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ABSSTRACT
%

414 chlldren with P, falciparum mnlarin were
treated with sulphadoxine/pyrimethamine combl-
nation corresponding te 35mg suvlphadoxine plus
1.75mg  pyrimethamine per kg body weight In a
single dose using the WHO Extendad Fileld Test. In
36 (81. B%) of the 44 ?nt!9nts, parasitaemia
disappesred within 7 days after initiating therapy
and did not reappear within the subsequent 21 day
test pericd. The Mean Parnsite clearance time for
the 36 patients was 3.65t1. 24 days. The remaining
8 (18.2%) were resistant at the RI level. Low
level parmsitmamia persisted in these 8 cnases iIn
vivo and all patients became asymptomatic within 7
days indlicating that clinical and parasitelogical
responses were well correlated. Beébuse nona of
the children had evidence of clinical malarias, no
second coursa of treatment was given. 42 isolates
of the patients were cultured wusing the WHO
standard mark II micro-test system. 8 ((19% of
thase successfully grew and they were all
resistant. A comparison of the in vive and in
vitro studies showed that 6 (75%) of the Iin vivo

resistant cases were resistant in vitro. The

viifl



remalning 2 (25%) Iin vitro resistant cnses hnad
dalayed clearance In “vivo. It 1s therefore
concluded that in Zarin urban area there is high
laval resistance to sulphadoxine/pvrimethamine fIn
vitreo which corresponds to n Ilow level (RD)

rasistance Jin wvivo due to » high degree of

immunity in children under 5 yenrs of age.
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CHAPTER ONE

1.1 INTRODUCTION:

Malaria remains one of the most widespread
infectious diseases in Africa. Over 90% of the 450
million persons in Africa south of the Sahara live
in malarious areas. The epidemiology of malaria
transmission and disease varies greatly and
depends on topography, rainfall and  human
behaviour (Breman and Campbell, 1988), The
prevalence of Plasmodium falciparum infection in
endemic areas 1is frequently over 50%, with the
highest rates occuring in children (Mollineaux and
Grammiccia, 1980)., In most communities, the
incldence of acute illness is difficult to measure
because of the impreclision in clinical diagnosis
and lack of microscopic confirmation. WHO
considers that 80% of the 100 million cases of
clinlcal malaria occurring in the world each year
occur in Africa south of the Sahara (World Malaria
Situation, 1985), The global situation can be
described by using the following classiflication
(World Health Statistics, 1988).

a. areanas where malaria never existed or has

disappeared spontaneously (1, 327 million



inhabitants).

b. areas where malaris has been eradicated by
speciflic campalgns (768 milliion inhabitants)

. areas where transmission 1s contained by
constant control messures 2,318 million
inhabitants)

d. araeas where there is no orgnanised large-scale
control of transmission {405 million
inhabitants),

Around the turn of the century there were
about 2.5 million cases of malaria each year with
2,5 million deaths annually. The introduction of
residual insecticides in about 1940 significantly
improved prevention. About 1950 it was proven that
bDT spraying inside houses interrupts
transmission and this led to the assumption that
eradication of malaria could be achieved withip
three years by exhausting the reservoir (World
Haealth Statistics, 1988)., Around the same time
however, the discovery of the first cases of
anopheline resistanca to the residual insaecticides
introduced an element of wurgency ¢(World Health
Statistics, 1988). The principle of eradication
had been adopted for the World as a whole by the
Worid Health Assembly in 1955, The result of the

first ten years (1957-1966) of the global



eradication programme were spectacular but uneven.
There ware revarses due to financial,
administrative, operational problems, resistance,
behaviour of the vector and inadequate development
of basic health services. In Africa, the pilot
prolects generally falled to interrupt
transmission. A new and more flexible strategy was
adopted 1in 1969, and countries were invited to
revise their programme to take local circumstances
into account (World Health Statistics, 1988). Thus
in the past 40 years, malaria control has been
marked by a spectacular drop in morbidity and
mortality, mared by a partial recrudescence a few
yaars ago (World Health Statistics, 1988)

Recently, many countries have faced
significant difficulties in ensuring that thelir
health services are directed at priority problems
and that they function effectivaly, there is no
doubt that these problems are serious and have
been compounded by current economic constraints.
This situation further reinforces the need for a
fundamental review and restructuring of the health
system, as part of continued development in order
to use tha existing resources both in the general
services and in spaecialized programmes within the

health system in more productive ways to further
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the gonl of betfar health (WHO, i984. (b>; Many
countrlies have madc adjustmont s in their
antimalarisal programmes during théﬂcouréa of their
trangition from mnlaria eradication tc malaria
.It:;(.)ntl‘l')l. Blanket spraying hnas been replaced by
selective and feocal spraying 1n many coﬁntries,
especially in South-East Asia and Latin America
(WHO, 1984 oY>. - - o
According to .Bremaﬁ aha Camﬁbeil kigﬁé) a
strategy to ensure prompt recognition of probable
ﬁ;laria infactions foliowad by effactive treatment
iz the first step towards the confrol of malaria,
Drug therapy may decrease  the risk of savere
infection, but will not, by itself.‘ qlter
transmissieon In the communlty. The heuitg .care
system, l;nked o effective community
mobilizafigﬁ,' ié':essentinl for these immadiate
drug distribution initiatives to succeed. This
_Strutegy is aqvisaged to provide stimulus for the
‘ devaiopﬁén£ of rﬁ moere comprehensive health care

delivery system.

1. 1.2 HISTORICAL BACKGROUND.
The word malaria 1g derived from thé'Italian
"mals" and “aris* meaning bad alr, The nature of

malaria as prehistoric disease of animais and man



can only bea guassed at, The aboreal hominids followed by the
early man lived in close contact with various simian specles
in Africa and Asis. Anopheles which fed on them were able to
transmit malaria parasites easlly from one animal group to
another (Bruce-Chwatt and Zulueta, 1980). The close
relationshlip between simian and human malaria (Bray, 1963,
Coatney, et al, 1971) suggasts a common origin which Garnham
(1963) placed in the early Tertiary aga, soma 60 million
years ago when as he postulated, quartan-like parasites
emerged in lemures and monkeys. He consldered these to ba
benign tertian parasites originating from the Oligocene (30
million years ago) among lower monkeys and malignant tertian
parasites during the Plelstocene, which began 2.5 million
years ago and during which primate aevolution emerged in
higher apas and man,

The centre of Plasmodial evolution has been placed in
tropicel Africa (Bruce-Chwatt, 1965; Mattingly, 1973, 1976)
as wall as South-East Asia (Coatney et al, 1971) but there
can be little doubt about the long assoclation of man and
malaria in the tropical region of the old World. It is not
known, however, when the natural selection of the four human
plasmodial species took place, although it is likely that it
happened in the mid-Pleistocene (Garnham, 1966, Mattingly,

1976).



1.2 MALARIA WITH PARASITES

1. 2.1 Farasitology

The microorganisms causing malarin are
commonly referred to as malaria parasites; this
term 1s usually restricted to the family
Plasmodiidae within the order coccldlidae, sub-
order Heamosporidiidae, which comprises various
parasites found in the blood of reptiles, birds
and mammals. (Bruce-Chwatt, 1980). According to
Bruce-Chwntt, the =zoological family Plasmodiidae
includes the parasites which undergo two types of
multiplication by asexual division (Schizogony? in
the vertebrate host and a single sexual
multiplication (Sporogony? in the mosquito host.
The genus plasmodium has been defined on the basis
of one of the asexual multiplication by division
occuring in the parenchymal cells of the liver of
the vertebrate host <(exo-erythrocytic schizogonyl:
the other characteristic of this genus 1s that the
mosquito host belongs to the anopheles species.

Of the mnlaria parasites, four are infectious
to man. These are Plasmodium malariae, FPlasmodium
vivax, FPlasmodium falclparum and Plasmodium ovale;

causing respectively, benign gquartan malaria,



benign tertian malarin, malignant subtertian
malaria and a mild form of benign tertian malaria,

(Bowman and Rand, 1980).

1.2.2, Life cycle

Basically the 1life cycla of malaria parasites
invelves two types of hosts, one vertebrate and
cne invertebrate and it is within the latter that
sexual reproduction cccurs. {(Feters, 1970),
Schizogony: Parasites of the human species undergo
a s=sexual development (sporogony) in the mosquito
and ultimately produce infective sporozoites which
are injected into the wvertebrate host when the
female snopheline mosquito takes a blood meal. The
sporozoltes rapidly disappeares from the systemic
circulation and enter the parenchymal cells of the
liver, probably ascslsted by secretion of a
proteclytic enzyme, where they commence cycles of
asexual division called "schizogony" (Pinder,
1973>». This process which constitutes the pre-
arythrocytic or primary tissua phase, takes from 8
to 12 days and is aessential to allow the parasites
to undergo the necessary metabolic adaptation for
the change from life in a poikilothermic insect to

that in a warm-blooded vertebrate. The tissue



stage is rogarded as the most fundamental phase in
the 1life cycle from phylogenetic point of view,
since {1t |Is common to all malaria parasites.
(Garnham, 1966).

Primary exo-erythrocytlic schizogony ends with
the bursting of the parasitized liver cells and
the release of merozoltes, which invade red blood
cells and initiate cycles of erythrocytic
schizogony. Other merozoites reinvade fresh liver
cells and undergo further cycles of asexual
division. These "“exo-erythrocytic" or "secondary"
tissue forms (trophozoltes? are beallevad to be
rasponsible for the relapses that occur even after
the blood cycle has been suppressed by drugs or
immune processes of the body. FP. falciparum does
not have a secondary tissue phase in 1its llife
cycle., Tissua forms cannot be derived directly
from the erythrocytic forms and relapses do not
therefore occur in falciparum malaria, but renawed
activity of the primary asexual phase can give
recrudescences (Pinder, 1973),.

The merozoites in the blood stream develop to
trophozoites which in turn give rise to schizonts,
A mature schizont 1s a solid body with usually
between 8 and 24 nuclei. Cytoplasmic division

givas rise to merozoites, The much damaged



e
erythroéyte now Iruptures. liberating merozoites
and unwantad material, Including the haesmozoin,
into the blond stream. This release is responsible
for the clintcal symptoms of malaria, The released
marczoltes that evnde destruction by thé imﬁﬁna
mechanism gqnickly 1invade fresh erythrocytes to
perpaetuate cyclas of easexusl muitiplicution. but
saveral additional days elspse aftar first releﬁse
of merozolies before lavels of paraslitaemia are
such »58s te ba datectsble In blood smears and
belore symptoms are apparent, ) ._.‘ 5
Spurogony: At cartain times, hdétefmined by the
parasites and not the host, merozoiﬁes__fa;;llﬁg
reprodure asaxuwslly and différéﬁiiaté ihto maleh
and - female forms called "gamatocytes" (Pinder,
1973). Gonmetocytes ftake ahout 4 days to reach
maturity, after which they ciéculate indefiﬁitely.
untll {iaken up by an invertebrate host, though
they do not mature completely in an absolute sense
uyntil they'are in the ﬁbsduitb..ﬁiodd containing
male and female gamatocytes enters the alimentary
tract of the mosquito after the act of biting an
Infected vertebrate. Any accémpaﬁfinéhnééxual forms
are destroyed by digestion, and the gametocytes
_ rnpid;y shed thelir erythrocytic envelopes and
.undargo maturation into ﬁale and female gametes.

f . R R
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Whan a female (macrogamete) {s penetrated by
a male (mlicrogamete) a motile zygote 1is formed,
the ovkinete, This penetrates through the
epithelial lining of the midgut wall and the
lining of the body cavity of the mosquito. There
the parasites form an occcyst within which deavelop.
savaral thousand sporozoites which asre distributed
passively wherever the body cavity extends. They
are attracted towards the salivary pglands probably
by chemotaxis, penetrate the salivary gland and
ultimately come to lie within the salivary gland
duct (Paters, 1970). The female mosquito 1lnjects
salivary flulid containing sporozoites 1into the
subcutaneous ftissues of another vertebrate during
the process of feeding; the cycle of events starts

all over agalin.
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1.2.3. FParasitae Morphology

P. falciparum Of all the species of human
plasmodia, P falciparum 1is the meost highly
pathogaenic (Bruce-Chwatt, 19880). In a non-ipmune
subject, 1t wusually runs an acute course, and
unlass promptly treated with specific drugs,
fraquently terminates fatnlly. It s the chief
infection in areas of endemic malaria in Africa.
The 1infected red blood cells retain their normal
size throughout all stages of development of the
parasites. Cells habouring the older trophozoites
and schizonts are frequently stippled with a few
coarse reddish dots (Maurers'dols) scattered over
about two-thirds of the erythrocyte (Bruce-Chwatt,
1980).
P. vivax is much less common in tropical Africa;
it is absent 1in West Africa. It causes benign
tertian malaria with frequent relapses. F. vivax
has effect on the invaded red blood cells which
gradually enlarge and become discoloured. A
characteristic stippling in the form of small
reddish points appear in the infected erythrocytes
and is known as schuffner's dots,
P. malarise is the causal organism of quartan
malaria. The course of the disease 1s not unduly

saevere but 1its long persistence 1is notorious. It
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produces no evident changas In the. ﬁost cells,
although they may often appear some—what smaller
than uninfected erythrocytes. A special staining
may show the presence of discrete stippling, often
called Ziemann's stippling, dark plgmentation,
invaded red blood celle and schizonts which are
rather small,
P. ovale infection produces tertian fever with
prolonged latency, :lessar Iirend to relapse and
generally milder clinical symptoms. The young
trophczottes measure about one—-third the diameter
of the red blood cells. Schuffner's stippling
appeérs QUite early and is more proncuced then in
the case of P, vivax (Bruce~Chwatt, 138850},

: .
{.2.4. Epidemiolosy of Malaria.

The epideminlogy of malaria is concerned with
the disease as 1t invades, inhabits and leaves
people, {(Russell, 19635. .The authors considered
that the essentinl epidemioclogical characteristics
of any infective process, malaris included, 15 the
number of 1infections Jistributed by any type of
disesse, a quantity dependent on the nature of the

diseass 1ltself and also on thae facilities locally
|

avallable for its transﬁission from mnr to man.



