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ABSTRACT

One of the major obstacles to the treatment of malaria is the emergence and spread of
parasite resistant to antimalarial drugs. Both northern and southern Sudan is deploying
artemisinin-based combinations against uncomplicated Plasmodium falciparum malaria.
In this study, the efficacy of artesunate (AS) in combination with sulfadoxine-
pyrimethamine (SP) or amodiaquine (AQ) was evaluated. This study aimed at
determining the prevalence of antimalarial drug resistance markers in P. falciparum
isolates from Nuba Mountains, which involves the detection of mutations at the Pfcrt and
mdr 1- 86 that associates with chloroquine resistance and amodiaquine resistance, and

dhfr mutations which are associated with SP resistance.

Samples in this study were obtained from Nubian region of Sudan. A total of 160 field
isolates that were from patients of between 6 months and 10 years were recruited for the
study and four positive controls were analyzed, 80 of the patients were of AS/AQ
treatment arm and the other 80 were treated with AS/SP combination. The investigation
involved collecting blood samples from malaria patients, extracting the DNA of
Plasmodium faiciparum from these blood samples, amplifying the extracted DNA using
PCR method and finally analysing the amplified products using RFLP for Pfcrt and dhfr

gene markers and radioisotopic method to determine the prevalence of mdri- 86.

Detection for mutations at the P. falciparum chloroquine transporter (Pfcrt) gene
(associated with CQ resistance) from pre-treatment blood samples was analysed to
correlate the existing use and resistance to Chloroquine. The Pfcrt K76 T mutation
occurred in 90.0% of infections, suggesting CQ would work poorly in this region.
Furthermore, among patients with failure endpoints, genotyping of merozoite surface
proteins 1 and 2 (msp-I1 and msp-2) was employed to compare the pre- and post-treatment

to establish whether failure was due to true recrudescence or a novel infection.

The prevalence of the dhfr point mutation among the field isolates of P. falciparum

was established, and the result correlated between these mutations and resistance of



isolates to antimalarial. Overall, 82.5% carried mutations at dhfi, but triple mutants were
rare (3.1%). The dot-blot/ probe hybridization, which is more sensitive and specific, was
adopted to determine multi-drug resistance (mdr/-86). Baseline dot-blot hybridisation of
the mdrl 86 locus shows 33 (89.19%) carried parasites harboring the mdrI-86 Tyr
resistance allele, while 3 (8.11%) carried mdr/-86 Asn sensitivity allele and 1 (2.7%)

were of mixed infection, having both resistance and wild type allele.

The research presented here shows that the number of mutations present in dhfr has a
significant effect on the type of treatment following SP chemotherapy. SP resistance may
propagate rapidly, and AS + AQ is likely to be a better long-term option, provided AQ
use is limited to the combination. The significance of the study shows that indeed

combination of drugs improves SP therapy at the study site.
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CHAPTER ONE

1O INTROUBDUCTION
i.i Background information
The existence of malaria is dated as early as 1897 even before it was found that mosquito
bites were the cause of malaria (Ross, 1897). Burton (1856) in his “First step in Africa
had this to say: According to the Somali people, the mosquito bite brings deadly fever.
The superstition probably arise from the fact that mosquito and fever become formidable
at the same time”

One of the major contributors of the increase of disease burden is drug resistance,
which has threatened the use of chemothierapy as a weapon against jafciparum malaria.
Several countries have already abandoned Chloroquine (CQ) in favor of Sulfadoxine-
Pyrimethamine (SP) (Fansidar®). This is due to the emergence and worsening rise of CQ
resistance (Sansoetii e/ af., 1985; Deifini, 1989; Rapouda ef af, 1997; Shretta e af.,
2000). However C{J 15 still being used in Sudan as second ine treatment for malaria, and
SP as first line drug for malaria treatment owing to the increasing number of CQ
treatment failures. Despiie countries changing treatment policies in favour of SP,
development and rapid spread of SP resistant sirains (White, 1998; Takechi ef ai,, 2001)
has threatened its use. This has necessitaled that better treatment regimens be sought to
replace SP. Combination therapy (CT) especially Artemisinin based combination therapy
(ACT) seems to be the best option at the moment. This study evatuated the efficacy of
Artesunate in combination with (SP) or Amodiaquine (AQ}. Molecular techniques were
employed 0 determine prevalence oi CQ resistance, establish prevalence of the pomt

mutations, and differentiate recrudescence and re-infection.

i.i.1 The maiaria problem

Until the late 1960°s, malaria was not only found in tropical areas of Africa, Latin
America and Asia but also 1n large paris of Europe, in paris ol the USA and in Norihern
Australia. Malaria now exists in 100 countries but is mainly confined to poorer tropical
areas of Africa, Asia and Latin America, with 2,400 million persons, about a third of the

World’s population is at risk. More than 90% of malaria cases and the great majority of



malaria deaths occur in tropicai Africa mainly due to 7. faiciparum infections. Each year
an estimated 300 to 660 million clinical cases of malaria occur worldwide and an
estimate of between 1.5 and Z.7 miiiion deaths are attributed to malaria, 75% of which
are African children below the age of 5 years (Radioff, 1996; Nchinda, 1998; Snow ef i,
1999; Bremen, Z001; Snow ef al., 2005}

Malana is not only a direct cause ol death, but also coniributes indirectly o death due
tv respiratory infections, diarthoea and malnuirition by impairing immunity. Over 60
percent of the Sudan population constituting approximately 10 million Sudanese are at
the risk of the disease, with approximately 8.2 miliion clinical cases and 34,000 deaths

annually of children below age five (MSF, 2002; MUH Kenyan/Sudanese, 2604).

i.i.Z2 Maiaria burden

Malarta has economic implications over and above the losses occasioned by the
morbidity and mortality of the disease (A, 1995). A comparison of income in malaria
prone and non-prone couniries ndicates that average gross domestic product (GDP)
maiaria couniries in {995 was USS$ i,526 compared with US$ 8,268 in countries without
miensive malaria which is more than five fold difference (Galiup and Sachs, 2001 ). The
annual economic burden of malaria in 1995 was estimated as US$8 biliion, for Africa
alone (Foster and Philitps, 1998). Households in Africa spend between US$2 and US$25
on malaria treatment, and between US$0.20 and US$15 on prevention, each month
{WHO, 1999). This calls for an urgent need to control this debilitating miection. The
emergence and rapid spread of resistant strains to some antimalarial drugs including
chioroquine, a cheap and saie drug, has worsened the malaria burden. Resistance of 2.
Jaiciparum to antifolate chemotherapy is a significant problem where combinations such
as Sulfadoxine/Pyrimethamine are used in the treatment of chioroguine-resistant malaria.
Antifolate resistance has been associated with variant sequences of dihydrofoiate
reductase (dfjr) and dihiydropteroate synthetase (dhps), the targets of pyriumethamine and
suifadoxine respectively, but these variations have not been fully studied in Southern
Sudan. Resistance to chioroquine is estimated at 66-87% (Shretia et al., 2000), while
resistance to SP is over 40% (Gmar et af., 2001 &, b; MSF, 2002}, However, this has oot

beerr established in all the regions i the country especially in the epidemic areas,

(]



implying that successful chemotherapeutic intervention cannot be employed. Thus one of
the major obstacles to the control of malaria is the emergence and spread of parasites
resistant to anti-malariai drugs and lack of suitabie epidemiological drug resistance
monitoring techniques. When malaria infection is viewed as a risk factor, increasing
parasite exposure has been shown © account for over 60% of the variation in ali-cause
mortality in young African chiliren (Snow et ai., 2005).

A hidden burden is bome by patients who survive the severe consequences of infection
and are feft with debilitating sequel, such as plasticity or epiiepsy (Mungala ei af., 2004,
or subtier consequences including behiavioral disturbances or cognitive impairment

(Holding and Kitsao-Wekeio., 2004).

1.Z Statementi of the probiem

Malaria is a major public heaith probiem placing almost half of the Worid population at
risk, witil estimated mortality of one miilion in Africa alone annuaily. Unless new
strategies are deployed to combat malaria, the aiready enormous health and economic
burden related to the disease in tropical countries is bound to worsen. The main obstacle
to maiaria control is the emergence of drug resistant strains of Plasmodium faiciparum.
The use of combinations of antimalarial drugs reduces the risk of selecting for resistant
mutants of the plasmodial parasites. Massive economic assistance wili be needed to
detect and treat adequately the estimated 515 miliion cases of maiaria per year, but
without radical action there is no prospect of ‘Rolling Back’ mataria (Nosten and
Brasseur, 2002; Snow e al., 2005). The combined effects of climate change, population
growth and urbanisation on the Population at risk (PAR), the number of peopie living in
areas of climatic suitability for stabie P. faiciparum malana transmission, of faiciparum
malaria in Africa has been stipulated. The results suggest that the PAR will change from
approximately 0.63 bittion in 2005, to 0.87 biltion in 2015 and 1.15 billion in 2030 (Hay
el al., 2006; Snow er ai., 2006).

Every year n tropical countries, . faiciparum (e most dangerous of the tour species
affecting man, causes almost 270 miliion deaths in Africa. In Sudan 100% of the

population fs at risk with 55% at endemic risk.



There is therefore need o0 asses the mutation profiles of the parasies resistant to
Sulfadoxine/ Pyrimethamine (SDX/PRY) drugs from the endemic area to enhance the
prediction of treatment cutcomes n a given treatment mciudmg the use of Artemisinin

based Combination Therapy (ACT).

i.3 Justification

The Nuba Mountains region of central Sudan has an estimated population of I miiiion,
and has been severely allected by wartare. Since the early 1990s, as a result of heavy
fighting, its population has suffered severe nutritional and health crises. Plasmodium
Jatciparum is the dominant species (99.0%). No data on moiecuiar analysis are available
for the Nuba Mountains,

Due (o the magnitude of the disease, the dangers posed by the development of drug
resistant strains and the promise of Artemisinin combination therapy, it is important to
evaluate the efficacy of Artesunate pius SP and Artesunate and AQ, and determine which
of this combination is a viable option for treating uncomplicated faiciparum malaria at
Nuba. The multiplicity of infection is one of the important factors associated with drug

resistance.



1.4 Ubjectives
1.4.1 Generai objective
To assess the prevalence of antimalarial drug resistance markers in 7. falciparum isolates

from Nuba Mountains, Southem Sudan.

1.4.2 Specific objectives
¢ ‘todetermine the prevalence of Ffert and mdri-86 mutations m Plasmodium
Jaiciparum.
¢ To determine the prevalence of dijr mutations in Plasmodium falciparum.
e To differentiate recrudescence from new infection using MSP-1 and MSP-II gene

marker.

1.5 Naii Hy pothesis
The prevalence of point mutations in the Pfert, mdri and dhfi genes responsible for
resistance to 4-aminoquinoline and antifoiate drugs respectively, used in malaria

treatment m Nuba Mouniams 1s low.



CHAPTERTWO

2.0 LITERATURE REVIEW
In the present era, malaria is one of the major public health problems. The changing face
of worldwide malaria distribution over a century is presented in the Figure 2.0 (Hay e/
al., 2006). Approximately 40% of the world's populations, mostly those living in the
world’s poorest countries, are at risk of malaria. Currently malaria is found throughout
the tropical and sub-tropical regions of the world and causes more than 300 million acute

illnesses and at least one million deaths annually (Hay ez al., 2006).

Figure 2.0 : Worid distribution of malaria over a century (Hay etal, 2008)

2.1 Background to the disease

Malaria is an ancient disease known to mankind for thousands of years. Man and malaria
seem to have evolved together and it was always part of the fluctuating fortunes of
nations. The first confirmed human case of malaria dates from 450 AD where Polymerase
Chain Reaction (PCR) was used to identify Plasmodium DNA in skeletal remains
(Whitfield, 2002). Epidemiological studies have shown that some red blood cells (RBC)
abnormalities confer natural resistance against malaria. The beneficial effect of the
genetic disease in people who inherit the genetic factor from only one parent
(heterozygous) is protective against malaria whereas the harmful effects of the disease are

confined to the much smaller number of people who inherit the genetic factor from both



parenis (homozygous). For example (-thalassemia, sickie cell anemia, other
hemoglobmopatiies iike hemogiobin C (HoC) and E (HDE) and RBC enzyme
defliciencies like giucose-6-phosphate dehydrogenase deficiency (Ruwende ei ai., 1995)

have been linked to varying degree of proteciion against severe malaria.
2.2 Current availabie treatment and prevention against maiaria,

2.Z.1 Urugs

3 Lyt

from the human host (Clough and Wilson, 2601 ). Eukaryotic protozoal endoparasites like
Plasmodium species impose a pharmacological chalienge in ihis respect. The deadiiest
apicomplexan parasite, therefore, has aiways been studied extensively for finding newer
drug targeis. Bemg a disease of the developing and underdeveloped nations, malaria has
never been 4 iucrative target for the pharmaceutical agencies. Of the 1393 new drugs
regisiered between 1975 and 1999 only four were auti-malarials (T rouiiter e¢r i, 2002).
To compiicate the issue further there is the problem of drug resistance. Resistance to
chiloroquine, the principal drug of choice againsi malaria, started since 1960s. b unvetled
the ease with which resistance may develop o anii-malariat agents. Chloroquine
resistance was foliowed by resistance to antifolate combinations. At present, the
exceptional pace of antifolate resistance iimiis the useful therapeutic life (UTL) ofa
sulladoxine-pyrimetam e combination o about five years {White, 1992; Wernsdorier,
1994). In order (o avoid rapidly growing resistance to the available handful of anti-
maiariai drugs, mulii-drug combination therapy is preferred to monoierapy. The existing
drugs beiong to four families of compounds namely quinolines, antifolate, artemisinin
and miscetianeous (Butler, 2002 ). The chermical nature of currently available drugs and
their utiiity m current malaria treatment are discussed below.

i): Quinolines: Quinine and synthetic quinine anaiogues belong w this ciass. These drugs
accutnuiaie m ine acid fvod vacuoles (Krogstad and Scitlesinger, 1987) where proteoliysis
i the giobin moiety of mgesied red celi haemoglobin provides the growing patasite wiik
essential amino acids. The haem is detoxilied by the formation of haemozoin wiich is a
polymer of haem units linked beiween the central ferric fon of one haem and a

carboxyliate side-group oxygen of another (Slater ef ai., 1991). The haem polymenzation
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i): Quinolines: Quinine and synthetic quinine analogues belong to this class. These drugs
accumulate in the acid food vacuoles (Krogstad and Schlesinger, 1987) where proteolysis
of the globin moiety of ingested red cell haemoglobin provides the growing parasite with
essential amino acids. The haem is detoxified by the formation of haemozoin which is a
polymer of haem units linked between the central ferric ion of one haem and a
carboxylate side-group oxygen of another (Slater ef al., 1991). The haem polymerization
activity (Ridley, 1996) is inhibited by this group of drugs leading to toxic haem

accumulation and subsequent death of the parasites (Slater and Cerami, 1992).

Quinine is a natural white crystalline alkaloid extracted from the bark of the South
American cinchona tree. It acts mainly on trophozoite blood stage and also kills
gametocytes of P. vivax, P. ovale and P. malariae (Panisko and Keystone, 1990). It was
the first drug used in malaria and later superseded by chloroquine. However with the
emergence of chloroquine resistance, quinine is now the drug of choice for severe

chloroquine-resistant malaria caused by Plasmodium falciparum.

Chloroquine (CQ) is N'-(7-chloroquinolin-4-yl)-N, N-diethyl-pentane-1, 4-diamine, a
synthetic quinine analogue, and has faster onset of action compared to quinine.
Chloroquine is still the drug of choice for uncomplicated malaria. The resistance to
chloroquine is associated with point mutations in Plasmodium falciparum chloroquine
resistance transporter (Pfcrf) gene which increases chloroquine efflux from the food
vacuole and renders the drug ineffective (Fidock et al.,, 2000). Resistant parasites also
often possess mutated ATP-binding cassette transporter genes reffered to as Plasmodium
falciparum multi-drug resistance 1 (Pfmdr1). All the other drugs are considered for cases
of chloroquine-resistant malaria depending on the sensitivity of the parasite species and

the severity of the disease.
Mefloquine, 2, 8-bis (trifluoromethyl) quinolin-4-y1]-(2-piperidyl) methanol, is
another synthetic quinine analogue and can be used in case of chloroquine resistant

malaria. It is the drug of choice for chloroquine- resistant P. vivax malaria.

