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BIOGRAPHY 
Profes or Dr Lau Y · Ling is at present the Head of the Department of Parasitology, Faculty of 
Medicine at University of Malaya (UM). Sh started her academic career as a lecturer at 
Monash University Sunway arnpu while waiting for her PhD viva in 2008. During her time 
as a 1 cturer in Monash University, she was awarded two Monash University Research Grants 
in which enabled her to continue her research in the field of molecular parasitology. She then 
returned to her alma mater, University of Malaya, as a Senior Lecturer in 2009. She was 
granted tenure in 2010 and promoted to Associate Professor in 2013, and Professor in 2019. 

Professor Lau's scientific career has been dedicated to the study of protozoan parasites, 
including Plasmodium knowlesi and Toxoplasma gondii, the causative agents of malaria and 
toxoplasmosis, respectively. These parasitic diseases exact enormous social and economic 
burdens. Her research interest mainly focuses on using molecular methods for the detection 
and characterization of these parasites infecting humans and animals. She has collaborated 
with local and international researchers, leading to publication of more than 170 ISI journals, 
with total citations index of 1767 and H-index of 22. TI1is res arch , 
to acquire and be a part of many international and local resear h grants, i.e., Hub rt Curien 
Partn rship-Hibiscus (PH -Hibiscus), ASEAN-India ollaborativ R& sch m , RF 
Global Impact Ace I ration Account ( JAA) Impa t Fund, High Impact R search Grant, 
University of Malaya Research Grant, FRGS, E-sci n , LRGS and others, with cumulative 
research funding amounting to at least RMs million. These were followed by several 
intellectual property rights under her belt on rapid molecular diagnosis of dengue, malaria 
and COVID-19. Since 2009, 13 Masters and 17 PhDs have completed their studies with 
success under her guidance. Currently, they are 4 Masters and 8 PhDs under her supervision. 

With her experience in grant management, she had held numerous administrative posts such 
as the Head of Grant Management Unit, of Health and Translational Medicine Cluster and 
Faculty of Medicine, besides being a committee member in evaluating applications for FRGS, 
LRGR and TRGS at the national and international levels. She established the Science Cafe in 
2017, which continues to be the main channel of r earch communication between clinicians 
and scientists at the Faculty of Medicine. She wa also a committee member of the University 
of Malaya Institutional Bio af ty and Bio urity ornrnitt e (IBB ) Animal Experimental 
Unit, Faculty of Medicine Ri k and Quality Manag ment and an int rnal auditor of Faculty 
ofM di in . 



Currently, she is the editor-in-chief for the Journal of Health and Translational Medicin 

(JUMMEC) for University of Malaya, editor of Asia Pacific Journal of Molecular Biology & 

Biotechnology and associate editor of BMC Infectious Diseases. Through her contribution to 

the field of science, she is a regular reviewer for a few international journals such a Natur 

Scientific report, Lancet, PLOS One, Parasites & Vectors, Malaria Journal, International 

Journal of Tropical Disease & Health and others. With her extensive xperiencc and 
reputation in the field of molecular parasitology, Professor Lau has been much sought after 

as speaker and consultant both locally and internationally. 

Professor Lau has been an active member of the Malaysian Society of Parasitology and 

Tropical Medicine (MSPTM). She was a council member of the MSPTM in year 2018-2019. 

She is also active in the Malaysian Society for Biochemistry and Molecular Biology (MSBMB). 

She was the Honorary Secretary of the MSBMB in 2017-2019 and the current President. 

Professor Lau's passion for research can only be matched with her passion for teaching and 

education. When conducting classes, besides ensuring her lectures are easy to follow, she 

makes all attempts to infuse interest and solicit students' participation by incorporating more 

recent articles and real life scenarios in order to illustrate the day-to-day relevance of the 

teaching subject matter. And because of her enthusiasm for education, she has volunt er d 

to be the Problem-Based Learning (PBL) Phase II coordinator in 2011 then became the PBL 

main coordinator in 2018. Recently, she has been actively participating in organizing PBL 

training workshops for UMMP program. 

Pl'O'~ RROr Lau has be n award d University of Malaya Excellent Service Award three times in 

aou, 2013 and 20J5. Sh was awarded M PTM Nadchadtram Medal in 2014. She has also 

b n nwurd 1d u f w tirn •s for h r innovation in research including the Grand Prize in 

Nntionul Ex ·lusiv Innovation halleng Award 2018. 



Synopsis 
Originally a simian malaria, Ptosniodium know/esi is now known as the fifth human malaria 

species. ince the r port of u larg fo ·us of human know! si cases in Sarawak in 2004, many 

more human cases have been reported in all of the countries in Southeast Asia and in 

traveller returning from these countries. The zoonotic nature of this infection hinders 

malaria limination efforts. In order to grasp the current perspective ofknowlesi malaria, this 

inaugural lecture explores the different aspects of the disease including risk factors, 

diagnosis, treatment, molecular and functional studies. Current studies do not provide 

sufficient data for an effective control programme. Therefore, future direction for knowlesi 

research is highlighted here with the final aim of controlling, if not eliminating the parasite. 



Knowlcsi malaria 

Introduction 

Plasmodium knowlesi, originally a simian malaria, is now r cognized as the fifth human malaria 
parasite.' Human knowlesi infections have been reported In nearly all of the countri sin Southeast 
Asia and in travellers returning from these countries.•.:M The cumulative cases of knowlesi malaria in 
the Southeast Asia region from 2004-2015 is 3413 cases with 9i.47% of thes • found In Malaysian 
Borneo.e From 2013-2017, Malaysia reported a total of 11380 human knowlesi malaria which 
contributed to 69% of the country's total malaria cases. Out of this, 9902 cases were from Malaysian 
Borneo.6 

The parasite's natural reservoir hosts are the long-tailed macaque (Macacafascicularis),7 pig- 
tailed macaque (Macaca nemestrina)8 and the banded-leaf monkey (Presbylis melalophos)» Thus 
far, several mosquito species belonging to the Leucosphyrus Group have been incriminated as vectors 
for knowlesi malaria, namely Anopheles hackeri.» An. latens, 11 An. crecens, 12 An. balabacensis, •3 An. 
dirus,14 and An. introlatus:» It is not surprising that the geographical distribution of P. knowlesi is 
confined to Southeast Asia since it follows the limits of natural distribution of both its natural hosts 
and vectors." To date, the pattern of knowlesi infection in humans does not indicate that they are 
transmitted via human-mosquito-human.'?"? 

Th •ru urn sov rul lu uors lcudlng to the incr asc of reported P. knowlesi cases. These include 
better dluguostlc capacity, deer 'using human malaria cases which in turn reduces relative immunity, 
Increased awareness to P. knoiuiesi and close proximity of humans with natural reservoir hosts or 
infected vectors due to changes in human land use.5°19 Many studies huve been done on P. knowlesi 
ever since It was first described in 1932 by Knowles and Gupta.7 This has led to important findings in 
malarialogy which include the discovery of antigenic variation In rnalariaw and demonstration of an 
absolute requirement for the Duffy receptor for the invasion of red cell by the parasite." Furtherrnor , 
since the report of the large focus of naturally acquired P. knowlesi infection in humans by Singh et 
a/,22 the disease and the parasite has be in further .haru -t •rlz ·d, both ·llni mlly und 11101 • .ulnrly. ln 
order to grasp the current pcrsp ictlvc of know! si malaria, this literature r vi ·w ·xplor •s th •differ nt 



asp cts of the dis .asc including risk fu 'tors, diagnosis, tr iutrn int, mol iculnr anti fun ·Lional studi is, 
mainly focusing on publications from the last fiv years. 

History of Plasmodlum know/es/ 

A large focus of human 
cases was found in 

Kapit, Sarawak 

Ecological and individunl-lcvcl fuctors associated with infection 

Risk factors associated with P. knoiulesi infc .tion has b • nan ar ·a of int •r st ov •r th· past f ·w y urs 
as r search irs begin to invcstigar i links b tw n nvironrn mtnl, o upntional, so iod mogrnphic and 
dorn slic factors that may ontribut to nn in r as d risk of inf ·tion. The und rstanding and 
identification of th sc risk factors would be invaluabl in cl signing appropriate and effective public 
health interventions for knowlcsi malaria. 

With the advancement of technology; including the use of unmanned aircraft systems (UAV) 
or drones, the task of mapping spatial and geographic data to identify environmental factors has been 
greatly improved.o Fornace et al studied the association between P. knouilesi incidence and various 
environmental variables via satellite-based remote sensing data in Kudat and Kota Marudu, Sabah.24 
The study found that greater than 65% forest cover in a 2 km radius, higher historical forest loss and 
lower elevations were significantly associated with higher incidence of P. knouilesi infection. The 
authors postulated that the association may be a result of shifts in human settlement as well as 
changes in the macaque and mosquito habitat due to deforestation and agricultural activities. 

With the current ever-changing economic landscape of Malaysia and its surrounding countries 
in Southeast Asia, economic pressures and needs have caused a dramatic increase in land use 
particularly in Borneo Malaysia. The deforestation and use of land may play an important role in 
influencing the distribution of P. knouilesi host and vector populations that may be unnoticed in 
comparison with other more well-known factors that drive knowlesi infection .•s In a Malaysian 
context, large deforestation efforts for agricultural or re ttlement purpo es may have caused 
population migration of macaques to move closer to th fringes of the for t and con equently to erni­ 
urban ureas.w'I'his also inadvert ntly cau s a shift with th L •u ·osphyrns mo [uito v •·tor extending 
their rung • to farms, village · and logging ur ia on th Crin of th for st culminating in an area 
where the vector, monk 'Y ho t and human co- xi l which in r as the ri k of P. knowlesi infections 
in th •s · urcas.v 

Sociod .mogruphi · and indl idual-le cl fnctors may also can incrca cd risk for knowlesi 
11111l11rl11 i1il'•ctio11. J\. l1 o- •111· cnsc-control stud 1 as carried out b rigg et al from 2012 to 2015 in 
Snbuh, Mnln sl11.~1 From u demogruphic standpoint, participant with age over 15 years were found 
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to have increased risk of P. knouilesi whereas other Plasmodium infections w r found to b higher 
in individuals that were younger than 15 years or age. There was also a strong g indcr bias towards 
male participants indicating males over the age of 15 carrl cl a high ·r ri k of JJ. know/ si inf lion. 
This suggests that health intervention programs focusing on mat rnnl and child h ialth may b 
inadequate for P. knowlesi malaria intervention. Other studies have al o indicated higher parasit min 
and increased P. knouilesi disease severity in association with age .2H·:11 Higher risk in association with 
age may relate to occupational risk as older individuals seek job opportunities in th area. Farming 
and palm oil plantation work was also identified for higher risk of infection. 

Domestic and peri-domestic risks were also identified; where having open caves and gap in 
the walls, having long grass around the house, sleeping outside of the house and rec nt clearing of 
vegetation were associated with a high risk of P. knowlesi infection. A reduction of risk was also 
observed in households with indoor residual spraying being practiced although bed nets only proved 
to have a marginal effect on risk. 

