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Abstract

Background

Malaria remains a leading cause of morbidity andtafity in Kenya, especially in young children amagnant
women. Due to widespread resistancePtdsmodium falciparum to drugssuch as Chloroquine (CQ) and
Sulfurdoxine-Pyrthamine (SP), Artemisisnin CombimatTherapy (ACT) was adopted in Africaasneans of
improving treatment efficacy and slowing the sprefidesistance. The development of drug resistanycthé
parasites for the various malaria drug regimens ki@ae been in use before has been attributed itat po
mutations within the parasite genome. Therefore #tudy investigated the prevalence of point momatiin
selected codons of th@crt and pfmdr-1 genes oflasmodium falciparum. It is however unclear whether ACT
will be effective in preventinthe selection of resistant parasites in Africa, rehgarasitéransmission rates are
generally much higher with parts of Asia and Afradeeady reporting a reduction in sensitivity to AC

Methods

The dot-blot/probe hybridization technique was usedlentify point mutations in codons 74, 75 ardof the
pfcrt gene and codons 1034, 1042 and 1246 optimer-1 gene in Mbita a malaria holoendemic site in Kenya.
In the pfcrt gene, 76 T mutation was found to be in 91 (79.83%3C1-88.5) of 114 samples while the, the wild
type allele 76K was present in 23 (20.17% CI 9.®23amples. Codons 1246 showed allelic variatidh w
1246D the wild type allele being 72.8% (Cl 52.0489.This was a significant increase in the 76K lalle
(p=0.001) in comparison to the year 2005 where penad of 76K was 6%.
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Conclusion

There’'s an expansion of the wild-type allele 76Ktlud pfert gene and no significant difference in the 1246D
allele of thepfmdrl gene, moreover the prevalence of 76T allele i$ lstih in Mbita hence it's beneficial to
continue using AL as treatment for uncomplicatediamnia.

Keywords: Malaria, Drug Resistance, Point Mutations

Background

Malaria remains one of the leading causes of magbahd mortality, globally. About a half of the wd's
population is at risk of malaria leading to 300054illion clinical cases and 600,000 deaths eacr y&). At
least 550,000 of the malaria deaths are attribetédIPlasmodium falciparum infections (1). Sub-Saharan
Africa accounts for over 90% of the malaria cases @deaths predominantly in children of age beloxe fiears
and pregnant women (1). In Kenya, 28 million peagle at risk of malaria infections and malarisoaots for
34% of outpatient hospital visits, 15% in-patiewfmassions and ~ 33,220 deaths. Therefore, malariani
important health and socio-economic burden not aybbally but also in countries of sub-Saharan @i
including Kenya (2).

The alarming increase iR. falciparum resistance to commonly used anti-malarial drugsesents a major
public health threat (3). In high transmission arehe clinical effects are mainly prolonged heohsonically
increasing the risk of severe anemia (4). Mortadistimates from public health records in Africa eyatly
suggest significant increases in malaria-associatedtality among children when resistance develapd
spreads. Hospital attendances and admissions sholargrends (5). The development of drug resiséahy the
parasites for the various drug malaria regimens llaae been in use before is attributable to pwintations
within the parasite genome (6). WHO recommends #flatountries experiencing resistance to conveafio
monotherapies use combination therapies, prefertiige containing artemisinin derivatives fafciparum
malaria to cope with the increasing resistancentovalarial drugs (7).

Kenya changed its first line policy for uncomplieatmalaria from SP to ACT, in 2006. Quinine becahe
treatment of choice for children below 5kg, pregnaomen, and as the second line; SP was resernigdan
intermittent preventive treatment in pregnancy; anadodiaquine (AQ) (previous second line treatmeves no
longer recommended (8). It is however unclear werethkCT will be successful in preventitize selection of
resistant parasites especially in Africa, wherepiéetransmission rates are generally much higher. Stuidave
shown that elevatel. falciparum multi-drug resistance fifmdrl) gene copy number is associated with up to 8-
fold risk of ACT failure(9—11). There’s thereforket need for continued molecular surveillance teeeine
point mutations in the parasite genome with the afmeintroducing CQ as a combination drug. Thi{pHhe
guide selection of sentinel sites farvitro andin vivo monitoring of anti-malarial drug resistance.

METHODOLOGY

Study Design

Laboratory-based cross-sectional descriptive study.