Primaquine is N-(6-methoxyquinolin-8-yl) pentane-1, 4-diamine, another synthetic

quinine analogue which is active against exo-erythrocytic stages of P. vivax and P. ovale



and thus is the drug of choice for malaria recrudescence caused by these species. It can

also effectively kill gametocytes of P. falciparum.

There are other newer generations of synthetic quinine derivatives like amodiaquine, a
4-aminoquinoline, piperaquine, a bisquinoline, among others. These are mainly used for

combination therapies of chloroquine resistant malaria (Greenwood et al., 2005).

ii) Antifolate combinations: These drug combinations act by inhibiting the
dihydropteroate synthase (DHPS) domain of the bifunctional 7,8-dihydro-6-
hydroxymethylpterin pyrophosphokinase (PPK-DHPS) enzyme and the dihydrofolate
reductase (DHFR) domain of the bifunctional DHFR-thymidylate synthase (TS) enzyme.
These four enzyme domains catalyze four steps of the de novo folic acid biosynthesis
pathway in Plasmodium falciparum (Hyde, 2005). The tetra-hydrofolate produced at the
end of these reactions is an essential co-factor for thymidylate synthesis in dividing
parasites, necessary for DNA replication. Antifolate combinations exert their therapeutic

effect by interrupting the folate synthesis pathway in parasites.

The sulphadoxine-pyrimethamine combination was the most effective and cheap
therapy after the emergence of chloroquine resistance. The molecular target for
pyrimethamine is the dihydrofolate reductase domain of DHFR-TS enzyme and the target
for sulfadoxine is the DHPS domain of the PPK-DHPS enzyme. Emergence of resistance
against this combination has now rendered it ineffective to use on its own. Resistance is
linked to three or four point mutations in the dhfr-ts gene and one or two point mutations
in the ppk-dhps genes (Hastings, 2004). The combination is, however, used in

conjunction with other available drugs.

Proguanil is a pro-drug and most of its activity is exerted through its active metabolite
cycloguanil which is also an inhibitor of the dihydrofolate reductase domain of DHFR-TS
enzyme. Studies have indicated that proguanil may also possess intrinsic anti-parasitic

activity (Fidock and Wellems, 1997). It is mainly used for malaria prophylaxis.



iii) Artemisinins: Artemisinin was isolated from the Chinese shrub Artemisia annua.

Figure 2.2.1 Artemisia annua herb

Its therapeutic effect has been proposed to occur through the generation of reactive
oxygen species detrimental to the parasites (Krungkrai and Yuthavong, 1987).
Artemisinin and its synthetic analogues are possibly activated by intraparasitic heme or
iron to release toxic free radicals (Meshnick e al., 1991) which function as alkylating
agents, damaging heme and parasite proteins. However, a sarcoplasmic and endoplasmic
reticulum (ER) Ca®" ATPase (SERCA)-type protein encoded by a gene denoted pfatp6
has also been suggested as a major chemotherapeutic target for this class of drugs
(Eckstein-Ludwig et al., 2003). Thus it remains to be definitely shown how these drugs
work. Dihydroartemisinin, the active metabolite of artemisinin and synthetic derivatives
like artemether, arteether and artesunate are used for the artemisinin based combination
therapy (ACT) with other class of drugs including, antifolates, and amino alcohol
derivatives, among others. Though highly effective, ACT use is ten times more expensive
and therefore their use is limited (Greenwood et al., 2005). ACT is presently the
treatment of choice for multi-drug resistant malaria. Though sporadic clinical artemisinin
resistance has been reported it has not been established by molecular biological studies
(Noedl, 2005).
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iv) Miscellaneous: Atovaquone, 2-{irans-4-(4 -chlorophenyli jcyclohexylj-3-hydroxy-i.4-
naphthoquinone, and a ubiquinone analogue, is an inhibitor of mitochondrial electron
transport chaia (Fry and Pudaey, 1992), probably by mhibiuag cytochrome be; complex
{Vaidya et af., 1993).

Resistance is mediated by single point matations in the cytochrome-b gene (Schwobel ef
ai., 2003). it is useful as a combination with other drugs for therapeutic or prophylactic

PUIPpUSCE.

Amino aicohois: Lumefantrine, a fiuorine derivative of aminoaicohoi, Halofantrine, a 9-
phenanihirenemethanol are used alongside artemisinin derivatives in ACT {Basco ef ui,
1998). Pyronaridine is an acridine derivative and biood schizonticide; however iis clinical

use 1s limited.

2.3 Plasmodiam falciparum

Plasmodium faiciparum has a synchronized iife cycle m the human body which is the
only intermediate host for the species. Apart from anemia wiiich Is common in any form
of malaria, the cytoadherence of parasiiised RBCs to visceral capiilary endothelium of
iungs, kidney and brain is a typicai feature of Flasmodium falciparum maliaria and can be
fatal. Cloggmg of cerebral biood vessels ieads to the deadiy cerebrai maiaria which can
ieave pennanent neurciogical sequel in case of recovery.

Apart from its medical unportance iere is an established in vitro culiure systern { Lrager
and Jensen, 1976) for Plasmodum faiciparum. Moreover, tie nearly compleied genome
sequence of tiie parasite aiong with the facilities of genetic manipuiation for this human

maidria species made it the species of choice for this study.

2.4 the fife ¢ycle

The malaria parasite lifecycie comprise of two phase, namely, the asexuai and sexual
piiase. The former oceurs in fiumans and the tater in mosquito therefore, there 1s an

alteration of generation of lifecycie of the malaria parasite.
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in the asexual phase, the parasite multiplies by division or splitting, a process retfered to
as schizogony. Scitizogony occurs m two locations, namely, m the RBC (erythrocyte
schizogony) and in the liver cells (exoerythrocytic schizogony). The products of
schizogony, whether erytiirocytic or exoerythrocytic are calied merozoites.

The asexual phase take place in the femaie Anopheles mosquito even though the sexual
forms of the parasite (gametocytes ) origmate i the human RBCs. Maturation and
tertilization takes place in the mosquito giving rise to a large number of sporozoites

hence the phase of the sexual cycle is catied sporogony (WHO, 1987; Paniker, 1989).

2,4.1 The numan piase
'T'ne haman 15 miecied through a mosquilo bite. The sporozoites present m the salivary
gland of the mosquito are transfeired into the blood capiiiaries. These tiien pass into the

bloodstream reaching the liver and thus entering ihe nepaiocyies.

2.4.1.1 The exoerytitrocytic (tissue) stage
in the hepatocytes, the sporozoites start the pre-erythrocytic schizogony where they
undergo repeated nuciear division and each daughter nucieus is surrounded by a

cytoplasm. Within 6-16 days, the schizonts mature and burst refeasing thousands of

2.4.1.2 Erythrocytic stage

The merozoites reieased by the pre-erythrocytic schizonts invade thie RBCs, they develop
into ring forms. The ring forms develop and eniarge in size becoming irregular in shape
while showing amoeboid motiiy. These are calied amoeboid forms, wiich then forms
trophozories on development. The trophozores eventually segmenis (o [orm scitizomnts.
Mature schizonts rapture open, reieasing merozoites and these repeat the cycie of RBCs
infection. Tiiis process of erythrocytic schizogony is repeated sequentiaily leading to

progressive increase in mtensity of parasitemia.



Figure 2.4.1: Life cycle of Plasmodium falciparum.

a) The asexual schizogony in the human host, b) sexual development in the mosquito vector (reproduced
from http://www .sanger.ac.uk/PostGenomics/plasmodium/presentations/plasmodium_lifecycle.shtml).

2.4.1.3 Gametogony

After many cycles of erythrocytic schizogony, some merozoites that infect RBC do not
proceed to become schizonts but instead into sexually differentiated forms, the gametes.
Gametocyte development generally takes place within the internal organs, such as spleen
and bone marrow and only mature forms appear in peripheral circulation.

The mature gametocytes are round in shape, except in P. falciparum, where they are
crescent shaped. The female macrogamates and male microgametes do not cause any
clinical illness in the host but are essential for the transmission of the infection. They do
not develop further in the vertebrate host and unless taken up by the vector mosquito,
they die in a few days (WHO, 1987; Paniker, 1989).

2.4.2 The Mosquito phase

The gametocytes are transformed into micro and macrogametes. The gametes fertilize to
form a zygote which then develops into an ookinete. The ookinete penetrate the mosquito
gut wall and form the oocyst, which rest on the gut wall. The oocyst undergoes
sporogony to form sporozoites and these find their way to mosquito salivary gland to be
released during the mosquito blood meal. It is during this sexual cycle that genetic

recombination occur which can possibly bring about mutations arising at different loci in
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i. Case management which imvolves diagnosis and ireatmert.

2. Vector control involving destruction of larvai breeding sites, insecticide spraying

mside houses, use of msecticide treated bed nets.
3. Prophyiaxes wiiich detect, contain and prevent epidemics at an early stage.

4. Lo suwengihen iocal capacities i basic and applied research to permit and promote
the regular assessment of couniries maiaria situation, in particuiar the ecological,

social and economic determinants of the disease (WHO, 1993).

2.6 Diagnosis of maiaria

2.0.1 Microscopic diagnosis

Direct microscopic examination of stained blood films is tite current standard for
definitive diagnosis in nearly ali seitings. Simpie light microscopic examinations of
Giemisa stained biood films is the most widely praciiced and useiul meinod of definitive
diagnosis. While avaitability of microscopic diagnosis iias been shown to reduce drug use

clinicians (Barat ef al., 1999).

2.6.2 Ciinical diagnosis

I highly endeinic areas particularly m Alfica, clmical or presumptive diagnosis is
common. Diagnosis i this case is based on signs and sympioms. Lack of enougn
resources and trained hieaith personnei, necessitates tie empioyment of presumptive

diagnosis as the only reaiistic option. This type of diagnosis iierefore can identify most
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2.6.5 Seroiogy

Specific serological markers have been identified for each of the four species of muman
malaria. A positive est generally indicates past miection. Serclogy is not usefui for
diagnosing acute infections because detectabie ieveis of antmalarial antibodies do not
appear umil weeks mio miecion and persist lung atier parasiteraia as resoived.

Moreover, the test is refatively expensive and not widely availabie.

2.7 irefinition of Antimaiariai drug resistance

Antimaiariai drug resistance has been defined as the “abiiity of 4 parasite sirain © survive
and / or muliiply despite e admmisiaiion aud absorpion of & drug given r duses equal
to Or higher than tiose usualiy recommended but witiiin toierance of the subject’

This definiiion was faier changed in reference to the drug in question by indicating fhat
the drug must “gain gccess o e parasiie or the mfected red biood celi for tie duration of

¥ )

tiie (une gecessary for s normal action” (Bruce-Chwatt, 1980). This was micipreied Uy 4
majority of othier researchers to refer oniy to the persistence of parasite after antimalarial
reatment other fhan prophylaxis faiiure. The continued presence of parasitaemia aiter
antimalariai reatment is an mdicator for early wamning of the occurrence of drug
resisiance (Lobel ef ai., 1980}

2.8 Malaria treatment failure

There are several factors that are able to contribute to maiaria treatment fariure. These
inciude the foilowing: incorrect dosing, no-compliance with duration of dosing regimer,
poor drug quality, drug miteraciions, poor diug metaboisi and insdagnosis. These
factors at the same time may contribute o the deveiopment and strength of true drug
resistance 0y eievating the rate at wilich the parasites are exposed 0 sub-optimal drug
ieveis. Therefore, drug resistance can cause treatment faiiure but not at aii treatment
fariure 15 & result of drug resistance (Blotand, Z0U1 ).

Combimation therapy nas been suggested to confront £. jaiciparum resistant malaria, but
the suitable combination therapy for sub Saharan Africa is not yet ciear. Since drug
treatment is the only efficacious coniroi strategy used in Sudan, monitoring of ievels of

fesistance s importarnt.



2.9 Mecianism of antimaiacial drug resistance
The way in which parasites can acquire resistance depends on the mechanism by which
the drug kilils them. This is an imporant factor in determining how fast parasite resistance

can occur.

2.5.1 Chloroquine resisiance

The mechanism of chioroquine resistance is not yet ciear but the formation of 4 complex
with haem is thought to be important (Mungithin ef a/., i998). The molecuiar basis of
drug resistance to C is now partiaily understood, aithough there is stili some debate
regardng the contoibuion of mutatons w difiereni genes o resistance. lnidial reports
associated resistance with mutations in the gene F. faiciparum muiti drug resistance
i{pfmdrij (Foote ef al., 1989 association between pfmdri point mutations and in vive or
in vitro C{J resistance were inconsisent. An earty study suggested that it was possibie to
predici whether au 1solate was resistani or seusitive o C{ by e presence ol delined
mutations in pfmdri (Foote et ai., 1990). Studies have establisiied an association between
the presence of @ mutation at codon-86 c4ausing an amino acid substitution from
aspharagine in the wild type 1o tyrosine in the mutant form and i vive C{ resistance,
willl sub-Sabiaran 1sviaies {Dascu el ai., 1995a, Adagu €f al., 1990}, A siiiar association
was not observed with culture-adapied Sudanese (Awadh El Kariem er ai., 1992) and
Thal isoiates { Wiison ¢/ al., 1993). Utner studies using fresn cimical isoigtes shiowed wial
the mutant s aileles of pfmidri encoding tyr-86 couid be used to predict in vive drug
resistance wo CQ (Duraisiugh ef ai., 1997}, However, exteusive lield studies { Wetlems et

ai., 1990; Adagu ef ai., 1999; Bnattacharya ef ai., 1999; McCutcheon er af., 1999; Price

ey, £t o Y

ei ai., 1999; Duraismgh ef ai., 2000; Piliai ef ai., 2001 produce conflicimg resuits,
casting doubts on a direct causal association between polymorphism in pfmdri and C{
resisiance. Analysis of a genetio cross veiween Cg-sensiitve and CQ-resistant parasties
ciones demonstrated that pfmdri mutations were not iinked to the resistance phenotype
{ Weilems ef al., 1990). Transtections studies that followed showed that substiiution of
the mutant pfmdri with the wild type sequence in resistant parasites decreases

chloruquine resistance from high to moderate levels (Reed e/ al., 2000). Therelore it



appears that, although mutation i pfmdri may not be absolutely required for chloroquine
resistance, polymorphisms in this gene may play a role in modulating the resistance
phenotype (Wellem et al., 1991; Su et al., 1997; Reed et ai., 2000; Dorsey et ai., 2001).
Linkage analyses of a genetic cross dentified two loci, known as candidate gene 2 {(cg2)
and P. fafciparum chloroquine resistance transporter (£fcrt) imphcaied m chloroqume
resistance (Su et al., 1997; Fiddock et af., 2000b; Djimde et ai., 2001 ). inheritance ofa
36 kb segment of chromosome 7 from CQ resistant parents in the cross conferred
resistance in the progeny clones. DNA sequencing and searches for open reading frame
{(ORF) encoding more than 100 amino acids withim this segment identiiied nine ORFs. Ot
these, one ORF, denoted c¢gZ, contains multiple and complex polymorphisms associated
with CQ resistance both in ihe progeny ciones of the genetic cross, and also in a group of
isolates from Asia and Africa (Su ef ai., 1997). However larger scales field studies failed
to demonsirate a clear association between the complex polymorphism within cg2 and
CQ resistance (Adagu ef al., 1999; Basco et al., 1999; Durand ei al., 1999; McCuicheon
et ai., 1999; Price et al., 1999; McCuicheon ef al., 2000; Piliai et al., 2001 ). Transfection-
based studies confirmed that the cgZ gene was not the gene responsibie for the CQ
resistaiice (Fidock ef al., 2000a). Extra analysis of the miial 36 kb locus comprisimg the
cg2 gene led to the discovery of 4 highly interrupted gene, denoted Pfcri. Polymorphism
in this gene were absolutely associated with CQ resistance i vifro mn forty known
parasite lines (Fidock ef ai., 2600b). A mutation in codon 76, causing an amino acid
change from lysme (K to threonme (T ) was identified as the key mutation necessary ior
resistance. Transformation of a CQ-sensitive £. falciparum cione using plasmid
constructs that causes expression of a Pfcri sequence with the K76T codon change
produced a highly CQ resistant tine. However, the resistance parasites ended up losing
ihe transiection DINA and mstead acquired a novel mutation encoding K /61 m the
chromosomal Pfcrt gene. The change in the sequernice directly contributed to the change
in CQ phenotype (Fidock ef ai., 20000). There 1s therefore strong evidence that an amino
acid change at position 76 in Pfcri is associated with CQ resistance in Africa and Asian
. jatciparum 1solates. This 1s supporied by lield studies showiiig a strong link between
thie presence of £fcrt 76 mutations and ciinical CQ resistance (Djimde ef af., 2001).

