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For the first time a detailed ultrastructural study was carried dutwvex. Fine structural analysis of
growth and differentiation of successive stages involved in erythrocytic and sporogonic phases of
development of this parasite was done and compared with those of other malaria parasites.

In the erythrocytic phase, asynchrony during merozoite formation within the schizont and caveola-
vesicle complexes and cytoplasmic clefts observed in all infected erythrocytes (Fig. 6) were important
features oP. vivax(Nanda, 1990). During sporogonic phase, oocysts on a single midgut exhibited
differential rate of development. The invasion of sporozoites into the acinal cells of salivary gland
resulted in depletion of rhoptries and changes in pellicular membranes (Btaabal985).
Morphologically two types of sporozoites were observed in salivary gland cells. Apart from providing
better understanding of the parasite morphology this study may provide basis for other investigations like
mechanism of drug action, host-parasite interactions, etc.
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Fig. 6: Fully differentiated P. vivaxmerozoites, prior to host cell lysis, showing
well developed pellicular membranes (OM, IM), microtubules (Mt),
rhoptries (R), micronemes (Mi), nucleus (N) and surface strands to
bridge the adjacent merozoites (arrows). Note the caveola—vesicle
complexes (CV) and cytoplasmic clefts (Cl) in the host cell
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Ged Dedy Sds polymorphism have been carried out in relation to
To develop suitable and novel control strategiegpace and time. Fig. 7 shows the sites from where
against the parasite, it is important to know the extemsblates have been characterized.

of genetic polymorphism existing in the parasite

population. Data generated on the extent of geneflolymorphism at glucose phosphate isomerase (GPI),
diversity existing inP. vivaxandP. falciparum glutamate dehydrogenase (GDH) and adenosine
populations from different regions of the country wildeaminase (ADA) enzyme loci (Joghial,, 1989,

be important for the development and testing of nel®96, 1997; Biswast al, 1996) and merozoite
drugs and malaria vaccines. Therefore, with aurface proteins (MSP), circumsporozoite protein
objective to understand genetic structure and ¢€SP), glutamate rich protein (GLURP), GAM
estimate the type and the extent of genetic divers{tyansmission blocking candidate antigen) genes were
existing amongP. falciparumand P. vivax examined. The markers used to study polymorphism
populations, studies on enzyme and DNA size human malaria parasites are given in Table 6.
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Fig. 7: Map showing study sites for genetic diversity in malaria parasites
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Table 6. Markers and polymorphism in human plasmodia

Markers P. falciparum P. vivax

Enzyme

GPI 6 alleles 6 alleles

GDH 5alleles 7 alleles

ADA 3 alleles 5 alleles

LDH 1allele 1allele

DNA

size variations MSP-1.: GAM-1:
9 alleles in block Il region 8lleles
22 alleles in 3 families — RO MSP-3a :
33, MAD 20 & K1 Alu | : 14 alleles

Hhal: 11 alleles

MSP-2:
8 alleles in central region
15 alleles in 2 families-3D7

& FC27
GLURP:
11 alleles
Sequence variations MSP-1 . EBA 175 rll, CSP: 3 alleles
TRAP MSP-3a : 16 genotypes

Studies carried out on the isoenzyme typing.of aP. vivaxtransmission blocking candidate antigen)
vivaxisolates collected from patients using GPl GDHind MSP-2x (merozoite surface protein 3 alpha) in
ADA and LDH for the first time showed the randomndianP. vivaxisolates have revealed two variants
mating nature dP. vivaxisolates in India (Josket of CSP differing in nucleotide sequences and nine
al., 1989). Further studies continued in relation teize variants in GAM-1 in isolates of Delhi. CSP
time and space for bokh vivax andP. falciparum variants were detected using PCR amplification using
species (Joslhat al, 1996, 1997 & Shuklat al, CSP specific primers and hybridizing with allele
1996) generated following important information: (ispecific DNA probes using digoxigenin labelling
high genotype diversity exists among isolates of Indiaystems. GAM-1 gene has been assayed using nested
(ii) similar population structure exists in differentPCR amplification with specific primeBy MSP-
geographical areas; (iii) a high proportion of isolate3 a locus was investigated in Indian field isolates using
are comprised at least of two genetically distina combinegbolymerase chain reaction and restriction
clones of parasites—multiclonal, mean number dfagment length potyorphism (PCR/RFLP) protocol.
clones per isolate being 1.1 to 1.4; (iv) loci for GPIsolates collected from symptomatic patients attending
GDH and ADA enzyme are not linked; and (v) nanalaria clinic of Malaria Research Centre, Delhi
differences were observed in the proportions of singéowed both size and sequence polymorphism. Size
and multiclonal isolates during low and highvariations of PCR amplified product ranged between
transmission periods & vivax. Identical allelic 1.2 and1.8 kb. RFLP pattern with Alul and Hhal
forms observed amoiiyvivaxisolates studied from has shown 14 and 11 alleles respectively. Sixteen
Delhi in relation to time are shown in Fig. 8. different genotype combination of RFLP patterns

were observed in a total of 19 isolates analyzed (Fig. 9)
Studies on the gene polymorphism of CSBuggesting extensive parasite diversity wilwivax
(circumsporozoite protein), GAM-1 (gene encodingopulation of this region.
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Fig. Allelic polymorphism in P. vivax isolates
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Fig. 9: Genotype combinations of MSP-& observed amongp. vivaxisolates

