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ABSTRACT

Gamctocytes are the sexual forms of Plasmodium speaes that ace essentisl for
the transmission of malaria. However, therc is little information on the factors that
influence their generation or carriage, a measwre of tansmission potential of
Plasmodium falciparum, in Nigetian children. The objectives of the studies were to
determine (1) the risk factors for gamctocyte carriage and effects of seasons on
catriage, in children with acute falciparum malaria, and (2) the effects of selected
antimalarial drugs on gametocyte carniage, iotensities of caniage, morphological
stages and sex ratio changes (GSR).

Overall, 2,317 symptomatic children (M.F- 1024:1293), aged 0.5-14 years,
with microscopically-confitmed 7 falciparum malaria, treated with standard doses of
the antimalarial drugs (chloroquine (CQ), pyrmcthamine-sulfadoxine (PS),
trimethoprimsulfamethoxazole (TS), chloroquine plus chlorpheniramine (CQCP),
pyrimethamine-sulfadoxine plus probenccid (PSP) and amodiaquine (AQ) plus
pyrimethamine-suifadoxine, AQP'S) wecre siudied Before, during and following
therapy, densities of ascxua! parasites and of the morphologically distinct
developmental stages of gametocytes were quantified in blood over 14 ~28 days, using
standord mcthods.  Tempotal changes in density ratio of Peripheral Young
Gamctocytes (PYG). Penipheral Mature Gametocyte (PMG) was used as an index of
continuing gametocyle generalion afler trestment. GSR, defincd as the proportion of
gametocytes that were morphologically males, was also quantified scrially over 14
dayss. CQ blood concentrations were determined by high petformance liquid
chromatogsephy. - Responses of infections to therapy wcre classificd as sensitive or
resistant.  Data werc analyzed using student (- test, analysis of variance, chi square,
Kaplan Meier survival test and Multipte logistic regression models

Gasmetocyle carriage in the recruited patients was 15% at enroiment.  Four
factors were found to be independent risk factors for gamctocyte carriage at
presentstion: male gender (adjusted odd ratio, AOR=055, 95% Confidence Interval,
Cl= 0360 83, P= 0005), absence of fever (AOR= 161, 95% Cl= 1.05-2.5, P=0.03),
durauion of illness >3d ( AOR=157, 95%, Cl= 10-2.4, P~ 0.047), and asexual
parasitaenua <S000/pul (AOR=0 04, 95% Cl= 0.02.0.07, P<0.05) However, 156% of

all the children developed patent gamc!océtacmia following trestment. Except for
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male gender in the low transmission scason, the identificd nisk factors for gametocyte

camage were littie aftected by season A total of 220 children failed to respand to
antimalarial drug treaiment.  Children with CQ-resistant infections {(37.1%), and those
treated with PS irrespective of outcome, were significantly at nsk of gametocyte
cainiage compared with other antimalarials. CQCP-resistant infection and treatment
with PS significantly increased PYG-PMG ratio (P < 0.05). In contrast, AQPS

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

Antimalanial drugs modulate gametocyte generation particularly when

resistance has developed and may potentially facilitate discase Lransrussion. Presence
of peripheral young gametocytes (PYG) was an indicator of resistanec to CQCP but

not Lo PSor AQPS PS may enhance influx of young gametocyte into cisculation.

Keywords:  Plasmodium  falciparum, Gamelocylaemia, Antimalarial drugs,
Transmission. Children (word count=439)
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CIIAPTER 1

Introduction

Plasmodium falciparum, which causes malignant testtan malana, is the most
lcthal in man, accounting for majority of malasia attributable morbidity and mortality
globally, especially amongst children, pregnamt women and non-immune traveless in
the tropics (Gilles & Warrell, 1993, Trapc, 2001, WHO, 2003). Of the estimated onc
million dcaths reported annually from malaria. approximately 80% occur in young
Afiican children. Infants arc vulncrable 10 malaria (rom approximately 3 months of
age, when immunily acquired from the mother slarts 1o wane (\WVHO, 2003)

In
soulthwest Nigeria, P’lasmodiun falciparum is responsible for greater than 95% of the

malaria infections (Salako et al., 1990)

The Roll back malaria programme for global malana control strmtegies
includes carly diagnosis and (reatment. devclopment of appropnate preventive
measurcs including veclor eontrol, and devclopment ol local technical capacity
(WHO. 2003). However, intense Lransaussion, urbanization, increasing resistance 10
antimalanal drugs and unusually (avourable transmission conditions have hampered
the progress in malaria control and have led to unexpecled epidemics. [n addition,
large mosquito populations and ready availability ol gametocytes in peripheral blood
have made tanomiswon incvilable. It is noteworthy that little information is available

on the dynamics of Plasmodinm folciparum ganctocytaemia in Nigerian children

1.1 Gamelocyte development in men

The over 170 species of Plasmodia parcasites undetrgo both sexual and asexual
phases (Paul and Bray, 2003). Gametocyles asise (rom ciythrocytic asexual stages
Contrary to production of gametocytes directly from hepatic nicrozoites as described
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in other species (Gamham, 1966), Plasmodivn falaparum gametocytes (Figure 1.1)

arise from mawsre asexuval forms. The mechanism of the switch from asexua) to

scxual stage and its madulation are complex and incompletely understood (Carter

and Miller, 1979, Mons, 1985) These maturc asexual stages are absent from

peripheval circulation due to cytoadherence of their canier eryihrocytes to
microvascular endothelia of organs and tissues, such as heast, lung, liver. skin aad
brain (MacPherson et al, 1985) 1o avoid phagocytic clearance from spleen duriag
maturation. The resulting young gamctocytes fom commiticd merozoites avoid
peripheral blood and sequester preferentially in the bone marrow and spleen
(Thomson and Robertson. 1935, Smalley ct al, 1980). Bruce and colleagues (1990)
showed that merozoites emerging fiom a single schizont developed funher either into
asexual stages or into gameiocyles. Smith ct al. (2000) and Silvestrini ct al. (2000)
demonstreted that the gametocytcs from one schizont ase all male or all female. This
obscrvation suggests that the trophozoiles of the preceding asexual generation werse

alrcady committed (o0 cither scxua) development or continuing asexual cycling

Thus, overall, studies on gamctocytogenesis coasistently suppont the hypothesis that
Plasmodium s committed to scxual devclopment in the preccding asexual
generalion rather than diflcrentiating following invasion of the crythsoeyie by

uncommitted merozoiles (Caner and Miller, 1979, Insclberg, 983, MMons, 1986,
Brucec ct al, 1990)

Ficld and Shute (1956) were {irst to describe fve dilferent maturation stages of P2,

Jolcipeorum  gametocyles.. The steps were further characterized, using light

microscopy by Hawking and co workers (1971) in P falciparum-indected Aotus
monkcys Gamctocyles growth process is in stages. |-V, (Table 1 1) and maturation

process has been .desciibed in rodent parasites and . falcipanun.  lmmature

gametocytes of . fulciparum (stages 1-11I) are sequestered in decp tissuca of the
body, notably the bone narrow (Smalley ct al, 1981). One of the most striking
fcatures of gamctocytes is the presence of pellicular complex, which originates from

a small membraneous vesicle beneath the gametocyte plasmolema in late stage |,

This structure is absent from asexual stages. It consists of a subpellicular

membrancous vacuole subtended by an array of longitudinally- oriented

microtubules (Sinden, 1983). This strengthens the parasite and explains the lack of
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FIGURE 1.1. Maturc femsle (F) and male (M) gamctocytes, and trophozoites (T) of
Plasmodium falciparum in the blood of malaria-infcetcd patient. This piclure is a

composile of several pictures originating from the same Gicmsa-siained thin snear.
(From Talman ct ol. 2004b),
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TABLE 1.1. Morphology of gametocylogenesis

Stage | Stage 1l Stage Ill Stage IV | Stage V
Shape
(hight [A NA: D-shaped, Elongate | Sausage-
microscopy) | Indistinguishable | Elongates | slightly and thin | shaped
Day et a, |fom the small | within the | distorted. pasasiie, | parasite
1998, round etythrocyte. | Erythrocytes | distorted | with
Hawking et | trophozoite with  pink | red cell, | rounded/
al, 1971, 11B. /blue Male: angular
Sinden, 1B Larger | D-shape distinction pigment | extremities-
1982, round shape of tends (o | Male:
Sinden, distinguished by male/fenale | be pigwented
1998) granular scatlered. | scatiered
distnbution of Eemale: | pink
pgment in food pigment | Fepale:
more dense
dense pigment,
light,
violet.
Time of
appcarance®
(days). 0-2 i ~4 2-8 6-10 [9-23
(Sinden,
1998)
Point in cel
cycle Gl Gl GO GO GO
(Sinden and
Smalley,
1979)

GO, a temporary resting period or more permanent,

G, cells increase in size,

produce RNA and synthesize protein. * time refer to the period after sequestration

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




amoeboid forms in the asexual parasite (Langreth et al., 1978). The fiurction of this
structure is largely unknown.

Gametocyle development takes longer than asexual schizogony, for example,
26 hr as opposed to 22.5 hrin P. berghe: (Mons et al., 1985) or in the more extreme
case of F. falciparum 8-12 days as opposed to 48 hr (Sinden, 1983). The proportion
of parasnes that develop into gamctocytes vanies greatly during the course of natwal
infections, cven at its peak, but is very low in relation to the total paiasitacmia

(Smallcy ct al. 1981) and is reversed during recrudescent infections (Sowunmi and
Fateye, 2003 a)

The growth and difTerentiation of gamclocyles of . folciparwm spans a
period of cight days from merozoite invasion 1o mature gametocyte, each stage of the

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

cell (Hawking ct al., 1971). The [requency of conversion of asexual pasasite o

sexual development varies within parasite clones and diflers consistently between
clones (Carter and Miller, 1979, Graves ct al., 1984), These [ieidings suggest that
both innate and cnvironmental factors may predispose or trigger the parasite swiich

from ascxwval 10 scxual development (Carter and Miller, 1979, Graves a al, 1984,
Bsuce et d ., 1990)

In a culturing expeiiment, Suhtbicr ct al. (1987) showed that sexual
commitment is highest in the merozoiles derived directly from liver schizont. Day et

al. (1993) also showed that continuous asexual passaging was identified as a factor

that may lecad to sexual commitment. The latter has coirelates with accumulnted

chromosomal breakage and resortment (Frontali, 1994, Bimgo ct al,, 1982) and could
be particulatly important if the scxual stage genes in Plasmodium ere concentrated in

certain chiomosome, for example, chromosome 12 of Plasmadium folciparum

The investment in securing a male and the 1isk of mixing genes with another
are noleworthy costs associaled with scxual reproduction but at disadvantage
compared to asexual reproduction (Dyer and Day, 2000, Otto and Lenormand, 2002)

Thedfore gametocylogenesis in /% falciparum and favourable conditions may
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sontribute to severity of the burden of the infeclions as newer stains with
conadcrable biologic difference from original strains may emerge. This will

considerably add 10 the increasing epidemiologic burden of the mfeckon

Paucity of specific maskers that cao identify the immature gametocytes or

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

gamclocytogenesis difficult. Although, there arc genes that are expressed later in

gametocylogenesis, these were of little uscfulness for these studies. The genes, Pf
11-1 (Scherf et al, 1992, Feng et al., 1993) and twbulin 11 (Rawlings & al, 1992),
Pfg27 (Caner et al, 1989, Pologe, 1994) and the S fortn of RNA (Thompson and

Sinden, 1994, Waters et al, 1989) are expressed significanily afler commitment to

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

gamctocyic markers P/s/6 and Pfp27 was readily detecled in 3D7 parasite line
(Silverstrini et al, 2005). One hundred and seventeen genes had expression profiles

that correlated to those of pfs /6 and pfg27. The northern blot analysis and published

protcomic data have been used to identify those proteins whose cxpression was

gametocyle-specifie.  Immunoflourescence analysis with antibodies against two of

these gene products identified two novel parasite membrane proteins associated with
sexual stage specific proteins (Silvcrstiini et al., 2005). One was produced fiom stage
1 gamctocytes and the second showed peak production in the stage It gamctocytes

(Silverstrini et al., 2005). The two proteins were named Pfpeg-3 and Pfpeg-4, as P.

Jalciparum proteins of early gamctocytes (Silverstnini @t al, 2005). The seasch for

more molecular markers that wili enable improved comprehension of the process of
gameloeylogencsis is on-going

1.2 Gamctocylecarminge in man
in human, the presence of gamctocyte in peripheral blood, gametocylacmia,
anses 7-15 days afler the initial asexual wave (Eichner et o), 2001, Day et a1, 1998)

compared (0 other human specics with | 10 3 days. The mtio of gametocytes 10

ascxual stages in £, falciporum s \ess than 1:10 (Kitchen and Putnam, 1942, Sinden,
1983, Caner and Graves, 1988) Eichner o al. (2001) even reporied a much lower
ratio ():156). The half-bfc of the mature gamctocyte in blood is reponed 1o be 2.4
days (Srmulley ard Sinden, 1977) but longer half life and consequent longevity in
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blood stream may also oecur, for example up 10 4 weeks. (Smalley and Sinden,
1977) Eichner et al. (2001) and Sowunmi and Fateye (2003b) also estimated mean
circulation time to be 6.4 days or more Because the mechanism of the switch from

asexval (o sexua) slages is incomplelely undersiood it is necessary (o study the
dynamics of gametocytes in both host and mosquito vector.

1.3 Studies on gametocyle carriage in man

In sub Saharan Alrica, antimalarial drugs used in the treatment of the
infoction and increasing drug resistance in 2. falcipariem (0 these dnigs have been
thought to contribute to gamctocyle camage in man and gamciocyte infeclivity to
mosquitoes (Roben et al , 1996 a, 2000, Hogh et al, 1998) Children, in general,
constitute a significant risk group and reservoir of the infection in sub.Saharan
Africa (Githcko et al.,, 1992, Bonnet et al, 2003) with observed pretreatment

gamelocyte carnage rate during the acute falciparum infections, 1n \West Alica,
ranging between 14-17% (von Seidicin et al., 2001)

In Nigeria, the development and incraase in antimalarial drug resisiance
(T alade ct al, 1997, Sowunmi ct al, 1998 a, b. Sowunmi, 2002) has been assocated
with increases in gametocyle cariiage in children (Sowunmi and Fateye, 2003 a, b)

However, there is little or no infonmation on gametocyle carriage rates and factors

conlnibuting to gametocyic carnage in Nigetian children. These faetors, when

identified, may provide supporl for control of transmission of the infection

Several factors have been described as risk factors for gametocyte carmiage in

children in AGica and Asia.  In Tanzania, Akim et al. (2000) rcported young age,

high asexual parasitacmia on presentation and gamctlocyle positivity on presentation
as 1isk lactors for gamctocyle carriage in children with acute malana infections. 1n
children, in The Gambia, hyperparasitaemia, anacmia at cnroliment, age, season and
location of study site were identified as independent nsk factors for gamclocyte
carriage belore treatment (von Scidlein ci al., 2001). The development or persistence
ol gametocytemia duning follow up, patent gamciocylemia on admission. anacmia,
no coincident . vivax malasia infection, presentation with a recrudescent infection

and a history of illness longer than two days were nsk {actors for gametocytle
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Chloroquine (CQ) and pyrimethamine-sulfadoxine (PS) are schizonticidal
and both have oo effects on mature gametocytes However, CQ and PS are active
against young gametocyles before their appezrance in the petipheral airculation
(Smalley, 1977, Buicher, 1997) Although it was previously thought that dunng
treatment, CQ or PS does not induce gametocytogenesis, it is now well known that
CQ increases gametocylogenesis m P. chabaudi in-vivo and P. falciparim in-vitro
(Buckling er al., 1997, 1999). Pytimethamine—sulfadoxine, which inhibit
dihydrofolatc reductase and dihydropicroatc synthase, may damage the cokinete and
reduce the number of oocyst (Robeit et al,, 2000). and may conscquently affect

gamctogenesis. Hogh and othevs observed that CQ enhances P£. falciparum
infectivily to mosquitoes. while PS reduces it (Hogh et al . 1998)

Thus, antimalanals, amongst other factors that trigger and regulate the
generation or development of gamclocylc, arc impoitant and must be continuously
evaluated for their impacts on gamctocyic camage in human and infectivity to
moscuitoes (Butcher, 1997; ilogh et al.. 1998, Chutmongkonkul et al, 1992;

Iandunnctti ct al., 1996; Jones, 1997, Koclla et al, 1998, Robert et al, 1996a;
Robert and Trape, 1998)

In Nigeria, CQ and PS were antimalntial drugs of choice prior to change of
treatment policy to artemisinin based combinalion thcropy (ACTS) in 2009 (Federal
Ministity of Hecalth, 2004). Both CQ and PS are still readily availablc and readily
used as monothcrapy duc 10 economic reasons and non-affordability of the ACTs, for
cxample, artesunate-PS, by many individuals 11 is essential 10 study the effects of
CQ and PS or other antimalaris] drugs used for treatment of malaria in cndendic areas
on the gametocyle generation and carriage during acute infections in children. This

will provide uscful informetion that mey guide drug combination strategies and

deployment with a view (o mimimizing transmissibility

1.6 Gamctloeytes infectiousness Lo mosquilo

Mature and functional gametocytes ingested by an approptiatc species of
mosquito in a bloodmeal are stimulated to transform into the stages that establish the

pasasites in their vector (Garmham, 1966), Under the influence of changes in the
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mosquilo midgut enviromment, the gametocyles become edraceliular within 8-15
mm of ingestion. Following emergence from the red blood cell (exflagellation), the
malc gamctes lentilize the female gametes within 60 min of ingestion of blood. The
fertiized macrogamcte (zygote) differentiates into a single moltile ookinete over the
next 10-25 hr, and migrates from the bloodmea) through the midgut wall to fonm an
oocyst undemeath the basal lamina of the midgut. Each ococyst produces many

thousands of invasive sporozoites over a penod of 7-12 days  The sporozoites

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

possibly very long periods until injecicd into another vertebratc host when the next
bloodmeal) is 1aken (Sinden, 1984; Carter and Graves, 1988)

1.7 Studies involving gamelocyles infectiousness (0 mosguito
Varnous liiggers arc responsible for induction of gamectocytes differentiation

Microgametogenesis i vitro is, opimally, dependent upon a tise in pH (Nishout and
Carter, 1978), a risc in CO; and bicatbonate levels (Carter and Nijhout, 1977,
Nijhout and Carter, 1978), a fall in temperature of a few dcgrees below that of the
veriebmate host (Sinden and Croll, 1975) or a8 vay potent factor termed mosquito
cx{lagellation factor (MEF). 'The latier is 8 small hcat stablec molecule from the
mosquito hcad and gul that stimulates gamctogenesis via 8 bicatbonate- and pH-
indepcndent mechanism (Nijhout, 1979). Kawamoto ct ab, (1991) showed in vitro
that induction of cxflagellation of /. hergher is triggered by a rise in the intracellular
pH (pHi) that is mediated by Ca’’ and cGMP regulation pHi can be modulated by
alkaline media and is controlled by a complex sciies of interdependent ion pumps
and channcls controlling Na’, K*, CI” and 11CO» transport between the parnsite and
the environment. Other influcntial factors described include cAMP analogues and
inhibitors of phosphodicsicrase (Martin et al, 1978) The dumtion of
microgamclogeness is both temperature and species dependent, for example, at 20-
22 °C, microgamclogenesis may lake 7-15 min for 2. falciparum in vitro, although
cxilagelletion may be detecied aficr shortes pesiods in the fluid excreted by fecding
Anvpheles (Sinden, 1983). There is no cvidence thal exflageliation is influcnced by

factors rcleased by digestion of the blood mcel since digestion normally begins
scvaa hours later (Gralet al, 1986)
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The microgamete formation involves three mitotic divisions with a rapid
assanbly of eight axonemes on the single microtubule osganizing centre that divides
and passes 1o the spindle poles. This division ssmultaneously segregates the genome
and the axoncme so that cach of thc eight cmergent gametes receives a single
axoneme and haploid genome, both bcing connected to a common microtubule-
organizing ccmre. After exflagellstion the microgamcics, normally bearing a single
axoneme, condensed nucleus and kinctosome with its sphere and granule at the distal

end, arc tomm from the microgametocyte surface and rapidly move away into the
blood mecal (Sinden and Croll, 1975).

Macrogamctogencsis at the motphological level involves little more than
escape from the host ccll (Sinden, 1984). Al the cellular level, there is de novo
synthesis of the proteins that arc expressed on the surface of macrogamete (Kumar
and Carter, 1984). Scherf and co workers (1992, 1993) identificd a gamctocyte
specific protein of /. falciparum called P 1-]1 with some evidence 1hat this protein

might be involved in the cmergence of gametes from the infected erythrocyte The

contributions of these protein factors (o gametogetiesis are still under studics

1.8 Studics on gametocyle devclopment in Mosquiloes

Many factors influence tic development, survival and infectivity of the
parasite duning its residence in the midgut lumen of the mosquito. Eyles (1952) has
shown (hat the parasitc development ccases at the ookincte stage unless a
macromolecular (non- dialyzable) component is prescnt in the blood meal.  Studying
the influence of red blood cclls on the ability of /. gallinacenm zygotes fertilized in
vifro to infect Avdes veopi. Rosenberg ¢t al. (1984) found a linear rclationship
between ceythrocyie density and the number of oocysts up (o a 50% hcematocrut
Furthcrmore, they deduced that there arc one or more nondialyzable substances
(erythrocytic factors) contained in notmal crythrucyles, and released by mosquito

digestion, that arc cssential for ookincte invasion of the gut epithelium, where they

further devclop. In & mosquito feeding expetiment with cultured f. falcyparum

(Pownudurai et al , 1989) and . derghes (Sinden, 1989}, gameiocytes, dilution with

fresh red cells resulted in more oocysts at «nitial (Jlow) dilunons whereas further
dilution reduced oocyst counts
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The involvement of blood factors and/or its digestive products in infectivity
has been studied in diffsemt parasite-vector models. Using a selected line of An
stephens:. Feldmann and Ponnudurai (1989) found mature P. falciparum ookinetes in
the midgut lumen of refractory mosquitoes but no further penetration of the gut
epithelium was observed. The reasons for this limited development in non-
compatibie mosquitoes could be related to digestive fimction, since ealy initiation of

hemoglobin degiadation and higher aminopeptidase aclivity have been described in

refractory strains of Asn. siep/wensi (Feldmann et al.,, 1990). It has also been shown

that /. gallinaceumr develops up to the ookinete stage in the non-compatible
mosquito, Asx. Stepheasi. al the same time pesiod with those infecting the compatible

vector, Ae. Aegypti. Howevers, P. gallinaceum ookinetes did not escape from the

midgut lumen in An. stephensi mosquitoes (Rudin et al, 1991)

A possible mechanism causing inhibition of parasite development involves
damage of the parasile by digestive cnzymes present in the vector. The addition of

trypsin inhibitor to blood meal resulied ‘in inhibition of midgut penetration by

ookinctes (Roscnberg ct al, 1984). Thus uypsin, n pacticular, and other

aminopceplidasces arc the major proteolytic enzymes involved in blood digestion by

female mosquitoes (Bricgel and Lea, 1975, Graf and Briegel, 1982, Billingslcy,

1990; Billingsley and Hecker, 1991). In amimal models, /. gaflinaceam ookinctes O-

10 hr ofd (i.e zygote to ookincie transilion) were shown (0 be susceptible to
mosquito enzymes in double fecding experiments (Gass, 1977) and in vifro damage
was obscrved (o cultured ookinetes by prolanases from Am aempnt (Gass and
Yeates, 1979) However, the finding of Shahabuddin et al (1993) using the same
parasile/vector system suggest that the parasite secretes an inactive or panially active
chitinase that is activated by a mosquito- produecd serinc protcase In a recent study,
Chege et al (1996) further cxamined the cffect of digestive enzymes on the kinctics
of #. falciparum ookineic development and oocyst infection rates in An. albimanus,
An. freebariti and An, gambiae. Theis data indicaicd that proteolytic enzymes alone

do not limt the carly stages of sporogonic development in these veclor species of
Anopheles  Studies involving vertcbrate host faclors are limited.
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1.9 ElVects of drugs on pametacyte infectiousness to mosquito

Sub.therapeutic doses of antimalanal drugs have been reported 0 enhance
infeclivity of Plasmodium species to their vectors (Shute and Maryon, 1959)
Additionally, numerous compounds including chloroquine (Willenson et al, 1976),
tnmethropnm-sulphamethoxazole (TS), (\Wilkinson et al, 1973), pyrimethamine
(Shute & Maryon, 1951), pynimethamine-sulfadoxane (Carter & Graves, 1988) and
berenil (Ono et al, 1993) have been suggested to induee gametocyte formation In
some studies, lack of influence of chloroquine (Jelfesy et al., 1956, Smalley, 1977,

Chutmongkonkut et al., 1992; Hogh et al, 1995) and PS (Hogh et al, 1995) on

gametocyte infectivity was observed. [t has been demonstrated that pyrimethamine-

and halofantrine-treated gametocytes of . falciparum are more infective 10 An
stephensi mosquitoes than untreated controls (Chutmongkonkul et al,, 1992). Other
studies examined the eftects of some schizontocidal agents on the sporogonic cycle
of P. falciparim and P. berghes in anopheline mosquitoes (Coleman et al, 1988, Do
Rosano et al,, 1988) These studies found that chloroquine, when fed during late

sporogony (10-12 days post-infcction), may increase the vectorial capacity of some
mosquilo spccics

The effects of chloroquine on the infectivity of chloroquine-sensitive ond -
resistant populations of 2. yoelii mgericnsis 10 An Stephensi mosquitocs showed an

enhancement of infectivily in sensitive strains but no effect was detected in resistant

clones and sublincs (Ichimori et al, 1990). Chloroquine use and the subscquent

development of resistance over the past years 1s associated with an increasing human

malaria infecliousness (Lines et al, 1991) which may be indirect effects of

parasitacmia on the host Pyrimethamine but not chloroquine or halofantrine showed
sporontocidal aclivity when cvaluated by administration with infected blood meal to
An. stephensi mosquitoes (Chutmongkonkul et al, 1992). Atovaquone (S66C80)
was noted to have inhibitory activities against ookinete, oocysts and sporozoites of
Plasmodnun berghet in An. stephensi (Fowler et al., 1994, 1995).

The ceduction of oocys? burden in mosquito and potential to decrease the rate
of (ransmission of resistant parasites have been reported with combination

antismalanal drugs, for example, in chloroquinc-artesunate (CQ-AS) treated pamute
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(Hallen et al., 2004; Drakeley et al, 2004, Sutherland et al., 2003). Thus
combination therapy may prevemt the transmmssion advamsge enjoyed by drug-

resistant parasiles dunng gameiocyles infectiousness and development
mosquiloes.