14

The Parastites:

The natural life span nf a malaria infection
variaes widaly according to the involved Plasmodium
specias and the strain. Plasmodium falciparum

avarages 9-12 months, but a peried of up to 3

yaars ha€  bean raported. (Verdrager, 1964).
Intactions with P vivax and F. ovale usually last
no* more than 4 vears cut P. malarfa infections
can last tar saveral decades (Wernsdorfer, 1980).
En naturally-acquirad falciparum malaria, Aan
epidemiologically important teature is the

ralstivaly late appearance of gametocytes which in
no case Ls earlier than 15 days after patency.
Stvies on P falciparum indicate s periodicity
an: strlctly limited duration of the infectivity
of zametocytes which coincides with the period of

highast biting activity of the vactrrs tHawking,

1972).
The Host:

Ethnlc senetic differences in the
sunceptibll ity vo particular parasite spacies play

an lmportant role in the distribution of P vivax
wnich 1= wvirtually absent from West and Central
Atrica and shows wvery distinct diffearence of

incidence in the Hamito-Semitic and Nilotic
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populations of Ebthiopila. fArmstrong, 19/8), innate
and physiclogicel factors may have a marked
epidemiological impacf. Carriers of the sickle
cell gene (haemoglobln AS) are less susceptible to
falciparum than non-sicklers, (Livingstone, 1971;
18762, The specific advantage of the heterozygous
state has apparently offset the losses caused by
the lethsl homozygous state and perpatuated the
gana in the highly mﬂlarious: sress of tropical
Africa. Also, glucose-G-phosphate dehydrogenase
daeficlency was balieved to afford an attenuation
of rfalciparum malaria and thus ) a relative
protaction of the afflicted person (MWernsdorfer,
19807,

The 1lcngevity of the wvector s largely
dapandent on environmental conditlons, especially
relativa humidity, and on spaAciaes~-gpecitic
inharent factors. The durstion of sporogony, which
corralates with the vector's longeviily, 1n turn
depands on the environmaental temperature. Several
variation 1in relafive humidity may =zhorten the
life eoaxpectancy of usuwally very potent vector
spacliaes to :he extent that melaria transmission
ceases at temperatures which will favour rapid
sporogony. This {is seen for example with A,

e

Jamblae in the dry zones of theicentrul Nile River
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bastin ‘Wernsderfer, 1967 Mocsquito density largely
depends cn tho longevity of the adult mosquitoas
and on the availability of sultable breeding
places. Tha diffarent anophelines species have
very distinct ecoalogical requiremants for breeding
- with wide variations ragarding water flow,
exposure Lo the sun, water temperature and aquatic
vegatation. (Warnzsdorfer, 19807, Malaria
transmission requires that infaectad man and
suscaptible man be accessible to the vector which
is normally confined to a flight range of up to 2
kilomaters from its breeding placa. 'The closer the
breeding place Is to human habitations, the higher
the vector-man contact will bea. Sporogony cesses
below 16<C for F. vivax and below 20°C for F,

falciparum (Vernsdorfer, 1980),

Endemicity: Malaria 1s endemic in a paticular
area, when there is a constant measurable
incidance of natural transmisson over a succession
of years. Based on the splean rate of children and
adults, andemicity is classlfied into tha
following degrees: -

Holoendemic malarjia, with childhood spleen rate
constantly over 75% and a low adult spleen rate.

Hyperendemic malaria, with a childhond spleen rate
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constantly over 50% and high adult spleen rate,
Masnendemic malaria in which the epleen rate |is
between 11 and 50% in children.

Hypoendaemic malaria in which the spleen rata 1is

10% or less in children.

1.2.5. Clinical features.

Malaria is a protozoal infection in which the
causative agent, a member of the genus FPlasmodium
undergoes a cyclical development both in the
mammalian host and in the wvector, the anopheles
mosquito. (Pinder, 1973). The primary result of
malaria is the rupture of infected erythrocytes
and the escape of a "toxic" substance into the
blood stream. The toxin gives rise to a sequence
of events, which 1in man are a feeling of
chilliness, shivering (rigor), headache and a rise
in body temperature up to 39=C to 41<C. After 6
hours, the paroxysm ends with a profuse sweating,
the haandnche disappears and the sufferer awaits
for the next bout after the characteristic
quotidian, tertian, or quartan interval that 1is
inevitable in the absence of treatmant., {(Garnham,
1980). Other common charateristics of malaria are
nauseas, vomiting, diarrhoea and general muscle

pain.
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The risk of severe snd potentinlly fatal P
falciparvm infection i=s grester In persons with
little or no acquired malaria {mmunity, such ns
young chlldren and immigrants from malarta-frea
arans. Immunological chnanges during  pregnancy
appear to be assocliated with a higher frequency of
infection during pregnancy nnd with Low
birth-welght new-borns In women with parasites in
the placenta. (McGregor, 1984; Braman and

Campbell, 1988),

026 Immunity

Mataria immunity mny be detined as the
capaclty of the host to resist the inte.ilion
brought nabout by all processes {involved in
destroying the PFPlasmodia or {in limliting thelr
multiplication. It also comprises the factors that
modify the effects of the invasion of the organism
by malmiia parasites and ald in repnir oi damnaged
tissue (Bruce-Chwatt, 1986)

There are two types of immunity, natural and
acquired immunity, respectively. Nalural immunity
is displayad by the host with previous experience
of malarial Infection, and it includas the effect

of natural antibodies, the normal scavenging,



funct ion of phagocytas or the wnsnitablliiy of the
host fo Flasmodial  giowth (Finder, 1973,
Acquired immunity {3z o state of partial o1

complate resistance existing In & previously
susceptible host. The mechonmism can conly be set in
motion by the presance of an  erythrocytic
infection. Such immunity may be non-spacific, ns
when the host is infected with another organism
that incliudes hyperactivity of reticulo-
endothellal system, on specific, which derives
from the recogniticn ef and respense to plasmodial
antigen. ‘The parasite 1z most susceptible to the
effects of immunity wvhen it is in contact with the
body flulds, as’ with the sporozoite 1in the
mosquito or Lthe merozolte in Lha human

circulntion.

Matural immunliy:

There at least two types of natnural immunity,
both based upoen genetically inherited
haemoglibinopathies. Sickle-cell ansmemin provides
a partial barrier to the extreme proliferation of
the parasites In Lhe red celis, nand, whilae the
likelihood of 1infection is as great among
individuals with this trait as samong normals, they

do not show the wvery high parasitamias associated



20

with moarlality 1o infactions with P falciparum
(Pindar, 19723) Motulsky, (1964 givas a figure of
ona-twaentieth of the expected mortality for an

African group with the ickle-cell trait, the

b 1]

effect of which are paorticularly noticeable 1in
young children who Inack ncquired fmmunity teo
malaria infection and who chow much l oway
parasitaemia counts Lthan thelr gonetically normnl
pears. The degree aof protection serms to  be

related ton the amount of abtnormsal haemoglobin

present, in thnt maz:imum paracsitaemias in
sickle-cell homorygates are lewer than in
heterozypgotes (Raper, 1959), bt the exact

mechaniem i35 still unknown. It Je unlikely *that
tha mechanical effect of sickling 1s involved in
view of tha protection afferded by other abnormel
haemoglobin types, and responsibility may lie with
factors =such nas selective removnal of sickled
parssitized cells from ihe circulation or
suboptimal utilization of sickle haemoglobin by
parasites subseguently starved of eseential amino-

aclds., (Pinder, 1973).
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it appears that genatic deficlency of the
enzyme glucose-6-phosphate dehydrogenase (G6PD)
also exearts a protective effect against severe
infection with P. falciparum The red cell enzyme
defect appears to be harmless unless the red cells
are challenged in some way, usually by exposure to
oxidizing drugs (including the sulphonamides and
primaquine). GBPD deficlency 1is 1inherited as a
sex-linkaed trait with full expression in males.
Thare are many variants of this enzymopathy. The
evidence for the protective effact of GBPD
deficiency against malaria is not as strong as for

haemoglobin S,

Acquired immunity

The protection acquired by the host against
subsequent reinfection with homologous strain of
tha relevant species of the malaria parasite |is
maintained for n variable period of time,
depaending on the degree and duration of the immune
response to the antigen. There is 1little {f any
protective effect of such immunity against a
spacies of plasmodium different from that which
caused the initial infection. (Bruce-Chwatt,

1986). In highly endemic areas where transmission
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continues throughout the greater part of the year,
the population develops and maintains a high
degrea of immunity, while at the same tima there
is @ nearly permaneﬁt presance of & very emali
nﬁﬁbe; bf mai;riﬁ phfnsites in many subjects,.
mainly adults, ‘The state of registence in =a
previously infecﬂed_hos# coup;ed with asymptomatic
parasitaemtin (prémunit{;ﬁ) is:acquired slowly, and
infants and young chlldren mny- suffar geverely
from mataria and die, {(Bruce-Chwatt, 1986).

Malaria immﬁnity.deﬁélops following invasion
of the organism by the arythrocytic forms of
malaria parasites. There is no convincing evidenca
that tha exoerythrocyfic sf&éeé have any
slgniflcant offect on the immune responss. (Bruce-—
Chwatt, 1886), There 1is no celluler response to
these stages of the parnsiteé in the liver. Tha
physical basis of malaria immunity depende on tha
activity of both humoral and cellular factors,
though the physiclogical conditionzs of the host-
also play some role, The Immune response is an
integrated phenomenon involving ' the T and B
lymphocytes, T lymphocytes, whieﬁ comprise the
bulk of circulating lymphocytes, give rise to
lymphoblasts, whiph can be cytotoxic to Plasmodia

that they recognize. These Ilymphoblasts do not

EE
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synthesize antibody but stimulate B lymphocytes
and the derived plasma cells to form antibody.

The working of protective immuhity to malarin
is seen best 1In holoendemic areans of tropical
Africa. Although 1infection of the placenta is
frequent, congenital malaria 1is rare because of
the prenatal transfer of specific IgG santibodies
from the maternal blond across the placenta,
{Bruce-Chwatt, 1986). Such passively acquired
immunity 1s transient, and after the first 4-6
months of 1ife many young children have a high
parasitnemia and severe clinical {llness leading
to & high f{atality rate. In older children,
clinical {llness is less common, buft an enlarged
spleen and parasitaemia aAre common; 1in adults,
parasitaemia bacomes infrequent and of low
density, clinical 1illness is rere, nnd palpable
splenic enlargement is uncommon, {(Bruce-Chwatt,
1986). Because of the protective effect of
fmmunity to malaria acquired 1in the course of

previous infections, 1t 1s commonly found that
antimalarinl drugs in Individuals previously
exposed to malaria have a more prenounced
praeventive and curative action than in non-immune

subjects (Bruce-Chwatt, 1986).
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1.2.7. Malaria Control

Malaria control can be achieved by vector
control, adequate trantment of acute cases,
chemoprophylaxis (Wernsdorfer, 1980) and malaria

vaccine,

Vector control:

New insecticides and larvicidaes are tested nas
they become available from industry (WHO, 1984
{b>., Those recently examined and found to be
potentially valuable are bendiocarb, pirimiphos-
maethyl, and several synthetic pyrethroids. New
methods of application such as selective spraying
of housas and cattle shelters, based on the
resting prefrences of the vectors, and spraying of
bed-nets with synthetic pyrethrolds are being
tested Iin an effort to reduce both costs and the
selection pressure for anopheline resistencsa,
(WHO, 1985). These methods may be employed by the
community with little associated hazards. Among
the new products tested aganinst mosquito larvae
are some synthetic pyrethroids, insect developmant
inhibitors, bacterial pathogens, fungi and
namat odes. Useful 1larvivorous fish are being

identified, cultivated and released.
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Treatment of malaria:

Malaria transmission may be reduced or even
interrupted through adequate and prompt treatment
of malaria cases because this reduces or
eliminates the parasite reservoir and thereby

transmission (Black et al, 1986).

Chemprophylaxis: Widespread chemprophylaxis has

been discouraged due to resistance and depression

of immunity. (Molineaux and Grammiccin, 1980),

Chemoprophylaxis is targeted (WHO, 1984 {(a)). The

target groups are: -

i Non—-immune travellers to holoendemic
malarious area,

ii Particularly sensitive or vulnerable groups
of the holoendemic areas e.g pregnant woman

and sickle cell children.

In the first group chemoprophylaxis and
reduction 1in man-mosquito contact are equally
important, whereas, chemoprophylaxis in pregnant
women has currently been reviewed because there
are no sufificient data uptill now that will back
up recommendation of chemoprophylaxis in

pregnancy. (Najera, WHO, personal communication).



Malecisa Vaccine:

At present, thera 1s no mnlaris vaccine in
usae, it is still being developad and tasted. Most
of tha relevant research concern= P. falciparum

The strategy for malaria vaccine daevelopment
involves {dentification and characterization of
"protective"™ parasite ontigens, cloning of tha
corresponding genes and their expression 1in
bacteria, analysis of their nuclentide sequenca,
and daduction of the amino acid sequence of the
encoded molecula. The “proteclitvae" apitope (the
Immunogenic portion of the antigen molecule) may
then be produced by genatic anginaering methods or
by chemical synthesis (WHO, 1986).

In attampting to identify “"protective"
Plasmodial antigens, attention has been focused on
those antigens that are  expos§d' to the immune
system, aither on the'surfafé.of'%ha parasite or
on the membrane of ithe Infected erythrocyta.
Vaccine targets currently envisaged are
antisporozoite, antimerozoite and antigametocyte,
Frotective immunity in malaria is specles-specific
and largely stage-specific. so that each vaccine
will protect only against the life-cycle stage or

stage on which it is basad.
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Antispornzoite vaccine: This should prevent the
establishmant of plasmodia in the host and thus
induce sterile fmmunity. in such n ©nse,
parasitnemia, asexual or sexunl, would not occur,
clinical tillness will not suparvene, and the
subject will remain incapable of transferring
mataria parasites. A wvaccine of this type |IAf
applied to human populations sufficiently widely
would interrupt natural transmission of malaria

irrespective of the prevalent endemlc level.

Antimerozoite vaccine: This is expected to induce

{mmunity that operates by restricting the
replication of asexual blood-stage parasites
without necessarily inducing stertlie immnulty,

Consequently, 1ts function will be to reduce the
morbidity and mortality due to malaria. Such
vaccines will be used In highly suceptible groups
In endemic areanas to 1induce a-level of immunity
that would prevent serlous {illness following
Iinfection, The objective will be to confer a
degree of protection equivalent to that which
develops only after several infections in endemic
area. Infection might serve to boost the vaccine-

induced immune response.
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Antigmmaetocyte vacgine: This will operates by

inducing serum antlbodies in tha human host that
block the fertilization of the femsle gsametes by
male gomgtes within the mosquito gut, or
inactivate the fartilized zygote or ookineta. Such
vacclnes seams capable of interrupting malaria

transmission at the mosquito level, but will

naither protect the human host against
sporozoltes, hepatic forms, and aseaxual blood
stages, nor pravent the development of

gamatocytnamla., Thelr wse may 1aduca the ovaerall
rate of transmission in endemic areas and thareby
play a role in malaris control. These vaccines
would preobably be usad in  combination with
protective wvaccines against sporozoites and/or
nsexunl erythrocytic stages.

These three type of vaccines are currantly
baing daeveloped., Tha development of sporozoitae
vaccines, a natural precursor of which was first
successfully testad in man more than ten years ago
(Clyde, 1963) s at a more advancad stage than

that of the other vacclneas,
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1.3 FPhoarmacology of antimalaria_ Compounds:
1.3, 4 Sulphonamides

Shortly after introduction into thaerapeutics,
the sul phonamides were shown to possess
antimalarial activity. Much of the important work
on sulphonamides was carried out durlng the
intensive antimalarial programme during World War
II. This and later work focussed attention on
sulphadinzine, 1t was found, however, to be nctive
only against the asexual blood forms of human
malarin parasites and to act slowly. Subsequently,
two long-acting sulphonamides, sulphadoxine and
sulphalene have been used for treatment and
suppression of malaria mainly Iin semi-immune
patients infected with fully sensitive strains of

P. falciparum (Goodman and Gilman, (1985)

Sulphadoxine

HN ‘@'—Sﬂz—-N
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Sulphadoxine 1s of particular importance as
it is rapidly absorbed from the gostro-intestinal
tract. It has a remarkably long half-life of 100-
200 hours in human plasma as compared to the 17
hours of sulphadiazine (Shephard, 12700, it
raanches peak plasma levels withinr 4 hours and its
slow excretion of only 8% in the first 24 hours
enablas therapeutically effectivae lavels of tha
drug to be maintainad by waekly oral
administration (Pinder, 1973). The real value of
sulphadoxine 1lies in the synergistic combination
with druge like dihydrofolate reductase inhibitors
surch n= pyrimethamine (Richards 19700,
Sulphadoxine 1is active against P. berghel in the
mouse, and orasl dosas of 0.8-1,.0mg/kg effaectively
reduce parasitaemia by 50% in »snimals infected
with either chloroquina sensitive or resistant
strains (Richards, 1966; Aviado, 1967, 1969),
Sulphadoxina 1is {insecticidal to mosquitos when
ingested in the diet. It is systemically effactive
in this respect when 1t is absorbed during the act
of biting infected and sulphadoxine treatad mice
(Baaesly and Peters, 1968; 1971). Thus sulphadoxine
saams to have a triple moda of action by acting

against both the oocysts and blood forms of
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plasmodia and by being toxlc when ingested by the

insect (Ramkaran and Paeters, 1969,.

