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EPIDEMIOLGY OF DRUG RESISTANT FALCIPARUM MALARIA WITH
SPECIAL REFERENCE TO ORISSA

Malaria impases great socio-economic burden in pyremethamine, cydoguaniand chiorcydoguani)and
about 100 countiesteriones. Ofthe four pedes of dihydropteroate synthase (DHPS)( &g sulphonamides
human malaria parasies, P. fHopaum snostietd and sulphones) inhbitors; and (@) sesquiterpenes
andresponsbieformostafhedeatns Bveryyearabout (artemisinin and is derivaives) 4. Among all these
11-27milonpeopededmeaiadovertewatd antimalarialschioroquineismostwidelyused becauise
and more than 75% of them are from Afiica, south of d b day, safetyandoostefiediveness Ressiance
Sahara *.)nindameliaismoslyoonitouedthemost d PEdoaum o chioroquine (CQ)wesfirstobserved
bythesaiedfOrissa. AthoughOrtssahesaypopuiation in1960-61inColombiaof South Americaand Thaiand-
o 365 mion (35%6), taorituies 236 dfaioid of Cambodia border area.of Southeast Asia. The twofoci
152 miion reported annual malaria.cases, 395% of wereevidently quite separateand probablyrepresented
P. falgpaum malaria and 30% of deaths caused by aunqueevent. Accordingly thefodaredesignatedas
melaninda 2. However,  independentsiudiesbythe South Americanand South-East Asian ® lnindetheCQ
IndianCoundiofMedical Researchhave uneguivocally fessncen P&gaum weshistdetecediomDiphu,
esiabishedtretthereparisontheinadencecimelaria KarbiAngongdistiict, Assamin 1973 ¢ hOsaives
anddeathsduetoitare highlyunder-estimated 8. Amd detedied n 1977 in Boangrr, Koraput and Sambalpur
suchadseasehbudenandabsencedfasuiabievacane, s 7. Todaychloroguineresistance occursalover
the development of resistance to the avalable drugs the globe, wherever P. fldoaum ooous, Stais of
hesasgnicartniuenceontheconofimetariain falciparum parasiteshavealsodevelopedresisianceto
theafieded areas. sulphadoxinepyremethamine (Fansider)andmefloquine
nmanypartsoftheword Thedevelopmentofressiance
Apresernimanlyireecaiegoiesaidiugsarebeing osuiphadoxinepyremethamineisparticuiarly serious;
usediorhetreaimentofimaiaria. Theyare(l4-amino- because this combinaiion is the only alemeive 0 4-
quinolines and amino alcohols, which act on aminoquinolines . Basedonavakbeleratiesthes
haemoglobin degradation and parasite food vacuole been observed that the parasites usually develop
€y  dhooguine and quinie), ) antiokies, which fesisance b an anfimekarial wihin 1015 years ofis

are dhydrofolate reductase (DHFR) ( eg unintenupied use (T Eec)
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Takl Deaiesafinrodudionandirstreportofanimelardal

drug resistance.
Antimalarial Introduced Fist reported Difference
drug resistance Y eas
Quinine 1632 1910 278
Chloroquine 1945 1957 12
Proguani 1948 1949 1
Sulphadoxine- 1967 1967 0
Pyremethamine
Mefloquine 1977 1981 5
Atovaquone 1996 1996 0

The antimalarial drug resistance patiem in each
becausetherearenobedside methods ofassessmentfor
dug susoaily. Alhough diug resisiance coous in
boh PEdoaum and P. \u&,  onythefomerhesbeen
dsassadnihsaridebecausemaethen83odimeaia
has been documented for P,

andnoresisiance
nmeee ad P oek.