Further in vivo studies on fieid isolates have shown that the Pfcr7 76 mutation is often
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also present in CQ-sensitive isolates (Dorsey ef ai,, 2001; Mayor ef al., 2001; Pillai et al.,
2001; Chen ef af., 2002 ; Kyosiimire ef af., 2002}. The Pfort mutant allele is always
present in C{ treatment faiture samiples. This therefore suggesis that the 7fcri 76
mutation may be necessary but is ot always sutlicient for U4 resistance in vivo.

It has been suggesied that CQ resistance is @ multigenic phenomenon, involving changes
to Pfert and other genes such as Pfmdrl (Reed e al., 2006). Support for this hypothesis is
provided by field studies in which clinical reatment faiture with CQ is significantdy
associated with parasites with the mutated forms of both Pfert 76 and Pimdri 86 (Babiker
et al., 2001; Dorsey ef ai., 2001; Mockenhaupt ef af., 2001 ). In addition, the relatively
tong time taken for CQ resistance (o arise and spread could indicate that multipie

niutations are required.

1.9.2 Pyrimethiamine resisiance

Sulfadoxine-pyrimethamine (SP)-(Fansidar®j is a synergistic combination of drugs that
interact with two enzymes of the folate biosynthetic patiway. Dihydrofolate reductase
{DHFR) is the biochemical target for pyrimethamine, and aiso of cycloguanil, the
biclogical active metabotite for proguanil. In P. jalciparum, (wo genes mvolved w the
pyrimidine biosynthesis pathway, DHFR and thymidylate synthase (T8} are contiguous
and are expressed as bifunctional enzymes DHFR-TS (Bzik e of, 1987). Pyrimethamine
binds to the parasite DHFR with a high affinity, inhibiting enzyme activity, resulting in
the depleiton of d TMP and the distuption of UNA synihesis {(Hyde, 1990). The selective
activity of pyrimethamine had usually been attributed to higher affinity of the drug for
Plasmodinm DHFR-TS than for human DHER (Hitchings, 1960; Foute e al.,, 1990;
Peterson ef af., 1990, ). Recent work has shade light on the differential specificity of the
drug tor parasie and human DHER. The DHFR-TS of both species binds its cogunate
messenger RNA (mRNAj and mbhiubits its own translation, Pyrimethamme treatment
removes tragslational repression of the human enzyme, and more DHFR is produced o
partially overcome the drug barrier. However, in Plasmodium DHFR-TS, mRNA binding
is ot coupied o enzyiue active sites. Theretore antilolaie treatrment does not relieve
translational inhibition and the parasites do not have the ability to make fresh enzyme
{Zhang and Ratiiod, 2001 ).
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Resistance o pyrimethamine is linked © a point mutation in DHFR leading to an
amino acid substitution at codon 108 from serinie to aspharagine (Peterson ei ai., 1988,
Peterson ef al., 1990). Resistance (o cycloguanil has been linked to patred mutations in
codon 16 {alanme to vatine) and 108 {serine to threonine) (Foote ef al., 1990; Peterson ef
ai., 1990). Other mutations at position 51 (asparagine to isoleucine), 59 (cysteine (o
argenine) and 164 {isoleucine to ieucine) are associated with higher leveis of
pynmethamine and cycloguanii resistance (Foote e/ ai., 1990, Peterson ef af., 1990).
Fotiowing the witcoduction of pyrimethamme monotierapy, resistance was reporited
within a year (Maberti, 1960), most likely as the result of the simple resistance
mechanism. Pyrimethamine is now only used in synergistic combinations with
sultadoxine or other antiiolate (Chulay ef ai., 1984}, so it 1s not possible to cortelate in
vivo pyrunethamine treatment fadure with DHFR genotype. However parasiies taken
from infected individuais can be tested for their pyrimethamine suscepiibility i vidro. In
ihiese tests, resistance is denoted by a 50% mhibitory concentration (ICso) vaiue of >
100nM (de Picoulas af al., 1996). Such studies reveal a very strong link between
mutaiions in DHER and pyrimeihamime and cycloguanil resistance. For pyrunethanine,
DHFR Asni08 is aimost completely associated with resistance to pyrimethamine, and the
presence of parasites encoding DHFR Seri08 alone is 4 good indicator of sensitivity (7
vitru 1o pyrimethamine (Foote ef al., 1990; Hyde ef ai., 1990; Peierson e/ gi., 1990; Basco
ei al., 1995b; Basco ef al., 1996, de Picoulas ef al., 1996; Reeder ¢/ ai., 1996; Zindiou ¢f
ai., 1996 and Khan ef al., 1997). Geometric means sy were over 1000-fold higher for
parasites with DHFR Asni08 from African patients compared to parasites with DHEFR
Ser108 (iCso of 4050 nM for Asn 108 and 12.5 nM for Ser 108). The central mutation
imiplicated i pyrimethamine resistance is at position 108 (Cowman ef al., 1988; Petersou
et al., 1988; Zolg et al., 1990}, a finding that was confirmed by transtection studies (Wu
et ai., 1996). It is betieved that additional mutations 1 DHFR m codon 51 and 59,
combined with the Asn 108 change, confer higher levels of resistance. Kinetics analysis
of the F. jaiciparum DHFR-TS enzyme alier expression i £scherichia coli conidinmed
the role of these mutaiions n different levels of resistance. The mhitbition constant (Ki)
vaiues for the doubie mutants Asni08/Arg59 and Asni08/1ie31 are 72 nM and 37 nM

respectively, compared to 13 n for the single mutated allele encoding Asni08
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(Sirawarapom ef al.,, 1997). The mhibition constant for parasites carrying the triple
mutant Asn108/He51/Arg59 was 120 nM (Sirawaraporu ef al., 1997) indicating a much
higher level of resistance as compared to the single and double mutated aileles.
Transtection experiments have also been pertormed usmg DHER as a selectable marker
that confers resistance to pyrimethamine (Wu ef ¢/, 1996). Pyrimethamine-sensitive
parasites transformed with the DHFR allele from parasite Dd2, the triple mutant form of
DHFR Asn108/Hie51/Arg59, yielded drug-resistant parasites with an ICsoof 16 nM.
Transtormation with the DHFR gene from parasite HB3 a single mutant from Asnl(8
yielded parasites with an iCso value of 1.0 nM. Investigating the effect of an additional
mutation in DHFR at codon 51 was aiso done by trasfection of P. falciparum DHFR
aileles into yeast (Wooden ef al.,, 1997). This suggests that the doubie mutant from DHFR
Asnl08/le51 (pj-dhjr-Mikenga, resistant consiruct) causes a further ten-fold merease m
5o compared to the single mutant form DHFR Asnl108 (pf-dhir-Honduras, a resistance
construct), which itself produces a ten-fold increase in ICso compared o the wild type

form DHEFR SeriU8 (pi-dinir-D6, 4 sensitive construct}.

2.9.5 sulladoxine resistance

Sulfadoxine, the component of the combination drug SP, is also never used as
monotherapy for malaria. The information on the resistance mechanism o suliadoxmne
alone has never been obtamned from in vitro work. The moiecuiar target of sulfadoxine is
the enzyme DHPS, a part of bilunctional protemn with iydroxymethyipierm
pyrophosphate. Suifadoxme is & structural omologue of 4-ammo benzoic acid (PABA)
the naturai substrate of DHPS (Brooks ef ai., 1994; Trigha and Cowman, 1994) and 1s a
competitive inhibitor of the enzyme. Mutations in the DHPS gene are found in naturai
populations, and have been correlated with resistance (0 SP w vivo, 1ot exampie,
mutations leading to amino acid changes at positions 437 (alanme to glycme}j, 436 (serue
to phenylalanme), 613 {alanine to serne), and 581 (alanmne o giycme) (Plowe et al.,

1997; Inglia ef ai., 1997; Waug ef al., 1997aj.

Soime studies have atiempied o correlate i vifro sulladoxine resisiance and DHPS

mutations with isolates taken from the field and with laboratory iines, but these have been
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inconciusive (14ole 2.9 .4{a): 2, b, d and 1). i vifre assay for suiiadoxme Dave been dom
uider vaiying loiaie conditions (Watig ¢i ui., 19570}, aud suiie paiasiies 1solaies are
Knowi 0 use host folate to antagonise suiia drugs urespecive vi tiewr UHEPS genotype
(Ivitibous ei i, 1985; Walkins ef ¢f., 1985). Sulindoxine in viiro-drug lesting 1s
technicaily difiiculi but can be done using culiure wedivm depleted of folate and FABA
that antagonise suliadoaine (Lindiow, 15685, Clwlay ef ai., 1950, Milhwus ei a4l 1956,

A

Waikins ef g, 1990).

2.9.4 5F resistance

T he association of mutation in both DHFR and DHPS with resistance to SP in malaria
parasiles has been mivestigaied {fyde ¢f al, 1550; Brooks ef v, 1594), Previous siudies
rave analysed the conelaiion beiween in viro sulfadoxme resistauce and DHES genotype
separaie {rom in viiro pyrimeinamine resistance and DIFR genotype. Ueneraily,
laboraiory adapied siraius of 1. falciparum have been used, alihough {ieid solates have
Geeasionaily aiso been siudicd. i s aot clear whal role mulation m e DHIR and 3005
plays i in vivo pyrimethamine and sulfadoxine resistance, as these drugs are never used
alone (Fyde e/ al. , 1950; Wang ef al. , 19974). Alihiough an i vitro 5P suscepiibilily iest
has been desciibed, the ‘{olaie eflect’ described abuve can complicate their inferpretation,

aind most studies have used sampios v clnical 5P freatinent {adure. The wolccuiar

criteria for in viiro antifolate resistance have not been confirmed or correlated with in
vivo response ol patieiils wealed wilh 5P {(Rallon ef uf, 1959}, Vuribennore, the UHFR
and DHPS alielic combination that inay be associaled with 5 therapeutic failure are not
yei cloarly Kaowil,

Contruveisies hiave atises beiween dillerent siudies showing evidence for and against
mutations m DHIR and DHPD being unplicated in 5P resistance of P. falciparum sirains.
Studies dealing with the determination of genetic changes as the basis of clinical
resiziaice fave been carvied out i West Alrica (Flowe ef al., 1593; Plowe ef ul., 19%0).
These studies have confirmed that the molecular diagnostic techniques used are
appropriaie or epdeniioiogical siudies ol resistance where it is not pussible using
staidard i# vifro and in vive methods {or detecting resistance. They also show that

survelilance siudies cariied cut al inlervals 10 delerinine resisiance levels i difleiend

o)
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regions using these molecular assays inay assist heaith otficials in changing antimalarial
drug treatments policies accordingly. Arguments have been made for imiting the
disiribution and ihe use of specilic antimalarial drugs, bui evidence inai suci an appioaci

cait slow down the spread of resistance has been lacking (Price and Nosten, 2001).

Several studies have been carried out (o investigate the role of mutations in DHFR and
DHPS in clinical SP resistance. Field tests carried out in Kenya both in vive and in viiro
liave suggesied that pyruneihamine esistance alone associaied wiill mulation i DHER 18
suflicient to cause SP failure (Nguyen-Dinh et al., 1982}, This was supporied by a study
done in Tanzania, which showed evidence in in vivo selection under 5P drug pressure of
parasites with alleles encoding the DHFR Asparagine 108 mutani (Curtis e al., 19%90).
Adl in vivo study cartied out in Mali showed inai 5P selecied ior DHFR muiants rapidly,
with Arginine 59 (55.0%) and Asparagine 108 (55.0%) being more COmmoin in post-
treatment isolates, supporting their roie in SP failure (Diourie ei al. , 1999). However,
because there was a low level of in vive SF resistance in the study area, it was not
possibie o ideniily any group of DHER or DHFPS wulations ihat were prediciive of
clinical SF failure. A study carried out in Cameroon showed that the triple DHFR mutant
encoding Asn 108/Arg 59/1le 51 was strongly associated with in vive resistance to SP
(Basco el al., 2000).

There is also evidence thai wutations i both DHFR and DHPS are necessary o1 in
vivo SP resistance. Studies carried out in West and East Africa, the Middle East and
Vieinam (Schapira ef al., 1986; Wang ef al., 1957a) suggest that DHFR 108 and DHFS
437 changes are necessary for SP ireaiment failure. The study by Schapira el ai., {1986)
also perioimed in viiro suliadoxine tesis ou paiasites from SP-resistant cases and ound
that the in vivo results reflected the in vivo treatment failure. A study carried out in Peru
(Kublin e/ al.,, 1998 showed that & colieciion of mutation in DHFR (Asn 108/lie 51/iLeu
164) and DHFS (Gly 437/Giu 340/Gly 5381) was sirongly associaled with in vivo 5P
resistance. lo Vielnan, a combingtion of muliiple DHFR antifoiale 1esistant inutations
coupled with the 437 Glycine mutation in DHES cormrelated best (72%) wiih in vivo

resistance (0 SP (Masimirembwe el al., 1999). In Kenya, & combination of the triple
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DHFR mutant (Asn 108/lle 51/ Arg 59) couple wiih the DHPS double mutant (Gly
437/Glu 540) was associated (55.2%) with in viveo resistance w SP (Nzila ef al,, 20060},
in other studies, however, muiations in DHIFR and DHFES were noi informaiive for
predicling 517 1esislance. A study done in Colombia showed that BDHEFR alleles encoding
Asi 108 were detected in 75% of clinical samples with adequate clinical response (ACR)
and in all weaument failuie samples, rendeiing it inadequate for prediciing 5P teatment
faiture (Ralion ef al. , 1599). Studies carried out in Tanzania found no association
beiween the piesence of mulaiions ai ditlereiii foci of the DHIR gene beloie treatmient
and subsequent clinical SP resistance (Jelinek ef al., 1997).

It has also however been argued that DHFS mutations do not play a role in SF failure
{ Waikins ef al., 1997). A study carried out in Mali found no siganificant selection by 5P
for DHFS wiulations, including 1o siguilicant selection against tie DIIFS allele encoding
Ala-436 (Diouste ef ai,, 1995}, A study cairied out in Cameroon (0 assess 5P efficacy
showed there was no efiect on chinical cuicome by the DHFPS genotype (Basco ef al,,
2000). Froin ihese studies and those listed w Table 1 and 2, it is dillicull (o judge wheiler
wiolecular changes in the DHER aud / or DHFS conelale willi in vive teatnent failure
with SP. Table 2.9.4(a) and 2.9.4(0) suminarize soime of the studies periormed (o

invesiigaie the association beiween DFR/DHES mutations and SF resistance.

