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Introduction: The genetic make-up of malaria parasite is potent for understanding the parasite virulence,

designing antimalarial vaccine and evaluating the impact of malaria control measures. There is a paucity of

information on genetic structure of Plasmodium falciparum in Jharkhand, India where malaria is rampant and this

study aimed to establish molecular characterization of P. falciparum field isolates from Jharkhand measured with

two highly polymorphic genetic markers, i.e. the merozoite surface proteins (MSPs) 1 and 2.

Methods: The genetic diversity of P. falciparum population from low transmission area, Ranchi, Bokaro and

Hazaribagh and highly malarious area, Latehar and Palamau districts of Jharkhand were evaluated by polymerase

chain reaction-sequencing analyzing msp-1 and msp-2 genes to explore the genetic structure of parasite from this

understudied region.

Results: A total of 134 P. falciparum isolates were analyzed by polymorphic regions of msp-1 and msp-2 and

classified according to prevalence of allelic families. The majority of patients from all the five sites had mean

monoclonal infections of 67.1 and 60.4% of P. falciparum for msp-1 and msp-2, respectively, whereas, mean

multiple genotypes of 32.8 and 39.5% for msp-1 and msp-2, respectively. Interestingly, we observed higher

multiclonal infection in low transmission area as compared to highly malarious area in the case of msp-1 genotypes,

whereas in msp-2 higher multiclonal infection was observed in highly malarious area compared to low transmission

area. The overall multiplicities of infection of msp-1 and msp-2 were 1.38 and 1.39, respectively.

Conclusion: This is the first report on molecular characterization of P. falciparum field isolates from Jharkhand.

The genetic diversity and allelic distribution found in this study is somewhat similar to other reports from India and

Southeast Asian countries. However, P. falciparum infection can be highly complex and diverse in these disease-

endemic regions of Jharkhand, suggesting continual genetic mixing that could have significant implications for the

use of antimalarial drugs and vaccines.

INTRODUCTION

Malaria is a disease of global importance

that results in 300–600 million cases

annually and an estimated 2.2 billion people

at risk of infection (Snow et al., 2005). Of

the four species known to infect humans,

Plasmodium falciparum is the most virulent

and contributes to the majority of deaths

associated with the disease (Gupta et al.,

1994). Despite enormous efforts for malaria

control and prevention, multiple factors,

including insecticide resistance in the mos-

quito vectors, the lack of effective vaccines,

and the emergence and rapid spread of

drug-resistant strains, are contributing to

the global worsening of the malaria situation
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(Mwingira et al., 2011). Understanding the

genetic structure of malaria parasite is

essential to predict how fast phenotypes of

interest, such as novel antigenic variants or

drug resistance, originate and spread in

populations (Zhong et al., 2007). Further

elucidating the mechanisms generating var-

iation in malaria surface antigens is essential

for designing immunization strategies to

circumvent the emergence of novel poly-

morphisms (Hartl et al., 2002). The exten-

sive genetic diversity in natural parasite

populations is a major obstacle for the

development of an effective vaccine against

the human malaria parasite, since antigenic

diversity limits the efficacy of acquired

protective immunity to malaria (Healer

et al., 2004; Takala et al., 2006). Genetic

diversity is one of the prominent features of

P. falciparum infections. Natural infections

often contain mixtures of several genotypes

and the human and mosquito hosts are

exposed to heterogeneous parasite popula-

tions (Zakeri et al., 2005). P. falciparum

population diversity is commonly assessed

by polymerase chain reaction (PCR)-based

typing of the highly polymorphic parasite

merozoite surface proteins (MSPs) 1 and 2.

MSP-1 of P. falciparum is a major surface

protein, with an approximate molecular size

of 190 kDa that plays an important role in

erythrocyte invasion by the merozoite

(Holder and Blackman, 1994). The protein

is a principal target of human immune

responses (Ferreira et al., 2003; Woehlbier

et al., 2006), and is a promising candidate

for a blood stage subunit vaccine (Ferreira

et al., 2003; Woehlbier et al., 2006). The

MSP-1 gene has seven variable blocks that

are separated either by conserved or semi-

conserved regions. Block 2, a region near

the N-terminal of the MSP-1 gene, is the

most polymorphic part of the antigen and

appears to be under the strongest diversify-

ing selection within natural populations

(Holder and Blackman, 1994). Up to now,

four different allelic types of block 2 have

been identified: MAD20, K1, RO33 and

MR (Takala et al., 2002; Happi et al., 2004).