It was noted that recent presence of monkeys was a strong predictor for risk indicating a high 
likelihood that monkey to human transmission is still U1e main transmission pathway rather than 
human to human transmission. Separately, it was also noted that G6PD deficiency conferred some 
form of protection against P. knowlesi with it being associated with decreased risk of P. knowlesi 
infection, similar to what has been observed in P. vivax malaria.as The presence of young sparse forest 
and rice paddy around the house similarly were significantly associated with reduced P. knouilesi 
risk.« 

A study by Herdiana et al in 2016 also looked at malaria risk factor assc smcnt using both 
active and passive surveillance in Indonesia.ea Initial screening revealed a total of 19 P. knouilesi cases 
which was an unexpected discovery in the study. A comparison of P. knowlesi cases to non-cases 
indicated risk factor findings similar to the study by Grigg et al, with increased risk for P. knouilesi 
infection in the male gender, participants of adult ag •,and forest ixposur . or for st r ilut id work ns 
well as spending time overnight in the forest. When comparing P. knouilesi ascs with P.fal ·ipar11111 
and P. vivax infections, it was noted that P. knowlesi cases were more likely linked to forest exposure 
and pcri-domcstic factors. 

A study by D Silva el al ornpar cl the distribution of th diff r nt Duffy gcnolyp s among P. 
knouilcsi inf ·ctcd put lonrs nncl h nlthy donors to dcr rm inc if there was an association between Duffy 
gonotyp ,~ and s11sc •pt.ibllily to P. knouilesi inf ction.n The authors argue that due to the 
ov rwh !ming homog melty of th Duffy dlstrihution in the region, nsscssrn nt of susceptibility was 
not ~ nslh'I •. llow v r, [urth r studi s into th Duffy distribution b lwecn P. knouilesi patients in 
P •nl11H11lor nnd Born o Mnlnysln may allow for P. knouilesi susceptibility studies particularly if the 
D11ffy dlstrlbullon hctw 11 both r •gions is 11111rk ·dly difC•r ·nl. 

Dlug11osl11 

Microscopy Is th ' gold sla11dard for malaria diagnosis but has its limitations as ring forms of P. 
krwwlesi r •scmblo P.falcipcll'ltm und trophozoil ·sand schizonls r ·s •mble those of P. malariae, and 
hence cannot be r ·liably cliff ·rcntiutcd.•·:15,:16 Most P. knowlesi inf ctions have been identified as more 
benign I. 111alcll'ic1e which has been associul •cl wilh failure lo diagnos •severe malaria and consequent 
delayed parenteral artcsunute, with fatal outcomcs.:i7 (n ureas of significant P. knowlesi •ndcmicily, 
parasites with the microscopic diagnosis of P. malaric1e should be r •porl ·d and Lr •at ·cl as P. know/ 1si 
to reduce JJ. k11owlesi usc-fatnlity ratcs.:1H Limitation of 111iscrnscopi · dl11gnosis hos b • ·n r ·porl •cl in 
Sa bah, w.herc 21.% 11nc.l 38% of blood films of P. 111alariae/ P. know/ 'Si w r •diagnosed as P.falciparum 
and P. vwax, rcspect1v •ly by P JU•i I.ow pnrnsit •min i~ f'11irly l'0111111on in k11owl ·si 11111l11ri11 und u111 
cause f•v •r.~'1 Knowl •si mnlnri11 with low p1u·nsitc111i11 111ny not lw dcl '('It'd by nii('rOS('t)p . 11 •llt'I' 
methods for the di11gnosis of k11owl si mnlnrin sul'h ns 11101 • ·ulnr methods 11rn IH' •d ·d. 
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To date, ther are no immune hromatographi · rapid diagnostic tests (RDTs) sp cifically 
d sign d for P. k11owl si d l lion. urrcntly availabl malaria RDTs have been mainly used for 
d l ·ction of Pi falciparum and I. uiuax infections. OptiMAL-lT, one of the first RDT that could detect 
P. knouilesi, could mi takenly identify it as Pi fatciparum as the monoclonal antibody used to detect 
P. [alciparum histidine rich protein 1T (HRP-2) cross-reacts with P. knowlesi. Among all the other 
RDTs, OptiMAL-IT has the highest sensitivity for detecting P. knouilesi, although the percentage is 
still low (32-72%).4°-42 Other RDTs include BinaxNow which measures antibody response to non­ 
specific pan malarial aldolase, and Pararnax-g and Entebe Malaria Cassette specific for P. uiuax lactate 
dehydrogenase, which can detect P. knouilesi as P. uiuax, are mostly still unable to distinguish P. 
know/esifrom P. uiuax.4'·42SensitivityofRDTs to knowlesi malaria is poor, particularly at low parasite 
densities,4o,4i,43 and they are not currently suitable for clinical use. However, RDTs are so far the only 
commercially available point-of-care diagnostic tool due to it being user-friendly, rapid and cost­ 
effective. Other limitations of RDTs include HRP2 deletion, inadequate quality control for RDT and 
limited heat stability to be used on the field.« 

While microscopy remains the gold standard for malaria diagnosis and RDTs a 
supplementary test, diagnostic method for clinical purposes must consider the potential inaccuracies 
of these two, thus, molecular methods such as PCR are needed to further confirm and differentiate 
the human Plasmodium species. Confirmation of species by PCR will also allow appropriate 
administration of prirnaquine to patients with P. uium: or P. ooale infection.w 

Molecular m ithods such us PCR and rcul-tirn • PCR arc mor · uc .urul ·ind •t ·'ling JJ. knoiulesi 
and arc valuable for species idcntiflcntion in ·uses of mix d malaria infc tion.« N l 'd and r al-tim • 
PCRbas'd on 18S rRNAg n . can cl ·t • t P. know/ siin as Iowas 1 pnrnsit /pLof'blood.11!>.11111ow v r, 
du· lo lack of foci Ii tic· and th lengthy pro dur ·, P R is not wid ly us din nil nd 'mi nr as. Loop­ 
m ·diat cl i oth .rmal arnplif .ntion (LAMP) is nnoth r promising mol .cular diagno tic technique that 
is npplicablc for b .dsidc use as it is sensitive, sp cific, rapid (60-90 min) and easy to use. LAMP does 
not r quire costly machine and cxperti e.4a The Eiken Loopamp'?' MALARIA Pan Detection kit 
targeted at Plasmodium genus can detect all malaria species. It has been shown to be highly sensitive 
to P.falciparum, P. uiuax 49-5• and P. knoiolesiss However, this method is unable to identify species 
of infecting Plasmodium and quantification of positive samples is also impossible. Species-specific 
LAMP assays for all five human malaria species have been developed and were highly sensitive and 
specific. 54 However, due to its high sensitivity nature of LAMP, cross-contamination can occur 
easily.e- 

Loop-mediated isothermal amplification (LAMP) 

(/ 
Addonlo 

Flnaer prick blood LAMP rtaction 

Loading of LAMP produc1 
onto lal<rnl flow device IHLc i Uf 

IM 

I Uf a ... 
f: 
{!. ... 

• t." . 
11-" •f ,.,11hl1y (Ip I• •I•) 
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To mitigate the requirements for facilities and professional pcrsonn •I r iquir cl by other 
nucleic acid-based tests, rccombinasc polymerase amplification (RPA) is nnoth r isoth irmal 
amplification technique that can be performed. RPA is potentially to develop as a point-of-care 
technique since it operates in a short timing ( <20 min) and is capable of d tccting xtr m ly low 
concentrations of parasite. The end product can be loaded on a lateral flow cassette and result can be 
obtained within 2 rnin.ss To circumvent the challenges in malaria diagnostics with technologies that 
address performance of sensitivity and specificity of diagnostic method, CRISPR-bascd methods arc 
a new class of highly sensitive and specific assays that can be performed. SHERLOCK (Specific High 
Sensitivity Enzymatic Reporter UnLOCKing) is a combination assay of CRTSPR and RPA. A 
SHERLOCK assay has been developed for the detection of P. falciparum with 94% sensitivity and 
94% specificity in clinical samples as compared to real time PCR. This novel SHERLOCK assays have 
potential to promote as a new generation of molecular diagnostics for malaria.ss 

Point-of-care molecular tools for rapid malaria diagnosis have also been reported. A lab-on­ 
chip PCR diagnostic platform for malaria, the Accutas system, can detect five species of human 
malaria with high sensitivity (97-4%) and specificity (93.8%) and it can be performed directly with 
unprocessed blood (time savingj.sz Truelab Uno, based on TaqMan chemistry has sensitivity and 
specificity of 100% compared to the nested PCR.sa Other point-of-care molecular tools for malaria 
include Illumigene Malaria LAMP workflow, nanornal and nucleic acid lateral flow immunoassay 
DIAGMAL.s9 However, these molecular methods were not tested specifically for P. knouilesi. 

Although molecular methods are the most efficacious in diagno sing P. knowlesi infection, 
most of these tests, especially nested PCR can produce a false-positive P. knowlesi result in P. uiuax 
infections.so On top of that, it requires expensive equipment and clean facility. An ideal mole .ular 
diagnostic test for point-of-care diagnosis of all five human malaria sp cics whi his cost- iff cliv and 
suitable for the resource-limited setting is yet lo bed vclop cl. 

Treatment and drug rcsi.<;tancc 

D11c to its short nscx1111I cycle of 24-h, inf ction with P. knoiolesi can rapidly progress into severe 
mnlnrln which can b fn1·aJ.111 Th itr iatrncnt guidelines elev lop cl by the World llcalth Organization 
(WllO) for nil human mnlnrin In ludinu knowlcsi malarin is based on the four core principles: early 
dlngnosis nnd prompt •ff ctiv tr ntm nt, rational use of antimalarial agents, combination therapy 
nnd approprln: wclght·bns •d dosing.11• Th • propos cl choi of trcatrn nt depends mainly on whether 
Lh Pill nt pr '8 •nts with uncornpll ·11t .d ors were infection. Jn 2015 guidelines for the treatment of 
i11t1l111'iu, Wll re ·0111111 •nds thut adults and .hildr ·n with uncomplicated knowlesi malaria be treated 
with u1tc111lsl11i11-bus ·cl ·ornbinulion th .rapy (A I') ( except for pr gnant women in their first 
trimester) or chloroquin ·. l lowcv ir, th· latter is not recommend d in areas with chloroquine­ 
reslstunt t'lasmodium sp ici ·s. Wh ireus in severe malaria, WllO suggests the administration of 
parenteral artcsunatc for at least 24 h followed by ACT in both adults and childrcn.w 

Since th ·history of P. k11owlesi infection in humans is relatively short compared to other human 
maluria, only few studies have b ·en don' to assess th• sensitivity of' P. k11owlesi towards different 
antimalarials. A prospective observational study in adults demonstrated that chloroquine together 
with primaquine were successful in treating uncomplicated know! ·si 111ularia.<>:1 In a rundomiz d 
control lriul, Grigg et al found both art •swiale-111elloquin' combination th ·rapy a11d chloroquine 
monothcnipy to bo V'ry effective in treating udult und childr •n with un ·ompllcat ·cl P. k11owlesi 
infection. However, the paras it und f •v •r C'I ·a ran·• w •r • notnbly fast ·r in thos r · ·iving artcsunat ·­ 
mefloq11in 'combin11tion th rnpy."~ A rnor • r • · •11L n111domil'. •d wntrollcd 1ri11l con1p11rl11g th· ·fficnt: 
of arthcmctcr-l11m •fnnlrin nnd chlomq11ln oncl11dcd 1h11t th• fonm•r wns l'f~tllvo In trl·11ll11g 
uncomplicated knowlcsi malnrin with good toil'rnbillty 11nd rnpld th •r11pcutl · n•spuns ; th11s 
supporting Its 11se 11s n first Jin' A ''I' tr •11t111 •nt policy for 111111111'111 lt1 Muln sl11.~·1In1H vt'I'!' k11owl(• I 
rm1IArin, intrnv'no11s nrt •s11nnt 'hnN hmm shown to b • t•fft·ctlvn with 1'(•d11l'tlo11 111 f11111llt rnl! ,••1,11n1111 
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Additionaly, d aths from knowle i malaria has b en linked to the delay in administering intravenous 
arte unate.61.68 

An ex uiuo drug sensitivity assay using clinical P. knowlesi isolates revealed that they were 
sen itive to artemisinins and chloroquine but were less sensitive towards mefloquine.w Despite no 
evidence of metloquine resistance from these studies and its monotherapy has been reported to 
successfully treat uncomplicated knowlesi malaria,7°·7' using mefloquine as monotherapy for knowlesi 
malaria is discouraged.s- This is likely due to concerns arising from treatment failures reported in 
rhesus monkeyszwa and in a single human knowlesi case.« 

In studying the drug resistance mutations, Tiyagi et al found that the orthologs for known P. 
falciparum drug resistance genes namely chloroquine resistance transporter (Pkcrt) and 
dihydrofolate reductase (Pkdlifr) of their P. knowlesi isolates were all wild type.zs Grigg et al did a 
similar study and found moderately diversed Pkdhfr sequence amongst their P. knowlesi isolates. 
Nevertheless, there was no evidence of selective drug pressure in humans.w In addition to crt and 
dhfr, other orthologs of P.falciparum drug resistance genes including multidrug resistance-i (mdrr), 
dihydropteroate synthase (dhps) and kelch Kl.3 were also looked at, with no signs of positive 
selection.n Since only human hosts would be expected to have antimalarial drug exposure and as long 
as the transmission of P. knouilesi remains zoonotic, the absence of drug selection pressure will make 
it unlikely to develop antimalarial drug resistance. 