1.3,1,2 Sulphadoxine/pyrimethamine:

Combinations of antimalarial drugs have been
used for many years. Mnny long-acting
sulphonamides and a number of sulphones have a
schizonticlidal effect wvpon the blood forms of
human malaria parasites (Pinder, 1273). Reasponse
to these is, however, charaterized by a relatively
slow action, greater afficacy against P,
falciparum .than £ vivax, supprassive action
against multiresistant P. ralciparum but little
action against sensitive strains and a ressonably
good tolerance (Pinder, 1973). Synergism of
antimalarianl action was first noted between
sulpheonamide and pyrimethamine or proguanil
against P gallinaceum (Rollo, 1955) and
subsequently against human malaria <Hurly, 1959).
Subsequent work has established the wvalue of
synerglstic comblnations of (1> drugs which
inhibit dihydrofolate reductase, *the enzyme that
catalyses the reduction of dihydrofolate to
tetrahydrofolate, and <(11) drugs which {inhibit
folate synthetase enzyme. <(Richards, 19/0), The

synerglism arises from the sequential blockade by
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the two fvpos of drug of steps in plasmodial
synthesis of purines add pyrimidine-:,

The combination of sulphadoxine with
pyrimaothamine In a8 ratio of Z0:1 is mnrketed as
"Fansidar". The injectable forms of the drug
centains 4uumg ' of sulphadoxine to  20mg  of
pyr imethamine, while the tablet contsins 500mg
Sulphadexine and 25mg of Pyrimethinmine, The
cumi_:tnu!. ion has malnly been used fn South Fastern
Asin f{or the treatment of natwally ascquired
infectionsz with chlorequine resistnant stralns of
P, falciporuvm In Laos, the weekly adminisiration
of 500mg of «<nlphadoxine and 25mg of pyrimal hamine
over 20 montihs  proved to ba nn effacltive
prophylactic ragimen against falciparum infections
(Cbicawa et al, 1979). PBartellont ot al, (1967),
Successfully treated noi - i mmune sarvice mon
infected with chloroquine rasistant P, falcliparim
in Viet-Nam ond West Malnysis, respactively, with
a singlea dose of 1g of Sulphndoxine combined with

50mg of Pyrimathamine,

sulphadogine/Pyrimaethamine Toxicity
Kaufman (1963) reported that large dores of
pyrimethamine, 25-50mg glven dally for about 5

waeks have usually been employed in the treatmant
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of toxoplasmosis in man. The main side effects of
such high doses of pyrimethamine with sulphonamida
is a depression of the bone marrow with a
raduction in the number of erythrocytes,
leucocytes and thrombocytes, Others are
gastrointestinal disturbance, buccal ulceaeration,
alopecia and skin pigmentation «Weissbach, 1965;
McGowan, 1964), An apparent Jarish-Herxheimer
reactlion during the treatment of falciparum
malaria with sulphadoxine/pyrimethamine
combination was reported by Kofoed (1984). Adverse
reactions to the same drug combination were
reported by United States Centers for Disease
Control (1984) in the form of erythema multiforms,
Stevens-Johnson syndrome and toxic epidermal
necrolysis. The ten cases resulted in four deaths.
A case of fatal multisystemic toxicity associated
with Fansidar prophylaxis has been reported by

Selby (1985),

1.3. 1.3  EPyrimethamine:

of the many 2, 4~dinminopyrimidines
synthesized and tested for antim;15r151 activity,
two are ocutstanding - pyrimethamine and

trimethoprim (Goodman and Gilman, 1985).

Pyrimethamine was developed and used almost solely
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as sntimslsrial agent. It 1e a 2. 4-dlamino-5-P-
chlorophanyl-6-ethylpyrimidine of the following

structure:

CL Wy,

Tha 2, 4-diaminopyrimidine is structurally similar
to the blguanides e. g cycloguanil which 1s the
active metabolite of proguanil. This structural
similarity prompted the synthesis and introduction
of pyrimethamine whlich bears a formal structural
relationship to cyclegnanil <(Falco et alt 1961).
The 2,4-diaminopyrimidine and the biguanidas
compatitively inhibit plasmodial dihyrofolate
raductase, and thus block the production of
activated tetrahydrofolate neaded for DNA
synthasis.

Cartain bacteria protozoa do not have tha
abllity to transport preformed folate, and thay
therefore requira a supply of paraamincbenzoic
acid (PABA) to synthesize the compound (Ferone and
Hitchings, 1966). The dihydrofolate reaductasa 1in
intact cells is not exposed to these inhibitors.

The “Small molecula" antifolates, such as
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pyrimathamine »and trimethoprim, seem to penelrate
by non 1{ionic diffusion, and thelr entrance is
unraelated to the ability of the cell to assimilate

folic acid (Hitchings and Burchall, 1955),

Pharmacokinel ics:

Pyrimethamine is absorbed relatively rapidly
from the intestines so that after an oral dosa,
the peak plasma level 1is reached batween 2-6
hours, The absorption is almost complete. The drug
is distributed throughout the body flulds and is
moderately bound to tissues with an apparent
volume of distribution of about 3 litres/kg (WHO,
1984a), 1t is sabout B0% bound to plasma proteins.
Salivary concentration is about 20% that of plasma
and reflects the unbound drug concentration (Ahmed
and Roger, 12980). The drug persists in the plasma
and continues to be excreted In the urine for as
long as two waaks asfter the first administration
of a single oral dose of 25mg. The elimination
half-1ife is of the order 80-100 hours (Jones and

Overall, 1979).

Uses:
Pyrimethamine is mainly wused to suppress

malaria. It has little value when given alone in



tha treatment of an acute primary attack of
malarla, It is slow in clearing parasitsemia, but
it prevents the development of fertilized gamete
and has causal prophylactic activity. It is not a
radically curative agent in £, vivax malaria,
although continuance of suppressive therapy for
ten weeks after leaving a malarious area will
provide “suppressive cure" with certain strains of

P, vivax {(Goodman and Gilman, 19865).

Toxdcity

The use of pyrimethamine alone or in
combination with a sulphonamide 1is not without
toxic or side af fects, The toxicity of
pyrimethamine in normal humsan subjects has been
determinaed relatively well. Adulis tolorate oral
doses of 50mg twlce weekly for perfods of 10-12
waaks without evidaence of toxicity (Goodwin,
1952)., Myatt et al, (1653) showed that daily doses
of 25mg given for 49 days caused megalpblastic
annamia in & out of 12 subjects and rapid
ramlssion occurad when the drug was stopped. Death
was reported in two children who 1ingested 40~
7%5mg/kyg of pyrimethamine and the main sign of
toxicity were convulsions and vomiting (Voorhoeve,

1963; Guignard, 1965). Extensive clinical
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eXper lence oas shown that the standard weakly oral
dose of 25w for the suppression of malaria is
ususlly wall toleratad, but long term
suministiration may result in megaloblastic anaemia
which clears gquickly whan'.tha drug is stopped
Lovel, a2t ai, 19552, Morley et al (1964) cbserved
vw el stogenic erfect in women given 50mg doses of
pritmetnamineg onc2 a month during pregnancy.
Harpey (19837, howaver, cited a poseitle case of
pyrimethamine terstogenecity 1in & woman who had
taren prophyiactic dapeone and pyrimethamine thrae
viter conception as well as chloroguine and

gave oivrth to & male stillborn child with o severea
durwect of the thoracic and apndominal wall and a
missing ler: &1 . Gilbreath et al (1983)
iupliicsted pyrimathamine in the suppression of
mitogantic lecithin-induced bDlast transfermation of
man peripheral olood mononucleated cells. Like
the 4 smincquinolines, pyrimethamine depresses
cardiac function at doses 1Iin exceass of those
usually used for therapeutic purpo:L (Aviado af

al, i56858)
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1.3 1vé Chloroquine -

Chloroquine 1is a synthetic 4-aminoquinoline
derivative that was first synthesized and studied
by the Germans under the name Resochin 1in 1934
(Goodman and Gilman, 1985). It is a 7- chloro—-4-
(4-diethylamine -1- methylbutylamine) quinoline.
It has the same alkyl side chain as quinacrine but
differs from quinacrine in having a quinoline
instead of the acridine nucleus and lacking the

met hoxy radical.

Pharmacological action:

Chloroquine exerts no significant activity
agoinst sporozoltes and exoerythrocytic tissue
stagas of plasmodia. it is not a casual
prophlactic agent and does not prevent the
establishment of infection. It is highly effective
against the asexual erythrocytic forms of all four
species of plasmodia infecting man, aexcept in
areas where drug resistant strains occur. The
action is rapid, fever usually being absent after
24 hours and patent parasitaemia being eliminated
in 48-72 hours following the standard therapeutic
regiman (Bruce-Chwatt, 1986). Chloroquine and
other 4-aminoquiolines act as ga'mtocidal agents

against P. vivax, P. Ovale and are effective
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against the immature but ineffaective against the
mature gametocytes of P. falciparum Chloroquine
does not prevent relapse in vivax malaria, but it

lengthens the interval between relapses.

-

Apart from its Qnt}mﬂlarial action,
chloroquine is effective in treating
extraintestinal amoebiasis. It has anti-
inflammatory properties and has been used

occasionally in treating rheumatoid arthritis and

discoid lupus erythematodes.

Pharmacokinetics:

Absorption

Racent studies 1in healthy adult volunteers
and in children with malaria have shown that
chloroguine 1s rapidly and almost completely
absorbed from the intestinal tract. Adelusi et al,
(1982) orally administered 10mg/k chloroquine
(tablets) to children with malarja. The peak
plasma concentration of about 250u.g/litre was
raeaached in two hours with an absorption half-life
of 0.56 hours. The concentration reached in the

plasma in the first 30minutes after the oral

administration of a 10mg/kg dose of chloroquine is
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usually more than the therapou;ic }cvol for sensitive P,
falciparum (i.e, 30ng/litre). In the study by Gustafsson et
al, (1983). 300mg of chloroquine was given by slow
intravenous infusion over a period of about 25 minutes. The
peak plasms concentration was reached 5-15 minutes (Mean 12
minutes) after starting the infusion and was 10 times the
peak concentration attained after an oral dose. Therefore,
there is a very real danger of toxicity if chloroquine is
given intravenously. There is no recent data on the rate of
absorption of chloroquine after intramuscular administration
in man (WHO, 1984a). Since chloroquine is rapidly and almost
completely absorbed after oral administration even in the
presence of pyrexia, there is no need to administer the drug

parenterally.

ll
After absorption, chloroquine is widely distribution

throuthout the body. Early studies showed that the drug
accusulated in the tissues such as the spleen, kidney, lung,
heart and liver where concentrations were 300 to 500 times
higher than in the plasma (Berliner et al, 1948; McChesney
and McAuliff, 1961; McCesney et al, 1966). The drug has
particularly high affinity for melanin-containing tissues of

the skin and eye.
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These observations have been confirmed by more
recent studies of Adelusi and Salako (1982a &
1982b). Because of 1its tissue distribution and
binding, chloroquine has an exceptionally large
volume of distribution which is about 200 times
the total body fluid volume (WHO, 1986). Adelusi
et al, (1982) showed that during the first 7 days
of patent parasitaemia, the erythrocyte
concentration of chloroquigg 1f higher than the
plasma concentration. The ratio was 21 at the
height of parasitaemia and this fell to 5.3 after
B days when parasitaemia had completely
disappeared. This confirms that in man, there is
pref rential concentration of chloroquine in red
blood cells and that this 1s further increased by
the presence of malaria parasites in the red

cells.

Metabolism:

Chloroquine is metabolized by side-chain de-
ethylation first to desethyl- and then
bisdaesethylchloroquine, which is a primary amine.
This compound can be deaminated to form alcohol
which is oxidized to the 4‘-car1?xylic acid

derivative. Successive dealkylation Of the side-
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chain ultimately produces the compound 7-chloro-4-
aminoquinoline <(Kuroda, 1962 and McChesney et al
1966). The quinoline nucleus |is ‘reeistant to
degradation. Metabolism of chloroquine occurs
slowly and the main metabolite varies in different
speclies; in man it is desethylchloroquine
(McChesney et al, 1967; Fletcher et al, 1975;
Gustaffsson et al, 1983). Individual variations in
the pattern of distribution of chloroquine and
dasethylchloroquine may have important bearing on
the pattern of adverse reactions to the drug.
Olatunde (1971), who studied the chloroquine and
desethylchloroquine concentration in the plasma
and skin of two groups of African subjects (i.e;
those who itched after chloroquine and those who
did not) found the plasma concentrations of both
the parent drug and the me®abolite to be similar
in the two groups. However, iﬁkin from subjects
prone to chloroquine-induced pruritus contained
higher concentrations of chloroquine and lower
concentrations of the me;nbolite than skin from
other subjects. Recant studies have also shown
that desethylchloroquine has about the same
activity as the parent drug against chloroquine-

sensitive plasmodium specles (Aderounmu  and

Fleckenstein, 1983).



43

Elimipation:

Chloroquine is eliminated from the body so
slowly that after a single dose of 300mg the drug
and its metabolite can be detected in plasma for
up to 56 days, depending on the sensitivity of the
assay method used. The decline of the erythrocyte
chloroquine concentration after the peak level has
been reached parallels that of plasma
concentration, showing that equilibrium is reached
quickly and 1is subsequently steadily maintained
between these two media. They can therefore be
regarded as behaving pharmncokinatrcally as a
single compartment with regard to chloroquine
(Adelusi et al, 1982; Gustaffsson et al, 1983). In
contrast, the decline phase of the log-
concentration time curves for the various tissues
diverge from that of plasma curve with time. The
tissuas therefore behave as separate compartments
with slower elimination rate constants than plasma
(Adelusi and Salako, 1982a; 1982b). Estimates of
the plasma half-life of chloroquine have varied,
between 2.5 days obtained by Alving et al, (1948)
and nine days obtained by Gustaffsson et al
(1983), the range possibly reflecting the
multicompartment distribution of the drug and

differences in the duratton of the sampling
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period. The total plasma clearance of chloroquine
varies between 750 and 1050ml/min of which renal
clearance is between 400 and 450ml /min
(CGustaffsson et al, 1983). Since the value for
renal clearance is more than the glomerular
filteration rate, the drug is probably excreted by
both glomerular filtration and tubular secretion.
The kidney 1is the main route of elimination of
chloroquine from the body and the drug 1is
detectable in the urine ov;; u1pnr£od of 120 days
after a dose of 300mg. Maximum excretion occurs in
the first 24 hours, about 10% of the administered
dose belng excreted in that interval. Chloroquine
is excreted predominantly 1in the unchanged form,

the excreted desethylchloroquine being only about

28%% of the excreted parent drug.

