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Abstract

Malaria is still a major public health problem in Thailand especially along the border areas. Early
diagnosis and prompt appropriate treatment has been the current successful control strategy. To succeed
the early diagnosis strategy, malaria rapid diagnostic test (MRDT) is an appropriate alternative diagnostic
tool. Some limitations of MRDT includes its high cost and quality variation. Locally developed MRDT could
reduce these limitations. Specific monoclonal antibodies (MAbs) are the crucial components for the
success of the MRDT kit production. In this study Plasmodium lactate dehydrogenase (pLDH) was
selected as a proteinomic antigen for the production of specific MAbs because it was a glycolytic
enzymatic protein produced very specifically to each species of human Plasmodium with high amount. In
addition, it was produced only by viable parasite; therefore, its detection would evidence the recent
infection. The pLDH protein antigens originated from two sources, native and recombinant proteins.
Native protein derived from in vitro culture of Plasmodium falciparum K1 strain. Culture parasites were
concentrated by passing through Cibacron blue column and pLDH was then harvested. Two recombinant
pLDH proteins i.e. pLDH-GST and pLDH-His were produced. Female BALB/c mice, separated into three
groups, were immunized with native pLDH or pLDH-GST or pLDH-His. After appropriate period, hybridromas
were created by fusing the hyper-immunised mice's spleenic lymphocytes with myeloma cell, followed by
screening and cloning the pLDH antibody secreting hybridomas. Two screening methods, ELISA and
Dot-ELISA were used to test the hybridomas. Then, MAbs specific to Plasmodium falciparum and pan
malaria species (P. falciparum and P. vivax) were chosen by using three techniques, indirect immunofluorescence
(IFA), SDS-polyacrylamide gel electrophoresis and Western blot analysis. Totally, 269 MAbs were raised,
mostly derived from recombinant pLDH hybridomas. Activitly of the 118 MAbs were strong and stable. 1,
35 and 63 clones with stable and strong activity were derived from native pLDH hybridomas, pLDH-GST
hybridamas and pLDH-His hybridomas, respectively. However, all MAbs produced by the first two hybridomas
were IgM class. Some of them were then class switched to IgG to suit the conjugation with colloidal gold.
After performing class switching, 19 strong and stable clones were derived. Specificity of MAbs determined
by IFA and Western blot analysis showed that 61, 15 and 33 MAbs were specific to P. falciparum, P. vivax
and PAN malaria specles, respectively. Some MAbs were chosen for embedding test trips. The developed
test strip was tested by using blood samples collected from malarla patients. High sensitivity of the

developed test kit was found. The detection Iimit was 312 parasites per microlitre.

Key Words: Malarla, Monoclonal antibody, pLDH

‘s-';'
aamilandndnhlasuses O 3 edufl 2 nangian-Bunan 2549 11 9‘%?;:



mwhblhfuuunnluoﬁudowan‘w jtoouisnuanise

Uwufduoyu : T e e e e iores b e

niswanluTulnauoaneusivofdnoidudv

Plasmodium lactate dehydrogenase uh"o'lﬂ‘ﬁﬁod’aTsnmmnﬁo 'j

. -~ © & W 5 ol ar ar
ward g aenly, ‘nmgeun wunduws, ‘dows Tasuianiadog,

YAAY IMWOAAT, ‘WAL ﬂqaﬁ'l‘uﬂmﬁﬁ. 'atiolle A9

Sinlsedesninlavunay  nanawanlae, ‘guiviniilafiauderid anmnmalny
‘gudinaluliFinmmwdwmamdussaroriugy |