Although current state of P. knouilesi tr atrn ent shows no resistun · towards untimalurials, 
re earch on new therapeutic candidates should not b halted a multipl antimalarials r istant 
Plasmodium sp. strains ar emerging in South ast Asia countri s parti ularly in arnbodia, Myanmar 
and Thailand.w To address thi i su , in oitro su ptibility studi s of P. know/ si to a rang of 
stabli h d antimalarial drugs and inv stigational antimalarial ompounds have been done and 
cornpar d to P. folciparumr-": Although th two pecies show d equal susceptibility to most 
antimalarial compound, P. knouilesi was more susceptible to dihydrofolate reductase (DHFR) 
inhibitors (pyrimethamine, cycloguanil and trirnethoprim) and three other antimalarial compounds 
(KAF156, halofantrine and MMV884705) compared to P. falciparum. However, P. knowlesi is less 
susceptible than P.fa/ciparum to several inhibitors of the dihydroorotate dehydrogenase (DHODH) 
enzyme (DSM1, DSM265, DSM421), the sodium channel ATP4 (cipargamin, SJ733 and PA21Ao92), 
cladosporin, pentamidine and AN13762. When tested against combined antimalarials, 
dihydroartemisinin and quinine were shown to have additive effects for both P. knowlesi and P. 
falciparum.8o,8i Additional antimalarials susceptibility testing are important to confirm equipotency 
and to ensure that new combinations are likely to be effective. These therapeutic candidates could aid 
in resolving the antimalarials resistance problems in other Plasmodium species, or could be used as 
synergists and drugs combinations to increase tbe efficiency of current available antimalarials. 

Molecular epidemiology and diversity 

Genetic polymorphism studies not only guide malaria vaccine design82 but also help us understand 
the population history and structure of a parasite, and thu its adaptiv potential. Hitherto, proteins 
of P. knoiulesi involv din invasion of erythrocyt ar g n rall und r purifying (negative) selection, 
in most a s diff rent from th of P. iuax and P.fal iparum.B~-9• Negative selection may imply 
that the gene are under functional onstrain . At th am tim , the mutations are deleterious to the 
parasit and th P. knoiulesi population i scr ning for b t-adapt d variants.zs Long-term 
population xpnn ion r P. k1101 Ir i in Mnhl) i ha been suggested to be the cause of this 
s l • 1ion.H~.H~.u~ '1'11 r nr howev rs m difC r n in natural selection of these proteins in different 
g ·ogrnphicnl r gi n nnd di C r nt parts of th protein.80•8M3 These studies have also demonstrated 
lhnt most of thcs ·genes nr p, n •tic 111 div rs and lo ome extent more polymorphic than their 
counterp 1·ts In JJ.ft1ldpar11m nnd P. iimx. Whol g nom sequencing of P. knowlesi clinical isolates 
from nrnwnk r vc·nl •d th •m to huv much higher nucleotide diversity than P. falciparwn and P. 
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vivax.s° Furthermore, the gamma protein region II (yRIJ)BB and circurnsporozoite protein CSP87 of 
different isolates from varying regions and isolation time exhibit different lengths. 

Assuming that the above sequenced proteins from various sources (human and macaque) are 
representative of the gene pool in macaques, the high genetic diversity and the deviation of s I ction 
pressure on these proteins from those of P. vivax and P.falciparum demonstrate intrinsic differences 
in the immunological targets used by the respective host species (macaques and humans).94 The P. 
knowlesi proteins' immunogenic roles have placed them under selection pressure to gen rate high 
polymorphism for immune evasion.s" These polymorphisms are probably results of recombination 
and reproduction cycle of P. knowlesi in multiple hosts.v Indeed, the Anopheles vector may exact 
strong evolutionary pressure on vector-related genes of the parasite, thus evidence of adaptation of 
the parasite to the vector distribution or vectorial capacity.vs 

These genetic diversity studies also uncovered the existence of multiple P. knowlesi lineages. 
It began with the observation of consistent dimorphisms (two distinct groups) in many of the studied 
proteins originating from humans and macaques. This distinction is not only associated with two 
separate geographical regions ie Peninsular Malaysia/Thailand and Borneo s2.05,S6,87,9i,93,96-99, but also 
correlate with macaque host types ie with the long-tailed and pig-tailed macaque."? Further genome 
sequencing revealed three distinct clusters. The two major sympatric clusters are associated with the 
long-tailed or pig-tailed macaque, and one cluster consisting of isolates from Peninsular 
Malaysia. 8o,95,wo This was also evident from the study on NBPXa protein, with the third cluster found 
only in Peninsular Malaysia. This led Ahmed et al to postulate that the negative selection on this gene 
could be the driving force in evolution and separation ofthe protein into three clusters.83 

The data shows that genetic divergence of P. knowlesi resulted not only from long-term 
geographic isolation (between Peninsular and Bornean isolates), but also through extended, isolated 
transmission cycles within different macaque hosts but with evidence of recombination when coming 
in contact with each other.ve These phenomena, clearly driven by evolution, arc pertin nt to 
understanding knowlesi infection in humans and macaques. The genomic diversity seen in P. 
knowlesi is likely caused by geography, as well as the myriad of hosts, vector distribution and 
ecological changes. 

Whon studying the adaptation of P. knowlesi in vitro to different host erythrocytes, deletion 
of 13 genes In clones adapt d to ynomolgus blood; and dcl tion of two and duplication of four genes 
in Jones adapted to human blood were observed. In vitro adaptation from macaque erythrocyte to 
human erythro yt show» that, th l' is a gradual incr ase in human rythrocyte invasion efficiency. 
IT n , P. know/ •si shows Imm ns ability to adapt via improved ability to invade human 
rythro 'Yt •s, rh r by in 'I' using virul nee anti multiplication rates.'>' 

1lll'J' ntly, we know v ·ry littl of th differ nc sin characteristics and pathogenesis of the three 
subpopulations of P. k;1owlesi.100 'th r i are ome early evidences that they may exhibit differential 
puthog •n ,sls.vu,v1.1011Mor10v •r, th, di morphisms seen in MDR2 and MRP1 (transporter genes related 
to untimulurinl drug reslstan · )ll8 should not be overlooked as their phenotypic characteristics and 
how they react to current untlrnalarials remain obscure to us. Isolation and investigation of these three 
subpopulations will be needed to shed more light on these. More importantly, we do not know if 
human-to-human transmission is naturally happening. The genetic diversity in MSP1 and AMA1 
observed among isolates of humans than those from monkeys in Thailand and non-human isolates of 
Malaysia suggests that it is possible.w« More recent data showed that pkmspt-az, pkar, pkmsp8 and 
the 5' and 3' regions of mspzD clusters geographically according to Malaysian Borneo and Peninsular 
Malaysia/Thalland, while population expansion and purifying (negutiv ) s >l .ctlon was continued to 
be observed.10:i·mri 

Furthermore, results also reveal dthat th r is low lcv •I of polymorphism in both pk41 s48/45 
dornains=', while evidonc of intrug nlc r ornbiuntlon at the ntrnl 1· ·i.;ion of pk111sp7D 11lo11i; with 
absence of geographical clustering ofthls g no among purnslt s pcpulntlons, lndi 111 tho pol ·ntlnl for 
both antigens to be a vaccine targct.w 
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Besides that, genetic diff r ntiation in human P. knouilesi i olates was more significant than 
in long-tailed macaque i olates, with a very low fixation index. Humans are mostly afflicted by 
monoclonal infections of P. knoiulesi, while polyclonal infections are more prevalent among the long­ 
tail d macaqu s, indicating a high r rate of transmission among the reservoir hosts. This higher 
transmission rate also contributes to the higher genetic diversity observed in highly endemic areas as 
compar d to lower-endemicity areas.108 

Moreover, on the 3 clusters of P. knouilesi, recent studies have now shown that the P. knouilesi 
cluster 1 (associated with the long-tailed macaque) was the most common subpopulation infecting 
humans in Malaysian Borneo, followed by cluster 2 (associated with the pig-tailed macaque), whereas 
only 2% of the infections were positive for both clusters.ws On the other hand, samples from 
Peninsular Malaysia belonged to cluster 3 and is highly divergent from both cluster 1 and 2. Most 
interestingly, the cluster 3 clinical samples constituted 3 distinct subpopulations, with no apparent 
geographic separation, and can be found in sympatry in Peninsular Malaysia."? 

These recent studies further highlight the complexity in dissecting P. knouilesi transmissions 
among the hosts. Many questions remained unanswered. More studies are needed to determine 
whether any difference in clinical outcomes exist between the different subpopulations. Such 
investigations require analysing detailed clinical and laboratory data on P. knouilesi patients infected 
with the 3 different subpopulation clusters= Insights are also needed to determine the impact of such 
population genetic structures on transmission and epidemiology among the three hosts.i= 

Functional studies in P. knowlcsi 

In 2013, P. knouilesi was reported to be successfully adapted to continuous cultur in human 
erythrocytes by Moon et a/111 and Lim el' at» This breakthroughs rv s as on important mod I for 
P. knouilesi studies pecially in validation of va in and drug target . v ral P. knowlesi 
vaccine/th rapcutic candidates with th ir re nt findings ar di cuss din this review. 

An important parasite adh sin, the reticulocyte binding-like (RBL) family, is found to be 
involved in host cell erythrocyte receptor binding to facilitate merozoite invasion. NBPXa is one of 
the members in P. knowlesi RBL family and is expressed within the microneme organelles.va With 
the human erythrocytes-adapted P. knowlesi strain, Moon et al (2016) further identified NBPXa 
as a key mediator for knowlesi infection in human, as this protein is crucial for invasion of human 
erythrocytes but not cynomolgus erythrocytes.i= By disrupting the NBPXa gene, in vitro 
multiplicative growth of parasites in human erythrocytes is prevented through impaired merozoite 
invasion, which support the potential of NBPXa in vaccine development. 