1.10 Morphological studies on gametocyle scx determination

In order 10 be transmitted by their mosquito vector, malaria parasites undergo
sosal reproduction, which occurs between specialized male and fomale parasites
(gametes) within the blood meal in the mosquito. Until recently, little was known
aboutl how Plasmodium determines the sex of its gametocytles {gamcic preculsors),
which are produced in the vertebrate host. Recently, erythropoietin. the vericbrate
hormone controlling cryibropoicsis in response 0 anaesmia, was implicated in
Plasmodium scx determination in animal models of malaria (Paul ct al., 2000). The
scx ralio of malana parasites may become progressively more male as conditions that
allow motility and subsequent festilization by the male parasites become adverse in
animal modecls (Paul ct al., 2002) and in human host following treatment (Sowunmi

and Falcye, 2003 ¢). Natural and aritilicial induction of e1ythropoiesis in vertebrate

hosts provokes a shift toward male parasite production. This change in parasite sex

ratio often lead to rcproductive success in the parasite, suggesting that sex

detertnination is adaptive and could be rcgulated by the heamatologic state of the
host (Paul ct al., 2000)

High Icvels of gametocytacmia (Tchuinkam ct al, 1993) and a male biascd
sex ralio (Robert et al, 1996b) may increase the infeclivity of gametocyles to the

mosquito fecdiog on humans, While the cffects of some antimalarial drugs on the
levels of gamclocytaemia following (reatment are known (Robeit ct al, 2000,
Sowunmi and Faleye, 2003 a, b), there is little or no information on the temporal
changes in sex ratio of /. falciparum following treatment with antimalarial drugs in
children, the group most at risk for malaria in endemic arcas. The cffectiveness of an
antymatanal drug to contiibute to malaria control can bc measured, in addition o
rapidly clearing parasitacoua and other symptoms of infections, by production of

temporal changes in scx ratios that will reduce gametocyte infeclivity lo mosquiloes,
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1.11 Gametoeyte sex ratio determination

Carter and Graves (1988) and Robert ct al (1996b) described the microssopic
delcrmnination of gametocytes sexes. Under the microssope, the male gametes
(microgametocytes) are smaller than females (macogametocytes), the nucies is
larger in the males than the females, the cods of the cells are rounded in males and
angular in females, with Giemsa the cytoplasm suains pale putple in males and deep
blue in females, and the granules of malaiia pigment arc centrally loceted in females
and more widely scattered in male. The sex ratio is defined as the proportion of

peripheral gamctocytes thal are males (Pickering et al.,, 2000, West e al, 2001,
Sowunmi and faicyc, 2003 c)

Gamelocytc scx is not determined by segregation of sex determuning genes of
chiomosomes because malaria parasite is haploid in the vertebiate host and a single
clone can produce both male and female gametocytle (Carter and Graves, 1988)
Thus an adaptive significance of gamelocyte sex ralio cxists in parasiic transmission
The malatia parasite reproductive success is constrained by the eflicct of immune
system of the host directly on the process of fertitization (Peul et al., 2000)
Thercfore, parasites maintain their transmission success during cousse of an infection
by cither increasing overall ganictocytacmia as parasilacmia rises or adjust the
gametocyte sex ralio in rcsponsc 10 the changing host environment (Pau! et nl,

2000). This adaptive transmission capacity provides insight (o the mcchanism of sex
delennination in malana parasile

Several concepts have been developed in the efforis (o explain gamctocyte
scx ralios dynamics in malaria (West et al, 2001). Natutal selections olten favour
genes thal maximize their transmission to the next generation- sutvival of the fittest
A close examination of scx determination in Plasmodium and sex catios changes are
crucia) 10 our understanding of the transmussion success, disease epidemiology and
evolution, for example, of resistant infections. The occurtence and rate of inbreeding
and oulcrvossing contribute to sex allocation and dynamics of unbeatable sex ratio, the
sex tatio that maximize successful transnussion (Read et al, 1992, Nee et al, 2002,

West et al, 2002). 1lowever, little is known of the direc! cllects or contributions of
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host and antimalanal drugs factors to altering the dyvamics of sex allocation and
Lransmission success that may result due to gametocyte sex ratio changes.

1.12 Effects of chemotherapy on gametocyte sex ratio

There have been very few studies on the eflects of malaria chemotherapy on
gametocyte sex ratio in man or 1 vav in asumals  Sowovm and Fateye (2003 c)
showed that pyrimethasninc-sulfadoxine treatment of acute falciparum malana in
children enhanced gametocytc maleness. However, these authors (Sowuam and
Fatcye, 2003 d) also showed that chlorogquine trealment. of chioroquine sensiive
infections in children produced little or no effect on gametocyte sex ratio. Talman et
al., (2004 a) demonsirated that following treatment of P. falciporum maloria in
human and treatment of P. vinckes petteri in experimental animals with chloroquine
and pyrimethamine-sulladoxine, the sex ratio of the gametocyies did not become
male biased. These differences in the Rindings by Sowunmi and Fateye (2003 ¢, d)

and Talman ct al. (2004 a), suggest that more studics arc urgently needed to evaluate

the cficcts of antimalarial drugs on gametoceyte sex ratio

1.13 Recent advances in estimation of gpmetocytacmia

For many years, presence and estimalion or quantification of gametocyles in
peripheral blood have been done by microscopy. Gametocyle detcction by
miccoscopy is laborious. . Recenily, it has been shown that submicroscopic
gamctocytnemia 8 common. in children in areas of high and low transmission in
Africa using molecular gametocyte detection technique, the real-ume nucleic acid
sequence-based amplification, (QT-NASBA) (Bousema et al, 2006; Shekalaghe et
al, 2007). The lechnique is based on the amplification of gamelocyte specific
messenger fibonueleic acid (Pfs25 mRNA).  The lower limit of sensitivity of this
method for the quantification of P. faolciparum gamelocytaemia is 20- 100 per
milliliter of blood. Using this method, it has been shown that following ireatment of

acute infections with mono and combination therapies. submicroscopic

gamelocytacmin is common and can be infectious to mosquitoes (Bousens et al,
2006).
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l.14 Arcas wherestudies are lacking 2nd 2dditional knowledge is required
Although gametocyte carriage bas long been documented in Nigetian
children with acute falcipatum infections, (Bruce-Chwait, 1951) and contributioo of
drug resistance of 2. falcip@um 0 increasing the prevalence and intensities of
gametocytaemia have been documented (Sowunmi and Fateye, 2003 a, b, c }, there is
deanh of information on gametocyte casviage in Nigerian children, the host factors
that support gametocylte catiage and transmission, and role of scasonality of
infection on gametocyte generation and cassiage. In addition, the efects, (ollowing
treatment, of mono and combination diug therapics on carriage, intensity and sex
ratio dymamics that contribute 10 continuing transmission are unknown. Certain
compounds have been used 10 reverse chloroquine resisiance 11 vy in chjldren with
acute malaria infections in Nigeria (Sowunmi et al., 1997) and to chemosensitize P.
SJalciparum 0 PS in vitro (Nzila et al , 2003), litticis known of the potential effects
of thcse compounds on gamctocyle generaton and contribution 10 transmission

success of P. falciparum, should field and clinical evaluation of their use be (avoured
by health policy in the near futurc

Aims of the present study
From the (oregoing. il is clcar that an cssentisl componen! for successful
control of malaria is undcrstanding of the dyramics ol gamctocylacmia, a measure of
transmissibility of . falciporum, and the influence of currently available
sntimalanals including potentially used combination adjuncts on malania
transmissibility. In addition, there is a nced for systematic study of the epidemiology
of gamctocyic carriage and the influcncc of antimalanal drugs on gametocyle
dynamics and gametocyic sex ratio
It is (or these reasons that the studies repoited in this disseatation were casnsied out.
The objectives of the studies reported in this disscnation wete
1, To dctermninc the tisk factors for gamctocyte carnage in Nigerian children
wilh acute uncomplicated Plasmodiuim falciparim malaria
2 To evaluate the elfects of season on gamctocyte carriage mnd response to

therapy in children during acute Ilagnodium falcyparum malaria.
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To evaluate the relationship between hyperparastacmia and gamctocyte
camage in children.

To compare the response 1o treatment with chloroquine in children who had

with those who did not have gametocytes and assess the relationship between
chloroquine blood levcis and gametacyte cariiage

To assess the safety, treatinent efficacy, and eflects on gamelocyie carriage
of adding probenecid, a chemosensitizer of P. falciparum to pyiimethamine-
sulphadoxinc. to pyrimcthamine sulfadoxinc.

To compare the eflects of probenecid when added to PS and PS alone on
gamctocyle carriage, gamctocylacmia and gamctocytc sex ratios in children
with acute uncomplicated falciparum malana

To evaluate the effects of pyrimcthamine-sulfadoxine. chioroquine plus

chtorpheniramine and amodiaquine plus pyrimcthamine-sulfadoxine on
gamctocytc production in children with acutc, symptomatic, uncomplicated
falciparum mataria

To compare the eflects of  tumcthoprim-sulfamethoxazole and

pynimcthamine-sitlfadoxinc on prevalence and intensity of gametocyiaemia
and gamctocyte sex 71atios in children with acute,

symptomatic,
uncomplicaied [alciparum malaria
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CHAPTER 2

Geuncral Mcthodology

Patients

Paticnts included m the study of risk factors for gameiocyle cariage were
children with acute, uncomplicated, falciparum malaria and were aged less than 12
years. Those enrolled in the study of the relationship between hyperparasitacmia and
gamclocylc carriage were aged 12 years or below. Children included in the study of
eficcts of season on £. falciparum maiania and gametlocyle carriage were children
with febrile illness suspected to be malaiia who were aged 15 years or less. Children
aged 0.5-12 years suffering from acute f{alciparum malaria were included in studies
of cffects of drugs on /. falciporum gamelocylacmia in chitdren; and in the safety,
treatment cfficacy, and cffects on gametocyle carniage and gamelocyte sex ratios of
adding probenecid, a chemosenssizer of . falciparum 10 pyrimethamine-
sulfadoxine.  Under-1welve-ycar olds with acute, symptomatic, uncomplicated,
falcipaium malaria were included in the studies of the eflects of pyrimethamine-
sulfadoxinc, chloroquine plus chlorpheniramine, amodiaquine plus pyrimethaminc-
sulfadoxune, on pgamctocylc production and the eflects of trimethoprim.
sulfamethoxazole (TS) and pyrimethamine -sulfadoxine on prevalence and intensity
of gametocytacmia nnd gamctocyle sex ratios Patients included in the evaluation of
the rclationship between chloroquine levels and gamelocyte carriage were children

aged 3-15 years with acute falciparum malatin

Methods of study

The methods of study, including the sclection criteria are stated in the individual

study The sampling times, appropriate biochemical tests and follow up of patients
arc also indicated in the individual study
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Drug treatment

Children enrolled in the studies were treated with chloroquine (CQ), amodiaquine
(AQ), pyninethamine sulfadoxine (PS), chloroquine plus chlorpbeairaraine (CQCP),
chloroquine plus pyrimethamine sulfadoxine (CQPS), amodiaquine plus
pyrimethamine sulfadoxine (AQPS), Probenecid plus pyrimethamine sulfadoxine

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

Ounamtification af asexval and sexial parasitacmia and determmation of gameiocyte
sex and sex ratio

Al blood films for cxasrunation of malana parasite densitics were stained with
Giemsa. Parasites were counted agamst white cells in thick flms under an oil
immersion objective. Five hundred asexual forms of /2 jalciparnm or the number of
such parasites corresponding to 1000 white cells were counted. whichever occurted
first. From this figure, parasite density was calculated from the known white blood

cell count or by assuming a whitc cell count of 6000 /ul if the actual white blood cell
count was unknown

Gamectocytacmia was quantilicd using the Giemsa siained thick blood smears
levels of gamctocytaemia (sexual. forms/ upl) were cstimated by counting
gametocytes against 1000 leucocytes and assuming ecach patient had 6000
Icusocytes/ul blood. If the level of gamctocytacniia was at least 10 sexual forms/pl,
the gamctocytes were sexed on the basis that males (microgametocytes) arc smaller
than females (macrogametocytes), the nucleus is larger in the males than the females,
the ends of the cells are rounded in males and angular in females, with Giemsa the
cytoplasm stains pale purple in males and deep blue in females, and the granules of
malana pigment are centrally located in females and more widcly scattered in males
(Carter and Graves, 1988, Robert et al, 1996b). Gamectocyte sex ratio was defined
as the proportion of gametocytes in peripheral blood that were microgametocytes

(Pickering et al, 2000). A minimum of 200 fields was counted before declaring any
slide negative

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT i L_‘.ﬁ“ﬁ
_a X



Disposition kinetics of gametocytaemia

Gametocyle kinetic paramclers were cstsmated from the levels of micro- and macro-
gametocylaemia by a non-comparimental method, using the computer programme
Turbo Ken (Clinical Pharmacology Group, University of Southampton, UK.,
through the courtesy of Professor A.G. Renwick), gencially as previously descibed
(Sowvnmi and Fateyc, 2003 b). The time taken 10 attain a sex ratio of 1 (SR1) was
defined as the time elapsing from drug treatment until this 1atio was achieved and
was calculatcd for each patient, from a plot of sex ratio vs time, by computer
extrapolation. The data from the pat.ents who did not have at least three esumotes of
gametocyte sex ratios were cxcluded from the estimaition of SR1 and the exploration
of the disposition kinetics of gamelocytacmia. Alfter determining SR1, the absolute
counts of micro- and macro-gametocylaemia were log-transfoimed for each patient
and plotted against lime. The following parameters were noted or determined: (1)
time to aitain SRI (1sgy). (2) area under the curve of the plot of micro- or macro-
gamclocylacmia v. time, from tsgs (0 day 14 (AUCswi.14), (3) the half-lives (117) of
the micro- and macro-gamelocytacmia, calculated from tgey, and (4) the volume of
blood compleicly clearcd of micro- and macro-ganctocytacmia from tgg, defincd as
(the level of micro- and macro-gamctocytacnia at [sq,/AUCspi.t4.  Since 1t was
difficult to detexmine the 1ime that gamelocyte recruitment stopped in the paticnt, the

levels of micro- and macro-gamclocytacmia at fsgy were assumed (o be the levels

when recruitment stopped

Handling of scumples

Blood for haematological and biochemical tests were collected in appropriate sample
bottles and were processed according Lo individual specifications. In gencral, blood
was collected in heparnized bottles and immediatcly processed as required for the
tests Venous blood (S ml) was obtained (or drug level determination before

ircatment (day 0), on the eighth day followang initiation of treatment (day 7) and on

the day of failure or recrudescence of parasilaemia. Blood samples for drug level

estimation in plasma and red blood cells were collected into heparinized boitles and
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centrifuged immediately at 2000 x g The plasma sample was sepasated and both
samples were stored frozen at -20°C unil analysis. Blood was also collecied into

heparinized bottles from healithy volunteers for the chloroquine calibration curves

and were processed 1n the same ways as samples collected fiom palients

Chlorogusne assay

Red blood cell and plasma chloroquine concentration levels were estimated in
12 and 10 children with resistance and sensitive response, respectively. Chloroquine
was assayed in plasma and red blood cell by high perfomance liquid chromatography
(HPLC) wath ultraviolet (UV) detection, using a modified method previously used
for the estimation of quinine (Babalola et al., 1993). Plasma (Iml) and the internal
standard 10yl of papavesine (Sug/ml) were alkalinized with {ml of 2 Af NaOH and
whirl mixed for | minute. The mixture was extracted with 2ml diethyl ether and
voriexed for | minute. The organic layer was separated following centrifugation at
1200 revolution per minute (rpm) for ten minutes. 100p! of 0.1 N HCIl was added to
2ml of the organic laycr and the mixture vortexed for 1 minute and centrifuged at
1200 rpm. The ether upper laycr was removed and 20 pl of chloroquine extract
injected into the HPLC (Beckman Gold, Model 127, Switzerland with compulerized
recorder). The mobile phase was a buller consisting of 0.2 Af sodium dihydrogen
phosphate, methanol and acetonitrile at a ratio of 65 30. S, with 1 ml perchloric acid
/100 mi of solution at pI1 of 3.7 The mobile phase was degassed in o sonicaltor just
before use and pumped through the column ot a flow mte of Im{/min. The column

conlained a Bondopak C,g (3.9 x 300mm). The UV detector was sel ot 254nm. The
thawed red blood cell, already lysed by the storage condition, was proccssed in the

same way as the plasma. A typical chromatogtam is shown in Figure 2 |

Calibrotion curve of chloroquine in plasma and red hload cell by HPLC meihod
Calibration curves based on peak area matios (Drug/ Intemal standerd) were
obtained by spiking drug-frec samples with standard concentirations of chloroquine
One muillilitre of red blood cell or plasma cach taken in extraction tubes were spiked
with chloroquine 1o give a concentration range of 50 - 1000ng/ml and with 1011 of
Spg/ml papaverine solulion as the internal standord.  1ml of 2Af NaOll solution was
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Figure2 1 Chromatogram of chioroquine in red bload cell

{DCQ- desssy ichoroquine, CQ-¢chioroquine, 15- inlcrrol aandard)
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added followed by 2ml of diethyl ether. The wbe was whirl-tmixed for Imin and
then centrifiged for 10min at 2000 rpm. The cther layer was transferved into a
1apered tube and 100ul of O.1N HCI added before wiurl mixing for another 2Zmin

This was centrifuged for a further 10min. The cther layer was discarded and 10ul of
the aqueous phasc was injected into the HPLC.

Daia analysis

Data were analysed using version 6 of the Epi-Info sofiware (Anon., 1993).
Graph Pad Prizm software package version 3.0 (GrapbPad. 1999) and the statistical
program SPSS for Windows version 10.01 (SPSS. 1999). Variables considercd in
the analysis were rclated to the densities of P. falcijparum ganiciocytes and

trophozoites. Proportions were compared by calculating ¥2 with Yates' correction or

by Fisher cxact or by Mantel Haenszel tests. Normally distributed, continuous data

were compared by Student's t-tests and analysis of vanance (ANOVA) Data not
conforming to a normal distribution were compased by the Mann-Whitncy U-tests

and the Kruskal-Wallis tests {or by Wilcoxon ranked sum test). All tests of

significance, cxcept where specilically indicated, were 1wo-tailed. Kaplan-Meicr
analysis was used lo estimate the cumulative probability of rcwaining frec of
gamelocytes during follow-up for all cases of malaria combined and for those cases

that were fiee of gametocylaemia ai encolment. Diflerences 1n survival time were
asse<sed by inspection of Kaplan-Meier curves and pair wisc log-rank tests.  Nultiple

logistic regression models were used (o test the associations between parasite, host

lactors and drug treatment, and the risks of gnmelocyte carmage. In drug treatment
groups, Post hoc comparisons were done using Tukey honestly signilicant diflierence
P-values of < 00S were taken 10 indicate signilicant dilferences. The values

presented are generally means and standard deviations (sd) or standasd error (se)

Lthical clearance

Ethical clearance for all the studies was obtained from the Joint University of

Ibadan/ University College 18ospital, Ibadan cthics review committee, and the Ethics
Commitiec ofthe Ministry of Health, Ibadan
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Section |

Epidemiology of P. falciparum gamctocytaemia
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Chapter 3

Risk facters fur pametacyte carriage in

ancomplicoted fulciparim mulunyg in children
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CIIAPTER3

Risk factors for gametocyte cartiage in uncomplicated falciparum malaria in

children

latroduclion

The transmission of Plasmodium falciparwn from humans to mosquitoes can
only occur through the gamctocyte, its sexual stage that develops from proliferating
asexual parasitc. Gametocytes, in um, arc cssential for the infection of new hosts by
the mosquito (Sinden et al, 1978, Canter and Graves, 1988)  Although the
mechanisms of the switch from ascxual to sexual stage and its modulation are
complex and incomplctely understood (Caner and Miller, 1979, Mons, 1985), the
process, and the infcclivity of the gamctocyies arising from thc switch may be

influenced by antimalarial drugs (Wilkinson et al, 1976; Butcher, 1997, Buckling o
al., 1999).

In sub Saharan Africa, increasing drug rcsistance in £. falcipanim has led to
increascs in malaria rclated morbidity and mortality (Trape ct al, 1998, Trapc, 2001)
and is thought to be associated with increases in gamcioc<ylce carniage and gamctocyle
infcctivity to mosquitoes (Robert ct al, 1996a. 2000, llogh ct al, 1998) In West
African children. pretieatment gamctocytc carriage in those with acute falciparum
infections may rcach 14-17% (von Scidicin a al, 2001, Sowunmi and Fateyc 2003
b). and children, in general, arc thought to constitutc 8 significant reservoir of
infection in sub-Saharan Aftica (Githcko et al, 1992, Bonnet ct al, 2003) A recent
study from The Gambia (von Seidlein ct al, 2001), an area of lesser intensity of
malaiia ymasmission than Nigeria (Salako ot al, 1990), has shown that anacmia,
absence of fever and parasitacmia Icss than 100,000 asexual foims per ul. were

indcpendent risk factors for gamctocyte carriage st presentation in Gambian children
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In addition, treatment with pyrimethamine-sulfadoxine (PS) alooe was assodated
with increased risk of gametocyte carmage seven days after treatment compared to
chloroquine (CQ) or anemisinin-based combination therapy. It is unclear whether

thesc factors, alonc or in addition to others, arc assooated with gametocyte caniage
in Nigeiian children.

Although with increasing antimalarial drug resistance (Falade ct al.. 1997,
Sowungu a al, 1998 a, b, Sowunmi, 2002) therc has been assonated increases in
gamctocyte caitiage in Nigerian children (Sowunms and Fateye, 2003 b), there is

little information on the 1isk factors associated with gametocyte cairiage pre- or post-

trcatment in Nigetian children.  Such information is necessary as it may potentially

harness the cfloits aimed at the management and eontrol of drug resistance in the

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

gomctocytcs werc cvaluated, in children presenting with acule, symptomatic,
uncomplicated, F. falciparnm malaiia in a hyperendemic ares of malaiia in

southwest Nigciia. The main aims were to define the host, parasite and drug factors
that contribute to gametocyte production and canniage
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Patients and methods

Panents

The study took place between July 1996 and Deccmber 2002 in paticnls
presenting at the University College Hospital in lbadan, a typerendemic area for
malaria in southwestern Nigciia (Salako ¢/ ¢f. 1990). Ethical clearance was provided
by the local cthics committee. During the petiod, a seties of antimalanal drug
studies were conducted to cvaluatc the cfbcacy and safety of difficrent trecatment
re@mens.  Studies on CQ were done during the entirc six ycars period, those of
chioroquinc plus chlotpheniramine (CQ-CP) in the fisst threc years, those of PS in
the first two ycass and the last 2 years, those of amodiaguine (AQ) alonc in the last
threc years, and thosc of combination antiraalarials in the last (wo years. However,
there was considerable degree of overlap in the study periods Details of the studies

have been desciibed before (Sowuiuni et al., 1998 a, b, ¢; Sowunmi 2002, 2003;

Sowunmi and Fatcye 2003 b). 8ncfly, children with symptoms compatible with

acute falciparum malaria who fulfilled the following ciiteria were cnlisted in the
study: agc bclow 120 months, purc P. falciparum parasilacmia grester than 2000
ascxual foims/u) blood, ncgative urine tests for antimalanal drugs (Dill-Glazko and
lignin tests), absence of concomitant iliness, no cvidence of severc malana (W110,
2000) and wriiten informed consent given by parents or guaidians  After enrolment
and start of trcatment (day 0), follow-up with clinical and parasitological cvaluation
was al days 1-7, and then on doys 14, and when necessary, on days 21 and 28, for

cxample, in patients who received PS combined with CQ (CQPS) or AQ (AQPS)

Climcal evaluation consisted of a gencral clinical cxamination including

measurcment of weight, corc temperaturc and physical examination.

Assessment of parasitoemia

Thick and thin blood lilms prepared from a finger prick were Giemsa-stained
and were examined by light microscopy under an oil-immersion objeclive, at x 1000
magnilication, by (wo indepcndent assessors  Parasitacmia in thick {ilms was
cstimated by counting asexus| parasites rclative to 1000 lcukocytes, or SO0 asexual
forms, whichever occurred first. From this figure, the paruasite density was calculated
assuming a leukocyte count of 6000/uL of blood. Gametocytes werce also counted in

thick blood films against 1000 Jeukocytes assuming an average leukocyte count of
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6000/1L of blood (Shaper and Lewis, 1971, Ezcilo, 1971, Sowunmi et al. 1995)

Haematocnt was done at enrolment in 124 of the patients treated with CQPS or

AQPS in order 10 cvaluate the safety of combination antimalanal therapy.

Eveluanon of response to drug treaiment

Response to drug treatment was assessed using World Health Orgamzation
(WHO) criteria (WHO, 1973) as follows. S = sensilive, clearance of parasitaemia
without recurrence; Rl (mild resistance) = parasilacmia disappears but reappears
within 7 to 14 days. RIl (moderate resistance) = decrease of palasitaenia but no

complete clearance ffom pcapheral blood, RII (scvere rcuistance) = no pronounced

decrease oOr increasc in parasitacmia al 48 hours aftcr ireatment. In those with

sensitive or Rl response, pasasite clcasance time (PCT) was defined as the time
clapsing (fom drug administration until there was no patent parasitacmia for at least

72 h. Asexual parasitc reduction ratio [PRR] (White, 1997) was dcfined as the ratio
of day O/day 2 parasitacmia.

Statistical analysis

Data were analysed using veision 6 of the Epi-Info soflware (Anon., 1994),
and the statistical program SPSS for Windows version 10.01 (SPSS, 1999)
Proportions were compared by calculaling 2 with Yales' correction.  Normally

distnbuted, continuous data. were compared by Student's t-tests and analysis of

variance (ANOVA). In the drug trcatment groups posthoc comparisoas were done

using Tukey honestly signilicant difiercnce (Tukey HSD). Data not conforming to a
normal distribution were compared by the Mann-\Whitney U-test and the Kiuskal-
Wallis test (or by \Wilcoxon rank sum test). A multiple logistic regression model was
used to test the association between gametocylacmia (yes or no al prescniation of
during follow up) and [lactors that were significant al univanate analysis: mnle
gender, presence of fever, durstion of illness before presentation, asexual

parssilacinia at presontation, drug treatment, and reciudescence of asexual parasites

within fourteen days of initiating ticatment. Dccausc the sludy was conducted over a
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period of 6 years, time in years since the commencement of trials was included as a
covariate in the mode! for pretrcatment gametocytaemia. The values presented
‘below are generally mecans and stacdard deviations (sd) or standard erior (se) or

median with interquartile range [IQR]. P-values of < 0.05 were taken 1o indicste

significant differences.
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Results

Patem gametocytaemia (geometric mean 26, range 6 — 1344/1tl) was present
m 115 (15%) of the 767 children a1 enrolment,

Risk factors for gametocyte carriage o1 enrolmen.