e unARYD

wsniulraduligmsiniuguzssssmdlng Tasawisfesiivilnauasyitumainumsuaues
UsTind aRINTITe amnqn'(um1muqzﬂ'ﬁmmuu’[uamummuwdnn milfuinanssuasinmetinnad
mu*.::;w1"smmnmnmmnunmmmmmwnﬁ’unu q 7 dipstick fevunlieinidnssundirindy
s ustansssnaImamily udtiymeidgRe dipstick Tullvqiufinmuwuazligansnaugugunmi
deesndumalulsifidomnnuszing dafummamuraiiesnin dipstick dedlutszmalnedodudedniu
mekdn sipstick dudunnmandnlilulasusausurusAdidaruliuszanudumsgeioidomandy §iduden
Pasmodium lactate dehydrogenase (LDH) Hunsudisuinshinlninlilulasusausudvuedd Wessndiulysiu
Finsednnmnduiiifiney unsgnuanssninifiusnsnnluinmefihefhddadesnsiy funsunwin
Tlulesussusuduedfidnminmaniunusufisudennsin 2 unss AssnlusfusinmuscTusiudaanst ludw
ge L FusTTIeR lFInmIanalUsAu pLDH mmﬁammﬁummi’uﬁ K1 fideslunaeanases udnisnwu Cibacron
blus column silusAudn 2 wuulisfudoirmst As pLDH-GST usy plDH-His lthfudadivny BALB/C mices
3 ngx ursinsusuAeuAna” 1INt mouse spleen 3 fuse U myeloma cell line Y cloning u§ufan
nyoridoma cells fwanuouduote pLDH Taul#iBAanane 2 38 A ELISA uat Dot-ELISA v imiuidienliluTauss
wsuveFfrede Plasmodium falciparum Wt PAN malaria antigen Tav38 indirect immunofiuoresent assay
(IFA), SDS-polyacrylamide gel electrophoresis WA Western blot analysis wuiilululasussueusvedddulng
IsrsnmalFlvsfudanod Sunulasufildsankiu 260 Tasu uiduTasufudousouazamu 118 Tasudald
snldsfussmed 1 Taau Tusiudoinsed pLDH-GST 35 Tasu usclusfudoiasieyl pLDH-His 63 Tasu
wrsnleaufindzsnngsd 1 uae 2 Husila 1gM SekesiAuu immunoglobulin class 1e9ngal 2 unlasusn
igh 1w 1gG iileazendenmaiunideniu colloidal gold Tl dTasufiudoussuazamuduau 19 Tasu ilediamet
praumicleuis IFA uss Westem biot 14TxTulasusauouduedfifisuwnsrede P, facioarum 61 Tagu S1mnzsie
2o P vivax 15 Taayu uaz9vzin PAN malaria specles 33 Tasu TasufhihundnluTulasuosusudvedd
dndlvgirrsmiganadulitge 312 deiolilatiing Tuduneusieluszifonunlamnilundn dipstick Aol

e sy, Tilulrsusausufuefd, Budusl pLDH

Tt e s et

P R =

12 Journal of Vector Borne Disease Vol. 3 No. 2 July-December 2006



mﬁ"] e ——

v dudaniligmaningrueszmaling
'[numm:Jeﬂnwn:mn'(uﬁmﬂmdnmmzmh‘um1
mAIITBUAUYDIIEINAY MmIn1addgfiganes
nanuguldnsndulusniniaoiuouddona sty
vimanseuszinmotenada® nanbganmemide
s Tuotematafidundin q 3 dipstick snlHiads
FBarsunfduinainafiduasimncan udflguaam
A dyApTafidoasunanae dipstick updafidl
JSmiweyifiediaidosanagniessesnaminiig
AdvmnindinInnesfduReanuniitiondwddugq®
nIndm dipstick 1#eslulszmalneadiudesuiu

nIndn dipstick nanmandalululasues
weuAvedfiiannlinasanadmisaadenaie
fivuRenueuAou Plasmodium lactate dehydrogenase
(pLDH; L-Lactate, NAD*-oxidoreductase) \¥arinanidi
nanlululasuoausufvefs pLOH Buidududsnis
Tusuums glycolytic pathway zavidiaananiudaide
Uji3uIn A&7 lactate 970 pyruvate AdiuTusiu
ﬁd’lﬁ’:uviﬂnww’stutﬁﬂwumrﬁa pLDH gnuampanin
Tuydmaumnludadoauasiididosnanis® dsnwus
Jumzdndnanandounszadddiwuluau® pLDH

