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Malarial Mitochondrial Genome: The 6kb

Element
INDU SHARMA®and Y.D. SHARMA?®

INTRODUCTION

Malaria is re-emerging as the major infectious
killer and it is the top priority tropical disease
of the World Health Organization. Majority of
-global malaria cases currently reside in Africa
. but Asia also harbours a global threat in the form
of epicentre of multi-drug resistant Plasmodium

falciparum, which is gradually encompassing.

the tropical world. In the last decade enormous

interest has been generated in the genomics of

malaria parasite. This parasite contains three
genomes—the nuclear genome comprising of
14 chromosomes and two extrachromosomal

genomes: the 35 kb circular DNA and the 6kb
element. The 35 kb circular DNA isknown as

plastid genome whereas the 6 kb element rep-
resents the mitochondrial genome.! We will limit
our discussion here to the 6kb element also

* known as mitochondrial genome of malariai

parasites.

The history of mitochondrial genome sequenc-
ing “project”is along one. The human and bo- -
vine mitochondrial genomes were completely
sequenced by 1981 and 1982, respectively.23
Currenily more than 150 mitochondrial genome -
sequences {complete or partial) are available in
the mitochondrial genome database (mt Data-
base). These sequences are from diverse groups
like vertebrate, protozoan, fungi, plants, algae
etc. The interest in mitochondrion/ and its ge-
nome is not only due to the fact that it is in-
volved in energy generation but also due to its
invelvenent in pathogenic condition of an
organism, apoptosis etc. Mitochondria serve
as very good drug targets. Since mitochondrial

“genome has been completely sequenced from

8Depariment of Biotechnology, All India Institute of Medical Sciences, New Delhi-130 029, India.
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various plasmodial species like Plasmodium
falciparum, P. vivax, P. yoelii, P. gallinaceum

- and P reichnowai, *? a comprehensive review
is warranted.

MITOCHONDRIA

Each parasite (asexual blood stages) contains
. only one mitochondrion. '® Morphological pro-
perties of the mitochondrial organelles in the
asexual and sexual gametocytic stages of P
falciparum have been analysed by various
workers and found to be markedly different. 10
From in vitro cultures of both stages in human
erythrocytes, it has been demonstrated that the
asexual stages contained a defined double-mem-
brane organelle having a few tubular-like cris-
tae. The number of mitochondria in the gameto-
cytes were found to be approximately six or-

ganelles per parasite, and they showed a greater -

density of cristae than that of the asexval stage
parasite. The functional status of the mito-
chondrion was probed using the vital dye
Rhodamine 123 which gets accumulated in or-
ganelle having potential difference.!1-13 This
Rhodamine 123 is a cationic fluorescent dye
which accumulates specifically in the negatively
charged sub-cellular compartment,

Considerable variation in the mitochondrial bio-
chemistry exists between Plasmodium species.
Plasmodium, especially in the erythrocytic
stapes, rely on the glycolysis for energy produc-
tion. ' The acristate morphology and the ap-
parent lack of most of the tricarboxylic acid

(TCA) cycle enzymes have lefi the classical func- -

tion of the mitochondria of Plasmodium in
doubt, although avian malarial parasite appears

TNDIAN 1. MALARIOL.., VOL. 38, SEPTEMBER-DECEMBER 2001

to employ aerobic respiration to some extent.
There are many indirect evidences indicating a
functional mitochondria in Plasmodium, for ex-
ample Scheibel and Pflaum ! and Langreth ef
al.'® have demonstrated cytochrome-c-oxidase
(complex IT) activity by histochemical staining
in afl plasmodial species with acristate mitochon-
dria. Cytochrome oxidase activity and cyto-
chrome components of the electron transport
chain were detected in 2 falciparum by Fry
and Beesley. '3 One of the reports showed the
presence of succinate dehydrogenase complex
(complex IT) and enzymatic activity in the P
falciparum mitochondria. 17 parasite lacks mi-
tochondrial adenosine triphosphate (ATP) syn-
thase (complex V1) and a rotenone-sensitive
complex.'® Since malaria parasite is depen-
dent entirely on de nove pyrimidine biosynthe-
sis, thus a major function of the mitochondrial
electron transport chain was proposed as pro-
viding a means to dispose electrons generated