MR is a recombinant type allele, made up of

sequence from the 59 end of Mad20 and the

39 end of RO33, and thus termed as ‘MR’.

The most common MR allele detected was

140 bp in length, containing 72 bp of

Mad20 sequence followed by 69 bp of

RO33 sequence (Takala et al., 2002).

MSP-2 of P. falciparum is another leading

candidate antigen for subunit malaria vac-

cine (Lawrence et al., 2000). It comprises

highly polymorphic central repeats flanked

by unique variable domains and conserved

N- and C-terminal domains (Ferreira and

Hartl, 2007). The MSP-2 alleles generally

fall into two allelic types, FC27 and 3D7,

which differ considerably in the dimorphic

structure of the variable central region,

block 3. Due to their polymorphic features,

the MSP-1 and MSP-2 genes have been

employed as polymorphic markers in studies

of malaria transmission dynamics in natural

isolates of P. falciparum. Population genetic

analyses of P. falciparum in Southeast Asia

have been reported from Thailand,

Malaysia, Myanmar, Philippines, Iran and

Pakistan (Anderson et al., 2000; Anthony

et al., 2005; Zakeri et al., 2005; Iwagami

et al., 2009; Kang et al., 2010; Khatoon et al.,

2010). In India, several epidemiological

surveys and some molecular biological studies

on drug-resistant malaria and antigenic mole-

cules have been reported (Joshi et al., 2007;

Mamillapalli et al., 2007). The genetic

diversity among the P. falciparum population

is an important indicator of the malaria

transmission intensity in an area (Paul et al.,

1998). The genotyping of P. falciparum at the

surface antigens MSP-1 and MSP-2 having

single copy genes with extensive polymorph-

ism, both with regards to sequence and size,

makes them attractive candidate for studies

where identification of genetically distinct P.

falciparum parasitic subpopulation is of inter-

est (Fernert et al., 2001). A high endemic area

is generally characterized by extensive para-

site diversity and often carries multiple

genotypes (Haddad et al., 1999; Cattamanchi

et al., 2003).
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Jharkhand, an understudied and tribal

dominant region with perennial malaria

transmission zone where malaria is rampant

and causing 206103 annual malaria deaths,

second to Orissa in India as per the latest

observation published by Dhingra et al.

(2010) in Lancet, which reflects the impor-

tance of the area and its necessity of under-

taking extensive investigation in terms of

malarial pathology, is concerned. To the

best of our knowledge, our investigation is

the first report attempting to investigate the

multiplicity of infection and genetic diversity

of P. falciparum populations to understand

the relationship of these factors in varied

level of malaria transmission in this region.

Information on the nature and extent of

population diversity within malaria parasites

prevalent in the country is essential not only

for understanding the mechanism under-

lying the pathology of malaria but also for

establishing a proper control strategy.

However, only limited data are available

on the genetic diversity of P. falciparum

populations of the country in general and

particularly from Jharkhand region. Thus,

this study was designed to analyze the

genetic diversity of MSP-1 and MSP-2 in

field isolates of P. falciparum collected in five

districts of Jharkhand with different trans-

mission intensities, namely Palamau,

Latehar, Bokaro, Ranchi and Hazaribag.

Investigating the geographic variation and

frequencies of these polymorphisms using

population genetic analyses infers the exis-

tence of natural selection. Such knowledge

will help in the rational prioritization of

vaccine candidates.

MATERIALS AND METHODS

Selection and Description of Study

Area

The province of Jharkhand in eastern India

is one such area where malaria is rampant.

The complexity and magnitude of malaria in

the central eastern part of India deserves

special mention and attention as the central

eastern state contributes 15–20% of total

malaria cases in the country as per the Draft

on National Policy on Tribals by Govt of

India, 2005. Jharkhand had a yearly average

slide positivity rate (SPR) for symptomatic

individuals of 7.4% over the last three years

with P. falciparum accounting for 44% of the

cases as per the State Malaria Control

Program Annual Report Ranchi, Jhark-

hand, Directorate of Health Services in

2008. The investigation was conducted in

the Jharkhand state emphasizing tribal

dominant area (total population according

to 2001 census is 31 463 866), and the state

of Jharkhand is selected to represent an

endemic with stable transmission of malaria

with a total of 230 686 malaria cases

reported in 2009, of which 39.53% were

due to P. falciparum (State Malaria Control

Program Annual Report Ranchi, Jharkhand,

Directorate of Health Services, 2009).