HisioricalPerspedives
use has never been as widespread as that of more
conempo@y dugs. t ooours returaly in the balk of
Cinchona  teesgoningnPertuandaherparisafSouin
Ameica. Cinchona  barkwas inroduced into Europe in
te ey 1h ey ssaare Ir fes h 180 dad
qunnewesoetediom Cinchona  barkwhichreplaced
the aude preparation and continued t be the major
aimebe dg 1  1902° Trewatk sy dCinchona
bark for producing quinine was met by Java and
duing\WorldWearlandiom Aliesduing WordWerl
Due o enomous miiary importance of malaia and is
danireasldus

Dug eay pat o te 2h cauy, ases o a|T
whichled tothe discovery of pamacuine and quinecine
wes fist synthesized in Gemmany in 1934 but was nat
recognized as a poert animetaid untl he 1940s. By
196 mesioundioberaLpaioroaheraoniemporaty
syrthetc antimalariaks. It became the comerstore of

Bt its

IIﬁII'M' II)II
of other drugs such as mefloquine, sulphadoxine-
progueni(Viakarone) o
InChina,nusionspreparediiomwomwood(
annua) wereusedintradiional meddneas Quinghacsu
ortreteamatdmebd e ortebsttosad
years Theelicaoy dfteniusonshesbeenasabedid
betesesuieperelbdone, atema i Alemens
poalysoubenweeraswdasd Seveadaiveles
dishavebeenproducedafinhichinohavebeenrecenty
makeedninda Atemeherwhchssalbendard
Aresuraie(Sodwhchiswaiersolble. Anchercompound
Aechersalolbegdevepedinino Asaresutdf
increasing drugHesistant malaria, artemisinin from
have become a vety mpartant animalarial drug group.

..

AssessmentofDrug Efficacy

The WHO has outiined three ways of measuring the
du ey 0 te ddd eoss o ek Qo)
D dg et § tei nvtrosdly d meses ©
drugs, or (i) the accepted molecular markers as
complementarytools. The n \i0  responsetodugswas
aignalydeinedby WHO niems ofperasie degrance
Ede H adtee dgess desstaie R R R
Thisdessicainamas\valdorassswihbvao
forrecudescence. Thereiore WHO introduced in 1996 a
modified proiocadl based on dinical outcome (adeguate
dd o ey 't Hie ad e temat
Bue)agesdaapadtalassessmentdihergpelic
responses. The protocal has also been adapted for use
in areas of low to moderate endemicity,
bothperasiedearanceanddisappearancedfsymptoms n,
inTadel 1.

Thei nvtroassaysmeasurethenhbionofgonhar
sharimelsimibesesshentiracsrdiiydf P
fgpaum b tedwy . Recentythe use ofmoear
markershasbeenproposedasanadciond todlforthe
eatly detecion of diug resistance in makaria
asessmentmethodhasisadvaniagesanddisadvantages,
andtheresuismaynathediedlycomparablewtheach
dher. i nvitroeses et do