Toxicity:

The earlier workers on chloroquine recorded
blurring of wvision, dizziness, mild pruritus,
bleaching of hair and mild gastro-intestinal
symptoms ae side effects in individuals receiving
chloroquine (Wiselogle, 1946). Itching in
Africans, cardiovascular abnormalities, ocular
damage, neuromuscular disorders, :[trupyrnmidal

dysfunction, photoallergic dermatitis and
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pigmentation of the skin have also been reported.
(Bruce-Chwatt, 19863. Cardiovacular effects of
chloroquine in man and experimental animals were
also observed by the earlier workers. Alving el al
(1948) recorded dimunition in the height of the T
-~ wave in the elecrocardiographic recording of 12
out of 20 volunteers taking 0.3mg/kg of
chloroquine daily for eleven weeks. Olatunde
(1970> demonstrated the hypotensive effect of
chloroquine in anaesthetized cats and dogs. He
observed that in children there is a slight but
consistent fall in blabdl pressure after
intramuscular chloroquine therapy for malaria
faver. Cardiotoxic effects are most commonly
observed after parenteral administration or in
toxic overdosage and may take the form of
hypotension or cardiac arrest and death (Ratliff
et al, 1987). Ocular damage usually follows long
term treatment of connective tissue disease with
high dosage of chloroquine and long term
suppressive therapy. It has also been daescribed in
workers exposed to chloroquine phosphate dust in
the manufacture of chloroquine tablets (Salako,

1984).
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Neuropathy results from the effects of the
drug on the muscle, nerva or neuromuscular
junction. The muscle fibres undergo autophago—
cytosis followed by segmental necrosis (Salako,
1984; Estes et al, 1987). Extrapyramidal effects
similar to those occurring in parkinsonism have
baan decribed in patients t‘aatad with
chloroquine. In Nigeria, Eronini et al (1977)
reported an incidence of 1 in 5000 persons. The
symptoms vusually start within 24 hours of taking

the drug.

1.3. 1.5 Primaguine: It 1s a derivative of 8-
aminoquinoline. Primaquine inhibits parasite
mitochondrial respiration and this is probably the
basis of its action against the primary and
secondary liver stages as wall as gametocytes
(Bruce~Chwatt, 1986). It is highly active against
the gamatocytes of all human malaria species. The
gametocidal action of a single dose of primaquine
base against P, falciparum laste for several days,
rendering the gamatocytas' incapable of
development in mosquitos that subsequently feed on
the treated patients. Clinically, {t 1is wused

together with blood schizontocides to achieve

radical cure of relapsing malaria.
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After oral administration, primaquine 1is
rapidly absorbed from the intestine. A peak plasma
level of up to 250ug/litre is reached within 1-3
hours after a single oral dose of 45mg. The drug
ts distributed throughout the body flulds with an
apparent volume of distribution of about 3.5
litre/kg. (WHO, 1984a). Primsquine is eliminated
rapidly from the body with a half—11fe of about 6
hours. At the recommended dosage, no symptoms of
toxicity are likely. When the dosage 1s increased,
toxic manifestations may include anorexia, nausea,
epigastric distress, abdominal pain and cramps,
cyanosis, the passage of dark urine and
occasionally vomting. There could be leukopenia,
methaemoglobinaemia, anaemia, and hsemolytic
anaemia in patients with glucose-6-phosphate
dehydrogensse deficiancy. These manifestations
disappear when the drug is withdrawn (Goodman and

Gilman, 1985).

1.3. 1.6 Proguanil:
Proguanil 1is a biguagide derivative highly

active against the primary exberythrocytic forms
of P. falciparum 1t acts mainly by inhibiting
plasmodial dihydrofolate reductase enzyme,

Froguanil and 1its analogue chlorproguanil are
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valuable drugs for causal prophylaxis in
falciparum malaria (Bruce-Chwatt, 1986). Proguanil
is not sufficiently rapid 1in action for the
treatment of the acute attack 1in non-immune
subjects. Its greatest drawback 1s a tendency to
provoke resistance. Progusnil 1is rapidly absorbed
from the intestine, the paeak concentration after a
single oral dose 1s reached 1in about 4 hours
(WHO, 1984a). It 1is concentrated in the red blood
cells where the concentration is 4-8 times greater
than that of plasma. It is converted in the body
to & triszine metabolite, "cyclogusnil, which is
thought to be the active compound. Excretion is
slow and takes place via the kidney. About 40% of
a given dose can be recovered from the urine and
faaces 1in the wunchanged form, the rest as
maetatolite. The plasma elimination half-life 1is

about 24 hours (Bruce-Chwatt, 1986).

1.3.1.7 Quinine:

Quinine 1is a cinchona alkaloid. It acts
primarily as a schizontocide, It is 1inactive
against the sporozoite and excerythrocytic stages
of malaria parasites. It is gametocidal against
F.vivax, P, ovale and P. malariae (Bowman and

Rand, 1980). Quinine 1s especially valuable for
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the troeatment of chloroquine resistant and multidrug
resistant struins of P, Ffalciparum where it is used alone or
in combinsticn with other drugs (Goodman and Gilman, 1985),
Quiininz hac weak antlpyretic action and weak analgesic
acticr. It also stabtlizes nerve terminal and skeletal
muscie  fibre  membranes and  inhibite responses to
acetylcholine. 't therefore reliaves muscle cramps and other
manifestations of hyperexcitability of the ckelatel muscle
system (Bowinan and Rand, 1980),

Quinine is rapidly and almost completely absorbed from
tha latestine. Pesk plasma concentrations are reached 1-3
hours after a single oral dose. After absorption, quinine is
disrributed ‘throughout most of the body fluid. The
concentration in the red blood calle is approximately one
fif:r 27 that {n plesma and, in cerebral malaria, the
cencentratlon in the cerebrospinal fluid ts approximately 7%
of that ir plasma. The apparent volume of distribution fis
about 2-3 llitres/kg (WHO, 1984a). Quinine is metabolized in
the liver and is excreted partly unchanged but mainly as the
hydroxylated metabolite. Eliminstion from the body is rapid.
The drug and its metabolite appesr in the urine within !
hour of 1%s administration and little remains in the bondy

after <& hours (Hall 2t al, 1973 and White et al, 1982).
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1.3.1.8 Qther Antimalaria Drugs:
a. Mefloquine:

Mefloquine is a member of the A-
quinolinemethanols. It was developed for the
treatment and prevention of chloroquine-resistant
strains of falciparum malaria, Mefloquine 1in
single well tolerated doses, has been shown to
eliminate fever and parasitaemia rapidly in non-
immune volunteers or patients in endemic areas
infected with either chloroquine sensitive or
highly chloroquine resistant strains of P.
falciparum and to effect suppressive cure against
all strains of P, falciparum and suppression of
P.vivax. In p. vivax infections, however, malaria
asttacks recur sometimes after the end of the
treatment (Rieckman et al, 1974; Trenholme et al,
1975; Clyde et al, 1976),

Mef loquine is well absorbed after oral
administration and is extensively bound to plasma
proteins. Peak plasma concentrations are attained
in a few hours and decline slowly ovaI a period of
several days. After a single dose of 1g, the
half-life in blood averages 17 days (Desjardins et
al, 1979). Nausea, vomiting and dizziness may

occur, These effects are dose related, self-
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limiting and uncommon with single doses of 1lg or
less. There could be hallucinations, depression
and disorientation during second week after drug
administration. phototoxicity has not been

assoclated with mefloquine.

b. Tatcacyclines:

Tetracycilines given in doses of 250mg every
& hours for 7 days produce a slow but complete
clearance of parasitaemia and symptoms <(Pinder,
1973). Their relative slowness of action makes
concurrent treatment with quinine mandatory. It
has no effect on the gametocytes, and patients on
shorter less 1intensive regfﬁens recrudesced, and
it is not recommended for the treatment of acute
attacks of malaria (Pinder, 1973). In a field
trial in Thailand, a combination of tetracycline
and quinine produced a radical cure in 97% of the
patients, whereas treatment with quinine and
chloroquine was successful 1in only 42% of cases
(Bowman and Rand, 1980). Tetracycline in the oral
dosage used for the treatment of mslaria may cause
nauses, vomiting and diarrhoea. There could be
more serious effects on the skin, mucous membranes

and gastrointestinal tract. Tetracycline chelates
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heavy metals especially calcium and may be

deposited in growing teeth and bones.

c. Halofantrine:

This is a member of phenanthremethancl. It is
a new antimalarial with a<tivity against highly
rasistant P. falciparum Animal studies have shown
avidence of activity against erythrocytic stages
of parasites 1in all species of malaria tested
(Canfield, 1980). Oduola et al (1987) showed full
sensitivity of P. falciparum isolates to
halofantrine and reduced susceptibility to

mefloquine.

d. Qinghaosu (Artemisinine):

Qinghaosu is the active antimalarial
component of the chinese  herb, Qinghao. It
represents a new chemical series of antimalarial
compounds with a high level of blood
schizonticidal activity against chloroquine
resistant malaria parasites in laboratory model.
Animal studies have shown quinghaoau‘to be widely
distributed in the tissues and eliminated fairly
rapidly. It may exert toxic effect on the
erythroid haemopoietic cells of the bone marrow.

High doses could cause liver damage (WHO, 1984a).
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1.3.2 Clinical Treatment of falciparum malaria:

a, Infections sensitive to 4-aminoquinolines:
Chloroquine 1is still the drug of cheoice in
infections caused by sensitive strains of P,
falciparum A course of treatment totalling
25mg/kg body weight of chloroquine| base over 3
days in doses of 10mg/kg, 10mg/kg and 5mg/kg on
the first, second and third day, respectively, is
recommended for adults. Dosage administered to
infants or children orally or intramuscularly
should not exceed 10mg of chloroquine base per kg
body weight per day. The normal dose is 5mg/kg of

the base (WHO, 1984a).

b. Infections resistant at low to moderate level
(RI and I1) to 4-aminoquinolines:

Chloroquine is still the recommended drug for
the treatment of infections resistant at low to
modearate levels (WHO, 1984a). The dosage is the
same as in (a). It 1is, howaver, advisable to have
sulphadoxine/pyrimethamine combination at hand, in
caze the infection fails to respond to chloroquine
treatment. A single therapeutic dose of the drug
combination corresponding to 35mg/kg body weight
of sulphadoxine plus 1.75mg/kg body weight of

pyrimethamine is usually recommended.
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S5 Resistant cases of P, falciparum to
chloroquine is treated with alternative drugs as

outlined in 1. 4, 3.

1. 4 MMMLTBQM

drugs:

1.4, 1 Dafinition and underlying mechanism:

Drug resistance has been defined as the
ability of a parasite strain to multiply or
survive 1in the presence of a drug that normally
destroys parasites of same species or prevents
their multiplication. Such resistance may be
ralative (yielding to increased doses of the drug
tolerated by the host) or complete (withstanding
miximum doses tolerated by the host) (WHO, 1963),

In man the problem of resistance to the
widely used antimalaria drugs such as chloroquine,
pyrimethamine and sulphadoxine/pyrimthamine and
the decreassed effectiveness of quinine has so far
been associated with F. falciparum infection alone
(WHO, 1587a). There are saeveral different
mechanisms that can account for changes 1in drug
sensitivity of various malaria parasitess (Beale,

1960). Examples are physiological adaptations due
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toe non-genatic changes, selection of previously
existing drug resistant Siraing from mi xed
populations under drug pressure, spontaneous
mutation or mutagenesis (due to antimalaria
treatment or other drugs?’, mutation of
extranuclear genes (e.g mitochondrial genes) and
the existence of plasmids or plasmid-like factors.
Spontanecus gene mutation and selection of mutants
by the drug itself appear to be important in this
phenomenon (Beale, 13980).

Resistance of P, falciparum to antimalarial
drugs always seems to have occurred in areas that
are under considerablie drug pressure (WHO, 1987a).
The selection of decreasingly sensitive P.
falciparum may be promoted by thq presence of
subcurative concentrations of antimalarial drugs
in the blood that only eliminate the most
sensitive parasites allowing those that are less
sensitive to survive. Spontaneous mutations will
tend to reduce the sensitivity of some parasites
even more and further drug-induced selection would
reduce the response to an even lower level.
(Wernsdorfer and Kouznetsov, 1980; Wernsdorfer,
1984). Subcurative drug concentrations in the
blood frequently occur during mass suppressive

treatment (prophylaxis), especially if drug intake
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is irregular and 1insufficlent; they also occur
during the final phase of the elimination of long
acting drugs (WHO, 1987 <(a))., Thus subcurative
drug concentrations may play an important role in
the selection for drug resistance when such
medicaments are used in areas of intensive malaria
transmission. In addition, the use of
dihydrofolate reductase ., and dihydropterate
synthetase inhibitors against bacterial infections
may induce the resistance of malaria parasites to
pyrimathamine and sulphadoxine and compromise the

efficacy of this combination for malaria control.

1.4.2. World Distribution

Historically, resistance of P. falciparum to
quinine was noted in Brazil as far back as 1508 -
1910 <(Peters, 1970). Sporadic cases of quinine
resistance, although rarely substantiated,
continued to be reported from various countries
until widespread use of this drug was superceded
by modern synthetic antimalarials (Wernsdorfer and
Kouznestov, 1880), However, saeveral strains
encountered in south east Asia 1in recent years
appear to have an Rl level of raei*tanca to the
l4-day course of quinine (2g daily) and RIII level

resistance has occurred. Studias in eastern
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Thailand have shown true quinine resistance in
this area (Reacher, 1981).

Chloroquine resistance of P. falciparum was
suspected 1in south America in the late 1950
(Peters, 1970) and confirmed in 1959 in Thailand
(Harinasuta et al, 1962). Around this period,
resistance was discovered in other areas 1like
Columbia. Chloroquine resistance P. falciparum has
been discovered 1in almost evéry malarious area.
Decreasing sensitivity of P, falciparum to an
increasing number of antimalarial drugs is being
reported from areas in Africa and Asia. The
frequancy and the degree of chloroquine resistant
cases tend to increase with the length of time
drug resistance has been present in the area
concerned and are also related to the intensity of
drug pressure and malaria transmission after the
initial selection/introduction of resistant
parasites. Thus a high frequency and a high degree
of parasite resistance are observed in Kampuchea,
Thailand and Vietnam, areas in which chloroquine
resistance was first noted in the 1960s (WHO, 1984
(a)). In Nigeria in 1981, Olatunde gt al, did not
detect any level of resistance to both chloroquine
and ‘fansidar'. In 1985, Midala et al, (1988)

observed a decreased chloroquine sensitivity of P
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falciparum 1in Northern Nigeria. Salako and
Aderoumu, (1987) reported the presence of Iin vitro
chloroquine resistance P. falciparum in Nigeria.
In 1988 Breman et al, reported P. falciparum
sensitivity to chloroquine in Southern Nigeria
children andLege-Oguntoye et al] (1989) found an
incidence of 10% chloroquine resistance in vivo in
Zaria urban area. Clinical trials in Thailand and
aastarn Africa, have not yet shown any evidence of
a major problem of primary mefloquine resistance
in P. falciparum Cure rates in the dose range of
12, 5-20mg of base/kg body weight (single dose)
ware constantly higher than 950% (WHO, 1984 <(a)).
The trials have included to date more than 2000
patients in Asia, Africa and south America. Most
of the failures (only RI type up to now) were
assoclated to drug loss (early vomiting) with
resulting drug concentrations below MIC (WHO, 1984
(a)). However two cases of primary drug resistance
have been observed, ona in a patient in Thailand,
Boudreau (1982) and the second in a patient who
contracted the infection in East Africa (Bygbjerg
1983). l

Resistance to sulphadoxine/pyrimethamine com-
bination was first reported from Thailand

(Hurwitz, 1981) and Tanzania (Vleugels, 1982),
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Resistance to sulphadoxine/pyrimethamine was most
pronounced on the eastern (Kampuchean and Laos)
and the western Burmese borders (WHO, 1984(a)) of
Thailand. in clinical trisls conducted in patients
suffering from paragonimiasis in Brazil (1980/81),
some 25% of resistant cases were recorded, most of
them at RI level. Increasing railure rates are now
being reported from the Amazon basin and Columbia
(WHO, 1984 (ad). Resistance Lo this drug
combination has later been reported f{rom Burma,
indonesia, Malaysia and Papua New Guinea (WHO,
1986, From America, the World Health Organisation
reported that the efficacy of the combination had
diminished by 30-40% (WHO, 198%2), Resistance to
tnis drug combination seems to be directly relsted
to pyrimethamine resistance, the higher the degree
of the iatter, the more likely there 1is to bpe
resistance to the combination (WHO, 1986).
Rasistance of P. falciparum to
sulphadoxine/pyrimethamine seems to be linked to
the presence of parasites hnhighly resistant to
pyrimethamine as the presence of & low medium
level of pyrimethamine per se does not seem to
preclude tne curative aftfect of the combination.