-by dihydroorotate. :

The generation of proton motive force, was also
suggestive of an important role for the respira-
tion chain and other mitochondrial metabolic
reaction. There is conflicting evidence for the
presence of a branched electron transport sys-
tem involving an alternative oxidase in malaria
parasite by which electrons are transferred from
ubiquinol to oxygen without involving cyto-
chrome-c. It has been demonstrated that the
respiratory chain and oxidative phosphorylation:
are functional in P berghei. Uyemura ef al. ?°
provided the first direct biochernical evidence
of mitochondrial function in ATP synthesis and
Ca?* transport in malaria parasites, and sug-
gested that the presence of proton (H") con-
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ductance in trophozoites is similar to that pro-
duced by mitochondrial uncoupling proteins. It
has been suggested that there is a mitochondrial
contribution to the parasite ATP pool. It isrela-
tively small and that short fall in this contribu-
tion is quickly compensated by ATP from other
sources, atthough this is not necessarily met by
increased glycolysis. 2 :

MITOCHONDRIALGENOME

Protists (most of which are unicellular eukary-
otes) represent the bulk of the evolutionary di-
versity within the eukaryotic domain, and their
mitochondrial counterparts are correspondingly
diverse. In protists, complete sequence analysis
has provided evidence of both circular and fin-
ear mtDNAs, with predominant circular DNA.
However, a few organisms possess the linear
mitochondrial genome - the ciliated protozo-
ans Paramoecium aurelia and Tetrahymena
pyriformis, the algal Chlamydomonas
reinhardtii, Ochromonas danica, apicom-
plexan parasite Theileria parva and the yeast
Hansenwda 2422 In Plasmodium, the mitochon-
drial genome is represented by a tendemly re-
peated, predominantly linear element with an unit
Jength of 6 kb5 72327 The mitochondrial ge-
nome of Plasmodium is uniparentally inherited
via the macrogamete and segregated sepa-
rately.?8 Although there is just one mitochon-
drion per parasite (asexual blood stage) but the
copy number of mitochondrial genome is very
high— ~20 copies in P falciparum and I
galiinaceum, 8--10) copies in P, vivax and ~120
copies in P yoelii.232930 The mode of replica-
tion is not by usual D-loop structure as seen in
higher eukaryotes but by recombination depen-

dent replication process as well as by rolling
circle method which are similar to that of bac-
teriophages 3031

During the last decade, this genome has been
well characterised in P, vivax, P, falciparum,
P gallinacewm, P chabaudi, P. reichenowi
and other murine Plasmodium spp. like P,
berghei and P, yoelii. It has been seen that the
genome organization of all the Plasmodiun spp.
6 kb element is conserved. It predominates as
linear concatamers.* 89 The corresponding ele-
ment in Theileria occurs not as tandem repeats
but as a single unit flanked by inverted repeat
sequences, 433

The size of mitochondrial genome ranges from
2400 kb for Muskmelons to 6kb for Plasmo-
dium.3* The 6kb element of Plasmodium is,
therefore, the smallest mitochondrial genome
known so far among eukaryotes. The small size
of the apicomplexan mitochondrial genome
makes it comparatively simple to sequence. In
fact, the number of plasmodial mitochondrial ge-
nome sequences are increasing in the genome
database at a faster rate. Size of all plasmodial
mitochondrial genomes, sequenced so far, falls
in the range of 5948 to 5989 bp;, £ vivax 6kb
element ( 5989 bp) is larger among the plasmo-
dial spp. The sizes of 6kb element of various
Plasmodium species are as follows: P,
falciparum (5967), P. yoelii (5956), P. berghei
(5961), P chabaudi (5948 yand P, reichnowi
(5966).>? So far, more than 25 complete pro-
tist mitochondrial DNA sequences have been
determined.2* The minimally derived primitive
mitochondrial genome (~69 kb) of the
Reclinamonas americanus codes for 67 pro-
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teins.?> On the other hand, the Plasmodial mito-
chondrial genome contains only three protein
coding genes representing components of com-
plex HI and IV of the electron iransport chain.
Blanchard and Lynch3® hypothesised that the
reason for variable mitochondrial genome size
could be due to the transfer of genes from or-
ganelle to nucleus. This gene transfer is thought
to occur through a RNA intermediate. How
this happens is presently unclear, Although there
are many reports to support the above hypoth-
esis. For example, following the origin of land
plants, at least eleven mitochondrial genes (coxll,
coxITI, rps2, rps7, rps10,1ps11, rps12, rpsi4,
ps1 9, rpl6, s¢hC) and one plastid gene(rpl22)
have made a successful trek to the nucleus. 3739
The rate of transfer of tRNA and cytochrome
oxidase subunit II to the nucleus is especially
very high. This could have started 60 million
years ago, 4041

