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(Mw193nqy) Development of malarial detection in infected mosquito using
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Abstract

The detection of malarial protozoa in Anopheles mosquitoes is a crucial part of surveillance
and control efforts to monitor the spread of the disease, enabling local officials to assess the
transmission dynamics of malaria and enhance the effectiveness of disease prevention
strategies. However, there are still limitations in terms of the availability of tools and skilled
personnel for conducting such tests. This study aims to apply a simple and cost-effective
method for detecting malaria in mosquitoes, utilizing the Loop-mediated isothermal
amplification (LAMP) technique. LAMP rapidly amplifies genetic material at a constant
temperature (63°C), and the presence of Plasmodium spp. can be visually indicated by a color
change from yellow to blue using Bromophenol blue, which changes due to a pH shift as the
genetic material of the malaria pathogen increases. This method is a convenient and rapid
diagnostic tool. When comparing the identification of malaria species in infected mosquito
samples using Multiplex-LAMP and the conventional Nested-PCR method across 150 samples,
the sensitivity was found to be 96.67% and the specificity 100%. These results demonstrate
that this detection technique could be effectively utilized for malaria surveillance in field

settings.
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anhuazanusnglunisasianuie  Plasmodium  spp. g deuly 95.7% uax
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vosanaedl vhlinmageulufiuiivihdlnafinnuazandetu Taeliduiudoddgunsainmaia
fugaiGoto, 2009 #207} wenaNUSEMIRAUTBNTWReR e TazmnTulenslday
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A19719% 2.1 Primers §1%5UN15AT9RBNNA38 5 viin Adewmalia Multiplex LAMP

\Jeluslndaralsn Primers

waseluau

Plasmodium 5’ATTTAAACCTTCCCAGAGTAAC3 /5’ GAATTTCACTCTGACATCTG?’
falciparum

Plasmodium vivax | 5’GACTTTCTTTGCTTCGGCTTG3 /5’ GAATTTCACCTCTGACATCTG3’
Plasmodium 5’ TGTATATTTATAACAAAGTTGTAC3'/5’GAATTTCACCTCTGACATCTG?’
malariae

Plasmodium ovale | 5’CAAGATGCTTAGACAATACAACG3’/5’GAATTTCACCTCTGACATCTG3’
Plasmodium 5’CTTTATGTGCGCATCCTCTAC3’ /GAATTTCACCTCTGACATCTG3’
knowlesi
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LAMP  fidnuwaizamizildlnswes 5 90 Jawdasyagnesniuualidiimissiaide

wansennelsaluay 5 ¥lla Awandlunsd 2.1 lnedanudunizsedu 18sRNA  Asdeya

avuRueYLTBRBlIANNANSENS 5 ¥lnain  GenBank (https:/Awww.ncbi.nlm.nih.gov)

PIIVFDUAINU base sequence e LUSHATH Bio-Edit AATIZHNIARN Primer-dimer uag

1A59@379 hair-pin 1agld OligoAnalyzer (https://sg.idtdna.com/calc/analyzer)

MsAsIInaIa3edae Multiplex LAMP

1h DNA fiafalsunfiudiuiu (amplified) Tng 14 primer 5 ¢ aufuandunsei 2.1
Sudunsiduliiten LAMP Tneldgampiine 65 ssmiwailoa um 60 undi luansazaned
Usgnaulumae 25 ul (reaction mixture) 1.6 mMinner primers, 0.2 mMouter primers, 0.8
mMloop primers, 1.4 mMdNTPs, 0.6 Mbetaine, 20 mMTris-HCL, 10 mMKCl, 10 mM,
(NH4 )2 SO4 , 8 mMMgSO4 , 0.1%, Tween 20, 8 U Bst DNA polymerase tag #9819 DNA 5
lulmsans Hu Bromophenol blue 5 ul Tagww3eu LAMP reaction d1uau 25 lulasans Tu
MaDANAREU MNTUULT gl 95 esmwaded lu water bath Wuan 5 uiil nthuh
penu gl wd Ay Bst DNA polymerase (New England Biolabs) (8.0 U) U3u1m5 1
lailasAns wdsntuidunansiun luviuFRseniigaumail 65 ssrwaidoa Tu heat block

