf 20, l O 0-1, I' 0 931 anti the

,atC1 !\CR: 1mular Crom day, n 14 ID «•ntt••� rvo

w:a, ,-c('l1 onl) tn 1h,1tt "'llh fCtltlllll fC1(Hll1IC IU

t'QC'r In thot• 1,hl.,ut pmC1('C),..••n1.1 .r prc:stnll 

111,n, bul •h•• ,ut>�lly dnclvpcd l'YO 72 h all«

cl.lfflmn1«111cn1 ,,( CQCI', lhc rroc-ncc u( PYO "" 

"",clat<J 1<llh 11a1mc111 follwt 011 ur bc(<1rc dAy IA 
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1-.CJ,._,,LC,1' .. LW?oOl. P1tJ Jplwtalli,­
m,6aw,Olc ,a&N.Gcall-M -..waa,rlicM pi..,. 
�,-i,.,.,,., mallwla. � .(1/u,,J Tmp J,J,J 
hJh 1/,a/,h JJ 6&5-688 

II.ad MJ, Hou T. •n ,•11411• c. i: wimila "· Oizml 1' Dlc&mi
P .  �J. K•znnbr P. s,,,.,.,. ll100S rm-,. or.,._ 
lllo!W--1�..-paml..-.thtalftdo� 
ID<1....,,11Cplmcr)ll11unyciD farlh.-a-e-+ ,.,,1...,,.,.

jlliglat ra1ana ,.dlll,ilm, .... tll inltp1cd -scmm·"'
fhiLAttr,t)juadldual,lee,Ca1motouJaru-.JpDKU•.,. 
111 .uaJ T,opJWH1'f 1J· ll»-615 

,..._,.n lllnaipan ll. Hrml C', iv-" A.. i-L 1>.ooi.:,t \l 
n,m,,, J Siadal Rf 19'15 Spc:clllc ad � R­
'P 110 f',-Jiwi/okipa,Wt �· � 
• obo<na&...,, .. ,i.: palC\OC)'°.,,... oa«booldwJru, 
ln"'l•••�•<-c,(Moun,i,,quc .!,nJT,op 
lW llr11 CJ SO-SIi 

O!!woP. i-: ... ,uc Le Ol"IJJ, lllnpald P.M ........ P. II­
, 1996 Sy,wmtrk: 11,,,... of _.,J.,aq"""' If,-•.,..
.. map1;,,.rc,1ma1am. i..-c,,,t 1191>-l:?.01 

"'"R._, i-:....., r, Luumburgff C. rcr Ka&aJc ro. r.,ptiun L 
011.....,..isiddlnT. \VM<NI 1996. r,aca,of"•u• en 
dalvt1rn,;., rub� trtrVftl�<ibll 11)' L,,,,c<I ,,, lb� 
16.'ill 

l\a,aC,M•>••doC 1'1?7 1,oiw-lpn,<1nc,t l'"*-'1.-"' 
1-..ia, ucated rt-'•-I"'� ,,,...,. r-i-"'

,...1,ca11naarnrma1.tn,a uana11lfflfflC-UOI� 
r,.,,, lltJ ,.vr 111,�: ?17-ll'I 

SaluoLA. Ajt,1 ro.s.,,,,,ma,,"-v.·,1uro 1'1'10 MaJ,r\11"'
1,1pna. • mu,r l"" Tmp MN p.,,.,.,.., 14 �>s-&-U 

S,bk) Ot 11).k n:. Slau l'FU l'lo"c CV. 1-vblin Ja Mbcno 
l;X.Co•111>nA� \Vblfl1111c) l'A. \I\IIJIU WM, Ale-rt �II\ 
1CXII �1M,unc ,a....,,.. ia /'l<n9> Cii,e
f,,klpan.,,r •II.II !IOI. TnnJ.• rut>JJ•tol 11 W-.581 

\adallJ.199$ �ond«""ld<>d"F r• lolW 
Sllcrm,n. \i.,/,,...;., ParmU• Owl00\ /'i>lhO!I'"" 0• -1
r,,,li'r-. A.SM Ptt<s, \\'aslun&JOII DC'. P "..I\ 

S.-.\ :n>? """'la111i1<da•ll('l"-�ctJcrt,r·-: 
d.uq,m,ewlbnl<Uabl'..,1..,m1hccro,_. '""W 
<m;,bc.,t\l f • k 1J,u,nn rulJni t,, du IJtM. INI lhf' J 
r,..,.,,o1w.: 227-lJ� 

.__. A. r .. .,.., OA. 111"" c-r, c,...-no c.o. °i:,";:� ;! 
?11111 l'lm�l"".,....... ....... ()C)- .....,,..
<lllldrm. rmrwat 1111.n.111.n: ...-,.>1...., ....... 11rc.u hof •p,,,rrc,i,n,,,c 10�111,,_.,,, ...i -. 
·b hip�·-·"'-·"'d,I,_..,.. 