Erythrocyte binding-like (EBL) family is another group that mediates interaction with host 
cell erythrocyte receptors.v- One of the important members in P. knowlesi EBL family, Duffy binding 
protein a (PkDBPa), interacts with the Duffy antigen receptor for chemokines (DARC) to invade 
human erythrocytes.os.os Genetic polymorphisms in PkDBPa has been postulated to lead to improved 
parasite binding ability to erythrocytes thus enhancing the disease severity. This postulation was 
supported by Lim et al (2017), in which their recent finding showed that two genetically distinct 
PkDBPa haplotypes from different geographical area demonstrated a different binding activity level 
to human erythrocytes by using erythrocyte ros tting assay.i= 

Tryptophan-rich antigens (TRAgs) are involved in rosetting formation and merozoite 
invasion, hence contributing to di a verity.117'"119 Plasmodium know! si TRAgs are mostly 
express din it blo d stag ."0 By using erythro yte binding a ay and parasite growth inhibition 
a say, Tyagi t al (2015) id ntified thr TRAg in P. knoiulesi which were able to bind to human 
erythr cyt .121 Two of th m c mp t with P. i ax TRAgs for rec ptors on human erythrocytes. 
B • id is, all of th • PKT!~ w ir found to inhibit th P. [alciparum growth in uitro, further 
d 111011, trnting the biolcgicnl siguificanc of this TRAg -rec ptor interaction in heterologous parasites 
by shnring host r ipt rs. 
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Apical membrane antigen 1 (AMA1) and its interaction with rhoptry neck protein 2 (RON2) is 
essential for merozoite invasion. Plasmodium knowlesi AMA1 (PkAMA1) has been tested in vaccine 
trials and results revealed that immunized macaques were protected against infection with controlled 
parasitemia.i= In 2015, crystal structure of ectoplasmic region of PkAMA1 and its invasion-inhibitory 
monoclonal antibody R31C2 was developed. ••3 ll;31C2 binds to the hydrophobic groove and interfcr s 
with the exposition of complete binding site on AMAL 111is monoclonal antibody is found to be cross­ 
strain reactive as it targets on a non-polymorphic epitope. Besides, no polymorphism near RON2- 
binding site of AMA1 was detected. The lack of polymorphism suggests that P. knouilesi has not 
developed a mechanism to evade the host's Immoral response. Muh et al (2018) demonstrated that 
rabbit-raised anti-PkAMA1 antibodies have strong inhibitory effect on the in vitro parasite growth in 
concentration-dependent manner. On the other hand, additive effect was observed when anti­ 
PkAMA1 antibodies were used in combination with anti-PkDBPa antibodies, paving the way for 
development of effective vaccine with combination of antibodies with functional difference.vt 

Proteins which demonstrated different mechanisms in parasite metabolic pathways from 
those found in human host are also of interest. Garg et al (2015) have carried out a study on P. 
knowlesi enzyme phosphoethanolamine methyltransferases (PkPMTs), which regulates the synthesis 
of phosphatidylcholine. Structural, biochemical properties and inhibition profile of PkPMTs were 
evaluated using X-ray crystallography, enzyme kinetics and mutant gene expression studies. PkPMTs 
enzyme activity could be inhibited by amodiaquine, chloroquine, and NCI compound NSC158011; 
whereas the yeast carrying mutant PkPMT genes are unable to carry out phosphatidylcholine 
biosynthesis from phosphoethanolamine.ias Disruption of phosphatidylcholine synthesis in 
Plasmodium would lead to failure of intact Plasmodium membrane formation and thus inhibit 
parasite proliferation. These finding suggest that PkPMTs are suitable targets for chemotherapy, and 
the data from this study could further contribute to a better design of more selective antimalarial 
drugs against P. knowlesi. 

In infected erythrocytes, P. falclparum skeleton-binding protein 1 (PfSBP1) is required to 
transport the erythrocyte surface ligand, erythrocyte membrane protein 1 (EMP1) to the surfac of 
erythrocyte for mediating the surface ligands exposition. ••6 Its ortholog in P. knoiotesi, PkSBP1 has 
beeri recently localized to the 'Sinton and Mulligan' stipplings in the cytoplasm of infected 
erythrocytcs.w By using immunofluoresccncc assay and immunoelectron microscopy, transgenic 
P. knouilesi expressing the tagged 1.· combinant PkSBJ>1 demonstrated an analogous trafficking 
pattern as in P. folciparum, supporting the hypothesis that Plasmodium has evolutionarily 
consorv d protein xport pathways. These pathway-related proteins could be used as malaria 
lntorv ntlon torg ts us the dlsruption of the protein export structures would then interfere with 
th xpositton of vlrul nt ligands nt the surface of infected erythrocytes. 

wt kramnra ·h hi ir al (2008) has id ntif d an apical asparagine (Asn)-rich protein in P. 
j'11/cip11r11111 (PfAAIU').•~U This prot in is carrying a N-terminal signal sequence and a C-terminal 
uunsm mbrun 1· •glon, and locallz •d in th picaJ nds of th merozoite rhoptries that contain 
el:ls entlal proteins II' ·cl 'cl for dir ·Lional attachment and rnerozoite invasion (Iyer et al., 2007).129 
Antibodies mis •cl against this protein exhibited the ability to inhibit parasite invasion in uitro, thus 
suggesting Pf'AARP could be a putative vaccine/drug target candidate. Jts ortholog in P. knowlesi, 
PkAARP, contains a signal peptide at the N-terminus and Asn- and proline (Pro)-rich regions towards 
the C-terminus. The mouse- and rabbit-raised anti-PkAARP N-terminus antibodies were able to 
inhibit the P. knouilesi in vitro merozolte invasion in a concentration-dependent manner (Muh et al., 
2018).13° Interestingly, the antibodies raised against P. uivC1x AARP (PvAARP) N-terminus also 
demonstrated the inhibitory effects towards P. knouilesi in vitro culture. 111is cross-species reactivity 
could be due to the high homology betwc ·n N-t uminus of PvAARP und PkAALU1, henc ·this r •gion 
could be a suitable target to induce cross-species protective immunity betw • n P. oiuax and P. 
knouilesi. 

Hitherto, P. k11owlesi voe in turg L nntlg ns hnv 110L h • •n ·v11l1111l •d 111 hum1111 triul, whll · 
the use of non-human primate models involves serious •thicnl .onc •rns. O •spit hlp,h r physiologl ·111 
similarity between human nnd primnt' ·ompur d tooth •r nnlrnnl mod ls, va "in RL11di ·s of P. 
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knouilesi in primate model ar unabl to cornplct ly r pr s nt the fficacy and safety of the targets 
in human due to the differences in host immunity regulations and pathogenic responses towards 
malaria. Ta kin into a ount that majority of Pi falciparum single antigen was unable to raise specific 
antibodi up to prot ctiv I v I in human vaccine trials, 131-133 the importance of multi-antigens 
combination and incorporation of immune-stimulants should be considered in P. knouslesi vaccine 
development. 

Future directions and conclusion 

There remains a clear risk of continuous P. knouilesi infections, especially when land-use change and 
human behavior may have driven behavior change in the reservoir and vector, enabling closer contact 
and higher chances of spillover to the human population.us The current literature on risk factors 
associated with P. knowlesi has identified significant key risks that will prove helpful for the 
development of effective intervention programs and highlights the important environmental factors 
that intermingle with individual risk factors to P. knouilesi transmission. Further research into the 
way these risk factors associate with each other and further spatial mapping and geographic 
monitoring of P. knowlesi hotspots will prove to be an essential part of P. knowlesi research as a whole 
going forward. 

WHO (2019) recommends to perform parasite-specific diagnosis in malaria-suspected 
patients before treatment to prevent unnecessary drug wastage and to halt anti-malarial drug 
resistance.:« Therefore, efforts should be invested to develop a point-of-car tool which will b ubl • 
to detect and differentiate all human Plasmodium pe ·i 'S to b us id in limit •d-r sources 
environment. 

In-depth population g netic studies for both human and primar i lat. s ar n d d to h d 
light on possible human-to-human transmission of P. knowlesi and rnor imp rtanrly for u to 
under tand the dis a pid miology and LO guid know! si inf Lion ontrol, Knowlesi malaria cas s 
have been showing an upward trend in Malaysian Borneo for the past d cade and is also forecasted to 
increase.3B,i36,i31 Experimental transmission of P. knouilesi from monkey-to-man, from man to man, 
and from man back to monkey have been shown by Chin et a[.138 Besides, gametocytes can be found 
in infected patients139,i4o and most vectors of P. knouilesi (e.g. An. dints, An. balabacensis, An. 
cracens) are also vectors of human malarias .141 Thus, though there is yet any direct evidence of natural 
human-to-human transmission of P. knowlesi, the likelihood of it occurring cannot be ignored until 
proven otherwise. Experimental studies on the vectors that transmit this parasite and knowing the 
distribution of vectors harboring this parasite will also lend credence to solving this issue. 

Rapid development in genome editing tools such as zinc finger nucleases (ZFNs)142,143 and 
clustered regularly interspaced short palindromic repeats with CRISPR-associated protein 9 
(CRISPR-Cas9) highly increase the efficiency to engineer the Plasmodium genome.w=s 
Transfections for labelling, knockout/knockdown and gene editing can be carried out in in vitro P. 
knowlesi parasites to understand its pathogenesis, drug susceptibility and gene functions.'" These in 
vitro culture-transfection systems coupled with suitable animal models could overcome the 
bottleneck that is hampering the translational malaria research. Besides, the breakthrough of P. 
knoiulesi Jong term in vitro culture and genome editing tools also provide new opportunities to study 
other closely related Plasmodium species e pecially P. i ax which lack of long-terrn i11 vitro culture 
system. Mohring et al (2019) ha tabli hed RI PR-Cu genome diting in P. knouslesi by 
r placing PkDBPa gene with its orthologous gen PvDBP.146 A tran genie P. knouilesi line reliant on 
the PvDBP prot in was er ated su c sfully to tud the functions of PvDBP during erythrocyte 
invasion. 13 id s, th stru tur of n comp! x of antibod bound to PvDBP indicating the molecular 
basis for inhibition was nls d t rmin db' using thi transg nic P. knowlesi line,141 thus provide 
iuvnlunl I• insights to support I. it ox voe in d v lopm nt. 
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The WHO Global Malaria Programme has appropriate interventions focused on falciparurn 
and vivax malaria, which cause major global morbidity and mortality. However, effort for malaria 
control and elimination in certain Southeast Asia countries such as Malaysia are greatly impeded by 
the uncontrollable passage of P. knoiolesi in macaque populations, which could lead to human malaria 
outbreak via zoonotic transmission. Tn conclusion, different strategics and interventions arc nc d d 
to prevent P. knowlesi transmission from macaques to human. Effective vaccines are in need to 
control, if not eliminate the parasite. 
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recombinant dense granular protein (GRA2) for serodiagnosis by western blot. Parasitol R s, 112(3), 
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140. Lee, W. C., Russell, B., Lau Y.L., Fong, M. Y., Chu, C., Sriprawat, K., ... Renia, L. (2013). Giemsa­ 
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limited or malaria endemic settings. Plos One, 8(4), e60303. doi: 10.1371/journal.pone.0060303 
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141. Cheong, W. C., Fong, M.Y., Mahmud, R., Lau Y.L.*(2013). Expression, purification, and 
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143. Russell, B., Malleret, B., Suwanarusk, R., .Anthony, C., Kanlaya, S., La.l.l...XJ.,., ... Renia, L. (2013). 
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11 ~t •d polym I'll~ huln r 'fl .rion (PCR) in rurul communities in Malaysia. Parasites & Vectors, 5. 
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1. Parasites and vectors: with special focus on Southeast Asia, 20132. 
2. Nissapatorn, V., • Y.L., Yazar, S., and Pelloux, H. (2017). Parasites in the Tropic-A New 
Paradigm Shift, Frontiers in Microbiology, E-book, 2017 