Study site

The study was conducted in Mbita (0° 30" 0" So@dh 15" 0" East) is on the shores of Lake Vietan
Western Kenya. It is located in the heart of a mi@laoloendemic area. The main malaria vectorbénarea are
Anopheles gambiae, A. funestus, andA. arabiensis.

Study Participants

At enrolment, a brief clinical examination was penfied. Blood smears were collected on 2mm Whatiittan
papersand stored in sterile polyethene bags containifigaSgranules. The full dosage of co-formulated was
given to the subjects on day 0 through to day @bj&ts had follow-upisits at 3, 7, 14, 21, 28, 35, and 42 days
after the date of enrolment. Participants who did return on their own were actively sougitt. At these
follow-up visits, temperature was measured #mdk blood smears were used to screen for pergbher
parasitemia. The blood samples taken on day O damne before treatment but the rest were done aftatment
of the patients with AL. The eligibilitgriteria for the study was age > 6 years, havingoumplicatedP.
falciparum mono-infection having an initial parasite density of between 8a@ 40,000 asexual parasites/uL,
having a measured axilliary temperature 37.5°Cyiging informed consent (by parent or guardian, when
appropriate)and willing to return for follow-up, this was dora the Mbita sub-district hospital. Exclusion
criteria was inability to take drugs orally, knowgpersensitivity to any of the drugs given, repdrtieeatment
with antimalarial chemotherapy during the previ@useeks except for those experiencing persistethtsamere
malaria, evidence of chronic disease or of an amdéxtion other than with a malarial parasite aesidence
outside of the study area.
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DNA Extraction from dried blood spots

Blood spots on the archived 3mm Whatman filter pgi¢éhatman®) were excised from filter paper and DNA
extracted using Chelex-18®io- Rad method as described by Warhetstl (12). Briefly, scalpels, forceps and
glass plate were sterilized with 5M HCI, 5M NaOlddaistilled water. Blood spots in filter papersrevescalpel
excised on glass and the paper was transferredlimi of 0.5% saponin in 1 x PBS in a sterile ni.5
microfuge tube (eppendSif The tube was inverted several times to mix, plated at 2C overnight. The
contents were centrifuged (BD Triac™) differengiadit 4°C leaving the pellet and supernatant traredeinto
10% Jik, and then into 1ml of PBS 4°C for 30 misut&he solution was centrifuged differentially aC4
leaving the pellet and the supernatant placed agai®% Jik with 50ul of 20% (w/v) chelex- 1®®io-Rad
solution and 100u! of DNase-free water (Sigma). Sbletion was heated at between 95 — ¥D@or 10 minutes
with vortexing at 2 minutes intervals (Genie voe&). The solution (containing DNA) was then centriédgat
11952 g for 2 minutes. The supernatant was tramegfdo a fresh tube and further centrifuged fori@utes at
11952 g then transferred into another fresh tulbe DNA preparation was subjected to spectrophotgnat
optical density (O.D) of 260/280 nm giving valudese to 1.8 conforming the purity of the doubleastied
DNA amplified and subsequently stored at°G0

Analysis of drug resistance locpfcrt for point mutations at pfcrt- 74, 75 & 76

PCR amplification of the pfcrt gene

Oligonucleotide primer pairs CRTP1 and CRTP2 (tablé) were used as forward and reverse primers
respectively for outer PCR. Nested PCR was perfdroming CRTD1 and CRTD2 as forward and reverse
primers respectively (table 1.1). The primer segasrused in amplifying this gene were adopted fBainahet

al (4), the fragment amplified was expected to bebp64Lontrol amplification using DNA frorR. falciparum
parasites clones 3D7 and HB3, from WHO/ Internaigktomic Energy Agency (IAEA), known to contaireth
possible different haplotypes at position 74, 79 &6 of pfcrt genewere used to ensure specificity and
sensitivity of the technique.

A master mix for the outer PCR was prepared congpo$d6.36 pl nuclease-free water (Sigma), 3.0f1l0ox
PCR buffer (10mM Tris-HCI pH 8.3, 50 mM KCI) (Roghd..8 ul of 25mM Magnesium Chloride (Roche), 3.0
il 2mM mixed dNTP’s (dGTP, dATP, dTTP, dCTP) (Prgag 0.3 pl of each primers (10 uM) (Outer loop
primers P1, forward, and P2, reverse) and 0.24agl @olymerase enzyme (KEMTAQ™) (5 units/ ul) peRPC
tube. DNA (5 ul) of was added to 25 pl master naxattotal volume of 30 pl. Amplification was penfoed
using a MyCycler™ Thermal cycl®CR machine (BIORAD, USA). Primary denaturation wasducted for 3
minutes at 92C followed by a 40 cycles of, denaturing for 30 ae84C, annealing for 30 seconds afGénd
extension for 1 minute at B0. Final extension was carried out for 3 minute8BE then the reaction brought to
a hold at 4C. .