EgiD

4. Each

notnecessatly
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Takl Clssicaiondimaoanimaaiaiaiugsensivty low andmetariaisoatesiompopuisionsandindvicLiss
testoutcomesaccordingtotheariginal WHOprotocol show heterogenetty, s edndte nos E paedes
and modification (1996) for areas with substantal oocurs under dug pressure. Singe or multiple point
malaria transmission. mutationsinthePlasmodumgenomemayconferresisiance
nthefacedfichematherapy. Thefecosthetdeemines
N has beendepidedin Ta del Il =,
S@EHEe Clearance of asexual parasicemia Tabke Ill. Determinant of animalarial diug resisiance
wWintasditerdeamt Factors and Example
without subseguent recrudescence. Characteristics P
RI response Asexual parastes disappear by day 7 D g
dfthe tesimertbutreumwihn
28 days. However, eEinsd Hik Resstance o chioproguani pus
be exduded. dopsore (shatt haflie) develops
tentat of q
RIl response Asexual parastaemia does not dear but mnmmm~ mw
SedodbZPoaksd e Dosing Use of s bherapeuc doses in sef
ayepeesbadigteitas teaiment such as wih arfickie
rousd teamert drugs, poor drug compliance, mass
RIl response Asexual parasibemia is reduced by dug airrsnamvwh sb
<BpdirgtefeBhousarit therapecic doses, use of
aoniLes b fie Honing testmert chiorooursed sat
o NorHarget Presumptive use of antimalariel drugs
Ealy o Or D ddi indcaions oher then rmbra
Hie EP symploms in the presence of Eharmaco- L_Jseddu;;hmhtnrsv\mmned
peesaTh ding te it 3days o ket tredidy
donp, Cross- Sulphadoxine-pyremethamine and
. ressance sulphamethoxazole-trimethoprim
Late treaiment Reapmamqwmlnm Human
HelTH presence of parasiaemia during days _ _ _ _
494 oo Lp Host immunity Non immune migrant workers/gem
nmes &
Adequaie dinical Absence of parasiaemia on day .
and Uiesededbe, o s ol r'\i&,t"em'a'oe of ndeedon o g e
patasiologca dnicd ynpos irespedive of P
response (ACPR) parastaemia in patients not meeting ]
ETFaLTF i Parasite
Genefic mutaions P fat K7(_3Tfa'd_icxoqhe, DHFR-
comespond © 1 N0 ouoomes, lagely oning o the %ijmb'mm”wspm
roe of host immuniy in the latter. I acdiion, " . .
N . . Transmission Whether low or high transmission has
pharmacokinetic information may be required for e more inlence on dhug fessence
diserin e e e ad e D adee debetable, prevalence of diug
adequiete dug conceniration profie. ressnce s higher nlegars o ow
SugEests the beneis of tansmisson
Determinantsof Resistance oonird in delying resisance
o ) development
Deavelgpmentandspreaddianimebrieldugressance v :

I | edr and environment
. nedl : : ] - N .

. . . Vetrdyd Inaessad infedMy and pocLcidy
et [E, DE',‘ reGEC GO ITEL I Brese parasies o choooune ressiant parasies n
popuations,independenty ofdrug efiect the commonly Ands and the propagaion
usedanimatialdugsarenaimuiagenic). Athoughthe of chioroouine resstance in Souty

east Asia and Westem Oceania

propaionafsuchmuianis inthe parasie popusion s
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- A garen e

I i . gl T
on new iniedions conreced alfer the tresiment of he
pimaryiniediorwhenthedugparssisatsUbhergpeic
aoceErieiorsnhepbemeespalinaessnihinense
dugconcentraionsoveralongenoughiimesimporiant
O dag te gie ppHNn o ppads whn agen
themostsuscepible parasiesandleave those thet may
e maoe i 1o recover and rgpoduce. As a et the
necessary therapeutic dose may increase beyond the
maximum toleraied, and maniiested drug resisiance i
emerge. Thid widespread use dfdiugs athighinensly
seoon dfresstant peradie popuions 4,

Morepatentimmuneresponsesincreasetheeficacy
ofchemotherapy.A semHmMunepatientmightbecured
byedugdesiehebatetheseparesiesaepatly

9 i . gli :
the spedic immunly edaied by repesied inediors.
hsherodgonoies . .
populations such as refugees or Migranis inceases the
Qparunty for maniesiation and soread of ressance,
becauseparasieswihionormoderateresistancewould
be deared in semHmMmune populations 8,

dera s I b
, AP i "
andsmosprobetdymulisorial inoessediskalidiug
ressiance development has been postuisted to ooourin
mdmmm@mﬂem

moare prevalent in such areas then in those wih higher
transmission tend to support the low transmission
hypothesis. As an example of the high transmission
hypohessidhoog ineressanoendidienocoued
andspreadwiin?5yearsnanaeachightansisson

in east Aliica that had been under massive chloroquine

pesue B,

- i " ”
the proieration of ressiarnt parasies. For eanpke,
chioroguine-resistant parasites may be more fit for
reproducionincertainanopheinemosguiioesthannon
(2552 SRS < ¢ ST