In P. falciparum studies carried out by us on thdalciparumandP. vivaxpopulations in India suggest
MSP-1 and MSP-2 polymorphism have shown 1that these isolates belong to a random mating
different genotypes (Fig. 10) amoRgfalciparum population. Presence of multiple infections in an
isolates studied from Haryana, Delhi, Orissa and UiBolate with different genetic make-up may have
Analysis of isoates from different parts of the countrgerious implications in malaria control programme as
using family specific assay revealed presence of different genotypes may have different response to
the three families of MSP-1, namely K1, MAD20various drugs/vaccines and may exhibit differential
and R033 and both of MSP-2—3, D7 and FC27 wittlinical phenotype.
prevalence of K1 and MAD20 families in mainland
while that of RO33 in the samples analyzed frorilarkers developed were assessed for parasite
Andaman and Nicobar Islands. surveillance studies. Analysis &f falciparum
positive blood spots collected on Day 0 and day of
Random combination of alleles at different lodPof recrudescence indicated that MSP-1, MSP-2 and

Syeas o
Mebia Ressacth Cenie



PARASITE BIOLOGY

Delhi Mewat Baharaich B Koraput
35 7

30 7
257
20 7
15 7]
10 7
q I
0

T T 1 T T 1
a0 P P P MR bfo P P O pP O O
100\6 r,faQ\ @60\6 60\ BN 00\ 00\ '500\6 9,00\6 00\6 N 60\6 60\6 RENR ISR

PROPORTION OF ISOLATES

\6QQ

COMBINATIONS OF FRAGMENT SIZES (bp) OF MSP-1/MSP-2

Fig. 10: Genotypes observed if. falciparumisolates

GLURP size markers can be used for differentiatimpgototype variants from each group could be included
recrudescence from fresh infection on the basisinfa subunit polyvalent vaccine against sporozoites.
genotypes of parasites.

Mok Ads d hesn d o
QAcks nGaec Vados N THHE P #mun HRJ s adGredeat

Eogor Regos (TR ad TR) o Pogees d el Hbhoks
Caumgoae Raeen CP) d P Epaun The invasion of erythrocytes bylasmodium
B fom hh merozoites is mediated by specific molecular

The role of T cells in malaria immunity has beeinteractions between host receptors and parasite
appreciated for a long time. CSP has two T held@ands. Most laboratory strains Bf falciparum

cell epitopes flanking the highly conserved region Rlise sialic acid residues on glycophorin A as receptors
and spanning amino acid residue 326 to 343 (Th2RBj) erythrocyte invasion. A 175 kB falciparum

and 361 to 380 (Th3R). However, these regions shpwotein known as EBA-175 (for erythrocyte binding
polymorphism. Studies were performed to find oantigen-175kD), mediates binding to sialic acid
whether the genetic variations are regionally unbiaseesidues of glycophorin A during invasion. Sdpne
polymorphism is restricted and can be categoriz&dciparumlaboratory strains are known to possess
into groups because the T cell domains could bdernate invasion pathways and can invade
included in a polyvalent sporozoite vaccine and sushuraminidase-treated RBCs. It is not known how
a strategy might largely depend on the extent @dmmonly such alternate pathways are used. by
polymorphism in these epitopes. So far we hafaciparum field isolates. We have studied the
studied 5P. falciparumisolates and found that thenvasion phenotypes &f falciparunfield isolates
majority of the Indian isolates are regionally unbiasedllected from different regions of India (Okoyath
and could be categorized into four groups ardl,1999). Out of 1¥®. falciparumisolates tested, 5
sequences of the two groups showed similarity wishhowed invasion and multiplication in both
the sequences @. falciparumisolates from other neuraminidase and trypsin treated erythrocytes, 3 in
geographical regions of the world, although someéuraminidase treated but not in trypsin treated
the isolates showed wide sequence variation and caefigthrocytes and 4 in trypsin treated but not in
not be categorized into any group. Therefore, theuraminidase treated erythrocytes. These studies
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indicate thaP. falciparumfield isolates commonly phenotypes of IndiaR. falciparumfield isolates
use alternate invasion pathways that do not depeaadlected from different regions of India have been
on sialic acid residues of glycophorin A. studied. In a preliminary study, out of 13 isolates
screened, 9 showed binding property and 4 did not.
Cytoadherence refers to the ability of erythrocytd®P-2 P. falciparumisolates collected from tribal
infected with blood stage parasites, trophozoites as@as of Jagdalpur (Chhattisgarh) showed high binding
schizonts, to adhere to the vascular endotheliummith CD36 and JDP-8 showed high binding with
the human host and bind to uninfected erythrocyt€3AM-I and also forms rosettes. Anothér
to form rosettes. CytoadherenceRofalciparum  falciparumisolate RAJ-86 collected during Rajasthan
infected erythrocytes in brain capillaries have beepidemic in 1994, showed binding with CD36 and
implicated in cerebral malaria and sequestration@8A (Chitniset al, 1998). Information is important
the placenta results in complications in pregnandgr the development of novel strategies that block
The endothelial receptors used for cytoadherermgoadherence to receptors such as ICAM-1 and
include ICAM-1, CD36, VCAM, E-selectin, CD31 prevent or reverse pathological outcomes such as
and chondroitan sulfate A (CSA). Cytoadhereoerebral malaria. n
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