Nested PCR reaction was conducted on the PCR podiithe first round reactions targeting intersajment

of the amplicons. Briefly, a master mix was preglacomposed of 16.36 pl nuclease-free water (SigBn@)ul

of 10 x PCR buffer (10mM Tris-HCI pH 8.3, 50 mM KQRoche), 1.8 pl of 25mM Magnesium Chloride
(Roche), 3.0 ul 2mM mixed dNTP’s (dGTP, dATP, dTHETP) (Promega), 0.3 pl of each primers (10 pM)
(Outer loop primers D1, forward, and D2, reversg] 8.24 pl Taq polymerase enzyme (KEMTAQ™) (5 units
pl) per PCR tube. 5 ul of outer PCR product, us&@®NA template and was added to 25 ul mastertoni
total volume of 30 ul. Amplification was performeding a MyCycler™ Thermal cyclemachine (BIORAD,
USA). Primary denaturation was conducted for 3 ati®4C followed by a 30 cycles of, denaturing for 30 sec
at 94C, annealing for 30 sec at%Band extension for 1 min at @0 Final extension was carried out for 3 min
at 60°C and the reaction brought to a hold ¥4 22.5 g of nested PCR product was mixed withua of 10x
loading dye and analyzed by agarose gel electregi®on 1.5% agarose gel stained with Ethidium biem
(0.5 pg/ml) in Tris-acetate-EDTA (TAE) buffer. Tledectrophoresis was run at 80 volts for 50 minuB¥sA
was visualized by ultraviolet transillumination atiee expected nested PCR product band size, whidlt4
base pairs, determined by comparison with a stantia®-base pair DNA ladder.

Preparation for dot blotting

Dot blots were prepared by methods of Abdel-Muhgiral (13). Briefly, 20 pl each of PCR product were
denatured in 10 mM EDTA and 0.4M NaOH at 300or 10 minutes to a final volume of 30ul, andrthe
neutralized in an equal volume of 2M-ammonium aeetgH 7. Nitrocellulose membranes (Millipore) ¢oi
exact size to fit manifolds were pre-wetted by sogkn 2xSodium Saline Citrate (SSC) for 10 minudesl
fitted on to dot blotting apparatus (Bio Rad). Thembranes were re-hydrated with TE buffer and tieéed
using vacuum pump. Denature nested PCR products freld samples were individually loaded into the
manifold containing the blots in duplicate. Theyravéheld for 30 min. The membranes were removed and
neutralized in 2x SSC for 30-60 seconds, then whshe0.4M NaOH for 30-60 seconds to denature
immobilized DNA. The membranes were rinsed in rediing solution (1M Tris-HCL, 1.5M NacCl, and pH 8)
for 30 seconds. Denatured DNA was then cross-linketie membrane by exposing to UV light at 0.1Q(lgs
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for 5 minutes in to fix it onto the membrane. Thembrane was then wrapped using cling film and dtarte-
20°C until it was needed.

Labelling of oligonucleotide probes

Probes for all the possible alleles at codons B4armd 76 of thefcrt gene were labelled as MNK, MNT, IEK,
IET, MEK, MET, INK and INT (MWG Biotech) as descal by Abdel-Muhsiret al (13). Ten picomoles of
each probe were labelled withi®i of [y-*P] dATP using 5 units of polynucleotide kinase.sThias prepared
by adding 1ul probe, 1ul T4 Polynucleotide kinaseuits/pl) (USB, Cat 70031), 5ul T4 Polynucleotidease
10x buffer and 42ul nuclease free water to a tiilbe. contents of tube were then mixed by pipettipgand
down briefly. From this stage all procedures weaagied out in a radiation containment room/aremgibeta-
shields such as 1cm acrylic for protection from thaeiation, and wearing appropriate personal ramhat
monitors such as film badges. Solid and liquid esstere disposed off according to the advice ofldcal
Atomic Energy Agency/radiation protection advisof® the reaction mix, 1pl ofy{*P] dATP (Amersham
Biosciences, UK: Redivueyf?P] ATP, 3000 Ci/mmol: Cat No. AA00068) with a héifé of 14 days, was
added and mixed gently. These were then spun pieth microfuge to collect the contents at thediotof the
tube followed by incubation at 37°C for 30 minutes programmable heating block (Eppendorf). Addipg of
250mM EDTA, into the tube, stopped the reaction.