wouand voaoulu nazarus

anam'[nuu-ﬂnﬂmﬂum'ufu #afuntawy pLOH Ty
nizuaifioaforoaatissfunmamudsuacdmadely
nizumfoaudnfuminresmidamnsdudiundes
anaamd dnfumamarswy pLOH Fousmeanmfifine
ﬂrﬂnumwﬁun;{lwm:ﬁu"’

flaqiufimandalalulasusaueufuside pLDH
ynidleanadumeiug w2 uaz 06 uasléhawin
I.ﬂu'qnmw immunocapture pLDH activity assay
(ICPLDH assay) iflovsnaaifsndihumnaniowui
Nan'nmwnamnﬁmﬁ’ummut%ammﬁ'u'[ugﬂ'zmﬂu
pt0A® faquulalulasusare pLDH ldgmimnan
Huganseduiaglasuisngndanaiuisn

fnnrmuﬁmnﬁﬁa:nﬁnqm}lmmwmL%a
naFvatwnailfiesiulszmalnelasldinalulad
wwuilowimuies Weilazannodganriadamnaniis
11AgN usrsanInAgNAnmlFetwindda §ide
Wléndanlalulanuaauausveddre pLDH Tavana
Tusfu pLDH Mnidieviadurdumeniug K1 Baduseiug
firnamainmaeludssmadin q fwudaunanie”
mandaldtunsuiidaulaenainifeny Goding® uas
Harlow uazamus®

AWAURLIBNT

iosanFomeniug K1” 1Fsuanuoyans
AINAEATINITRAAT Inemee doniuiseinedand
MIUWNg PRIAINIAINMININY vndpelunaen
naaenlasld RPMI-1640 medium (GIBCO Laboratories,
Grand Island, N.Y.) a835989 Trager uar Jensen!'”
ybidaifiuszazifuaiu (synchronisation) aaiizes
Lambros U8z Vanderberg™ in3unidosnaiuscus
Tyweudlsfiaramuuiuzoadonniidesnislanld
Percoll-sorbitol discontinuous gradient My35909 Kutner
uazanz" fudadiosnaniudie phosphate buffer
saline (PBS) pH 7.2 1 5,000 ToudauTi 2 At iude
iy 7 -70°s

N1SIATUNUAEAAA pLDH pLDH gniATun
Wnrhwwaalululaausausufvedd 2 wuy Ap wuy
TusAusssum@ (native protein) uazuuudaATIEd
(recombinant protein) MawIlUsAUsTINT AR
WoanaFefmnzdsanyirifuanfisszaiiafon
us Tapdanazaislu 0.1 % saponin U3aas 5 i
209130 BNaGe auumn"momﬂwauﬁqmngﬁ
vioou 5wl idsinaGumntesasudaduide
(ultrasonic disintegrator) i 4°¥, 20,000 F8U 1 U1
4aA pLDH activity laiadn enzyme kinetic ndnnns
aim q Ask sodium pyruvate WusIRsuuasTH NADH
\{lu cofactor A1 LDH activity lanldiia3neiioves
maddnaliausinnmand aminmnaviviag Mol

- ) ° o « &
renilsadndoilasuaas D 3 afufl 2 nangiAn-SunAn 2549 13




aroyanntipemaens 1l a1 A R1mnaed
VAl RUN N HiTrapT™ Blue HP Column (Amersham
Biosciences AB, Uppsala Sweden) mufunnuﬂatq
Wugderoauisngsmite dhlusfu pLOH fiNu
column NYIRAY enzyme kinetic fnads simbat pLOH
Tusdunldanhiwneilavis SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) uax¥alusdulauifeey
Lowry usrAme™