Study is conducted in Jharkhand state

emphasizing tribal dominant area as shown

in Fig. 1, including Palamau, semi-urban

mix population of tribal, rural and urban,

accounting highest malaria prevalence and

malaria-associated morbidity having SPR of

18% in 2008 with P. falciparum accounting

for 21.31% of the cases as per the Malaria

Control Program Annual Report Ranchi,

Jharkhand, Directorate of Health Services,

2008, in Jharkhand, and Latehar, rural and

ethnic tribal population, geographically

adjacent to Palamau, accounting severe

malaria anemia, cerebral malaria and deaths

associated with malaria having SPR of

21.6% in 2008 with P. falciparum account-

ing for 14.56% of the cases; Bokaro and

Ranchi district was selected to represent an

urban district with low malaria transmission

and the SPRs of Ranchi and Bokaro district

were 7.8 and 3.6%, respectively in 2008

with P. falciparum accounting for 50.33 and

36.62% of the cases, respectively as per the

Ministry of Health and Family Welfare,

National Vector Borne Disease Control

Program, Government of India 2008 (Ham-

er et al., 2009). Hazaribagh, a semi-urban

district, had a yearly average SPR for
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symptomatic individuals of 7.3% over the

last three years with P. falciparum account-

ing for 14% of the cases as per the State

Malaria Control Program Annual Report

Ranchi, Jharkhand, Directorate of Health

Services, 2008. Moreover, the state lies in

the tropical zone with an annual rainfall of

1234.5 mm with favorable geo-climatic and

ecological conditions conducive for peren-

nial malaria transmission. Thus, the selected

sites were meant to provide a reasonable

representation of typical conditions that

would be found in Jharkhand.

Blood Samples and Genomic DNA

Extraction

A total of 134 P. falciparum infected blood

samples used in this study were collected

from patients attending the hospitals at Sadar

Hospital Ranchi, Sadar Hospital Hazaribag,

Sadar Hospital Palamau, Government PHC

at Latehar and Bokaro General Hospital in

Ranchi, Hazaribag, Palamau, Latehar and

Bokaro districts, respectively in Jharkhand

during 2007–2009. Blood spots collected

from microscopically positive P. falciparum

patients on Whatmann 3 mm filter paper

strips were analyzed for the polymorphic

forms of MSP-1 (block 2) and MSP-2 (block

3). DNA was extracted from blood spots by

using QIAamp Blood Kit (Qiagen, Valencia,

CA, USA) following the manufacturer’s

instruction. This study was carried out in

accordance with the protocol approved by

the Ethical Review Board of the Vinoba

Bhave University as reflected in the guide-

lines of the medical ethics committee,

Ministry of Health, Government of India.

Blood specimens were collected of all age

groups during different transmission periods

of the year from the positive cases of P.

falciparum malaria, and confirmed on the

basis of clinical symptoms and the parasite

blood film was checked after staining with

JSB stain (Singh, 1956).

PCR Amplification of the MSP-1 and

MSP-2 Genes

Primers and PCR protocols were followed

as previously described by Snounou et al.

(1999) for family-specific allele analysis of

msp-1 (block 2) and msp-2 (block 3). In

brief, in the primary reaction, the oligonu-

cleotide primers span the entire genetic

FIG. 1. Map of Jharkhand with study sites.
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segments, block 2 for msp-1 and block 3 for

msp-2. In the nested reaction, separate

primer pairs target the respective allelic

types of msp-1 (K1, MAD20 and RO33)

and msp-2 (FC27 and 3D7) as described in

detail by Snounou et al. (1999). PCR

amplification was performed on a thermal

cycler in a final volume of 25 ml. PCR

product was electrophoresed on 1.5% agar-

ose gels using 60.5 TBE buffer at 80–

100 V and the DNA was visualized by

ultraviolet transillumination after staining

with ethidium bromide. The number and

size of the resulting amplified products were

analyzed using Genetool programme.

Allelic Distribution and Multiplicity of

Infection

The prevalence of each allelic type was

determined as the presence of PCR pro-

ducts for the type in the total number of

amplified bands for the corresponding

locus. The number of genotypes per infec-

tion, or the multiplicity of the infection

(MOI) was estimated by dividing the total

number of fragments detected in the indivi-

dual system by the number of samples

positive in the particular system (either

msp-1 or msp-2). The MOI, or complexity

of infection, was estimated by the average

number of PCR fragments per infected

individual, as described previously (Zwet-

yenga et al., 1999).