It may aslso be a necessary condition for the
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development of resistance to the combination that
P falciparum should be resistant to both
pyrimaeathamine and sulphadoxine, a likely event
since sulphanamides have been widely wused 1in
Africa for other bacterial diseases (Onori, 1984),
The sensitivity of most P. falciparum infections
in Kenya to the drug combination may be a function
of a low frequency of sulphadoxine resistance
(Watkins et al, 1988). Resistance by P. falciparum
to pyrimethamine or proguanil alone is present in
certain localities of endemic regions, 1including

Africa (WHO, 1973)>.

1.4.3 Management:

Resistance of P. falciparum to most of the
current antimalarial drugs has emerged as the main
technical problem in malaria control. A knowledge
of the extent of the problem 1in terms of
geographical distribution and degree of rasistance
is 1important for the selection of appropriate
control measures and for the development of a
policy for the rational use of antimalaria drugs.
The presence of resistant parasites may
necaessitate the development of other drugs of

which there is a limited range (WHO, 1986).
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Curative treatment with 1,500mg chloroquine
base is the least expensive regimen. The cost of
the first and second line alternative drugs 1is
considerably higher and their use puts a financial
strain on individuals and the public economy in
general. The alternative drug include amodiaquine,
sulphadoxine/pyrimethamine, quinine alone, quinine
plus tetracycline and mefloquine alone or in
combination with sulphadoxine/pyrimethamine. Some
of these drugs produce side effects and involve
lenghty treatment regimens that often result in
poor patient compliance as for example, the
combination of quinine and tetracycline

Chloroquine 1s the drug of choice for the
treatment ot suspected or confirmed malaria in
places where there is no known resistance or even
in areas with RI-type resistance (HTO, 1986). In
order to slow down the appearance of resistance,
and also to ensure adequate treatmant for those
patients in whom the parasitological response
cannot be monitored a full course of 25mg/kg of
chlorequine base, given over 3 days is
recommended. Amodiaquine has been shown to be
somewhat more active than chloroquine against
sensitive strains of F. falciparum and it also

ratains activity against some parasites possessing
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Ri-or RII-type resistance to chloroquine (Watkins,
et al, 1284). The dose of amodiaquine usually
employed 1s 25mg/kg body weight of amodiaquine

base given over 3 days. l

sulphadoxine/pyrimethamine.

In areas where there 1is a high level of
resistance to chloroquine, sulphadoxine/
pyrimethamine is the drug combinaticon of choice
for the second line treatment of suspected or
conf irmad malaria if there is either no
established resistance to it or the resistance is
low grade or infrequent. A single dose of 75mg
pyrimethamine (1. 5mg/kg) given together with
1, 500mg sulphadoxine (25mg/kg) 1is quite effective
in treating chloroquine resistant P. falciparum

{WHO, 1984Db>,

Mefloquine.

Mefloquine is highly affective in the
treatment of multidrug resistant malaria. It can
be given as a single dose of 25mg/kg body weight
or in combination with other drugs. A combination
of quinine and a single dose of 1.5g mafloquine
achiaeves a 100% cure rate in the treatment of

chloroquine resistant malaria (Hall, et al, 1977).
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In oraer to delay emergence of resistance to
met loguine, the combination with sulphonamide/

pyrimethamine has been found to be most effective

(WHO, 1S84b). The combination of mefloquine/
sulphadoxine/pyrimethamine is in tha ratio of
10: 20z } and in Areas whare resistance to

sulphadoxine/pyrimethamine ls rare, two tablets
of the fixed combination each contarning 250mg of
mefloquine, 500mg sulphadoxine and 25mg
pyrimethamine iz given as a single dose. In places
where resistance is high three tablets should be

ziven as a cingle dose (WHO, 1984b),

Quinine.

Quinine s used alona or in conbination with
ot hear antimalaria drugs., For uncomplicated
infections, 30mg/kg body weaight 1is given orally,
in 3 diviced dcses (10mg, 10mg, 10mg) daily for 7
days t(Sruce-Chwatt, 1986). Alternatively, quinine
may be given for 2 days 1In association with
tatracycline (2%0mg, 4 times daily’); the latter to
be given tfor at leasst saven consecutive Days;
Alternatives are doxicycline (0.2g daily) or

minocycline (0. 1-0. 4g daily) (WHO, 1984b).
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AIMS AND OBJYECTIVES OF THE STUDY.

Malaria remsins one of the most wide spread
intuctious diseasaes in Africa. Over 90% of the 450
million persauns in Africse South of the Sshara live
in malarious area (Breman and Campbell, 1988). The
pruvalence of Plasmodium falciparum infection in
endamic areas is freguently over 50%, with the
highest rate occurring in children (Molineaux and
Grammiccia, 1980).

Kresistance to most of the current
sntimalarisl drugs has emarged as the main
technical problem in malaria control., Resistance
to pyrimethamline has been deacribe1 in Northern
Nigeria by Archibald (1960) and Dodge (1966). More
racaently, decreased sensitivity (Midala et al,
19288) and resistance (Lege-Oguntoye et al, 1989)
ot F. falciparum to chloroquine have been reported
in Zaria, Northern Nigeria.

It is theretore the objective of this work to
determine the sensitivity of P Ffalciparum to
sulphadoxine/pyrimethamine which is an
antimalarisl drug combination usad in the
treatment of chleroquine -resistant strains of PF
falciparum F. falciparum resistance to this drug

combination has been reported from Thailand
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(Hurwitz, 1581) and Tanzania (Vleugels, 1982).
Resistancea of P, falciparum to
sulphadoxine/pyrimethamine combination seems to be
linked to the praesence of parasites highly
resistant to pyrimethamine (Onori, 1984). Watkins
et al, (1988) reported that resistance of most P
falciparum infection to this drug combination 1in
Kenya may be a functlon of a low sulphadoxine
resistance,

No reports are avallable yet on the In-
vivo/in vitro sensitivity of P. alciparum to
sulphadoxine/pyrimethamine combination from the
Guinea Savannah belt of Northern Nigeria. This
study is therefore aimed at 1investigating the
status of P. falciparum sansitivity to this drug
combination in Zseria urban area using the WHO
Extended Field Test and WHO standard mark II
micro-test system. It 1s hoped that this study
will present data on the lavel of response of P
faiciparum to sulphadoxine/pyrimethamine
combination. Such data will contribute to the
prasent knowledge of the geographical distribution
and degrae of reslstance which is important in the
selection of appropriate control measures and for
the development of a policy for the rational use

of antimalarial drugs. |
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CHAPTER TWO

2. MATERIALS AND METHODS

MATERIALS

Pyrimethamine/Sulphadoxine Fansidar'#), weach
tablet containing 500mg sulphadoxine and 25mg
pyrimethamine base. They were supplied by
Roche (Nigeria) Limited. All were f{from the

same batch number 880622A.

KH.PO,-potassium dihydrogen orthophosphate,
BDH. Chemical Limited, Poole, England. Batch

number 1884380

Na_HPO,-disodium hydrogen orthophosphate, BDH
Chemical Limited, Poole, England. Batch No

6539490.

Giemsa stain waSs obtained from National
Malaria and Vector Control Division, Federal

Ministry of Health, Lagos.

66
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Met hanol, R-grade. May and Baker Limited,

Degenham, England. Batch number MS, 1920.

Ethanol, absolute, May and Baker, Limited,

Degenham, England . Batch number 71222.

Xylene (sulphur-free), May and Baker,
Limited, Degenham, England. Batch number MS

2163.

Microslides, 75x25x1. Ommn. Fro}tad one end
both sides. Becton Dickinson! and Company,

Batch number 3058.

Microscope: Relichert Jung microscope.
Reichert Scientific Instrument, Division of
Werner-Lambert Technologies, Inc. Buffalo,

New York. Made in USA. No. BG 341341.

Cotton wool
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2: e METHODS

2.2.1 Patients:

Patients of both sexes between the age of 6
months and 6 years residing in Zaria urban area
were screened at the Paediatric Outpatients
Department of Ahmadu Bello University Teaching
Hospital where this study was conducted between
August 1988 and January 1983. Rainfall during 1988
were recorded between May and October.

Informed consent was obtained from the
paraents of all enrolled children. Fever was
defined as a body temperature of 37.5<C or above.
Children were asked for any historJ of diarrhoea,
pruritus and vomiting. The axilla temperature of
each child was taken and recorded. The impression,
1, was used for fever or history of fever within
the past 48 hours and ,0, for no measured fever or
history of fever for past 48 hours. A child with
decraased activity and mental alertness was also
assigned ,1, while ,0, was assigned to any child
who was well. A child was considered to have
diarrhoea if the number of stools per day within
the past 48 hours was 3 or more, (see appendix B)

History of antimalaria drug ingestion within

the past 2-4 weeks was taken. If any, the name and
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quantity of the drug were recorded. Such patients
however were excluded from the study. Only
children with negative urine sample to 4-
aminoquinolines and sulphonamide were anrolled.
The primary interest was that of the patients well
being. Patients with complicating disease such as
cerebral malaria, anaemia, Jaundice and
bronchopneumonia were excluded. Enrolled patients
were registered and given serial numbers. The
diagnosis for all the patients was confirmed by
presence of asexual forms (trophozoites) of P,
falciparum in the peripheral blood smear (thick
film). Those who had mixed infections {P,
falciparum, FP. malaria or FP. ovale) were aexcluded
from the study. Patients whose parasite count was
not less than 1,000 asexual parasites per mm® were
selected for inclusion in the study and subjected
to the 28-day W.H.O. Extended Field Test <(WHO,
1973).

Shortly before drug administration the
patients were weighed and their weights were
recorded. The patients' name and residence were
recorded. This enhanced smooth followup where the
patients failed to turn up on I;y day. All
patients were seen at the malaria clinic specially

set up for the study. On day zero, a single oral
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dose of sulphadoxinnlpyrimthaninJ combination
equivalent to 35mg sulphadoxine per kg body weight
plus 1.75mg pyrimethamine per kg body weight was
administered to each child by the investigator. To
rule out vemiting all patients were observed for
30 minutes after drug administration. Any child
that vomited two or more times after drug intake
was withdrawn from the study. Patients were seen
daily for the first one week and thereafter at
weekly intervals for an additional period of 3
weeks. Thick and thin films were prepared
immediately before drug administration and on each
of the above days of follow-up. A thick film was
considered negative only when the examination of

100 fields revealed no asaxual parasites.

The Dill-Glazke reagent was prepared Dby
mixing 50mg eosin (Yellowish) with 100m1
chloroform to which 1ml IN hydrochloric acid is

added (Lelijveld. and Lortmann 1970). The mixture
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wns shaken until the chleoroform nssumed a light-
yellow ceolour, after which the chloroform solution
was separated in a separating funnel from the
watary phase and stored In a glass-stoppered brown
bottle. About 10 drops of the resngent were added
to each 2ml of urine in a test tube., The presence
of chloroquine in the wurine is indicated by a
change in colour from yellowish to wviolet-red in
the chloroform layer which precipitates after

shaking,.

b. Lignin Test (Bratton-Marshall, 1939)

A drop of urine was placed on a blank strip
of clean sterile newspaper and a small drop of 25%
hydrochloric actd was sdded In tha chnkre of Lhe
moistened araa. Presence of sulphonamide was

indicated by the immediate appenrance of a yellow

to orange spot.

2.2.2.2 Praparation of Phosphate Buffer Solution
pH_7. 2:
0.7g of potassium dihydrogen  orthophosphate
(KHLPO, ) and 1.0g of disodium hydrogen
orthophosphate (Na., HPO,) were carefully weighad.
The two salts were put together and dissolved in-n

small quantity of distilled water. The solution
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was then mada up to 1| litre and tested for PH. If
naccessary, a little of etther salt stock solution
was added to correct the pill. The solution was
stored in a refridgerator and only removad when

needad.

2.2.2.3. Praeparation of Microscopic slides:

All slides were initially soaked for 24 hours
in water containing detergent.' At the end of this
period, the slides were thﬁroughl&' washed using
the smalleszt size tast tube brush.'The slides were
then soaked in alcohol for another 24 hours to
remova any impurities. Before use, the slides were
thoroughly rinsed under running tap water. The
water was then drained off and the individual
slides were blotted and dried with a non-fibrous
lint. All cleaned slides were kept in clean slide

boxes and were only removed when neaded.

2.2,2.4 PFPreparation of Blood Smears:

The patient's finger was thoroughly cleaned
with an alcohol swab, allowad to dry and then
pricked with a disposable sterile 26G 3/8
injection needlea. The first drop of blood was
removad with a dry colton swab. For screening, 3

drops of blcood were then placed at the free end of
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a slide and a thick ronund shape film was gently
formed using an edge of a second clean slide.
Usually, screening slides hold two thick blood
films f(rom different patlents-with their serial
number written on the {rostaed and of the slide.

(Fig a>.

L Slide

O ek, il Feom
patient 0O\

(- Tiew §ULm Feom
Patient OO
00\
002

For definitive slides, a drop of blood wns placed
in the centre of a clean slide. A thin film was
made by holding a second clean slide at an angle
of about 45~ and spreading the drop along the
first sllide. Toward the frosted end of the same
slide, a thick round shaped film was gently formed
from 3 drops of blood. Each slide was labelled
indicating the patient's serial number and the

date (Fig b).

S\ida

Thin film

Ticw Film

O___

Serial nq

Data
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2.2.2.5  Preparation of Glemsa Stock Solution:
Care was taken 1In welghing 3.8g of Gliemsa
powder and in measuring 250ml of methanol and
250ml of glycerine. Both methanol and glycerine
ware thoroughly mixed and litt}e was added at a
time to the Glemsa powder contained ‘1n a mortar,
The contents of the mortar were gradually ground
until a solutioen of Giemsa was formed, The
solution was filltered using fllter paper and then

kapt for usa.

2.2,2.6 Staining of Plood Fllms:

Giemsa aqueocus stain wns used. The stock
solutlon was diluted with phosphate buffer PH 7. 2.
Different concentraticns of Glepsa were used to
stain slides for screening or feor definitive

count ing.

Screening slides: 4ml of the Glemsa stock solution
wera added to 96ml of phosphate buffer PH 7.2 to
obtain a 4% Giemsa solution. The slides were

stained for a duration of 10 minutes.

Definitive slides: 2ml of the Glemsa stock
solution were added to 98ml of the phosphate

buffer PH 7.2 to obtain a 2% Glemsa solution which
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was used to stain slides for 30 minutes, Before
stainling, the thin blouod smears were fixed for O
minutes in methanol and air dried.

At the end of the staining period, the
stainad slldes were gently rinsed 1in phosphate
buffer FH 7.2 and carefully dried with a hailr

drier.

2.2.2.7 Couuting of Paraslites:

The stained slides were viewad 1in an oil
immerslon under a standard microscope with total
magnification of x1000, The mi.croscopra was
initinlly claeaned to remove all dust before usae,
After examination, the oil waﬁ'cnrafuliy cleaned
of f the slides with sulphur-free xylena and kept
in clean slide boxes for repeated examination. For
screaning and definitive counting, the technigue
described by Payne (1982) were adopted. The

viewing path of these techniques are shown below.

i_t:-; e 'muiewina Path

.