DistibutionofDrug Resistance
Chloroquine
Ressancen P. fgaun o chioroquine has been

documented in most of the countries where there is
transmission, except Central Ameticaand Carbbean. In

eatly 19605, ressiance o chioroguinewas noed onthe:
Tha-Cambodian border and in Colombia. All endemic
areasihSouhAmericawereafiectedby1980andaimost

a in Asa.and Oceania by 1989, n Alica dhioouine

resisiance wes first documented in the eastin 1978,

Resisiance spreed 1o the centrd and southem parts of

the aoninert before anving nwest Aficain 1983, By

19994 o " st

A 8Os QQressaEn P Bojaun  wesid
suspedted during a study in June in 1977 in Koraput
(samples collected from Umarkote, Boipariguda,
Narainpatna and Bisamcuttack PHC) and Sambalpur
(Deogharand Beppshar PHC) disticis. Inthe study 38%

d P.Hgmaum caesh K ogput dstic and 12% n

Sambapurdeiidwerefoundiobe parasie posive on
7th day of presumpive treatment wih an adlkt dose of
600mg of Chloroqume

7 ﬂstepmbdbam”rberd

andFamiyW  elfare, Govemmentof india, Bhubaneswar.
In1978,ncigenouscasesafRliresstanceweredeteced

in Gumagarh PHC of Phulbani and Keonjhar town of
KeajecHit 16 Subsequentlyin 1989 Mohapatraand
dhas ¥ showed101%CQressiance(7.9%RI, L4%RI
and 0.7% Rl in Makangr PHC of Korgputandin 1992

Ghosh et d ® repoted31.2%oressance(156%6R1,94%6RI
and 62% Rl n Sudergarh ditit The analyss of

resistance data reported by the drug monitoring unit

ees an ieedy ted o QQese hP . Hjaum
in Orissa (National V edor -borne Disease Control
Programme: Unpubished daia). Duingthe periodbetveen

197810 2002 about 79 sample surveys were conducted

forsancad n W0 paesiedearanceiestnmaeten

in the state) and from 2003 orwerds about 23 sampe
uveysnerecondudedind Sasiosiordncalouoome

et Theoaraieses isiom 19780007 evest et

thefrequency offessiancerangesfomYstoashighas
BYondieert peoes Fomte ardlyssitis evoert

ta te RN bd esome  hes doan 18 ©d  ioese
during 1991-2002 compared t 1978-1990 (Hg 1). But
neresinglythednicalresponsetesiscondudedauing
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2003 to 2007 have shown a sudden rise of resisiance
(ETF+LTHD45% i .e abou47fddise compared o
2l the period fom 1991 o 2002, This rapd rise of diug

B +— resistance might be due to the population movement

because a kot of developmental work has been iniated

duingtspadintesse
Tredstwseddibunddugressenebd

0 19799 1 el g 19782002 2Ackisreveskeditet

44— W1991-02 3cisateechhecvepeoRIBvedies

ShedRIbdEditessanead6RIbE dfressane

0 w2 )

20— n14dfhesedsiids curing 20032007 showedhich
percentages (10 to 95%) of ETFLTF indicating an
aamingsieinintesaie Theebrethedugpoy

—ill —— - nescsanugerteval Binfreniesee.

R Fl Rl Paymorphisms in o geres of the P HBum
Ll  Level of diug resistance in two different period genome are focus ofthe studes onthe molecuiar besis

dfimein Ossa of choroguine ressiance. The P fat geneslocaied on

ORISSA JHARKHAND WEST BENGAL
‘< - v \.C)

ar

CHHATTISGARH

PN \"& .
Nabara BAY OF AENGAL
—> RI
- —> Rl
'IHal.l:glrl * —> RIII

AMOHRA PRADT SH

Fo2 Detiouion of dug resstance level in diierernt distrio's of Ossa
(Surveyed during 1978-2002)
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chromosome 7 and codesfor Fi,a vacuolarmembrane
nansporter protem Many polymorphlsms that are

bilhesthemetrWencndn?G

was recently shown i v itro bassodae absoligywih
ressancenistaiesiomAlica SouhAmetica Aseand
Papua New Guinea. Findings fom an i nvitro ddyd