Tus@u pLOH TdduAnueyiaTHiaIn Asthiam
IMNDAAY quﬁmn'[u'[aﬁﬁamwﬁwummwnﬂua:
s1ssuge ninudasainsuwnd $iinsieioy
AT 9 A cone pLDH gene T plasmid E coli fisn
M3 express recombinant pLDH protein lauld Vector
PGEX4AT-1 UaY transform W E coli BL21 (DE3) ufa
Lgmuu LB agar with ampicillin resistance mmfuvh
‘[U‘EﬁuTﬁﬁ&p’lﬁr‘ﬂn recombinant E coli AU pLDH
7xded 2 uuy As wilandendulusfu glutathione S
transferase (pLDH-GST) uawtiafi@eniu histidine
(pLDH-His)

nmwaalululpauesuoudvent

souiduiums 2 wis Ap guisedanieioe
UivEnslsadadntiilasunas dninliadasderilay
WA NINAIUANTIA NIENTRRIDTINRY UREAUELINT
Ta#suviemd anmznalne

msiﬁn1:vjmgﬁﬁuﬁuvia‘[ﬂsﬁuﬂﬁmnmun?uu
#7053 native UA: recombinant vilauvnlysAuf
wival#dndlulugesiioony BALB/c waifludl
wisaanidu 3 ngu nguar 6 @ nguuIndaluadiu
pLDH s nguil 2 dalusfiu pLDH daiarnufil
#paainfiy glutathione S transferase (pLDH-GST)
uazngail 3 daluadu pLDH daanxifidnasindy
histidine (pLDH-GST) madal#lusfuaradindu 10
Llaandu wmmmf’u 14 ﬁnm:ﬂjwﬂ'l (boost) 3

msuﬁul‘ufufnauaanouﬂuo‘dldomas;»nm-.;.ml-,uu VG

aks hotunfons 21 fu Tumalianizhudhedod 3 o
Andksludostosuasdniduifiondr 3 Sundanale
nazfuihafeqaine shwmy shinsmosmgnatned
toonnlaulddufiney q SahimfedosdMivad
Fwponin shadinann fuse Mumaduzidosuiug
X63.Ag8.653

wismfutassin 12 duant sedanies
omlnaufllinaunlaul#idminindanies 3 33
Ao enzyme linked immuosorbent assay (ELISA), indirect
immunofluorescent assay (IFA) m335909 Tharavanij
uasAne™ uae dot-ELISA ppewsding thdeuly
uszane™® maudnsusvsslilulasusausuvedd
Taun19m1 immmunoglobulin class WAL sub-class
%38 antibody capture on anti-Ig antibodies” uaz
mMitionAndssusAN 1 soadoinande Tawds IFA
Tanuitinsuaninshilazgnianauuse Tanfeis ELisa
une Dot-ELISA™ uasnareulasumsiinn 1 3 deu
Tasulaflinauanuiunda 6 ey sdvilasutiud
AINAINY

yilasuiden (single cell cloning) mwiSuas
viadd snadsedwle®™® araedanssamlaaudly
NAUINANATNT 3 ABAenaNdiiu uazATIvEULY
anuTunzeplululaausausunvedlanis SDS-
PAGE uaz35 Westem blot Atdanlaruilesnaauuy
Jnunnludainasse Tasndasimidssiseamy
BALB/c usuiufiumaitees viadd anasrsedmiiiy™
Wl lindagmbnammideinaiusol

MAINAYRMANMEETENATS WS ADE WU
vooonaniuliifees Tranpradit uazamz™ Tan
nasoulululasueausudvadifudrotradeadihe
nadufifuineinnasn 4 teslssna sy 120
wotwdwid IFA TanluTulaaussusuduoddiil
nmwa*mnawmmn‘rmﬁm‘m:ﬁaLﬂammﬂumuﬁuﬂ
i 1 szdpsbinauandedntiwifeagiwinaniu
wnillounidouss 90