..

= Lo - \
Thiew, (‘foc mee p\ous\“na ‘Et:\'\mtvli'.

(-. - ‘> viewing Path

s

T™wie e (“Bearzmant” \‘o.chn‘t'w"-)
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In ench cmse, the first field was focused,
malaria parasites and leuccocyles In this field
were counted and recorded with two tally counters;
ona for malaria parasites nnd the othar for white
blood cells. Counting continued following the
viewing path. For screening procedures the
counting ended when the leucocytez numbar reached
was 100. The correspending number of malaria
parasites was recorded. For definitive parasite
counting., the procedure ended when either the
parasite or leucocytes number reached 500 or 1000,
respactively. In most cases, whan these figures
are reached some parasites and leucocytes still
remain uncounted in the last field. In this case,
counting continues until all the perasites and

leuycocytes in the last fleld have been counted.

2,2.2.8 Determination of Paransite Density (FD)
per_mm’ blood:

The parasite density was datermined by
dividing the product of the parasite count and
reference leucocyte count per mm? blood by the
leucocyte count as described by the Payne's

equation. That is:
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FO/an) = Parasites counted x standard [{pucocyte count iper #n?)

leucocytes counted,
For example, 1if on day zero, the leucocyte count
of a patient was 300 and parasite count was 520,

then parasite density per mm® blood

520 x 6000
---------- = 10, 400
300
2.2,2.9 _Determination of Mean Porasite Density
SMPD):

The mean parasite density for each day was
datermined by dividing the sum of the parasite
densities of all the patients on that day by the
total number of patients studied., (See tables 1
and 3) From these tables, the sum of the parasite
densities for the 44 patients on day zero |is

2,085, 060, therefore, The MPD per mm3

= 2,085,060
————————— = 47,388
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2.2.2.10 Determination of Mean Parssite Clearance
Time (MPCT) {(days)

The MPCT can be datermined only for patients
with (1) regular follow-up over the first week and
(11> parasite clearance before or on day 7. The
MPCT for each day was determined as follows:
(Payne, 1982). The number of patients whose
parasiteemia had cleared on each * day was
multiplied by the total numbar of, days needed for
parasite clearance, e.g 1if the MPCT (days) 1is
calculated for 26 patients whose follow-up during
tha first one week was regular, the calculation
will be done as follows: The symbols x represent

days, f, frequency and x, mean,

—— s ———— v —— —— e W o, . o o o T ————————— ———————— — —— ————

X f fx fix-%x)2
1 0 0 _ 4]

2 6 12 16. 335
3 6 18 2,635
4 7 28 0, 8575
5 5 25 9.1125
6 2 12 11.045
7 0 0 0

——— . ——— ——— — e e o o o o o o o o o o o e o o
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fx a5

X = —-— - = 3.65 days.
f 26

<~ MPCT = 3.65 days.

Standard deviation

/ = 39,885
4 26

1,233

2 1.24 days

Thus the MPCT for the 26 patlents is 3,65 + 1. 24

days,

2.2.2. 11 pPetermipnotion of Parasite Density Index
APRLY:

The parasite density for each patient on day
zero may be expressed as the Farasite Density '
Index according to Bruce-Chwatt criteria of
classification (Payne, 1982)., The frequency of
occurence (f) of parasite density In each class
(¢) is recorded as shown below., The porduct (fxc)
is then determined for each individusml class and
the sum of these products will be divided by the
total number of patients studied. The table below

illustrates this procedure.
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Parasite Density/mm? Class {¢) Frequency () fxc

-

100 or less . ' 0 0
101 - 200 e .0 0
201 - 400 3, o 0
01- 80 & . 0 0
got - 600 5 - 0 0
1,601 -~ 3,200 6 1 6
3,201 ~ 6,400 .-gl;_ A 4 28
6,401 - 12,800 .- - 8 e 48
12,801 - 25,600 s 7 63
25,601 — nand above 10 28 260
Total 44 405

f x ¢ 405

————— = ——— = 9,2
)i 44

& PDI for day zero = 8.2
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2.2.3 IN _VITRO
2.2.3. 1 Patienis:

The WHO standard mark II micro-test system
was adopted. For technical reasons, not all
patients who qualified for the in vivo test were
enroled for the fn vitro test. Patient with
parasitsemia lower than 1,000 or in excess of

90, 000 per mm® had to be excluded (WHO, 1987 (b)),
"

2.2.3.2 Layout of Micro-cultura Plates:

The standard WHO microtest plate contains
wells lsbelled A to H. There esre 12 vertical rows
and 8 horizontal rows, Each vertical row is used
for growlng parasites from one patient, The
patient‘s serial numbar 1s written against the
row. The first well in a row (well A)> contains no
drug and therefore serves ad¢ contreol well. The
other wells B to H) are predosed with
sulphadoxine/pyrimethamine combination in the
ratio 80 : 1, Well B has the lowest concentration
(Pmol> of sulphadoxine/pyrimethamine combination
(10: 0. 125) while well H  has the  highest
(10, 000: 125>, The concentration of .the drug 1is
based on a geometrical progression with factors 3
and 3,33 usad in alternation and the base 10 for

sulphadoxine and 0.125 for pyrimethamine (see
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Plate 1). FEnch plate hns a plastic senl. In
addition, the plate and {ls 1id mra kept In a
sterile plastic bag. Continued cold storage of the
plata at + 4<C has to be maintalned until all

walla of a plata ara axhauatad,

Platoe 1

TRIAL PLATE FOR SUTPHADOXING / PY 1IIE THAMINE
SEMIES J.nev, OCT. 1008) RATIO = 10 : 1

OOOOOOOO" CONTHOL
OOOOOOOO» 10x10" 1125 x107°
(:)(:)(:)(:)(:)(i)(:)(:)“’ 20x 10 ":25x10°°
(:)(:)C:)(:)(:)(:)(:)(:)” 40x10 ":50x 10"
OOOOOOOO“‘ goxi1 ":10x10°"
OOOOOOOO‘” 16x10" *:20x 107"
OOOOOOOO“ 32x10 %:4a0x10°"
OOOOOOOO‘” 6ax10 “:8ox10"
OOOOOOOO“’ 1.3x10 %2163 x 1077
OOOOOOOOS 25x10 *:3.13x 1077
OOOOOOOOS 50 % 10 ‘.:5,25:;10"

OOOOOOOOS)IUIN‘:1.25:(10"
AN

N1
1. Drug concentration is expressed per live of blood/medium,
2. Standard well inoculum is 50 pl.

Y ITH ]
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2.2.3.3 [lreporation of the Growth Medfium:

The following procedures were all carried out
undar sterile conditions using an improvised
woodan cablnet with a glass top and a hole on the
right side. Shortly before the preparation of the
growth medium, the 1inner compartmant of the
cabinat was sterilized using a large slcohol swab,
It was then left to dry. The investigator in
addition to wearing a face mask used a fresh
alcohol swab to sterilize his hands up to the
el bows.

The rubber seal of the LPLF 1liquid medium
stock bottle containing 100ml of solutlon was
wipad clean with an alcohol swab., It wes allowed
to dry and broken with a sterile needle. A second
sterile needle was mounted on a starile 20ml
syringe and used to withdraw 10mi of LPLF 1liquid
medium from the 100ml stock bottle. The syringe
with the needle was Lhen removed. The naeedle was
recappaed and the syringe was kept In a safe place.
The seal-breaking needle was also removed wliped
clean, allowed to dry and recapped. The seal of
the L-glutamine vial was wiped clean with an
alcohol swab and allowed to dry. The seal breakling
needle was used to break the seal of the L-

glutamine Vial. The needle of the 20ml syringe was
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uncapped and the 10ml LPLF 1liquid medium was
introduced into the L-glutamine vial. The vial was
gently shaken to dissolve the L-glutamine. The
seal breaking needle was removed and recapped. The
20ml syringe was also removed and its needlae
raecapped for possible later use,

As many 6ml falcon presscap tubes as there
were patients to be tested were labelled with the
patients' serial number and kept upright in a tube
rack. The alumimium cap aud the rubber seal of the
L-glutamine vial were carefully removed. A I1Iml
sterile syringe and needle was used to withdraw
0.9m1 of the L-glutamine/LPLF liquid medium
mixture into each 6ml falcon presscap tube, The
partially used LPLF liquid medium stock bottle was
returned to cold storage at + 4<C., The syringes

and needles were discarded after use,
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[ NTN | FREEAR A LION o g WEEMOIY AL A g g e

ta) raw 00 ) o Frowth mediam o 4 | ml stenile t ‘%
disposable tubercuhin W nge P

(8] Inject growth mediam mto stenile holding vial i il lj‘f- >

() Clean and hemly prick the finger of the patient selecred \’ ‘.5 P 3\

() Draw 100 41 of Bleood IO A stenle ant coagulant treaed N

micropieite
e} Fapel the blood from the meropipetie into the sial

(1) Close the vial with 3 sienide o oand swirl the vial 1o
provide a homogenized suspension of hood

Frg 11 posinG o1 i ROPLATLS

ia) Remaove the predosed culiyre plate from the L%
plastic bag using a surgical scalpel

(8) Remove the plastie seal from the columns ) @\ 3
according 1o the number of fests o be W | o~ =
performed & 5, '/,‘ =

(e) Remose the plate lid trom the Plastic bag any e '.{' ' l s )
cover the plate T ‘\;T§;.})b\—\\

l"\' N

(d) Shake the blood /mediym mivture gently Lo R
resuspend the blood cells in the yvial 1

(e} Lift the hd and. with an Fppendorf pipetre,
add 50 pl of Mood medim wApenson 1o j \
each of the wells of the approprte column, o~
Marting with well A and continming to well 1 !

) Replace the id and shake the plate gently 1o
feconstitute the drugs,

#) Write the patents® reference number on the hiy
over the appropriate columns
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by 1IN

ta) Place the plate i o candle jar

b Light the candle

(¢} Replace the cover almost completely.

(d) Replace the cover completely when the candle

18 almost extinguished

e} Place the jar i an incubator at V7

24 26 hours

b IV

(a) Remove the plate lrom the mcubator

(M Take the plate out of the candle jar

() Using 50 ) (non-hepatimized) micro-
prpettes with a bulb, reinove the
growth medm.

{d) Traw blood from the well into a

micropipetic,

{¢) Prepare a thick bloed film

INCTRATHON

j\
il i

- ———— - ——— -
PO S—.
‘ I]}“
\\
8 '/:?‘)-
WA for N 4
L.. N -:-
=k - g" R
K 83066006000
\ :L.:.__f_ -':‘_-.-_'_=' .
| —— I\

FREFPARATHON O RIOOD VI MS

A

iy

NOTE: The macropipetie tube must be changed for each well
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2.2.3.4 Pecformance of the Mark 11 Micro-teskt:
Before drug administration on day zero, ench
patient had the tip of one finger cleaned with.
methylated spirit and after dryling pricked with a
sterile lancetft. Dry sterile cotton wool was then
used to wipe off tha first drop of blood from the
finger. A 100pl blood specimen was withdrawn into
a sterile heparinized capillary tube and swiftly
transferred into the L-glutamine/LPLF liquid
medium mixture. The transfer was made possible by
means of a small black Iml rubber bulb which had
been attachad to the distal end of 100ul capillary
tube before the tube was used to collect the
blood. By sealing the hole in the end of the bulb
with a finger tip and applying slight pressure on
the bulb, the bloocd 1n the capillary tube was
allowed to drop freely into the.médtum. The cap of
the falcon tube was pressed flrmly into place and
the tube was gently agitated Lo mix bLlood and

maedium.

2.2.3.5 Allquoting of Micro-Plates:

Using &a sterlile surgical blade the plastic
bag containing the predosed micro-plate was opened
and the plate removed. The 1lid of the plale was

removed to one side and the plastic sealing strips
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covaring the required number were removed. This
was done by cutting along the appropraite row with
a starile surgical blade and 1lifting wup the
required area of plastic 1lid with a sterile
forceps, taklng care not to contaminate the top of
the plate.

All the wells of the appropriate row <(one
vartical test row for each patient) were fillled
with 50ul aliquots of the blood/medium mixture
(ratio 1.9 using a 50ul Eppendorf pipette with a
disposable sterile tip. Aliquoting was always done
starting with the control well (A) and following
an Increasing order of concentration, ending at
wall H (Plate 2). The falcon tube containting the
blood/medium mixture was gently agitated from time
te time to ensure that the blood was kept in
suspension and thus evenly distributed into the
walls, The sterile disposable tip was changed for
each patient and a new sterile disposable tip was
fitted to the Eppendorf pilpette for each row of
walls, Finally the 1id of the Picroplute was
carefully replaced. The serial number of each
patient was indicated on the outside 1lid. The
plate with its contents was carefully placed on a
shaker and gently shaken for two minutes to enable

any drug deposit to completely dissolve.
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2.2.3.6 Incubation:

The 1Incubator was set to give an in;brnnl
temperature in the candle Jar of 37.5<C., It wns
always prowarmed for at leastl one hour before
being loaded with the plates. The candle jar was
removed from the 1incubator and Jleaded with the
plates. A thermometar was placed inside the jar to
indicnte the temperature In the jar as Incubstion
progressad. Two pure paraffin candles ware 1it and
placed on each side of the stacked plstes., The
candle Jjar 1lid was replaced and a good seal was
ensuraed by use of Dow Corning® high vacuum greas;.
The exhaust cock was left In an open position and
closad only when the second candle was at the
point of extinction. The candle jar with 1its
contents was then placed In the Incubstor and the
starting time of incubatlon was recorded. An
average incubation parlod of 27 hours was used to
allow ndequate growth of the parasites. (Plate 2,

Flgure 111
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2.2.3.7 Harvesting:

After incubstion, the contents of the walls
ware harvested., After removing the candle jar from
the incubator all the plates were Laken out. The
contents of the wells were harvested row after row
8s follows. For each row, harvesting was started
with well A and continued down to well H. Using n
fresh 50ul non-heparinized capillary tube with n
black rubber suction bulb the supernatant in well
A was removed. The same capillary tube was used to
remove the red blood cells deposit from Lhe flat
bottom of well A. Subsequently, the cell deposit
from well A was transferred to a clean microscope
slide to form a thick film. The same procedure was
used to harvest wells B-H. A fresh capillary tube
was used for each thick film (see Flate 1, Figure
IV). The & thick films obtained for each patient

were arranged on the same slide as shown below:

3o wi=q
du yowas

ASDASOH
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The resulting thick fllms were carefully alr dried
for 24 houre bafore sastaln'ng nand Lhereafter
stained for 20 minutes in a 1.5% glemsn solutlion
PH 7.2. The stained slides were gently rinsed in
phosphate buffer PH 7.2 and carefully dried with a

hair drler,

2.2.%8 Counting of Parasites:

Counting of thick fllms wns based on the
presence of trophozoites and normal schizonts with
8 or wore nuclei. The farmer ploughing technique
was applied. Counting wns always done starting
with well A and following an increasing ordar of
drug concentration anding at well H. Counting was
complatad whean the trophozotte nunber reachaed 200,
Usunlly  when this fipgure "is  reached =ome
trophozoites still remain uncounted. Counting
continues unti} all tha trophazoites in the last
field have bean couvnted. The corresponding number
of normal schizonts with 8 or more nuclei wns
recorded. A minimum «of 20% schizont maturstlon In

well A is required,
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2.2.3.9 [Probit analysis and preparatio of
regrassion line:

A copy of the greph on which the In vitro
micro-tesl results can be plotted wass made from
that included in the test kits(WHCO, 1987 (b)). The
in vitro test results obtalned from schizont
maturaticn or growth inhibition were plotted on
this graph. The regression obtained through probit
analysis of log dose/response tests can be used to
maka an estimate of the EC50, ECS0 or ECS99, ie the
drug concentrations producing 50%, ©20% or 99%
inhibition of schizont maturation, respectively.
It can also be used to estimate any intermediate
valua or for comparative purpos.ers over space and
tima (Grab and Wernsdorfar, 1983), Sensitive
isolates normally produce steap regression lines.
The flatter the regression line and tha higher the
EC99, the more resistant the 1isolate ((WHO, 1984

{(mn)),

2.2.4 Statistical Methods:

(a) Cnalculation of standard daviation (S.D) for

the ages of the 44 patlients:
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X f nid x f,aid x flx=x)?
lass than | 7 0.5 3.5 £7,2522
1 -2 7 1,5 10,5 24,2172
2-23 7 v 17,5 5,1772
2 -4 . 3,% 17,5 0,032
4-5 i 4,5 21,0 7.7976
£E-6 £ 55 33,0 27,4776
6-7 £ 6,5 29,0 59,157
Ji=44 Tf, midx=148 L0302 = 181, 1924
% = 3f = 143
-~ === = 3,36
£ i1
S.D =
/2f (x=%)?
/ ————————
/o Dfx

I
~
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s /]
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-
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b. Calculntiecn of sclandnrd davistlon (3. D) for the

woight of tha 44 patllentg,

B e e e e Ty ————

x mid x f f.midx fF{x~%>?