Jwan 60 w1l wazazngaujiseni 80 esrwaidiua 1Wuan 10 unil
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Anopheles dirus (An. carcens) gingiassmelianmzainsgiuluiesuuasiioumgli 26-28°C
Ay 80% ltazgnrslumemanadiniiihiindu Wewnsgnindunan 14 use Tetramin®
deithgszogilile avihaalundilunsadieselinanaifugstadinty Thensgasufuslae
THdduguseasazansthmanglaa 10% wagdaniiu 5% (Multilim syrup) geiadiedifiony 4-7

Tuazgnihunldlunisneaes

o v = !&l
nsvivigsiae
Atreseuanaaylasuenansiusenliidrsmanuidelunheunanselslee  Sunou
don Jminann Wuseyarallelinansasianuliiennanseusazyiasandesqanssa Nt
wziengUle 3 mL e vihnsiuduiuiessesduiug (sametocytemia) luiden 2z
o o o ¢ & A ¢ & o a Aa & Yo ~ X
laenistiuduiw/wandaiianwas 500 was ntuindennanweluleuliivedminizibes
TuituinUn Widenr1u membrane feeding system esiigaidonifiuiiudnzgndndenuaznuld
Ngaun il 26-28°C ANUAUAUING 80% lurpauiasiUasnsiy MawIN 4-16 LeiseATIANINUA
EYNATIIN oocysts Tunsumzvedesiotiudniu oocyst wazthlugly lysis buffer ey

ANSNAFBUMNTIINT DNA snewaila LAMP iguiumadia Nested PCR siall

Ami 2.1 Mslidenaniaeiugw1une Membrane feeding
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Day 7

Day 14

AN 2.2 N5TUTINIU oocyst Tunseimizys

N158fin DNA 29N3ZN12EN

thanngshndeundmuazlinesn  dausndiuiuardidin  usnldaduvaaamanadin
aun 20 mL Tnsusnauuvasdiiiu Tu et waveilediiiu 91ntudy PBS buffer uaz 1%
saponin asly 180 L ustudiwvesyslasBendeUateiil wdmntu incubate 7
gaungivies 15 ui nthludumies 20,000¢ 2 Wit wazfis supernatant 9ty PBS
buffer 100 pL wdthlutuwies 20,000¢ 2 Wi withlunelily heat block wiw 10 wIfi
ntutheanintumies 20,000¢ 1 Wit 99ntuth DNA ﬁaaaagﬂu supernatant algluns

Atun1seiall



msmawwﬁmau‘ﬁammL"’sﬂmnéf'aashel,ﬁaﬂé'ﬂ'aﬂLLazqeé"aﬂ"“a%' Nested-PCR

dauﬂizﬂaumawﬁﬁ%mLﬁuﬂ'%mm DNA woudeunanisuiuing 20 pL dszneusne
10X PCR buffer 2.5 pL, dNTP mix 0.2 mM each, forward primer 0.25 puM, reverse primer
0.25 pM, MgCl, 2 mM, template DNA 2 uL wae tag polymerase 1.25 units ﬁwﬁwméauﬁ'm
Sruauanstugnssy Ineldaniizvesufisen il 95°C 10 w1 seu 1dhg 35 seumes 95°C 30
9, 58°C 1 wiliwag 72°C 1 wivimueiy 72°C 10 WTATIZYANAAIY 3 % agarose gel
electrophoresis wazdaude ethidium bromide dwsu Primer #ldluntsnsaamideseds
Nested PCR fiffal

Primer 5' Sequence 3'

rPLU1 (F) TCAAAGATTAAGCCATGCAAGTGA

rPLU5S (R) CTTGTTGTTGCCTTAAACTTC

rFALL (F) TTAAACTGGTTTGGGAAAACCAAATATATT

rFAL2 (R) ACACAATGAACTCAATCATGACTACCCGTC

rVIV1 (F) CGCTTCTAGCTTAATCCACATAACTGATAC

rVIV2 (R) ACTTCCAAGCCGAAGCAAAGAAAGTCCTTA

rMAL1 (F) ATAACATAGTTGTACGTTAAGAATAACCGC

rMAL2 (R) AAAATTCCCATGCATAAAAAATTATACAAA

rOVA1 (F) ATCTCTTTTGCTATTTTTTAGTATTGGAGA
rPLU2 (R) ATCTAAGAATTTCACCTCTGACATCTG
PkR1550 GAGTTCTAATCTCCGGAGAGAAAAGA

PkF1140 GATTCATCTATTAAAAATTTGCTTC
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HANT3ATATaNATY 5 wila lugeiiawe aewaila Multiplex LAMP W3guiiguiunns

n593R28mMALA Nested PCR

(a)