Removal of unincorporated -**P] ATP

Unincorporatedy-*P] dATP was removed using G-25 Micro spin columhmérsham Pharmacia Biotech, UK.
Cat 27-5325-01). These were prepared by re-suspgrtiie resin in the column by vortexing gently. The
column was then placed in 1.5 ml screw cap micrefudpe for support, and pre-spun in a refrigeratadrifuge
(BD Triac™) for 1 minute at 1077 g andCl(BD Triac™), in an eppendorf microfuge, to pabk sephadex
resin. The column was placed in a new 1.5ml tulgk @hof the labelled mixture applied to the centéithe
angled surface of the compacted resin bed, beingfudanot to disturb the resin. The column was sfam2
minutes at 1077 g. The purified sample was coltkae the bottom of the support tube. The column was
discarded accordingly, as radioactive solid waBhe labelled purified probe was stored at%286hielded until
required. Labelled probes were used within 1 weklused probes were disposed off as per standafka fér
disposal of radioactive items.

Hybridization and stringent washes

The prepared blots were unwrapped and placed inttoa bottle, making sure that there were no @amging
areas, into which 20mls hybridization buffer werdded (0.25-0.125ml per émof membrane). The
hybridization buffer consisted of a final volume & SSPE, 5x Denhardt's reagent, 0.5% SDS; 0.02ing/m
sonicated salmon sperm DNA (Gibco) in DNase-freeewd his was then pre-warmed at different temjpeest
for each probe in a hybridization oven dependinghenhybridization temperature of every probe fom3nutes
with agitation making sure that the bottle was etbproperly and the buffer did not leak. The hyizaton
buffer was pre-warmed at the exact temperaturehathathe probe hybridizes. Allele specific oligoteatide
probes MNK, INK and INT were hybridized at 36°€K, IET, MNT, and MEK were hybridized at 37°C while
MET was hybridized at 38°C. The probes were alresdgle stranded with varied lengths between 1@ pags
and 25 base pairs hence no denaturation was reqiine blots were added into rotor bottles contajrihe pre-
warmed buffer for another 30 minutes. A volume 0fiRof the labelled oligonucleotide probe (1pl &rery
1ml of the hybridization buffer) was then addedoirthe bottle contents. Hybridization at appropriate
temperature depending on the temperature at wiiehptobe hybridizes for at least 5 hours with digite
followed. The hybridization solution was poured afid disposed of accordingly and stringent washeie w
carried out. An excess (at least 1mifchiot) of wash buffer 1 (2 x SSC) was added at dbgesponding
temperature and incubated with agitation in thenofa 10 minutes. The washes were repeated twiggyus
excess (at least 1ml/énblot) wash buffer 2 (1x SSC/0.1% SDS) at the steneperature and incubated with
agitation for 5 minutes for IEK, IET, MNK and MNBnd for 10 minutes for MEK, MET, INK and INT. The
washing solutions were poured off and disposedcobmalingly then the blot sealed by wrapping in glfiim
without allowing the blot to dry out.

Autoradiography

The sealed blot was taped right side up (DNA-sig into an autoradiography cassette (Kodak) with
intensifying screens. For ease of identifying aatliiwgraph orientation, the film was folded at bottoight
corner. This allowed for accurate positioning o thutoradiograph after developing. Blots were eggosn
Kodak® (Rochester, NY) X-Omat film for 12-24 hours at 2Z0n the freezer (RevEd. The films were then
removed from the cassette and developed to scersatmple against the controls. If any of the cdatsbowed
non-specific hybridization, an extra stringent washs carried out. The autoradiograph was obtaingd b
developing the image in a developer solution (KQdak5 minutes followed by a brief rinse in cleamater and
finally fixing the developed image in a fixativelgtion (Kodak) for 5 minutes. The fixative wasgad off with
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clean tap water. These processes were done irkaaan as the films are light sensitive. The filmsre then
air dried and then scored.