The responses of the assxual patasilacmia 10 diug treatment and gametocyte
camage duting and/ or aficr trcatment are shown in Table 3.1. PRR in children
treated with AQPS or CQPS was significantly higher than all other treatment groups
(P < 0.001) with the exceplion of the AQ and PS groups. which. compared 10 CQPS,
did not differ significantly (P = 0.099 and 0.30 respectively, Tukey HSD) PCT was
significantly shorter in those treated with AQPS and CQPS compared o other
treatment groups (P < 0.001) cxcept AQ (P = 0.052 and 0.25, respectively, Tukey
HSD). PCT was also significantly shorter in those treated with AQ compared to CQ
(P = 0.019, Tukey HSD). Factors associated with gametocylacmia a1 enrolment ase
presented in Table 3.2. Male gender, absence of fever, duration of iliness >3 d, and
asexual parasite densitics less than SO00/L. were rclated 0 the presence of
gametocytaemia at enrolment. Neither age nor packed cell volume at presentation

was an independent risk factor for gametocyte caiviage (Table 3.2)

Risk foctors for gamctocyie carmiage during follow up

During (ollow-up, 15.6% of all patients (i.c. 120 patients) dcveloped patent
gametocylaemia, which in 85% (102 pattents) had developed by day 7 following
trcatment. Gametocytc densities at enrolment were similar in all treatment groups,
were significantly higher on day 14 in those treated with PS, and a signilicantly
higher proportion of children treated with PS caiticd gamctocytes throughout the
duration of the study (Table 3.3). In the cohoit of children in whom gametocytes
were not detected ot enrolment, 36 of 259 (13.9%) children treated with CQ, 9 of 82
(11 %) trested with CQCP, 3 of 93 (3.2%) trcated with AQ, 1 of 64 (1.6%) treated
with CQPS, 3 of 64 (4.7%) children treated with AQPS, and SO of 90 (55 6%)
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TABLE 3.1. Responscs of asexual parasitacmias and gametocyte carnage following treatment with antima
(Standard doses of drugs wcre given at presentation (day 0) and asexual pesasitaemia quantification was done daily for 8

d (days 0-7) and then on day 14. Gametocyte carriage was assessed on daysO, 7 and 14)

CQ cQCp AQ PS CQPS AQPS P value
(n=315) (n=104) (n=104) (n=109) (n = 65) (n=70)
%. of children with
gametocytes
at enrolment 178(n=56) 21(n=22) 106{(n=11) 174(n=19) 1S5(n=1) B6(n=6) 0.001
onday 7 248(n=78) 231(n=24) 106(n=11) 615(n=67) Jl(n=2) 100(n=7) 0.00]
on day 14 171(n=54) 106(n=1l) 7.7(n=38) 486 (n=53) - 4)(n=3) 000!
PRR
Medizo gy 230 275 318 394 3N <0.001*
Interquartilerange 1 42 - 397 173-39) 185~4.11 191 -413
Range -07-57 -:010-532 .040-510 . <021 -56 -10-566 072-565
PCT (days) 20409 28+08 26+038 29+1.1 23+08 22408 0.001*°
1-6 t-5 1-5 1-6 14 t4
S (no. of patients) 198 97 102 78 65 0 0.00t
Ri 87 6 2 18 - -
Rl B - . 9 - -
RHOI 15 ] : 4 - -
Cure rate (%6) 629 9].2 98 1 75.5 100 100 0.001

PRR. panatiic reductmon . PCT, parsiie clarance Lime; S, pynmctiaminc-sulladonne: CQ, chloroquine. CQCP, cltloroquine plus chlorphenimmine, AQ,
exxhixpmiac, COMV Pynumethamioe-s) fadone corabined wih chlorpiac or esxiaxpane, R = pasasacmia disaPPears bul reappears within 710 ] 4 days. Rl
= e of parisitaemis but no complaic ciearance from Penphetal biood: R = no Monoumed dectease of (CIEASE in parasitnemia ut 48 hours niles

oeRmen S = smthercsPonse, *PRR of AQpS- and CQPSwDed children ucre sigRificant!y hugher than i n other trealment groups exccpt ihose (rexad with

AQ or PS (exxarad wiflb CQPS. P = 0.09 and 0.30)
¢ pCT wxs upnificantly shoney 19 those sewad with AQPS and CQPS compased ta other treatment groups (P < 0.000) exexpd AQ (P = 0052 and 0.28,
regeancly. PCT was also signufhcrotly shoacr 1a Uose teaed with AQ compared 10 CQ (P = 0019, Tuley HSD)

3
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TABLE 32, Risk factors for /., falciparum yametocytacmig at enrolment

No of children  Crude OR P value Adjusted OR P. value
with gamelocytes  (95% Cl) (95% Cl)

Age(y)
<$ 420 69 1 - -
> 347 46 0780 52-12) 0.26
Gender

male 354 66 ] ]

female 313 49 0.6 (04-09) oot* 0.55(0.36-083) 0.005
Parasitaemia
{(fuL)
< 5000 82 21 | 1
> 5000 685 94 046(026-083) 0007 042(024-0.73) 0.002
Fever ®

Febrile 533 73 I 1

Afebnle 208 42 16(1.06-2.13) 004° 1.61(1.05-25) 0.03
Duration of
ifiness

<3d 575 76 [ 1

>3d 162 39 1.7(1,1-27) 0001% 1.57(t0-24) 0.047
PCV (%)
<25% 24 3 | - -
> 25% 100 10 0.78(0.52 —1.2) 0.71

POV, packed cell volome OR. odds o * x with Yate'scorctson
*Fover—aullasy ietmperature > 37 5°C Cl, confidener intenal

+ Time was included 33 2 ocovanaie in tbe analyus

32
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TABLE 3.3. Gametocyte densities at easolment and following treatment with vatious antimalarial drugs

Q CQCP AQ PS CQps* AQPS P.value
(n=315) (n= 104) (n=104) (n=109) (n =65) (n = 70)
Gametocylaemia
At enrolment
GMGD (/uL) 25 (n= 56) 24 (n™22) 29 (n=11) 24 (n=19) i32(n=1) 40 (n=6)  0.55
Range 6~ 1344 12-576 12-740 6 . 444 132 12 -288
On day 7
GMGD (/uL) 34 (n=178) 43 (n=24) 34(n=11) 75 (n=67) sd(n=2) 31(n=7) 0.054
Range 6- 1476 12 - 696 12-636 6-3520 24-120 12-468
On day 14
GMGD (/ul) 21 (n=54) 41 (n=11) 16 (n=8) 50(n=1353) - 19 (n=13) 0.003
Range 6-144 12 - 168 12- 36 6-480 12-48
Propomon (%4) of
chidren with 6.7 (n=29) 77(n=28) 38(n=4) 128(p=14) - 14(n=1) 0030
gametocyiaenus on

days0. 7 & 14

GMGD. Gamxctsic mcan gancteRyte density; PS. pyTi sahamunc-sellxdoane; CQ, chioroquane, ‘
CQCP. chloroguane Plus chiospharanine. AQ, amadinguine, COM. Prriaxthasyac-aulddoxine combinsd with

cAATJRLE 0f Imodiaquine

*CQPS pot inckadad athe compd reon due 10 smal) sumder

33
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‘children treated with PS developed patent gametocytaemia within 7 days of
enrolment.  Thus, the proportion of children who developed gametocytaemsa
following treatment were significantly higher in those treated with PS compared with

other treatment regimens (x° = 1369, P = <0. 001)

Presence of patenmt gametocytacmia at cnrolment, and fecrudescemce of
asexual parasites within 14 d were assoaated with presence of gamctocytacmia 7 or
14 days after cnrolment (Table 3 4). Delay in the time taken to clear the inilial
pasasttacmia was associated with increased risk of subsequent gametocyte caniage,
but this association was not significant following multivariate analysis (Table 3.4)
Children treated with AQ, AQPS or CQPS were significantly less likely 1o have

dclayed (> 2 d) parasite clearance compared with thosc teealed with CQ or PS alone
(! =41.7, degree of freedom {df) = 5, P < 0.001)

Presence of gametocytes on day 7 or 14 was significantly associated with
trcalment outcome by day 14 in children treated with CQ (f = 18.3,df =], P= <
0.001) and CQCP (¢ = 10.), df = 1, P = 0.001), but not PS (¢ =021, df= ), P=

0.64), and AQ (3¢ = 0.24,df= |, P =0.62)and AQPS or CQPS in which all childien
were chnically cured
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TABLE 3.4, Risk factors for P. falciyparum gametocytacmia 7 days afier treatment

Staruy et enrolment Total  No ofchildren  Crude OR P value  Adjusted OR P value
no with gametocytes  (95% Cl) (95% CI)
onday 7

Gamelocytes

Presont 115 86

Absent 652 02 0.06 (0.04-0.09) <0.00}" 0.04 (002 -0.07) <0001
PCT

<2d 298 6]

>2d 469 127 1.4(1.00-2.07) 0047° 14(09-2.1) 0.20
Patent asexual parns-
itaemia within |14days

Present 157 68

Absent 610 121 032(022-047) <0.001 050(03-08) 0.007
Drug treatment®
PS 109 67 ] l
CQ 315 18 418(3.0-79) <0.001 85(49- <0.001
cQcr 104 24 5328~ <0.00% 94(4.5~-197) <0.00]
AQ 104 1 135(62-302) <0.001 17.4(73-410) <0.001]
AQPS 10 6 144(57-380) <0.00! 149(55-102) <0001
CQPS 65 i $0.2(112-3137) _ <0.001 35.6(7.8- <0.00}

OR odds ., CJ ConfMicace tntonval ¢y with Yae's correciam.  ACT; jaasite arane Ume
CQ, chloreduinc; CQCP, cloroqune Plus chlorphentramine, AQ. amodisquine;

PS. pynmethamine-salfadoane.
COM. Pynoxthamine-sui(doxiine combined with chloroquine or amodiaquine

CJ, amfideree jnterval
*Values of OR represen chances of being gametocyic free
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Discussion

Gametocytes are often detectable in peripheral blood for a variable paiod afier
acute falciparum infection, with morphologically mature gametocytes being detectable
in the blood 10.14 days after originating fiom merozoites (Thomson, 1911, Smalley,
1976). Casriage rales may vary widely and arc dependent on scvesal faciors. In the
current study, gametocyte prevalence was much higher than those reported fiom western
Thailand (2%, Price et al , 1999) and Tanz2ania (8%. Akim et al., 2000) but simifar to
that from The Gambia (17%, von Seidlein et al, 2001) in the same region of Aftica

However, despite regional differences in prevalence rates. the risk factors associated

with gametocyle casmage were remarkably similar

Gamctocyte prevalence in the study area before the 1990s. a period of fill
sensilivity to CQ, was less than 2% (L A Salako, unpublished observation). Presently,
in the arca, CQ trecatment of CQ-resistant infections is associated with significant
gametocyte caiiage and gamclocylacmia. and slower clcarance of gamctocytacrmia
(Sowunmi and Fatcye, 2003 a, b). Therefore, it would appear that the present relatively
high prevalence rate, in pan. may be due 1o incrcasing CQ resistance. Seventy percent
of all cases of acute malasia infections in our area of study occur in children aged less
than ten years (Salako et al, 1990G), the similar gametocyte caimniage in all age groups
{Table 3 2) supgests children aged below 10 ycars were uniformly susceptible 1o
gamclocyle carniiage In other studies involving a broader agc 1ange than we cvaluaicd,

younger age was associated with incrcased gametocyte prevalence, for example, in
Tanzania (Akim et al , 2000)

It is unclear why male gender is a tisk factor for gamelocyte cariage at
presentation despite similar duration of ilincss and other characteristics in both gender
groups enrolled in_the present study. So far in records. this is the lust rcport of the
association between male gender and gainclocyte cantiage in African children with
falciparum malaria. Could this simply be & chance tinding? Plasma testostcrone 1s ollen

signilicantly mised in pre-pubertal- male than -female children (Giiffin and Wilson,
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1991), and testosterone and other corticosteroids may stmmlate P. falcipoum
gametocytogenesis /1 viiro (Maswoswe et al, 1985, Lingnau et al, 1993) It scems
possible that differences in sex hormone levels may be contributosy, but hormone
concentrations were not measwvtd in the children Gender-related diffierences as nsk

factors for gametocyte castiage require further evaluation in African children.

As was expected, duration of illness longer than 3 days was associated with
increased risk of gamelocyte cartiage on presentation. In areas of low ransmission,
duration of illness longer than 2 days has also been assocated with gametocyle caniage
(Price ct al, 1999). As longer cstablished . fa/cip@um infections arc more likely to
produce gamctocytes (Smalley et al, 1981), it is likely that fonger duration of illness
before presentation allowed sufficient time for the progression of committed asexual
parasites o gametocytes. Since absence of fever is assodated with incveased risk of
gametocyte catriage, afecbrile children may have harboused the infection for longer
petiods. Altematively, children with longer dusation of illness may have had a relatively

shorter duration of fever resulting in reduced noxious eflecis of fever on gametocyte

devclopment. Low parasitacmia (as in the present study) and anaemia arc also

significantly associated with gamelocyte caniage (Price ct a1, 1999, von Secidlcin et al ,
2001) but haematocrit valucs less than25% was not associated with gametocyte carriage
in our cohott of children. There is no Clear cxplanalion for this observation Anacmia in
uncomplicated faloparum malaris may be enhanced by pre-existing helminth infections
(Nacher et al, 2002), and both conditions may cnhancc gamctocyic carriage (von

Seidlcin et al, 2001, Nacher et al, 2002), ficquently co-exist and, arc common in
rropical cndemiic regions

Despite lower efficacy (Table 3.1), CQ treatment resulled in lower gamctocyte
carriage than PS. A similasr observation has becen made in Senegal and The Gambio
(Robest et al , 2000, von Seidlein ct al, 2001). The ability to release more gametocyics
imo the circulation following PS treaiment may, in part, be independent of parasite

sensitivity to PS (Sowunmi and Fateye, 2003 c) and may partly cxplain this observation
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sve of treatmewmt regimen given, children with patent gametoCymemus af
presentation were signiiicantly more likely o be gametocytaemic 7 days later than

children without patent gametocytaemia. This suggests the drugs evaluated had little or
no cffect on mature circulating gametocytes.

As was expected, reaudescent infections were assoqated with higher

gametocyle prevalence, as was delay in periphesal parasile clearance as pasasies
develop resistance t0 drugs. The increase in gametocyte carriage and density as

resistance develops (o antimalarial drugs may confer susvival and propagations

advantages on the pamsite n the population (Handunnetti et al, 1996, Robest et al,

1996 a; Sowuuni and Fateye, 2003 a, b). In the current study, delayed clearance of

peripheral parasitaemia and increased reaudescence rates were most ficquently seen in
those treated with CQ or PS and lcast frequent in those treated with AQ, AQPS or
CQPS. Similar observations have been made elsewhere (Price et al, 1999, Robernt ct al ,
2000, Alam ct al , 2000; von Seidlein et al . 2001). The signilicantly higher gametocyte
density in those treated with PS than CQ at rectudescence of asexual parasitacmia would
suggest that the former may increase the propensity for the transmission of drug-
resistant infections than the latter sincc gamctocyte infcctivity to mosquitoes may
cortelate with level of gametocytacmia (Tchuinkam et al,, 1993, Robert a al, 2000)
Since lcukocye counts may vary widely, one of the possible soutces of errors in the

csimation of gamectocytc densily is assuming an average leukocyte count of 6000/ul. of
blood.

The lindings of the present study may have potential implications for the
managcment of acute infections in this endemic area: prompt tieatment of falciparum
infections with effective drugs is oflen associated with low gamciocyte carrisge (and
may invariably reduce transmission of gamnclocytes 10 mosquitees), treatment of acule
infections should, prefecably, employ rapidly acting schizontocide 10 reduce the
development  of gamelocytes The artemisinin dcrivatives may reduce transmissibility
by this.mode of action (Price et al, 1996). Finally, the findings may have imporiant
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mplications with respect to malarial control in sub-Saharan Africa, where combination

timalarial therapy (WHO, 2001 a, b) is presently being proposed for the treatment of
mealaria in the region.

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

However, P. falciparum infections in children in an endemic arca could
present with hyperparasitaemia- a fealure of severity of infection. This condition can be
managed using oral treatment with antimalarial drugs and may provide a favourable
condition for ascxuval parasite committed to gametocytogenesis. _Litt.e is known of the

efiects of drupg trcatment of byperparasitaemia on gamelocyle dynamics.refease, camage

and intensity in children. I is imponant to determine the contributions of

hyperparasitacmia in acule malaria and effects of irs management on gametocyte
carriage in children
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CHAPTER 4

Plasmiodium falciparum hyperparasitaemia in chifldren: risk factors. trcatment

oulcomes, and gametocylaemia following treatnient

Introduction

Plagnodium folciparum infections may result in rapid multiplication of ascxual
parasites and astronomical increases in circulating penipheral parasites particularly in the
relatively non-immune or, less frequently, in the semi-immune.  These astronomic
incrcases may reach or surpass a threshold refeired to as hyperparasitacmia.
Ilypetparasitaemia, defined as 5% or more pamasitized ctythrocyles or a parasitacmia

greater than 250,000/uL blood, is considered one of the scveral features of scvere malana
(Warrelt ct al , 1990)

Ilyperparasitacmia not accompanicd by other festures of scvere malaria
(uncomplicatcd hypeiparasitacmia) often poses management problems in patients resident
in endemic areas. Apart from a general recommendation of parenteral antimalarials
(WHO, 2000), there are no other clear-cut guidelines for the management of
uncomplicated hyperparasitsemia in children resident in such arcas. However, it has been
suggested that uncomplicaled hyperparasitacmia in children in these endemic areas be
treated with oral antimalarial drugs providing the drug is rapidly absorbed and the
parasites are filly sensitive to lhe antimalarial drug(s) chosen (Sowunmi et al, 1992,
1996, 2000 a). Such a suggestion necds revicw in view of the increasing resistance in /.
Jalciparum 10 many antimalarials and the lack of facilities to monilor drug sensitivity ol

P. falciporum in vitro and in vivwe in many endemic areas
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There is linle information on, for cwmmple, the risk factors assoceted with
uncomplicated byperparasinacmia or the time-course of gametocytaemias following oral
antimalaria treatmemt of uncomplicated hyperparasitacmias in Aftican childrem  Such
information is necessaey in view of the increasing resistance in P. falaparun to
chloroquine (CQ) and other commonly available antimalarials and the inccasing
molbidity and mostality associated with drug resistance (Trape et al , 1998; Trape, 2001)
In addition, it may improve the ovetall management ofthese cases. The present study was
dessgned 10 address these issues. The main aims of the study were: to evaluate the risk
factors associated with hyperparasitacmia in a group of children presenting with acute,
symptomatic, apparently uncomplicated, P. fulciparunt malans in an cndemic area; 10
assess the outcomes of oral antimalarial treatment of uncomplicated hyperpasasitaemia,
and to follow the course of changes in gamctocytacmias in children  with

hyper patasitaemias who were treated with oral antimalanal drugs
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ﬁtients and methods

Pauents

The study tocck place between July 1996 and September 2003 in patients
presenting at the University College Hospital in Ibadan, a hyperendemic area for malana
in southwestcrn Nigena (Salako et al., 1990) Ethical clearance was provided by the local
cthics committee. During the penod. a scrics of antimalarial drug studies were conducted
to evaluate the efficacy and safety of different treatment regimens.  All antimalarial drugs
were given orally. The details of the studies have been described before (Sowinuiu ct al.,
1998 a, b, ¢, 2000 a; Sowunmi, 2002, 2003; Sowunmi and Fateye, 2003 a). Bricfly,
childrcn with symptoms compatible with acute falaparum malaria who (ilblled the
following ciiteria were enlisted in the study: age below 12 years, purc P. falciparim
parasitacmia greater than 2000 asexual forms/pL. blood, negative wine 1csts for
antimalarial drugs (Dill-Glazko and lignin tests), absence of concomitant illness., no
evidence of severe malaria (\WHO, 2000) and written infosmed consent given by parents
or guasdians. After enrolment and start of treatment (day 0), follow-up with clinical and
parasitological cvaluation was at days 1-7, and then on days 14, and when necessary, on
days 21 and 28, for example, in patients who received pyrimethamine-sulfadoxine (PS)
combined with chloroquine or amodiaquine (COM). Clinical cvaluation consisted of a

general clinical examination including mecasurement of weight, core temperature and
physical ecxamingtion

sAssessment of poraxsitaemia

Thick and thin blood lilms prepared from a finger prick were Giemsa-stained and
were examined by light -microscopy under an oil-immersion objective, at x 1000
magnification, by two independent asscssors  Parasitacmis in thick films was estimated
by counting asexual parasites relative 10 1000 leukocytes, or 500 asexual forms,

whichever occuired (irst. From this figure, the parasite density was calculated assuming

an average icukocyte count of 6000/l of blood (Shaper & Lewis, 1971, Lzeilo, 1971,
Sowwsuni et &, 1995). Gamctlocytes were also counted in thick Gims against 1000
leukocytes assuming an average leukocyte count of 6000/il. of blood at enrolment (day

0) and on days 7 and 14. Fractional gamciocyte density (FGD) at enrolment was defined
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gametocyte count divided by total asexual and sexual coumt (Prisc et al, 1999)

Hacmatocnt was done a arolment in 124 of the pasients treated with PS or CQPS, AQPS
or PPS

Evalvation of response fo drug treatment

Response 10 drug treatment was assessod using World Heshth Organization
(WHO) critetia (WHO, 1973) as follows' S = sensitive, clewrance of parasiiaemia without

recurtence, R1 (mild resistancc) = parasitacmia disappears but reappeass within 7 1o 14
days, RLl (moderate resistancc) = decrease of parasitacmia bul no compicte clearance

from peripheral blood, RIIl (severe resistance) = no pronounced decraase or increase in

parasitacmia at 48 hours after treatment.  In those with sensitive or R| responsc, parasite

clemancc time (PCT) was dciined as the Lime elapsing from drug administration until

there was no patent parasitaemia for at least 72 h. Asexual parasite reduction ratio [PRR)
(White, 1997) was defined as the ratio of day 0/day 2 parasitacmia.

Stausticat analysis

Data wcre analysed using version 6 of the Epi-Info software (Anon., 1994), and
the statistical program SPSS for Windows version 10.01 (SPSS, 1999). Propontions were
compased by calculating %2 with Yates' correction or Fisher exact test. Normally
distributed. continuous data werc compared by Student's 1-1ests and analysis of variance
(ANOVA) Data not conforming to a nonnal distribution werc compared by the Mann-
Whitacy U-test and the Kruskal-Wallis test (or by Wilcoxon rank sum test). A multiple
logistic regression model was used 10 test the association between hyperparasitacmia (ycs
or no at presentation or during follow up) and factors that were significant at univariate
analysis: age < 5 years, and presence of fever > 39 5°C. Bcecause the study was conducied

over a perniod of 7 years, tme was included as a covariate in the analysis. P-values of <

0.05 were taken 10 indicate significant differences
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vits

The demogaptuc charactenstics of the children enrofled in the study ase
surmunanzed m Table 4.1 At enrolment, 303, 173, 104, 203, 143, 78 and 44 of the 1048

children were allolled to, and were subsequently treated with chloroquine (CQ) only;

pyrimethamine-sulfadoxine (PS) only, amodiaquine (AQ) only;, CQ plus

chlorpheniramine (CQCP), PS combined with CQ or AQ (CQPS or AQPS), PS combined
with probenccid (PPS); and halofantrine (IiF), respectively
found in 100 (9.5%) of the 1048 children at enroiment.

Hypcrparasitacmia was

Risk factors for Iyperparasitacniia at cnrolment,

Factors associated with hypciparasitacmia ai enrolmen are presented in Table 4.2
An age < 5 years, and a core temperature > 39.5°C were indcpendent tisk [actors for

uncomplicated hyperpasasitaemia ot cnroiment

Hyperparasitacnna during fotlow up

Following omi thcrapy, 1.2% of all patients (i ¢ |3 of the 1048 patienis) became
hypcparasitacmic, which developed. in all the 13 patients by day | of follow-up. The 13
patients who developed hyperparasitaemia following trealment were treated with CQ (10
patients), PS (I paticnt) or COM (2 patients), and following treatment, all but two had
scnsilive response.  The two children in the COM group who became hyperparasitaemic
on day 1 specifically reccived PS combined with CQ. The two children with resistance
response ( R, 1R1}) were treated with CQ. Compared with other treatment groups. there

was a significant difference in the proportion of children treated with CQ who became
hypet pasasitacmic on day 1 following treatment (P = 0 01)

Treatment ontcomes of hyperparasitacnna

The clinical and parasilological characteristics of the |00 children who had

hyperparasitacmia at enrolment and were treated with oral antimalanal drugs are
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TABLE 4 1. Summary of demographic and other chasacteristics of the 1048 children

carolied in the study
Yariables Value {mean + sd (range)]
Age (ycars) 55+25(05-11.9)
M:F 493 : 555
Weight (kg) 1S5.1 +48(66-27)

Presenting body temperature (°C)
Duration of illness (d)
Asexual parasite densily (per )
Geometric mean
Range
No. > 250000

386 + 12 (364 — 40 8)
3.0+ 15(1-14)

30129
2090-2341000
100
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TABLE 4.2. Risk faciors for £. falciparim hyperparms

itaermia in children at ensolment

Total No. of children Ciude OR P volue r;dsj;stg: OR P. value
no. with (95% CI) {95% Cl)
hyperparasitacmia
SEALaD 1.65 1.6}
ﬁi 3?3 gé L(106-26) 0025  1(10s:247)  00%6
>
o 493 45 1.1
I(";t‘lnzic 555 55 1 (058-14) 01° -
Duration of
liness (d)
66 098 .
i; ggg 34 1.(0.62- 1.56). 09 .
L 214 31 | 88 ] 84 - oo
%ig gg 5;4 69 1(115-301)- oo0g®  1(117-2.89) .
Gametocytes
| 091
. Yes 124 11 » ok ]
' 2 89 1 (0.43-1.78) g
:‘ No 9
A
w—t OR. odds ratio
— * £ wlh Yaie's comecUon
< Cl. coafidcnce insorval
§
ﬂ-I
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nmunanzed in Table 4 3. Despite enrolment at diflerent petiods, these characiensbcs
ere similar (primarily because the criteria for enrolment into all studies were aimilar)
o child with hyperparasitacmia was Tealed with AQ alone.

The responses of the asexual hypesparasitaemia 10 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)

Companison of outcomes of ireaiment of non - Inperparasitaemia  and

lyperparasnaemia

Sxtcen of 948 children without hyperparasitacmia had RIil response (o

trcatment compared 10 6 of 100 children with hyperpatasitacmia. The diflcronee

between these proportions was significant (X’ = 6.22, P = 0.001). Four children (3

treated with CQ and 1| with PS) aged < 3 years who had hyperpaiasitaemia progiessed

10 cercbral malaria, while 2 of the 948 children without hypesparasitaemia had the
same outcome. The difference between these two proportions was significant (P =
0.001, by Fisher exact test). The 2 children without hyperparasitaemia who progressed
10 cerebral malania were treated with CQ. Adverse rcactions reported following diug
trcalment were similar in children with hyperparasitaemia and in age- and gender-
matched children without hypeiparasitacmia who were treated with the seme drugs
(data not shown). For example, in those treated with CQ, pruritus occuricd in S (of

33) and 4 (of 33) children with and without hyperparasitacrmia. respeclively.
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TABLE 4.3 Clinical and parasitological characlenstics of 100 children with . falciparim
hyperparasitaemia who were treated with oral antmalarial drugs

CQ CQCP PS COM PpS* HIF* P
(n=133) (n=25) (n=2S5) (n=11) (n=9) (n=1) value
Age (years)
Mean + sd 43+23 51423 d46+28 49+22 75%15 50 06
Range 15-9 07 - 0.5-10.5 3-8.1 6.3-10 -
MF 12 %2 105 12:13 6.5 332 |1:0 -
13.12
Duration of illness
(d)
Mecan 28+12 32+13 35425 <. 30+07 30+00 3.0 05
Range 1-6 -6 1.14 2.4 3.3 -
Pajasitaemia (/ul)
Geomecuic mean 438649 467090 398318 387090 750104 .o 04
Range 253091 - 253600 - 253091 - 250145 -~ 414750 ~
1500000 2341000 1254000 716000 1388000

PS. pynmabasune-sullzéouns, CQ, chloroquine, CQCP, chioroguine plus chloiphenirmmine;
COM. pynaxmbhaaunc-ifadoxiac awabinad with cblovexpnas or amodiaquine,
PPS pynaxchamine-sulfadoxnc combined with grabomed: HF, hatofodnne—
*Ewudad from mulisple commirtsoa beranuse of relag cly small number of patlents

**Pyratiizouis o carolment was 4386460 per ul
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TABLE 44 Therapeutic responses of 100 children with acute 2. falciparym malaria who had hypcrparasiti

at enfolmen
CQ cQcp PS COM PPS* HF* P
(n =33) (n=25) n=25) (n=11) (n=5) (n= wvalue
)
FCT (d)
Mean = sd 20+09 23#+t0 22412 16405 22+13 10 05
Range 1-4 1-4 14 1-2 14 -
PRR
Median(x 10') 36 10 3710 13.1 302 -
Interquartile
nnge (x10')  0006-722 003-446 273-776 0.0945.1
PCT (d)
Mesn 28+ 1) 32+08 28*13 2605 26+09 30 04
Rangc 26 2-5 2-6 2.3 24 -
S (no. of patients) 18 22 2 11 b) |
RI 8 | 3 0 0 0
Rdl 2 ] 0 0 0 0
RilI S i 0 0 0 0
Cure rate (%) 545 88 88 100 100 - 0.001

PRR, marasic reducuon ralio.

FCT. fever clearznos ume, PCT, pasasite carance liroe, PS, gytimscthamine-suifodosine; CQ, chloroquine; CQCP,

chioragoine plus chlorphamramine, COM, oy nimathamine-adladaxine combined witli chloroquine or amodiaquine. PPS pyrimcthamines
si{xdoxine combibed with prodonand. HF. halofantnine, Rl = parasitaemia disappeary but scappears within 7 10 14 days: Rl = decrense of
parantacmia bt no cxmplac cianax frow porpheral blood: RIL = a0 pronounced daraase or iInarease (n parasiiacmia ot 48 hours afler
reatnent-S-» seaqty e respoanse.  *E scludadfrourmmtuple companisn becausc of relainely smoll number of patients
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rocyle carriage and gametocytaemia in children with yperparasitaemia

In order to evaluate gametocyte camage and gametocytaenia in those who were
perparasitacmic al presentation, children with hyperpaiasitaemia were matched with
without hyperparasitaemia for lime of preseniation, age, gender, and drug treatment.
| Al enroiment gametocyte caniage was similar in children with hypéiparastaemia
and in age- and gender- 1nsiched children without hyperparasitaemia who received the
same drug trcatment (6 of 100 v |1 of 100 children. ¥ = 103, P = 0.3). Similarly
following ircatment, gametocyle caniage was simvlar on day 7 (16 of 100 v 27 of 100

children, f =29, P=0.08) and on day 14 (9 of 100 v 17 of 100 children, f =22,P=
0.14),

At enrolment gamciocytoemia was similar in children with hypetparasitaemia and
in age- and gender- malched children without hyperparasitaemia who received the same
drug treatment (geomctiic mean 12, range 6-24/ul v 14 range 6-72, P = 0.5). Similasly
following trcaiment. gamietocytaemia was Similar on day 7 (geometric mean 71, rangc 6-

1320/pL v 66, range 6-828, P = 0.4) and on day 14 (geometiic mcan 57, mnge 12-480/pL
v 70 range 12-360, £ =0.7)

Fractional gamectocyle density was iasignilicanily lower in children with
hyperparasitacmia comparcd with those without hyperparasitacrnia (median 0.003, tange
0.001- 0,005 v 0.048, range 0.0015-2.3%, P = 0.249)
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fscussion

Uncomplicated hypeiparasitacmia is not uncommon in Afiican children presenting
ith acute, symptomatic, /. falciparum malaria (Salako et al., 1990, Sowunmi et al.,
| 2, 1996, 2000 a). Prevalence rates in endemic and non endemic areas in Alfiica
probably vary widely; in southwest Nigena, the rate is approximately §0-12% (Sowunmi,
unpublished data). The L0% prevalence recorded in the present study was similar 10 that
previously reported from the same area in the carly 1990°s (Salako et al ., 1990).