CONF.ERENC:E/S.EMJNAR/PRESENTATION 

·1, Pos1· 1·, !")th SlNGMALNET Singapore Malaria Network Meeting, 5th SINGMALNET Singapore 
Mnlarln N twork M •ling 2020, NUS Yong Loo Lin School of M ·dicine, International, 21-23 October 
2020 

'· oun ·JI in unb rforTh 56thAnnuul Scientific onfer nceofthe Malaysian Society of Parasitology 
AJ1u 'fropicul M di ·111 . (~S.l1'l'M), National, 15 March 2019 - 14 March 2020 
:1· kolo of ~l111iu11 rnuluriu in malarta ·llminntion, The aoth International Congress for Tropical 
Medlcln und Muluriu, Faculty of Tropical Medicine, Mahidol University, International, 20-24 
S eptembor 2020 
4· ~eglcct :cl :rr~pi inl ~is iases, ioth International Congress on Infectious Disease, International 
Soci sty .for Infectious Diseases, international, 23 May 2020 
5· Conference, Post-em MDA: An Update on Intestinal Parasitic Infections (IPI) among Selected 
Urban Poor Communities in West Coast of P minsular Malaysia NTDAS1A2019, Khon Kaen 
University, International, 6-8 August 2019 ' 
6. PBL Case Desig~ Wor~shop ~or UMMP, University Malaya, 18-20 June 2019 
7. Poste1·! Comparison .ot the Binding Level of Diff r int Human Erythrocyt Duffy (Fy) Antig ·n~ to 
Plas1110~11.11n K1!owles.1 Duf~y Binding Protein Alpha R •gion n (PkDBP 11), 10th Malaysian 
Symposmm of B1_om~d1cal Science, Universiti Sa ins Malaysia (USM), Notional, 26-28 April 2~19 
8 .. Poster, Invest1gat1ve study on the rol ofth Toxo 569e, g •n. in th To oplo.~1110 go11clii I 11 • c cl 
u~mg the CRISPR/Cas9 System, 3rd Int rnulionnl 'onf r •n ·u on Mol · ·ul11r BlolO).I 1111"1 
B1otcchnology 2019 (lCMBil2019), Mulaysinn Society ror Mol • 11lnr llioloA.Y nnd Biol·• ·hnology 
(MSMilB) and UCSI University, International, 24-:.?5 April :.io 19 



9. Presenter, 3rd International Conference on Molecular Biology & Biotechnology 2019, 3rd 
International Confer nc on Mole ular Biology & Biotechnology 2019, Malaysian Society for 
Mo! ular Biology and Biol hnology (MSMBB) and UCSI University, National, 24-25 April 2019 
10. Poster, Dev lopment of LAMP-Based Lateral Flow Device (LAMP-LFD) Method for the Detection 
of Malaria, 3rd International Conference on Molecular Biology and Biotechnology, MSMBB and UCSI 
University, International, 24-25 April 2019 
n. PBL tutor training workshop for UMMP, University Malaya, 11-12 April 2019 
iz.Invited speaker, Scientific Writing Seminar, Faculty of Medicine, University of Malaya, 3 April 
2019 
13.Invited speaker, Asia-Pacific Network on Drug and Diagnosis Innovation on Neglected Tropical 
Diseases, Shanghai, China, 21-22 March 2019 
14.Discovery of Plasmodiutn knowlesi in Malaysia, 2019 Queenstown Molecular Biology (QMB) 
Meetings, National Institute of Parasitic Diseases, China CDC, International, 21-22 March 2019 
15. Presenter, Scaling Up Efforts in Tropical Disease and Vector Control through Evidence-Based 
Research, 55th Annual Scientific Conference of the Malaysian Society of Parasitology and Tropical 
Medicine (MSPTM), Malaysian Society of Parasitology and Tropical Medicine (MSPTM), National, 13 
March - 14 May 2019 
16.0rganising committee, 1•1 international health and sciences conferences, Taylor's University, 
March 2019. 
17. Workshop on Biorisk Assessment for Laboratory: Principle and Methodology, Wisma RnD 
University of Malaya, at December zuid 
18.Invited Participant, Plasmodium cynomolgi Culture Workshop Scientific M 'ting, Dun din, 
Otago, New Zealand, 13-14 September 2018 
19. PBL tutor training workshop for UMMP, Fa ulty of M di in , Univ •rsity of Malaya, 9-10 
September 2018 
20. Invit d speaker, Th 81h Asean Conferenc of'Tropical Medicin and Parnsirology (A I'M P) 2018, 
Nha Trang, Vietnam, 26-29 July 2018 
zr.Plcnary speak r, 111 9th Malaysian Symp siurn of Biorn di 1 i n , D partrn nt ofBiom dical 
Sci nee, Faculty of M dicinc, Univ rsity of Malaya, 12-13 May 2018 
22. lmrnun Sandiego Leadership Cornmitte , 2018 
23. Poster, Human muscular sarcocystosis due to Sa,.cocystis nesbitii causing a persistent 
inflammatory myopathy with overexpression of major histocompatibility complex class I (MHC-1) on 
muscle tissue. ASTD Annual Scientific Meeting 2018. Marriott Hotel Surfers Paradise, Gold Coast, 
QLD, 10-12 May 2018 
24. Oral presentation. MSPTM 2018 Annual Scientific Conference, Connexion Conference & Event 
Centre@ Nexus, Bangsar South City, Kuala Lumpur, Malaysia, 14 - 15 March 2018 
25. 54th Annual Scientific Conference of the Malaysian Society of Parasitology and Tropical 
Medicine, MSPTM 2018, Organising Committee, Connexion Conference & Event Centre, Bangsar 
South City, 14 - 15 March 2018 
26. Symposium on Malaysian Scholarly Communication, Kementerian Pendidikan Tinggi, Putrajaya, 
6 February 2018 
27. Bengkel Editor's Day Bersama Clarivate Analytics, Kementerian Pendidikan Tinggi, Putrajaya, 5 
February 2018 
28. International Conference on Biochemistry, Molecular Biology and Biotechnology 2018 (ICBMBB 
2018). A joint conference of the Malaysian Society for Biochemistry & Molecular Biology (M BMB) 
and the Malaysian Society for Molecular Biology & Biotechnology (MSMBB) in conjunction with the 
43rd Annual Conference of MSBMB and the 25th Scientific M eting of MSMBB 
29. Scientific Writing Seminar, Facilitator University of Malaya, 15 January 2018 
30. Invited speaker, WAAVP 2017 Conf r nee Rapid d t tion of Plasmodium knowlesi by 
isothermal r cornbinasc polym ras amplification a a (RP ), Kuala Lumpur Convention Centre, 
Malaysia, 4-9 July 2017 
3i.Invited peaker, A One H alth Approach to Parasit ontrol in outh Ea t Asia, Bangkok, Thailand. 
Int rnational, 19-21 Jun 2017 
32. Invit d pnrti ipnnt T' h Pinn mo On r in M In in 2017, lPPP, University of Malaya, 13 May 
'017 
3::!· iminnr for R vi 'W rs and •dit t f Biorn dical Journal, Park Royal Hotel, Kuala Lumpur, 
APA ME nnd MM , tnternuti nnl, 2 pril 2017 
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34. Introduction to Mathematic Modeling of Infectious Diseases, Ho Chi Minh, Pasteur Institute, 
International, 30 Oct - 4 Nov 2016 
35. Taylor's University Scientific Seminar: Research Grants Application, Scientific Seminar: 
Research Grants Application, Taylor's University, Malaysia, 2 Jun 2016 
36. Invited Guest, APMEN VII: APMEN's seventh annual meeting, Vietnam, 25-27 March 2015 
37. Bengkel Editors Day Bersama Thomson Reuters, .Jemputan ke Bengkel Editor's Day Bersarna 
Thomson Reuters, Kementerian Pendidikan Tinggi, National, 23 March 201.6 
38. Student oral, Courage Fund Conference on Infectious Diseases, High Gen tic Polymorphism 
Observed in the Negative Selected Gene of Rhoptry Associated Protein I (RAP-1) of Plasmodium 
knowlesi in Malaysian Clinical Isolates, Singapore, 11-13 March 2015 
39. Invited speaker, International Conference on Molecular Biology and Biotechnology (ICMBB) & 
23rd Scientific Meeting of MSMBB 2016. Colorimetric detection of dengue by single tube reverse­ 
transcription-loop-mediated isothermal amplification, 9-11 March 2016 
40. Towards Impactful Collaborations in Parasitology and Tropical Medicine, 52 Annual Scientific 
Conference of Malaysian Society of Parasitology and Tropical Medicine, Malaysian Society of 
Parasitology and Tropical Medicine, 2-3 March 2016 
41.Enhancing student's participation in PBL process, Bengkel Problem Based Learning Kolej Sains 
Kesihatan UMMC, UMMC, University, 18 December 2014 
42. Oral, International Postgraduate Research Awards Seminar, 2014, Molecular Characterizations 
of Sarcocystis Spp. In Cattle and Goat Sampled In Abattoir Shah Alam, KL, 10-11 December 2014 
43. Poster, Beating Malaria London, 2014, Epitope mapping of Plasmodium knowlesi merozoite 
surface protein-iaz (msp-raz) using synthetic peptide library and phage display library, UK, 1-3 July 
2014 
44. Invited, Beating Malaria London, 2014, Immunogenicity of bacterial-expressed recombinant 
Plasmodium knowlesi merozoite surface protein-iaz (MSP-142), UK, 1-3 July 2014 
45. Oral, International Postgraduate Research Awards Seminar, 2014, Genotyplng of the Duffy blood 
group among Plasmodium knowlesi-infected patients in Malaysia, KL 
46. Loop-Mediated Isothermal Amplification Assay for Dengue, LRGS Dengue olloquium 2013, 
TIDREC, National, 11-12 Jun 2013 
47. Loop-mediated isothermal amplification (LAMP): a rapid and cost-effective diagnostic method 
for infectious diseases, 24th National Scientific Conference, 3-5 September 2013 
48. Poster, Seminar Bioteknologi Kebangsaan 2013, Recombinant expression ofTES-26 and TES-30 
of Toxocara canis by th y ast Pichia pastoris for diagnostic use, Penang, Malaysia 6-8 .June 2013 
49. Post r, Seminar Biotcknologi Kebangsaan 2013, Specific, sensitive and rapid detection of human 
Plasmodium k11owl •si info Lion by loop-mediated isoth rmal amplification (LAMP) in blood samples, 
P nnng, Mnlaysin, 6-7 .lun 2013 
50. Post r, 9th Annual BioMalPar 1 EVl MalnR Conf rcnce, cloning and expression of Plasmodium 
K11owlesi MSP-u in Us /J ,,·fchia coli and Pichia pastoris, EMBL Heidelberg, Germany, 13-15 May 
, OJ:3 
t.Postcr, lnl rnattonnl Mulariu Symposium 2013, Molecular Polymorphisms of Plasmodium vivax 