Sequencing Analysis of MSP-1 and

MSP-2

A limited number of representative isolates

from different families of msp-1 and msp-2

were sequenced. Sequencing reactions were

performed using the BigDye Terminator

Cycle Sequencing Ready Reaction Kit in

an ABI 377 automatic DNA sequencer

(Applied Biosystems, Foster City, CA,

USA). Analysis of the primary structures

of the deduced amino acid sequences was

done with DNASTAR (DNASTAR,

Madison, WI, USA). Nucleotide sequences

reported in this paper are available in the

GenBank database under accession num-

bers HQ821869-72 for MSP-1 and

HQ836366-67 for MSP-2, respectively.

RESULTS

Allelic Polymorphism of MSP-1 and

MSP-2

Molecular typing revealed the highly poly-

morphic nature of P. falciparum field isolates

from Jharkhand with respect to msp-1 and

msp-2. All the three reported allelic families

of msp-1 (K1, MAD20 and RO33) and two

of msp-2 (FC27 and 3D7) were observed

among the isolates of all the five study sites,

as shown in Table 1. All family-specific

allelic types of msp-1 were observed in the

studied isolates and the ranges of prevalence

of K1, MAD20 and RO33 types were 16–

24, 30.7–48 and 3.3–11.5%, respectively,

whereas the highest prevalences of K1 in

Palamau, MAD20 in Palamau and RO33 in

Bokaro were 24, 48 and 11.5%, respectively.

Ranging from 3.5 to 20% of the infections

carried two allelic types (K1zMAD20,

K1zRO33 and MAD20zRO33), whereas

3.8–7.1% of infections contained all the three

allelic types of msp-1. For msp-2, allelic

prevalences of 3D7 and FC27 types were in

the ranges of 35.7–56 and 12–23.3%,

respectively, whereas 24–48% of the infec-

tion harbored both allelic types. The highest

prevalences of 3D7 in Ranchi and FC27 in

Hazaribag were 56 and 23.3%, respectively

as shown in Table 1.

A total of 186 distinct msp-1 block 2 and

187 msp-2 block 3 fragments, defined by

the size and allelic type were detected in the

134 patients. For msp-1, the length variants

of the PCR product were 175–600 base pair

(bp) for MAD20 and 160–400 bp for K1.

Only three different sizes, 170, 200 and

220 bp, were observed for RO33 alleles. For

msp-2, the length variants of the PCR

product were 240–600 bp for the FC27

and 450–600 bp for the 3D7 allelic families

in all the five endemic regions including low

transmission and highly malarious zones.
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However, observed proportions, numbers

and size range of alleles among the isolates

of different study sites are given in Table 2.

Complexity of the Infection

The overall MOIs of msp-1 and msp-2 were

1.38 and 1.39, respectively. Interestingly, in

a low malaria transmission area Ranchi, the

highest MOI of 1.44 was observed as

compared to other study sites in the case of

msp-1, whereas in a high malaria transmis-

sion area Palamau, the highest MOI of 1.48

was observed as compared to other study

sites in the case of msp-2. However, the mean

MOI for msp-1 in low transmission area is

slightly higher as compared to that in high

transmission area and the difference in MOI

is found to be statistically significant as

shown in Fig. 2a, whereas in the case of

msp-2, the MOI for higher transmission area

is marginally higher but the difference is not

significant as shown in Fig. 2b.

Sequence Analysis

To understand the diversity of Jharkhand

isolates with respect to isolates of other

regions, sequence data available in public

domains were downloaded for alignment of

allelic families of msp-1 and msp-2 and

details are given in figure. Comparison of

the sequences showed that all these isolates

belong to one of these three alleles. Analysis

of msp-1 and msp-2 sequence data revealed

more than 80% identity of study isolates

with isolates of other countries with a few

exceptions. In K1 family, 88–100% similar-

ity was observed with K1 allelic sequences

reported for isolates of Thailand, Vietnam

and Brazil. Similar identity was observed in

MAD20 family with isolates of Thailand,

Vietnam, Brazil and Iran. RO33 allelic

sequences of Jharkhand isolates were very

identical and had shown above 70% simi-

larity with sequences reported from isolates

of Thailand, Iran and Western Africa

and sequence comparisons are shown in

Fig. 3a–c. Allelic families of msp-2, 3D7

and FC27 showed above 70% identity with

isolates of Vietnam, Brazil, Thailand and

Iran. Precisely, with Iran, Vietnam and

Brazil isolates, identity ranged between 60

and 70% for Jharkhand FC27 allele and

more than 80% with Thailand, Vietnam and

Brazil isolate for 3D7 sequences of the

present study (Fig. 4a and b).