The risk factors associated with uncomplicated hyperparasitacmia at presentation
are not fiequentlty documented. In falciparum infections, younger age (< 3 yeass) has
been associated with hyperparasitaemia and increased sk of progression to cerebral
maiatia (Sowunmi et al, 2000 a). In the present study, age < 5 ycars and a core
temperature > 39.5°C were indcpendent risk factors assocated with hyperparasitacmia at
presentation. In (alciparwn infections in young children, the general trend is for
parasitacmia to incrcase with time, and more specifically, 1o be accompanied by incieases
in body tcmperaturc. However, in severe infections there may be hypothermia. In
practice many children with lower cote temperatures than this model found may be
hyperparasitemic. This would be so because many paren(s or guardians bavc ready access
to over the counter remedies including antipyretics before presentation This *blunting’ of
presenting eore temperature may mislcad the attending health care provider and distract

attention from the possible presence of hyperparasitaemia

The responses of apparently uncomplicaied hypcrparasitacmia to oral therapy are
less (1equently reported, probably becausc of the dangers associated with oral therapy in a
eondition that may rapidly progress to a fatal outcome, and probably also because of
inceasng resistance in P. falciperum to antimalarial drugs icading 10 reluctance to Ly
oral therapy. Providing the parasites arc fully sensitive 1o the oral drugs chosen,
responses (0 drug therapy appears 10 be independatt of parasite load. Thus in a
comparasinve study, thevapeutic responses of those with and without hypetparssitacmin
were amlar in children from an endemic arca in West Afnica (Sowunmi et al., 2000 a)
jn addition, in dnig sensitive infections, the disposition of parasitacmia appears (o follow

$1
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order kinetics (Sowunmi et al, 2000 a, b). !n this cohort of children, CQ was the
1 effective drug in children with hyperparsitaemia and clearly represented a significant

line in the sensitivity of P. falciparum 10 this drug. Thus with prevailing degree of CQ

tance, this dnig may not be ideal for the treatment of malaria irrespective of parasite
joad. The significantly higher proportions of chitdren without hyperparasitacmia who
ubscquently developed it following treatment with CQ or PS compared with the other
trcatment groups suggest slow onset of antimalarial action or reduced sensitivity 10 these

drugs and a nisk for development of post-treatment hyperparasitacmia.

The similar frequencies of pruritus (and other adverse diug reactions following
treatment in those with and in those without hyperparasitacmia who were treated with the
same drugs [data not shown]) suggest that hypcrparasitacmia does not predispose 10

undue adverse drug reactions following treatment (Sowunmi et ai , 2000 a)

Hyperparasitaemia is a potentially life threatening condition, and with or without

other features of scvere malaria requires close clinical and parasitological monitoring. Tis

ocaurtence in children from this endemic area without other overt features of scvere

falciparum nulana suggests the presence of some degree of immunity, although these

children are, in general, considered relatively non-immune compared with adults from the
same endemic area, and are prone 10 multiple infections (Happi et al., 2003). Should oral
CQ or PS continued to be used for 8 potentially life threatening situation in view of
iIncreasing resistance of £, falciparum 10 these drugs in Aftica? This should not be so. A
recent study suggests that AQ, a drug more elfective than CQ in both CQ- sensitive and
cesistant- /. falcyparum infections, rapidly clcars hyperpasasitacmia (Ndounga & Basco,
2003) In the small number of children treated with a combination of PS plus AQ in the
siudy population. ncither clcasance nor parasite reduction ratio was significantly faster or
higher, respectively than those of other trcatments. In view of the fact that artemisinin
and iIs derivatives clecar parasitacmia more 1apidly than most of the currently available
amimalenials (Hien & Wtote, 1993), these drugs combined with, for cxample, AQ may be
t1ied for the managemew of uncomplicated hypctparasitacmia in children from Afiica
This suggrstion is predicaied on the fact that AQ is a relatively safe drug (Olliaro et al
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), and may be a suitable partner combination drug with the aitemisinin denvatives,

~cxample, artesunste for use in Africa (Adjuik et al, 2002). Swdics (o assess the

cacy of such combinations in uncomplicated and complicated hyperparasitacmias are

der way in the study area

As was expecied, gametocyte camiage and FGD were lowcer in children with than
n thosc without hyperparasitacrma. The maedian FGD was 16 folds higher in thosc
without than in thosc with hypcrpasesitaemia. Relatively low asexual parasitaecmia and
absence of fever are somc of the nsk faclors associated wilhi gametocytc carnage in
falciparum infections (Price ct al, 1999, Akam et al, 2000, von Seidlein ct al, 2001).
The lower gamctocytc carriage and gametocytacmia following treatment indicate that oral
therapy of this condition is not associated with undue generation and/or relcase of
gametocytes into thc pcripheral circulation. However, it is not known whether
gametocytes arising from patients who had hyperparasitaemia are more infcctious to the
mosquito than those arising fiom patients without hyperparasitacmaa who wcre treated

with thc same drugs

3)
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Plasmodium falciparum malaria in Nigerian children
during higl and lvw transmission seasons: gumictucyte
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CHAPTERS

Plasmndinvm falciparnae malaria in Nigerian children during high and low

transamission seasons: gamelocyle carriage and response to oral chleroquine

Introduction

The incidence of Plasimodinm falciparum maluia often has a seasonal paitemn.
Gamctocyte generation, carriage and infectivity to mosquitoes are crucial to successfil
transmussion of falciparum malana infection, particularly in endemic areas Carter and
Miller (1979) demonstrated that the rate at which sexual diflierentiation occur in
Plasmodium falciparum crythrocytic stages depends on ceitain environmental factors.
Several other studies have reported immunological stress (Smalley and Brown, 1981;
Ono @ al, 1986), impact of host response (o parasite {Mons 1986, Schnewcis et al ,
1991, Sinden, 1998) and chemotherapy (Buckiing et al., 1997, Robcrts et al.. 1996 a,
2000, Sutherland et al, 2002, Hogh ct aé, 1998. Sowunmi and Fatcyec 2003 o, b) as

impostant factors involved in the induction of gametocytogenesis

Although some studies have reported seasonal influence on vectonal capacity,
gametocyte camage and trophozoitc densitics 81 the onset of dry or during 1ainy
season in endemic area in Alnca and Thailand (Rosenberg et al, 1990. McElroy et al,
1994, Molincaux 1980, Nacher et al., 2004), little is known about the efliects of
seasonal vaiiations on gametocyle camage and response to chloroquine treatment in
endemic area of southwest Nigenia. Such infonnation is crucial to our undersianding
of the potential contiibution of scaconal changes 1o malana transmission. Thus, in the
procon study. an cvaluation of the effiects of low and high t:ansmission seasons on
gametocyte carviage and responsc of children to chloroquine during P. falciparum
malana infection in hypcrendamic sovthwest Nigeiia has been made
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lients and mcthods

tients

The study took place between July 1996 and December 2002 in patients
resenting at the University College Hospital in lbadan, a hyperendemic area for
dlana in southwestern Nigeria (Salako et al, 1990). Ethical clearance was provided
by the local cthics committee. Dusing the period, a series of antimalarial drug studies
ere conducied to evaluate the efficacy and safcty of different treatment regimens
spanning the two petiods of high (April 10 October) and low (November (0 March)
_Iransmission seasons known in the arca (HTS and LTS, scspectively). The details of
the studies have been described before (Sowunmi et al , 1998 a, b, ¢, Sowunmmu 2002,
2003). Wriefly, children with symptoms compatible with acute falciparum malaria
who fulfilled the following critcria were enlisted in the study: age 13 years or below,
pure P. falciparum parasilacmia gredter than 2000 asexuval forms/jd blood. ncgative
utine tests for antimalasial drugs (Dill-Glazko and lignin tests), absence of
concomitant iliness, no evidence of severe malania (WHQ, 2000) and writtcn informed
consent given by parents or guardians. Afler crwoiment and start of treatment (day 0),
follow-up with clinical and parasitological evaluntion was at days 1.7, and then on
days 14, and when neeessary, on days 21 and 28 Clinical evaluation consisted of a
gencral climcal exarnination including measurement of weight, core temperature and

physical cxamaation

Assexsment of parasiteama annd gametocytacmia

Thick and thin blood films prepared from a finger prick were Giemsastained
end were examined by light microscopy under an oil-immcision objective, at x 1000
magmfication, by two independent msscssors. Parasitacmua in thick RAlms was
estimated by countling ascxual parasites relative to 1000 leukocytes, or SO0 asexval
forms, whichever ocauired first.  From this figure, the parasite density was calculated
assummg a leukocyte count of 6000l of blood. Gamclocytes were also counted in
thick blood films agsinst 1000 leukocytes assuming an average leukocyle count of
6000/ of biood (Shaper & Lews, 1971, Ezalo, 1971, Sowunmi et al , 1995)
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duafion of response to druy treatmens

In order to cvaluate the response of children to chloroquine treatment during
e HTS and LTS, 25mg/kg body weight of the drug over threc days (10 mg/kg on day
10mg/kg on day 2 and Smy/kg on day 3) was administered to children. Response to
B treatment was assessed using World Health Organization (WHO) criteria (WO,
973) as follows: S = scnsitive, clearance of parasitaemia without recurrence; RI (mitd
sistance) = parnsitaemia disappcars but reappears within 7 to 14 days; RI1 (moderate
fesistance) = decrease of parasitacrnia but no complete clearance from penipheral
blood, R11l (severe resistance) = no pronounced decrease or increase in parasitaemia at
48 hours afler treatment. In thosc with sensitive or Rl rcsponse, parasite ciearance
time (PCT) was defined as the time clapsing from drug administration until there was

no patent parasitaemia for at least 72 h

Statesticed anilysis

Data were analysed using version 6 of the Epi-Info software (Anon,, 1994),

and the statistical progtam SPSS for Windows version 10.01 (SPSS, 1999)

Proportions were compared by calculating 22 with Yates' correction or by Fisher exact

or by Mantel 11acnszci tests. Normally distributed, continuous data swere comparcd by
Student's t-1ests and analysis of variance (ANOVA) Data not confbrming to a nonnal
distritastion were compared by the Mann-Whitney U-test and the Kruskal-\Vallis test
(or by Wilcoxon rank sum test). A multiple logistic regression model was used to test
the assoqation between gametocytacmia (yes or no at presentation ) and factors that
wese significamt at univasiate analysiss male gender, presence of fever, duration of
illness before preseniation and asexual parasitacmia at presentation. The values
presented balow are generally means and standard deviations (sd) or standard error
(se). P-values of <0.05 were tsken to indicate signilicant differences
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ults

inical awd parasitological features at enrolment

The summaty of demographic and other characteristics of the children enrolled
‘the study is presented in Table 5.1. O[ 1031 children enrolled into the studies. 693
338 children were recruited dwing the high and low transmission seasons,
especuvely between 1996-2003. Patent gametocyteemia (geometric mean 27, range 6
1344/pL) was presenmt in 73 (10.5%) of 693 ond 40 (118%) of 338 children at
nrolment in both high and low transmission scasons respectlively. These proportions
were not significantly dilferem (x* = 027, P= 0.6). The parositc densitics ot
‘enrolment in these children were 36748 (Geomettic mean, range 209- 150000) per pL
and 27961 (Gecometnc mecan, range 1116-565333) per pb in both high and low

transmission seasons, respectively (P= 0.00))

The responses of the ascxuni parasitacmia to drug treaiments have been
reporied clsewhere. Foclors associoted with gametlocytaemia at encolment during the
high transmission seasons (HTS) are presented in Table 5 2. Duration of illness > 3 d,
and ascxual parasite densities less than 10000/ul were related o the presence of
gometocytaemin at enrolment.  None of age, gender or fever al presentation was
tndependent risk factor for gametocyie camiage (Table 5.2). Howcver, duiing low
lransmission seasons, gender, duration of illness >4 d. and ascxual pasnsite densilies
less than 5000/uL were the independent factors associated with gametocytacmia at

enrolment (Table 5 3)

Cliical features and response (0 chlurequine

Of 333 children that were trcated with chloroquine duining the study, 168 were
placed in the IS and 165 i the LTS The clinical features a1 presentation and
parasitological parameters of these children are summanzed m Table 5.4. The clinical
features were gsimilar, although those enrolled 1n the LTS were significantly younger
("= 003), had significamly lower presenting temperalute (I'=003) and tower
RODNEUIC aean paiasile density (P=0.001) Although, the fever clearance tlimes were
uoilsr in the HTS and LTS, the pasasiic claarance times were significantly different
(P=0 003) The other therapeutic responses (Table 5.4) were simular in the two
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BLE 5.1. Summasy of demogyaphic and other chasacteristics of the 1031 children
enrolled in the study

Duration of iliness (d)

Ascxual parasite density (per jiL)
Gceometric mean

Range

No. > 250000

Value [mean # sd (ranpe)]
56+29(05-120)

493 : 538

164 +48(5.0-27)
386+ 12(35.7-420)
32+17(1-21)

34063
2090-2341000
100
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TABLE 5 2. Risk factors for /.

Jalciparsm gametocyiaemia at enrolment during the high transmis

sion seasons

39
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No ofchildren  Crude OR P. value Adj'ustod OR P._value
with gametoeytes  (95% ClI) (95% CI)
e 346 35 ! - -
) 4
2§ 347 38 109(06-18) 08
Gender - : . :
mal 320 |
i 373 37 1.2 (0.7-2.0) 0.4
Pacasitacmin
(mLOOOO) 561 5t ] l
42::0000 132 21 189(104~335) 003 185(1.11-3.33) 003
Fever ¢ s 2 : . ;
Febril 437
Afd‘:tie!c 258 27 099(05-168) 09
Duration of
illness (day)
o 2S5 i ]
= ;gg :18 0.51(031-0.9) 0.01 0.55(0.33-~1.0) 0.03
: odds Fever, avillany temperaniss 2 37 5°C CL conlidence intcrval
OR. auo

L ""SS



TABLE 5 3. Risk factors for P. folciparim gam

ctocytacmia at enrolment ducing

the low tiansmission seasons

Ct, coafidence interval

60
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Y No. of children Crude OR P value Adj::slcd OR P value
with gometocytes (95% ClI) (95% ClI)
Age () . !
13 b

z g :gg 27 0.5(0.23 - 1.05) 07

Gender % | : 13
?:::lc ::"ig ‘l." 0.34(0.15-072) 0.003 03(0.1-0.6) 002

€ 2
Parmsilacmia
(jul) ] :
9 s |

s 28% ;::S 32 0.21 (008 - 0.63) 0.001 022 (0.08-0.64) 0.005

>

Fever * £ 5 : - -
i?‘::t‘;e 240 k]| 068 (0.3-1.54) 04

Duration of

iliness (day) e ; 1
qu f;g 10 31(002-73) 0.0} 31(12-173) 0014
>4

OR. odds rau0 “Fever. axillasy temparatwe > 37.5°C




LE 5.4: Comparison of clinical parameters of 333 childicn w1th acute falciparum malana at
otation and their (heragoutic responsc following treatinent with chloroguine during high and

low trAnsSTMISSI0n SESANS

HTS LTS P
vaiucs
Numbcr of paticnis 168 165
Agc (ycars)
mantsd 56+28 49+30 003
range 07-130 06-120
Weight (kg)
mcan *sd 160+56 150+5.6 0.16
range 65-330 6.5-310
Duration of symptoms (days)
mcin + sd 3J3+18 31+15 0.14
jange 1.0-]140 10-80
Body Temperature (°C)
mean + sd 385 + 1.2 38.0 +1.) 0.03
] 36.1-42.0 36.5-410.6
Parasntacinia (/ML)
GMPD (ascrual) 36748 2796) 0.001
Range 2090 - IS00000 2116 - 565333
FCT (d)
man + od 15+08% 15208 099
range =4 -5
PCT (d)
mean + sd 27409 30+09 0.003
rnge I-6 I-5
Risponse
No Curcd 97 92 07?
No. with Rl 60 52 0.d
No_ wtith R1! 6 10 0.4
No. wnh RIit $ 11 0.1

6l
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ons. Analysis of the treatment failures showed that of the 71 that had resistance
onse in the HITS, 60, 6 and 5 children had RI, RAl, and Rl respectively; similarly in
e LTS, 52 had RI, 10 had RII and 11 had RII1 responses. RIIl response occur more in
e LTS than HTS but the difference was not significant (P= 0.1).

ametocytacmia during treatment with chloroquime and follow up

Gametocytnemia was found in twenty scven of 168 and twenty eight of 165 during
the HITS and LTS, respectively at enrolment. There was no difference in the geometiic
mecan gamctocyte densities (24, range 12-1344/pl, vs. 26, range 6-150/p);, P= 03).
Gametlocytacmia increased significantly in densities by day 7 and 14 in children treated in
the HTS when compared to the gamcilocyle densilies obteined on these days in those
treated during LTS following chloroquine treatment (Table 55). However, the
cumulative gametocyte carriage by day 7 and 14 were significantly higher in the children

treated with chloroquine duting the LTS (P= 0.015 and P=0.03) than those treated during
the HTS.

62
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TABLE 5.5. Comparison of gametocyte intensities al presentation and following
treatmient in 333 children with acute falciparum malaria during high and low
1ransmission scasons

HTS LTS r
values
Number of patients 168 165
Pacasitacmina (per pl)
onday 0
GMPD (gametocytes) 24 (n=27) 26 (n=28) 029
Range 12-134 6-150
Parasitacmin {per i)
on day 7
GMPD (gametocytes) 48 (n=29)° 27 (n=48) 0.04
Range 12 - 1476 6 - 264
Yarasitnemin (per pul)
on day 1.
GMPD (gametocytes) 29(n=20)* 18 (n=35) 0.02
Rangc 12- 144 6-102

GMPD, goometnt mean parasite density
* numbxr of cluldren nying gamctocyte, GameioR)le camage was sigmfieantly higher in
LTS by day 7 ond 13 (P= 0015 and 0.0))

6)
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iscussion

The primary purpose of the present study was 10 evaluate the eflfect of seasons in
he low and high transmission period characteristic of malaia infection in Nigenan
hildren, on gametocyte carriage, responsc 10 oral chloroquine and gametocyte carriage
l'ollowing treatment. Gametocyte carriage rates may vary widcly and depend on several
‘factors. In this study, the obscrved prevalence of malania infection was significantly
“higher in the high transmission season {1354 of 1986) than in the LTS (253 of 789), but
the gamctocyte catiage rate was slightly higher in the latter. Such seasonn] eflect has
been observed earlier in the same area (Molineaux, 1980). Prompt wisit to clinic and early
ireatment of the infection during HTS compared 10 slow response of infected individuals
during LTS may be contiibutory. People in this setting appear to suspect malasia
infection more in the rainy season once symptomatic or pyrexic. 11 is noteworthy that
asexual parasitacmia at enrolment was markedly higher in the HTS than in the LTS. The
reason(s) for this is not clear from the present study. A similar observation of low parasite
rote during the low transmission period has been earlier reported (or the area (Sowunmi
1995; Salako et al, 1990). It may be that the features of ascxual Plasmodium falciparum
infcctivity or clinical presentation vairy with season or respond to changes in the

environment in such a way to favour its propagation

A anitical evaluation of the risk factors for carriage of the sexual forms may
provide some clues in respect of the above observation In the present study, two and
threc independent factors were assodsted with gametocyte casviage in the HTS and LTS,
respectively. Why male gender should be a risk factor for gametocyte caniage in LTS
and not in the HTS remains unclear. Testosterone and corticosteroids has been reported to
stimulate £ falciparum gametocytogenesis i1 vitro ( Maswoswe et al . 1985, Lingnsu et
al, 1993) Cauld there be seasonal vanation m the levels of sex hormones in the

prepuberta) male_and female? This finding would require further investigation in African
chidren

The duration of iliness longer than 4 days and reduced parasiteamia (ound as nsk
acton for. gamatocyle aumage in the LTS contrast sharply 1o the shofter dumtion of

Hi
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and two fold parasite density in the HTS and may suggest that there is delayed
tation of symptoms or possibly low degree of vitulence in the circulating asexual
ites during the LTS. Smalley et al. (1981) observed that longer established P.
aiciparum infections are likely to produce gametocytes. [t is likely thercfore that longer
uration of illness before presentation in the LTS may allow sufficient time for the

rogression of commitied asexual parasites to gametocytes.

The effects of antimalarial diugs on sexual differentiation in #. falciparum is still
not fully understood, Certain antimalarial drugs, for cxample, chloroquine and
pytimethamine —sutphadoxine, have bcen reported to contnbute to gametocytogenesis #
vitro (Buckling et al., 1999) or gamctocyte generation or rclease i vivo (Butcher, 1997,
Sowunmi and Faieye, 20038, b). It is remorkable to_note that the children in the cohorts
ireated with chloroquine in this study duting LTS were significanily younger, had lower
presenting (emperature and low parasite density compared 1o those treated with
chloroquine during the HITS  Although fever clearance times svere similar, the parusite
clanance times wcre significantly different in the two Uiansmission scasons The
children treated during the LTS had delayed clearance of their asexual forms suggesting
differing parasite behaviour and dynamics during trenssmission scasons. Thus the use of
chloroquine in children in the study arcs in the 1ITS appearcd more favourable and
important to reduce circulating parasite load. Despite similar therapeulic outcome and

resistance rates in the two transmission petiods, early resistance of RI1 and RITI occur in
more children during the LTS

Surpiisingly, the post treatment gametocyiaemia and gamectlocyte carnage differ

signlicantly tn the two. scasons compared (0 pretreatment gamclocylacmia and
gamcylocyte camage that were similar. in the HTS, post treatment gametocyle intensity
was ligh but significanily fewer children wcre cairiers compaured with low gametocyte
intensity and high carriage rate in the LTS, Thus antimalarial drug chemotherapy may
impose stress on the parasite, responsc to which could result 1n increcased gametocyte
producyion (Buckling ct a1, 1999, Saulicy, 1977). The higher sexual parasite densily in
the HTS may in addilion support increased parasite burden on mosquito and probability of
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uito infection {Carter and Graves, 1988, Taylor and Read, 1997, Buckling ct al,

). Thus creating heavy burden of malaria and high uansmission in the area

The increased resistance to chloroquine, which still remained the most common.
eadily available, cheap and first line antimalarial drug in the study arca. may be
ntributory to differences in the post trcatment gamctocyte generation or rclease and
carriage in children. Iatients with slow response to treotment are likely 1o casty
gamctocytes than those that tesponded rapidly (frice et al, (999). This may find
relevance in our understanding of how the parsasitc cnsurcs transmission despite
chemotherapy of the infection. More studies would be necded to clucidate parasite

response and bchaviour to other antimalarial drugs during low and high transmission

S€asons,

Overal), a strategy that avoids the identified risk fectors for gametocyte carriage in
the two (ransmission seasons and controlied use of antimalarial drugs may reduce

gamctocyte prevalence and contribute 10 a reduction in malaria transmission

66
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Section 11
Lfjects of antimalarials on P. falciparam

gametocytacmia and gametocyte sex ratio changes
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CHAPTER 6

Responsc (o chloroquine (reatment of children who had or did not have
ametocyics during uncomplicated Plasmodium falciparum malaria and inlucnce

of host chloroquine Liood concentrations on gamelocyie carriage

latroduction

Chemotherapy still remains the most widely used approach Lo combat malaria
infections. Continuing use of chloroquine in the treatment of malatia infections has
been associated with increasing risc in failure 1o clear parasites in patients. 1In endemic
- areas, as high as 40% and 80% in \Vest Aftican and East Afiican patients, respectively
may fail chloroquine trcatment (Sowunmi and Faicye, 2003 a, Woklay et al, 1995).
This has nccessitated altermative antimalanal drug therspy. \While awaiting the
emergence of allernative to chloroquine in these areas, cfforts need be geared towards
minimizng the morbidity and mortalitly that may result from continuing use of
chloroquine. One stralegy, (o consider to extend the per:od in which the antimalasial

15 useful in a palient is the parasite host-relatcd characteristics, for instance gametocyte
camage. and clinical responsc to chloroquine

Gametocytes generation. carfiage in host. and infectivity to mosquitoes are
cruaal 10 successful ransmession of malara infection and may contnbute (o
sisicrance and spread of chloroquine resistance in endemic areas (Sowunmi and
Fateye, 2003 &, b, Sinden, 1983} In addition. lkitle 18 known of the eflects of
chioroquine soncentsdion levels on gametocylc camage and contnbution to spread of
chloroquine resistant infeiions in children. Thus the aims of the present study is 1o
cvaluate the effect of gametocytes at point lime of treaiment with chloroquine and
during follow up poiod on clinical outcome and resistance pattern in children duting
scute, uacosnplicated, falciparum malsna, and assess the cflects of CQ blood levels on
gamctocyle dynamics
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ients and Methods
The study is a part of a large study on efficacy of antimalarial drugs caried out in
dan, Nigeria from July 1996 1ill Marcb 2003 (Sowunmi et al., 1998a, b, ¢, Sowuvnmi,
)2, Sowunmi, 2003). One hundred and forty two children with acute uncomplicated P.
.fc'ipamm malaria were enrolled consecutively into two gtoups of those who had
etocytes at enrolment or and during follow-up period and those who did not lave
ctocyles al enrolment or any point during treatment. They were treated with
hloroquine (25 mg/kg of body weight given over a 3-day period: 10 mgrtkg on days @ and
and 5 mg/kg on day 2). The study was approved by local ethics committee. To be
enrolled into the study, a child had to be aged < 13 years, have pure P. falciporum
parasitacmia of > 1000 ascxual forms/ul, give negative results in (Dill-Glazko and lignin)
"utine test for antimalarial drugs. have no concomitant illness or evidence of severe
malactia and have the wnttcn informed consent of his or her parents or guardians. After
entolment and stait of trecatment (day 0), foilow-up with clinical and parasitological

cvaluation was on days 1-7, 14, and when necessaty, on days 21 and 28. Clinical
core lemperturc and physicat examination

Assessment of pxirasiteamia and gametocytacmia

(Sowurmi aid Fateye, 2003a. b)
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evaluation consisted of a general clinical examination including measuremcnt of \weight,

Thick and thin blood filins prepared from a finger pirick were Giemsa-siained and
were examined by light microscopy under an oil-immersion objective, at x 1000
magnification, by two independent assessors. Parasitacun in thick films was estimated
by counting asexual parasites relative to 1000 Jecukocytes, or 500 asexual formns,
whichever occuwsved first. From this figure, the pasasite density was calculated assuming a
leukocyte count of 6000/uLl of blood. Gametocytes were also counted in thick blood
films against 1000 lewkocytes assuming an average leukocyte count of 6000/ul of bleod
(Shaper and Lewns, 1971, Ezcilo, 1971, Sowunmi et al. 1995). Gametocytacmia was
quantified on days 0, 3, 5, 7 and 14 using the thick blood smears prepared on those days



luation of response o drug treatment

Response 1o drug treatment was asscsscd using World Heslth Organization
HO) criteria (WHO, 1973) as follows: S = sensitive, clearance of parasitaemia without
rence; R1 (mild resistance) = parasitaemia disappears but reappeats within 7 to 14
s. Rl] (moderate resistance) = decvease of parasitaemia but no complete clearance
om pcuipheral blood; Rill (severe resistance) = no pronounced decrease or increase in
_ rasiteemnia at 48 hours after treatment. In those with sensitive or Rl response, parasite
learance time (PCT) was defined as the time elapsing from ditug adminisiration until

ere was no patcnt parasitaemia for at least 72 h.