111 r,.,,,, J.kJ r_,,,,,1 <11 .,H6A 
S........IA.Sal.11.ol.JI IQ?J 1,�r.u,...,�l�,�t'.:,•,:,!.� •I,...._ e1hraaiorialdn>p • t'IIP",.. en-"' 

, .... o( .,. •llm•a '""" """ _,...,.,u ... ,..s wc,..,­
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• 

Effects of a�tifolates - co-trimoxazole and pyrimethamine­
sulfadox1ne - on gametocytes in children \vith acute 

symptomatic, uncomplicated, Plasmodium falciparum m�laria 
A Sowunmi/+ , BA Fateye, AA Adedeji, FA Fehintola, Af Bamgboyc, CP Babalola-, 

TC Happi, GO Gbotosho 

o.;.,- of Plwmxolol)' &: 1llcnpeuc,a Dd Wll!'IIIC I'« Mcd,QJ R 1 1cll ..-IT,.... 'l>cjW- �
� Cbcmuuy, Uiu,cnlly of lbad•, fbt.lm. l'i""'"1

ANuna/arlo/ d111t,J utdud,ng thi, antlfolar,. P)T1mttham111�/fodo.ri11e (PSJ. can -","'1t 1M ,-.aloou ard 
"'"'"''° of gamc1oc,1aonlo foll"" "'S: ''"'""'"' of oa,u -Jana t,,/«110N Tlv) •  ""')' also dirrctly I/IJlum« ,� 
lrlllllllu/on Dlld ,prwJ of Jn,: lrutru/1,.,ry L111/t u .tn.n-11 oft he ef{tcts of a,.f�6 (C...7]. '1lfOlhlr -\Wau 
� 011 gamnOC) tu In chlldrm wltlr oa,u malana inftcdtNls Iii a,mpared tit,, tJfttts of Ci>-T and I'S on 
"/1M'flltne11 and 111tmsl1/u of gamtlOC)latm/D and gamttoc,te ,a ratio, 111 101 cJr1T'*rn aird O J./J ,_, 
f'1Uolll11r W!JJ, a01Jt and uncomplleattd /alclpan,m tnalaria. Compand 10 prr-trtUIJIWIJ. l>otlt dn,g1 ,iplfk-,, 
llttrtrJJ«/ 1am,1oey1e camage po,1-11111101/on of ,�.,1mtnt 1/o,.'t>tt s;-1«)1t carrl.,tc • "1 Jl&9'j-11)· /q,,w,• "'>' 14 In IJrost tru,ttt/ .,..,,,, Co-T than PS. Stgnlj/cOIII lnarOJt In gamnoc,1ottnlo ,.,,Jt '""' _ _,,.J In I'S-..,, 
.., Co.T-trrxstal cJ,Jf�n. Kaplan-/,{tl<r survn'OI n,n'f' of tltc n,,m,/a/TIT p,ol,o}>1/1,y of� g-a«>t,-frtt 
*' cltlld,o, -..ho II trt ogomttoc, 1acmle at uvolmenl 1ho..-td 1h01 by day 7 offal/a-.. up, clult/rrlt tm,ud ..,//I I'S lrod 
01'11111f/ta111/y lolghrr propcn,lry to hll\c dc,•t:loptd ,_,oc,tu IN1lt In Co-T.-atffl tluldrtn (Log-rank JlilllJI�

J JJ. d/ • I, I' • 0 01) ComttOC)U 1u ratio changu ,.,,._ JIM liar fo/kw, on, trrolffltnt """ bolll ...,p PS..., C: 
T "'"'"""' of OOJlt malaria 1nfcctloru 111 chllJrtn fro"' 1/tu m.krnlc orta IS OJSt1C"'lffl .,.,1, i(lnlf/CVllt ln::"'�r/lnloltnct and lnttrulllu of gomttoc, totmlo but 1/tue clftco = "'°"' ,,,,,,W"' tlooJt trtoud ,tit I'S 1 

v� -·'"-· ___..wa,o.,a,-·cWJt,..' C<ri& _ �, W'Cnb CCHnmornolc. l')Tlfflelhwonc-lQ!fado._.. • -� • .,..--, 

n.. 11111fot.1oe 111uma1an.t1. pyruncll�f.do,,nc 
� bu �omc lntttttlngly usCil u linl llac itt�uncnl 
•I PINm malaru an 1C"ocrnAfna11COW1tncs because 
1�rru1n1 rc111tancc ,n PltumoJ1un, falc,pan,., 10 
._. 0Cjll111e. In •pile of Cttqucnl use and of ui \f\'oand In 
� JIUd1e1(Hoahc11I 1998,Sowunml&F11cyc200J1), 
�onpmc10cy1cs an chol�n .. uh falcipa,wn In· 

'lo l'tlDSUI lru:ocnplc1ely undcn1ood 
1a11ci ilh IDCna.11111 uic, rtJiJl&tlec 1n Pfo/c/f><Jrwtl to PS
c( 1 4i:{S1blcyc11I lOOl)pn,b.,blyuaCONC'I""""'., lo.ia hllr livci orlu componcnll II hu rc<cn1ly bttn 

ll<flcd lhat. co-tnmouzolc (Co-T), 1111111111folate 11111•

�� "."'lb rcl111,cty ehon batr-livcs of hs componnus i;-00 lo PS, may� iu,cd u al1cma1lvc 10 lh• 1111<1 
i.,�.""*llnCl,1 of uncomploCll!Cd (1lc 1panun 1nf«11ons 
iooj"""" �au,c ,111 as cmcacio..s as PS (Omar ct al 
b,,1 

• Ftiiiniota cl al. 2QO.I) h II auumcd lhat lhc rcl•· 
,s Y � hal(-lo(c o( Co-T ma), when comp;on:d wolh 
t.fc """- Ille clwx:c, of cn�<rinl �tan« ID P. 

1pa,.,,,, IO this clrua 111d may provide addmOI\.II aJ• 
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1holC ,.11o hacl tal.cn anll!llabnal drugs in the ,,.u ,.cck.s
pmdq: pmentation, provided a unne sample found 
pclllll\e for (our 11111110q111.11olmcs or suJpbonaaudcs (by
• Oill-Glazko and li1111i11 tests, n:spccuvely), or,.ho had 
a<�Wll tlliltss, IUCh as sicklc-ccll anaemia, or sc­
,u;or complica1ed malana (\VHO 2000) v,ac a.eluded. 
Tk lllfomied conscn1 or a paren1 or guardillll wu ol>­
llllltd ror C2Ch child mcludcd m !he JtUdy. A cluld was 
1111hdn\\11 from lbc srudy if sbclbc dcYclopcd concomi-
1&11 illocss durinJ lhc follow-up period. or irhis/hcr p;ir­
ma or l'Wdwi requcslcd iL Thick and !bin blood films 
fruaull p111cn1.111,ho p�ic1p;ilcd m the study"' ac aa.m­
mal for !he prcscncc and dmsity or  ucxWII and sexUJI 
pam11a 11 cnrolmcnl a nd suu, or�tmenl (doy 0), and 
• follow-up 11 cbys 1-7, and lhcn on drsy 14. Co-T wu 
ll"tll u 20 m;lkg or the rolfamctho.uzolc component 
rim cb1ly for five c!Ays (day 0-4); PS wu i:•�cn u the 25 
io;."15 oflhe aul fadoxlnc component a t  prc:scntauoa (<by
O� AlldruJS wc1e odminis1ered orall y. 

Auas.lftfflt of ponullotmlo and gomt/OC) ,� su ro·llo • Tbkk and thin blood films prepared from o finacr PKtwcn G1an�-s1Aincd 1111d ... = cxanuncd by l laht mi­
Cl'OIC:Opy under an 011,lmmcnlon obJCCIIVC, II II I 00011118· llOt111on, by lwo lndcpcndenl assessors who did not = the drug �Dlmenl or the p;illcots Parasil4cmla in 
, 