T1·unspo.rt(lrs und S insitlvity to hloroquine and Artesunate, Sabah, Malaysia, 16-17 April 2013 
~2. ~~·al,, lnt ernutional Malurln Symposium 2013, Rosetting phenomenon in vivax malaria isolates 
from I'hai-Myanmur border, Sabuh, Malaysia, 16-17 April 2013. 
53· Poster, International Malaria Symposium, 2013, Cloning, Expression, and 
Immunochuractorization of Surface Protein Containing an Altered Thrornbospondin Repeat Domain 
(SPATR) Gene of Plasmodiuin knouilesi, Sabah, Malaysia, 16-17 April 13 
54· Oral, The 5th ASEAN Congress of Tropical Medicine and Parasitology (ACTMP), Cloning, 
expression and purification of Toxoplasma qondii dense granular proteinz and 5 (GRA2 and GRA5) 
in Escherichia coli, Phillipines, 15-17 May 2012 
55· Po~ter, Singapore Malaria Network meeting 2012, Cloning, Expr ission and Purification of 
recombinant MSP-1::1::1 of Plas111odi11111 knou)! •si in bacterial syst irn, Singapor , 16-17 F ibruury 2012 
56. Poster, 16th Biological Science Graduate Congress (BSG ), Mol cular Differ mtiation of 
Entamoeba histolytica, E11ta111oba dispav and ll11to111oobc1 111oshkovskii in human stool, Singapor •, 
12-14 December 201:1 
57.0ra'I, .Joint lntornationnl Tropical M dlcin M' 1ini; :WJl(,JITMM), DNA vn ·inulion nguln~l 
Toxoplasma gondii using Rhoptry g •n 8 in mi mod I syst m, Bungkok, 'l'hniland, 1-2 0 • · mb •r 
2011 
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58. Poster, Joint International Tropical Medicin Meeting 2011(,JlTMM), Evaluation of toxoplasma 
go11dii r ombinant d ns granular protein (GR.A2) for serodiagnosis by western blot, Bangkok, 
Thailand, 1-2 December 2011 
59. Poster, The nth International Congress on Toxoplasmosis, Expression of Surface Antigen 
SAG1/2 of Toxoplasma gondii in the yeast Pichia Pastor-is, Ottawa, Canada, 25-29 June 2011 
60. Poster, 47th Malaysian Society of Parasitology and Tropical Medicine (MSPTM) 3-4 March, 2011- 
International Medical University (IMU), Genotyping of Toxoplasma gondii strains associated with 
human toxoplasmosis: a current status. Kuala Lumpur, Malaysia, 3-4 March 2011 
6i.Invited Speaker, Parasitology Symposium 13th ACCLS, Current molecular techniques in diagnostic 
parasitology, Royal Chulan Hotel, Kuala Lumpur, 26 September 2010 
62. Poster, The Xllth International Congress of Parasitology (ICOPA), Cloning, expression and 
characterization of Toxop/asma gondii dense granular protein 4 (GRA4) in Pichia pastoris, 
Melbourne, Australia 16-20 August 2010 
63. Poster, The XIIth International Congress of Parasitology (!COPA), Vaccination of mice with 
TgSAG1/2 induces Thi type immune response and confer a high level of protection against mice 
challenged with Toxoplasma qondii tachyzoites, Melbourne, Australia, 16-20 August 2010 
64. Poster, The XIIth International Congress of Parasitology (!COPA), Specific, Sensitive and Rapid 
Detection of Active Toxoplasmosis in Patients by Loop-mediated Isothermal Amplification (LAMP) 
Method in Blood Samples. Melbourne, Australia, 15-20 August 2010 
65. Student Oral Presentation, 46th Annual Scientific Conference of MSPTM, Genotypic 
determination of Toxoplasma gondii strains by PCR-RFLP from clinical urnplcs in Malaysia, 24-25 
March 2010 
66. 46th Annual Sci antific Conferen , of MSPTM, Cloning and axpression of PICls111oc/i11111 kuo: lesi 
Merozoite Surface Protein (MSP-119) in yeast Pichia pastoris. rand eason Hotel, Kuala Lumpur, 
24-25 March 2010 
67. Poster, 46th Annual Sci ntific Conferenc ofMSPTM, Toxoplasma gonclii: Mo! cular loning and 
xpression offull length rhoptry prot in 2 (R P2) g n in Pichia pastoris. rand S ason Hot 1, Kuala 
Lumpur, 24-25 March 2010 
68. Poster, 46th Annual Scientific Conference of Malaysi n Society of Parasitology and Tropical 
Medicine, Vaccination against toxoplasmosis by Toxoplasma gondii recombinant dense granular 
DNAs and proteins, Grand Season Hotel, Kuala Lumpur, 24-25 March 2010 
69. Poster, 46th Annual Conference of Malaysian Society of Parasitology and Tropical Medicine, 
Expression of Toxoplasma gondii dense granule antigen (GRA2) in the yeast Pichia pastol'is for the 
use in serodiagnosis oftoxoplasmosis, Grand Season Hotel, Kuala Lumpur, 24-25 March 2010 
70. Poster, 49th Annual Meeting of The American Society for Cell Biology, Heterologous expression 
of the chimeric SAG1/2 of Toxop/asma gondii in the yeast Pichia pastoris. San Diego, CA, USA, 5-9 
December 2009 
71. Poster, Joint International Tropical Medicine Meeting 2009, Cloning, Expression and Functional 
Characterization of Rhoptry Protein Gene (Rop8) Of Toxoplasma Gondii In Yeast Pichia Pasto1·is. 
Bangkok, Thailand, 2-4 December 2009 
72. Poster, 83rd Annual Meeting of the American Society of Parasitologist, Lau YL and Fong MY 
(2008). Recombinant Expression of Toxoplasma gondii Surface Antigen SAG2 in the Methylotrophic 
Yeast Pichia pastoris. Texas, USA, 27-20 June 2008 
73. Poster, 44th Annual Scientific Seminar of the Malaysian Society of Parasitology and Tropical 
Medicine, Phylogenetic study of Bruqia pahangi using 18S rRNA and cytochrome oxidase I (COX.I) 
gene sequences. Kuala Lumpur, Malaysia, 01 February 2008 
74. Poster, znd ASEAN Congress of Tropical Medicine and Parasitology, Recombinant expression of 
the Toxoplasma gondii surface antig n S G2 in th y a t Pichia pasto1·is. Bandung Indone ia, 1 
February 2006 
75.Poster, 43rd Annual Sci ntific S rninar of the Mala ian Society of Parasitology and Tropical 
Medicine & Centenary Celebration of th R TMH (London), H t rologous expression of the surface 
antigen SAG2 of Toxoplasma gondii in th rn th lotrophic ea t Pichia pastoris. Kuala Lumpur, 
Mula sin, 1 F bruar 2007 
7J. Post r, xrd nnunl i intlfic S minor of th Malaysian So iety of Parasitology and Tropical 
M •dicin & ntcnm 11 brnti n of the R TMH (London), utaneous toxoplasmosis in an HIV- 
posittvc pnti ·nl. Ku 1ln Lumpur, Mnl in, 1 F bruary 2007 
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77.Poster, 42nd Annual Scientific Seminar of the Malaysian Soci ty of Parasitology and Tropical 
Medicine, Yeast-derived recombinant antigens for use in imrnunodiagnosis of parasitic inf ·ti n . 
Ipoh, Malaysia, 1 February 2006 
Poster, 5th Seminar on Food- and Water-borne Parasitic Zoonoses, Recombinant expression of a 
truncated Toxoplasma gondii SAG2 surface antigen by the yeast Picliia pastoris. Bangkok Thailand, 
1 February 2006 

SEMINAR/CONFERENCE ORGANIZER 

1. Chair, 2nd International Conference on Molecular Biology and Biotechnology (ICMBB) & 24th 
Scientific Meeting ofMSMBB, PAUM, University of Malaya, 1-2 November 2017 
2. Clinical Manifestation from Thelcticopsis malayensis bite envenoming. Carrion Ecology and 
Forensic Entomology: Current Research and Its Future, Clinical Manifestation from Thelcticopsis 
malayensis bite envenoming. Carrion Ecology and Forensic Entomology: Current Research and Its 
Future, Department of Parasitology, University, 26 February 2020 
3. Stress Response, Proteasomes, & Artemisinin Resistance, Stress Response, Proteasomes, & 
Artemisinin Resistance, Department of Parasitology, University, 18 February 2020 
4. When Data Science Meets Biology, When Data Science Meets Biology, Department of Parasitology, 
University, 8 January 2020 
5. Exploring Nerve Cells: One Step at a Time, Exploring Nerve Cells: One Step at a Time, Department 
of Parasitology, University, 27 November 2019 
6. A Multi-pronged Approach in Combating Knowlesi Malaria, Taklimat Kajian "A Multi-pronged 
Approach in Combating Knowlesi Malaria", Unit Vektor, Jabatan Kesihutnn Negcri K .lantan, 
National, 16 October 2019 
7. A Multi-pronged Approach in Combating Knowlesi Malaria, Taklimat Kajian "A Multi-pronged 
Approach in Combating Knowlesi Malaria", Unit Kawalan Jangkitan Bawaan V ktor, Jabatan 
Kesihatan Negeri Perak, National, 3 October 2019 
8. Rethinking Biology: Synthetic Biology and the IGEM Competition, Rethinking Biology: Synthetic 
Biology and the IGEM Competition, Department of Parasitology, University, 2 October 2019 
9. Building Your Academic Brand on Social Media, Journal Club, Department of Parasitology, 
University, 11 September 2019 
10. Passive Cooling T chnologyfor a Nuclear Pow r Plant, Journal Club, Department of Parasitology, 
University, 29 A1111usl 2019 
u.. 3rd Intcrvarsity Parasitology Quiz and Oratorical Competition 2019, 3rd Intervarsity Parasitology 
Quiz and Orntorl ·nl ornpctltion 2oi9, D partmcnt of Parasitology, National, 27 August 2019 
12.Th Irnn nding Victory of Neg! ctcd Tropical Diseases, '111e Imp nding Victory of Neglected 
'I'rop] ·nl Dis ns A, I) partm nt of Parasitology, University, 7 August 2019 
1;:i.Muludu 'l'r •otm nt & f1rophylnxis, Malaria Treatm nt & Prophylaxis, Department of Parasitology, 
University, August 20·19 
J.4 .. Busi · 011 · pt &Troubl .shoottng Guide on qPCR, qPCR Consultation On-Demand, Department of 
Purusitology & nnvio Sdn.Bhd., Univ srsity, 25 July 2019 
15.Enwrging Arboviruscs, Em srging Arboviruses, Department of Parasitology, University, 24 July 
2019 
16:SporcSut: Lab-on-Chip for Study of Single Cell in Space, SporeSat: Lab-on-Chip for Study of Single 
Cell in Space, Department of Parasitology, University, 24 July 2019 
17.Malarin Microscopy Workshop, Malaria Microscopy Workshop, Department of Parasitology, 
University, 10 July 2019 
18.Conference Organising committee, the 4th international conference on molecular biology and 
biotechnology (ICMBB2020) in conjunction with the 2trH MSMBB Sci mtific Meeting, National 
Science Center, Malaysia, 3-4 June 2019 
19.0rganising committee, The 3rd international Conf rencc on Molecular Biology & Biotechnology, 
co-organized by MSMBB and UCSI University, 24-25 April 2019 
20. Organising committe , The 55th Annual S i •nlifi · 'orr~ r n · of tho Muluyslun So ·i ·t of 
Parasitology and Tropical M dicin (MSPTM) 2019, Int r '0111111 •1111111 lol I l<1111'l11 l.11111pur, Mnlu slu, 
13-14 March 2019 
at.Organizlng committee (Social) of111 261·h World Asso ·i11'11011 for '111 Adv1111 · m 111 of' Vcl 1·11101' 
Parasitology ·on·~ r: nc , Th 26th World Asst) ·111'11011 for lh t\dvnnc 111 ntofV ll11·ln11r l'11r11. llolo1 y 
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conferenc , The World As ociation for the Advan ment of V terinary Parasitology and MSPTM, 
Int rnational, 28 January 2016 - 8 September 2017 
22. Basic and Clinical Immunology Course, Faculty of Medicine, University of Malaya, 5-9 July 2017 
23. Organising committee of The 55th Annual Scientific Conference of the Malaysian Society Of 
Parasitology And Tropical Medicine (MSPTM) 2018 
24. Organising committee, the 3rd International Conference on Molecular Biology & Biotechnology, 
co-organized by MSMBB and UCSI University, 24-25 April 2019. 
25. Organising committee of The 29th Annual General Meeting in Conjunction with the MSMBB 
Seminar Series, 18 May 2018, Faculty of Biotechnology and Biomolecular Sciences (BIOTECH) 
Universiti Putra Malaysia 
26. Organising committee of The 54th Annual Scientific Conference of the Malaysian Society Of 
Parasitology And Tropical Medicine (MSPTM) 2018 
27. Organising committee of International Conference on Biochemistry, Molecular Biology and 
Biotechnology 2018 (ICBMBB 2018), 15-16 August 2018 
28. Event Organiser, 19th MSMBB (Malaysian Society for Molecular Biology & Biotechnology) 
Scientific Meeting, Member of the Organizing Committee, UM, 30 October - 01 November 2012 
29. Event Organiser, PBL Tutor Training Workshop, UM, 27 November - 3 December 2012 
30. Event Organiser, Editing Your Manuscript for Publication: Workshop for Postgraduate Students, 
UM, 12-14 September 2012 
31.Real-time PCR workshop, Organizer, Chemoscience Sdn Bhd, 15-16 April 2009 