Assessment of effects of CQ blood levels on gamctocyte dynamics
Venous blood (5ml) was obtained from 22 children enrolled in the study at
presentation and on day 3 and 7 for chloroquine concentrutions in plasma and red blood
cells. In addition, blood was obtained from all cases of treatment failuie before
retreatinent with pyrimethasnine sulfadoxine or amodiaguine at standard doses. 8lood
was immediately centrifiige at 1200 x g, plasma separated {rom red blood cell and both
plasma and red blood cells stored at —20°C until analysis. Chloroquine was detetmined in
plasma and red blood cells by high pcrfonnance chromatography (HPLC), using a
modilied method previously used for the estimation of quinine (Babalola et al., 1993)
Bneflly, Plasma (Iml) and the interna! standard 10u) of papaverine (Spg/ml) were
alkalinized with Im)] of 2 Af NaOH and whirl mixed for 1 minute. The mixture was
extracted with 2ml diethyl ether and vortcxed for | minute.  The organic layer was
scparated following centrifugation at {200 revolution per minute (ipm) for ten minutes
100pi of 0.1 ¥ HCl was added to 2ml of the organic layer and the mixture vortexed for |
mirute and centrifiged at 1200 1pm. The ether upper layer was removed and 20 pl of
chloroquine extiact injected into the HPLC
The mobile phase was a bufier consisting of 0.2 Af sodium dihydrogen phosphate,
acthanol asd acetoniuile at a ratio of 65: 30: S, with | m! perchlorie acid /100 m! of
solutson at pliof 3 7. The mobdile phase was degassed in a sonicator just before use and
pumped ihsough Lhe solumn at a How rate of 1 mUmin. The column contained @ Bondnpak
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x 300mm). The fuorescence detector was set at 254nm. The compound eluted

“the column in the following order chloroquine and papavciine The retention times

4.6 and 6.8 min for chloroquine and internal standard, respectively.

The thawed red blood cell, already lyscd by the storage condition, were
nfuged at 1200 rpm for 10 min and the upper layer Iml processed in the same way as
plasma. The lower limit of detection was 3ng/ml. Rccovesies over the concentration
ge SO -1000ng/m! were 90% in plasma and 85% in red blood cell The intra and inter

mples coefficient of variation was 4 5%. Calibration plots were lincar (r2 = 0.98) up to
000ng/ml The peak area ratios were colculated and concentrations deteimined by
xirapolation from the standard plots using a Greph Pad Pnzm software package
GraphPad, 1999).

Stanstical analysis

Data were analysed using version 6 of the Epi-Info sofiwarc (Anon., 1994), and
the statistical program SPSS for Windows version 10.01 (SPSS, 1999). Proportions were
compared by calculating 2 with Yates' comnection or by Fisher exact or by Mantel
l{aenszel tests. Normally distnbuted, continuous dala were compared by Student's t-tests
and analysis of vaiiance (ANOVA)., Data not conforming to a normal distribution were
comparcd by the Mann-\Whitney U-test and the Kruskal-\Wallis test (or by Wilcoxon rank
sum lest). The values presented below are generally means and staadard deviations (sd)

or standasd error (se), P-values of < 0.05 were (aken to indicate significant differences
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ults

nical characteristics amd response 10 chioroguine treatment in children who had or did
ot have gametocyfes
The seventy one children each in the two groups of those who had gamctocytes at
escntation or duting treatment with CQ and those who did not have st presentation had
milar clinical characteristics, parasite clearance times 29+ 1. vs3 0+ 0.8, P=0.9) and
ever clearance times 1.6 + 09 vs 1.4 +0.7, P=06). 43 of 71 gametocytaemic children
uring the trcatment of therr acute malana with chloroguine had gametocyle at
presentation. These children were younger and had low presenting parasiteamia when
compared with 43 children on consecutive enrolment who did not have gametocyies
(Table 6.1). The therapcutic response (Table 6 2) to chloroquine treatment differs in these
two groups. Children who had gamctocytes at presemation had significantly shoster
parasite clearance time and fever clearance time when compared with those who did not
have gamctocytc a1 presentation or during treatment of the infection (27 * 09 v 3.1 # 09
dP=003.12+05vs)1.61+09d, P=0.01 respectively)

Gametocyte carriage, gametocyte nnensity asnd chloroguine concenirations m plasma and

red blood celts in 22 cinldren

Gametocytes were carried in peripheral blood in three of the 22 children in whom
chloroquine concentrations were determined. at presentation, and additional 3 children
during treatment, with mean {geometric) gamctocyte deusstics of 19 /ui blood (day 0) and
46 /ul blood (day 7), respectively.  Four of the six children who had gametocyte at
presentation or developed duting treatment were aged less than § years. Tabte 6.3 shows
the clinical parameters and. therapeutic response of these chifdren. . All the six children
who had gamctocyte at prescntation or developed during treatment had resistance

responsc.
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TABLE6.1: Compatison of clinical pasameters of 86 children with acute falciparum

malaria who at prescentation had or did not have gametocyte

Paramelers Gametocyta Agametocyta P
cmic emic values
Number of patients 43 43
Age (years)
mean + sd 5.6+30 69+28 0.04
range 0.7-12.0 0.6-13.0
Weight (kg)
mean + sd 165+64 188+62 009
range 70-300 8 5-28 0
Duration of symptloms (doys)
mean + sd 35+23 32414 0.46
range 1.0-14.0 1.0-7.0
o
B?:,’Za:i"lﬂcmm( ©) 3g4s12 385212 069
range 365-406  36.5-406
Parasttaemia (per ut)
GMPD (ascxual) 13588 21716 0.05
Range 209-262426 681-236866

GMPD, goosiieuic weas pansic doasty
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BLE 6.2. Therapeutic response following treatment with chloroquine of 86 children
~ with acule fafcipasum malaria who at presentalion had or did not have gametocyte

Parameters Gameltocyta Agametocyta P
emic emic values
Number of patients 43 43
FCT (d)
mean + sd 12+05 1.6+06 0.01
range 1-3 1-4
PCT (8)
mcan + sd 27409 31+09 0.03
1angc 1-6 =35
Day 14 responscs
Cured (%) 20 (46.5) 33 (76.7) 0.001
RI 20 7
R11 3 0
RI1I 0 3

FCT, [eves clearnace iime; PCT, paiasite clcarance linie. Rl = panatacmia dissppass bul reappars within
7 10 4 dovy, Rl = deomee of parasioem but o complcte clearance from penpheral blood, RITl = no
proooanced daease o jacrcse 1a perastacmua at 48 hours after incatmeni. S = sensilive respoase.

1
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LE 6.3. Clinical parameters and therapeutic response of 22 children with acute

falciparum malaris in whom chloroquine blood concentiations were assessed

Parasitacmia (per ul)

Parameters mean ¥ sd range
Age (years) 62+3.1 1.5-120
Age <5 years 9

Sex (M F) 13.9

Weight (kg) 1726+55 90-260
Dusation of symploms (days) 3.0+ 06 20-60
Body Temperature {OC) 384+ 12 35.7-402

GMPD (asexual) 26451 6240 - 262426
Fever Clearance time (d) 1.1£06 1.0 -2.0
Parasite clcarance time (d)  30+08 20-50
Response

Sensitive (S)
Resistant (R) 13

GMPD, geometric mean parasite density
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Plasma and red cell chloroquine profiles were available for all the 22 children.
Jametocyte carriage and intensity, and cbloroquine concentrations in plasma and red
d cells the 22 children are shown in Table 64. Following therapy, overall, 13 of the
‘children had resistance response and had significantly higher chloroquine
ncentrations in red blood ceil compared 10 those (9) with sensitive response (P =
001). The plasma chloroquine concentrations and the red blood cells- plasma ratio

similar in these two trealment outcomes.
There was a significont ncgotive cosrclption between gametocyiaemia on day 7
nd red blood cells- plasma chloroquine concentration ratic obtnined on day 3 in the

_hildren {Spcarmans rho = - 0.92, P = 0.008), but not with plasma (Spearmans rho = -
0.70, P = 0.11) or red blood cell concentrations (Spearmans tho =- 0.5, P=09).
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LE 6 4. Comparison of gametocytaemia and chloroquine concentrations in plasma
ed blood cells 022 children with resistant or sensitive response following treatment
with chloroquine

Parameters CQ resistam CQ sensitive P
group group values
Number of patients 13 9
Gametocyte density (/ul
blood)
Day 0 (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
concentration on day 7 or

day of failure (ng/ml)

mean + sem 3038 +483 167.3+543 0.08
range 823-6832 22.4 -538.7

RBC chloroquine

concentration on day 7 or

day of failure (ng/ml)

mean + sem 1096 1 +143 4 4376+ 74 9 0.02
range 379.6- 18754 1586-8768

RBC-plasma chloroquine
concentration ratio on day

7 or day of failure (ng/mt)
mean 1 sem S6+15 38+05 0.38
cangc 0.7-19.2 1.} - 7.0

*GMPD, grometnc mean (sevual) parasite density
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ussion

An interesting feature of the study wvas the significant difference in fever and
ite clearance times in children who had ganiclocyles compared to those who did not
ve a1 prescntation following treatment with chloroquine. The reason for this findiog is
clear from the present study. Children who presented with gametocytcs are
pposedly carrying trophozoites probably committed 10 gamelocyte production (Bruce
.+ 1990) The behaviour of the trophozoites commitied to gametocyte production in the
nce of ant:malarial dsug is little known. Also why the asexual forms of the parasites
| the cohort of children with gamelocytes at presentation appeared less visulent and
carcd from the periphcral circulation earlier in the present study is unknown. However,
he treatment of the infection with chloroquine may impose considerable stress and

catly reduce parasite number {(Buckling et al ., 1997)

The presence or absence of gamelocytes a1 presentation in the children siudied
“modulates significantly the therapeutic response of these children to chloroquine. As
| children without gametocytes ai presentation-responded to chloroquine trcatment with
sigrificantly higher cure rates, there was comparatively signuficant resistance response (o
the drug in those with gamctocyics nt enrolment. It is clear that chloroquine therapy may
favour malarious children who hed no gametocytes at point of drug administration. In
such children a combination of gametocidal drugs plus chloroquine or chloroquine in
combination with all stage acting antimalarial, like artcmcther, may be of advaniage.
Once a child present with gamctocytes in the periphetal blood, alicmative antimalasial
supaiior o chloroquine may be administered. However more studies are needed to
evaluate the effect of presence or absenee of gametocytes on clinical response of infected
children to available antimalarial drugs in an arca and potential contribution o controlling

the infecuons
It is intevesting 10 note that chloroquine soncenirations in red blood cells in
chuldren were sigmficantly higher in children with resistance response  The resson(s) for

this 1s oot _clear rom the present study. Although, about 50% of these children carried
gamnetocyle or asexal forms alresdy commitied to gametocyte formationt, it is possible
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e handling of chloroquine by these parasites allows concentration of the dsug in the
ood cell milicu. 1t is thus hypothesized that a “conventional circulating exchange’ of
~may occur between the parasite cytoplasm and red blood cell environment, via a
ance between concentration gradient and efflux niechanism (Krogstad ct al., 1987;
'sburg and Krugiiak, 1992, Sanchez et al, 1997), with a consideration that relatively
cxchange occur betweeo the red cell and plasma compartment. The increasing
nsity of gamctocytes over time in this cohort and its corrclation with low red blood cell-
asma CQ concentration rotio is not clear A possible explanation is that switch to
ametocytc formaton of the committed ascxual form nnd the increased gametocyle
.niagc and intensity is triggered following increased drug pressure and stress on the
sile, an obscrvation carlier reported in some studies (Taylor and Read, 1997, Buckling
t al, 1997). More studies would be required to investigate this observation. \Whether or
not this hypothesis cxplains the observations, il is clear from this finding that host
;)rnndling of CQ creates adaptive support for the pasasite in a way that contributes partly to

spread of resistant parasites.
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Chapter 7

Open randamized stady of pyrimethamine.sulfadoxine
venus pyrimethumine-snlfadaxine plus probenecid for
the freatmient of uacomplicated Plasmodium falciparum

malaria in chilidren
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CUAFTER 7

L('_)pen randomized study of pyrimcthaniine-sulfadoxine versus pyrimethaniine-
sulfadoaine plus brobenecid for the treatment ol uncomplicated Plasmearlinm

Julciparum malaria in children

troduction

Drug resistance in 2, fa/ciparum 10 chloroquine is a major public health problem
much of sub.Saharan Afiica, accounting for recent increases in malaria-related
rtbidity and mortality (Trape ct al, 1998, Trape, 2001), gamelocytc carriage, and
snhanced transmission of drug-resistant infcctions in Africa (Robert et al, 1996 a, 2000,
uthertand et al,, 2002, Drakeley et al, 2004, [appi et al., 2003; Sowunmi and Fateye
3a.b)

As an altermative 1o chloroquine, pynimethamine-sulfadoxine is widely used in
sub.-Saharan Afiica, but resistance is rapidly emerging (Sibley et al, 2001), is associsted
with point mutations in dihydrofolate reductase and dihydropteroate synthetsse genes of
“the panasite (Plowe ct al, 1997, Wang et al, 1997, Diourté et al, 1999), and conflers
survival and propagation advantages on the parasite in the population (Sowunmi and
Fateye, 2003 b)

These developments have led (0 renewed search for clfective alternatives (0 both
chloroquine and pyiimetliamine-sulfadoxine, and 1o the use of both drugs in combination
with each other, or in combination with other antimalastals with modes of action different
rom those of chloroquine and pyrimethamine-sulfadoxine, with the aims of slowing the
progreasion of resistance to these drugs and prolonging their lifespan (von Scaidiein et al,
2000; Sowuruvp, 2002, Basco et al , 2002, Gasasira ct al, 2003, Drakeley et al, 2004)
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also led to the use of chloroquinc in combination with resistance modulators, for

e, chlorpheniramine (Sowunmi et al., 1997).

Experience with chloroquine plus chlorpheniramine for treating chioroquine-
tant infections comes from southwest Nigeiia where the prevalence of chloroquine-
1ant infection is 3540% (Sowunmi et af, 1998 a. b, c. Sowunmi, 2003). A recent
has shown that probenecid, an inlibitor of organic anion transporters and
tircsistance-associated proteins can chemoscensitize . falciparum 10 pytimcthamine,
fadoxine or chloroquine #t vitro (Nzla ct al, 2003), but the clinical significance is
lcar. To datc no study has examined, clinically, the usefulness of probenecid in
bination with pytimethamine-sulfadoxine for the trcatmient of malaria in African
hildren.  Such a study is cssential for a number of recasons: . It is possible that the
ombination, given in appropriete doscs, may improve trcatment efficacy. 2. Malaria
ansmission may be reducced il it modulates the gametocytogenesis-cnhancing cffect of

yiimcthamine-sulfadoxine. 3. 1t may potentially mndify the management of paediatsic
of malaria.

The present study repons the safcty, antimalacial 1reatment cflicacy, and cflect on
gameloCyte carriage of pyrimethaminc-sulfadoxine-probenecid and  pyrimcthamine-
sulfadoxinc alone in children aged (2 ycars or below with acute, symptomatic,

uncomplicated, #. falciparim malana
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s and methods

a

The study was cariied out in lbadan, southwest Nigeria from July to September
In this area of hyperendemic malaria, transmission occurs all year round but is
I¢ ]’imense during the rainy season from Apnl to October In the area, it is difficult,
cally, to distinguish recrudescence from re-infection 14 days afler commencing
nolanal treatment, and traditionally antimalarial efficacy tests bhave usually been
nducted for 14 rather than the customary 28 days (Ekanem ct al, 1990; Salako et al.,
90). Chloroquine resistance was reported in the area in the 1980s (Ckancm, 198S,
! .ko and Aderounmu, 1987) and pyrimcthamine-sulfadoxine rcsistance in the 1990s
Sowunmi et al, 1993, 1998 a; Falade et a1, 1997) [Presently, chloroquine resistance
aches approximatcly 35-40% (Sowunmi, 2003) and. pyrimcthamine-sutfadoxine
esistance approximately 25% in the under-five-ycar-oids (Sowunmi and Fateye,
npublished)

Patients, mreatntent and follovw-up
Patients were eligible to join the study if they wcre: aged 12 years or below, had
‘mptoms compalible with acute uncomplicated malaria, with pure P£. falcipanm

Imnsimcmia > 2000 asexual fonns/pl, a tempcrature > 374 °C or recent pyreval
antecedents, absence of other concomutant ilness, no histoiy of antimslarial use in the 2
weeks preceding presentation, negative urine tests for antimalarial drugs (Dill-Glazko and
Jigmin), and wniten informed consent given by parents or guardians. Patients with severe
malaria (W110, 2000), scvere malnutrition. seious underlying diseases (renal, cardiac, or
hepatic), and known allergy (o study drugs were excluded from the study. The protocol
was approved by the local ethics commitiee. The disease histocy was recorded by asking
palients or their parents when the present symplomatic penod had started, and was

foliowed by = full physical eminstion

Cnsolied patients were randomly mssigned pyrimethaniine-sulfadoxine 25 mg/kg of
body wright of the sulfadoxine component at presemation (days 0) or pynmethamine-
suladoxine as above plus probenecid (Batch 2DIJ3, Industriz Farmaceutica Nova
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Milano, ftaly) 20-25 mg/kg of bodyweight in two divided doses daily for 3
ays 0, 1 and 2). All drugs werc given orally, except the second daily doses of
id, all drugs were administered in the clinic, and all patients waited for at least 3
drug administration 10 cnsure the drug was not vomited. [fit was, the paticnt was
ed fortm the study. If necessary, patients were provided with antipyretic
ctamo! tablcts, 10-15 mg/kg 8 hourly for 2448 h). Drug administration was

Follow-up with clinical and parasitological cvaluation was donc daily for scven
s (days |1-7) ond then on days 14, 21 and 28. Thick and thin blood films prepared {iom
inger prick were Giemsa-stained and were cxamined by light microscopy under an oil-
crsion objective, at x 1000 maghnification, by two independent assessors who did not
ow the drug trcatment of the patient. Parasitaemia (asexual or sexual) in thick films
s csumated by counting asexual or sexual parasites relative to 1000 Icukocytes, or SO0

exval or sexual forms, whichever occurred (irst From this figure, the parasite density

as calculated assuming a leukogyle count of 6000/u! of blood.

Routine hacmatological (haematocsit) and biochemical tests (concentiations of
lanine aminotransfcrase, aspartate aminotransferase, bilirubin, and creatinine) were donc
on a propotlion of patients, pre-treatment and on day 14. Blood was spotted oa filter

papers on days 0, 3, 7, I4, 21 and 28, and at the time of treatment failures for parsite

' genotyping

Classification of responses o drug treatment was according to WIIO critena
{WHO. 1973) Pamsite clearance timc was dclined as the time elapsing between drug
administration and absence of deteciable parasiaemia for at least 48 h. Fever clearance
time was defined a3 (he time from drug administration unti! the core temperature fell to or

bedow 37.4°C and remained so for 48 h

Cure mates wese defined as the percentages of paticnts who remained free of

paragiaems on days 14, 21 and 28 of follow-up. [This step was necessary becsuse of
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uansmission in the study area, making it difficult to distinguish, clinically,
re-infection and recrudescence afier day 14 (Ekanem ct al., 1990, Salako et al,

 and the relatively long half life of pyrimethamine-sul{adoxinc}.

eaiment of drug meatment faiiures

Patients who faited treatment (within 14 days) with pyrtmethamine-sulfadoxine
e retreated with pynmethamine-sulfadoxine-probenecid and were followed (or another
8 days Those failing pyrimcthamine-sulfadoxine-probenecid were retreated with
amodiaquinc 30 mg/kg over 3 d and were followed for another 14-28 days Paticnts
¢ retrcated whenever they became symptomatic (usually between 14-21 days after
tial cnrolment). Paticnts with profound clinical (hypcipyrexia, oral fluid intolerance)
parasitologica] dctciioration during follow-up werc treated with artemcther (9.6

kg. over S days and were regarded as treatment failurcs

ta analysrs

Sample size was calculated on the basis of recent cure rate (75% on day 14) for
timethamine-sulfadoxine in the under five-year olds. Data were analysed using version
- of the Epi-Info software (Anon, 1994). Vorighles consideeed in the analysis were
rclaied to the densities of P, falciparurm gametocytes and trophozoites. Proportions were
compaced by calculating x2 with Yates' correction or by Fisher exact or by Mantel
Hacnszel tests. Normally distributed, continuous data were eompasred by Siudent's t-1ests
and analysis of vatiance (ANOVA). Data not confonning to & nortnal distribution were
compared by the Mann-Whitney U-tests and the Kruskal-Wallis tests (or by Wilcoxon
ranked swm test). All tesis of significance, except where specifically indicaied, were (wo.
‘ tailed P-values of < 0.05 were taken to indicate significant dilfcrences The values

presented arc generally means and standard deviations (sd) or standard ervor (sc).
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\ T

ats’ characteristics
A total of 529 children aged 12 years or below with symptoms compatible with
e, uncomplicated (alciparum malatia was screened during the period.  Parasitaemia
present in 313 childsen, 256 children were cligible for participation but only 153
Idren were enrolled.  Of the 153 children enrolled, 79 were ircated with
syiimethamine-sulfadoxine-probenecid and 74 with pyrimethamine-sulladoxine. Two
hildren, one from cach of the treatment arms, were lost to (ollow up after day 7 because
| parental relocation. These children were excluded from the data enalysis. Figure 7.1
pws the trial profile. Overall results are for 151 children. The demographic and clinical
‘-- acteristics of patients at enrolment are shown in Table 7. 1. These characteristics were
similar in the two treatment arms, but the duration of illness at preseniation was

ignificantly longer in those treated with pytimethamine-sulfadoxine-probenecid

ﬂ_.e\'cr and perasite clearance, amd gumetocyle carriage

One hundred and seven children were fcbrile at enrolment. 57 in pytimethamune-
ulfadoxine-probenccid and 50 in pyrimcthantine-sulfadoxane groups. By day 2, fever
‘cleared in 42 and 26 children, respectively. There was a significant diffesence in the
proportion of patients in whom (ever cleared by day 2 (¢ =4.5, P =003). Overall, fever
clearance was significantly shorier in those trcated with pyrimcthamine-sulfadoxine-
probenecid (19 +1.1vs24+1.2d, P=0.02) (Table 7.2)

Compared with pyrimethamine-sulfadoxine, pyrimethamine-sulfadoxine-probenecid
substantially accelerated the clearance of parasitacmia. Dy day 2. 53 and 37 childsen in
the pyrimethamiae-sulfadoxine-probenecid and pyrimcthatnine-sulfadoxine treatment
arms, fespectively had cleared their patasitaemias. The diffesence in this proportion was
sgmbcant (£ =398, P=0,04). Overall, parasite clarance was significantly shorter in
those trcated with pynmethaminc-sulfadoxine-probenead (21 £ 09vs27 4+ 1.1d,P =
0.04) (Table72). The cure rateon day 14 (96.2 vs 83.5%. ’ = $ 3, P =0 02) but not day
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FIGURE. 7.1. Thial profile o paticnts enrolled in the pyrimcthamine sulfadoxine vs
pyroebanire=sulfadoxine- protenccid study
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2, 7.1. Demographic and clinical chasacteristics at enrolment of the 151 children
hacute falciparum malaria who were treated with pyrimethamine-sulfadoxive

probenecid or pyrimethamine-sulfadoxine

Pyrimethamine- Pyrimethamine- P value
sulfadozine-probenecid  sulfadoxinc
of patients 78 73 -
41/37 38/35
63+29 59429 0.3}
1.5-12 08-=11.5
0.< 5 years 29 25 038
mean + sd 178 +61 172+56 0.5
range 7-35 5-30
Dusztion of illncss (d)
mean * sd 35+1.7 30+1.3 0.04
range 1-10 1-9
Temperawure (°C)
mesn + sd 38.1%1.0 384412 02
range 359-403 3J61-405
Parasite count (/uL)
geomceinc mean 46,792 57,745 05
range 2010 - 1,388,000 2020 - 1,254,000
Haematocnt (%)
mean + sd J16+55S 33.1%5.1 0.}
range 18 - 43 22 - 46
No. <25% 8 2 0.1
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ABLE 7.2. Therapeutic responses to pyrimethamine-sulfadoxine-probenecid or

pyrimeilhamine sulfadoxine of children with acute falaparum malana

Pyrimethamine-sulfadoxine- Pyrimethamine- P

probenecid sulfndoxine value
0. of patients 78 3 -
ver clearance time (d)
19411 24+1.2 0.02
nean + sd 1-5 1-7
-
Arasite clearance time (d)
mean + sd 23409 27+ 1 0.04
d 'ngc 1.5 1-6
Day 14 responses
No cured 75 61
No RI ] 10
No. Ril 2 ]
Cure rate (%) 96.2 83.5 0.02
Day 21 responses
0. cured 66 60
‘No RI 10 1
o RIt 2 !
No. R11} 0 )
Cure 1ate (%) 846 82.2 08
Day 28 responses
No. cured 62 S3
No. RI 14 18
No. Rl1l “s ]
No. RIII 0 |
Cure rate (%) 79 4 726 04
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794 vs 72.6%, ¥’ =0.6 P = 0.4, was significantly higher in children trcated with
cthamine-sulfadoxine-probenecid than in those treated with pysrimethamine-
adoxine Response 1o both treatment regimens was not 1clated to age: one chiid and 2
ren from the 29 and 49 < S and > 5 ycar-olds, respectively ireated with
timethamine-suifadoxine-probenecid fajled treatment by day 14 (P = 1.0, by Fisher
act test). Similarly, 4 and 8 children from the 25 and 48 < 5 and > S year-olds,
peclively treated with pyrimethamine-sulfadoxine failed treatment by day 14 (P = 1.0,

'Fisher exact test)

Gamctocyte camage in those who did not have gametocylaemia at enrolment (n =
3 and 72, respectively in the pyrimethamine-sulfadoxine-probencci¢ and pyrimethamine-
ulfadoxine) was simitar on days 7 (32 of 73 (43 8%) vs 31 of 72 (43%), ¥’ = 001}, P=
.9) and 14 (16 0of 73 (21.9%) vs 21 of 72 (29.1%), f =0 66, P = 0.4) with both regimens

Response 1a pyrimethamine-sulfadoxine-probenecid of children with pyrimethamine

sulfaddoxine-treatment failnres
Scven ol 12 children who failed initial treatiment with pyrimcthamine-sulfadoxinc,

were rcueated with pyrimethamine-suifadoxine-probenecid. The therapeutic responses of
‘these children are summarized in Table 7.3, Parasitaemia and fever cleared within 2-4
Idays of treatment with pyrimethamine-sulfadoxine-probenecid. The child with Rl
response to pytimethamine-sulfadoxine during initial treatment had a Rl response

following retreatment with pyrimethanmvne-sulfadoxine-probenecid The cure rates on
" days 14 and 28 were 86% and 72%, respectively. None of the three children who failed
trealment with pynmethamine-sulfadoxine-probenccid on or before day 14 (sce Table 7.2)
" and were subsequently reircated with amodiaquine failed treatment during a 28.day
follow.up paiod_ In these children fever and parasitaemia cieared within 2-3 days of

miuaung amodisquine therapy

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




E 7.3. Clinical and parasitological parameters of the 7 children with Plasmodium
parnm malana who had resistance response 1o pyrimethamine-sulphadoxine during