.. 
_

films WU CSl.lmaled by coun1log LUU'UAI p>tllSileS""""-c lo 1000 leukocytes, or SOO asexual forms, which,
<ttt occumd OrsL From this figure, lhc p>tllSile density :!,";&lculated usuming an avcr1ge leukOC)'IC count or 
.._µI or blood (Sh1per & Lewis 1971, Ezcilo 1971, 
�wunl cl al I 99S), Oamctocytcs were abo counted in 
�,\�� •plns1 1000 leukocytes auumlog an avenge 

-,\C count or 6000/111 or blood 01 ctUolmcnl (iu)' 0) 
�on day,J, S, 7. 1U1d 14. Oamciocytcs were sued, lo ._blocd film.1rgmnctoc)'Ult1llio WU� l2SCXU21 ronns' 
�llllclocytc su detennirullioo was b3Jcd on the rul· 

&ail<tia (Cane, & OraveJ 1988, Robert cl al 1996). 
::: ate tl'll.lllcr lh�n femalcJ. the nuelcut II b1ucr in 
lllll than rcmalcs; the end1 or the cclb DtO round In
� Ind •n&ular In remain, Ille e)'loplum tlAmJ pile 

"3a • IO males and d«p blue Ill femalc-s: and the g,a,>· 
411d 

of malaria plllfflml are ccnm1II) tocotc d  In (cmJl<:1 
tic lll0fo"1dcly 1caucred In moles OSR wu denned as 
- �oo or pme10C)1e1 In pcriphcr>I blood lhJl 
l(Q�� C11>CllllctOC)'lct (P1ckcno1 et al 2000, \\'<JI cl al.

IIQa S.c,,1,aJ """'>'JU • Dota wcte analysed using \'e t• 
�Oflhc Ep1-lofo sonware (Anon 1994), end the SIA· 
19'J9) PIOi,.,,, SPSS ror W'u,dov,t vcnlon 10.01 �PSS 
Yil(>• l'roponJoa, ... ,., compucd by ulcul11ina l with -..i

, cairtt,oa or fbbcr atel tcsL NorrnallY, dlsltil>-
-. CQiulo110us da14 ,.ere compucd by Student t 1-1csu 
It ltlll)'lit or nri.111cc CANOVA) 0>11 not confonntng 
� OOl1nal d11tribvll0n wc,c conipucd by the M•DII· 
-....;:: U-1ct1 and the Krwk1I-\V1l ll1 tell (o� 
io.._, tlllk Nm!QI). Kaplan-Mele r 1111lytb "u 

rsi.---. lhc aunuiatJ •• probabll lly or rtffllinlng rrcc 0 
�ia chinca ro110---up for all caus of m:ilana COITI·• ...., roru-Qlcl that were (i'Ceorpmctoe)U<IDU 

� DIITcrcnecs ,n su,-,im umc w cn> a,tc11Cd 

by uupcction o( Kapl;,o-\1.ocr cuna and Jlall"IK Joi·
nutk lc:IU. P-,'llues or so.as ,.ere taca to Uld,ateJii­
mflCalll dilfacoccs. 

WULTS 
Duiographi� charoc10111/a and lhuOf'flJIIC ,�

1porua • A tot&i or UM dtlldrcn ,.-ere Cllfllllcd inJo the 
study. Two cliiJdrul. one m each trallDClll poop, wm:
excluded from lhe siudy due 10 iwcnlll rcloalioQ. Thclc 
cbildml were elemd or t.bClr pcnphml pamtlxrnia al 
lbc wncofcxchmoo. Thc dcmognpbicc:lwxlcruucsor 
the children corollcd 1 0  Ilic 11\ldy and the tbmlpcwc re­
sponses lO the 1teauncn1 ei ,en arc ,Ull1lllJIIUd in Table l 
These wac sinular in the 11\o UQIDlctlt croups. IIP"C\'tt,
p:u&Sitc clconncc ..-as 11gnifie1nll) shorter io thoJc 
UQtcd wilhCo-Tllwl PS 