N dverse geographical areas suppott the assodation

betweenthe Thr 76 mutationand chioroouine resistance

n Aa (W ®,Cameroon ?,Suden 2,Mozambique %), Aa
(Leos 2, Thead %, icbinddg Ossa %) and South
AmetcaBed) %,

Anathergere, Pimdl  whichislocatedondhromosome
SandoodesforP -glycoproteinhomologouel (Pghl) has
oeneraiedinieresthresstanceiodniooquineandaher
animebriek TheagparicacdinlyroseparniLision
in codon 86 has been associated with chloroguine
ressancensomedncaand invitro ddess  (VH ©, Tre
Gambia®,Sudan #,Uganda 2Thebrd  #, Bad| ®) tu go
nahersUganda % las®, Ted ®* ad Bad =) Saed
da Pimdrl polymophismsnotablyPhe184,Cys1034,

Asp 1042 and Tyr 1246 have beenimpicaied b varying
degreesnchioroguineresisiance Athoughevidencefor

(4525300 00 Pimdl  wihchoroouineresislancehes

nat been as convindng as for Fit,a iecert patesie
transfection expetiment showed that polymorphisms in

te Pimdrl genemoduaie susoeptilty to chioroquine

(s wel as o meloquine and the strucLily rebied

compounds quinine and halofantrine) z,

InasiuidyconducedbytheRegonelViedcalResearth
Cerntre (RMRC), Bhubaneswer in 7 districis (Cutiadk,

Anugul, Jajpur, Keonjhar, Sundergarh, Phulbani and
Makangi) of Orissawih 269 samples, 63796 P fat 76T
mutation and 54% Pfmdrl  86Y mutation (Fg.3) were
chserved (RMRC : Unpubished diaia). Ina simiar study
conduced in Sundergarh distict i hes beenfound thet
teFx 76T muiaions87.9%. Themolecuiaranalysis
perormedinbahthestudyhaveshonntrettheperasie
Boses found n Ossa are rebied bisdees oudin
Southeast Asia as wel as South Amefica
upLesieinandindcaestettssasaaeta
foraigndiheressiance Thisneedsanindephsioy.

When the occurrence of Ft and Pfmdrl port
muiationswere combined, total 9 genatypes were found

N . HionGO
Amongstthem HRat76T+ Pimdl 86Y({muanpismuan)
genotypes are more prevalent (41.26%) than other

5 Thesan

g3  Prevalence of Plat
diaisbesd P.

ad Pfmdrl genotypes among
fdpaum n O

T OesEertP
soaesae moefequentthenwidtypesinOssaand
comcboraes te n o test records of NVBDCP.

Haum

Sulphadoxine - pyremethamine

Resistancetosuiphadoxine-pyremethamine (SP)was
andaurenty, hohledressance (pio0Y9)sioud
nakbe patd Souheast Asa, souhen Chineandin
Amezonbesn Lonerdegreesandiequencesofiessiance
aredsenvedontepediooedoSouhAmaicasouhen
Asia, east of Iran and westem Oceania

bredod o . ok
nthelbie1980s Ressncesiapdyganinggoundin
tsoinertmoesonhecestheninhevestinesst
AlcahecsyeediessanesaisieHohpetaneoes
Of RIRRIIl responses were documenied ndnideninan
endemicareadT avanpaseallyas194
westhoughtiobeattbuisbletb pravious dug pressure
due to the use of pyremethamine-dapsone prophylaxis.
The 19992000 daia flom the east Afican Network for
monitoring antimalarial treatment indicated thet the
propaion of dncd Blures (comoned Bie and ealy
freaiment falures) at some senind Sies in Kenyawes
areadymoeten?3Ysandiheproparionaiparasioogcal
fAuesatday 7indidenheseadhed45%0atonesie
inTavanaF  ocaaeasoiowiomoderaiesuphadoxine-
pyremethamine resistance exist throughout Afiica A
Ressencebkelybpogessgeogaphicalyandints
- B i o e
iscouse Alhoughthe avalable deta. on SPressiance
simedn ok issarstetekay/frtsdugs

fi I Fiied e

2 hAia,

¥ Tty
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Myanmarborderin Arunachal Pradeshandsomeparts of