‘treatment and subsequently treated with pyrimethamine-sulphadoxine-probenccid

Pyrimecthamine- Pyrimcthamine-sulfadosine- P.
sulfadoxine probenecid value
7 7 =
8+26
33-115
19.9 + 3.4 20.1 +38 0.5
15-26 15=275
amperature ('C)
388+11 378+ 14 01
370-403 360-39.5
rsite count (/ul)
geometne maan 47,335 8,156 0.0!
range 2,020 - 1 15.500 716 = 27,622
Fever clearance wne (d)
oan + sd 21413 2404 0.35
range 1.4 1~2
Parasite clarance ume (d)
man + sd 3J6+10 28+09 0.26
range 2.5 2-4
Day |4 respanses
No. cured 0 6 0 004
No R] 6 l
No. RIl [ 0
No. RIII 0 0
Cure rate {%) 0 86
D2y 28 rsponses
No. cured 0 h] 0.001
No R} 6 2
No Rl I 0
No_ Rl 0 0
Curc ratc {%) 0 72
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evess

_ ine-sulfadoxine-probenecid and pynmethamine-sulfadoxine were well
ted. no child was withdrawn because of drug intolerance Symptoms ceported
in the first week and during followup were similar (Table 7.4), However, vomiting
1_morc fiequently reported by those treated with pyrimethamine-sulfadoxine. None of
7 children wbo failed initial treatment with pyrimethamine-sulfadoxine and were

ted with pyrimethamine-suifadoxine-probenecid reported adverse symptoms.

ematological amd biochemical paramciers

Except for haematocrit values below 25% at enrolment in 8 and 2 children in
rimethamine-sulfadoxine- probenecid and pytimethamine-sulfadoxine  groups,
pectively, and a1 day 7 in 4 and 4 children, respectively, haematological, biochemical
d other parameters remained normal before and after trcatment in all subjects.
hrombocytopenia was present in [0 and 12 children in pyrimecthamine-sulfadoxine-
necid and pyrimethamine-sulfadoxine groups, respectively, at enrolment, but was

ot seen on day 14 in any child
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- TABLE 7.3. Adverse drug reactions reported during the study

Pynmethamine = Pyrimcthamine-
sulfadoxine-probenecid sulfadoxine
No. of children 78 73
Invesligated
Reporting
Pruntus 0 0
Vomiting 2 2
Abdominal pain 5 2
Diarrhoea 0 2
Anorexia 0 4
Drowsiness 0 0
Cough 4 7
Headache J J
Weight gain > 1 Okg 38 (n=66) 32(n=60)

Sipnificony stalistica) differener, P = 0.05
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.4. Adverse drug reactions reported by children with acute falciparum malaria

ith pytimcthamune-sulphadoxine-probenecid or pyrimethamine-sulphadoxine

Pynmethamne Pyrimethamine-

' sulfadoxinc-probenccid sulfadoxine
- No: of children 78 7

investigated

Reporting

Prunitus 0 0

Vomiting 2 2

Abdominal pain S 2

Diarthoca 0 2

Anorcxia 0 4*

Drowsiness 0 0

Cough 4 7

Headache 3 3

Weight gain > 1.0kg 38 (n = 66)* 32 (n = 60)
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 be due to additional increases in drug levels arising from repeated administration
methamine-sulfadoxine. Although no untoward effect was observed following re-
ent, caution i3 required with this step, since it may increase the chances of adverse

reactions (o pyrnimethamine-sulfadoxine

The drugs uscd were well toleroted. The most frequently reporied adverse
ions were of gastrointestinal origin, and most were indistinguishable from the
ptoms of malaiia. Malana, and the drugs evaluated, can cause anorexia. It is possible
~significantly reduced repodting of anorexia by those treated with pyrimethamine-
adoxine-probenecid was related 10 the accclerated clearance of fever and parasitaemia.
h probenecid and sulfadoxine can also induce haemolysis in Glucose-6 Phosphate
hydrogenase (G6PD)-deficient subjects, but no child, following trcatment, rcported

tures suggestive of drug-induced haemolytie anaemia

it remains unclear exactly how probenecid enhasiced the antimalarial cfleet of
yrimethamine-sulfadoxine in the cohon of children studied Probenecid can reduce
folate uptake by P. falcipaum in vitro (Nzla ct al., 2003), in addition to increasing
plasma sulfonamides concentrations by reducing renal tubular secretion of the latter. Both
of these actions are indepcndent of parasite sensitivity status to pyrimethamine-
‘sulfadoxine, 1t is possible that following treatment with pyrnimethamine-sulfadoxine-
probenecid. sulfadoxine concentrations werc significantly higher than in those ireated
with pyrimcthainine-sulfadoxine aione, but diug levels were not measured Probenecid
can also reverse resistance in cancer cells to methotrexate (licoiberg et al., 1999) and
resistance in . falciparum to chloroquine in vifro (Nzila et ol , 2003), by inhibiting the
nwiti-diug resistance  associated proteins.  Inhibition of the multi-drug resistance
sssociated proteins is an unlikcly mechanism of the enhancement of the antimalarial effect

of pyrimahamine-sulfadoxine by probenecid since resistance to pyrimethamine-
sulladoxine is gssocualed with mutations in the dihydropteroste synthetase and

dilrydrofoiase reduciase, and not mustations in the pfmdr! gene of the parasite (Wang et al
1997, Diourié e2 al, 1999, Duraisingh et al, 1997)
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here are justifications for the dosing regimen; the relalively moderate dose was
the dose used o retard ubular secretion of penicillin in childien- a convenient
IIL’poiﬂt since the drug has not been previously co-administered with pyrimethamine-
xinc for the treatment of malaria in children; the three-day dosing regimen is
cable, and compliance is more likely than if it wecre for longer periods Centainly
macokinetic and pharmacodynamic studies arc required before optimal dosing
ens can be achieved. There are potenuial clinical applications of these findings If at
erate doses probenccid enhances the antimelanal cfficacy of pyrimethamine-
doxine, it fotlows that as resistance increases to pyrimethamine-sulfadoxine., highcr

of probenecid may be effective, since it is possible that cnhancement may be dose
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AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Chapter 8

Comparative affects of pyrimethamine-sulfadaxince with
or without probenecid vn gumctocyfacinia and yatnetocyte
sex ratios in children with acufte, sympinmatic,

uncomplicated, folcipariems malaria
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CHAPTER 8

arative effects of pyzimcthaminc-sulfadoxine with or without probenccid
on gamclocylacinia and gamctocytc sex ratios in children with acute,

symptomatic, uncomplicated, falciparum malaria

duction

The increasing sprcad of Plasmodium falciparum sesistant 10 pyrimcthamie-
adoxine (PS), the first or sccond line treatment of malatia in most endcmic
_nu'ia in Africa (Faladc ct al, 1997, Plowe et al, 1997, Wang ¢t al., 1997; Diouitc
. 1999, Omar et al, 2001 &, b; Sibley et al., 2001), has led to rencived search for
ap, effective altcmatives to PS, and to renewed effoits 10 prolong the clinical utility
‘the diug in Africa (N2ila et al,, 2003). When used as pait of combination therapy,
riscularly with the d.aminoquinolinc. amodiaquine, or the artemisisin derivatives,
1 only is there a rapid cicasance of ascxual parasitaemia, the frequency of
etocyle camage and level of gamctocylaemia duting trestment with PS may also
significantly reduced (Sowunmi, 2002, Sowunmi and Fatcyc. 2003 b)) tHowever,
L 1S not clcar whethcr non-antimalanial drugs that can potcntislly enhance the aclivily
of pyrimethamine and sulfadoxine /7 vifro and 17 vivo will influence the PS-induced
wnaasss in frequency of gamctocyie cartiage, level of gametocytacmia and male-

biased sex ratio (Sowuami and Fateye, 2003 ¢)

‘Probenecid, an inhibilor-of organic anion transporters and multiresistance-associated
proleins, can chavoseasuae Plavmodium  fuiciparum ©  pyrimcthamine  and
sulfadoxare 7 viiro (Nzila et al, 2003), and st Icast, tn v710 in Nigerian children
reated with™ pynmahaminc-sulfadoxine (Sowunmi et al, unpublished data)
However, its cffects, if any, when added to PS for the 1reatment of acute, symptomatic,
wneaaplicaiad, feoparum malasia in children, on the frequency of gametocyte
amage, level of gametocytaemia, and temporal changes in gameloCyte scx ratios ase
uoknown  Such infonnalion is essential a3 incresses 1n both the level of

9s
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1a and proportion of gametocytes that are microgametocytes may
‘-' increase the infectivity of thc human population to the mosquitoes
(Boyd et al., 1935, Robert et al, 1996 b). If the addition of probenecid to
ates the potentials of PS 1o enhance malaria transmission, and without

‘undue toxicity, it may be the ideal chemosensitizer of £. falciparum in vivo.

s of the present study were (1) to determine the ellects, on the frequency of
cyte cartiage and the level of gamctocylaemia, ol the addition of probeaecid 10

) and (2) to follow the temporal changes in gametocyte sex ratios in children

with PSP
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tients and methods

fients

The study took place at the University College Hospital in Ibadan, a

'F:ypcrmdemic area (or malana in southwestemn Nigeria (Salako et al., 1990) from July

to September 2003. The subjects were 151 children presenting with acute,
symptomatic, uncomplicated Plasmodium falciparum malaria that wove candomized to
the following treatment regimens: PS given orally at presentation (day 0) as 25 mglkg
of the sulfadoxine component, or PS given as above plus probenecid 20-25 mg/kg

given oiglly in two divided doses daily for 3 d (days 0-2) - The study protocol was
approved by the loca} ethics committee.

The clinical aspects of the study were as reported in the previous chapter
(Chapter 7). Buiefly, to be enrolled. a child had to have acute, symptomatic,
uncomplicated P. falciparum malaria, 1o be aged 12 ycars or below, to have a pure 2.
Jalciporum parasitaemia of > 2000 asexual forms/pl bloed, to give negative sesults in
(Dill-Glazko and lignin) urvine tests for antimalarial drugs, o have no concomitant
iliness or evidence of severe malaria, and 1o have the written informed consent of his

or her parents or guardians

ARter detailed clinical and parasitological assessment and drug administration
a1 presentation, each child, as follow-up, was checked clinically and parasitologically
on each of days 1-7 and 14. Fingeiprick samples of blood, collected on days 0.7 and
14 were used to make thin and thick snicars so that the levels of parasitaecmin could be

estimated (Sowunmi and Fateye, 2003 b)

Onantsfication of gametocytavmiy

Gometocytacmia was quantificd on days 0, 3, 5, 7 and 14, using the 1hick blood
smears prepared. on  thosc days (Sowunmi and Faicye. 2003 b)  Levels of
gametocylaemia (sexual forms/ ul) were estimated by counting gamctocytes against
1000 leucocytes and assuming cach paticnt had 6000 leucocytes/jil blood [f the level
olgametocytaecmia was ot Icast 10 sexual forms/pl, the gamctocytes were sexed on the
basus that males (microgametocytes) are smaiter than females (macrogamctocytes), the

nucleus is lasger in the maJes than the females, the ends of the cells are rounded 1n

N
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les and angular in females, with Giemsa the cytoplasto stains pale pusple in males
nd decp blue in females, and the gramules of malana pigmem are centrally located m
femmales and more widely scattered in males (Carter and Graves, 1988; Robert et al.,
1996 b)- The time (aken to attain a sex ratio of 1 (SR1) was defined as the time
elapsing from drug lreaiment unti] this ratio was achieved and was 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 gametocyle sex ralios were

excluded from the estimation of SR1 and the exploration of the disposition kinet.cs of
gametocytacmia

Disposition kinctics of micro- and macro-gametocytacmia

Gamctocylc kinetic paramcters were estimated fiom the levels of micro- and
macro-gametocytaemia by a non-compartmental method, using the computer
programme 7nrbo Ken (Clinical Pharmecology Group, Universily ol Southsmpton,
UK., through the courtesy of Professor A G. Renwick), geuerally as previously
described (Sowunmi & Fateye, 2003 d).  Afler determining SR, the absolute counts
of micro- and macro-gamctocytaemua were log-transformed for cach patient and
plotted against time. The (ollowing parameiers were noted or determined: (1) time to
attain SR (tspi), (2) area under  the curve of the plot of micro- or maero-
gamclocytacmia v_ time, from tsgi (0 day 14 (AUCsn.14). (3) the half-lives (112) of the
micro- and macro-gamctocytaemia, calculated (rom tsa). and (4) the volume of blood
completely cleared of micro- and macro-gamectocytacmia from tsa:, defined as (the
level of micro- and macro-gametocytaemia 3t 1sgt/AUCsg;.1¢ Since it was difficult to
detetmine the tinie that gamctocyte recruitment stopped in the patient. the levels of

micro- and macro-gamelocylacmia at sy were assumed to be the levels when

recruilment stopped

Sranstical analysis

Data were anplysed using version 6 of the Epi-Info software (Anon, 1994)
Propostions. were compared by calculating x2 with Yates' correction or by Fisher exact
or by Mantel Haenszel tests  Nomnally distributed, continuous data were compared by
Student’s (-tests and analysis of variance (ANOVA) Dala not conforming to a normal
distnbution were compared by the Mann-Whitncy U-tests and the Kruskal-Wallis tests
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Wilcoxon rank sum test). Correlations were assessed by linear regressioa: All
of significance were two-tailed. P-values of < 005 were taken 10 indicate
icant differences. The values presented below are generally means and standerd
nhons (sd) or standard aror (se)-
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nical features al enrolment and responses (o therapy

Seventy cight children were treated with PSP and 73 wth PS.  The details of
¢ clinical and parasitological responses to the two treatment regimens are preseoted
n the previous chapter (Chapter 7). Briefly, the clinical and parasitologicsl
aramecters at enrolment were similar in the two treatment groups Mecan age a
encolment was 6.3 + 2.9 and 59 +2 9 ycars in thePSP and PS groups, respectively, (P
=0.3). Fever clearance was significantly fasterin those treated with PSP (1 9 1 1 d),
thon in those treated with PS (2.4 + 1.2 d). The difference betwern these values was
significant (P = 0.02). Similarly, parasitc clearance was significant y faster, and the
cure ratec on day 14 was significantly higher in thosc treated with PSP than in those
treated with PS. For cxample. the cure rate on day i4 was 96 2% in thosc treated with
PSP ond 83 5% in those trcated with PS (P =0.02)

Frequency of gametocyte carriage and fevel of gametocysaemia

During the entire study pesiod, gametocylacmia was found in 39 patients
treated with PSP and in 34 trcated with PS. The ficquency of gamctocylce carsiage was
significantly higher on each of days 7 and 14 (P < 0.01) than on day O, both in the
PSP- and PS-treated patients (Table 8 1) Similarly, the levels of gametocytaemia
were signilicantly higher on cach of days 3, S, 7 and 14 than on day O, both in the

PSP- and PS-treated patients The level of gometocytacmia was, however,
significantly higher on day S in PS- than in PSP- trcated patients (P = 0004, Table

8 1). Two children and one child treated with PSP and PS, respectively were

gamctocyle cariiers at all times during the study period

Gumietocyte sex notos
In the 39 children treated with PSP who had gametocytacmia during the study
period, 42, 32,132, 460 and 138, gametocyies wase counted on days O, 3, S, 7 and 14,

respectively, and most of these gametocytes (39, 32, 130, 453, and 138 on days 0, 3, 5,
7 and 14, respectively) could be sexed. In the 34 children treated with PS who bad
gametocytacmia during the study period, 12, 38, 122, 578, and 143 gamectocytes were
counted on days 0, 3. S, 7 and 14, respectively, and most of these gametocytes (12, 37,
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and dunng follow-up of malarious children treated with pyiimeihamine sultadoxinc-probenccid (P§!’§

TABLE 81 Prevalence and intensitics of Plasmodium falciparun 'g'amctocytacmfé al presentat

or pyrimethamine sulfadoxinc(PS)

Parametes Day

0 3 5 7 14 P
PSP (n = 78)
No. with gametocytacmia  § 3 9 32 16 0.00001°*
GMGD (mamcioeyte/ul) 17 32 33 63 44 0.002"
Range 12.36.24-36 24-48  12-960 12-216
PS (n= 73)
No. with gametocytaemia | 3 5 31 22 0.00001 *
GMGD (gamctocyte/pl) - 12 50 67 4l 30 00001"
Range - 36-72 48-84  12.687 12-84

GMGD, gromeinc ascan gamatocy 1 densily,
All conqanons were 1w o-tai
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6, and 142 on days 0. 3, 5, 7 and [4, respectively) could be sexed The data on
ratios for both PSP and PS were pooled because of the small number of
etocyte carriers observed pre-treatment (five among the PSP children and one
ong the PS children). Overall the sex ratio was malebiased, a meas (se) of 59
0 ), range 30-100% (95% confidence interval 26-92%). At presentation there was
significant correlation between the proportion of gametocytes that were male and
xual parasitacmia {r = 0.7, P = 0 17), core temperature (r = 0.2, P = 0.8) or

ametocytacmia (r = 0.02, P = 0.98).

The temporal changes observed in the gametocyte sex ratios were sinilar for
the PSP and PS treated children (Figure 8.1). There was a progressive increase in the
proportion of gamectocyles that were male such that by day 7, over 80% of the
gamelocytes were male in both treatment groups. In 3 children (onein PSP and 2 in
'PS) with pre-treatment female biased sex ratio, SR1 was rcached by day 5. On day 7,
5 of 32 children with gamctocytacmia who were trcaled with PSP had female biased
scx ratio, while on day 14, onc of 16 with gometocytacmia had a female-biased ratio

In the children treated with PS, | of 31 children with gametocylacmia on day 7 had
female-biased ratio, while none had such ratio on day 14, [n those treated with PSP,
the proportions of gametocytes that were male on days 7 and 14 were significantly
higher than the proportion on day 0 G = 17.1, P = 000003, and ¥ = 271, P =
0 00001, rcspectively).  Similarly, in those trealed with PS, the proportions of
gametocytes that were male on days 7 and 14 were significantly higher 1han the
pioportion on day 0 (7 = 385. P = 0.000001 and ¥ = S14, P = 0000001,

respectively)

The levels of micro- and macro-gameclocytacnua before and after treatment
with PSP and PS for all the 73 children with gametocylaemia dufing the study paiod

are shown in Table 82 In PSP treated children, the levels of micro- and macro-

gamectocylacviva were sinilar betwoen days 0-5-  |lowever, by day 7 the level of
mucrogameticytaamia was significantly higher than that of macrogametocytacusa. o

those tresied with PS. mactogametocyatemis mildly predominsted between days 0-5
However, by day 7. micogametocytacmia predominated, the level of
MWM being signilicantly higher than those of macrogamelocytania
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Proportion of gametocytes that were
male
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FIGURE 8.1 Changes tn sex rafio of gamctocyles before and aftesr pyrimethamine-
sulfadoxine-probenecid (- m-) or pyrimethomine-sulfadoxine (- A <) treatment of scute
Plasmodivm falciparum malaria in children
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TAOLE 8 2 Provakenee

) &

sulfadoxinc-probenceid of py nmcthamine-suifadoxine
Pynimcthamunesulfadoxine-  P* Py nmethamino-sulfadoxine
probarecd
Miciogameto-  Macrogymar Microgamao- Macrogamato-
cYAoTD o) nomia cytacrmua cslacms
Dey O
No. wih g/mtooyacmia 3 | t |
Goarane aman level of 15 [2 - 12 12 -
ROy i3 12-24 - -
Range (gumocs tea/pl)
Day 3
No with gamciocy acm 3 3 3 3
Goaxxtne oxaa tevel of 17 17 1.0 1?7 24 0.65
GmctoCy U 12-24 2 -24 12-24 [12-48
Range (gamaocytea/pl}
Day §
No_ with gamctoa taemaa 9 2 3 3
Gaornctne mean Iesvel of 21 27 083 30 51 0.1
SAmMATTY DT 12-21 12-136 24 - 48 36-60
Range (gamciocyies/y|)
Day 7
Noa with @2maco ucma 22 7 29 17
Goamnetne mean [evel of s 28 0.02 %6 43 0.0l
RSOy DTS 60- 852 12108 24 - 564 12-313
Rangx (gametocytea/pl)
Dey 1.1
No with gyradiocytacmaa 20 - 16 4
Carmue mean level of 64 29 018 38 12 0.18
QroATTy DA 24 =180 24 -36 12-96 12-12
Regx (gamctocy tea/pl)

¢ Wikoxon sgn rank 131
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1on kinetics of micro- and macro-gametocytaemia

, at each time-point investigated, the scx ratio and levels of gamectocytacmia

PSP treated children were similar to those treated with PS (see Figure 8.1 and
' 8.2), the data for both groups were pooled for analysis of the disposition kinetics
e 83). The AUC and the 1, for microgametocytaemia were significantly higher
‘those for macrogametocytaemia, and the clearance of macrogametocytacmia was

and a half folds higher than for microgametocytacmia.
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E 8.3. Disposition kinetics of 7. falciparum inicro and macrogametocyte following

Tuncthaminc-sulfadoxine-probenccid or pyritncthamine-sulfadoxine treatinent in

children
arameter® Microgamclocylacimin  Macrogametocyincinia P
(N=8) (N=4) values
\AUC (scxus| forins/pt.h)
dean and (S.E) (7619 (3831) 4728 (691) 0.017'
: 5040 — 40017 J034 - 6250
5% confidcace interval 8561 — 26678 2530 - 6927
tia (W)
Mean and (S.E) 265.6 (59.9) 74.3(12.8) 0.05
Rnnge 66.3 — 624.0 7.1 - 96.0
95% confidence interval  125.1 - 406.1 33.5-115.1
~ CLgpm (pVkg.h
Mean and (S.L) 0.00008 (0.00003) 0.0002 (0.00008) 0.14
Rangc 0.00002 - 0.00015 0.00002 - 0.0004

95% confidence interval  0.000039 — 0.00016 -0.00007 - 0.00048

*Calculations ware fram the limc (0 attein 2 male; female sex wmtio of |

“Wilcoxon sighed rank test.
AUC. Arca undor the curve of Bllmcﬂl')ucmu v. imc: (17 , apparont halflife of gameactytaemin;  Cle,,
. volume of blood completcly clearal of micro- or macro-gamctOO ¢S por unil time.

106

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



An ideal chemosensitizer of P. fulciparim to antimalasial drugs 2 vivo should not
ccelerate the clearance of asexual parasitacmia and symptoms of infecctions without
ing undue toxicily, bul also reduce the frequency of gamectocyte cairiage and level
metocytaemia. In addition, it should produce temporal changes in gametocyte sex

os that reduce gametocyle inlectivity to mosquito,

The present results show that, compared 10 pre-trestment, at the dose level of
benecid used, both PSP and PS, signilicantly increased the frequency of gametocyte
jage and levels of gametocytecmia post-treatment.  With the exception of the levels of
etocylaemiia on day S post-ircatment, both these parameters were slso similar in both
reatment groups. It is unclcar why theie was a significant decrease in the level of
gamelocytaenua tn those treated with PSP on day 5, but il may not be unrelated 10 the
relatively rapid clearance of ascxual parasites induced by the eddition of probenecid,  As
somumitment to gametocyle development occurs prior 10 schizont maturation (Silvestrini
{1 al,, 2000), and delay in the time taken to clear initial asexual parasitaemia (> 2 d,
Sowunmi, unpublished) in children in southwestem Nigerig, is associated with increascd
‘risk of gamctocyte carriage, it appears rapid clearance of asexual parasitaemia by PSP
temporarity, reduced the progression of the comunitied populations of asexual parasites (o
- sexual forms. This effect, however, was of shoit duration as levels of gametocytaemia

were subsegquently similar thereafier

The gametocyte sex ratios in the small population d children at enrolment was
male-binsed and at varisnce with earlier report (Sowunmi and Fatcye. 2003 c) The
relatively lower level of gamelocytacmia at presentation, as a form of fertility insurance
(Gsrdner et al, 2003), may be parlly respoasible.  In addition. the children could have
bern ©<POsed 10 other sex ratio modifying iactors prior (o presentation. These underscore
an mpoitant fact gametocyte sex f8lios in P, fulcipxarum may be variable (Paul et al,

2002, Robert et al , 2003) These, in tum, may cxplain why in some of the children SR)

was reached before, at or shortly alter presentation
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‘genetal, following both ireaiment regimens, there was significant increase in
). In a loogitudinal follow-up of gamctocyic camers in a village in Senegal,
t et al (2003) found a density-dependent relationship with sex ratios. Pecaks of
)cytaemia were sometimes associated with minimum sex ratio  The linding of
sex ratio despite increasing level of gametocylaecmia (and peak
pCytaemia on day 7) following treatment with PS in our small cohon of children is
greement with previous report (Sowunmi and Fatcye, 2003 c), suggesting that PS,
ing singly or in concert with other factors, may substaniially increase gametocyte
encss. The similarity of temporal changes in sex mtios between PSP- and PS-trested
dren indicates that the addition of probencecid o PS had little or no effects on

¢tocyle sex ratos

The findings of the present study support the notion that microgametocytes persist
longer in circulation than macrogametocyies, or are longer lived (Ponnuduca) et al, 1986,
Recce el al , 2003; Sowunmi and Faleye, 2003 e) However, the addition of probenecid 10
> did not alter micro- and macro-gametocyle disposition in the poputation of children
Given that levels of gametocylacrma and a male-biascd sex ratio coirelate with
“gametocyte infectivity Lo mosquito feeding on humans (Tchuinkam et al., 1993; Roben et
_alr. 1996 b), it would appear that, the combination of probenecid &t the present dose level
with PS is unlikely to dccrease the potential for transmission of malaria in the population,

" whether the gametocyles arise from sensitive or resistant P'S infections.
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CHAPTER 9

Comparative effects of pyrimethamine-sulphadoxine, chloroquine plus
chlorpheniraminc and amodiaquinc plus pyrimethamine-sulphadoxinc on

gameltocytes during nnd nfter treatment of acute, uncompiicated nialaria

Introduction

As resistance to chloroquine (CQ) increascs in extent and severity, alicrmalive
regimens available to control programmes in developing endemic countries including
pyrimcthamine-sulphadoxanc (PS), eamodiaquine (AQ) (Olliaro et al., 1996, Brasscur o
al., 1999; Sowunmi et al.,, 2001) or combination of AQ with PS (AQPS) (Sowunm,
2002) or other suitable combinations have become increasingly used in the treatment
of CQ-resistant falciparum infections. These altematives have varying cffects on
clearance of asexual parasitacmias or sexual forms of 7. falciparim. For cxample, PS
may (Puta and Manyando, 1997) or may not (Hogh ct al., 1995) enhance gametocylc
catriage dunng lreatment of acute falciparum infections.  Although the presence of
gamciocytes in peripheral blood afier antimalanal treatment is no proof of viability,
their generation is required for the transmission of the infection [fom the vertebrate to
the anopbeline host. In order 10 improve the management of paediatric coses of
malaris and reduce traasoussion in our arce of study, the effects of these drugs on
aamelocyic production needs urgent assessment. In addition, it is not clear whcther the
cohancamment or non-¢nhancement of gametocyte production by PS will be influenced
by its use in combination with other antimalanal drugs. It is notewonhy that
antifolates arc incffeclive in the treatment of uncomplicated falciparum malatia in

South America, for example, in Braz) (Fontes et al, 2002)

Ressiaoce 1o CQ in P. fulciparum can be reversed by chlorpheniramine (CP)
vitro and v vivo (Sowunmi el al., 1997, 1998 s, b, ¢). [t has boen recently shown that

109

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



resence in penipheral blood of veiry young gamectocytes (PYG) 72 h afer
encing CQ may be used as indicator of response 10 CQ (Sowunmi et al,, 2003).
ever, it is unclear whether the addition of CP 1o CQ will alter the use of PYG as an
cator of responsc 10 CQ or indeed as an indicator of failurc of reversal of CQ
ystance » vivo by CP. Although the combination of CQ with CP will not be
mployed by control programmes in Africa in the very near fisture, it is still essential 10
study PYG and peripheral mature gametocyte (PMG) gencration during treatment with

CQCP in the event that this or other similar combination become available

In other 1o address these issucs, gamectocyte generation during treatment of
falciparum malaria in children with PS, CQCP and AQPS have been cvaluated. The
main aims of our study were: (i) 0 cvaluate the cfliects of PS, CQCP and AQPS on
gamctocyle gencration during treatment with these drugs, (i) 10 deteimine whether or
not the addition of PS to AQ will influence the generation of gametocytacmia by PS
and, (i) to evaluate PYG as an indicator of response 10 PS, CQCP or AQPS

110

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



s and methods

' site

The study site, Ibadan. is a hyperendemic area for malaiia in southwesiem
igeria (Salako ct al., 1990). In the area, it is difficuh to distinguish, clinically, re-
ection from recrudescence after day i4 of 1reatinent because of intensc 1tansmission.
Antimalarial drugs have therefore genesally, until recently, been evaluated on the basis

f data recorded up 10 day 14, rather than the customary day 28 (Ekanem ¢t al , 1990,
Sowunmi and Salako, 1992).