P1e1YJlc11cc of ga,nttOC)1Dl'ffltJ • The pcc't-alcncc or 
pmctoey14caua before 1111d atlcr 1rc:11me111 ,.,lh PS. aod 
bcr�. dunng 1111d tlftcr llQlmco1 .. ,1b Co-T is sbo11111 in 
Tobie II G&m<IOC)'lc c:anugc "� s!m,Lv on dayi 0-7 UI 

bolh lrcJUIICnl lfOUjtS and ii pca�cd II day 7 In bolh the 
PS and Co-T c:,oups. O:imclOC)U c:am•&• was sl,n1fi· 
ca11tlylov.c1on da)' 14111 lholctrc>tcd ,.,111 Co-Tlb.an PS 
(;:l. S.6, P •0 018) Elc, cn and I 9chtldn:n lrealcd ,.,tb 
Co-T 1111d PS, rcspccll•cly "-ere gamctOC)1< camcn on 
bolh da)'l 7 and 14. The dl(J'crcn« btl"'"ffll Ii,-pio,

pcxtJOIIS ,.-,u lignlfiCIDI (:tl •4.0, P • 0.0l6). 
In scoml. compared lO JlR"'ue>uncn� bolht�faa�ool·t1 • crcucd pmclOC)1C Qrtll&C p0J •lnl 

:r:.::c:ct •20,9,P•O.OOJ forCo-Taod11•2S 4, p
• O 0001 for PS, sec Table 11) In childtto \\1th0111 �cnt • 

llli2 al CIIIIIIITICOI. the"' WU • srutcr I'!°'
&Jllll�� pmclOC)1C-p0Jllh c by day 7 with a s1an1fi· 
pcnr11y 10 piopon1on or childttn treated ,.;111 PS ha\'· c:antly 91COIC1 

t
ab. da 14 or folio" up cornpiml ",tb 

�!f;.��,.,J-1�•�il•S 9,r•OOl6) �bltll) 
11 mf• t,,(orc and ancr 

Gomttoc, /jtmlD • Gamc10C) 
• anJ n t lfUUD<lll 

irc>uncni ,..1tb rs. ond t,,(occ, Jllfl•II �b 
.,..,....,i.

",lhCo-T lsaho"" 1n Tabl e II 
0�<1?1n bolh eo,T and

I ·•-"•""ul the du.mlon o(tbc SIU )' - -'· ---·• a, uuv•"''" 
1h pc.ilt pmclOC)UCIDY .,.,_,-.

ps.ucicd childtcn .. , 
da 7 Pc:a� pmctOC)1Jl<IIIII

In bDlh u-c•lfflCll1 SJOU� on > · h than day l same­
(on day 1) ,..., 1tsntn"':'�:y hl:;(,•0.066,P•OOIS
IOC)ll<lni• 1n both-: 7 �V,ICOAOII 1ipi ,anl. lCSI for
forCo-T;t•OOS.P•O 

• fu occuni•S an days )-1� 
paired ,Jou). CillTIC�Cffl -trcalll!Ctll gam<1DC)UClnl• 
"'" not compa,cd I: ofpat1<nU 1n bolll poup, 
bcCJuJc of the 1n11ll num 

or s-mctOC)U<fflll us111a 
J lo" cvtr, mulllplc �'°J:1::.:;. wu •laninc:an1 IDctc»• 
fncdfflllll lCSI shO\\!;lh umc on days ), S. 7. wl 14 ui
in 5,unc10C)U<IOI p • O OIi) In comp1rilOCI, lhcrc 
tho•• 1,utod ..-hh PS ( � , inc•OC)�<ml• with ume 
wu no 11pfican�

1� 1rca1od ,.,th Co·T (P • 
on da)'J 3. 5. 1• • 
OJ'}) I CUl'e or lbc (ljmUIIU\C 

Th< Kapl&n·M<ICI 1""'1'� te-fr« 1nchlldlffl ll>ho 
p�billtyofrTfflllninari:o:.nl I• ahOl'R ID Fis I 
v,crc ,,amc10C)'U<lllle 

·�;tldtcn u-citcd 111th I'S bad 1
Dy di)' 7 of (olloW u

p. MII)' 10 ha,e dc\dorcJ CJIII .. 
illJllnc.anilY hlJhcr plOP' 
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,_ dmwy (/jl!)
p,ua ....... 
aop 

�,. daully (l�IJ
�-

� 
1CT (d) 
-·id

..,.. 

rq(dJ 
-·id

..... 