AssamandWestBengal — “* InOsaonescbiedieat
B dong tet at o 8Bkes el nvtronSundegah
it 5 are ressiart © SP dug aombinaion 1

The maecuiar besis of resisiance 0 SP s best
charaderized of d animekaral resstance. Spediic
mugiorsin P Hiaum tetkedibressanoeblch
sulphadoxine and pyremethamine have been identfied.
fomerhiaisdhydopieceiesyrhese(CHPS)andbtier
inhbisdhydroioieredudase(DHAR). Thesetwoerzymes
aendednibiesrtess

Part mutaions in the fdoning ve codons of e
DHPSgeneareknonwntoconierressianceto Suphadoxne
by deaeesngthe bindrng alinly ofte erzyme: sere
a43r.\sreoguiamcadasA0aanrebgyae
axdaepsarneateoeatl3 Gyanedd?
and Glu 540 have been reported to ooour together or
soynvaious pasdheword (indonesia, Vienem,
Malawi, Kenya, Boiviaand Gabon)
absenved in South America alone orwith Gly 437

Simiatly spedic pont mutations inthe DHRR gene
are also knoan to be assodated with pyremethamine
a5l oysereagaagneat o, seinebageege
athreonineat10Bandsoeudrebludeat164.This
combinationofmutationshesbeenabsenvedinThaland,
where high level SP resistance has been repored. The
tipe mutaion of ke 51, Ag 59 and Asn 108 hes been
absenvedinVienamandEastAficaKenyaandMakawi)
Asn 108and Arg 59 have been observed in combination
N Indonesia. Asn 108, lie 51, Leu 164 acoompanied by
codons30and31wereaksonoiedinBovaandBraz
areaswhere SPresistanceispromnentnSouhAmerica
AgDnaddionpAsl0BandieS1wasalsnassodaied
wihsuphedodinepyremetamineressiancenV
BHes . Leu 164 hes so far been reported only from
aeaswihhoghleve of SPresisnce (Souheest Asa
Bla “®adBad *)TheAR16Thi08genaypesknonn
10 be spedic for oydoguen resisianoe and does nat
confer resistance to pyremethamine o

The change from setine to asparagine at codon 108
is known to be the key mutation for pyremethamine
. Eerkioram o heeded
51, Ag50,andLeu1t4 pogessvelyinoeases the

47 G581 hesheen

4849

level of resistance. Thus quadiupde muianss (hose wih
thelLeu164muigion)conierthemostsevereressiance,
moesavee henthosetie muianss hosewin e 51
adAgR) Ao chihepredsersbionbeineenLEINS

in the DHFR and DHPS genes in dinical suiphadoxine-

pyremethamine resistance is undear,

aurentdatashow

thet the presence of a sendive DHFR aleke s highly
predictive of sulphadoxine-pyremethamine treatment

uoessirespedivedie DHPSalde

5. The DHFRand

DHPSponmutsionshavebeeninvesiogiedin7dsiios

(Quteck Anugu Jepr,
and Makangin) with269samples (RMRC,

Keonjar,Sunderarh, Pruber

Bhubaneswar

: unpublished data), where 406% of the samples wih
DHFR 108 pointmutation, 9. 7% ofthe sample with DHPS

540 point mutation and only 1.05 % of the parasite
(Tabe M) Wheardyzng he diierert comboraions of

pointmutationsin DHFR and DHPS genes

tisolbsenved

thetqueciuple rmutgion combinaion s Orly doude

TabeV.  Frequencydistibution of DHFR and DHPS alleles
in P. fBgpaum isobies of Orissa,
DHFR DHPS