 Patients

The study took place at the University College Hospital in Ibadan, Nigeria
Overall, 166 children who presented with acute, symptomatic, uncomplicated ~.

Jalciparum malaiia were enrolled in the study between September 1999 and September
2001

The study was designed to elicit a 20% dilference in cure rates between
AQPS/CQCP on one hand and PS on the other hand with 80%% power and at 95% level
of conidence The minimum number of patients required for each trcatment asm is 45.
In genczal, 10 be enrolled. the children had 10 be aged 0 5-10 years, and have symptoms
compatible with acute, falciparum malaria {with fever or histoty of fever in the 24-48 h
preceding presentation) and a pure °. faleiparum parusitnemia of > 2000 asexual
forms/pl blood Those who bad taken antimalaris] drugs in the 2 weeks preccding
presentation., provided a urine sample found positive for 4 aminoquinolines or
sulphonamides (by the Dill-Glazko and lignin tests. respectively), or who had a
concomitant illness, such as sickle<cell ansemia, or severe or complicated malatia
(Warvell et al, 1990, WHO, 2000) were excluded. 1he informed consent of a parent or
guardian was obuined (or each child included in the study. A child was withdrawn
from the study if she/lie developed concomitant itlness during the follow-up period, or

il Nis/her patent of guardian requested it. The study received ethical approval from the
local ettocs committee
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Before enrolment in the study, 8 medical history of each child was obtained from
ccompanying parent/guardian and each was physically cxamined Body weight
oral or rectal temperatuse were recorded, and thick and thin films were prepared
finger-prick blood samples. These smears were Giemsa.stained for parasite

dentification and quantification of any periphetal parasitaemias.

Drug treaumemt

Children were randomly allotted to one of 3 treatment sroups. One group
received PS at presentation (day O) at a dose 25 mg/kg of the sulphonamide
component, Each tablet of PS contained S00 mg of sulphadoxine end 25 mg
pyrimethamine. The other groups received chloroquine base, 30 mgfkg of body weight
over 3 days (days 0-2) plus chlorpheniramine maleste, 6 mg at prescntation foilowed
by 4 mg evety 8 h for 7 days (days 0-6) if the child was aged < 5 years, or 8 mg at
presentation followed by 6 mg every 8 h if the child was > 5 years, or a single dose of
PS at presentation plus AQ 30 mg/kg over 3 days (days 0-2). AN diugs were given by
a physician orally and each child was obscrved for at lcast 3 h aller each such
supervised drug treatment, in order to ensure that the drug was not vomited. Ifit was,
the child was excluded from the study.  Additional management of some children
included the administration of an antipyretic (e.g 10-15 mg paracetamol’kg, every 8 h

for 24 h) and fanning and tepid sponging when necessary

Evaluation of response
Clinical obscrvations were recorded daily for 8 days (days 0-7) and then on day

14 Thick and thin blood films. for quantification of parssitaecmia. were prepared at the
same times At each follow-up, the guardians or parents (and, when possible, the

children) were actively Questioned, using a standard questionnaire, and the children
were camped for the presence of adverse reactions to drugs
Giemsa-stained blood films were examined by light microscopy under an oil-

UnmOoEoNn objective, at X 1000 magnification, by two independent assessars who did
not know the drug treatment of the patients Parasitagmia in thick films was estimated
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ounting asexual parasites relative to [000 lecukocytes. or SO0 asexual forms,

hichever occurred first  From this figure, the parasite density was calculated
ssuming a lcukocyte count of 6000/¢1 blood. Young gametacytes (stage [-II) and
ature gametocytes (stage IV and V) (Sinden, 1998) were also counted in thick blood
Glms against 1000 leukocyles on days O, 3, 4, 5, 6, 7, and 14 The responses to drug
“ireatmenmt  were classified according to World Health Organization (1973) critena.
Treatment was considercd a failure if the day3 parasilaemia was > 25% of the day 0
value, if parasitaemia did not clear by day 7, or if parasitlaemia cleared before day 7 but
re-appeared before day 28. The parasite clearance time (PCT) was delined as the time
elapsing ftrom drug administration until there was no patent parasitaemia. The fever

clearance time (FCT) was delincd as the time from drug administration until the oral or

rectal temperature fell 1o < 37 4°C and remained so for at least 72 h. (This definition
was necessaty because of the rouline use of paracetamol dwing the first 36 h of
trcatment in some children) Cure mates were defined as the proportions of patients

who remained fiee of parasitaemia on day 14 of foliow-up

Re-treatmens of drug treatment failures

All reatment failures were re-treated with AQPS on day t4 provided they were
not symptomatic before this time.  Patients with profound clinical (hyperpyrexia, orul
fluid intolgance) and parasitological detenoration during follow-up were treated with
artemether, 9 6 mg/kg of body weight over five days and were regarded as treatment

failures

Statstical analysts
Dals were analysed using version 6 of the Epi-Info software (Anon, 1994)

Proportions were compared by calculating %2 with Yates' correction or by Fisher exact
tests Normally distnbuted. continuous data were compared by Student’s i-tests and

analysis of vanance (ANOVA) Data not conforming to a normal distribution were
compared by the Mann-Whitney U-lests and the Kauskal-\Vallis tests (or by Wilcoxon
rank sum (est) The values presenied below are generally means and standard
dovidions (sd) P-vatues of < 0.05 were taken to tndicate significant differences
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cal and parasiiological characieristics at curolment and therapentic responses

A total of 166 children was enrolled in the study FiRy one, 52 and 63 children
‘enrolled in the PS. CQCP, and AQPS groups, respectively. Of these, 49, 48, and
children in the PS, CQCP, and AQPS groups, respectively completed the mandatory
.day follow.up period and were analysed. The clinical and parasitological
haracieristics at enrolment were similar in all groups (Table 9 1). The therapeutic
sponsecs (0 drug treatment ore also summanzed in Table 9 1 AQPS was significantly
ore cftective than CQCP or PS in clearing fever and parasitacmia and with a
‘signilicantly higher cure rote on day 14. Direct comparison of PS and CQCP showed
that fever (22 + 1.1 vs 1.6 + 0.8 day, P = 0.008) but not parasite clearance in those
with sensitive response (2.7 + 1.1 vs 2.5 + 0.8 day, P = 0.33) was significantly faster
with CQCP than with PS. The cure rate on day 14 was also signilicantly higher with
CQCP than with PS (80 8 vs 59 2%, P = 0.03)

Gametocytoemia dhiring follow-up
The prevalence and intensitics of gametocytaemia before, during and after

tregtment are sumumarized in Table 9.2 Gamelocyte casviage on days 3, 7, and 14 or
days 3, 7, and 14 combined were Significantly higher in the PS group than in the other
treatment groups. However, the geometric mean gametocyle densities (GMGD) were

sicmular m a3 the treatment groups

The median survivial time for periphesal young gametocyies (PYG) (Figure 9.1)
in PS, CQCP, ond AQPS treaiment groups were 3.5, 1.5, and 1 S days, respectively

There was a significant dilferene¢ in the oversll comparison of the survival experience
using Wilcoxon (Gehan) statistics (12 = 147, P = 00006) The ratios of the densities
(per ul blood) of » petipheral young gametocyles (PYG) to penpheral mature

gamet

progresuvely 0
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9.1. Clinical and parasitological parametets of the children earolled in the study

PS (n =49) CQCP (n=48) AQPS(n =60) P value

cars)
+sd. 8 FH23 60+23 55+25 0.52
0.6-10 2.0-10 12-10
ght (kg)
cantsd. 154+56 16.8+5.2 155+4.7 0.32
6.5-26 81-35 626
uration of illness (d)
mean + 5., J1*i4 36%24 28+13  0.06
1-7 2-14 1-8
resenting body temp
°C) 385+12 386+12 381+10 005
mean + sd. 3584105 362405 36.40.2
range
Parasitacmip (per pl)
fange 3310-375476 2511-219600 878-716000
Fever clearance time (d)
mecan+sd 2.2+ 1. 16+08 12+09 0.000001
range 1-5 1-4 1-
Parasite ¢learance time (d)
mean+sd. 27+ 1.1 25+08 22+07 0012
et 1-6 1.4 14
No of children
asred 29 38 60 0.000001
R1 10 10 -
RII ! ; ;
RIN ) - -

chiryphenirapmoe: AQPS: esadisgoine plus pyrmabamice-sulphadaiac
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~ sufphadoxine (PS), chlo

ABLE 9.2. Gametocytaamias before, during and after the trcatmant, with pyrimethamine-
roquine plus chlopheniramine (CQCP) or amodiaquinc plus
- pyrirecthaminc-sulphadoxine (AQPS), of Plasmodium falciparum infections in children

PS CQCP AQPS P value
{n=49) (n= 48) (n= 60)
— e
36 22 40 0.49
874521 26+5.3 74 + 433
12-444 12-36 12.288
Day 3 Gamelocytacmia
Geometric mean (/pl) 36 44 40 0.92
Mcan + S.C. 100 +43.5 1274835 8 +54,|
Range 12-876 12.612 12-408
Day 5 Gamelocylaemia
Geomctric mecan (/ul) 70 61 43 0.74
Mecan+ S.E. 243 + 1129 118£643 141 +121.0
Range 12-468 12:518 12-504
Day 7 Gametocytaemin
Goometric mean (/ul) 135 39 36 038
Mean + S.E. J99 + 1412 136+73.6 98 + 4.1
Range 12-3520 12-696 12-468
Day |4 Gametocytaemia
Goometric mcan (/ul) 8 34 19 0.2l
Mcan + S E. 139 %29 60+ 30.] 24 ¢ 12
Range 12-480 12-168 12-48
No of paticuls with
gAmetocytaamia on *
Day 0 9 8 6 0.42
Day 3 25 8 7 0.000004
Day 7 26 8 6 0.000002
Day 14 20 4 3 0.000001
Day3.7& 14 32 2 3 0.000000
Day 7 & |4 27 11 ] 0.000000

*Wilconon (Ocluan) for aarvival analysis (x2 = 14.7, P = 0.0006)
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FIGURE. 9.1. Microgrsph of periphcral young gamctocyte ( arows o -stage L1, b —stage
[V) obtaiard in thick blood smeor of a chikl) trealed with pytimethamine suifadoxine
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£ 9.3. Prevalence and intensities of peripheral young gametocytes and peripheral
3lure gametocytes in chiidren treated with pyrimethamine-suiphadoxine (PS),
loroquine plus chlorpheniramine (CQCP) or amodiaguine plus pyrimethamine-
sulphadoxine (AQPS)

PS CcQcCr AQPS

GMPYGD GMPMGD GMPYGD GMPMGD GMPYGD GMPMGD

(/) (/1) (/ul) (b (8 (ui)
21 (5) 65 (4) 12 (4) 36 (1) 42 (2) 51 (2)
12-36b 12-408 12-12 - 24-72 12-216
1€ 31¢ | 3 1 1.2

28 (20) 57 (9) 55 (4) 106 (2) 27 (2) 348 (1)
12-372 12-552 12-144 24-468 12-60

\ 2.0 I 1.9 -0 _*

37 (21) 54 (17) 46 (6) 58 (4) 23 3) 39(3)
12-640 12-18490  12-348 12-180 12-84 12.420
1 is ] 1.3 i 1.7
79(24) 85 (21) 42 (7) 97 (4) 28(3) 87 (2)
12-1320  12-2210  12-216 1 2600 12-156 24-312
| 1.1 1 23 I 31

50 (14) 78 (12) 21 @) 35 (3) S8 19 (3)
12-240 12-444 12-120 12-72 oo 12-48
l 1.6 | 17 -

| GMPYGD Geomnatric mean paipheral young gametocyic densiny, GMPMGD Geomeune wean penpheinl
Ioare gAMCIOCItE densily; a values in parenthescs represen: number of culdsca with gamclocMagmia, b
1angr, ¢ GMPYGD:GMPMGD muo. ¢ -nolalaulatod. ** ao pinphcral young gasnctocy es absenad
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7 indicating continuing production (or generation or mobilization) of young
cytes: PYG-PMG density ratio increased significantly from day 0-14 in those
with PS and CQCP (¥2 = 76, P = 0.000001 and %2 = 422, P = 0.0000),

tively) but decreased significantly in those treatcd with AQPS (x> =532, P=
81) (Figure 9.2).

tionship henveen PYG and responses o drug treatment

None of the chitdren successfully treated with CQCP had PYG during the
ow-up. In children who had sensitive response to PS treatment (n = 29), PYG was
ent on days 0. 3, 5, 7, ond 14 in 5, 12, 13, 13, and 7 children, respectively.
milarly in those successfully trented with AQPS (n = 60), PYG was present on days

D, 3, 5. 7. and 14 in 2, 2, 3, 3, and O paticnt, respectively.  The PYG rates were

ignificantly higher in those trcatcd with PS than in those treated with AQPS at all

tinies during follow up (P < 0.006 in nll comparisons). Post Hoc Turkey HSD test for

‘repcated mcasure of the efliect of PYG generation over the 14 doy follow up showed

signficant difTercnces in the comparisons of PS s AQPS and PS vs CQCP (P = 0.000)
and 0.0001 respectively). There was no significant diffcrcnce in the comparison of
PYG generated by thosc treated with AQPS and CQPS (P = 0.08)

Relationship between PYG and ontcomes of treatment e the children treated with PS

aml CGCP

The relationship belween trcatment outcomes and presence of PYG in children
ticited with PS and CQCP arc shown in Tables 9.4 and 9.5. PYG rates were similar in

those with semsilive of. resistam responses to PS ( 18 of 29 v |3 of 20, 13 =004, P=
0.93) and the rates were similar fiom days 0-14. In contrast, PYG was scen only in

those with resistant response 10 CQCP. In those withoul gamctocytacmia nt
gresentation, but who subscQuently developed PYG 72 h afler commeacement of
CQCP. the preserce of PYG was associated with treatment failure on or before day 14

(Table 9.5)
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1 2 3 4 ) 6 7 8 9 10 11 12 13 14
Time (day)

GURE. 9.2. Changes in geomctiic mcan peripheral young gamctocytes(GMPYGD)

nd geometric mean peiipheral mature gamctocytes(GMPMG) ratio in children treated

with pynmethamine-sufphadoxanc (-w-PS), chloroquine plus chlorpheniramine (-®-

' CQCP) or amodiaquinc plus pyrimcthamine-sulphsdoxinc (- 4-AQPS)

120

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



(PS) or chloroquine plus chiorpheniramine (CQCP)

I’S.-. P_So P CQCP- CQCp- P
sensiive  resistant value sensitive resistant value
(n=29) (n=20) (n=138) n=10)

5 4 0.81 - 3 -

12 8 0.96 - 4 0.001

13 8 0.85 - 6 0.00002
13 11 0.8 - 7 0.000002
? 7 0.34 : 4 0.00]

18 I3 0.6 - 8 0.000002
13 13 0.11 - 7 0.0000001
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BLE 9.5. Peripheral young gametocyte (PYG) casriage at or after day 3 in children

ted with oral pyrimethaminc-sulpliadoxine (PS) or chloroquine plus chloiphcavamine

10
i1

PS- PS.

sensitive resistant

=21) (n=19)

O N N A

10

P

CQCP- = CQCP-

vnlue

0.46
0.72
0.9]
0.69
0.6]
0.64

(CQCP) and who did not have gamctocytacmia on presentaiion

sensitive rcsistant vnTuc
(n=138) (n=4)
- 2 0.008
- ! 0.08
- 1 0.08
- 2 0.008
-V B | 2 0.008
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ssion

The ideal antimalarial drugs or drug combinations for the treatment of falciparum
atia should not only promptly clear parasitaemia, fever or other symptoms of malaria,
should also prevent the generation of gametocytes from asexuval forms dunng
tment: In the present study, PS was significantly less effective than CQCP or AQPS
clearing parasitaemia or fever in children with acute falcipaium infections This is not
ptising since progressive decline in sensitivity of #. falciparim (o PS has been reportcd
om the area of study from the late 1990s (Falade et al , 1997; Sowunmi et al , 1998a)
c decline in sensitivity of the pasasite 10 PS has also occurred in many areas of Africs
Sibley et al, 2001)

In addition 10 their effects on the sexual forms, gametocyte caniage may be
‘influenced ©© a considerable exient by the sensitivity of the asexual patzsites to the drugs
used for the trealiment of infections. For example. as resistance of the asexual parasites to
the 4.aminoquinolines. CQ, and AQ, increases, gamelocyte cariiage also increases
(Strickland et al, 1986; Hogh et al., 1995). In these studies, gamcilocyle carriage tates 28
days after PS t1eatment were significantly less than those of CQ and AQ since PS was
more eflective than the 4-minoquinclines on asexwval parasiies in the settings of these
studies. However, increased carriage may also be related (0 decreased sensitivity 10 PS in
cettain arcunistances (Sowunom et al, 1998a; Tjitrm o al 2002) In s cohort of
children, gamctocyte cartiage was significantly higher at all times after trcatment with PS
than in the other treatmen! groups.  In addition, PYG rates were similar in both PS-
sensstive and -resistant infections supporting a known {act that PS enhanced generation or
relcase of gametocytes during treatmen: of acute falciparum infections (Puta and
Messyando, 1997) However, GMGD were similar in all the ireaiment groups

Many antimalanal drugs appear to reduce gametocytaemia by clearing the asexual
stage infecuons. This cleannce, if exceptionally rapid, may reduce (ransmissibility

paniculasty in_areas of low (ranamission, For cxampie, the artcmisinin derivatives have
fodiaced wranumawbilily in some parts of Thailand by this process (Price et al, 1996)
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In order to detennine the influence of treatment with antimalarial drugs on
qd'cylc production and densities, both young and mature gametocytes were quantified
ere expressed as ratios. The ratios of PYG to PMG were consistently below 1 up to
7 in those treated with CQCP and AQPS, but rose to 1 by day 7 in those trested with
:it"respoctive of the sensitivity of the asexual parasite to PS. This showed continuing
d enhanced production or, preferential mobilization of gamctocytes by PS itrespective
 the sensitivity of the asexual parasites to PS. This process of continuing or preferential
obilization of young gamctocytes by PS may explain why gametocyies persist longer in
,ome palients (reated with PS. This is plausible because the young gametocyles must

ow and run the normal time-couise of survival of the normal mature gametocytes

Given that gamctocyle densily may coirclate with mosquito infectivity and
therefore transimussion success (Tchuinkam et al, 1993, Drakeley et al., 1999), the eftects
of PS on gametocytes carriage and mobilization have implications for malatia control
progpammes with respect to the use of this diug. Recent WHO recommendations (WILIO,
20018, b) have focused on the use of combination antimalarial therapy (CT), particularty
artemisinin-based combination therapy (ACT) = Although sevetal conirol programmes in
Africa have switched 1o CT, some programmes use PS-based combination, for exampte,
AQPS (Sowunmi, 2002). The modulating effect of AQ on enhanccd 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 with other drugs suggests
that generation of gametocyte is an inherent propeity of antifolatc anlimplarials (Hamel et

al . 2005)

In a recent study, it was shown that the detection of PYG 72 h afler the stan of
CQ thaspy may be uscd as an indicator of response to this drug (Sowunmi et al , 2003)
The results of the presewy study show that PYG may also be used as an indicator of
response tc CQCP  Failure of thie enhancement of the antimalarial cfficacy of CQ by CP
in vivo was assocusled with the presaxe, in peniphersl blood, of young gamctocytes.
Howeve, PYG was not an indicator of response to PS, since both PS.sensitive and -
renstant infections genevated PYG.  in addinon. the presence of PS in combinstion with
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-geaetalbd PYG and was clearly not an indicator of response 1o AQPS sinee the
e in this group was 100%.

The limitation of 1he present study is the fewer number of gametocyte carriers in
QPS and CQCP groups following treatment. Therefore caution is required swith the
retation of the data from these two groups.
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Chapter 10

Coniparative e¢ffects of antifolales- trimcthoprim-
sulfamethusuzole und pyrimethamine-sulfudaxine o
ramctocyles in children with acute, symptomaltic,

nncomplicated, Piasmodium faiciparum smalaria
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CHAPTER 10

Comnparzrtive elfects of antifolrtes- trimethoprin-sulfamcthoxszole and
yrimethamine-sulfadoxine on gamctocytes in children with acute, symplomalic,

uncompticated, Plasmodium falciparsint malaria

roduction

The antifolate antimalarial, pyrimethamin¢-suifndoxine (PS), has become
creasingly used as first line treatment of falciparum malaiia in several African countries
)ecause of increasing resistance in Plasinodium falciparum to chlosoquine (CQ). [n spite
[ frequent use and of i vivo and i vifro studies (Hogh et al , 1998, Sowunmi and

Fateye, 2003 b), its cllects on gametocyics in children with falcipaium infections remain

incompletely underysiood.

With incrcasing use, sesistance in P. falciparum 10 PS is increasing (Sibley et al ,
2001) probably as a consequenee of long half lives of its components It has recently been
suggesied that, trimethopsim-sulfamcthoxazole (TS). an antifolate anlimalasial with
relatively short half-lives of its components compared to PS, may be used as alicrnat.ve to
the latter fos the treatment of uncomplicated (alciparum infections in children because it is
as cfficacious as PS (Omar et al. 2001 a, Fchintola et al, 2004) [t is assumed that the
relatively short half-life of TS may, when compared with PS, reduce the chances of
engendenng fcsistence in P. Jalciparum (0 this drug and may provide additiona) advantage

with transmission of drug resistance infections over PS

However, while the effects on PS on gamcioCyies and gamelocyte s¢x Tatios
{GSR) are known (GSR may influence infectivity to mosquitocs and transmission- scc
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et al', 1996 b, Sowunmi and Fateye, 2003 c), the effects of TS on gametocytes are

y unknown in Aftican children with falciparum malatia. [t is hypothesized that
d TS have similar effects on gametocyte prevalence, density and sex ratio, and
_ s similar eifects on gamctocyle suivival in chifdren treated with these drugs. This
t.hesis was tested in a group of childsen with acute symptomatic uncomplicated .
. };amm malaria who wcre randomized to and who received PS and TS for the

tment of their infections.
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‘and methods

3

‘Between June and August 1999, a randomized trial of TS and PS for the treatment
omplicated falciparum malaria was conducted in 102 children at the University
ge lHospital in Ibadan, a hypcrendemic area for malaria in southwesiern Nigera
lako et al, 1990) Eihical clcarance for the study was provided by the local ethics
mittee. In general, to be encolled, the children had to be aged 0.5-12 years, and have
ptoms compatible with acute. falciparum malana (with fever or history of fever in the
48 h preceding presentation) and a pure Plasmodium falciparum parnsitaemia of >
asexual forms/ul blood. Those who had taken antimalarial drugs in the 2 wecks
oreceding presentation, provided a unine sample found pasitive for 4 aminoquinolines or
ulfonamides (by the Dill-Glazko and lignin tests, respectively), or who had a
concomitant illness, such as siekle-cell anaemia, or severe or complicated malatia (WHO,
000) wcre cxcluded The informed consent of & parent or guardian was obtained for
each child included in the study A child was withdrawn from the study if she/he
- developed concomitant iliness duting the follow-up period. or if his’her parent or guardian
- requested it Thick and thin blood films from all patients who pasticipated in the study

were examined for the presence and density of asexual and sexual parasites ut enrolment

and stan of treatment (day 0), and a follow-up at days |-7. and then on day 14. TS was

given as 20 mg/kg of the sulfamethoxazole component twice daily for 5 days (day 0-4),

PS was given as the 25 mg/kg of the suifadoxane component at prescentation (day 0). All

drugs were admintstered orally

Acessment of parastiaemiia and gameitocyte sex raiio
Thick and thin blood films prepared from a finger pnck were Giemsa.stained and

were ewamined by light microscopy under an oil-immersion objective, at x 1000
magiuficatioo, by two indepandent assessors who did not know the drug treatment of the
patients Paramiazemia in thick films was estimated by counting asexual parsites relative
to 1000 leukocytes, or SO0 asexual forms, whichcver occurred first. From this f gure, the
parauie density was calculated assuming an average leukocyte count of 6000/L of blood
(Shaper and Lewis, 1971, Ezalo, 1971, Sowunmi et al, 1995) Gamctocytes were also
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in thick films against 1000 leukocytes assuming an avcrage leukocyte count of
of blood at enrolment (day 0) and on days 3, 5, 7 and 14 Gametocytes were
if gametocytaemia was > 12 sexual forms/ji. Gametocytc sex determination was
‘on following critcria (Carter and Graves, 1988, Robert ct al, 1996 b): males are
er than females: the nucleus is bigger in males than females; the ends of the cells are
'd in males and angular in femalcs; the cytoplasm stains pale putple in males and deep
in females; and the granules of malaria pigment are centrally located in females and
re widely scattercd in males. Gamctocyte scx ratio was dclined &s the proportion of
ametocytes in peripheral blood that were microgamctocytes (Pickering et al., 2000, West
al., 2001).