(b)

226 bp

206 bp

145 bp

M: DNA ladder; N: Negative, Pv: Plasmodium vivax, Pf: Plasmodium falciparum, Pm: Plasmodium malariae, Po: Plasmodium ovale,

Pk: Plasmodium knowlesi

AT 2.3 WAAILaU DNA suaﬁl,%ammL%EJLLsiazsuﬁﬂﬁmmé’aEﬁ% Nested PCR Uu agarose gel
dlefaude ethidium bromide (b) Wisufleufudemandeusazaiiaiinsrasomain LAMP
uazfini9iiu Bromophenol blue asluluvasaufisen (a) wuiilunasaufizend 5 laiinnns
Wasuwlasd fausfiansia Nested-PCR axUsnguau DNA w83 Plasmodium malariae 1o
vins¥a pH fien pH = 3.6 luvaigd pH naenUse1 Neagtive control fiA pH = 3.0 34
A dulUldfivsines DNA wes Plasmodium malarice §iU3unauios  Saviililaiiinnas

Wasuulasan pH Avilmiedls  Tneduau oocyst Tu midgut 989 Plasmodium malariae
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INgFIN 5 Tilea 17 oocyst Waliieuiiudiuiu oocysts veuteunansevindulugaidags

QwilALaaY = 132 oocysts

M1397 2.2 kaRIHan1InTandentanielugnie Multiplex LAMP iiguiiuds Nested PCR

Method True positive True negative False Positive False negative
Nested PCR 150 0 0 0
Multiplex LAMP | 145 13 0 5

[

AUNT0AIUINUAT sensitivity uay specificity Tagall

1. Sensitivity (Au') =

2. Specificity (ANMUANNWY) = - 75 = 130

TP+FN

14545
TN 13

= 1 09667 w32 96.67%

=1 %%a 100%

ﬁaﬁ?u A1 sensitivity Y89 Multiplex LAMP fig 96.67% Waz@1 specificity Ao 100%




3. aAUs1EuazINTA

MnransAnwtinuimaiia Multiplex LAMP @wnsaldnsianidomnandes 5 4in
(Plasmodium falciparum, P. vivax, P. malariae, P. ovale, #a P. knowlesi) looensdl
Uszavanm Taedien Sensitivity 71 96.67% uazen Specificity 7 100% ileUSeuiieuiumaina
Nested PCR ZafluiBunsgudmsumansramidiesnanislusos fifnng uadwstuands
Wi LAMP iumedeithuazdimnasumglumsasmmidonnanie Tnsewzvegndaiiold
Tuiufividlnantelumeauiinauaaugunsaiuasyaainsfifinudeiny

aeslsfinny Smuhiidesnlunsdifivuanteiitios wu 1Wo Plasmodium malariae
FaU3unas DNA finsanuevlifismeiiasviliiAanisiudsuudasen pH fidamasenisulana
NunsasudvesE ATy viliunensdl LAMP ldennsamsanuidelalushogreiitusuna

Watloy Dauwsiin Nested PCR azaunsansranylanmiy
4. ayUuazdaiauauue

4.1 #5Unan13338 (conclusion)

AsAneITRiu Multiplex LAMP umailadifiusyavsnmluntsnsiadidadeide
waSeis 5 wia IngdanuhiguarAudtnIzawn ansaldiluetosdelunsnsenide
wan3elumeaunldegradiussansam uenaind nsldans Bromophenol blue lunsasia
Flnsuwdanaanusariildieuassmgs egnlsing  nsesslunsafiiivsunendedesens
Fodldinafindun dufiowinanuwiuglunsnsndu

4.2 Farausuuzuaznmsinlulduszlovd

nswfiuenuvesnsassluieteiiivinaadetos:. mswammalansatnuaziy
Usinas DNA iitewfialomalunsnsnaduidelushodreiiiviunandetos fwstwandaymnis
avrelinulunsdideriuiunas

nsUsEendld LAMP lunisamamilsadug: arnuanisinuifanansoimada LAMP 14
Uszndldlumansramidelsafidnisdieveniiusamiowsamiveiady 1wy 1didensen

NI0TNUNUEN
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5. Output

14
v Aa v sa o o L4
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