SUPERVISION 

First Degree/Diploma/Pre-Degree 
1. Internship, Lavi ma Nathan, U SI Univ rsity, May-August 2020, 2020/2021, 3 
2. Intern hip, Luqman Arif Yusri and Ng W i Quan, U I, 1 May- 13 July 2020, 2020/2021, 2 
3. Internship, Maackara Micha I .Iohn B, Univ r ity of Malaya, 17 F bruary-zz May 2020, 
2020/2021, l 
4. Internship, Tai Jie Yi, Tunku Abdul Rahman University College, 17 February- 26 April 2020, 
2020/2021, 1 
5. Internship, Liew Zhen Wei, Wong Kuan Yee, Liem Shyang Jye, Tan Jia Sen, Pang Juan Fei, UCSI 
University Kuala Lumpur, 1 March- 30 April 2019, 2019/2020, 4 
6. Internship, Law Ruo Xie, Newcastle University Malaysia, 16 July-go August 2019, 2019/2020, 1 
7. Internship, Nisha Krishnan, Nadia Bee Hooi San, Jackson Felgenhauer Wiriya, Hans Christian 
Halim, Hishmietaa a/p Krishna Moorthy, Kong Jing Ying, UCSI University, September-November 
2019,2019/2020,6 
8. The Genetic Diversity of Plasmodium Knowlesi Normocyte Binding Protein Xa Region II 
(NBPXaII) Corresponding to High and Low Parasitaemia, 2019/2020, 1 
9. Genetic Diversity of Plasmodium Cynomo/gi Duffy Binding Protein 1 (II) Gene, 2019/2020, 1 
10. Internship, Ng Xue Wei, Chen Jzit Weii and Wong Kar Yee, UCSI Kuala Lumpur, September­ 
November 2019, 2020/2021, 3 
11. Establishment ofln Vitro Production of Plasmodium Knowlesi Gametocytes, 2018/2019, 1 
12.Comparison of The Binding Level of Different Human Erythrocyte Duffy (Fy) Antigens to 
Plasmodium Knowlesi Duffy Binding Protein Alpha Region II (PkDBP II), 2018/2019, 1 
13.Internship, Jia Yi Gan and Jia Min Choo, Tunku Abdul Rahman College, 18 February-zz April 
2019,2018/2019,2 
14.Establishment of in vitro culture of Plasmodium knouilesi gametocyte , 2018/2019, 1 
15.Internship, Kong Zhi Wei, UCSI Univ rsity, 16 0 tob r- 17 D mber 2018, 2018/2019, 1 
16.Elucidating the link b twe n polymorphism of Plasmodium knouilesi normocyte-binding protein 
and enhanced erythro yt invasion b th para it , 2018/2019 1 
rz.Jntemship, J v tha A/P Muruthi and Raame wary /P Kanan Lincoln University College, 17 
S pt mb r- 9 Nov mb r 2018 
18.lnt irnship, Aizzut Hunnfi, Muhammad fiq Bin Lokrnan, Management & Science University, 30 
July- 14 I c •111b r 2018 
19.1111 rnshlp, Ng o •Ling, Tunku Abdul Rahman University College, February 19- May 15, 2018 
'· o, lnternshlp, NA k ii s ng-n ron, Tunku bdul Rahman University College, February 19- May 15, 
• () 18 
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zi.Internship-Atiqah Azam, Fong Jung Yin, Shobha Elizabeth and Eric Low Kat Jun (UCSI), 6 Nov- 
29 Dec 2017 
22. Internship, Lim Ee Jing, Taylor's University, Malaysia, 7 August 2017- 19 January 2019 . . 
23. Internship, Muhammad Asyraaf B Iskandar and Habibah Zahari, Universiti Teknologi Mara 
(UiTM), 24 July-rg September 2017 
24. Internship, Lim Bing Sheng and Qryztal Lim, Tunku Abdul Rahman University College, 2 
January-zz April 2017 
25. Sequence diversity and natural selection of Plasmodium knowlesi Duffy binding protein a, ~. Y 
region II in monkey isolates from Malaysia, 2016/17, Ong Cheng Yee, University of Malaya 
26. Polymorphism in the DARC gene in humans and macaques with naturally acquired Plasmodium 
knoiolesi infections in Malaysia, 2015/16, Nadia Tandai Anak Davis @ David, University of Malaya 
27. Prevalence of sarcocystis spp in Malaysian captive snakes and lizards, 2015/16, Nahdatul Fatihah 
Mohd Fadil (MEB120019), University of Malaya 
28. The prevalence of hookworm in stray dogs & PCR identification, 2013/14, Nur Syaqila Osman 
29. Genotyping of anopheles group mosquitoes using cytochrome c oxidase subunit ii (rnt-coii), 
2013/14, Chui Yuet Yee, University of Malaya .. 
30. Genetic polymorphism of circumsporozoite protein (CSP) gene in Plasmodium knoiulesi m 
Malaysia, 2013/14, Syadaitul Atira Bt. Othman (MEB100038), University of Malaya 
3i.Phylogenetic analysis of Plasmodium knowlesi infection, 19 August- 23 December 2013, 
Internship, Siripakorn Prakobkeaw, Faculty of Medical Science, Naresuan University, Phitsanulok, 
Thailand. 
32. Molecular Differentiation of Entamoeba histolytica and Entamoeba dispar in human stool 
samples. 2011/12, 2, completed, Azaratul Haizum binti Salamon, University of Malaya 
33. Molecular Characterisation of Filarial Worms in Animals. 2011/12, completed, NG FU! CHEE 
34. Cloning and Expression of GRAs of Toxoplasma gone/ii in Escherichia coli, 2011/12, completed, 
Lim Yit Zie@Lim Edie, University of Malaya 
35. Cloning and Expression of MSP-119 of Plasmodium knowlesi in Escherichia coli, 2on/12, 
completed, Gan Ming Jack (MEB090006), University of Malaya 
36. Recombinant cloning and expression of dense granule protein 4 of Toxoplastna gondii, 
2008/2009, 1, Monash University undergraduate 
37. Cloning of SAG1/2 in Pichia pastoris, 2007/2008, completed, Felicia Tay, Monash University 
undergraduate 
38. Cloning and expr 'Asion of GRA2 in Pichia pastor is, 2007 /2008, completed, Stacey Lim, Monash 
Univ rsity undergraduato 
MtlBlm'..Il!la~CQ 

. Mnst r D ~r , Np Y Ling, 'n 'ti· div rsity and immunogenicity profiling of Plasmodium 
k1101vlesl npl ·nl m mbrnn nnlig n .l (PkAMA-1) from P ninsular Malaysia and Malaysian Borneo 
· 019-20 o, Ont of r gist I': 20/02/2020 

. Must r 0 l:;t' • , Umrni Knlthum bt Azlan, The ffect of genetic polymorphism of Plasmoclium 
k1wwles/ duffy blndlng prot •Jn alpha H (PkOBPull) gene in the r gulation of host immune response 
2019•20• o, Dut1;1 ofrllgistcr: 25/09/2019 
3. Muster Degree, Lee Phone Youth ' Zen Lee, Development of a simplified Loop mediated 
lsoth errnal urnpllfication-Lateral flow (LAMP-LF) method for field detection of Plasmodiurn species. 
Date of register: 31/03/2019 
4. Master Degree, Fat ma Diyana Binti Mohd Bukhari, Binding Activity of Plasmodium knowlesi Duffy 
Binding Protein Alpha Region II (PkDBPull) Corresponding to High and Low Parasitaernia Isolates, 
2018/2019, Date of register: 22/03/201 
5. Master Degree, Lim Khai Lone, Binding Affinity of Duffy Binding Protein (PKDBPall) Of 
Plasmodium Knouilesi Clinical Isolates from Peninsular Malaysia and Malaysia Born >O I 
Parasitology. Date of register: 31/03/2016 Completed :w18 
6. Master Degree, Wong Yien Ping, Development of Molecular Diagnostic for Mulaysian Human 
Rhinovirus C, Date of register: 03/05/2016 Com pl t· d ~019 
7. Master Degree, Mohammad Behram Khan, Id ntifl itlon of lnnnun fn ·tors in A11ophi'lts Tac.:011s 
during Plastnodium knouilesi infection, Dat of r gist r: 01/01/2015, ompl •t ·d 



8. Mast r D gr , Mira Syahfri na Amir Rawa, Analysis of the Effect of Natural Selection on Low 
Polymorphic G no Encoding Rhoptry- Asso iated Protein 1 (RAP-1) in Plasmodium, Date of register: 
01/01/2015, Completed 
9. Master Degr e, Ruhani binti Yusof Phylogenetic analysis of Plasmodium knowlesi in Malaysia, 
Dat of register: 09/03/2013, CGPA: 3.51, Completed 
10. Mast r Degree, Ng Yit Han, Characterization of Sarcocystis spp. from cattle in Shah Alam, 
Selangor Darul Ehsan, 2013/14, Date ofregister: 02/09/2013, cGPA: 3.39, Completed 
11. Master Degree, Sum Jia Siang, Molecular identification and phylogeny of malaria vectors in 
Malaysia, 2012/2013, Date of registerne/ro/aora, cGPA: 3.14, Completed 
12. Master Degree, Vanitha Palaeya, Cloning and expression of Surface Protein Containing an Altered 
Thrombospondin Repeat Domain (SPATR) gene of Plasmodium knowlesi in Escherichia coli and 
yeast Pichia pastoris, 2010/2011, Date of register: 28/09/2011. cGPA: 3.5, Completed 
13. Master Degree, Claudia Nisha Anthony, Drug Resistance of Plasmodium vivax, 2010/2011, Date 
ofregister: 06/10/2011, cGPA: 3.68, Completed 
14. Master Degree, Hemah A/P Andiappan, Genotyping ofToxoplasma gondii strains from pregnant 
women and their newborns, 2010/2011, Registration Date: 03/12/2010, CGPA: 3.2I, Completed 
15. Master Degree, Chin Lit Chein, Cloning and expression of Merozoite Surface Protein (MSP) of 
Plasmodium knowlesi in yeast Pichia pastoris. 2009/2010, Date of register: 26/09/2009. cGPA: 3.11, 
Completed 
16. Master Degree, Chang Phooi Yee, Expression and characterization of Toxoplnsma gondii rhoptry 
protein 2 (ROP2) produced by yeast Pichia pastori , 2009/2010, Date of regist r: 25/09/2009. CPA: 
3.58, Completed 
17. Mast r Degree, Mona A. Al-Areeqi, molecular epid miology of Entamoeba histolyti a, E. dispor 
and E. moslrkovskii infections in Yem n: diff r nt p ci -sp cific a o iat d risk fa tors, Y m n, 
2012/13, Date of register: 13/09/2001, Comp! t d 