The fact that only very hydrophobic proteins are
retained in this mitochondrial genome alone can
be explained. If it is assurned that for any gene
to be successfully transferred from the mitochon-
drion to the nucleus, during evolution, it had to
code for the proteins that could escape the pre-
existing co-translational export mechanisms.
That means it should not be very hydrophobic.

For example, cytochrome-c~oxidase subunit I |

(Coll) had only two transmembrane domains
whereas Col, Colll and Cyb had more than
seven transmembrane domains. The Coll was
reportedly transferred to nuclear genome but
Col, Colll and Cyb are invariably retained in
most of the mitochondrial genomes. In many mi-
tochondrial genomes, the size is reduced with
evolution, the same may be the case with Plas-

modium mitochondrial genome. However, this
can only be ascertained once the complete
nuclear genome sequence is known,

Generally, in vertebrate animals, the mitochon-
drial genome contains genes for TRNAs, tRNAs
and inner mitochondrial membrane proteins in-
volved in electron transport and coupled oxida-
tive phosphorylation. With respect to gene con-
tent, protist mtDNA generally resembles plant
rather than animal or fungal mtDNAs. The P
vivax and P falciparum sequences contain
open reading frames for three mitochondrial
genes ~— cytochrome oxidase suburit [T (CoIlT),
subunit I (Col) and Cytochrome b (Cyb). There
were a total of 13 different fragmented rRNA
genes, scattered through out the 6 kb element.
Out of 13 fragments, seven are for large and
six for small subunit rRNA genes as shown in
Fig. 1. The complete sequence analysis showed
that the 6 kb element lacks iRNA genes. The
gene content of the 6 kb element of Plasmo-
dium spp is very similar to 7. parva because
both contain three open reading frames — Cyb,
Col, Colll and scrambled rDNA. In addition,
bath the genomes are linear in nature.

In general, the mutation rate of mitochond-
rial genome is very high in mammals, 424 But -
the sequence comparison of the 6 kb element -
showed that the Plasmodium mitochondrial ge-
nomes are evolving at a much slower pace than
the nuclear genome. Overall, the P vivax mito-
chondrial DNA showed 90.1, 91.7 and 89.9
per cent sequence identity with P, falciparum -
P yaelii and P, reichenowi, respectively. 679
Such high homology, indicates that this genome
is highly conserved across the species and among
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Fig. I:

Genome organization of Plasmodium spp. mitochondrial 6kb element. Genes encoding

mitochondrial proteins (Colll, Col and Cyb) are shown as striped box. The direction of
arrows indicate the direction of transcription for mitochondrial and fragmented ribosomal
RNA genes. The fragmented ribosomal RNA genes for large subunits are shown as checked

box and that for small subunit as solid box

different geographical isolates. There are sev-
eral possible reasons for this conserved nature
of the 6 kb element: (i) enzymes of TCA cycle
are almost missing; (ii) absence of complex 1 of
respiratory chain; and (iii) lack of mitochondrial
ATP synthase and the rotenone-sensitive com-
* plex.' Indirect evidences indicate functional role
for many mitochondrial genes of Plasmodium—
presence of membrane potential! 13 and cyto-
chrome oxidase activity. 31516 Thus asexual
parasite mitochondrial activities appear to be pri-
marily anabolic rather than serving as a signifi-
cant source of energy generation.? In particu-
lar, the respiratory chain is essential for de novo
pyrimidine biosynthesis.*® It provides a sink for
electron transferred from dihydroorotate dehy-
drogenase.*® Therefore, the effective concen-
tration of the reactive oxygen intermediate and
free radical formation will be very less and so is
the damage to the mitochondrial DNA. The
second reason could possibly be the proof read-
ing activity of the mitochondrial DNA poly-
merase-y which participate in replication of mi-
tochondrial genome. It also may be due to the

low mis-incorporation rate.*” In case of yeast,
the mitochondrial DNA polymerase-y possess
3-5' exonuclease proof reading and mis-match
repair activity.*® The other possible reason could
be that they are present in multiple copies. If
any error is incorporated during mitochondrial
DNA replication, it will be diluted out or will be

- insignificant because the copy number is high.