14 Joumal of Vector Borne Disease Vol 3 No. 2 July-December 2006




NANITANNA

v'mmstﬁmua:m‘!umﬂommﬂumuﬂhq K1 o
wRNTugn synchronise 2 afodw 5% D-sorbitol Taw
Susmhetuadias 30 Falie n&ams synchronize adufl
2 levih enrichment law s uYEVIELE schizont 18N
recovery rate \infud¥sua: 69.53 uasldsmaude
sanku 37 X 10° wad dlevdenata pLoH Tau
N HiTrapT™ blue HP column n32931A31eW native
pLDH lawi8 SDS-PAGE uscfiond Commassie brilliant
blue, native pLDH uﬂn\n}‘mﬁ’n'[umqa 30 kDa AA"
pLDH activity 1#@" Total activity Wity 11.1 umole/
wi/NR. URS % yield winiu¥euas 0.001 1HUSuwu
Tuswimua 269 lulasnii/ua, 97U 2 ua. dwmiu
recombinant pLDH (Rec pLDH) 2 oila Al#uangud
maluladFin @ un1sunnduasas1Tugs nan
AEasnsuwnd danaeieneilasis Spbs-
PAGE pLDH usasuminluianawiniu 60 kDa dmiu
pLDH-GST uat 33.5 kDa 8§ §u pLDH-His muaeiu
uazlvi@n Total activity 40.8 umole/unii/ug. % vyield
wihiuipua: 36 URE 866 umole/uni/ua. % yield
wiruSeras 105 musdy Tusfudaamsine 2 oia
1¥TusAudndu 1,000 lulasndw/aa.viniu

m3IWaA hybridoma clones fp pLDH Tuvy 3
ngy immunize #wlUsAUSITNTIA PLDH uaelusdu
fFuaTeA 2 viia Ap pLDH-GST Wax pLDH-His nasen
fusion tilal#laauudmuinguil 1 ia hybridoma
clones finARUBUALDALAD pLDH 7an 6 lAau 37N
mnseAanBdlads ELISA uat Dot-ELISA Wlpaiae
-z'fmn 3 Aoy AiAwe 1 Taaudlinausouacaomu nn
Taauifiu IgM class nauit 2 i fusion 2 afs 14
hybridoma clones 1% 79 Taau # 15 Taauilliing
ussuazamy ynlasuiily IgM class (uidbaty
#aidien hybridboma clones 917U 3 Taaufiliinause
uazasmuyhlaauiieadei 1 14 hybridoma clones
1w 27 Taau i1 13 Taaudlinaronu ynlaswdiu
IgM class 9 tfuian hybridoma clone AIlMWAWTILAE

—

amu 1 3 Tanu snlaautlondsfl 3 1% hybridoma
clones 12 16 Taau wufl 7 Taauflliinaaemu Tauyn
Tasuifiu IgM class Wity mafiflud hybridoma
clone findnusuAusfdufla IgM class vildun
fomIfnasindull colloidal gold AnfuFedeewdvu
immunoglobulin class 910 IgM Ju IgG #viBuee
Faquet"® Tauifan hybridoma clone fiwanTaul#lusiu
FoATei¢plDH-GST nanilasuiisafedl 2 d1uou
7 Tasunwaou Ig class Tavfidumeulandodei 14
goat anti-mouse IgM antibody (Sigma) 13839 1 #B
4,000 viwjiieiulasuardndiu 100 ulasdny
100 wafvoslasy mfuvhiVimaduandan rabbit
complement (Sigma) 30319 1:2,000 ANdintu
100 Lulasdany/ 100 wadveslaau vihlMioaduan 2-3
3o sxwuilimadgnamanasadgninaoly wadiisen
immuglobulin class VuRMTA&zgNIABLYIN IgM 1u
IgG WanTARBIWLIEN 1 Taauaan 7 Taauiilszay
HAEUSINNINWALY Ig class 9 IgM iU IgG Ap
Taau 5D6-B6-H6 TaugnuAsuiiiu 1gG1 T ImfuiAn
swmasuacasvdansssildlasunudousouazamu
s 5 Taau dedalasuiniiadlssiuanudusuiu
ngulasufindmanlusiudu Ilasuuaiiudousouas
amu 2 Taau Ap 3D7-H2-B2 war 3D7-D8-A7 \ile
nagouaNsuwtlanis IFA Taau 3D7-H2-B2 uame
arnsuwizanda P. falciparum (Pf) dulasu 3D7-
D8-A7 UAMATINSIWIZAENIED P falciparum WRE
P. vivax (Pan Pf. Pv.)