Stripping the probe from the membrane

The probe was stripped off the membranes usingssxc€0.1 M NaOH, for 15 minutes, at room tempegatu
with agitation, followed by a brief wash with 5x GSThe stripping was done to necessitate use ef @ttobes
on the denatured DNA on the nitrocellulose memhbrdine blot was probed again or stored, after sgdtie
blot by wrapping in a cling film, at -20°C or driedid store at room temperature sandwiched and tagtadcen
two pieces of clean filter paper.

Analysis of drug resistance gengfmdr-1 for point mutations at pfmdr-1 1034, pfmdr-1 1042 andpfmdr-1
1246

PCR amplification of the Pfmdr-1 gene

Oligonucleotide forward primers MDR/B1 and reveMBR/B2 primers (table 1.2) were used in single oute
PCR reaction. Using the PCR products generated fhenprimary reaction as templates, a nested P@&ioa
was conducted using forward MDR/B3 and reverse MEARgrimers (table 1.2). The primer sequences used i
amplifying this gene were adopted from (2); theyfrent amplified was expected to be 860bp.

The master mix for the outer PCR consisted of 1fub6uclease-free water (Sigma), 3.0 ul 10 x PCRebu
(10mM Tris-HCI pH 8.3, 50 mM KCI) (Roche), 2.5 us@M magnesium chloride (Roche), 3.0 ul 2mM mixed
dNTP’s (dGTP, dATP, dTTP, dCTP) (Promega), 0.3 fikach primers (10 uM) (Outer loop primers B1,
forward, and B2, reverse) and 0.24 ul Taq polyneewzyme (KEMTAQ™) (5 units/ pl). DNA (5 ul) was
added to 25 pl master mix to a total volume of BOAmplification was performed using MyCycler™ Tineal
cyclerPCR machine (BIORAD, USA). Primary denaturation wasducted for 3 min at 88 followed by a 30
cycles of denaturing for 30 seconds at®4annealing for 1 minute at %D and extension for 2 minutes at’65
Final extension was carried out for 3 minutes 8C6&nd the reaction brought to a hold % 4

Second round of PCR reactions was conducted oR@# products of the first round reactions targeiintgrnal
segment of the amplicons. Briefly, a master mixsvpaepared composed of 15.66 ul nuclease-free water
(Sigma), 3.0 pul 10 x PCR buffer (10mM Tris-HCI pkB850 mM KCI) (Roche), 2.5 pl 25mM magnesium
chloride, 3.0 pl 2mM mixed dNTP’s (dGTP, dATP, dTTHCTP) (Promega), 0.3 ul of each primers (10 uM)
(Outer loop primers B3, forward, and B4, reverse) .24 ul Taq polymerase enzyme (5 units/ pl). DEAL)
was added to 25 pl master mix to a total volum&mful. Amplification was performed using a MyCycler
Thermal cyclePCR machine (BIORAD, USA). Primary denaturation veasducted for 3 minutes at @
followed by 30 cycles of denaturing for 30 secoati94C, annealing for 1 minute at %D and extension for 1
minute at 68C. Final extension was carried out for 3 minute8%€ and the reaction brought to a hold & 4
22.5ug of nested PCR product was mixed with a 2fullOx loading dye and analysed by agarose gel
electrophoresis on 1.5% agarose gel stained witlidigtm bromide (0.5pg/ml) in Tris-acetate-EDTA herff
The electrophoresis was run at 80 volts for 45 meisluUDNA was visualized by ultraviolet transilluratiron and
the expected nested PCR product 864 base pairsdimndetermined by comparison with a standard Hax
pair DNA ladder. The rest of the dot blot/probe fhigization methods fopfmdr-1 gene were done as described
for pfert.

RESULTS

Patients, whose samples were used in the studyahadditial average parasite density of between 800
10,000 asexual parasites/uL and an axilliary teatpee 37.5°C on day 0. Follow up was done to eistabl
parasitemia on days 2, 3, 7, 14, 21, 28, 35 arafté2 administering the patients with the full Gean® dosage.
Most of the patients showed a parasitemia of zeexwal parasites/pl by day 3 with several otheosvsig re-
infections after day 14.

Point mutations in pfcrt codons 74, 75 and 76

PCR amplification

114 malaria positive DNA samples were amplifiedRyR using both the outer and nested primers (thile
specific for the codons 74, 75 and 76 of pfert gene.

Genotyping pfcrt

Samples were genotyped by dot-blot hybridizatiomitrocellulose membranes to identify the haplos/pethe
pfcrt gene at codons 74, 75 and 76. The analysis ingollie use of probes that identify MNK (wild type
haplotype), MNT, MEK, MET, IET IEK, INK and INT.