Fragmented rRNA

Fragmented rRNA, although uncommon, have
been described from other eukaryotic, prokary-
otic and organelle genomes. In some cases frag-
mentation is minor—T7etrahymena pyriformis
has two fragments only. More complex fragmen-
tation is seen for the nucleo-cytoplasmic large
subunit rRNA of Trypanosomatids, a proto-
zoan which has seven fragments and that of
Euglena gracilis has 14 fragments. However,
all the fragments are in expected linear order. In
case of Theileria parva, T. pyriformis and
Chlamydomonas species, the fragmented rRNA
genes are encoded out of expected order—
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scrambled and interspersed with open reading
frames coding for proteins and tRNA geneson
both the strands.?9-33 The occurrence of bac-
terial endosymbiont in protozoa has been known
for nearly a century. The fragmentation of 165-
rRNA has been seen in the obligate bacterial
endosymbiont Caedibacter caryophila of
Paramoecium caudaium.>* But nothing is
known about the process that resulted in such
discontinuities and scrambled rRNA coding re-
gions. In all the above mentioned cases, the frag-
mented rRNA may have the potential to form

secondary structure much like those proposed -

for continuous TRNAs.33 In P vivax, similar
fragmentation was observed. The mitochondnal
genome of P, falciparum encodes unusually
highly fragmented rRNA. Small regions (40-190
nt) of sequences similar to rRNA are encoded
in scrambled order by both strands of
DNA.56.57 However, they are smaller than the
algal rRNA sequences. The fragments are tran-
scribed as small RNAs which have the potential
to be assembled through secondary structure
interactions forming functionally important
domains of the rRNA.8:26.56.37 Thege regions
are very well conserved between Plasmodium
species, corresponding to highly conserved and
functional regions of rRNA from other species.
These fragmented ribosomal RNA genes of
P vivax showed minimum variation (deletion,
addition and point mutation) when compared
with that of P jfalciparum. This extreme
fragmentation and high homology.at nucleotide
level within genus suggest that they may retain
funiction and assemble into functional ribosomes
despite their small size and extreme fragmenta-
tion. Still the exact role of these fragmented
ribosomal RNA genes is not known. However,
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this can only be confirmed after purification
and characterization of functionally active -
ribosomes from pure mitochondrial prepara-
tion. '

Respiratory chain proteins encoded by the
6kb element

Cytoclrome b

The sequence of the Cyb gene of P. gallina-
ceum?®’ provided the first evidence of amito-
chondrial identity for the tendemly repeated 6kb
element. The size of Cyb gene is similar in all the
plasmodial spp and also the sequence conser-
vation among the species is quite high —~90
per cent identity.*7-%: 25 This gene seems to be
important as a target for mitochondrial complex
111 inhibitors like antimycin A, diuron,
myxothiazol, stigmatellin, mucidine and inhibi-
tors of 8-aminoquinolines group.2458:59 The
new antimalarial atovaquone disrupts the mito-
chondrial membrane potential. 50 Tt has potent
blood schizontocidal activity and is also effec-
tive against the pre-erythrocytic and sexual
stages of the parasites.®!"65 It has recently been
shown that antimalarial activity of atovaquone
involves interaction with cytochrome b encoded
by the 6kb element of the mitochondrial DNA.
Amino acid residues involved in drug-resistance
have been identified, as they are Jocated at pu-
tative drug-binding site. 5608 Atovaquone isalso
drug of choice for toxoplasmosis. The charac-
tenization of Cyb gene of Toxoplasma gondii
also demonstrated the mutations in Qo domain
and its correlation with atovaquone drug-resis-

tance.5? This finding is in agreement with muta-

tions obiserved in Cyb gene of P falcipar{:m,
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P berghei and P, yoelii. 66-68,70 However, in one
of the study, which involved sequencing of en-
tire Cyb gene from eight clinical isolates of P
falciparum {from India) and five parasite lines
did not show any mutation in these residues.?
This is expected since the drug has not yet been

usew in India. Indeed 12 of 14 Indian isolates
have identical nucleotide and amino acid se--

quence of Cyb gene. The Cyb gene from these

isolates did not show much variation as seen in -
the isolate P/PH10 m comparison to Gambian -
isolate Pf C10.% The sequence pair distance.
analysis showed that except isolate P/PH10all |
other isolates from India were identical # Fur-

thermore, there was no sequence divergence in
those amino acids which are involved in provid-
ing the resistance against various other drugs.

