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The knowledge on the population structure of Plasmodium vivax isolates has contributed 
greatly to understanding the dynamics of disease transmission. Here we assess the potential 
of parasite transmission in Sri Lanka using genetic diversity of a highly polymorphic marker 
MSP3α. A total of 26 cases presenting with microscopically confirmed asexual P.vivax mono–
infections during the period January to December 2011 were analysed.  Six distinct allele 
variants were identified using PCR/RFLP analysis of PVMSP3α with HhaI. The present data 
indicates that a comparatively low level of diversity among P.vivax populations exists in Sri 
Lanka and this could be a contributing factor towards the success of eliminating of malaria 
from the country by 2014. 

All copyrights reserved to Nexus® academic publishers 

 
Key Words:  
Sri Lanka; Parasitology; 
Genotype 
 

ARTICLE CITATION: Wahalathanthri Y, Galappaththy G, Fernando D, Abeyasinghe R, Neil Fernandupulle N, Senevirathna 
D (2014). Polymorphism at the merozoite surface protein–3α locus of plasmodium vivax in Sri Lanka. J. Adv. Parasitol. 1 (3): 41 – 
43. 

 
Despite enormous control efforts over many decades malaria 
still remains one of the most important communicable 
diseases in the world (WHO, 2013). In 2009,  the Ministry 
of Health’s Anti Malaria Campaign, Sri Lanka entered the 
malaria pre–elimination phase as the number of indigenous 
malaria cases reported was less than 200 per year (AMC, 
2011). With no indigenous malaria cases being reported 
since October 2012, Sri Lanka has targeted to achieve its 
goal of malaria elimination by the end of 2014. The genetic 
diversity and population structure of P. vivax have a 
significant impact on malaria transmission, spread of drug–
resistance and the acquisition of protective immunity 
against malaria (Hajime et al., 2011). Therefore, this study 
was designed to find out the genetic diversity and 
population structure of P. vivax in a cohort of isolates 
collected from patients presenting with malaria during the 
period January to December 2011 in order to determine the 
strength towards eliminating P.vivax from the country by 
considering the changing pattern of genetic diversity. A 
polymorphic genetic marker, the merozoite surface protein–
3α (MSP–3α) was selected to investigate the population 
diversity of P. vivax using Polymerase Chain Reaction–
Restriction Fragment Length Polymorphism (PCR–RFLP) 
analysis of the highly polymorphic PVMSP3α gene. 
Diversity studies with isolates from around the world 
continue to show extensive polymorphism in PVMSP3α and 
the encoded protein, and the PVMSP3α alleles are therefore 
highly regarded as a genetic tool to distinguish different 
parasite isolates and study population dynamics (Schousboe 
et al., 2011). 

Of the 119 P.vivax cases reported in 2011, 26 (21.84 % of the 
total infected cases) cases presenting with microscopically 
confirmed asexual P.vivax mono–infection were used to 
assess the genetic diversity. None of the patients gave a 
history of travel abroad. Finger prick blood was collected 
under aseptic conditions to Whatman Filter Paper 3 prior to 
starting anti malaria treatment. Ethical clearance was 
obtained from the Ethics Review Committee, Sri Lanka 
Medical Association.  

 
The parasite DNA was extracted from the filter paper blood 
spots using QIAamp DNA mini kit (Qiagen, Germany) as 
per manufacturer’s instructions and stored at –20°C for 
further use. A nested PCR was done for the PVMSP–3α gene 
as described by Manamperi et al., in 2008, with minor 
modifications (Manamperi et al., 2008). RFLP analysis of 
PVMSP–3α nested PCR products was carried out with Hha I 
restriction enzyme for further analysis of diversity (Hajime 
et al., 2011). Agarose gel electrophoresis was performed to 
detect all the amplified and digested DNA fragments.  

 
Of the 26 samples 24 were amplified with MSP3α primers 
and two samples did not give any amplification. Based on 
the length of PCR products, four different allelic types of 
pvmsp–3α have been characterized around the world: type I 
(~1.9 Kb), type II (~1.1 Kb), type III (~1.5 Kb), and type IV 
(~0.3 Kb) (Huang et al., 2014). In the present study only type 
I and II were detected with higher prevalence of type II 
(59%) (Figure 1). RFLP analysis of the nested PCR product 
of PVMSP3α with restriction enzyme Hha I showed a size  
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conservation of the largest fragment (approximately 1000 
bp), while the size variation of smaller fragments show the 
presence of six different alleles in the studied cohort of 
isolates (Table 1). 
 
Table 1: The banding pattern and the allele distribution of 
Sri Lankan P.vivax isolates 

Hha 1 Pattern (bp) Allele type No. of samples 
1000, 360, 270, 230 Ia 1 
1000, 510, 270, 200 Ib 3 
1000, 440, 260, 210 Ic 2 
1000, 400, 270, 200 Id 3 
1000, 500, 400 Ie 1 
1000, 200 IIa 14 

 
The present study demonstrates that the level of genetic 
diversity of the P.vivax population in Sri Lanka is remarkably 
lower than the levels in other tropical and subtropical areas 
reported by Prajapati et al., Adhikari et al., and Ribeiro et al., 
(Prajapati et al., 2010; Adhikari et al., 2012; Ribeiro et al., 
2011). A study done in Chennai, India in 2010 showed 14 

distinct alleles among 22 isolates (Prajapati et al., 2010). The 
studies done in Jhapa district in Nepal and in Brazil showed 
13 in 56 isolates and 11 distinct alleles in 52 isolates 
respectively (Adhikari et al., 2012, Ribeiro et al., 2011).   