vilasuanlasuiiodn 2 Ay 1¥Tasusaniodu
33 Taau uAianuamuiiiny 14 Taau nm3dnmn
andnzeaslasuildduan 33 Taau fanuswmne
Apdiofadundn (Pr) 16 Taau SumizdeNaduriuuas
Twand (Pan P, Pv) 11 Taau uazsuwzssliuang
(Pv.) 6 Tnautﬂawnﬂaun"nmi'ltm:damuﬁudxﬂn
38 13b (genetic diversity) #2838 IFA Apdatnaide
aNTun 4 MAvslstinAlny S 120 AMetn

amilspdainilasunss DAl 3 alufl 2 nangran-funan 2549 15



DOuidoNad s s v 80 us: 40 At
mwdy guileniasuffufoussustamunnide
Wadihin 2 clones ust e Pan Pt Pv. 2 Tasu (Youas
10 ':;N’mam;mmm wuinhe 4 lasu Iiwsuanded o
Wemunnindevar 90

maveselunga®t 3 T8lafudaane pLDH-
His wiven fusion 1&Traugnaansan 23 Tasu u
Tesufufousousramu 7 Tasu @onlasuuainilslasu
fio 904 ilasutly 4 ady 1aTasumin 81 Tasu ulasu
Fudunusremu 56 Tasu sanmmesoulay IFA 14
TasuifarusunsredensSurin 41 Tasu e Pan
P Py 22 Tasu ussAoidoluang 8 Tasu gudonlasu
fufsusousramusnidensdiain 4 Tasu uazdo
Pan Pt Pv. 4 Tasu (Zouse 10 snlasuianum) wuini
g lesu Dinsuansedathadoamnniniouss 90

] |

Jevwlasuionnaiidu 1gG class wazfld
Tesuernnnit 3 afefulihie 3 ngu 32w 76 Taau
damanesnzlasis IFA wudswnIauenany
Juwizoenléidu 4 ngu A nguiinilusasadn
$1;w7:1:€u.3cdargsmmx‘ius:u:’mtmuua:s:u:
Trshizendd 15 Trsu nguiigpIuEAIATINTIUWILAD

nswaalvlulnausansuiiveRgiweldnssosivdnlsninaie

Wownaduszvr e Int v dinhnnen
A 27 Taau nguftmummasnradumnzadugedodo
wantvacuelyooudfl 23 Taau ussngufifuans |
arwdumedndoinadvizvslmmeufsedinhunen
f1 11 Tanu

vinfulfonlasuflufonssunsamudnnu 8
Tasu ysznoudrungulnauflldsinnisdalusiu |
faane pLDH-GST uaziivu Ig class 90 igM Dy
IgG ud1 $wu 4 Tasu fAmsdumedods P12 .
Tasu usxrio Pan PL. Pv. 2 Tnsumuddy Taaudulng
usaRTIS IR dnzusNuruussTeuzm vimoud
v Tanuitldsnnadalisfudoinaiest pLDH-His
Jmau 4 Tasudarwsuimzsede P 2 Taau uazds |
Pan Pf. Pv2 Tasumusndy Tasudulnguaasainu
Fumzdnidarcuclomoufazduge Taswke 8 Tasuill
emamililumannsmideinanivlimgalauis
ELISA wuilauadulasufmuasmnioniamide
snadlddga 312 #/lilasAns Tasuks 8 Taaui
onsstutuarusumizresiadonsaniunade
Tau55 Western blot wuinlWnanenadeaiuid IFA
{Wusti