51 59 108 164

436 437 540 581

No(%) No(%) No(%) No(%)

No(%) No(%) No(%)No(%)

Wid 197 129 160 253
(@) @9 B9 ®) ®B3 @

Mutant 62 135 109 16
@ @ @ O

Mixed 10 5 0 0
@ W O O o d

251 238 240 222

85 @2 89

8 26 2% 26
B @ &) @

0 5 3 21
9 O @

mutation combinaiion has beendbsenvedin 4496 cfthe
perasie popuaion. Ths incicates thet the parasie
popuion of Ossa hes ot developed ressence DS
Pdtugeormbinaionandirediugcanbeinioducedsaily

4
Quinine

Nearly100yearsagoquinineresisiancewasnoedin
Brad but suooessive dosavetions of dinicel resisiance
foquininebegantoaccumuisieonlyduingthemid 1960s

2 Qmy did

ressianceuinneimmunotherapyoccurssporadicaly

nSoutheastAsaandwestenOoeania. Dataffom i

nvtro

assaysideae tetressane skessfequetn Sauh
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0_
0_
0_
0 - O
0 1

Fig 4. Frequency of DHFR and DHPS genotypes based on presence of number of point mutations.

Q : quadiupe mutations, T:

America ® adAfia %, Wie soread use of quinie n
Theardinthe ety 1980s asanineimtergpyinthe
e d cediy Py m®=kd h giat fecdn
d its sE tivity “ Thaebeirthepestinodscadesguinne

o b - -
. ; i ! I
ssaseoodine ortidinedugands usadincases
dsaeemsaia hindate n "o Eesscondudedin
North Eastem states, West Bengal, Kamaiaka Madhya
Pradeshand T  rpuahaveshoanbwieve ofresisiance

R 76% and RI12%%) % However, {rowrocssd
resisiance 1o quinine hes been reparted flom Orissal
Somestdeshaveshonntheassoceionafe Pfmdrl
86Y point mutation in P. faldparum with reduced
ssgdlybqite haBadnsiyd Pfmdrl
mutaions (Asn 184, Cys 1034, Asp 1042, Tyr 1246,
chloroquine resisiant strains were found © have low
susepidly © e h e Gamoa Pimdrl T8

wes Wealy assodated wih decreased sensivy =,

tige mukaions, D douide muisions, S sihge mukaion, N:Nom usn

Mefloquine

Cambodian border in late 1980s % Mebqure dores
no longer effective on the ThaHViyanmar and Thai
Cambooenbodasathoughiissioperaiorslyusel
inmostaherendemicareasinandaround Thalandwih
feddlicacydmoeten 36 Thereareakocasaigpats
ofmefloouineresisiancefromthe AmazonBasin. Though
i nvi tro sensMyhesbeenfoundiohebivinAlicayet
no repart on resisiance 1o mefioguine has been fourd
fonOsa

The copy numberand polymorphismsofthe Pfmdrl
gene have been investigated as maecular markers of
copy number as a molecular marker for mefloquine
fessiance remens aoniding Two siudes n Theland
suggestedthatahighercopynumberconfersmefioquine
ressiance buoher sudes dd notaonimitretinding

Pimdrl
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(Thailand, Brazl, Afiica). Some studies have shoan
) cerei i
mutationsupggesingapossbieinverse reltionbetneen
SerdiMy D mefoquine and o chioroouine =,

PmdlTy &

Artemisiin ad is dervatives (eg.
atesunete anddhydroatemisnn)areassocaiednwiha
highratedfrecrudescencesattermonatherapy,
because of the phammacodynamic properties of these
agents *. Thereloe atemEns ae ot used dore for
dnicaltreatment theyareusuily combnedwihlonger
adinganimalaiels suchas melooune or imetartine.
Onthewhoe bath n Mo adi nvitrosadiyedy
d PHjaun n the muidug ressene aea dfte
ThaHVlyanmar border, where combination of atesunate
andmeboouinehesheenteistinersgmentorthepest
7vyeas @rvas  sEbEday. T rmowvogat o esae
o artemisinin has been documented from Orissa,