A dramatic reduction of P. vivax case load has been 
observed in Sri Lanka over the period 2000–2011.  The case 
load declined from 150,389 in the year 2000 to 1506 cases in 
2005 and a mere 119 cases in 2011, with no indigenous cases 
being reported since October 2012. In order to determine 
the way that the population structure of P. vivax has changed 
during the last few years, the results of the present study 
was compared with two previous studies which also 
reported variations of PVMSP3α of Sri Lankan field isolates 
during the years 2000 and 2005. The study which was  
carried out from December 1998 to March 2000 analysed 196 
P.vivax cases (0.1 % of the total P.vivax infected cases during 
the period of sample collection)  and reported 3 major types 
with undigested PCR products and 22 different alleles after 
the RFLP yielding a highly diverse population of P.vivax 
(Wickramarachchi et al., 2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1a) (1b) 

Figure 1: Uncut Plasmodium vivax merozoite surface protein–3a (PvMsp–3a) polymerase chain reaction amplification products; (a). 
and restriction fragment length polymorphism (RFLP) patterns after digestion with the restriction enzymes Hha I; (b). Lane 2 of 
1a and lane 6 of 1b are 1KB and 100 BP markers respectively; Lane 1 and 3 of 1a and lane 1, 2, 3, 4, 5 and 7 of 1b are vivax positive 
samples 
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Another study which was done using 311 (5.93 % of the total 
infected cases) Sri Lankan P.vivax isolates collected from 
2004 to 2006 also reported 3 major types after performing 
nested PCR and 11 different alleles with RFLP of Hha I 
digestion (Schousboe et al., 2011). Subsequently it was 
found that all 6 alleles found in the present study had been 
described within the 11 different alleles (Figure 2) of the 
previous study (Schousboe et al., 2011). Therefore it is also 
observed that there is a considerable genetic conservation in 
MSP3α among the P.vivax isolates in Sri Lanka over the last 
few years. In comparison to other studies the percentage of 
analysed cases (21.84 %) out of the total recorded vivax 
cases of this study was relatively large. Therefore it could be 
concluded that the level of genetic diversity in year 2011 is 
low even though the total number of samples analysed was 
small compared to the other two studies. Furthermore it is 
observed that the variation of PVMSP3α has been gradually 
undergoing reduction since year 2000.  
 
In the case of P. falciparum populations, the levels of genetic 
diversity are normally associated with the levels of malaria 
endemicity. That is, the levels of genetic diversity of the 
parasite populations are higher in high transmission areas 
and lower in low transmission areas, although some 
exceptions have been reported (Wagami et al., 2012). In 
contrast this is still not clearly understood in the case of 
P.vivax populations even though it is suggested that there 
may be some association between these two factors. Early 
gametocytogenesis may enhance the efficiency of 
transmission to Anopheles mosquitoes, thus allowing 
transmission to occur before symptoms appear. Thereby, the 
levels of genetic diversity tend to be high in P. vivax 
populations even in low transmission areas (Imwong et al., 
2005; Ferreira et al., 2007). However the present study 
shows that there is a positive correlation between the levels 
of genetic diversity and the levels of malaria endemicity in 
P.vivax populations in Sri Lanka, although some studies 
contradict this finding (Imwong et al., 2005; Ferreira et al., 
2007).  

 
Even though this study shows a low polymorphism with 
respect to the MSP3α, previous studies which were carried 
out over the same period of time based on microsatellite 
markers showed a high genetic polymorphism among Sri 
Lankan P.vivax population (Gunawardena et al., 2010). 
Microsatellite variations are mainly derived by strand 
slippage during mitotic replication of the parasites, which is 
considered to mutate at high rates (Gunawardena et al., 
2010). Even though the variation in microsatellites is so 
high, it has been reveled that it is not directly affected by 
host immunity and exhibits variation   in the absence of 
selective pressure (Koepfli et al., 2009).  Hence 
microsatellites are less reliable than surface antigenic 
markers to evaluate the dynamics of parasite transmission 
against the host immune system.  This is supported by Sri 
Lankan epidemiological data where there are no indigenous 
vivax cases being reported since end of 2012 in the presence 
of high and low polymorphism with respect to the 
microsatellites and MSP3α respectively. 

 
In conclusion, the transmission dynamics of P.vivax in Sri 
Lanka is being reduced parallel to the level of genetic 

diversity of PVMSP3α for the last few years. Therefore it 
could be suggested that the low level of diversity of P.vivax 
population may be a contributing factor towards 
elimination of malaria from the country as this can hinder 
the transmission ability of the parasite. 
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