TABLE 1. Allelic distribution of Pfmsp-1 and Pfmsp-2 among Indian isolates from Ranchi, Hazaribag, Bokaro,

Palamau and Latehar districts of Jharkhand

Gene

Ranchi Hazaribag Bokaro Palamau Latehar

n525 n530 n526 n525 n528

Pfmsp-1 Genotype Frequency

K1 16% (4/25) 23.3% (7/30) 19.2% (5/26) 24% (6/25) 17.8% (5/28)

MAD20 36% (9/25) 36.6% (11/30) 30.7% (8/26) 48% (12/25) 46.4% (13/28)

RO33 8% (2/25) 3.3% (1/30) 11.5% (3/26) 4% (1/25) 10.7% (3/28)

K1zMAD20 20% (5/25) 13.3% (4/30) 11.5% (3/26) 8% (2/25) 7.1% (2/28)

K1zRO33 12% (3/25) 6.6% (2/30) 15.3% (4/26) 4 (1/25) 7.1% (2/28)

MAD20zRO33 4% (1/25) 10% (3/30) 7.6% (2/26) 8% (2/25) 3.5% (1/28)

K1zMAD20zRO33 4% (1/25) 6.6% (2/30) 3.8% (1/26) 4% (1/25) 7.1% (2/28)

Multiclonal isolates 40% 36.6% 38.4% 24% 25%

Pfmsp-2

3D7 56% (14/25) 36.6% (11/30) 42.3% (11/26) 40% (10/25) 35.7% (10/28)

FC27 20% (5/25) 23.3% (7/30) 15.3% (4/26) 12% (3/25) 21.4% (6/28)

FC27z3D7 24% (6/25) 40% (12/30) 42.3% (11/26) 48% (12/25) 42.8% (12/28)

Multiclonal isolates 24% 40% 42.3% 48% 42.8%
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DISCUSSION

The genetic structure of P. falciparum

populations plays a highly important role

in the natural acquisition of immunity in

malarial infections (Healer et al., 2004).

Knowledge of the nature and extent of

genetic diversity within P. falciparum is

essential in understanding the mechanism

underlying the pathology of malaria, the

acquisition of immunity, the spread of the

drug resistance and the condition of trans-

mission. The genetic complexity of the

parasite has been well established by

demonstrating the occurrence of geographic

variation within the species, and of multiple

infections with more than one genetically

distinct parasite (Babiker et al., 1995).

Therefore, an insight in the genetic struc-

ture of these populations is necessary to

develop strategies to control the disease,

including the design of effective vaccines

against P. falciparum.

Our results reveal a diverse nature of P.

falciparum isolates of malarious districts of

Jharkhand in respect of length as well as

sequence motifs with prevalence of all the

allelic families of msp-1 and msp-2 which

are in agreement with the earlier reports

from different regions on Indian Isolates

(Raj et al., 2004; Ranjit et al., 2005; Joshi

et al., 2007). Despite of substantial regional

variations, recent increases in P. falciparum

incidence and malaria-associated death,

Jharkhand represents a low malaria trans-

mission setting with mesoendimicity (Ham-

er et al., 2009; Dhingra et al., 2010). Our

findings of 32.8 and 39.5% of patients with

more than one genotype in msp-1 and msp-

2, respectively showed lower degree of

TABLE 2. Observed proportions of various families of msp-1 and msp-2, allele numbers and size range among P.

falciparum isolates of Ranchi, Hazaribag, Bokaro, Palamau and Latehar districts of Jharkhand

Ranchi Hazaribag Bokaro Palamau Latehar

Gene Genotype

Pfmsp-1

K1

Observed nos. 13 15 13 10 12

Observed allele nos. 4 5 3 7 6

Size range (bp) 160–400 160–350 170–300 180–400 160–400

MAD20

Observed nos. 16 20 14 17 18

Observed allele nos. 5 9 6 8 7

Size range (bp) 175–500 180–600 175–400 175–550 175–600

RO33

Observed nos. 7 8 10 5 8

Observed allele nos. 2 1 2 3 2

Size range (bp) 170, 220 220 170, 220 170, 220, 200 170, 220

Proportion of unique alleles 11/36530.5% 15/43534.8% 11/37529.7% 18/32556.2% 15/38539.4%