6 - 7 ;S 6 AR 93. 615
a8 -10 9 8 ded- 20, 42

10 -12 11 22 242 0. 055
12 -14 13 1 17 4. 2025
14 -16 15 1 60 65. 61

16 18 17 2 24 73. 3205
18 -20 19 1 19 64. 2025

o — —— — — —  — —— —— o o — — — ] 1 —

Jf=44  Dfmidx=482 JFf (x-%)3=332, 0255

e M —— — ——— - — ——— —— s -

S.D

"
W
W
o
o
0
@
>

——— e — i ——

i
e
@
~
©

= 0.83
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2.2.5 Fruaguency of Use of Sulphonamids Containing

A LA 4R ————

drugs:

A preliminary survey was carriad out Iin Zorin
urbsn area to investigate tho extent of coxposura
of the population to sany sulphonamide countalning
drug. Infaormaticons were collectad Lo indicate heow
often sulphenamide alone o In combination with
othar drugs was prescribed, =sold or dispensad on
any day of a 30 day period tetwazen llovember and
Dacember 12£9, This peariod corfespcnds to the cold
sasson. The numbar of patients tce whom such drugs
wara prescribed, scld or dispensed per day was
recorded, In this survey, datn were obtainaed from
threc sourcas:

o Pharmacy Department ot the Universlity

Tanching Hospltal, Tudun—-Wada, Zacvina.

b. University Health Services Clinic, Main
campus, Samaru, Zarla,

o Langi Pharmacy, Samara, Zaria
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2.2.6 Determination of Percontrge Contont _of

Sulphodoxina/Pyrimathamine:

Qunlity control nassays of sulphadoxire and
pyrimathaming wera carried out at the Deportment
of Industrial Pharmacy and Quallty Conktreol, A. B.
U. Teaching Hospital, to determine the porcentage
- contant of these drugs in sulphadoxina/

pyrimetbamine combination.



CHAPTER THREE

575 children we 2@ screened in all and only
57(9.9%) were parasite positive. 4 J%) of the 57
patients tcok a dose of chlor'or}ui'nu;" by day 2 or
day 2 wlthout prescription after a single dose of
sulphadoxine/pyrimethamine combination. This was
detected 1In their urine. Thaﬂ ‘were therefore
withdrawn from the study, 8 (14%).;bsFohded while
1 ¢1.2%) had a mixed infectien of P.‘" f‘;aiciprum and
P, malaria. These 9 patients ware also exclu.dqd
from the study. One patient (1.8%).died on day 20
of ~avere pneumonia that was nét‘treuted on time
because of soclal preblems, but the results were
included in the study. Of the 44 children admitted
into the study, 2 were hospitalized for 2 days

each because they were very 1ill; the remaining a2

patients were followad up,us outpatifnts only,

o

Q7 -
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Of the 44 patients, 22(50%)were male and
22(50%) female. The age of the children varied
from 6 months to 6 years with an average age
of3,6+1.2 years (see 2.2.4(a)). The range of body
walght wans between 6.2 and 16kg, wlth an average
walght of 10.52+0,83kg (see 2.2.4 (b)). On first
examination, all patients except 6 (ﬂps 98, 146,
172, 405, 532, 566 had fever with a body
tempernture of 37.5<C or more, The temperature of
each of the patients witli the above numbers was
37<C. Two patients (no. 234 and 401) had a body
tempernture of 40<C and 40Q,5°C respectively. 20
(45,5%) of the 44 children had diarrhoea on first

examination and vemiting was recordad in 221

(47.7%), while 3 (6.8%) had pruritus,

Parasitological Response:

In the 44 childréé. parasite density on day 0
ranged from 1,635 to 222,857 per mm® with a mean
parssite density of 47,388 per mm*. 36 (81.8%) of
the 44 patients"had complete parasite clearance
before day 7-and there was no. reappearance of
parasitaemia between day 7 and day 28. These weare
therefore considered fully sensitive to
sulphadoxine/pyrimethamine. The parasite density

of the 36 children over 28 days are shown in Table
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I. It can be seen that none of the children becama
parasita negative on day one, 6(13.6%) became
parasite negative on day two and 16(36.4%) were
cleared qf parasito mias by day 3 and day 4. By day
7, oll patients were parasite negative. Table 2
shows the mean parasite denslties for the 36
patients for the 28-day test period. It can be
seen that the decrrase was gradunl and that only
by day 7 all patients had bacoma parasite negative
indicating a delay in parasite clearance, Figure
1 graphlically shows the decline in mean parasite
denslity ovar the Zﬁ-daf feﬂiupﬂrlcd;‘lt can also
be seaen that by day 2, mean p;rnsita density had
fallen to 1.134% of the pretreatment density on day
zearo,

For 26 of the 26 children, prrasite densities
were recorded daily for the first 7 days. For
these, the mean parasite clearnance time (MPCT) was
calculated to be 3.65:1.24 days. Table 3 presents
the individual parasite densltles of the remaining
8 (18,2%) patients. It would sppesr that 6(75%) of
the 8 petients had persistent pardsitaemia up to
day 7. Parasitaemia was clearea on day 4 and
reappeared on day 6 in one patient (No 145). In
patient no. 143, parnsitsemisa was cleared on day 7

and reappeared on day 14, Though parasitaemia
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perslsted, a fall below 25% of the prelreatment
level wns observed in all the 3 patients except
ona (no 488) whosa parasitaemla decraased by 30%
on day 1 and by 67.8% on day 2. tlowever by day 4,
parnsitaemia of this patiant had decreased below
25% of the pretrentment level. By day 28, all 8
patients were cleared of parqsLthmta. The mean
parasite densities of the 8 patlents is presented
in Table 4, It can be seen that there was a sharp
decline Iin parasite counts between day =zero and
day 2 and that thereafter a low level parasitaemia
was maintained up to day 21, while on day 28, all
the & patienis were aparasitaaemic.

The changes In Parasite Density lgdex (PDI) over the
28-day test period aft;r a single dosae of
sulphadoxine/pyrimethamine in the 44 patients for both
sulphadoxine/pyrimethamine sensitive patients and those with
persistent parasitaemia are illustrated in Table 5. The PDI
on dny zero was similar for both groups. For the sensitive
cases, tha PDI was 9.2 on day zero and had dropped to 1 on
day 6. Though the pretreatment PDI was high, by day 3, it
had slready fallen to 26.88% of the pretreatment level. This
value is lower than the corresponding value (35.16%) for the
remaining 8 patients. Figure 2 graphically illustrates the

described changes of PDI in the 36 children.
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Table 1
Parasite Density (per mm*) of 36 children
censitiva to » single standard dese of
sulphadoxine/pyrimethamlne in Zorin urban

arma, 1988,

$/ka 0 | 2 3 ] 5 b 7 4 i 8

1080 433 10825 109 0 0 0 0 0 0 0 0
2098 30420 9% 0 0 0 0 0 0 0 9 0
3 1635 6387 12 0 U B 0. 0 0 0

i 183 74 o w1 12 3% - R 0 0 0 0
§ 1 4 (@ S 19 ] - 0 b . 0 9
6 172 13148 . s 0 12 = U . Ul 0
7T 19 31408 27398 12 b - 0 0 0 . 0 0
B 199 NS WS4 40 02 - [ - 0 U -
5 2 54102 103935 364 - 0 0 0 0 0 0 -

10319 84 L 0 0 0 0 0 0 0 0 0
1 369 1598 3692 23 0 0 0 0 0 i 0 0
12 376 23815 194 2092 519 469 10§ 0 0 0 0 0
13 M e 28N 2 18 12 ] 0 0 0 0 0
14 386 19200 11364 920 34 107 0 0 0 0 9 0
15 338 100400 - 59 U ] 0 0 0 0 0 4
16 400 158308 59172 1179 I%O 0109 0 0 0 0 0
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Table 2
Mean Parasite Density in 36 patients
sensitive to n single dose of
sulphadoxine/pyrimethamine  In  Zaria ;rban

area.

S S A S T B B i U W W T o W > T T S W o, S W, i

DAY MPD / mm?
0 92, 720
1 47,939
2 1.647 .
3 280
a4 . 118
5 10
6 2
4 0

14 0

21 0

28 0
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Table 3
Parnsite Density of 8 children with
perslstent P. falciparum parasitaemia after a
single therapeutic dose of sulphadoxine/

pyiimethamine in Zaria urban ares.

§/Ma ¢ 1 2 3 4 5 £ 1 L} 21 L}

| 13 21347 685 Sz 183 w08 18 2 6 12 0 0
2 M3 M3 um® 6 12 6 - 6 0 % 12 0
I M5 Ms0 80 6 - 6 - 6 12 0 0 0
COu§ UM @ 2 % 12 2 18 » 18 1| 0
§ 191 3%\ 38 266 1% - - W % 18 ¢ 0
6 405 43545 9108 1003 222 165 W61 138 63 W8 w0
7OoM0 9993 720 2520 - - 43 1253 959 &% 0 0

8 438 21553 8483 (4611 25814 850 1450 564 125 0 0 0




Table 4
Mean Parasite Density (per mm®) of 8 children
with persistent FP. falciparum parasitaemia
after a single therapeutic dose of
sulphadoxine/pyrimethamine in Zaria urban

aren.

o —————— S . —— e —

DAY MPD/ mm?

0 29, 022

1 12,318

2 2.623'

3 3, 299

4 143

5 260
6 262 ',
7 ;5?

14 104
21 6

28 4]

—— . ——— T — — . ———— — i ———
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Table 5
Paraslta Density Index (PDI} over 28 dsys 1in
sulphadoxine/pyrimethamine-sensitivae and
=rasistant patients with P, falciparum
malaria after a single thorapeutic dose of

sulphadoxine/pyrimethamina in Zaria urban

arca, 1388.
Day 36 in-vivo 8 In-vivo
rensitive patients with persistent parasitaemia
0 9.2 Tan
1 7.6 65
2 3.7 4.3
3 2.5 3.2 '
£ 2.4 2.2
5 1.5 ' 2.6
6 1.0 2,0
7 0 1.7
14 0 1.7

21 0 1.0

28 0 0
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Clinical Response:

Toeble 6 presents the mean hody temperature of
the 44 patients over the first 7 days. It varies
between 38.0°C on day zero and 315.3C on day 5.
Appendix € shows the body tempernture of each of
the 44 patient recorded overr the 28-day test
pericd. By day one patlent ne. 2324 end no. 401
showed a decrease in body temperature from 40<C to
37.6°C and 40.5<C to 37°C, respectively. By this
day only 7 patlents, (nos. 030, 145, 404, 414,
440, 476, 544) still maintained a temperature of
37.5°C or more. By day 2, fever with a body
temperature of 37.5<C and above was recorded in 4
patients (nos. 171, 191, 401, 426) and by day 3,
the temperature of all patients had dropped below
37.5C. No fever was subsequenitly recorded in any
of the 44 patients over the remaining 25 day
period except patient no. 488 who had developed
broncho-pneumonia on day 19. She was admitted the
same day and discharged on day 21 after
significant clinical improvement,

Similar to the prompt decrease 1in body
temperature, the gasfrotntaatinal symptoms had
resolved by day 5‘1n the 44 patients, There was
thus a satisfactory correlation between

parasitological and clinical responses for the 36
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children whe  hod  been found sonsitive to
sulphadoxine/pyrimethamine in-vfvo However, there
was no such correlation found for tha remaining 8
patients with percistent P. falcipoarum
parasitaemia, Wnile they all became asymptomatic
clinicnlly within 3 days, pnrastitaemia had
perslsted for 21 days and did not clear until day
28. Howaver, because of lack of clinlcal evidence
of malaria {in these 8 «chlldren, a second
antimalaria course was not administered to any of

theam.

3.2 Inzvitio

In-vitro sensitivity testing wns carried out
vsing the W.H.0O. standard mark II micro-test
system. In all, 42 isolates of P. falciparum
ware ocultured. For the 42 patlents, parasite
density on day zero varied belween 11,333 and
90, 973/mr®*. There was satisfactory trophozoite
maturat ion recorded fer anll of them. Schizont
maturation, howaver, was recorded in only

13(30,95%) of the 42 isclates.
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Table 6
Mean bedy temparatura (0) of 44 children
with /. falciparum malarin over 7 days after
" single thernpont lc dose of
sulphdoxina/pyimathamine in Foria urban srea,

1988,

Day Maan body temp. (=C)
0 38, 04
'-

L 37.03

2 26. 84

3 26. 50

4 36. 57

5 . ¢ 35.34

6 .36.46

T A ) A S i S i . At St . A, S S i B e A
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Table 7
In-vitro sencitivity of 8 P, fal:iparum
isolates to sulphadaoxina/pyrimethamine at

Zaria urban area, 1983

- - —

Serial Mo Schizont counts per test wall of:

A 8 C 0 3 F § H
Opsal 1dpaal 30paal 100peol 200peol 1000pwal 3000peal 100002

M 52 55 @ 4 a2 » AN %
MS B 9 % T 10 M 6 M
(ETIT A7 N TR < I I
T TR S A T
W % 40 62 6 5 4 5 3
ws Mo o B w W N B
w2 %6 8 o B A n s

8% 108 m = 9l 12 100 54 40

Total schizont count 470 468 454 421 422 4 %6 209
Mean of schizont 5.8 58,5 56,6 528 61,5 500 A44 34,9
Percentage of control 100 99,6 .'is.s' 89,6 1047 91,9 755 69,4
Percentage saturation sé,s 9,6 89,6 1047 91,9 755 594

Percentage inhibition 0.4 34 04 -7 8, U5 40,6

¥ # = pmol
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In Tk a5 of Liye 12 1{eolates, achizont
maturation was: =ulfjiciant 1a the contrel well to
permlt .’.l:l.t.-r'pl:!l.lﬂ.i:Jil of tho Loast ro=ult, whlla
scnlionl growth in 4 (30Q. 77%) wa s nok
satisfactory, v1hat i3, percentasze growth in the
conbtrol wvell was below 20, The i2malolng Llzaolate
(Mo 192) wou teound Lo be a mirad Infectleon with P
malariase, and this was tharefore axcluded, e
fsulate t12.5%) of the 3 Jsolalos with sufficiont
schizont mz2turat ion was -'unt-'.'mi.'mt-'n'j with ‘yesst.
In all, no leolats wis {ovod .5&:155.'.1';:3 to
sulphadoxine/pyrimethnanlne combinng lr:-‘n; ‘Table 7
prassents schizont couwnts in wells A Lo H for Lhe
8 successtul P falciparum 1-5&10'.a;:-‘. The tabhle
shows thalt for all isclatos, awchizont growth wns
pregent avan ol Lhe nighest sl phadoxina/
pyrimethamine concentralions 1n well H, indicating
in-vitro resistance. 1t 15 also evident that
inhibition of all 8 jsolates wuas boelow S0% even In
wall H, Flgure 3 show: Uha raegrassion line as
obtained ia application of probit analysis to the
rasult precented in table 7. On projectiaapn. ELSO
is greater than the highest aulpkadoxine/
pyrimethamine concentration of 10,000 pmol/125

pmcl in well H. It was. therefore not possible to

precisely determine the EDSO for the 4 P



falciparim Laolntos, Thor o wag corralalion bol woesn
in-vivo and f(n-vitro teats ns 6 (75%) of the In-
vive raesistant cases were resistant In-vitro,
while Lhoa rsemalnling 2 2%%)y  fn vitro reaslsbant

cases had dolayaed clearance in-vivo.