2.0 Drug comibinaiions and resisiance

i iespoiise W pievainng CQ iesistaince, Malawi, eiiya, Bolswana aud South Alica
changed the {irsi-line drug froin C{ to SP and other couniries have ivilowed. However,
the useful therapeutic life (UTL) predicted for SF has been very shoit probably because
oi its prolonged hali-iife, causing a higher probabiiity oi seleciing resisiant stiains and

consequent iapid developient of resistance (Nzila ef al., 20060). This is why new

aliernaiive diugs or new approaches, such as drug combinaiions, are urgently needed.
Drug pressure has been identified as one of the key factors in the emergence of resistance
{0 aniimalarial drugs. Selection of resistant sirains can occur when a diug is misused
(Weinsdorder, 1991, Weinsdorier, 1594) o1 used alone exiensively. Readily absoibed
drugs wiii a long nalf-life, such as melloguine and sulphiadoxine- pyrimethaimnine (58,

can peiinit effeciive single-dose teatiment of malaria and the {oliowing
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chemoprophylactic period prevents infection for several weeks. However, these drugs are
likely 10 exert undesirable drug pressure {or a long time cnce their concentialions diop
below the critical threshold and may select resistant parasites. The conlribution of
mongctherapy and misuse of antimalarial drugs to the emergence of drug resistance
becaie particularly evident during the Global malaria eradication campaign launched in
1955 by WHU (Bruce-Chwait 1986). Tlus has been showin i Kenya where potent
selective pressure for resistance operates even under conditions of supervised diug
adminisiration and optimal dosage (Watkins e/ al., 1997). This is why drug combinations
have recently been proposed to deiay the emergence and spread of diug resistance (White
and Glliaro 1996, White 1996; Whiie 1999}, an approach alieady used for highly diug-

resistant infectious diseases such as tuberculosis, AIDS and leprosy.

The first consequence of using drugs in combination is that the starting frequencies of
malaria parasites resistant to all ine componenis are much reduced, such that the
evolution of resistaince is delayed compared with when its components are used alone.
The second consequence is that ihe resistant combinations will be broken dowi wiuch
more {requently during recombination i meiosis. The greater the number of genes
required to encode resistance, the greater the raie of loss (Hastings and D’ Alessandro,
2001). In practice, tie emergence and spread of resistant strains should be delayed and
the useful therapeutic life of the combination should be much longer than its single

E‘.Gﬂlpﬁﬁﬁﬂtﬁi B

Combination tierapy (CT) is delined as “the simulianeous use of two or more
antimalatial drugs wiih ditlerent biocheinical targeis i he pasasile or i ihe issue
hosting the parasite, which are synergetic, additive, or complimentary in their efiect.”
CT can be either fixed combination where all components are co-formulated in a single
tablet/capsule or fiee combination where the componenis are separaie tablets/capsules but
are co-adi lnisiered.

Non-ariemisinin based CT available in the market include, Chloroquine plus SP,
Amodiaquine plus SP; Atovaquine plus Proguanil; Mefloguine pius 3P and
Chiorproguanil (Lapudrine) plus Dapsone. Combination therapies mvolving an
Aiteniisinin derivalive which have been recommended include, Meiloguine, SP and

Amodiaguine with a derivative of Ariemisinin (Whiie ei al., 1999). Lumefantine in
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combination with Artemether (Coartemn®) is anothier of such combinaiion {Olliaro and
Trigg, 1995; Van Vogt ef al., 1999). Oihers are on the pipeline include LapDap with
Artesunate, Metakellin with Artesunate (Cor arinate®) and Artesunate with Amodiaquine

(Amormate®).
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Table 2.9.4{)

DHFR/ BHFPS mutations and SP resistance in vilro
The listed references provide evidence of a correlation between mutations in DHI'R and
DHPS and resistance to pyrimethamine aud sulfadoxine respectively
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sulfadoxine in-vifro resistance
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1. Basco et al., 1996 Exp. Parasitol. 82:
S7- 103

a. Basco et al, 1998 Am. J. Trop. Med.
Hyg. 58:374-378

2. Basco ef al., 1995 Mol. Biochem.
Parasitol. 69: 135-138

b. Brookes er al., 1994 Eur. J, Biochem.
2:397-405

3. Foote et al, 1990 Pro. Natl. Acad. Sci.
USA 87:3014-3017

c. Reederer al, 1996 Am. J. Trop. Med.
Hyg. 55:209-213

4. Hyde et al., 1990 Pharmacol. Ther.
48:45-49

d. Triglia e al., 1994 Proc. Natl. Acad.
Sci. USA. 91:7149-7153

5. Khan ef al., 1998 Trans. R. Soc. Trop.
Hyg. 91:456-460

e. Triglia et al., 1997 Proc. Natl. Acad.
Sci. USA. 94:13944-13949

6. Nzila- Mounda ef a/., 1990
Antimicrob. Agents Chemother. 42: 164-
169

f. Wang ef al., 1995 Mol. Biochem.
Parasitol. 71:115-125

7. Peterson et al., 1990 Proc. Natl. Acad.
Sci. USA.87:3018-3022

g. Wang ef al., 1995 Mol. Biochem.
Parasitol. 71: 115-125

8. Reeder er al, 1990 Am. J. Trop. Med.
Hyg 55:209-213

h. Trigliaeral,, 1998 EMBO J. 17: 3807~
3815

9. Zindrou ef al., 1996 Exp. Parasitol. 84:
56-64

10. Zolg et al., Mol. Biochem. Parasitol.
36:253-262

11. Cowman ef o/, 1998 Proc. Natl.
Acad. Sci. USA. 85:9109-9113

12, Peterson ef al., 1998 Proc. Natl.
Acad. Sci. USA 83 9114-9118

13. Basco et al.. 1998 Antimicrob. Agent
Chemother. 42: 1811-1814

14. Wilson et af., 1993 Mol. Biochem.
Parasitol. §7: 151-160

15. Awadh-El-Karim ef al., 1992 Trans.
R. Soc. Trop. Hyg. 52 (6): 565-568




Table 2.9.4 (b)

DHFR/ DHPS mutations implicated in SP in vivo resistance

The listed references which provide evidence of a correlation between mutations in DHFR and /or DHPS and resistance to SP respectively

Paper and study region Correlation of SP Correlation of SP Recommended combinations for genotyping tests
resistance to DHFR resistance to
mutations DHPS mutations
Curtis et al,, 1996 Trasc. R. Soc. Asn 108 Gly 437 Asn 108 and He3 1/Arg 59
I'rop. Med. Hyg. ?0: 678-680 AND
(Tanzania)
Gly 437 and/or Gly 437/Glu 540
Basco et al, 1998b Antimicrob. Asn 108 Gly 437 Asn 108 and le3 1/Arg 59
Agents Chemother. 42: 1811-1814
(Cameroon)
Kublin et al, 1998 Lancet: 351: Asn 108 Gly 437 7 Asn 108 and lle51/Leu 164
K2n-1634 AND Gly 437 and/or Glu540/Gly 581
(Peru)
Masimirembwa er e/, 1990 Int. J. Asn 108 Gly 437 Asn ]08/].1&51/?\1’;;"-5‘)/Leu]64
Arttrsioeoh. AR, 19205211 AND Gly 437 and/or Gly 581/613 Ser or Thr
(Vietnam)
Diourte efal, 1999 Am. J. Trop. Asn 108 No correlation Asn 108 and Arg 59
Med, Hyg. 60: 475-478 andl Arg 59 observed \ylth any
i mutation
(Mali)

Basco ¢f al., 2000 J. Infect. Dis. Asn 108 Ala and Ser Asn 108/Arg 539/Leu 51 AND Ala 436/Ala 437/Lys 540/Ala
182:624-628 436/Gly or Ala | 581/Ala 613 or Ser 436/Gly 437/Lys540/Ala 581/Ala613
(Cameroc | 437/Lys 540/Ala |

ameroon) 581/Ala 613




A technical consultation of experts of WHO, Antimalarial Combination Therapy
Organised by WHO, Geneva in Aprii 2001, identified the foliowing options in priority
order as currently available antimalanal combination therapies with a poteniial ior
mboducing miv the tiealiment policy or deploying in Afiica i cost was uot air issue:

1. Artemether-lumefanirine currently available only as Coartem

bt

Artesunate (3 days) + amodiaquine

Artesunate (3 days) + 5P in areas where SP eilicacy remains high

_.t:mw

SF + ainodiaguine i arcas where eflicacy of both amodiaquine aud SP

monotherapy remain high; limited to countries in West Africay (WHO, 2001).

Although safety and efficacy have been demonstrated with extensive use of artemisinin-
based combinations in South-east Asia, there is limited experience with its use in Africa.
Theie is, theicivie, ain uigent need W docuinent efficacy and salely among young
children, pregnant women, and breastfeeding mothers and their babies. Artemisinin-based
combinations that include chloroquine are not recommended as policy options for Africa
because of the unaccepiably high level of resisiance to chloroquine {WHOG, Z001).

The ellicacy of combiation therapy with 4-aminoquinolines (CQ, Amodiaguine) with
SP has been reviewed (Mcintosh and Greenwood, 1998) which showed impioved

parasitological clearance as compared 1o SF alone.

2,11 Tesis for drug resisiasice
There are four basic mnethods ior tesiing malaiia for diug 1esistance namely in vivo tests,
in vifro tests, molecular characterisation, and animal models. Of these, only the first 3 ave

routinely done.

Fn vive fesis. In these tests, patients with clinical malaria are given a treatment dose of an
anlimaiarial diug under observaiion and are moaiiored over {ime {or either faiture io clear

parasites o {01 reappearance of parasiies.

in vidre fesés: Tn these lests, blood samples from malaria patients are obiained and ihe

malaiia parasiies are exposed to difierent concentrations of antimalarial drugs in the

b2
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laboratory. Soine methods call for adaptation of parasites to cuiture first, while others put

blood directly irom patients into the test system.

Moiecuiar chiaracierisaiion: Tor some drugs (ciloroquine, 5P and sinilar diugs,
atovaquone}, inolecular markers hiave been identified that confer resistance. Molecular
techiniques, such as PUR or gene sequencing can identify these markers in blood taken

from malaria-in{fected patients

Animal models: These aie in essence ik vivo tests conducied i non-huian animal
models and therefore inlluenced by the same exirinsic factors as in vivo tests. They aliow
testing parasites, which cannol be adapted (o in vifro environments, provided a suilable
host is avaifable and the testing of experimental drugs is not yet approved for use in

hsinans (WHU, 2001 ).

2,12 Use of radicisoiopes in biomedical research

Apart from increasing sensitivity of detection over ethidium bromide staining and
confirming the specificity of the amplicon, hybridization with specifically designed
compleinentary piobes, cain be used (0 detect poiut mutations i its nucleotide sequcice.
The radioisotope Phosphorus —32 is used io label the probes. The atomn phosphorus —32
(*P) is an unstable isotope of phophorus-31 (*'P), with emissions that can be detected by
methods including those that involve autoradiography. Nylon membranes can be recused
repeatedly for dot blot hybridization. The probe can be stripped oiT the membrane aiter
auloradiography, and re-probing caitied out with anothier radiolabel- led probes. In
addition the cost of radio isotopic hybridization is less expensive than non-radio isotopic
probe based methods (Cockerill, 1999). Radioisctopes are also simiple, quick and
convenient for labeling probes (Sinclair, 2060). Even the short halflife ofP-32, which is
14 days, has its advantages, as ils disposal is less pioblematic.

2.i2.1 Auloradivgrapiy

The photographic emulsion can be exposed by light photons, X-rays, gamma rays, of, in
the case ol autoradiography, by moving charged particies such as elecirons or positrons

(Knochie, 1991} According to the Guiney-Moti theory, hight phioions oxidise the bioniiie
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alurus, causing e 0 reiease eieciions (Caiiioil e di., 2601 ). 1Hese cloCuois b
toward unpet feciions in ine latiice, suchi as the siiver suiiide specks. Tlhe elecuons aiiraci
thie siiver ioas, witiclt teduce iu alouc silver aud fotd clups calied lateul uage
cenlers. When a single silver halide grain contains a threshold number of latent image
centers, the grain becomes developable. ihe developable grains fonn tie dark areas of
the image when tie culsion is developed (Kuoche, 1551; Catlion ei af,, 2001)
linicnsiiying screens are used 1o reduce ie expUsuie Hine or uiCrease Uie seisdivily w e
deicction of radiolabelied samples. Iniensifying screens diminish the resolution of an
image compared 10 4 direct exposure wiiere e decrease i resoiution is due (o ihe
incicased distance {rom the origin (saupie) and the emulsion, wheie the image is formed.
lnfensiiying screeiis work by generaung pholous hirough e inisraction ol ihe
radiolabelied particles energy aud the phosphor in the intensifymyg scieen. The energy
iton tlie bela particies interacts wiil the phosphor to generate a laige nuinber of i)hUiUﬂS

r

With optinal sensitiviiy i1 such a system being reached when thic phumns generaied by
screens perionm opiima}iy at -60 to -50 degrees Celsius. L he reason for tiis simmphstically
is, the activation energy required to iomn a stable lalent inage where as chemicals are
required to create a permanent image on the {ilm is lowered. At room temperature larger
aClivalion energy 8 requied 0 o e siable laient unage. {hereloie more Sneigy is
required {0 achieve an image ai room lemperature using an 'm'wusiiyiug screen compared
to using a scieen at -60 degrees Ceisius. The aciivaiion energy ueeds 10 be reduced
because the photons though more nuinerous are less energetic thau the ragioisotupe
paiticies. Conveniional iieasiiying scigens woik by placuig a radivlaveiicd sampic o a
sitect of autoradiwogiaphy {iln with the miensiiyg screcu lying under the filim where the

s

iifin i sandwiciied beiween die scieen and e saipie (Kuoche, 1991, Carilon ¢f ul,,
2601).
The process o development Uansioims (e laleind dnage 0o a visible puage by
reducing silver ions il {wisted sirands of meiallic silver. The reducing agent
bydroguinone is used o react with silver ioas (o form silver aloins and quinone. The

cedaciion is cataiysed by the latent image centeis, aind can be acceieraied by e agents’
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deveiopable grains is reduced. Aller development, ihe iinage is lixed wiil a thivsuliate
solution, whicii forms complexes withi undeveloped silver halide and hardeus tie gelaiin
within ihe photographic emulsion. The image 1s then ready for qualitative or quanlitative

analysis (Knoche, 1991; Cailion e/ al., 2081)

2.13 Pavasiie diversidy

Differences in transmission intensity belween endemic regions have been implicated as
one of the factors leading to geographical variation and parasite diversity (Creasey ef al,
1990; Paul ef al., 1995; Babiker et al., 1997). Studies have suggested a positive
correlation belween the mean aumber of genolypes per indecied individual and
transmission intensities (Paul ef al., 1995; Babiker el al,, 1997). Muluple parasite
genotypes have been frequently observed in individuals living in endemic areas (Creasey
el al., 1990; Nioumi ef al., 1935). High prevalence of drug resistant associated
polyiorphisus has been associated with severe malaiia in Kenya (Cuar el i,

2001). The level of transmission and multiplicity of clones per indection, are among
inportant factors ihat influence the speed at which resistance wiil emerge and spread.
This study investigated parasite diversity in Ngorban countiy within Nuba Mountains,
Souihein Sudan, by delernuniig dmg iesistanl associated wiih mutations and muiliplicily

of infections in the region.
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CHAPTER THREE

3: MATERIALS AND METHODS
3.1 Study site
The location was in Ngorban Country, Nuba Mountains, the MSF field station, Southern
Sudan. The area has one rain season, mainly in June to July. Annual rainfall ranges from
650mm to 1100mm.The area experiences high temperatures throughout the year ranging
from 28 to 35 degree Celsius. During the rain season, there are ample breeding sites for

A. gambiae, A. arabiensis and A. funestus, the important malaria vectors in the area.

Nuba Mountains

WENTEES
BiibAafemis

giantio .

USAID, © 1993 Del.ome mapping donated by Response. Net

Figure 3.1 Study site, Nuba Mountains, Southern Sudan.