Multiplicity of infection 1.44 1.43 1.42 1.28 1.35

Pfmsp-2

FC27

Observed nos. 11 19 15 15 18

Observed allele nos. 7 4 5 8 9

Size range (bp) 240–550 250–600 240–500 250–550 250–600

3D7

Observed nos. 20 23 22 22 22

Observed allele nos. 9 3 5 8 11

Size range (bp) 450–600 460–650 450–550 450–650 460–600

Proportion of unique alleles 16/31551.6% 7/42516.6% 10/37–27% 16/37543.2% 20/40550%

Multiplicity of infection 1.24 1.4 1.42 1.48 1.42
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multi-strain infection in comparison to

isolates from Assam, Orissa and West-

Bengal as reported by Joshi et al. (2007). It

seems that the decrease in immigration of

laborer from neighboring states that

occurred in recent years is a reason for this

finding. The presence of more than one

parasitic gene type in a single human host

may lead to cross-fertilizations, meiotic

recombination and generation of new strains

during the developmental stage in the

mosquito vector (Snounou et al., 1999; Raj

et al., 2004). Furthermore, it seems that

non-reciprocal recombination events, such

as replication slippage and gene conversion,

during the mitotic (asexual) replication of

the parasite also play a plausible role in

creating allele variation (Rich and Ayala,

2000; Ferreira et al., 2003), allelic diversity

of P. falciparum MSP-1 and MSP-2 is

mainly generated by meiotic recombination

events involving genetically distinct parasite

clones that infect the same mosquito vector

(Kerr et al., 1994; Babiker and Walliker,

1997). Therefore, the proportion of mixed

infections and the number of clones per

individual are one of the pre-requisites to

generate new genotypes and to increase the

diversity of the parasitic population (Da

Silveira et al., 1999). These may be the

probable reasons that Jharkhand isolates

showed rich polymorphism in each gene.

MAD20 is observed to be predominant

allele in the P. falciparum population in

Jharkhand, which is consistent with the

situations in Thailand, Iran, Pakistan and

Colombia (Snounou et al., 1999; Gmez

et al., 2002; Zakeri et al., 2005; Ghanchi

et al., 2010). Interestingly, the prevalence of

K1zMAD20 mixed genotype in India

FIG. 2. Multiplicity of Plasmodium falciparum infection as assessed with the (a) msp-1 and (b) msp-2 markers in

different geographical locations with varied transmission area from malaria endemic districts of Jharkhand.
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(Ranjit et al., 2005), and in the present study

is substantially higher than what was

observed in Pakistan by Khatoon et al.

(2010). On the other hand, MSP-2 in both

3D7 and FC27 allele types were identified

among the isolates from Jharkhand. How-

ever, the frequency and proportion of 3D7

allele is higher as compared to FC27 in

FIG. 3. Alignment for the amino acid sequences corresponding to (a) MAD20, (b) K1 and (c) RO33 families of

msp-1. Sequences shown are collected during the study and as compared to the sequences from the GenBank

database. Gaps are represented by minus sign (2), missing amino acids are represented by question mark sign (?)

and alphabets represent a change in amino acid at the position.

FIG. 4. Alignment for the amino acid sequences corresponding to (a) 3D7 and (b) FC27 families of msp-2.

Sequences shown are collected during the study and as compared to the sequences from the GenBank database.

Gaps are represented by minus sign (2), missing amino acids are represented by question mark sign (?) and

alphabets represent a change in amino acid at the position.
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Jharkhand isolates. Similar frequency pat-

terns are observed in Thailand, Iran,

Pakistan and Cameroon (Snounou et al.,

1999; Basco et al., 2004; Zakeri et al., 2005;

Ghanchi et al., 2010), but not in Brazil,

where FC27 type is more prevalent

(Sallenave-Sales et al., 2007). In view of

differences in transmission intensities in

various areas, the observed differences in

parasite types could be attributed to the

factors such as sampling biases, host

immune selective pressure on particular

types and/or spatiotemporal changes in the

availability of different mosquito species

that can transmit specific parasite types in

a particular area over different times or

seasons, with areas that share the same

mosquito types tending to have similar

parasite types (Zakeri et al., 2010; Branch

et al., 2011).