397150INHA

myiuiexaslilulaausausufuadinolysfiu
oL DH 1#18lUsfAusn 2 uvas Ao TusAusssnmAuay
Tusfudaansi =gmg‘owmu*naan‘rﬁq"un’;’odtﬁaﬁum
uarnaslilulrsusausuduadifiiausunizdoide
snapriiaiatirinuaciaidamanisalldiou q
(Pan malaria species) wamTidunuinlululasuea
wouFvadlglsfussnoAduuaudiauldwanin
Aoudiotiosuaniuy 1gM class Tususillululasuea
woudvesidlusAudaansiidunoudiaulduanin
snnindls 3 wih wilusiudiugseendu 2 nu Aenguils
Ty pLDH fiasaaniu GST Winandsmaslilulaaupa
upuBLeAfidu IgM class 1uiu snunguildlusiu
pLDH-His #lFuaiiiu 1gG1 Favaa ansuansnaiulu

snenuzituil euisnnendnstusmesueudinuiingziu
T¥% plasma cell W@n Ig class Aunnsiy m7adail
YszauanaduIasanInwasu Ig class 90 IgM 1
IgG YnannImiluAsaainiy colloidal gold 16 |
ndannifenlaauid avidity uaz affinity g9
i cloning 8n 3-4 38u Tasusulnginnsnngail 2
uaznguil 3 (evareuansuwzeadlululaques
wpuAveAd usnsnlTasuiivumdodoinauivia
HadurFuuaraiinBu (Pan malaria species) ¥ uwile
uf? vnlasudsusamafianusuniatunianmude
ananduldotingh 400 A/ lnTasdins uasualasuaansa
tiondiad Shufner's dot voadarilalanandldethedaiey

16 Journal of Vector Borne Disease

Vol, 3 No. 2 July-December 2006



wovdng vodeulu nazarus

pthalafimn Armuandseslululasussuoud
ypAdre pLOH fndml&umndrs nfindeldTaudfon
Piper® Tusuamuanswossmwiufidomanivd
dwndalululasuesuoudusAfiBuswiugiinly
Urznalng® uatRoroundmanadmeefiauonie
Wendumeuuse3Bnraftuandratilususiuauda
anmaaseumANlawuIWIIaene iy 50-
500 dlulasdmalarwmlaindidvetu (Yousy 70)®

ARANTINUTENA

Az §iduvevsuquanumiuuieioiBudiln
NUATURYUNTINY 90BUANAEATINID AT, 191R
fnnnsl mATrdual ausinedand aminndy
AMAR URTIDVANEATINNID AT, wgun ATFNIUT mAen
FOIUEPANEAT amIneduaiiag AAWInsTiy
Useleminthetosoruduieneimyiduadil POVBUAN
fUSnERNANUIEINA A Professor Dr. John E. Hyde

rudnsurssdlilulaausausususfiflsunehildmn:
e wu farwdumizde Shuffner's dot 181D
e durdalwand ussiddgiigefodundnnafiia
fumuluvazna swmohl#ndavsslom! aama
qmtﬁutaumﬂnnﬁnﬁmﬁﬂnmm:mnm’tﬁ mTidy
afoflwunrondnluTulasusauoudueddfdnodo
i durllaadhfuuas Pan malaria spp. asrmminly
wanymhuinsmidesnandulddoly

0 Department of Biomolecular Sciences, University
of Manchester Institute of Science and Technology,
Manchester, England, Professor Dr. Kelvin C. Kain
910 Division of Infectious Diseases, University of
Toronto, Canada WRE Professor Dr. Vergilio E do
Rosario 910 Institute de Higiene e Medicina Tropica,
Universidae Nova De Lisboa

IBNHISDNDY

1. npanaie. nanaluanlIafade. TeLsEdl
WA 2546. u. 11-27.