The pfert K76T mutation is the definitive CQ resistance neasrkThat is; the presence of the amino acid
Threonine in the place of Lysine has is associade@Q resistancén vitro and treatment during clinical CQ
efficacy studies. For purposes of statistical asialgll the samples containipicrt 76K (MNK and MEK) were
grouped together as having wild type codon at cotrnegardless of the haplotypes at codons 74 &rginte
codon 76 is the definitive codon for CQ resistar@amples containing MNT, MET and the one samplehd
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MNK/MEK/MET haplotypes were all grouped together fasving pfcrt76T. Thus 23 (20.17%, [95% CI 8.0-
27.0]) samples in total had the wild type 76K witlk (79.83%, [95% CIl 61.3-89.7]) hafcrt 76 T mutation.
Table 1.3 shows the summary of mutation profilegpfort in Mbita 2009.

Point mutations in Pfmdr-1 codons 1034, 1042 and 1246.

PCR amplification.

114 malaria positive DNA samples were amplifiedRyR using both the outer and nested primers (th2le
for the codons 1034, 1042 and 1246 ofpfredr-1 gene.

Genotyping pfmdr-1.

A total of 114 samples were analysed by dot bldiricjzation for polymorphisms ipfmdr-1 gene. All the PCR
positive samples 95 (83.3%) hybridized with theirgeprobe (Ser) the wild type probe for codon 1084he
pfmdr-1 gene (Table 1.4). None of the samples hybridizet ®@iysteine probe (Cys) the mutant probe for codon
1034. Ninety two (80.7%) of the PCR positive sarapigbridized with the Asparagine probe (Asn) thédwi
type probe for codon 1042 of tipéndr-1 gene. None of the samples hybridized with Aspapatde (Asp) the
mutant probe for codon 1042. Eighty three (72.8%ihe PCR positive samples hybridized with Asparfatobe
(Asp) the wild type probe for codon 1246 of fifedr-1 gene (Plate 4-4). Nine (7.9%) samples hybridizetth wi
the Tyrosine probe (Tyr) the mutant probe for cod@d6. Three (2.6%) of the samples gave mixed Edgna
hybridizing to both the mutant probe Tyr as wellths wild type probe Asp. The prevalence of fifiedr-1
1246D the wild type allele is therefore 72.8% (96%69.0-81.5).

Analysis of Polymorphism in selected codons @fcrt and pfmdr-1.

12 (10.5%) samples showed a D1246Y mutatiopfiindr-1, 3(2.6%) of which were mixed, that hybridized with
both the mutant probe (Tyrosine) and the wild tgpebe (Aspartate) during dot blot hybridization.(99.83 %)
samples showed a K76T mutation, 9 (7.89%) of wiiehe mixed hence hybridized with both the mutaobpr
(MNT) as well as other probes. pficrt, point mutations were found to be present in cedé®h and 76 while in
pfmdr-1; point mutations were existent in codon1246 ordlysamples out of the 12 samples which showed
D1246Y mutation in theofmdr-1 gene had K76T mutation in thgfcrt gene. One sample with a D1246Y
mutation did not have K76T mutation. The studetgst statistic was used to determine the possikpansion
of the 76K allele of thefcrt gene and 1246D allele of tipemdr-1 gene. The student t-test fpfcrt stood at 4
(N=114) = 2.864, (95% CI 0.001-0.683, p= 0.00e Tritical value at;t, (N=114) =2.26 is lower than the
tabulated value and hence statistically significadicating a significant expansion of the 76K kland its
possible selection by AL The t-test for thfendr-1 yielded a value of;{,(N=114) = 1.988, 95% CI 0.034-0.087,
p= 0.069). The critical value af;f (N=114) =2.26 is higher than the tabulated valod hence statistically
insignificant.

Discussion

AL is currently the combination therapy for treatth@f uncomplicatedP. falciparum malaria in Kenya. The
drug has been in use as the drug of choice fotmiexa of uncomplicated malaria in Kenya since thary2006.