1. Doctoral Degree (PhD), Shahhaziq Shahari, The prevalence and genetic diversity of Plasmodium 
knowlesi in macaques from Peninsular Malaysia and the establishment of a P. knowlesi in vitro 
culture, 20I9/2020 
2. Doctoral Degree (PhD), Phang Wei Kit, Genetic diversity of Plasmodium knowlesi and modelling 
of its transmission in Peninsular Malaysia, 20I9-2020, Date of register: 24/02/2020 
3. Doctoral Degree (PhD), Ummi Wahidah bt Azlan, Genetic diversity and immunogenicity profilling 
of P/asmodium knowlesi surface protein thrombospondin repeated domain (PkSPATR) and rhoptry 
associated protein-I (PkRAPI), 20I9-2020, Date of register: I8/02/2020 
4. Doctoral Degree (PhD), Aimi Diyana Gapor, Investigation on the multiplicity and diversity of 
Plasmodium knowlesi infections in Malaysia based on the merozoite surface protein-I, 20I9-2020, 
Date of register: I/10/2019 
5. Doctoral Degree (PhD), Tan Jia Hui, Development and optimization for irnmunochromatographic 
test (ICT) for rapid diagnosis of human malaria and its field evaluation, 2019-2020, Date of register: 
11/09/2019 
6. Doctoral Degree (PhD), Naqib Rafieqin Noordin, Genetic and Phenotypic Characterisation of 
P/asmodium knowlesi Normocyte Binding Protein Xa II (PKNBPXaII) Corresponding to High and 
Low Parasitemia Level, 20I9-2020, Date of register: 15/03/2019 
7. Doctoral Degree (PhD), Mana} Ali Saleh Al-ashwal, Epidemiological and Genetic Studies on 
Zoonotic Parasitic Infections in Yemen: Implication for Eff ti ntrol Programmes, 2019/2020 
8. Doctoral D gr e (PhD), Izzah Ruzana Binti Mohd Hanapi, m nt of health status and 
parasitic infections among t the refug es in Klang Valley, Mala is 2019/2020 
9. Non-graduating r arch program, Fathima Wardha R fui, PhD, Fatimah Jinnah Medical College, 
Univ rsity of Punjab, Pnki ton, 27 Jon 2018-27 Jon 201 ompl ted 
10. Non-gruduntiug r s inr h program, bdullnhi Muh mmad Daskum, PhD, Modibbo Adama 
nivcrsit err hnol , oln, Nig ri , 5 Mnr h 2018-1: Murch 2019, Completed 

11. Do tornl 0 .grc (PhD), idn afinnz Binti Mokhtar DN Barcoding of Medically-Important 
Al'thropodll In ·ludinA Mol cular D t ·ct ion C ss ciat d Potential Pathogens in Head Lice, 2012/14, 
1)11( of l'tlf.\l. l -r: '5/0C /201 , ompl t -d 
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12. Doctoral Degree (PhD), Wahib Mohammed Mohsen Atroosh, In Vivo and Molecular Evaluation 
of Artesunate-Sulfadoxine-Pyrimethamine Efficacy for Uncomplicated Falciparum Malaria in 
Tehama Region, Yemen, Date of register: 25/09/2014, Completed with Distinction. 
13. Doctoral Degree (PhD), Jonathan Liew, The JAK-STAT immune signalling pathway of 
Anopheline mosquito in response towards malaria parasite infection, Date of r gister: O/lo/2014, 
Completed 2017 
14. Doctoral Degree (PhD), Tengku Idzzan Nadzirah, Analysis of Sarcocystis spp. Immunogenic 
Protein for Development of Human Sarcocystosis Serological Test Kit, Date of register: 01/10/2014, 
Completed 2018 
15. Doctoral Degree (PhD), Leong Cherng Shii, Detection of resistance status of Aedes aegypti 
(Linnaeus) collected from 9 districts in Selangor using biochemical and molecular tools and 
comparison of dengue virus susceptibility between resistant strain and susceptible strain of Aedes 
aegypti, Date of register: 01/12/2014, Completed 2019 
~6. Doctoral Degree (PhD), Jeremy Ryan de Silva, Genetic diversity study, e~pression . an.d 
1mmunocharacterization of Plasmodium knowlesi Merozoite Surface Protein 3-Beta m Escherichia 
coli and Pichia pastoris. Date ofregister: 22/02/2013, Completed 2017 
17. Doctoral Degree (PhD), Lai Meng Yee, Receptor of SAG 1 and SAG2 of Toxoplasma gondii, 
2012/13, Date ofregister: 12/10/2012, CGPA 3.08, Completed 2018 
18. Doctoral Degree (PhD), Amirah Amir, Genome Expression Analysis of Anopheles cracens and 
Anopheles latens Responses to Plasmodium knowlesi Infection, 2012/13, Date of register: 
13/09/2011, MBBS, Completed 
19. Doc~oral Degree (PhD), Lee Wenn Chyau, Association of rosette formation and pathogenesisof 
Plasmodium vivax malaria, 2011/2012, Date of register: 09/10/2011, cGPA: 3.75, Completed with 
Distinction. 
20. Do~oral Degree (PhD), Cheong Fei Wen, Identification and characterization of epitopes on the 
rnerozorte surface protein of Plasmodium knowlesi, 2010/2011, Date of register: 29/12/2010. cGPA: 
3.96, Completed with Distinction. 
21. Doctoral Degree (PhD), Abdulsalam Mohammed Qasem Al-Mekhlafi, Epldemiology of Malaria 
and Molecular Genotyping of Malaria Parasites in Yemen (1/09/09-31/01/10, Acting Supervisor), 
Completed 
22. Doctoral Degree (PhD), Parthasarathy Sonairnuthu, Vaccination of mice by Rhoptry proteins of 
Toxoplasma gondii produced by yeast Pichia pastoris, 2008/2009, Date of r gister: 09/07/2009. 
cGPA: 61% (First class In India), Complet cl 
23. Do tornl D groo (PhD), hing Xiao Teng, Development of ONA and recombinant vaccines against 
Toxoplnsmn gondil infccrlon, 2008/2009, Oat of r gistor: 25/09/2009. cGPA: 3.81, Completed 
24". Do torn! D r,1;c (PhD), Girlju Thtruv ngadnrn, Mol cular cloning, characterization and junction 
n1~11ly, i ofth him l'i (J ne n ·od1ng To oplasma gondii surfac antigen 1 and 2, 2007/2008, Date 
ol 1· 1_1lstcr: t/06/• 008. OP.A: 66.6% (Fitst lnss In India), Completed 
' Do ·ton1l D [It' o (PhD), Linn M. . Alnr ·qi, Malaria burden and the distribution of genetic 
111.ul'i L'll u 1>0 ·Jut xl wilh drug r •sistanc in Mawzu district, 'Iuiz governorate, Yemen, 2012/13, Date 
of 1•eglst1r: 1;.i/09/:wo1, ornplet d 

TEACillNG 

1. Recombinant DNA Technology 
2. Biochemistry 
3. MBBS Phase II PBL 
4. MJEB2401-Basic Course in Diagnostic Parasitology 
5. MJEB3401-Advanced Course in Diagnostic Parasitology 
6. DMLT2822-Diagnostic Parasitology 
7. MWEF2111-Pharmaceutical Microbiology 
8. MBBS-Parasitology 
9. DMLT2092-Parasitology 
10. MLT (JMR)-13asik Modul Parasitologi P rubutnn 
1.1. MJEB3402-Advance cours in diagnostic Parasitology 
12. MBEB1109-Basic Parasitology 
13.Postgraduatc Research M rhodology 



AWARD 

r, Gold 111 dal, 6th Kor ia reativ Invention onto t CiC 2020, Korea, 2020 
2. Gold medal, 4th Korea Creative Invention Contest CiC 2018, Korea, 2018 
3. Biorisk Management certification, nth July 2018 
4. Grand Prize Award, National Exclu ive Innovation Challenge Award 2018 
5. Second Prize Award, National Exclusive Innovation Challenge Award 2018 
6. Best Lecturer for Parasitology Session 2015/2016, Faculty of Medicine, University of Malaya, 26 
April 2017 
7. Gold medal, 4th Korea Creative Invention Contest CiC 2017, Korea, 2017 
8. Outstanding reviewer award, International Journal for Parasitology, 2017 
9. Cambridge Certificate for Outstanding Medical Achievement, 2016 
10. Anugerah Perkhidmatan Cemerlang (Excellent Service Award) University of Malaya, 2016 
11. Neuroscience Best Publication Award, 2015 
12.Minister of Health Innovation & Research Award (PhAMA Awards), 2015 
13.Nadchadtram Medal, Malaysian Society of Parasitology and Tropical Medicine, 2014 
14.Anugerah Cemerlang (Excellent Award for Young Scientist) University of Malaya, 2013 
15.Anugerah Perkhidmatan Cemerlang (Excellent Service Award) University of Malaya, 2011 
16.Sijil Perkhidmatan Cemerlang (Excellent Service Certificate) University of Malaya, 2012 

SOCIAL CONTRIBUTION 

1. Myanmar Refugee Community Learning C .ntre, 8'" April 20:.!l 
2. Donation to Lost Food Project, 25th May 2020 
3. Donation to Pcrsatuan arc S langor, 25th May 2020 
4. Adopt an Animal: Malayan W iphant CW ptios 111axim11.5 liirsutus), Zoo N igara, 2020 
5. Edust m Workshop in ollaboration with U IM FAST L/\13, sponsor d by MSMBB, 8 April, 2020 
6. Stop hild Exploitation Virtual Run, 8t" t 2019- 8th Jan 2020 
7. Girl Scout volunteer, 1" Oct 2018 - 30th Sept 2019 
8. Setia Foundation Volunteer, 6th March 2018 
9. UNHCR Malaysia, UN Refugee Agency, Volunteer, Sep-March 2018 
JO. Child Sponsorship World Vision 29th Jan 2018-current 
11. Facilitator of Let's go to mummies lab, 23rd Feb 2018 
12.Adopt a Community Park: The Winged-Fruit Trees Campaign, 22°<1 Feb 2018 
13.Charity runs, 2016-2017 
14.Parent Volunteer at Tenby International School, International day, 14th July 2017 
15.World Vision Child Sponsorship, 2008-current 
16.Committee of 5th Animal Awareness Day, 25th March 2015 
17. Committee of 3rd Animal Awareness Day, 18th March 2014 
18.Committee of znd Animal Awareness Day, 17th Oct 2013 
io.Committee of ist Animal Awareness Day, 17th Jan 2013 
20. Orphanage Lice Removal Outreach 
zr.Scientific advisor of Secondary School Science Program co-organize with Mianto Sdn Bhd 
22. Member of Donation drive, Taiwan Buddhist Tzu Chi Foundation Malaysia. 
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