The sequences of Q1 and Qo centres were par- -

ticularly conserved. The point mutations in these

centres have been found to be associated with
the drug-resistance.?* The Cyb gene sequence’
of all the chloroquine resisiant and sensitive Tines -

was also same as wild type thereby indicating
that chloroquine sesistance does not involve this
gene.* Highly conserved sequence of Cyb gene
among majority of isolates was surprising since

more variations in nuclear encoded proteins-

(CSP, MSA-1, MSA-2, TRAP) have been ob-
- electron transfer reaction. The Col gene of £,

falciparum was studied in detail by Vaidya e/

served among Indian isolates.”!> 72

The expression studies of cytochrome b gene
indicate that this gene is expressed in all the
asexual blood stages of the parasite. Thisis in
accord with many reports which indicate the
cytochrome oxidase activity in the parasite. Thus

suggestive of the active mitochondria in the -

plasmodial species.* 73 It is a probable target

for antimalarial drugs like primaquine, asco-

furanone, atovaquone and the rest.!7-24 74

Cytochrome oxidase subunit I

~ Jtisone of the largest subunit of cytochrome-c-

oxidase complex also known as compiex [V,

. On an average the size of this protein ranges

from 510 to 554 amino acid residues. The size
of plasmodial Col (514 amino acid residues) is
comparable to the size of Col from bacteria or
eukaryotic organism, It catalyses the terminal
act of respiration by delivery of electrons de-
rived front the stepwise oxidation of foodstuffs

" to molecular oxygen. This subunit is present in

all cytochrome-c-oxidase of bacterial or eu-
karyotic origin studied to date. It also has large

~number of conserved residues within the known
-species. However, the total number of evolu-

tionary conserved residues is limited. Despite

this, the genera! pattern of protein folding ap-
‘pears to be following a common pattern. Holm
ei al.”® have proposed a modet of the 12 trans-
‘membrane domains containing Col polypeptide.

The subunit I of £. coli was predicted to have
nine transmembrane domains.”® Itis one of the
important subunit, which forms the catalytic core

“of cytochrome-c-oxidase. Col has been pro-

posed to contain three of the four redox cen-

‘tres. These centres are heme &, heme a; and

CuB. These redox centres are involved in the

al.” They showed that all the histidine residues

involved in ligand binding are conserved. The

overall primary structure is found to be con-
served in all the plasmodial species along with
the histidine residues involved in ligand bind-
ing. The presence of transeripts of Col during
asexual stages and cytochrome-c-oxidase ac-
tivity is suggestive of an active mitochondrionin

- the parasite. 73
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Cytocirome oxidase suwhunit TH

Colll is one of the major subunits in the mito-
chondrial and bacterial eviochrome oxidase . It
does nof contain any of the enzyme redox ao-
tive metal centres. Since mitochondnia arc origi-
nated from endosymbiotic organism so the Colil
gene in prokaryotic and eukaryotic organisms
show high level of similarity at the structural
level-—seven transmembrane domains.”” The
exact role of this subunit is still not clear. The
isolation of active cytochrome oxidase complex
without Colll suggested that this may not be
involved in proton pumping 77 The other pos-
sible roles of this subunit could be in the agsem-
hiv of eytochrome oxidase complex. This is sup-
ported by the fact that the deletion of Colll gene
(rom the bacteria Paracoccus deniirificans
leads 1o defective assembly of bacterial cyto-
chrome oxidase. It reduced the cytochrome
oxidase activity by 50-80 per cent. 3 Further-
more. a pool of bound lipid in Colll has been
proposed to provide an OXygen reservoir in oxy-
gen pathway. 81 The sequence analysis of cyto-
chrome oxidase subunit Hi of all the plasmodial
species showed that the critical glutamate resi-
due is conserved. It seems to be important in
proton transiocation and its modification by
dicyclohexyl carbodiimide (DCCD} inhibits the
proton pumping in Paracoccus denitrificans
cytochrome-c-oxidase.82:83 On the contrary,
erystaltographic studies sugpested the role of this
residue may be structural.3 The Colll gene
seems to be expressed in all the asexual blood
stages of the parasite. 73 This is in accord with
the cytochrome-c-oxidase activity reported by
many groups. Thus suggesting a functional/or
active mitochondrion.