In 1997, thepfert 76 T mutation prevalence stood at 100% (14) thatlithe circulating parasites were resistant
to CQ. In 2007 Sabaét al (4) reported a significant decrease in this matato 94% P=0.04058]. These are
data from two Kenyan malaria endemic sites of Oyagid Mwea respectively. This study used them sslina
data for comparison with 2009 since both sitegailective of the malaria status in holoendemiessin Kenya,
moreover Oyugis is a neighbouring district to Mlatad therefore most of the environmental factoessamilar.
The haplotype reported in 1997 was IET suggestiag &ll the three codons, 74, 75 and 76 had undergo
mutation (14). Saba&t al (4) later reported a haplotype that was entirelyTVdtiggesting that codon 74 was
wild type but 75 and 76 were still mutant (4). Thias forP.falciparum samples collected in the year 2005 in
Mwea, central Kenya.

Four years later our study reportpfart 76 T mutation prevalence of 79.83%, a further deseen comparison
to 2005, the prevalence of tipfcrt 76K allele was found to be 20.17% (Cl 9.0-27.0p@ value of 0.001
indicating a significant expansion of this wild gllele. This study therefore reports a shardimedn
prevalence of 76T mutation is parasite from 94%irf4)005 to 79.83% in 2009, twelve years after agss of
CQ use as a first-line drug in treatment of malari&enya. It is however important to note that twe malaria
holoendemic sites are geographically different, Imas Mwea is in the Kenyan highlands, Mbita is gltime
shows of Lake Victoria hence dynamics of transroissiould likely be different. However this reductiis low
compared to that reported in Malawi where prevaderfpfcrt 76 T decreased from 83% in 1992 to 13% in 2000
(15). These findings were corroborated by Mital (16) who later established that this was due fzaagion of
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the wild-typepfcrt allele inP.falciparum populations in the absence of CQ pressure ralttaer & back mutation
of K76T to K76 (16). The rate of decline is alswér than that reported from the Chinese Island &taiwhere

the prevalence 76T from 90% in 1978 to 64% in saspbllected between 2002 and 2004 in which 36%ef
isolated were found to have the wild type genot{i®.

It further reports MNT as the predominant haplotgp@1.40% suggesting that codons 74 and 75 ipdhasites
circulating in Mbita have significantly higher wikype alleles than in codon 76.This is the firstdgtto report
these haplotypes in Kenya since the study by @ndo/5E in all isolates. The slow rate of expansibthe 76K
allele in Kenya could be partly due that the féztttthere could be compensatory mutations inpfbe gene
that have maintained the integrity of the mutamt@n lowering the cost to fitness with which timaitation
comes with (18). Alternatively the withdrawal of C&§) related drugs with different brand names wat no
complete since there is no evidence suggestingeslamnce to ensure a complete withdrawal of CQ from
circulation(19). Both situations could be possibied may have played a major role in maintainingamiut
parasites in the population. Furthermore the sasnpkre collected from a highly endemic zone witljhhiates

of transmission (4). This region is likely to han®ny individuals who have developed immunity to amal
These individuals can survive parasite inoculatiathout developing clinical symptoms of malaria iy
resolve plasmodium infections without drug intetv@m Either way such individuals would serve asapde
reservoirs in the population and allow continuoassgstence of thpfcrt K76 T mutation(20).

Overall, the fact that there is an observed expansi the 76K allele implies that with time, comgl@bsence of
use of CQ may lead to elimination of the mutantapde due to the high cost of fitness of fit (1&d durther
expansion of the 76K allele in parasite populationkenya. This may eventually allow reintroductiohCQ as
a combination drug. Further the use artemisinintoation therapy in malaria treatment in has bdews to
select for 76K mutations (21). This synergy wiletbfore ensure an accelerated expansion of thetyyikl
alleles and thus ensure complete sensitivity tooB€e again.

The expansion of the 76K allele could further btitaited to selection by the longer acting drugAh
combination. Mutanpfcrt is thought to efflux compounds out of the digestraeuole into the cytoplasm. For
CQ, which interferes with detoxification of heme ipttes, resistance is thought to be achieved byantut
protein pfCRT-mediated exportation of the drug arayn the hematin target (22). CQ resistance iscatly
dependent on thefcrt K76T mutation. Parasites carrying the K76T mutatiare more susceptible to
lumefantrine (23) suggesting that these compourighbtralso be transported by the mutant protein gf@Bt of
the digestive vacuole and consequently exert #tion in the parasite cytoplasm. Furthermore C§geaptibile
pfert 76K andpfmdrl 86N alleles have been associated with decreasedilslity to lumefantrinem (24).