3.2 Eihical consideration, inclusion and exclusion criteria

Southern Sudan does not have an ethics review board. The study was approved by the
health authority of the Sudan Relief and Rehabilitation Commission, and by the health
secretariat of the Nuba Relief Rehabilitation and Development Association (NRRDA).
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The study also received eiliical approval by ihe eihics review board of Medecins Suns
Frontieres. Informed consent was obiamned from adulis or parents of children aged 6-39
moniis old before they were enivlied in e siudy accomding 1o WHO (20030) piciocol
for monitoring antimalarial drug resistance. Patients visiting the outpatient clinics were
enroiled i ihe study if they met the following criteria including consent, wono-infection

~

with P. julciparum and parasitemsia between 2,000-200,000 parasites/ pl of blood, fever,
weight = 5 kg, auxiliary tempeiatuie 2 37.5 “C or wiill g hisiory of fever and 00 history
of antimalaiial drug wtake duting the previous week as conlirmied by urine tests, no sigis
of severe malaria, 00 concomitant lebrile conditious apart fromn mild upper respiratory
tract infection of presuined viral origin, and no reporied hypersensitivity (o study drugs.
Paiienis were excluded fom the study if inere was adminisization of any addiiional
antimalarial drugs. Amn allocation was randomized by sealed envelopes. Children
received eiher luee daily doses of AS (dmg/kg/day; Arswinax®, sanoii) plus a single
dose of 5P (1.25 mg/kg sulladoxine and 25mg/kg pyrimethamine; Fansidar®, Roclie), o1
AS as above plus iuee daily doses of AQ {10mg/kg/day; Camoquin®, Parke-Davis).
Drug-intake was observed on days 0, 1, 2, and reassessed children both clnicaily and
parasitologically on days Z, 3, 7, 14, Z1 and 238, or any viber days incase of iilness.
Children were assigned for therapeutics end points according to the WHO classification

(Table 3.2) (WHO, 2603).
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Table 3.2 Efficacy endpoint classification (WHO, 2003)

Endpoints

Early treatment failure (ETF) Parasite density on day 2> of day 0
(day 1-3) Parasite density on day 3> 25% of day 0
Fever in presence of parasites on day 3

Severe malaria in the presence of parasites on days

1-3
Late clinical failure (LCF) Fever in the presence of parasites on day 4-28
(days 4-28)
Late parasitological failure Severe malaria in the presence of parasites on day
4-28
(day 28) Parasites without fever on day 28
Adequate clinical and Follow-up completed without meeting any of the above

response (ACPR) (day 28) criteria

3.3 Sample size

Patients of between 6 months and 10 years were recruited for the study according to the
WHO (2001) protocol. Sample size of 160 patients was used for this study.

The sample size was estimated using the double lot quality assurance methodology
(DLQAM), as described by WHO in the “assessment of therapeutic efficacy of
antimalarial drugs for uncomplicated falciparum malaria in areas with intense

transmission”, protocol (WHO, 1996).

3.4 Sample collection
Peripheral blood collected by lancet prick from a fingertip was used for direct
microscopic diagnosis. Some amount of blood was also spotted directly on 3mm

Whatman filter paper (Whatman®) (Sambroook et al., 1989). Blood spots were allowed
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{0 air-diy, ihen placed individually in plastic bags and siored ai 47C wiih a silica gel

(Sigina} t preveni Gampness uitil requiied 101 DINA extraciion and analiysis.

3.5 dTusizandivi juiCipaiain CivGEs dad S0ies

To optniize for the specibicity and sensitivity of the techiiique, six . jalciparum clones,
(357, 7Gs, Bdz, K1, 19 W2 and 1B3) o WHU/JAEA, wihich coutain Kaown
dijr, Pjcrt and {fmer [ alieles were used. These weie also used as contivls i the scoriig

ol die sainple (Csuiis on e uuiloiadiograph, ailer 1adio pivbg.

3.5.1 Filier paper sampies

Thie blood spoi sanipies and ciones coliecied usiig iilier papeis, weie excised froin die
filter paper and the DNA extracted using Chelex-100" Bio- Rad method as described by
FPlowe ef al. (1995). In ihis meiod, te scalpels, 0iceps and glass plaic were cleaned, w

=

goi iid of diiy DHA Luutcmiulatiuﬁ i)y‘ wititics bmg ior a few seconds wio 5M HCl or by‘
wipilg wilh a lissue soaked in acid for the glass plate and tile {oliowed by neutialisation
with 3ivi NaOll, and a briel rinse wiill distilled aaiociaved water. These were uien dried
using a clean tissue. The filter paper was thien removed Lo the plasiic bag using
{biceps. The area ol iilicr paper wilh i DIood 5poi was excised using a scaipel on a
piece of glass without allowing the scalpel blade or the {viceps 1 coine inw contact witl
iie bloud spot. The piece of filier paper was dien taisierred © a steiile 1.5l inicioluge
tube (eppendorf™ ) using the sterile forceps, cleaning the scalpel, glass, and forceps
beiween saimples as above. About 1ind §.5% saponin in 1 x FBS was then added to each
tube. This was laveited several tines and placed at 4"C overnighi.

o

The biown solation was then reimoved and discaided wio a beaker uoummmg: Uve
Uigach adler micioluging lie wbes 1 5 seconds. This was iien replaced withh Lini of
PBS, the tube inverted again, and ten placed ai 4"C foi 15-30 minuies. Most of the PBS
was ien teaioved aud disvarded wilo the 107 Uleacn adicr miciGluging e woes o 5
st T oot S N PN . N S0 Fost il . EEa T n e EA T e T T T LT TITRReeI . PR N 7 o O S
seconds. Then, 50ul o1 stock 20% (wiv) cheiex- 10600 Biro-Rau solution and e 1001 01
DiNase-iice waier (Sigiila) weie added divecily o e tube conianining e lier paper,

afier removal of the PB5 washi. Thiese weie placed mnmediaiely into the heated block

(Bio-Block), at 98 — 100 °C ior 10 minutes wiidl frequent voriex irealinent af 2 niliiuies

(%)
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mtervais (Genie vortexer ) and once after incubation. After incubation, the ube was spun
at 10,000 in a microfuge (Eppendorf-3414D”) for 2 minutes and the supernatant removed
10 & fiesh tube. This was then spun for a further 2 winutes at 16,0600, and ticu the
superatant transferred into anoilier fresh woe. Duting the linal trans {er, care was taken
not {o transfer any of the chelex matiixes. The DNA solution was then stored ai -20°C {oi

the short term or at -70°C for long term in a freezer (Reveo®).

3.6 BRA extraction, FCR amplification and produci analysis

Exliaciion aud purification of purasite DNA fow bioed sauiples va lilier paper was
peifuned using the Chelex-100 method (Plowe e al., 1995). All of'ihe blood trom the
single spot was used and ilie final voluime 6f DNA solution obiaiied was approximately
200pul. Extracted DINA was used iminediately or stored at -70°C for later PCR

aiuplilication of BNA.

3.6.1 FCR for RFLF

Parasites weie examined for antifolate-resistance associated point mutatious in the difr
gene oil chiiomosome 4 and Fford gene on chromosoine 7 usiag a nested FCR/RILE
mietliod desciibed by Dutaisingh ef al, (1998}, The nested PCR appicach was used o
amplily regions of dhyfr and Pfert genes containing antiivlate and d-aininoquinoline
associated point mutations. The nest 1 or outer anplification reaction volune was 204l
coiitaining a secior of prepared 5 ul DNA from chelex extraction, 0.25uM ofeach nest 1
primer (See appendia L), 17 standard PCR buller |1.5mb MgCly, 50 KCL, 10
Tris HUI {(pH8.3), 0.5% DMSU], 260uM of each of the dNTPs, Luiut of Taq polymerase
(Roche, Promega).

The reaction was allowed (o proceed for 1 cycle at 94°C for 3 mins, then 40 cycles at 94
“C for 1 mia, 50 "C for 2 win, 72 °C {r 2 mius and lnally 1 cycle at 72 °C foc 10 wins.
The nest 11 reaction consisied of 0.25uM of each nest 1 primer, standard PCR bulier,
200uM of each of the diNTPs, 1 unit of Tay polymerase, and Sl ofaest 1 FCR products
as tengplate. Tubes weie biielly centiifuged and placed i a theimocycler (Bio-Rad / MJ
Research). The reaction was cycled 40 times at 94°C for 1 min, 45°C for 1 min, 72°C for

2 miins aid a final extension step of 72°C {or 16 mius.
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3.6.2 Resiviciion digesis

These werce done as described by BDumaisinghiu e al., (1998). PCR amplilication of the

regions Hanking ithe mutations was done using mutation specilic prigiers as outlined

above. Resinchion digestion were carvied overnight at opinnum tempeiatures tor each

cilzyine i e piesence oi 1% builer, 1 BSA {where required) 1-2 uiiis of ihe specidic

enzyine (o a toial volume of 15l and 4t optimal conditions as indicated by the suppliers

{New England Biolabs, UK).

Table 3.6.2 (a): Restniction digest pieinix

P— SIS

Reagent  Final conc. Volume per tube |
V=15ul
10x NEB Buffer 1x 13
100x NEB BSA 1x 0.15 !
Restriction Enzyme eg.20, 000u/m! lunit 05
DNase free water 8.3 |

Resuiction encyines used fog specilic coduins wete as ioilows;

Table 3.6.2 (b) Resiriclion digest cnzyines.

' Codon | Amplification Restriction | Incubation Product fragment |
primers enzyme temp°C
Pfert 76 TCRDI1/2 Apol 50 126 & 73 bp for wild
dhfr 51 M3-F/ Tsp5091 65 154 & 64bp for wild
dhfr 59 F-M4 Xmni 37 163,137,26bp-Mutant
189,137 bp Wild
dhfr 108 F-M4 Alul 37 Ser
M3-F/ Bsrl 65 Asn
M3-F/ ~ BstNI 60 Thr

Sulofihe FUR product was used without puriiication and when the fncubaiion

temperature was above 50°C, samples were overlaid with few diops of'mineral oil.

d oL e

3.02.1 Genoiypmg ai the Fiord iocus
E A

Mutations i £, juleiparum Chiotoguine resistance transporter gene (Zfori) specificaliy

iose causing an amino acid substitution frow lysine o tireciine at position 76 (K767,

were detected by a two-step nested PCR reaction amplifying the target loci, followed by



mutation-specific RFLP analysis as previously described (Duraisingh ef al., 1998;
Djimde et al, 2001a; Djimde ef al., 2001b).

In the first round PCR oligonucleotide primer pairs TCRP1 and TCRP2 were included in
a single reaction. Five microlitres of genomic DNA was used as template in the primary
reaction. The reaction took place in a total volume of 25 pl consisting of the reagents as

stated in table 3.6.2.1

Table 3.6.2.1: CRTP1/2 Nest I premix

Reagent CRTP1/2 PCR premix Final conc. in Volume per 20pl

PCR tube

10x PCR Buffer (Roche) 1% 2.0

2mM Mixed dNTPs (Promega) 200uM 02
10pM CRTP1 (MWG Biotech) 100nM 02

10pM CRTP2 (MWG Biotech) 160nM 02
» Taq DNA polymerase (Sunit/pl) 1unit/PCR 02
(Roche)
DNase-free water (Sigma) | 172

The samples were run on My Cycler® (Bio Rad) PCR machine under the following

programme;
Primary denaturation 95°C 3 min
Denaturation 94 °C 30 sec
Annealing 56 °C 30sec Cycles 45
Extension 60°C 1 min
Final extension 60°C 3 min
Hold at 4°C

2-5 ul of the outer amplification products were used as the template in the nested

amplification. The PCR pre-mix consisted of reagents in table 2.6.2.1
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Table 3.6.2,1 (b) CRTD1/2 PCR Nest II premix

Reagent Final cone. in Volume per 20pl
PCR tube
10x PCR Buffer (Roche) 1x 2.0
2mM Mixed dNTPs (Promega) 200pM 02
10pM CRTD1 (MWG Biotech) 100nM 0.2
10pM CRTD2 (MWG Biotech) 100nM 02
Taq DNA polymerase (Sunit/pl) lunit/PCR 0.2
(Roche)
DNase-free water (Sigma) 17.2
i J Quter PCR product 5

The samples were also run on My Cycler® (Bio Rad) PCR machine under the following

programme;

Primary denaturation 95°C 3 min

Denaturation 94°C 30 sec

Annealing 47 °C 30 sec Cycles 55
Extension 64°C 1 min

Final extension 60°C 3 min

Hold at 4°C

Restriction digestions were carried overnight at optimum temperatures of 50°C for Apol

enzyme.

3.6.2.2 Resistance mutation on dhfr by PCR/ RFLP

Oligonucleotides primers pairs M1 and M5 were included in a single outer PCR reaction.
Using the PCR products generated from the primary reaction as templates, a nested PCR
was then carried out using primers based on conserved sequences, so that the PCR
product included codons 108, 51 and 59 in dhfr. M3-F/ were the nested primers used for

codon 51 and 108 (Asparagine, Threonine), while F-M4 primers were used for codon 59
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and 108 (Serine). Control amplification using DNA from P. falciparum parasites clones

known to contain the possible different alleles at position 108, 51 and 59 of dhfr were

used to ensure specificity and sensitivity of the technique (Table 3.6.2.2,a).

Table 3.6.2.2 (a): Positive and negative control parasite clones for the DHFR locus.

Parasite | - dhfr
clones Codon 108 Codon 51 Codon 59
Ser (W) | Asn(M) | Thr(M) | Asn (W) | Hle (M) | Cys(W) | Arg (M)
3D7 positive | negative | Negative | Positive | Negative | Positive | negative
Dd2 negative | positive | Negative | Negative | Positive | Negative | positive
HB3 negative | positive | Negative | Positive | Negative | Positive | negative
V1/S | negative | negative | Negative | negative | Positive | Negative | positive

W= wild type, M= mutant
Controls labelled in bold were the major ones used for the experiments.

The amplification programme for M1/M5 PCR was as follows

Primary denaturation

Denaturation

Annealing

Extension

Final extension

Hold at

95°C 3 min

94°C 1 min

50°C 2 min Cycles 40
72°C 2 min

72°C 10 min

19¢

Five microlitres of genomic DNA was used as template in the primary reaction. The

reaction took place in a total volume of25 pl consisting of the following.
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Table 3.6.2.2 (b): M1/5 PCR premix

Reagent Final conc. in Volume per 20ul
PCR tube
W 10x PCR Buffer (Roche) i 28 0
2mM Mixed ANTPs (Promega) 200uM L
25mM MgCl, (Roche) 1.5mM 0.75
10pM Spl (MWG Biotech) 100nM 0.125
10uM Sp2 (MWG Biotech) 100nM 0.125
Tag DNA polymerase (Sunits/pl) lunit/PCR 02
(Roche)
DNase-free water (Sigma) 13.8
Outer PCR product i

The amplification programme for M3, F/ and M4, F primers PCR was as follows

Primary denaturation 95°C 3 Min
Denaturation 94°C 1 min
Annealing 45°C 1 min Cycles 40
Extension 72°C 2 min
Final extension 72°C 10 min
Hold at 4°C

Restriction digestions were carried out overnight at incubation temperatures which differ

for different enzymes such as Tsp5091 at 65°C, Xmnl at 37°C and Alul at 37°C for dhfr
codon 51, 59 and 108, respectively.

3.6.3 Distinguish recrudescence from new infection
To distinguish genuine recrudescence of resistant parasites from the appearance of
parasite arising from reinfection during the follow-up period, day 0 (pre-treatment) and

the day of recrudescence-R (post-treatment) isolates were genotyped at two highly
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polymorphic gene loci using merozoite surface protein-1 (MSP 1) and merozoite surface

protein-2 (MSP 2) (Ranford-Cartwright ez al., 1993)

3.6.3.1 Genotyping at the MSP1 locus

In the primary PCR, oligonucleotide primers pairs 01 and 02, corresponding to the
conserved sequence on either side of the repetitive region of MSP/ (block 2), were
included in a single reaction. Using the PCR product generated from the primary reaction
as template, the polymorphic repetitive regions of MSP/ was amplified in a nested PCR
using specific primers N1 and N2.