Statistical analysis

Data were analysed using version 6 of the Epi-Info sofiware (Anon, 1994), and
the statistical program SPSS for \Windows version 10.01 (SPSS, 1999) Proportions were
compared by calculating %2 with Yates' correction or Fisher exact test or Mantel Haenszel
test. Normally distnbuted. continuous data were compared by Student's t-tests and
analysis of variance (ANOVA) Data not conforming to a normal distsibution ‘ere
compared by the Mann-\Whitney U-test and the Kruskal-\Wallis test (or by Wilcoxon rank
- sum test) Kaplan-Meier analysis was used 10 estinte the cumulative probability of
remaining free of gametocytes during follow-up for all cases of malaria combined and for
those cases that were free of gametocytaemia at enrolment. Diflercnces in survival time
wete assessed by inspection of Kaplan-Mcicr curves and pair wise log-rank tests P-

values of < 0 05 were taken to indicate significant differences
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e characteristics arxd therapeutic responses

A total of 104 children were enrolled into the study. Two chitdren, one in cach
ent group were excluded from the siudy due to parental rclocation  Thesc children
cleared of their periphera] parasitacria at the time of exclusion The demographic
acteristics of the children enrolled in the study and the therzpeutic responses to the
tment given arec summarizcd in Table 10.1. These were similar in the two trcaiment

ps:- However, parasite clearance was significanily shorter in those treated with TS

n PS.

evalence of gametocyiaena

The prevalence of gametocylacmia befors and after treatment with PS, and beforc,
ring and after treatment with TS is shown in Table 102, Gametocytc cartiage was
similar on days 0-7 in both trcatment groups and it pcaked at day 7 in both TS and PS
Broups Gamelocyie carnage was significanily lower on day 14 in those treated with TS
than PS (x2 = 57. P = 0.017). Eleven and 19 children treated with TS and PS,
respectively were gametocyic cairiers.on both days 7 and 14 The difference between

‘thesc proportions was significant (x2 = 4.0, P = 0.046)

In genersl, compared 10 pre-treatment, both drugs significantly increased
gamctocyte cartiage post-initiation of treaiment (x2 < 209, P = 0003 for TS and x? =
28 4, P = 0.000! for PS, scc Table 10.2) 1n children without patent gamclocylacmia at
enrolment, there was a greater propemnsity (o be gametoCyte-positive by day 7 with a

significantly gresier proportion of children treated with PS having gametocytes by day 14
of follow up compared with TS. (30/47 [63.8%] vs 16/48 [43.3%], x2 = 7.66, P = 0.008).
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pyrimethamine-sulghadoxine

10.1- Summaiy of clinical charactenstics at enrolment and therapeutic responses

ents with acute falciparum malaria treated with tiimethoprim-sutfamethoxazole or

13. mwwwmmmmm PS. _
parsoe charance 11me, sd dandard deviation
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ge (y)
‘mcan + sd 63+29 63+28 09
range 1.5-120 08-105
Weight (kg)
mean + sd 182+ 64 176+ 52 06
range 7.5-345 70-280
‘Temperature (°C)
mean + sd 381+ 13 J84+14 02
rangc 357-409 359=41.0
Parasite density (/jul)
Geomelric mean 36543 34983 0.29
Range 2200-349636 2552.652800
Gametocyte density (/i)
Geonietric mean 1S (n=3) 17 (n= 2) 0.8
Range 12-24 12 -24
PCT (d)
mcan + sd 25+09 (n=50) 32+12(n=49) 0.002
range 1.5 1-6
FCT (d)
—a 2010 3413 0.20
range =4 -6
Day 14 responses®
No of infections
Cured (%5) 47 (88.7) 43 (87 .7) 0.88
RI & 5
RII 0 -
RIN 0 :
*Uang WHO (197)) oo

pynmcthaminc-lphadayne. FCT, fevcr clearance time, PCT,
All omNons weTX 1no-lailed




LE 10.2. Intensity and prevalence of P. falciparum gametocytaemia following
aiment of uncomplicated malacia with trimethoprim-sulfamethoxnzole or

py1imethamine-sulfadoxine of 102 malarious chitdren

" Day 0

18 [12 —48]* 17[12-24) (e
5/ 53 (9 4%)°* 2/ 49 (4.1%) 0449
Day 3 27 |12 - 120) 27 (12 -144) 10
13753 (25.0%) 121 49 (24 5%) 1.0
Day $ 33 [12 - 420} 45 (12 - 1872) 0.49
21/51(41 2%) 25/48 (52.1%) 0.3
Day ? 42 [12 = 444) 71 [12-2316] 027
28/49 (57.1%) 341 46 (73.9%) 0.13
Day 14 33 [12-120] 43 [12=1200) 052
13137 (35.1%) 23735 (65 7%) 0018

Goomenic mean (ange] *°* Gameto e posiuve/ No of Ppenis camiocd. vajucs 1n FArtplhescs
T nsr:"m.s percentage of patients-with-gameiotytacmia  * *° Mann Whainey jess § f square st
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‘faemia

ametocylaemia beforc and afler treatruent with PS, and before, duiing and afler
nt with TS is shown in Table 102. Gametocytaemia was similar throughout the
n of the study in both TS and PS-trcated children with peak gamctocytacmia
d'i'ng in both treatment groups on day 7. Peak gamctocytaenia (on day 7) wss
cantly higher than day 3 gametocytaemia in both treatment groups (t = 0066, P =
8 for TS; t = 0.08, P = 0.017, by Wilcoxon sign rank test for paired data)
nctocylacmias occurring on days 3-14 were not compared with pre-treaiment
etocytaemia because of the small number of patients in both groups. Howevcr,
ultiple comparison of gametocytacmia using Fricdman test showed that theie was
nificant increase in gametocytaema with time on days 3, 5. 7 and 14 in those treated

ith PS (P =0011). In comporison, there was no significant increase in gametocytaemia

7ith lme on days 3, 5. 7 and 14 in those treated with TS (P =0 29),

The Kaplan-Meier sivival curve of the cumulative piobability of remaining
gametocyte-free in children who were agamelocytaemic at enrolment is shown in Figure
9 1 DBy day ? of follow up, children treated with PS had a signil cantly higher propensity
10 have developed gametocytes than in TS-trested children (Log-rank statistic 535, df =

1, P=002)

Temperal changes in gameiocyte scx ratios
In TS-treated children. 7, 28, 104, 134 and 44 gameiocytes were counted on days

0. 3. S. 7 and 14, respedvely and approximately 77% of these gametocytes could be
sexed [n PS-treated children. 7, 34, 230, 293 and 168 gameltocytes were eounted on days
0, 3. 5, 7 and 14, respectively and approximately 76% of these gamctocytes could be
sexed The data on GSR at enrolment were pooled because of the small number of
—— carnd@bserved pre-treatment (live among TS-treated children and 2 among
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FIGURE. 10.), Figure 1. Kaplan-Maer plot (survival curve) of cumulative probability of

remaining gametocytc-frec in 95 children who were agamctocylaemic at cnrolment

[ollowing treatment with trimethoprim-suifamethoxazole (TS, broken line) or

pynmahamine-sulphadoxine (PS. solid linc)
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children). Overall, pre-treatment GSR was female-biased, but became male-
' day 3 in both treatment groups, and remained male-biased till day 14 in both
igure 10.2). GSR was similar in the two treatment groups on days 3, S, 7, and

0.4,07,0.7 and 0.2, respectively on days 3. 5, 7 and 14

1)
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Time (days)

14

FIGURE. 102 Changes in sex ralio of gametocytes before and after treatment with
pyrimethamine-sulfadoxine - (PS), and before, duwing and after trestment with
irumcthoprim-sulfamethoxa2ole (TS) in children with acule, uncomplicated, falciparum

malaria The vertical lines indicatc standard crvor
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S and PS were both effective in the treatment of uncomplicated falciparum
-in children from this endemic area of southwest Nigeria. Apart from a
tly shorter parasite clearance in the TS-treated children, none of the outcome
res, clinical or parasitological, diffiered between the twvo antifolate drug
nations. The results suppon those of recent findings Irom the same area (Fehintola
.~ 2004) and are in agreement with those from Kenya (Omar et al., 2001 a). However,
resulls are contrary 10 the suggestion that TS is less eflective than PS for the treatment
malasia (WHO, 1996) In many areas in Aftica, for example in Uganda, there has been
reciable decline in the sensitivity of 2. falciparum (o TS (Kilian et al , 1998)

The prevalence of gametocytacmia significantly increased following (reatment
ith both drugs but this effect was more marked in those treated with £S than in those
eated with TS. Sexual development in the nulana parasite and its modulation may be
influenced by several factors (Carster and Miller, 1979, Mons, 1985) It is not clear
whether the significanily lower cartiage on day 14 in those treated with TS was due to
fundamenital difficrences in the responses of the asexual parasite populations to switch 10
‘gametocyte production following exposure (o the two drugs. The components of TS have
‘shorter half lives than those of PS and it is possible that this, coupled wilh individusl
‘varniation in response, may paitly explain the observed diffierence in gametocyle

prevalence between the two drugs

Although there were no slgnificant differences in gametocyte density in the two
trcatment groups, the significant incrcascs in gamclocyte prevalence with tlime, the greater
proportion of children with patent gamelocytaemia on both days 7 and 14 among children
treated with PS, and the significantly higher propensity 10 have developed gametocytes by
day 7 in PS compared with TS treated children (sec Figure 10 1) suggest a more marked

effecss of PS on gametocyte production. These findings with PS arc in egreement with
previous pbservetions from (he same area (Sowwuni and Fateye, 2003 b, ¢) Thus, the

sgnificanmtly teduced cffects of TS on gametocyte rclention may be an advantage for the
use of TS over PS in endcusc s<tting
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Despite lower gamectocyte grevalence and insignificont  increase in
metocytacmia with time in TS treated children, both TS and PS appear to have similar

ffects on GSR. None of the post-treatment initiation GSR data diffierbetween the two

Intifolate drug combinations; both drugs fevourcd gametocyle maleness {i is not clear
whether the effiects of the drugs on gametocytaemia are fundamentally diflierent from their
effiects on GSR.  Since GSR may be influenced by scveral factors (West et al, 2002;
Gardner et al , 2003), this may impact on the temporal changesin GSR.  The male-biased
sex ratio after PS treatmenl is in agreement with recent {findings from the same area
(Sowunmi and Fateye, 2003 c). The gametocyte maleness seen after initiation of
treatment with both drugs suggests that antifolates, in general, may favour gametocyte
maleness. Since gametocyte infectivily to mosquito is increased by gametocyie maleness
(Robert et al, 1996 b) and infectivity correlates with gametocyte density (Tchuinkam et
al, 1993; Robert et al, 2000), both TS and P'S by enhancing gamectocytc maleness,
gametocyte cantiage and gametocylacrmia, may markedly enhance malaria LUansmission
whether the treated patients have antifolate sensitive or resistant infections This a

demerit for the use ofthese drugs alone for the treatment of malaria.
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Conclusions and Recammendations
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Conclusions ant! Recommendations

ludies presented in this dissertation have shown that

e Children are uniformly susceptiblc 1o gamelocyte cartisage and that longer
duration of illness, absence of fcver, male gender and pamsitaemia < 5000 /jl ase
1isk faciors for gametocyte camage.

e Apart from male gender, the tisk factors associatcd with gametocyte cartiage are
little affected by season

e Children with CQ- resistant infections and those treated with PS irrespective of
outcome were signilicantly at tisk of gametocyle carnage.

e PS treatment significantly inercased PYG PMG, but significant increases in this

atio were found only with CQCP cesistant_infections.  AQPS signilicantly
decreased the ratio

e Presence of PYG was an indicator of response 10 CQCP but not 1o PS or AQPS

e PPS and TS, like TS alone, enhanced gametocyle camiage and gamctocyle
maleness, but TS hasa lower propensity 10 cause ssmetocyle malencss | |
o Recently developed molecular assays are more sensilive than mlc.ros.copsc
method. Therefore, the estimates of the prevalence of gamctocytacmia in the

studics reported in this thesis are likely to be underestimalcs

‘h S‘Ud|a ate mdd . . . ‘ | |

' chloroquine, Of i1s combination with astesunatc on gametocyte carriage
action to .

and sex rato . -
indi f resistance to amodiaguine
' lue of PYG asan indicator O
b Ewaluanion of the va

et hamine Sulfadonine . :
blood by gyM osquitoes. of Bametocytes obtained afler treatment with vatious
d_ Infectivity 10 '

ualaria) drugs studied in this disscriation
ant
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e prevalence of submicroscopic gamctocytaemia before, dwing and afier
treatment with various antimalarial drugs and combination therapies by molecular
assays.

Infecivity 1o mosquitoes of blood obtained from children with submicroscopic
pametocytaemia before, during and afier treatment with vasious antinalarial drugs

and combination therapies.

Distinguishing between male and female gamctocytes using molecular assay
techniques.
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APPENDIN 1

"the presence of antimalarial in Uisne (Dill.Glazko and Lignin test)

- Glazko for 4- aminoquinoline
Is:

powder 50mg

ent grade chloroform  100m|

ochloric acid I moV/LL

edure

Add the 50mg cosinc to the 1060ml chloroform and Imi HHCL (1 mol/) in a glass
stopper.ed scparating funne!
‘2. Shake gently for few minutes until the chlorofonin becomes light yellow in colour
3. Separute the chloroform layer and store in dark brown glass stoppercd bottle
4. Add )0 drops of chloroform solution lo 2 ml urine in a test-ube and mix
vigorously or a feww moments
3 The presence of chloroquine in urine is indicated by a change in the colour of the

precipitated chloroform layer fiom light yellow 10 violet red

Lignin test
isisa simple qualitative field test for the detection of sulfonamides in urine

agents
aper toswel or blank newspaper sinps
Hydrochloric acid, HCL (3mol/1)
Procedure
I Place ope or two drops of urineon & blank st1ip of n
2 Add a smalldsopof JICL (3 mol) to the center of the moistured area. The
immediate ap pcarance of s yellow to orange colour indicaies the précmclor a
sulfonamide compound The test becomes positive | hour after the ingestion of

sulfonaniides and stays positive for 3 days (Caution- paper of boad quality or

filter pape canpot be used)

cwspapcr or paper towel
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Appendix 2. Micrograpb of peripheral matur; m:l: (m ::)in t;n: r:;nnlc (astow b)
" obazincd b1 thi ild treated with an
obinined in thick bload smear of achi
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IWUNNMIS, B A T :
FATEYE, A A.ADEDE)]. F. A FEHINTOLA end T C. HAPPI

n_.n of Pharmacology and The ropevticy and loume for

ik Medreal Revearch and Trainiag, Ut erris v ef fdadan

od 2] Seprember 2001 revised 19 February 2004; accepied 24 February 2004}

AMARY

rish facinm gasnciated with BamMciuC) taemss al presenianon and alice sreaiment with different antimalanal dru@ regs-
sere valuated 1n 767 childrew enrollan] prospectively in 3 asntmalanal drig sngls Besween Juls 1996 sod Dccember
210 8 hyperendemic area of southwatem Nigerza. “|he children wese assigned 10 one of G ircatmens groups: chlaco-
& CQ) only. pyrimcihamine-sulfadosine (1'S) only ; ansodiaquine {AQ) only, CQ conibined with chloephcnsmmine

) P)' ot I'S combined with CQ (CQP'S) or AQ (AQI'S). At enrolment, 115 (15%) of 767 childeen were RemectIocyie
" During follow-ug. 15 6% of all panients (i-c. 120 panants) deschoped pateny Famcticy taxvnua, which 1n 85% (162
16013) had derelaped by duy 7 following tresimens. [n 8 multiple reRression model, 4 faciorn were found 10 be inde-
dent Hak faciors for the prevence nf 2umelocy 1aemin atensolment: male Eetder {adjunied odda taso {AOR) =0 55, 95,
ntenal {Cljo 360 K3, P =0 00S), absesscc af feser (AOR =1 81.95%C1 1 05-2°5,/°a0 03), durntsuti of ilincss
dns (AOR= 1 57, 95% CI 1024, 1>« (0 047), and sscaual pacasite Scnsitics Iens than 5000571 {AOR =0 42, 9S% CI
A7), P=0002) The Nrevence of patent gametocy lwemia 8t enodment (AOR« 04 95% Cl1 002-0 07, M <0 O0I1)
: "‘Mﬂft““_o‘ ascnuse) Parasites wathin 14 deys wees associated wilh the proxear of cametix) teonia 7 or 14 dpy,
X enilment (A\OR <05, 95% Cl 6:3-0'8, P«0 $07), [yetay 1n the 1ime laken laclar ic itisl parssitaemis (> 2 Liya)

MRG0 oS

RIS wamannsyion of Flounadinne falcpusam from
IMaM> (0 mosquitocs can an}y occur theousth the
o m'f‘Q te, 1ts scxual atage thay Jevelops from peo-
(74 1INE asczual prrusite. Cametocyics. in lum, oee
e ta) fue the infectinn of new hosts by ths mas-
B {Sinden ¢r af. 1978; Carler & Graves, E788),
Rh‘m“h the mechaniaing of the switch from asexusi
Visexusl yope. 1nd its inodulalion, are complea and
oMplerety unilerstomt (Carter & Millee, 1979,
* 1985). 1he process, end the (nfectiviey of the
: td‘m‘" ariNing from the switch may be nflu-
g Ly anlimaleeyp] (frugs (\Vilkinstn £¢ al, 1976,
l her, lf"ﬁ- Huclkling et al. 1999) .
N sub.Saharan AMeica, i ncreming drug ressste pee
) af"p""‘”’ basleduo incressen e malatle.related
B, #0d mortaliny: (Trape er/al. 1998: Taale,
3 Jand s thought to be sssoclisicd wilh increascs
OCyIc carnage nd Hanictocyic snfeciiviy 10
Bad 105 (Robere e af 1970, 2000, 1losh et ub
2 ) In West African children. Pre.treatmert
nf YOeYic carriage i Thase wilh scute falciparum
) g May reach 14235 % (wpn Seidlein ¢! nf

w

14.2-
gy " rding author. Tel. +234 z;uzmll. f:
3 H‘ Fan: 234 22411643, E-mail: malari :
S ™e com | ak inara unmes hotma! com

o (N4}, 139, 255342

v -.l.u.luumi:nnm:-un.um Primtrd in the Lind

.o':“‘"‘d with incecanrd risk of subscquent gametocy e carrisge. Ve findingd mav have implisstsons for malarss
fol sglorts in yub.Saharan Africe where control of the discase depnds aimost entirly on chenwiherapy .

k" words: Ramectocyte curniage, children, mik faciors, Nigeria

2001 Sovwunnn & Futeye, 210130a); and ehildren, in
Hencgal, oo thouklh 1o comanmie u pgnitsednt rce.
ervure of Infeciion 1 sub-Soharun Africa (Cuheko
et al. 1993, Bannct et 2. 2003)

A rccent sudy from The Gambia {von Scidlcin
¢t al. 2001), an area of lesser intensiny' of malarea
iransmisaion then Nwenn (Salako ef /. 1990), hias
shawn (hal sneemia, albnence of fever end pera-
sitocmia less ¢han 100000 sscxual farms pPee f2) were
indchiendent risk faclom for gametocyte cersigre ot
prescnmigtion in Gamhianchilibren. In addision, 1rest-
mem with Myrimethamine.sulfadoxme (1'S) glonc
way essociatcd with increvsed risk of Rametocyic
carrigie 7 duy+ aftes ircsiment coinfdred 10 chhno.
quine (CQ) ar annemisinin.based combinetion thes.
any. J0 e unclezr whtiher these (acioin. glone ar §n
stldition 10 Olhers, ore associaled with Rametodyee
cartiake in Nigesrinn children

Alrhiough with increasing sanmalseal Jruk jesise-
ance (Falade ¢t al. 1997 Sowunmi et oi. 19984, 4.
Sowinmne, 2002) there hav e been ustociaien]l increaycy
in g¥mctocytc cartiale 10 Nileran children
(Sowunm! & Fateye, Y 3w). there o lietle 1infor,
sty N0 tlie pisk factoie lmmalu{ with gametoch 1e
casriage pre- arhéestaaresiment m Nigerinnchildren
Sudl infanination Ie t\((ﬁeﬂal’f 8e ¢ rfiay p,:u-mmu’
horstess the clTurm sin¥d at the manaBcmen gn,l
conyeol nf il ic s1s18n3ce 10 rthe cammunuy . In the

- Lpgsannaly Prews
© 2004 Cambroler URSED ]
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it ,lm.p- we evitluated the factory thae mlilucnce
oduction of gamctocyvtes in chiHmn'prmmina
te. symytomatic. uncomplicated, £ Jotci.

_mahsri_a in a hyperendemic arereaf malaria in
west N igerta.

ENTs AN METHADS

the 31udy ok place between Suly 1996 and De-
h-ct 2002 'n paticnts Nircsenting ot the Untversity
. °Rc _Hmpmnl in Ibadan. 4 hyperendemic area for
iFi2 In southwestern NiBerwma (Soloko ef al. 1990).
hknl clearance was provided by die local ethics
sdmmittce. During the period. e senes of ani-
malanal druk studiea were conducicd 10 evaluase the
e ¥ and safary of different trearment regimens.
d,dut-t on CQ vicre done during the entire 8.ycar
10d. those o f chloroqQuine phis chlorpheniraminc
".‘C[’) n the licst 3 yeans, those of PPS in the firsr 2
2€ar> a0 the las 2 yeurs, those of umodisguine (AQ)
lne in the las1 3 years, and those of combination
anumalarials in the 1331 2 ycurs. Lluneser. there wase
Canstdcrghle deRree of overlap 1n the study periods
Dewils of 1he atudica have been described before
(Sowunm ¢f al. 19980,5: Sowunmt, 2002, 200)3.
Sowunmi & Fateye, 2001 5). Bricfy, children gwnh
mptoms comfratible ith acuie (aleiparum maleno
 fuliilled the foatlenvsiny criterta were enbisted
lic giudy : ge below 120 months, lwure 2. JulcPurse
Parasitaemio gregter than 2000 asexua) formgfil of
l0od, acRative urine tests for entimalorsal drigs
DIIN.Glazko nnd 1iRnin tests), ubsetice of conc omi-
Lm illnesy, nn evidence of severe malenie (WO,

2000) and wrilten inforined consent gave n by percnts
9 Rusrdions . After enrolment and s1art of 1 Featnicnt

[day ), follow-up with clinical and pundsnolofical
evalustinn was ut daya 1-2. ond then on dud 14, ond
_\\hm necessary, nn daYs 21 and 28, for cxample,
n parienta who reccived PS combined with CQ
(€Qrs) or AQ (AQPS). Clinical eviluation con-
!-Im‘d of a gcnern) clinical examinatinn includ-
N3 mewsusement of weiltht, cntc (CmPeniFe vod
PhYvical examinatinn .

Astessment uf parosrta s

Thick gny thin hlood flms Preparcd fram @ tinEer
Preck weze Giemsantained pnd wnerc c-::ommCd by
MI‘ m’“oﬂopy undéran o] -imnic.eaion "U“““'
*t %1000 myapnifestion, by 2 fndependen) a9scs sors
2)emigin thick lils was estiriaged b ‘°""'j&‘:
A3l parasites relative 10 1001 ltukoc)llzh or Jh
2l forms, whicheéver vocurred hrot b ::
t€, the parasite denaity was csleulated ”‘“:"'"":_'
Yie coum 61 6000/ of blood. Gameios
.t._t"" 8180 csunted in thick blood fitms

1 ssuming wn evVeraic m_'k"c:;;: fl'l:',‘znc!ilzn
%00/4) of blood (Gheper & Lewis 1971

236
1971, Suwunme, Akindele & Nalitun, 19953\ hae.
matocnt wasdone at cnrolment in 124 of the patnts
traated with CQPS or AQPS a order 1o evalueie the
aafcty of cambinatwn awtimularal thera Py

Etaluation of resporue to-drugt treatsicnt

Rasinmse o drog Incetment wio asacases] using:
World Elcalth Organizutiun (W HO) crtena ¢ W HO,
1_973) as lollows: S=sensnne. clcarance nl para-
sizevnia without recusvence, Ul (Mild rasistance) =
paraaitacmie duappesrs but reanpears within 7 tn 14
days: Rl (moderatc resietance) = decreasce of parn-
susemia but no complete claarance from peripheeal
blood: RIYI (scvere resistance)mno pronounced
dececase Or INCRease N Parssitaermz at 48 h efter
trcatment. In those wuh sensiinne or R rvaponse,
parasite clearance ime (PCT) was defined as thietinie
clapsing from drug adminisirsuon until there was no
pateni parasitaemis fncat least 72 h. Asexual parasite
rcducunn mtio [PRIR) (Whae, 1997) wies sledinve] as
the ratio of day 0/day 2 parasitaem

Statistical analyas

Date'weze analyned using version 6 of the Efi-Info
softinarc (Anon.. 1994), and the statinnicel progmm
SI'SS for Window® wermon 10.01 (SPSS. 1999),
Reopoctiuns were conihuecd hy calculating x' with
Yaies' correction. Nornwlly distethuted, contintuuns
Jdata were comhuceild hy Siodent’s f.testaandd analdwis
af sriance (ANOVA). In the druk treaiment groups
porl-hoe  compacisois were done usinl  Tukey
honestly significant diffeience (Tukey 1ISD). Dals
not conformink o 2 noringl disenbuniin were
compared by e Mann=\Whaned U-1e31 and the
Krugkal-Wallis 1¢31 (or by Wileoxon tank sum test)

A muhiple loRiate Rstzicaion Ml wan uags e 1w
Jic dasuctatiun e Rk 10y tucrinta (S ww e Mo al
presentanion of dusink follow' up) nnd factor thas
wese sitmificant w1 univariote analysis: male gender,
presence of fescr, duraton of illncss before prescn-
tauon, asexXyal fardstacmia 8t pececntation. Jdeaig
tnaiment, and sevrsdoavice ul wsexual f[arosites
withen 14 tays of ininating sreatment, Becsuse 1he
s1udy wus conslucted overap cri®d of G years, nme m
yeasy since the commencemeniol teeals wasineluded
as B covanate in the nmoadel fixe pre-ircatmen: geme-
ey tacsmin The valves precseriiCd helow are gener-
ally means and s1andard deviotinns (s.1>.) nr atandard
crvor (s w)ormedisnw nhimerduarnicran®e j IOR)

§? valuesul <V 05 were tahen L aindicate signiticans

ditference?

RESULTS

Pgieny Hametocyaemio (Reometeit mean 26, ™NRe
6—1344/ul) wav present in LIS (15%) nl the e
childrcn 1 enrelment,
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0r3 for Rametocy e €arnage al enrolment

‘and gamelocyte arriage during and/or
ent are saown in Table |, PRR g chil-
cd with AQPS or CQPS wus s:igncficantly
han al_mhet freatment groupy (P <0-001)
e exception of the AQ and PS groupa, which,
3fed tn CQPS, dw not difter suk b condy
M and 030 respectively, Tukey HSDY), PCT
L iﬁ‘clm!y sharter inthose treated with AQPS
CQPS ecnmpared to other tregtrmens groups (P<
cept AQ (P=0-052 und 025, respectivel,
f HSD). PCT waus also aignificant]y shorter in
€ treated with AQ comparcd 1o CQ (P=0 019,
‘HlSD). Foactor utsactated with gametocytae-
|._._ entolment ure pircsenied in "Table 2. \ lle
midcr, absence of fever, duration of ifincsa >3 days,
Biercxual paraste denaities less than $000/ul
clated tn the jiresence of ganetocytaemia at
€n1. Neither age nor poacked cell solume
S<hiation was an independent risk factor for
Bctoc) ec carvrage (Table 2)

Pocscs of the asexual parmaitaerns 10 Jrug

Z“‘ tars for gometocyte carnage du nag follotc up

Brag [ollow.up, 15:6% of all paticnts (1c. 120
k1) Jes cloped patent gametotytacmaa which,in
{102 patients), hud developed by day 7 folluwing
ment. Gametocyte densities a1 enrolment were
_" In ol 1reatment zroups. were significantly
“€ron day 14 in thuse trented with PS, and o n5-
cantly higher prabortion of chilidren trested winth
carred ;cametoy tes throughout the duration.ef
study (Table 3). [n the cohornt of childeen in
gamiciucyles were nut detecied g1 enrolment,
801 259 (13.u%) children treatedd with CQu¥ of 42
B0%) tecated with CQCP, 3 of 93 (3:2%) treated
AQ, 1 of 64 (1-6%) tregred with CQPS, 3 of 6+
, ® children wreated with AQDS, and 500 nf 90
E®%) cluldren treatcd with I'S devcloped-patent
#Nt9Yigemia within 7 1luys ol cnrolment Thue,
= npartinn of childeen whn developed Ramcto-
miq following rreatment wefe signiflicontly
7 1Phthose 1rcated with Ps complrcd \“lholhtf
3hiEn? regimens (Chit = 1369, /2= <0001},

€ prcsence of patent Katfictocytacmia ot "."o,"
AL and (eceudescence uf asekusl Parasites within
were assoctited with the presence °.r gams,
- M2 7 or 1.} days after cntofment (Tahlc 4)
PB) i dhe yime takei to clear the inittal hare-
Mia w MG, 0ociated wlth increased fisk of suh-
: | Reme10cyte C‘tl’“ct, but thie assvciation
= M signylicon 1 fulfaw i tnulrivoriete lﬂ‘;""’:
T 4). Chilgren treated with AQ. AQP yed
s F3 wete skngficantly lesa hkely 10 h“‘, dela

., doyy) heresite clearance cotnparcd with those
e "Y' uiih CQ or S skine (Chi*= 417, deyrec ©
bt r.)ms, 1220 1101)

w,

_'l?sf:.ntacnq of Amciocytes on day 7 or 14 was
’lll"lhﬁ?'l.'r Rasemtater] Wity Grezitrmenit otitounae Jos
day 14 sn children treated wath CQ (Chd= 183,
UF.= 1, Pa <0:081)and CQCP (Chii= I0l,nre=
1. P=0-001), hur not PS (Chi*=02), 07 ul, P=
064), and AQ (Chi*=024, pp = 1. P=0102) ond

AQPS or CQPS wn which sf] chalddren were clinically
cured. )

DISCUSSION

Gllmcloqu: arc ofien'detctiable sn penpheral hinod
IO_' 2 vunable penod alter acute faterpasum nfection,
with morpholozially mature tametocytes beng
letectable in the blood 10-14 days after onginating
from merazoswrcea (Thimenn, 1911; Sealley, 1970)
Carrunge rates may vary widely and sredependent on
severnl factors, In the current study. gamctocyte
nrevalence was_much higher than those reported
from western Thailand (2%, Pnce ef al. 1999) and
Tenzania (8%, Akim ct al. 2000) but syieniler 10 1has
from Thc Gambia (17%, von Scidlcin es of. 2000) 1n
the same region of Afncs. nues er, despite regional
diferences tn prevalence 1ates, the nak facton as.
sociated with gimctocyic carriafie wete pemarkably
simifor.

Gamctloc)ytc presulente in 1the s1udy ores before
the 19908, a period of fulf scnaitivety to C(2, wos leas
than 2% (.. A. Sclako. unpuhlished abservatinn)
Cteaenity, 1n the area. CQ 1rentment of CQ-resistant
infections is asaociated with significan) gametocyie
airnag