The development of artemisinin resisiance may be
debyed hy the dneraciertsics of s dug ke shat
eimnaion heflie and ablly © reduce gamenoye-
caeceige %8, Inmice atemEN ressiance hes been
assodated with diminished drug uptake and the over
eqessinospoenBlagepoEnteiastioely
controlled tumour protein %, A molecular study has
uggesed thet the Pfmdrl Tyr 86 vaiant may also be
asssiEdwihinoeesedsesiMyDaiean % The
transiedionsiudyalsohesshownthetSer1034,Asn1042
aﬁA$1246mmsaiiml/ab1esam/ly
d PHjoaum baeren

artemether,

ey

Multidrug Resistance

Muithug ressence o P, Biaun
resstance o more than two aperational animelarial

of i remical d
I'll . i cbrghetceneg

of Thalandandemergngmulidugresisianceseemsto
keimedbteasssdEagtAlica@@uchas T
andKenya)andthe Amazonbasin Theavalabledatado
natindcate any evidence ofthe presence of muli dug
ressance P Hjpaun darsnOs=a

defnedes

. Esthed

anzania

Conclusions
Drug ressiance s prooebly the grestest dalenge

that most makaria contral programimes are fadng. The
problem of drug resistance malaria is world-wide.

inPEdaum has forced to introduce ACT (@rtesunate
plus suiphadoxinefpyremethamine) in about 17 PHCs of
Osa Bugventelimiedresoucesiorahermelria
el N

is known to be hampered by economic constraints and
scaly of dug dhoce. Since the prevalence of diug
resisianceis>25%ohabout32suveyedPHCsandbetneen
11-25%nabout8suveyedPHCsspreadover1 Odisticss,
the chenge df dug poloy s 10 be consdered for the

ake s Futa, teessbosuggesieaidenosiom

China © Meani 2 ,Vienamand Thaiand Stetabrgem
dedie in the use of chioroouine for prophylexs and
tesmeric P Baum  mebri lagely broughtabout

by problerms of CQ resistance , can lead 1 resurgence

d te dwsdie popEn oR Ejaum The s
herek enil (O0fomheeri
o VLS oo rbesediod
wihebbareyze tediet diodaysdugdocean
evidenoe of muli dug ressience inthe Sate; consant
uvelbeesnestadiatesalyoesdonackvepment
amulidug ressance

geteesm
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Dr. J.M. Deshpande, Director, Enroiius Research
Centre, and Sh. P NY egla, SEED,NV, Pure,

LaboratoryNetwarkinSouthEastAsiaat Jakarta(August
2820,2008).

Appointments

Dr. PK NegiockoverasDrecoraCoundsiNeiordl
Institute of Occupational Health, Ahmedabad w. ef.

August 1, 2008

TrehingsE  elowships

Dr.RekhaDev, SoenistC RVIRC, Dougath aveled
JSPS RONPOKU Fellowship (June 1 - August 31, 2008).

Dr CPadmapriyadarsii, Soenist C, TRC, Chennai
proceededioavalBoanUnversy T B Uay
nemaiordADST rainingand Research Programmefor
2 years a Bosion (w. ef.ly208

Dr. Avninder Pd Sth S B IOP,
proceededtoavai indo-US Research Felowship2008at
theNationalCanoarirnstiLie Behesdaior3monthsiv. ef.
AugLet 1, 2008)

Dr.SoumyaSwaminathan, Scentist, TRC,Cherai,
proceededipaval Advanced T rargnHVADSCc
Ties & Mem HogdBoan Unvasly, USAfor6maonhs
(w. ef. June 15,2008
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