In the primary and nested MSP1 PCR amplification, the reaction took place in a total
volume of 25ul containing the following as in table 3.6.3.1

Table 3.6.3.1: MSP 1 PCR premix

Reagent 01/2 PCR premix Final conc. in Volume per 20ul

PCR tube

10x PCR Bufler (Roche) 1x 20
2mM Mixed dNTPs (Promega) 200puM 02
10uM primer 1 100nM 02

10uM primer 2 100nM 02

Taq DNA polymerase (Sunits/ul) lunit/PCR 0.2

(Roche)
DNase-free water (Sigma) 172

Five microlitres of the parasite DNA was used as template in the primary reaction, and
2ulof the primary PCR product was used as template in the nested PCR reaction.

The amplification for MSP ] was identical for both reactions.

Amplification were performed using a PTC-100" PCR machine (MJ Research, Inc.,
Waltham, MA, USA) under the following programme;

Primary denaturation 95°C 3 min

Denaturation 94°C  25Sec

Annealing 50°C  35Sec Cycles 30
Extension 68°C 2 min 30 sec
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Final extension 63°C  8min

Hold at 4°C
Five microliires of nested PCR were mixed with a 1-2 pl of 10% loading dye and
aialyzed by agarose gel clectrophoresis i 1.5% agaiose gel stained wiili etiudiui
vromide (0.8 ug/ul) in Tris-acetate EDTA buller. Each day 0 {(preireaiment) isolate was
run alongside its day of recrudescence (R) isolate. DNA was visualized by vliraviolet
transilfumination and band sizes detennined by comparison wiil a standard 100-base pair

DA ladder.

3.6.3.2 Genotyping at the MSPZ locus

Uligonucleotide primers paiis 52 and 53, corresponding to the conserved sequence
surrounding the central repetitive and polymorphic tegions 0f MSF7 of biock 2 and 3 of
MSP 2 were amplificd by nesied PCR. i Giis case specilic piiniers 51 aud 54 were used.
In the primary and nesied M52 PCR amplification, the reaciion ook place i a total
volunie of 254l containing the following as in table 2.6.3.2

Table 3.6.3.2: MSP 2 FCR reageuts; S2/3 FCR premix

 Reagent Finalconc.in | Volume ;}m-__
PCR tube
10X PCR Bufter (Roche) 1% 20
2mM Mixed dNTPs (Promega) 200uM 02
10pM primer 1 100nM 0.2
10uM primer 2 100nM 0.2
Tag DNA polymerase (Sunits/ul) Tunit/PCR 0.2
* DNase-free water (Sigma) : 17.2

Five microlitics of parasiies DNA was used as templaie i the nested PUR reaction, and
2plof the primary FCR produci was used as iemplate in the nested FUR reaction.

i % - —~ I e e - ok
Amplification were performed using a PTC-100"" PCR machine (MJ Research, Inc.,

Walihain, MA, UsA) under the following prograinme;
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Primary denaturation 95°C 3 min

Denaturation 94 °C 60 sec

Annealing 42°C 35sec \ Cycles30
Extension 65°C 2 min

Final Extension 65°C 8 min

Hold at 4°C

In nested PCR, the programme was different with annealing for 60 seconds at 50 °C,
extension for 60 seconds at 70 °C and final extension for 8 minutes at 70 °C, and the rest
was the sanie as in the primary amplification. Five microlitres of nested PCR were mixed
with a 1-2 pl of 10x loading dye and analysed by agarose gel electrophoresis on 1.5%
agarose gel stained with ethidium bromide (0.8 pg/ml) in Tris-acetate buffer-EDTA
buffer. Each day (0) isolate was run alongside its day of recrudescence (R) isolate. DNA
was visualized by ultraviolet transillumination and band sizes determined by comparison
with a standard 100-base pair DNA ladder.

Three categories of recrudescent infections were identified, namely genuine
recrudescence infections, infections with evidence of recrudescent and also of new

infections and entirely new infections.

3.6.4 PCR and Dot blotting at the MDRS86 locus

Oligonucleotides primers pairs MDR/A1 and MDR/A3 were included in a single outer
PCR reaction. Using the PCR products generated from the primary reaction as templates,
a nested PCR was then carried out using primers MDR/A4 and MDR/A2. Control
amplification using DNA from P. falciparum parasites clones known to contain the
possible different alleles at position 86 of mdr/ were used to ensure specificity and
sensitivity of the technique. 3D7 and 7G8 were used as wild type while K1 and Dd2 as
mutant type.

3.6.4.1 A1/A3 PCR amplification
Amplification were performed using a PTC-100"" PCR machine (MJ Research, Inc.,
Waltham, MA, USA). In the primary PCR amplification, the reaction took place in a total
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volume of 20pl containing 10mM Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCl, 200pM
of each dNTPs (dGTP, dATP, dTTP, dCTP), primers at a final concentration of 0.1 pM
each and one unit of Tag DNA polymerase. Five microlitre of parasite DNA was used as
a template in the primary reaction. Two microlitre of DNA extracted from P. falciparum
clones 3D7 and 7G8, which has mdri encoding Asn at position 86 were used as the wild
type, while K1 and Dd2 which have mdr! encoding Tyr at position 86, was used as
mutant types.

Amplification programme for A1/ A2 was as follows

Primary denaturation 95°C 3 min
Denaturation 94 °C 30 sec
Annealing 50°C 1min Cycles 30
Extension 65°C 2 min
Final Extension 65°C 8min
Hold at 4°C

3.6.4.2 A4/A2 PCR amplification

In the nested PCR amplification, the reaction took place in a total volume of 30pul
containing 10mM Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCl, 200uM of each dANTPs
(dGTP, dATP, dTTP, dCTP), primers at a final concentration of 0.1 uM each and one
unit of Tag DNA polymerase. Two microlitre of primary PCR was used as template in
the nested PCR reaction.

Amplification programme for A1/ A2 was as follows

Primary denaturation 95°C 3 min
Denaturation 94°C 30 sec
Annealing 50°C 1 min Cycles 30
Extension 65°C 2 min
Final Extension 65°C 8 min
Hold at 2%

46



5 wiciolitie of nesied FUR were wixed wiilt a 1-2 pl of 10% loading dyc and analysed by
agarose gel elecophoresis on 1.5% agarose gel stained with ethidium bromide (0.8
pg/inl) in 1ris-acetate builer-EDTA buller. DNA was visualized by ultraviolet
transiilumination and the expected nested PCR product band sizes determined by

Coiiipatisoi wilh a standard 160-base pawr LINA ladder.

3.6.4.3 Preparation of dot blotiing
were denatured in 10 mM EDTA and 0.4M NaOH at 100°C for i0 minutes to a tinal
voluuie of 30pl and then neutralized wi an equal voluine of ZM anmoniui acetate, pH 7.

Table 3.6.4.3: Denaturation mix

Reagent | Final Conc. Volume per 30ul tube
PCR product 20
0.1IM EDTA 10mM A 5
4M NaOH 0.4M 3
DNase Free water 4

A piece ol nitioceliulose membrane (Millipore) was cul to the exact size (o it the
manifold. This was then pre-welied by soaking m TE builer (10mM Tris-Cl: 1M
EDTAjor 2x 55C for 10 ninuies. The niocellulose membrane was fitied o o the dot
olotting apparatus {Bio Rad) by layering it ou thie apparaius avoidiing bubbles in between
the layers, and tie apparatus reassembled as per the manuiaclurers instructions then the
sciews tightened in a diagonal crossing. The meinbrane was then re-hydrated by
pippetling 2U0ul of TE builer inlo each well and thus was then dramed. Each denaturcd
satnpie was theit loaded o two non-adjacent posilions on the blot by loadiig 30ul w die
two positions as illustrated below (Figure 2.6.4.3)

The solution was then allowed {0 stand for 30 minutes belore releasing the vacuum. The
membiane was then removed and neulialised by washing it in 2% 55C {or 3U-6U seconds
foilowed by & 30-60 seconds wasti i 0.40 NaUlH to ensure complete denaturation of
imminobilised DNA @id a linal rinse m e neutralising solution (1M Tis-HCL, 1.5M
Nall, and pH 8) lor 30 seconds. UV cross-luking w an UV cross Liker {Vilber

Lounmat) {01 5 minutes was then doie (o lix the PUR picducts onto tie membrane. This



was done by placing the membrane on a clean glass plate; this was then placed in the
cross linking chamber set at 0.120 joules for 5 minutes. The membrane was then wrapped

using cling film and stored at -20°C until it was needed.

dhfr Blot Ne- Date-
$1.. 12 3 .14 3 6 7 s 9 TR TR T
alct ez 1cy fce Jos Isy Is2 183 [s4 fss 87
B [S8 |ss }S10 Jex 4
% §4 A S10
D . 84
E- |83 85 Rl R 4 oy - 82
F. S1. . ¥ 5 58
G N lf[
H X €1- jC2-1C3 | C4 |C5
\\ F i > =
gt
Sample S1

Figure 3.6.4.3(c): Duplicate loading of sample and controls

3.6.44 Labeling of oligonucleotide probes

Probes for all the possible alleles in each of the codon were labeled, such as Asn and Tyr
probes (MWGBiotech) for codon 86 of the Pfmdrl gene. Ten picomoles of each probe
were labeled with 10uCi of [y-**P] dATP using 10 units of polynucleotide kinase. This
was prepared by adding 25ul water to the tube containing the Ready-To-Go T4 PNK,
(Ready To-Go T4 Polynucleotide kinase) (Amersham Biosciences, UK, Cat 27-0737-01)
then the tube was incubated at room temperature for 2 to 5 minutes, as recommended by
the manufacturer. The contents of tube were then mixed by pippeting up and down
briefly. One pl of each 10uM 5'-ends oligonucleotide was added and the reaction volume
made to 49l using sterile water (23pl). From this stage all procedures were carried out in
a radiation containment room/area, using beta-shields such as 1c¢m acrylic for protection
from the radiation, and wearing appropriate personal radiation monitors such as film
badges. Solid and liquid wastes were disposed off according to the advice of the local
Atomic Energy Agency/radiation protection advisors. To the reaction mix of 1l of [y-
P]dATP (Amersham Biosciences, UK: Redivue [y-""P] ATP, 3000Ci/mmol: Cat No.
AA00068) was added and mixed gently. These were then spun briefly in a microfuge to

collect the contents at the bottom of the tube followed by incubation at 37°C for 30
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minuics in a programmable heating block (Eppendor). Adding Sul of250mM EDTA,

into the tube, stopped the reaction.

3.6.4.5 Removal of unincotporated [y-"P] ATP

Unincorporated [y-"P] dATP was removed using G-25 Micro spin columns {Amersham
Pharnmacia Biotech, UK. Cat 27-5325-01). These were prepared by re-suspending the
tesin in die coluinn by vortexing geuily. The column was iben placed ia 1.5 wml sciew cap
microfuge tube for suppori, and pre-spun for 1 minute at 3000 rpm, in an eppendort
microfuge, to pack the sephadex resin. The column was placed in a new 1.5ml tube and
all of the labeling mixture applied to the center of the angled surface of the compact :d
vesin bed, being careful not to disturb the resin. The column was spua {0r 2 misutes at
3000 rpm. The purified sample was collecied at the botiom of the suppoit wbe. The
column was discarded accordingly, as radioactive solid waste. The labeled purified probe
was stored at —20 °C shiclded until required. Labeled probes were used within 2-4 weeks.

Usiused probes were disposed ol as per radivactive lews.

3.6.4.6 Hybridization and stringent washes

The prepared blot was unwrapped and placed into a rotor bottle, making suire ihat there
were 10 overlapping areas, into which 20 mls hybridization buller were added (0.25-
0.125m! per cin’of membrane). The hybiidization buller consisted 015+ 51 PE, 5%
Denhardi’s reageiit, 0.5% SDS, 0.02mg/inl sonicated salmon spern DNA (Gibeo) it
DiNase-free Water. This was then incubated at the appropriate lemperature in a
hybiidization oven for 30 minutes with agitation making sure that the botlic was closed
propedly and the bulier does uot leak. 20ul ol the labeled oligonucleotide prove (1l tor
every Tl of the hybridization bufler) was then added o the boiile contents.
Hybridization at appropriate temperature for at least 5 hours with agitation foliowed.
Ovemight hiybridization was preferred especialiy when the labeled probe was 2-3 weeks

3

oid.
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Table 3.6.4.6: Hybridization and washing conditions lor mdrl-36 probes

Locus Probe name First wash Stringent washes

Pfindrl mdrl Tyr-specific 2xSSC, 20min @ [1x88C/0.1%SDS) 10min] x

43°C 2 @ 43°C
mdrl Asn-specific 2x8S8C, 20 [1xSSC/0.1%SDS) 10min] x
min @ 41°C 2@ 41°C

The hybridization solution was poured oif and disposed of accordingly. An excess (at
least LmVem? biot) of wash bufler 1 (2 » SSC) was added at the coiresponding
temperature and incubated with agitation in the oven for 20 minutes at the same
temperature. The washes were repeated once or twice using excess (at least Tmlem*blot)
wash bulfer 2 (1% $5C/0.1% SDS) at the same temperature and incubated with agitation
for 10 minutes each. The washing solutions were pourcd ofl and disposed of accordingly

then the blot sealed by wrapping in cling filin without allowing the blot to dry out.

3.6.4.7 Autoradiography

The sealed blot was taped right side up (DINA-side up) into an autoradiography cassetie
(Kodak) with intensiiying scieens. To avoid problems with auiorad orieniation, a maiker
strip was used of the filim folded at bottom right corner and this aliowed for accurate
positioning of the autorad after developing. Blots were exposed on Kodak® (Rochester,
NY) X-Omat film for 12-24 hours at —70°C in the freezer (Reveo®™).

The films were then removed from the cassetie and developed to score the sample against
the controls. A second piece of film could also be exposed to the mnembranes for onger
period, to assist in e detection of weak bauds. I any of the contols showed non-
specific hybridization, an exira siringent wash was carried out. The autorad was obtained
by developing the image i a developer solution (Kodak) for 5 minutes foliowed by &
brief rinse in clean water and finally fixing the developed image in a fixative solution
(Kodak) for 5 minules and the lixative tiised oll willh clean tap watei. These piocesses
were done in a dark room as the films are light sensitive. The films were then air dried

then scored.
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3.6.4 8 Stripping the probe from the membrane

The membranes were then stripped off the probe using excess of 0.1 M NaOH, for 15
minutes, while incubated at room temperature with agiiation, repeating the process
followed by a biief wash with 5% S5C and e blot was thien probed again o1 stoied, afler
sealing ihe blot by wrapping in a cling fiim, at -20°C or dried and store at room

temperature sandwiched and taped between two pieces of clean filier paper.

3.7 aia recording, processing and analysis

Alier resiniction digest, the restiiction liagmenis (ial resulied were used (o score tie
isolates based on the confrols used. Afler radio probing, parasite clones and isolates were
scored either as wild type or mutants compared to the specific probe used in a given blot
or as indicaied by the controls. Data recording was done on MS Excel sheets, MS Access
database and also on the laboratory workbook. Epi-lndo compuier soilware was used (0
calculate the P values of mutations in codon 51, 59 and 108 of dhjr gene before

treatiment.
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CHAPTER FOUR

4.0 RESULTS AND DATA ANALYSIS
4.1 Sample collection
A total of 160 samples were collected from the study site. These were all pre-treatment
blood samples collected on Whatman filter paper. These were all positive cases according
to the microscopists at the study site. AS + AQ arm completed follow-up; in the AS + SP
arm one was lost to follow-up and one withdrawn due to repeated dose vomiting. No

significant adverse events were reported.

4.2 Restriction digests (PCR/RFLP)

4.2.1. Pfert

A PCR-RFLP strategy was used to demonstrate the presence or absence of the T76
mutation in Pfcrf that was recently associated with chloroquine resistance (Djimde et al.,
1999; Fidock et al., 2000). The 134-bp nested PCR amplification followed by restriction
enzyme analysis indicates that Apo/ digestion cuts the (K76) wild-type allele but not the
(T76) mutant one.