6.3: 2.9 
1.S-12.0

18.2 '- 6.4
7.S-3-1..S 

311*1. l
35.7 -40.9 

36543 
2200-349636

IS (o •3)
12 • 24 

2.S J. 09 (• • 50)

1-5 

2.0 ± 1.0
I • 4 

6.l * 2.1 Q.9 

01-10..S

176• S.l 06 
7.0-2&.0 

11.41. I, CU 
)59-41.0 

3491.l 
lSS1-6SlSOO 

17(o•l) OJ 

12-2, 

3.2-* l.l(n•<i,l) 0.002 

1-6 

2.3 * l..l
o..?0 

I -6 

11tr1,,t1_• 
"°"lllf«liona

C....S(K) 
IJ 47 (83.7) -0 (57 7 )

0.88 

� 
6 

$ 

•Sl

a11J O 
0 

•-... 
0 I 

t, W110(197J) • 
• _____ _,;.___ 

-

� mtm• FCT r .... clca'*>C• 11mc. l'C1' ,,.,..,�cl..,_. da><,..i,,i.wl>rdclcH•,_ /\II�""'

-

Day' 

Co>T(n•Sl) 
PS(o•49) ___ - p ,'lllle_

18112-491" 
11112-2•1 

S/51(9.4¾)•
2/49(41») 

21112, 120) 
21112 -144J 

Ill S) (2S%) 
12/ 49 (24.$t•I 

n 112-•201 
,5112-1rn1 

21/$1(41.2\'•l 
2$14S(S1.1%l 

42112 -4441 
11112- 2Jl6J 

1 0
I 0
049
OJI
o.27 
o.u

OSl 
21149 (57, '") 

)&/ 46 {7J �-, 

J) 112- 120) 
4J 112 -12001 o 

;;;;:--_ 
1)1)7C)S.1',l 

1J/3S(6S1'>1 . _ _ 
O II

,,.-.... ,1( 
---- �..,....,,,rcr<d"s-o!P'"(ft!J

... :-.... .._,�'· 
b � p<111il1•-· or"'"""" _,u,c<I. �� or pllld<)'J°'•""'l"' 1'19"� .,,J 

o,. , _� .., o( .,.;;;;,...M-1 Wlucn.ycoa;J �&nl.l' •11!1111Sf""I'«;;"
'"''"'""" CX'. JI.A P • Oo001J.,,.. oboW 

Doi •• 

--� 1 la C-o>T �-,11. 209, p. oOOJ). Ind for uuun 

111 
P1D11«y1,o ama;e ,.u ..... 111,--• .,,11, t,o<1t dnlP 
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.. �s . ...t�lndl.1oen •A�11._ 

llt)1a lbll m Co-T-crtatcd childmi (log-rank sw.n,c 
SJS,df•l,P•002). 

TtlllpOfDI c.ltanga tn gamtlOC)tc sa ra1101- lo Co-T­
lalalcb.ld,ai. 7. 28. 104. I�. and -i4 � .,.-ere 
ORlled on days 0, 3, S, 7, and 14, rcspccti\cly and 1p­
P""' •rmtdy 77', • of these gAfflCl.OCy1CS could be seitcd. In 
PS-t/Qtedchildlm, 7. 34,230,293, and 168 pmc1ocyta 
•maio::ucd on day, 0, 3. S. 7. and 14, ,cspcci.�cly and
lpp!O.wnatcly 76�. of lhac pmctOC)'lcs could be sued 
llitdllloa OSRat cnrolmclll "'ere pooled because oflbe 
&Ill ownbcr of a,metocytc c:amers otncrvcd prc-lrc:lt· 
IICll{lhrtt a:noo1 Co-T-lrc:ltcd eh1ldten and i,.o amooi 
PS-4tattd eh•ldrn). Overall, ptt·lre3tment GSR •as fe­
ealc,bwal, but became malc-biaffil by day ) ID bolh 
��mctll CIOUPI, and trnl3tncd nwe-bwcd 11II day 14 tn 
-. P'OIIJll {Fl&-2). GSR "''&S sinulu in the i,. o trc:Wnalt 
*""�ond;iys),S, 7,and 14(P•0.4,07.0.7,and0.2, 
rr.pcxu,tly on 4hy, ), S, 7, and 14. 
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, .... eased by pmdOCY\C maleness (Robensct al, 1996) 
ad infccuvily correlates wnh gamctoc:ytc dciuuy 
(Tclloahmct&l. 1993, Robert et al 2000). both Co-T aod 
PS bymhmcing pmelOC)'tC maleness, gamctocytc car -
11Fml� !MY 1113!1«:dly enhance rn:ibru 
SVVUSl"'CI whether lhc trcaled �ticnu ha,c antlfollic 
Mmltl\c or rcsis111111 Ulfecuoos. T1us a dmm1 for lhc 
11tof!hcscdnigs alone for the trc�tmcnt ofmaluu. 
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