2. World Health Organization. The revised malaria
control strategy for Southeast Asia Region: Dratft,
Roll Back Malaria; 2006. pp. 3-25.

3. Vander JDL, Hunsaker LA, Campos NM, Baack BR.
D- lactate production in erythrocyts infected with
Plasmodium falciparum. Mol Biochem Parasitol
1990; 42: 277-84.

4. Makler MT, Ries JM, Williams JA, et al. Parasite
lactate dehydrogenase as an assay for Plasmodium
falciparum drug sensitivity. Am J Trop Med Hyg
1999; 48: 739-41.

5. Makler MT, Hinrichs DJ. Measurement of lactate
dehydrogenase activity of Plasmodium falciparum
as an assessment of parasitemia. Am J Trop
Med Hyg 1993; 48: 205-10.

6. Piper R, Lebras J, Wentworth L, et al Immunocapture
diagnostic assays for malaria using Plasmodium
lactate dehydrogenase (pLDH). Am J Trop Med

Hyg 1999; 60: 109-18.

7. Thaithong S, Suebinwong T, Beale GH. Enzyme
typing of some isolates of Plasmodium falciparum
from Thailand. Trans R Soc Trop Med Hyg 1981,
75: 268-70.

8. Goding JW. Antibody production by hybridroma.
J Immunol Method 1980; 39: 285.

9. Harlow E, Lane D. Antibodies. a laboratory
manual 1989. Cold Spring Harbor Laboratory.
139-243.

10. Trager W and Jensen JB. Human malaria
parasites in continuous culture. Science 1976,
193: 673-5.

asmilandndmilasunas O7 3 atuil 2 nangen-funaun 2549 17



niswaalululaaueansuiiveadiweldasovdionolsaviraiso

1"

12.

13.

14.

15.

Lambros C and Vanderberg JP. Synchronization
of Piasmodium falciparum erytrocytic stages in
culture. J Parasitol 1979, 65: 418-20.

Kutner S, Breuer WV, Ginsburg H, Aley SB,
Cabantchik ZI. Characterization of permeation
pathways in the plasma membrane of human
erythrocytes infected with early stages of
Plasmodium falciparum : association with parasite
development. J Cell Physiol 1985; 125 521-7.
Lowry OH, Rosenberg NJ, Farr AL, Randal RJ.
Protein measurment of the Folin phenol reagent.
J Biol Chem 1951; 193: 265.

Tharavanij S, Tanpradist S, Chongsa-Nguan M,
Prasertsiriroj V. Comparison of various serological
test results using antigens from different strains
of Plasmodium falciparum. Southeast Asian J
Trop Med Public Health 1982; 13: 174-80.
warmd thdenly, athils ami, Siws Ty daniasion
WRZAME MIVANTLARTIY Dot-ELISA Tunwvh
Sero-epidemiology WialHiiussuuiAausumauns
sevnradldinanisludssinalne. tenarsnis
dumednmstiasiuaiuaslsauvieni O wa.
2549 3eniniufl 21-23 figuinu 2549 wu Tsauan
utmiag amuia NIVINWANIUAT, Wi 147-8.

16.

1%

18.

18 Journal of Vector Borne Disease Vol. 3 No. 2 July-December 2006

Wil anasaedmily, Tilulnsusausudueddve
wflafin. quivinilafiaudond smmmalne |
2541, w1 48-51.

Tanpradist S, Tharavanij S, Yamogkul P, Bualombai
P, Wongchotigul V, Singhasivanon P. Comparison
between microscoplc examination, ELISA and
quantitative buffy coat (QBC) analysis in the
diagnosis of falciparum malaria in an endemic
population. Southeast Asian J Trop Med Public
Health 1990; 21: 534-40.

Faquet GB, Agee JF. A simple technique for
the rapid enrichment of class and subclass
hybridoma switch variants. J Immunol Meth
1993; 165: 217-24,