Lumefantrine one of the partner drugs in AL ha® dieen shown to select for tipfmdrl 86N allele(23).
Several other mutations pfcrt and pfmdrl are potentially involved in the AL reduced susdsifity, some of
these mutations could be K76T and S163Rpfort and Y184F, S1034C, N1042D and D1246Y gémdr1(24).
This study looked at the prevalence of some ofehmatations mainlpfert 76 T andpfmdrl S1034C, N1042D
and D1246Y in Mbita. Single nucleotide polymorphssfSNPs) in thePlasmodium falciparum multidrug
resistance gene 1 have been associated with altevétlo andin vivo parasite response to arylaminoalcohols a
class in which lumefantrine falls. It has been ssged that the selection pfimdrl 86N allele may represent a
marker of tolerance to lumefantrine (25). Tolenpatasites being in the intermediate stage betweesiteve and
resistant, are killed by high drug levels duringatment but can withstand residual lumefantrinecentrations
and proliferate in the blood earlier than sensipaeasites (26).

The genetic basis oh vivo resistance to AL is still unclear; however sevéaators of potential importance in
development of AL tolerance/resistance are thoughbe: the amplification of thefmdrl gene selected in
recurrent infections after AL treatment as it hagr observed to influence mefloquine (27) and lamigine
(28).

Of all the SNPs analyzed in this study, alleliciagon in pfmdrl was observed in codon 1246 only, the
remainingpfmdrl 1034 and 1042 showed the wild type allele. Thislainobservation was made by Sisowath
al 2009 where allelic variation ipfmdrl was reported in codons 184 and 1246 while cod®3 land 1042
were wild type.

The pfmdrl 1246D prevalence in this study is 72.8% (95% CI05®1.5) with ap value of 0.069 being
statistically insignificant. This was based on baseline data in 1997 by Omar (14) that reportprkaalence of
68% of the 1246D allele in Oyugis, Western Kenyhe Btudy by Sisowatkt al (21) analyzing the possible
selection of 1246D in combination with 86N by lumetrine reported a significant increase in the T248eles
in parasites that showed tolerance towards lumefint
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This study does not report expansion of the wijoktyl246D allele in the parasite populations sihaeas

statistically insignificant, but it is important tete that studies have suggested that the inciedhés allele in
parasite populations could be an indicator to timseb of tolerance/resistance to lumefantrine (2Zhe

insignificant difference in the prevalence of th24@D allele in this study therefore cannot be lihke

lumefantrine tolerance.

Conclusions

The prevalence of point mutations in tpfert gene is still high especially in codon 76, whigdtaorded a
prevalence of 79.83% in Mbita district. There'dgndicant increase expansion of the wild-typfert 76K allele
and hence increased sensitivity to CQ in Mbitaridist

There’s no significant difference in the wild-typndr-1 1246D in the parasite isolates circulating inriistin

2009 viz a viz 1997.
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Table 1.1: Primers used for the PCR amplification 6the pfcrt gene

Primer name Sequence (5’ — 3" Tn°C Annealing Temperature°C
CRTP1 CCGTTAATAATAAATACACGCAC 554 56
CRTP2 CGGATGTTACAAAACTATAGTTAC 56.7 56
CRTD1 TGTGCTCATGTGTTTAAACTT 49.3 56
CRTD2 CAAAACTATAGTTACCAATTTTG 57.1 56

Table 1.2: Primers used for the PCR amplification 6the Pfmdr-1 gene

Primer name Sequence (5’ - 3) Tm (°C)  Annealing Temperature ¢C)
MDR/B1 TGCATTTAGTTCAGATGATG 43.6 50
MDR/B2 AATGTTGCTACTTCTCTTC 50.1 50
MDR/B3 TGGTTTAGAAGATTATTTCTG 52.0 50
MDR/B4 AAATAACATGGGTTCTTGAC 47.4 50

Table 1.3: Summary of mutation profiles forpfcrt in Mbita 2009.

Haplotype M74  N75E  K76T  n(114) % 95% ClI
MNK - - - 19 16.67 7.823.0
MNT - - + 70 61.40 47.6-70.4
MEK - + - 1 0.88 0.4-1.8
MET - + - 15 13.16 6.9-17.6
IEK - - - 0 0 0

IET - - - 0 0 0
MIXED - - - 9 7.89 46-12.1
TOTAL 114 100 100
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Table 1.4 Analysed polymorphisms inpfmdr-1 gene at codons 1034, 1042 and 1246 by dot-blot
hybridization for Mbita 2009 samples.

pfmdr-1 Codon 1246

Probe Wild Type (Asp) Mutant (Tyr) Mixed Blank

N 83 9 3 19
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