PCR products with the wild-type codon were cleaved by 4Apo/ into two fragments (126
and 73 bp). Following enzymatic digestion, the PCR products were separated by 2%

ethidium bromide-stained agarose gel.

Agarose gel electrophoresis
mk 1 2 3 4 5 6 7 8 9 16 i1 12 13

Nested product

500bp

Wild type
126, 73bp
Figure 4.2.1 (a): Pfcrt-RFLP

n
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42.1. (a) Schematic representation of agarose gel electrophoresis; PCR-RFLP products
of the Plasmodium falciparum chloroquine resistant transporter (Pfcrt) gene using
TCRP/TCRD primers. Mk is the 100 base pair molecular weight marker (Roche). The
intense band is at 500 base pair fragment. Lane 1 is water negative PCR control; lane 3 to

7 consists of the field isolates. Lane 8; nest II product and lane 2 is W2 wild control.

500bp

Mutant type 134bp —1

Figure 4.2.1 (b)

4.2.1. (b) Schematic representation of agarose gel electrophoresis; PCR-restriction
fragments length polymorphism products of the Plasmodium falciparum chloroquine
resistant transporter (Pfcrt) gene using Apol enzyme. Lanes 1 is the100 base pair

molecular weight marker, lane 2 to 14 are field isolates, all having mutant type.

500bp

Mutant, 134 bp

Figure 4.2.1 (¢)

500bp

Mutant type 134bp

Figure 4.2.1(c).cont
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4.2.1(c) Schematic representation of agarose gel electrophoresis; PCR-RFLP products of
the Plasmodium falciparum chloroquine resistant transporter (Pfert) gene using
TCRP/TCRD primers. Lane 1 is the 100 base pair molecular weight marker (Roche).
Lanes 2 to 16 and 19-21 consists of the clinical specimens showing positive
amplifications. Wells 17 and 18 had no detectable amplification. Restriction fragments of
126 and 73 bp are consistent with sensitive K76 (AAA) allele. Uncut 134-bp amplicons
are indicative of resistant T76 (ACA) allele.

Pfcrt mutations

mMutants |
' m Mixed infection
|0 Wild ’

Figure 4.2.1 (d) Pfcrf mutation results
Overall, 90.0% (144/160, 95% CI 84.3-94 2) of pre-treatment infections carried Pfert
K76T mutations, although 16 of these were mixed with a wild-type genotype.
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4.2.2: Dhfr codon 108, 59 and 51.

Figure 4.2.2(a): M3 F/ primers nested PCR products

522bp

. Figure 4.2.2(b) dhfr nest II products

Schematic representation of agarose gel electrophoresis of nest-II PCR products of the
dihydrofolate reductase (dhfr) gene, for RFLP.

Mk is the 100 base pair molecular weight marker (Roche). The intense band is at 500
base pair fragment. These were run on 1.8% agarose gel on a potential difference of 80V

for 30 min. Figure a and b has the 522bp product of the M3 F/ primers.

500bp

326bp

Figure 4.2.2(c): The F M4 primers nested PCR products
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500bp

326bp

326bp

Figure 4.2.2 (d)

4.2.2. (c, d) Agarose gel electrophoresis; nest-Il PCR products of the dihydrofolate
reductase (dhfr) gene, from field isolates for RFLP using F M4 primers giving a 326bp
product. These were run on 2% agarose gel on a potential difference of 80volts for 30

minutes.

163, 137bp

Figure 4.2.2 (¢) Restriction fragment length polymorphisms- control sample-sr

Restriction digest of the 326bp fragment of the F M4 primers, using Xmn1 restriction
enzyme, to detect mutation in the dhfir 59 on the quality control samples from
IAEA/Glasgow. Well 1 had a negative control for the digest, Wells 6 had a mutant type

control (Dd2) with restriction fragments sized at 189 and 137bp while well 7 contains an
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un-cut (non restricted nest II product) control. These were run on 2% agarose gel on a

potential difference of 80volts for 30 minutes.

500bp
326bp

163,137bp

Figure 4.2.2 (f): dhfr codon 59

Restriction digest of the 326bp fragment of the F M4 primers, using Xmn]1 restriction
enzyme, to detect mutation in the dhfr 59 on the clinical samples. Wells 1 had a negative
control (water) and well 2-6 and 8-13 are clinical isolates with mutant type restriction
fragments sized at 163 and 137bp, while lane 7 is unrestricted nest II product control. The

gel was run for 30 minutes before visualisation.

187bp

163, 154bp
154bp

65bp
65bp

Figure 4.2.2(g): dhfr codon 51

Restrictions digest of the F M4 primers, using Tsp5091 restriction enzyme, to detect
mutation in the dhfr 51 on the clinical samples. Wells 3-7 and 10 had a mutant type
control with restriction fragments sized at 187, 137bp and 65bp while well 8 and 9 had a
wild control with fragments sized at 163, 154 and 65bp. Well 1 and 2 contains an un-cut
non restricted nest II product control. The gel was run for 30 minutes before

visualization.
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Table 4.2.2: Mutations in codon 51, 59 and 108 of dhf gene before treatment

Dhfr genotype Mutation Frequency
N5iI | C59R | S108N | n %
No mutations No No No 28 17.5
Single mutations Yes No No 0 0.0
No Yes No 0 0.0
No No Yes 90 56.3
Double mutations Yes Yes No 0 0.0
Yes No Yes 6 3.8
No Yes Yes 31 19.3
Triple mutations Yes Yes Yes o 3.4
Total 160 100.0

Dhir Mutations

60

50

40

30

Frequency %

20

10

Wild S108N 51/108 58/108 Triple
Mutations

B%

Figure 4.2.2 (h) dhfr mutation graph

Mutations in dhfr, 82.5% (132/160, 95% CI 75.7—88.0) of patients carried one or more
mutations at dhfr, but none of these were 1164L. N511 and C59R mutations occurred
exclusively in the presence of S108N (Table 3.2.2), but this association was significant

only for C59R (P = 0.214 for N51I; P = 0.002 for C59R). Triple dhfr mutations were
infrequent.
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4.3 Genetyping MSP 1/ MSP 2 loci

Amplification of DNA from 50 pairs of isolates (day 0 and R) for the recrudescence or
treatment failure was performed for the MSP I and MSP 2 loci. The sample pairs were
classified as follows, based on the combined results from both loci typed:

a) Ifall the PCR products in the day 0 sample were also present in the R sample and
there were additional fragments for both loci, this was considered a genuine
recrudescence with all initials parasites recrudescing (all resistant) (Figure 4.3, a)

b) If PCR products in the day 0 sample were all completely different to those in the
R sample this was considered evidence of reinfection during follow-up (Fig 4.3,b)

¢) IfPCR products in the day 0 sample were present in the R sample but the R
sample also had new PCR products this was considered a ‘mixed’ results in the R
sample with mixtures of drug resistant and new parasites (Figure 4.3, ¢)

d) Ifthe day 0 sample had some PCR products not in the R sample but the R sample
had PCR product that were all present in the day 0, this was considered a
recrudescence but with mixtures of resistant and sensitive parasites in the day 0
sample (Figure 4.3, d)

Figure 4.3(a): Representation of gels of MSP/ PCR products.

Each box represents a gel, Lane 1 on each gel shows PCR products obtained after
amplification of the MSP I locus of the day 0 DNA sample and lane 2 shows PCR
products obtained afler amplification of MSP 1 locus of the day of recrudescence (R)
DNA sample. (a)- (d) represents different possible scenarios, where (a) and (d) are

genuine recrudescence, (b) represents a reinfection and (c) a combination of

recrudescence and reinfection. Results for MSP 2 products were similarly classified.

(@) (b) (© (d)
1 2 1

9
(S
2
w

Figure 4.3 (a) Representation of gels of MSP7 PCR products.
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Figured4.3 (b) MSP 1 results

Agarose gel photos of nest 2 products of the MSP I gene using O1/02 and N1/N2
primers. The expected product size was 400-600bp. These were run on a 1.5% agarose
gel for 30 minutes. The samples were from field isolates from day 0, before treatment run
along follow-up days. For example, lane 1 is the DNA marker, lane 2 and 3 are from the

same patient but day 0 and 7 respectively. The loading was the same for MSP 2.

Lane 1: DNA marker
Lane 2: SP1.day 0

Lane 4: SP2. day 0
Lane 5:SP2. day 7

Lane 7: SP5. day 0
Lane 8: SP5. day 7

Lane 3: SP1.day 7

Lane 10: SP7. day 0
Lane 11: SP7. day 7
Lane 12: SP7. day 14
Lane 13: SP7. day 28

Day 0 is before treatment.

Lane 6: SP2. day 14

Lane 14: SP8. day 0
Lane 15:SP8. day 7
Lane 18: SP 10. day 0
Lane 19:SP 10. day 7

Lane 9: SP5. day 14

Lane 16:SP9. day 0
Lane 17:SP9. day 14

Day 7, 14 and 28 are recurring (follow-up) days after treatment

SP are codes for patients treated with Fansidar (SP).
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Figure 4.3 (c) MSP 2

Agarose gel photos of nest 2 products of the MSP 2 gene using S3/S2 and S1/54 primers.

These were run on a 1.5% agarose gel for 30 minutes.

Ofthe 50 pairs of isolates analyzed, 41 (84%) had genuine recrudescent parasites as
classified in Figure (a) and (d), 5 (10%) were entirely new infection, as shown in figure
(b), and 3 (6%) had both recrudescence and re-infection in the R sample as classified in

Figure (c). One pair of isolates did not amplify for AMSP/ locus.
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4. 4 Dot blotting/ Radio probing for mdr1-86

I 2 3 4 5 6 7T 8 % 10 1 12

g aw >

g}

Figure 4.4 (a) Autoradiograph showing optimized conditions (Tyr- specific)

Autoradiograph showing optimized conditions giving specific hybridization with the Tyr-
86 probe (mdr1-86Tyr: GAAATATTTTCGTGCAGTTAC), (associated with
amodiaquine and chloroguine resistance).

Sample position A1, A2, A3, A4 and AS consist of Plasmodium falciparum clones 3D7,
7G8,K 1, Dd2 and water (negative control) respectively. The samples were loaded in
duplicate, therefore sample position 12H, 11H, 10H, 9H and 8H are the controls, 3D7,
7G8, K1, Dd2 and water. The blot was hybridized for 10 hours at 43°C stringent washes

were as described, and the blot was exposed to X-ray film for 14 hours.
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Figure 4.4 (b) Autoradiograph showing hybridization using Asn 86 specific probes

Autoradiograph showing optimized conditions giving specific hybridization with the
Asn- 86 probe (mdr1-86Asn: GAAATATTTTCGTGCAGTTAC), associated with
amodiaquine and chloroquine sensitivity.

Sample position Al, A2, A3, A4 and A5 consist of Plasmodium falciparum clones 3D7,
7G8.K1, Dd2 and water (negative control) respectively. The samples were loaded in
duplicate, therefore sample position 12H, 11H, 10H, 9H and 8H are the controls. The blot
was hybridized for 10 hours at 41°C stringent washes were as described and exposed for

14 hours.

Table 4.4 Dot blotting results

Sample ID Position in dot | mdr/-86 Asn mdri-86 Tyr
blot

7G8 Al,H12 + (positive) - (minus)
3D7 A2 H11 + -

K1 A4, H9 - +

Water (negative control) AS, H8 - -

Fé61 A6, H7 - +

C66 A7, H6 + #
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C113 A8, HS
C89 A9 H4
C107 A10, H3
| F74 All, H2
C89 BI, GI2
C92 B2, Gl1
C102 B3, G10
C101 B4.G9
F65 BS, F8
C69 B6, G7
C76 B7,T6
C110 B8, G5
C97 B9. G4
€95 B10, G3
F70 Bl1, G2
F67 BI12, Gl
F73 C1,F12
F71 C2.F11
F77 C3,F10
C103 C4,F9
F78 Cs, F8
C105 C6, F7
Col F5,Cl12
F97 E2,Cll
C2% E1,C8
F62 E3,C10
C61 E4. C9
C85 E5, D9
C54 Fi,DI10
F63 F2, D11
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C73 D1,E12 : 3

0 i D2.E11 - +

F69 D3,E10 - +

F1-70 D4, E9 - +

C74 ' D5, E8 . ¥

+/- indicates the presence or absence of an allele.

2.7%Tyr/Asn \ | 8.1%Asn

;Wiid ___I
® Mutant !
(o Mixed Infection

89.2% Tyr @

Figure 4.4(c): Dot blot chart result

Baseline dot-blot hybridization of the mdr! 86 locus was successful for 37 isolates: 33
(89.19%) carried parasites harboring the mdr/-86 Tyr resistance allele, while 3 (8.11%)
carried mdrl-86 Asn sensitivity allele and 1 (2.7%) were of mixed infection, having both
resistance and wild type allele. Mutations associated with CQ and AQ resistance are
surprisingly frequent in Southem Sudan. This implies that, CQ would work very poorly
here. AQ resistance mutations already present and could rapidly become dominant,
especially if AQ monotherapy is more widely used. It is nevertheless clear that any future

use of AQ, in Sudan as elsewhere, should occur strictly in a combination regimen.
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CHAPTER FIVE

5.6 BISCUSSIGR
Several studies associating mutations in diyf7, dips, pfcrt and mdrl genes wiih treatment
outcome following the reatment of patients with 5P, AQ and CQ ras;;ectively bave been
doue. However, no data on i vifro antimalarial eflicacy were available for the Nuba
mountains and policy shift was done on an in vivo ouicome. This is the first study of
malaria in Nuba mountains region and the first to determine its molecular assessment in
southem Sudanese territory.

War-allected Sudanese pupulnimn, have poor access (o hiealil care, and malaia contiol

U‘

hias been particularly neglected. As elsewiiere in Sudan, £, jaiciparum malaria is thie main
health problem for nearly half the year. Mutations associated with CQ and 5P resistanc

are surprisingly frequent in the Nuba mountains, despite isolation and apparently limited
dirug usc apart from 3 years of MSE intervention with CQ, SI" and thien A5 + 5P, This
finding may have explanations aside fiom mere diug pressure. [irsily, a recent influx of

retumees from the Khartoum aiea may have introduced previously absent mutant stiains.

Secondly, in such a markedly seasonal transmission setting, the ecological balance of
strains could be heavily modulated by genetic drifl (Anderson ef al, 2003}, As shown

00, PIRT SENSUOGS. JORR 4 SO, S BA. A o3 ] “3AAAN Te ru——
E1SCWIISTC il SUGHD {Ab iei-Muhnsin ef al., 20604 %, 1€ sistant mu

{its gy SUIVIVE more

easily in the dry season, and could therefore be amplified in the subsequent seasonal

peak
The pre-treatment samples fiom those whom SF/AS treatment failed 1o Clear
parasitactnia were genotyped at the Dfcrt 76 locus. All (100%) of the pre-ireatment

sample posses parasites with the mutant allele Pfcrr 76, which confer resistance to CQ in
vifre, One possible explanation o1 this could be poor diug absoiplion and /or iast
metabolisin of O i these ¢hiidren. s also possibic some clinical rosistance o CU
could be ihe resuit of muiations in genes other than Ffcr. Typing of the pre-ir
samples of individuals in who SP/AS was successful in clearing parasitaemia showed that
Pferi is also present of 100% in samples, 23% of these being mailipie cione infections
wheie the K706 1s also piesent. The Pforf allele therelore appears (o be al very high

prevalence in this region of Southern Sudan. Despite this, treatment failure rates with CQ

(o)
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alone, the previous 1% line drug in southermn Sudan until 2003, when it was replaced by SP
werc estimated at 40%[htip//www .hicalih. go.si/ malania.hiun]. it 15 obvious that in this
area, the P/erf mutations is not prediciive of CQQ treatment failure, and it is likely that
mutations in other genes, such as Pfmdrl (Babiker ef al., 2001; Dorsey ef al., 2001,
Mockenhaupt ¢/ af., 2001) are necessary for clinical treatment failure. Host factors such
as nnimunily may also contribute (o clearance ol parasiies resistant to CQ. The leveiof
the anti-parasite immunity is difficuit to measure, but age can be used as an indicator
{Djimde et al., 2001; Omar ef al., 2001; Djimde ef al., 2003). Children in the age group
of 25-49 months are more likely to clear resistant parasites than younger children of
between 6-12 mounths. However, it was observed that children ol age 6-12 mouths old aie
better at clearing resistant parasites than children age 13-24 month old though this was
not statistically significant. This couid be because younger children still retain some anti-
parasite protective immunity from matemal antibodies. The maternal antibodies could
have waned in children oiage 13-24 monils old and they have not had time to develop a
significant and eifective anti-parasite immunity themselves. Since malaria transmission in
the study area is holoendemic, children were highly exposed. This could account for the
icreased rate of clearance of resistant parasites in the older group of between 25-49

months old due {0 age acquired ummunity.