A majority of infections were monoclonal,

and should be emphasized that majority of

the patients presented with symptomatic

malaria infection at a tertiary level of care,

i.e. from various hospitals, consequently

some of these patients may receive anti-

malarial treatment prior to enrollment in the

study, as treatment is likely to reduce the

number of genotypes in an infected indivi-

dual, and the P. falciparum identified in

these hospitals may not be representative

for the Jharkhand parasite population.

Moreover, the reports of genetic diversity

from low endemic areas generally study

symptomatic P. falciparum infection. Since

symptomatic carriers are rarely observed in

setting where semi-immunity cannot be

acquired (Beck et al., 1997). This is of

importance since data indicate that sympto-

matic infection generally appears to harbor a

lower MOI as compared to asymptomatic

patients residing in high transmission areas

(Farnert et al., 1999). Lastly, the inability to

detect all parasite subpopulations present in

an individual, with one single blood sample,

either due to inborn limitations of the PCR

technique to detect minority clones or

parasitic population dynamics (Martensson

et al., 2007), may also be considered as a

factor potentially underestimating the MOI

retrieved in our study. Thus, the result of

this study may reflect a significant under-

estimation of the genetic diversity of the P.

falciparum population from Jharkhand.

Our observation of higher multiplicity of

infection in low transmission area does

corroborate with recent finding from Iran

where Zakeri et al. (2010) also reported a

relatively high MOI in msp-1 from a pre-

sumably low endemic area. However, there is

evidence of high genetic diversity of MSP-1

and MSP-2 in areas of low malaria transmis-

sion (Sakihama et al., 2007). Furthermore,

our observations are also in accordance with

the mean MOI values for MSP-1 across the

five sub-Saharan African countries as

reported by Mwingira et al. (2011). How-

ever, genetic differentiation exists between

parasite populations in Asian and African

isolates (Volkman et al., 2007; Neafsey et al.,

2008). Our observation signifies that in

highly endemic areas, MOI is not directly

correlated with exposure to P. falciparum

(Engelbrecht et al., 2000). Furthermore, the

extent of allelic diversity is determined not

only by the transmission intensity but also by

the number of alleles prevalent in the local

parasite population and the extent of MOIs.

Intragenic meiotic recombination in the

mosquito is a major mechanism of generation

of allelic variation of P. falciparum msp-1.

The frequency of recombination in P. falci-

parum generally depends on the intensity of

malaria transmission, which varies greatly in

different endemic areas. This is consistent

with the concept that genetic diversity

decreases as levels of transmission decrease

(Mu et al., 2005).

Finally, these studies have implications

for the design of blood stage malaria vaccine

based on MSP-1 because an effective

vaccine should induce immune response

specific for these dominant related to the

MSP-1 allelic sequences. As the findings are

novel and well aware of the small number of

subjects, it deserves to be investigated in a

large study group. Future studies will be

designed with large number of field isolates
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from these regions of Jharkhand and ana-

lyses of the genetic markers related to

antimalarial drug resistance will also be

included to gain a more thorough insight

of P. falciparum molecular epidemiology

from Jharkhand, India.

In conclusion, these data provide link

between the infection and diversity through

complex interplay of transmission cascade in

population exposed to falciparum malaria and

would be of great help in gaining an insight

into the molecular and epidemiological

aspects of malaria infection and possible

control measures. Since msp-1 and msp-2

genes are under strong natural selection,

interpretation of population structure using

data derived from these loci is not easy, since

it is not clear whether the patterns observed

reflect population history or natural selec-

tion. MSP-1 and MSP-2 are non-neutral

markers and may differ in their ability to

discriminate between populations, even

when they are equivalent in their ability to

discriminate between clones and strains

within the same population, especially when

natural selection is a major source of varia-

tion in allele frequencies. Lastly, these results

also suggested the highly complex population

structure of the parasite in Jharkhand. The P.

falciparum msp-1 and msp-2 markers used

for antigenic variation studies in endemic

areas appear to be highly polymorphic with

varying transmission intensities. These

observations also reinforce the value of these

genotyping markers in classifying recurrent

post-treatment P. falciparum episodes as

recrudescence or new infections and it will

facilitate policy makers to plan and to

improve antimalarial treatment guidelines

for this region.
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