Fi ure 3

Percentiec inhibition againct concentr.tion of

2 Pefalcipary: isolutes cultired at a.BeUe
Teaching lDSjJitdl’ Zaria, 19580
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3.3 RESVULT OF THE SURVEY:

The use of sulphonamide containing drugs [co-
trimoxazole, sulphadoxine/pyrimethamine, phthalyl-
sulphiathiazole and sulphadimidinel] was quantified
over a period of 30 days. The survey reveals that
of these drugs in Zaria, cotrimoxazo{e is the most
frequently prescribed and used compound. This is
followed by phthalylsulphathiazole. Figure 4
presents the histogram showing the number of
prescriptions of sulphonamide-containing drugs., It
is seen that sulphadoxine/pyrimethamine was not as
frequently used as cotrimoxazole and phthalyl-
sulphathiazole and in 2 of the 3 investigation
centres it was not even prescribed and dispensed.
Due to some technical problems, 1t was not
possible to record the overall use of antibiotics
dispensed in each area. It was therefore difficult
to express the figures obtained as the percentage
of the total antiblotics issued. Table 8 presents

these flgures.
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Table 8
Number of prescriptions of
sulphonamide-containing drugs over a 30 day
period in Zaria urban area, November -

December, 1988

Sources Drugs
1 2 3 4
A 353 B4 GO 7
B 67 26 1 3
C 352 0 0 0
Total 772 110 61 15
Key: -
A=A B. U (Main Campus) Health Clinic
B = Dangi Pharmacy, Samaru
C = A. B. U. Teaching Hospital Zarias.
1 = Co-trimoxazole
2 = Phthalylsulphathiazole

3 = Sulphadoxine/Pyrimethamine

-
"

Sulphadimidine
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3.4 EESVLTS OF THE QUALITY CONTROL TEST:

The results chowed that the sulphadoxine/
pyrimethamine combination used in this study
contains 108.54% (21.7mg) of pyrimethamine and

90.91% (454. 45mg) of sulphadoxine.



CHAPTER FOUR

4 DISCUSSION .
In this study a single dose of

sulphadoxina/pyrimethamine combination given as
35mg sulphadoxine plus 1, 75mg pyrimethamine per kg
body welight cleared parasitaemisa within 7 days of
initiating therapy in 36(81.8%) of the 44 children
treated. The parasites did not reappear within the
remaining 21 day test period, P. falciparum wans
therefore fully sansitive to sulphadoxine/
pyrimethamine in-vive in 81.8% of our children.
These results are in ngreeme:nt with previous
reports of Olatunde et al, (1981) and Breman et al
(1988) from Nigeria. Up to date, P. falciparum
resistance to sulphadoxine/pyrimethamine has been
sporadic in West Africa (Plerce et al, 1988;
Gubler, 1988), Similarly, P. falciparum 1ls still
largely sansitive to sulphadoxine/pyrimethamine in
East Africa (Watkin et al, 19883; Daeloron et al,
1988). For the sensiiive cases the mean parasite
clearance time was 3.65:1.24 days indicating a
delayed parasite clearance when compared to the

results obtained by Olatunde et al, (1981) and

119
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Nguyen-Dinh et al, (1984). The mean parasite
clearanca time of thls study is eimilar to the
onaes obtained for chloroquine in Lthe same area by
Midala et al, (1988) (3.45:1.23 days in 1985> and
Lege-Oguntoye et al, (1989) (3,65+1,23 days 1in
1987) respectively,

OQur results for the 36 sensitive cases also
indicate a good correlation betwean
parasltological and clinical responses, The
declina iIn fever and gastoilntestinal symptoms
correlated well with the parasitological response.
Though parasitasemia persisted bayond day 7 in the
remaining 8 (18,2%) cases, parasite density
sharply decreased below 25% of the pretreatment
leval on day 2 except in cone case (No 488) where
parasitaemia was markedly reduced on day 4.
Similarly, the 8 patients becama asymptomatic
within 5 days, this is an indication of an
initinlly good correlation of clinical and
parasitological responses. -Tﬁere was however no
such relationship found after dny 5 in that there
was a persistent low levéi parasitaemia up to day
21 without clinical evidence of malaria in the 8
children. As none of the 8 children had evidence
of clinical malaria, a second course of itresatment

was not given. Surprisingly, all patients became
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aparasitaemic by day 28. Accordlng to Wernsdorfer
and Kouznestov (1980) thase findings ;gy be
interpreted as low 1level (RI) resistance, {in
semiimmune populations. This interpretation seems
to be supported by the fact that the 6 parasite
isolatesz obtmined from the 8 children were all
found resistant to the drug combinatlon in-vitro
The obvicus disparity of Jin-vivo and In-vitro
sensitivities in the 8 resistant cases may be
explained by the high level of Iimmunity that
children of the study area were found to exhlbit
(Lege-Cguntoye et al, 1989)

A compnrison of the Jdp-vivoe and Jpn-vitro
raesults of this study shows that all cases of in-
vivo resistance except patients 135 and 143 were
also reslstant in-vitro The isolates of these two
patients could not be cultured due to technical
problems., The remaining two in-vitro reslistant
cases (nos. 378 and 386) were sensitive Iin-vivo
but showed s delayed parasite cleoarence on days ©
and 6, respectively. This further explains the
influence of Immune status of the patients.
Similar to results cbtained by Spencer et al,
(1984) sulphadoxine/pyrimethamine combination
failed to inhibit growth in 8 (19%) of the 42 in-

vitro tests, This is therefore a clear indication



of resistance of P falciparum to this drug
combination in-vitro.

The reason for the appearance of .
falciparum resistance to sulphadoxine/
pyrimethamine in Northern Migerlia 1is not quite
claar. Though pyrimethamine resistance of the
paraszite has been described in the area as early
as 1960 (Archibald, 1960; Dodge, 19662, a modarate
level of pyrimethamine resistancae alone 1is
probably not responsible (Onori, 1224)., Resistance
of P. falciparum to the sulphadoxine/pyrimethamline
combinntion seems to be linked to.pyrimethamine
resistnance{Lamont and Darlow, 1%82; Spencer,
1985). However. MNuyen-Dinh et al, (1982) have
reported that the presence of ‘n mediﬁm level of
pyrimethamine resistance -hg; se does not
preclude the curative. -ef{egé- of the drug
combination. Onori, (19845'?ug£§stad that 1t may
be a naccessary conditiﬁn-f;r the development of
rasistance to sulphadoxine/pyrimethamine com=
bination that P. falciparum should be resistant to
both pyrimethamine and sulphadoxine.
Investigations in East Africa ha®e shown that the
parasites retain sensitivity to sul phadoxine/
pyrimethamine combination in an area of

pyrimethamine resistance as long as they remain
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sensltive to the sulphadoxine compenent (Watkins
et ol, 1988). It 15 wunlikely therefore that
parasitnemin in children persisted In-vivo‘bacause
they were ‘'natural non-responders', a phenomenon
that was reported from Thailand (WHO, 1834 (a))
but not comfirmed in investigations conducted 1in
Nigeria (Olatunde et ol, 19281) and East Africa
(Spencer, 1985).

Our small drug survey indicates that

sulphonamide-containing drugs sare very offen

precribad in the stﬁdy area, but further
investigations ara neaded to assess the
susceptibility of P, falciparum to tha

sulphonamides in Zaria urban area.

Subcurative doses were not used in this study
as: Eulphudoxlne/pyrimethamin;' was administered
undar supervision, In addltion patients were
monitored for 30 minutes to rule out vomiting; and
the drug combination was subjectad to a quality
control test where 1t was found to contain the
standard doses of sulphadoxine and pyrimethamine.

1t is oapparent from this study that only theose isolates
that were resistant in-vivo grew iIn-vitre No Iin-vive
sensitive isolates grew in-vitro. Why this is so, is not

known, but it is an interesting revelation that requires

further investigation.
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CHAPTER S5

5. CONCLUSION

It can ba concluded from this study that
there is an 1incidence of 18.2% 1in-vivo P,
falciparum raesistance ot R1 lavel to
sul phadoxine/pyrimethamine 1in Zaria urban ares.
The 1n-vitro results do not however permit
definite conclusion regarding the degree of
resistance, but schizont maturation at 10,000 pmol
sulphadoxine/125 pmeol pyrimethamine is a sign of
high level of P. falciparum resistance to the drug
combination.

In view of thase findings therefore
sulphadexine/pyrimethamine é;mbination should be
strictly reserved for ‘the treatment of P
falciparum malaria where parasitaemisa and clinical
evidence of malaria fall to respond to the-
rapaeutic doses of chloroquine. A policy for the
rattonal wse of antimnlarinls and antibiotics
should be promulgated to reduce drug pressurae,
population of  resistant mutants and to prevent

cross-resistance among antimalaria drugs.
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AFPPENDICES

APPENDIL A

Absolute parasite and leucocyte counts and
parasite densities per mm® of 44 patients
with F. falciparum malarias followed up in
vivy for 286 days after a single therapeutic
dese ot sulpadoxine/pyrimethamine in Zaria

urban area, 1986,

igurosyte count; P.C = Parasite count, P D = Parasite density/am!
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CH-VIVU LUy FORM

SERIAL NO, (N0) DATE
State: hge

Local Covt: Hoxs {M/ or /F/
Name: Welght:
Mother's Name: Father's Noame:
Address: NAddress:

History of Antimnlarin Deag Ingeation past 7 days®  Yes or No

*If ves, circle Chloroguine, Pyrimethamine/Sulphonamide, Quinine,

f

other (name) Quantity Clivens

Activity DOl el by ] s o] bz oy | pea

128

Date

Orine tract

Temperature

CQ base (mp)

Tﬂhlt."t {.':" . ]

:':jlf"-ii‘(-'_ 1)
Time dosc given

Clinician's
impressiond

Diarrhocs®

Pruritus”

Vomiting

PARASTTOLOTY

leucocytes

Asexual
parasite

Paras 1tos/mr113

Parasites/mn ' i )

8. Fever (37.5°C) or history of fever in preceding 48 hrs = 13
no measured fever & no history of fever = 0; child not well
(decrensed activity & montal nleprtness) = 13 child well = 0.
(Bxamples = 040 = 140 = 13 1 4+ 1 = 2); = diarrhoea = 3
stocls/day in past L5 hours

b, in past |8 hours,
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Body temperature of

149

Lhe

44

falciparum malaria after a

pat iaents

with -~

single tharapeutic

dosa of sulphadoxine/pyrimathamine

urban aren, 1988
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APPENDIX D,

Schizont maturation for the 8 =uccessful
P, falciparum isolates.

Serisl No. 145 Umta 13.8.88
SDX/PYR Trophozoltes Schizonts

A 205 53

B 219 55

C 204 13

b 203 43

E 207 42

F 213 33

G 201 31

H 205 26
Serial No. 146 . Dote 13. 8. 88
SDX/PYR Trophozoites Schizonts

A 204 84

B 204 90

c 202 90

D 203 71

E 204 101

F 201 74

G 205 69

H 206 74

————— e ——— - ——————— T ———— —— — ———— - — — o ——— A — 1 — ——— —— —— i - —



Appendix D,

Serinl No. 191 NPate: 24.8.88
EDX/PYR Trophozoitaes Schizonts
202 *47
B 205 2
C 208 54
D 204 37
E 201 63
F 204 58
G 203 51
207 41
Serinl No. 378 Dnte: 21.10.88
EDX/PYR Trophozeolites Schizonts
A 202 34
B 205 35
C 203 37
D 203 37
E 204 61
F 204 51
G 206 33
H 207 29

REMARKS: 378 1is sensitive iIn-vivo with delayed

claearanceae
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Serial HNo. 440 bate: 21,10, 88

Appendix D,

SDX/PYR Trophozoiies Schizonts

A 201 52

B 207 46

c 208 43

D 207 47

E 201 25

F 204 31

G 202 21

H 2095 5
Sarisl No. 468 .Data: 8,12.88
SDX/FYF Trophozoites Schizonts

A 207 108

B 204 313

C 204 93

D 208 91

E 202 . 112

F 207 100

G 214 54

H 206 40
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VHT standard fm-vidro wicro-tast bits, containing; Quantity

Tissue culture plates, each plate has 1228 wells (1
predosed vith sulphadoxine/pyrinethanine (SDX/FYS);
0,19, 39, 100, 200, 100¢, 3000, 10, 000 psol SOK; 0,0,125,
0,375,1,25,3,75,12,5,37,5 pnal PYR per well (235;1)
Eppendorf pipette, SOpi i
Eppandorf pipetta tips, sterile , 0-0,2ql 100

RPal 1640 LPLF, sterile, 100al, Batch LI {1337) with

gentanycin, Animed A Austrasse 35, Swilzerland, . 1
L-glutanine Vials, sterile for 10l 1640 LPLF, Balch 10
11 (1387}, Pwinmed 4G, Bliﬂ.' Switzerliand, .

Presscap falcon tubes, steriles, 6ol 100
Sterile disposable syringes, 20wl 50
Sterile 1R"x20 quage needle 50
Hicroscope slides, frosted edga (box of 72 ar 50} 75 x 25 x 1,0mm 10
Scalpel holde and blade ) |
Forceps 1
Alusiniua foil (roll of 30n x J0ca} 1
teparinized sterile capillary tubes, 100yl (tubas of ID) 50
Test tube rack I



U,

25,

7,
28,

23,

3,

32,

156

W) standard fn-vifro aicro-test kits, containirg

Lahelling ball pen

Cotton woal, 3 rolls fYg

Sterile al syringes and neadle

Untreated, non-sterile capillary tubes, 50ul
Bulb for capillary tubes

166 3/3% dispezable storile needle or Autolet Pricker
Pure paralfin candla

Hatches

Incubator, Ballenkaep, siza one

Candle jar

lal non-sterile pipette

§iaining plates

Tiner (stop - clock)

Ditilled vater

Heparin, Snl (25,000 i,u peral) LEO pharsaceutical products,

Denmark, Expiary date : 83 12

Buffer solution, pit 7.2

Hydrochloric acid (25%), Sigea USA, Density, 1,18, purity 383,

Dowcorning® high vacum grease; NV, Dow

corning §,4; Snaffe Balgium,

Quantity

(o8]

50

50

300

Ipkb