The spread of resistance of Plasmodium faiciparum to chloroquine has pointed the
need for several African countries to identify aliernative drugs as firsi-line antimalarial
treatment, taking mnio account their activily against iocal parasite strains but aiso their
tolerability, ease of admuusiration, and cost (Foster, 1994, Fevie ef al, 1999). Mauy
Affican countries cuitently use a sultadoxine- pyrimethamine combination (SP) or
amodiaquine (AQ) o treat uncomplicated Plasmodium falciparum malaria. Both drugs
 represent the last inexpensive alternative to chloroquine. Several studies have indicated
that AQ Is etiective i treating chioroquine-resistant . falciparum malana parasites
(Deloron ef ai., 1988; Olliaro ef al., 1996) and recent studies report high cure raies in
Alrica, (Staedke ef al,, 2001; Adjuik ef al., 2002; Basco ei al., 2002) despite conceiiis
about the haematological and hepaiological side effects reported during prophylactic use

of this drug (Phullip-Howard ef af., 1990). Gur resulis suppoit the linding thai the lferi
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gene is an important determinant of chloroguine resistance in P. fulciparum (Fidock ef
al., 2000) and that Ffmdri is involved in modulating the level of resistance (Reed ef a/.,
20600; Djimde ef af., 2001). Two aliele of Pfmdri previously were claimed to be
associated with amodiaquine resistaince; one was characiernized by Y806, aud the otlier by
1034C, 1042D and 1246Y. Most field studies have investigated the Y86 allele, which
was associated with chloroquine and amodiaquine resistance in some studies (Foote e/
al., 1990; Basco ef al., 1995) but not in others (Awad-El-kariem ef af., 1992; Haruki e/
al., 1994). The current siudy {ound an association betweeil in vifro amodiaquine
resistance and the presence of Pfmdri-Y86 on its own among the isolates; however,
recent transfection work has provided evidence that Pfindr] is involved in modulating .
Jaiciparum amodiaquine resistance. It is likely that the AQ component of the drug
combination 1s responsible 101 ireatiment ouicome or success. I suppori of this
hypothesis prior to the introduction of AQ/AS as the 17 line drug, CQ treatment failure
rates were in excess of 30% (Talisuna ef al., 2002), whereas the combination drug gave
an adequate clinical response of 92%.

Of the two combinations, AS + AQ is likely to have a longer therapeutic lifespan given
global SP resisiance irends (Roper ef al., 2004). AQ resistance seeins io develop more
slowly according 16 in vive observations (East Alrica Network for Montioring
Auntimalarial Treatment, 2003). The genoiyping basis of AQ resistance, however, 1s yet {o
be elucidated, representing a crucial missing element in decisions about which
artemusinmn-based combinations can be deployed w any given seiiing. The Zferi K706
mutations have previously been associaied with AQ failure in vive (Ochong ef al., 2003)
but, in the present trial, even a 90% prevalence of K76T mutants failed to significantly
affect AS + AQ efficacy. It is nevertheless clear that any future use of AQ, in Sudan as
elsewhere, should occur sirictiy 1n a combination regunen, preierably prescribed n age-
specific blister packs. For the Nuba mountains region, we recommend an urgent policy
shift from CQ, to AS + AQ.

Mutations in dhfr are clearly linked to resistance to pyrimethamine and to SP. The key
mulaiion at position 168 {derine to asparaguies) was preseit in ail patients in whoin
treatment was unsuccessful, both pre- and post treatment with SP/ AS. None of the

patient had parasite with the wild type allele dhjfr 108Ser.
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Two other mutations in d/fr in codon 51 and 59 have been linked to SP resistance.

For codon 51, the majority of parasites typed had the wild form encoding 51Asn.
infections with purely ihe muiant form of codon 51 (51iie) were lound m 8% of pre-
treatment samples from patients in whom SP/AS failed to clear parasitaemia. Mixtures of
wild type (51 Asn) and mutant (51 ile) parasites were found in two samples, one pre-
treatment isolate in the SP/AS arm, and one isolate in the AQ/AS arm. A pure wild
infection was found i 80% patients wiith AQ/AS post-treatinent and 56% w1 SP/AS
treatment failure. Because the majority of infections carried only the wild allele, there
was significant association between the presence of different pre-treatment dfyfr 51 allele
and the treatment combination failure in AQ/AS and SP/AS treated patients

for codon 59, the frequencies of wiid {ype {539Cys) and mutani (3YArg) alleles were more
evenly balanced. Infections with only the wild type allele or only the mutant allele were
found in a small number of pre-treatment patients in both treatment regimes. There was
evidence ior selection of parasites carrying the mutant genotype dhfr 59Arg following
treatmient with SP/AS, Seventeen patienis with both parasites with wild type (59Cys) and
mutant (59Arg) allele prior to treatment, half of them (8/17) had only parasites with the
mutant aiiele at recrudescence, with the reminder unchanged as mixiures. it is also
noteworthy that twenty five of thirty samples with apparently only parasites carrying dajfr
39Cys at aduussion were lound witht parasiies carcywig only difr 39Aryg at reciudescence.
These samples appeared to be genuinely recrudescent by MSP/ and MSP2 genotyping.
Une explanation for this is that parasites carrying 59Arg were present in the patient at
admission, but were either at t0o low parasitaemia to detect, or were not in periphery at
tune of samphag. Seiection oliowing SP treatneiit favoured 59Aig patasites, so that
their number increased o detectable levels by the time of clinical or parasitological
treatment failure.

Analysis of combination of drugs fo recrudescence showed that patients with parasites
cairying pure diyr 39Axrg i DO sainple recrudesced signilicaniiy gachier than those with a
mixture of dafr 59Cys 4 59Arg or those with pure dhfr 59Cys. This was true only for the
SP arm of the study; it was not observed with the AQY/AS arm of the study, possibly

because of the low numbers of parasites recrudescing early (< 14 days) in the latier arm.
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it has been reporied that combinations of mutations in dhfr are associated with SP
treatment failure in vivo. Patients carrying infections with pure 108Asn/511le did not have
wild type and mutant parasites following treatment with SP/AS or with AGQ/AS. Patients
carrying miections of pure dajr 108Asn/59Arg double muiani parasites had significantly
earlier recrudescence following SP treatment than those with other alleles. There was
significant difference in the patients treated with AS/AQ, possibly because very few
patients in this drug treatment arm had carly treatment failure with recrudescence before
day 14 posi treatment. Patients carrying iniections of pure triple mutant (dhfir108asn/
511le/59Arg) recrudesced significantly earlier than patients with other infections i the
SP/AS drug treatment arm, but not AQ/AS treated patients, for the same reasons
discussed above. For the SP/AS-irue recrudescence subset, even with the low numbers,

there was siill an association with the triple mutant and carly recrudescence.

Treatment failures were studied by molecular analysis of the MS5#-/ and MSP-2 genes
to distinguish recrudescences from reinfection. Molecular genotyping is a suitable
method lor this purpose, since in vilro drug sensitivity data may not be sufficient to
predict in vivo failures. Indeed, in vivo and in vifro data {rom high-transmission areas
may not correlaie, especially in the case of SP (Ringwald e/ al., 1999; Basco ef ai., Z000;
Ringwald ef al,, 2000). Since in areas of intense transmission of malaria, the majority of
infections are due to multiple parasite lines, these mean values may hide minor clones
with which recrudescence will originate. Fuithenmore, host inmunity certainly plays an
important role in adding its activity to that of the drug. The identification of molecular
markers of resistance in parasiie lines may be a useful alternative to in virro tests.
Currently the relevance of such markers still needs to be contirmed, in particular
for 4-aimiiio-quinolme compounds (Su ef al., 1997). ln the present study, the
amplification of two markers, MSFP-{ and MS5F-2, was suflicient o distinguish reinfection
from recrudescence. Boih markers were useful since, if MSP-2, the most polymorphic
marker was tested alone, results would have differed in 10 ofthe 47 instances: 9 cases of
recrudescence plus remiection would have been delerinined as recrudescence, and | case

o e

of recrudescence plus reinfection wouid have been established as pure reinfection.



Although ihe study was carried out in an area of low ransmission, this may not indicate a
iigh level of re- infection during the follow- up period. Only one sample was taken at
adinission and iheielore paiasiies ihal weie sequesied, or in ihie liver slage, at the same
ine of Sdﬁlphﬂg could have been missed. Therapeutic blood levels of CQ persist for 6-
10 days (Whiie ef uf., 1998) and those of SP {vllowing ilie usual dose persist for 15- 52
days (Waikins and Masobu, 1993). Synergistic activity between suliadoxine and
pytiieilianiuic is iost alier approximaiely 15 days and alier iiiis peiiod, parasiies respond
only to pynmethamine (Watkins and Masobo, 1993). Based on this, early recrudescence
are therefore likely o be of drug resistant parasites as both drugs (SP/AQ) will siill be at
therapeutic levels, however shorily afier 10 days for AQ and 15 days for 5P, recrudesce-
ace could be ol parasiies with lower levels ol resistance 16 AQ and Pyrimethamiae (0Y).
Very late reciudescence could be of parasites sensitive 10 SF bui probably resistant to FY.
it s aiso likely ihat the novel parasite appearing in early recrudescence will be resistant to
SF, wheteas thuse appearing later on could be sensiiive to SP. Thiee children were
reciudescent at 16, 21 and 28 days post- treatient. Since the synergistic activity between
sulfadoxine and FY lasts for approximately 15 days afier which the reappearing parasites
respond only to PY, then the reinfeciing parasites in the first child are mosi probably
resisiant i0 3F. The reinfeciing paiasiies in the other iwo children could have been SF
sensitive but most probably PY resistant. Althicugh this ditlerence between the two diug
regunens may be due to chance, it is possible that the AQ remains at levels suppiessive
101 sensitive parasite o1 1-2 monihs (Krisiina and While, 1996) which is much longer
thaii for the synergisiic eflect of 5P at 15 days (Waikius and Masobo, 1993) and therefore
iliis couid prevent the giowlh of reinfection, drug sensitive parasiies. ln the SP/AS arm of
ihe study once the levels of SP had dropped to sub- therapeutic levels, this could allow
reinieciion parasiies to grow in ireated children. ln the AQ/AS arm, such parasiies could
have encountered therapeuiic levels of boih AQ and AS.

Uur method of analysis is likely to overestimate both recrudesceices and reinfections, but
ihis constitutes the lunits of genotyping as aun adjunct ool in treatmeni efficacy studies.
The study of additional geneiic polymorphic marker as GLURP, might have

allowed the istinguishing of isolates that did not differ as r‘egards 0 MSF-1 and MSF-2



3.4 CORULUSIUONS AND RECOMMERNDATION

This study has attempted to investigate the role of double and tnple mutant forms of dhafr
m clinicai treatment failure. The resulis show that parasite mnfections of pure double
mutant (dhfr 108As1/59Arg) are associated with significantly earlier recrudescence
tollowing treatnent with 5P, Infections with parasites carrying ihe triple mutant form
alone (dhfr 108Asn/511le/59Arg) are even more significantly associated with early
treatment failure.

The research presented suggests that the number of mutations present in dafr has a
siguificant ettect on the type of treatment tailure iollowing SP chemotherapy. This has
been previously assumed to be the case, but had not been formally demonstrated,
although the association between any treatment faiiure and mutations in dffr is well
known. Mutations in dhps have also been shown to be implicated in resistance to SP. In
ihiis study we did not analyse sulladoxine resistance mutations at the diiydropieroate
synthetase (dhps) gene. These seem less strongiy associated with SP failure (Kublin ef
ai., 2002), although some studies have suggesied thal ihey may play an important role,
especially 1n individuals with low immunity (Khalil ef al,, 200Z2). As the case may be,
such an analysis would have provided a betier overall prediction of SP resistance in
Nuba.

The finding as discussed above will help in laying strategies that will lead to the delay of
the spread of antimalarial drug resistance in Sudan. Operationally, our findings imply
thai: (1) CU would work very poorly heie and siouid be withdrawn as sooi as possible
and (2) SP resistance mulations, already present, could rapidiy become dominart,
especially if SP monotherapy 1s more widely used Multiple and particularly triple
mutations at dajr are reasonably predictive of in vive SP failure. Presently ihese are rare,
implymg that the diug reimains usetul m Nuba.

Of the two combinations, AS + A is likely to have a longer therapeutic lifespan
given global SP resistance trends. A{J resistance seems to develop more slowly according

1o in vivo observations (East African Network for Monitormg Antimalarial Treatment,



10 be elucidated, representing a cruciai missing eiement in decisions about which
artemisinin-based combinations can be deployed in any given setting. The Pfert K76T
mutation has previously been associated with AQ failure in vivo (Ochong et al,

2003) but, in the present trial, even a 90% prevalence of K76T mutants failed to
significantly affect AS + AQ efficacy. It is nevertheless clear that any future use of AQ,
in Sudan as elsewhere, should occur strictly in a combination regimen, preferably
prescribed in age-specific blister packs.

In vivo clearance of resistant parasites may involve hosi factors. Identifying these
factors will improve our understanding of the immunological events and will have great
implication for predicting resistance. WHQ ir vive and in vitro tests are not well suited
for countrywide resistance surveillance; therefore, there is a need to develop new and

betier methods for measuring drug resistance.
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APPENDEX Il

Resiriction Sites and £aiiern of Restriction iigesis
Restriction Enzyme Point mutation Restriction Site  Restriction Pattern
TSP5091 AATATT G . i P 218, 120

I T

Alul AGCp3AAC ¥ ACTGON..3 - 326, 196
sk GAEN...5°

Xmnl TGTsCGT 5"...GAANNNNTTC...3° 163,137
37...CTTNNNNAAr... .5’

Bsri AUCsAAC Faonlle T ot 332, 190
BstiNI AGC0sACC .. 00800...5 326, 196
Dral ATT 4 TTA 5°....TTTAAA...3° 245, 143, 107

U T .
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APPENDEX 1

RADICOLABELLING PRUBES jor dhfr and mdri
Pfmdri-Asp86 probes: GAAATATTTTCGTGCAGITAC
Pfmdr1- Tyr86 probes: GAAATATTTTCGTGCAGTTAC
dhfr108Ser: AACAAGCTGCGAAAGCATTICCAA
dhtrio8Asn: AACAAACTGGGAAAACATICCAA
dhiri08Thr: AACAACCTGCGAAAGCATTCCAA
dhfiSiile: CCATGGAAATCGTATTTCGCTAG
dhft51Asn: CCATGGAAATGTAATTCGCTAG
dnfr59Arg:  GAAATATTTTCGIGCAGTTAC
dhfr59Cys: GAAATATTTTTGTGCAGTTAC



APPENDEX iV

Restriction Sites and Paitern of Restriciion Digesis
Restriction Enzyme Point mutation Restriction Site Resiriction Paitern
TSP5091 AATATT 5 - BATT..F 218,120

Alul AGC psAAL 5" ACTGGN...3’ 326, 196
3....TGACN...5’
Xmnl TGTsCGT 5" GAANNNNTTC...3® 163,137

h

37...CTTNNNNAAr.....57

Bsri AUC108AAL G of & 2 P 332, 190
BstNI AGC,03ACC 366 /80C...5 326, 196
Dral ATT i ITA 5°.... ITTAAA...3" 245,143,107
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