MITOCHONDRIA AND NUCLEAR CODED
PROTEINS

Strong comnunication pathways exist between
the mitochondrial and nuclear genome. The as-
sernbly and function of respiratory component
of mitochondria in enkaryotic celis results from
collaboration between gene product derived -
{rom both mitochondnial and nuclear genomes.
Approximately 90 per cent of the proteins
present in the mitochondria are nuclear coded.
Incontrast, mitochondrial genome specifies only
a few proteins, which resides mainly in the inner
mitochondrial membrane in Plasmodivm spp.
Thuse proteins play an essential role in mito-
chondrial transcription. translation, TCA, oxi-
dative phosphoryiation and the rest. In Homo
sapiens, the respiratory chain consists of five
complexes, Complex { contains seven mtDNA
and >4 nDNA coded protetns; complex If does
not contain miDNA coded proteins but only
four nDNA coded proteins; complex Hi con-
tains 10 nDNA coded proteins and one mtDNA
coded; complex [V contains 10 nDNA and three
miDINA coded proteins, and complex V con-
tains 14 nDNA and two mtDNA coded pro-
teins (ref> wwwe.mips biochem.mpg de), whereas
nothing is known about the nuclear coded parts

of complex I 111, IV and V in Plasmodium.

Recently, Takeo ef af,'7 have partially charac-
terised two catalytic subunits of complex Il also
referred o as succinate ubiquinone oxidoreduc-
tase or succinate dehydrogenase complex from
P, falciparum. Both nuclear coded subunit,
SDH A and B are single copy genes, present on
different chromosemes. The primary substrate
for this enzyme is succinate, which under nor-
mal circumstances comes from TCA cycle. Since

3
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Plasmodium lacks enzymes of TCA cycle, so
a possible pathway to produce succinate is phos-
phoenolpyruvate carboxykinase-succinate path-
way (PEPCK -succinate pathway) which is found
in many parasites.' 7 8687

Now it is a well-known fact that the mitochon-
drial coded subunits are responsible for the ca-
talysis and that the nuclear coded subuniis have
one or two of the following functions. Some of
the subunits modulates/repulates catalysis while

others are required for the stability of the cata-
Iytic subunits and/or the stable assembly of holo-
enzyme. 8889

RESPIRATORY CHAIN GENE EXPRESSION

The expression of three mitochondrial encoded
protein genes by the parasite was studied by
detecting their RNA transcripts by using the
RT-PCR, northern blotting and iz situ hybridiza-
tion.*: 73 (Figs. 2 and 3). The data suggest that

‘P vivax
Cyb Col Colll
bp bp
2060 /woo
A — soo
15006 — — 800
1000 — — 700
— 8§00

ggg — — 500
igg - ~— 400
300 — a0
200 —

100 — — 200

P falciparum
Col  Coll Cyb
b
% 4, 4 24 2 P
1000
m\’: 0
00 — 900
8 B
504
506 500
400 400
06— 300
200 — 200
106 ~— 100

#ig. 2: Expression of Col, Colll and Cyb gene in /2 vivax and 7 fufciparum by RT-PCR: RT-PCR on the RNA
of P vivax and P falciparum from erythrocytic stages was carried out for Col , Colll and Cyb genes
using specific primers. The sequences of primers used for 22 vivax RT-PCR s as follows: for Colll gene
101 5-ACT AGA GAT TTA AAA ACT CAT TC-3/P102 5°-GTA TCT TAT CCT TCA TTA ACA
TCA-3", for Col gene R103 5-ATC TCCTGC AAATGT TGG GTC-3°/P109 5°-AAT GCC AGG ATT
ATT CGG AGG-3" and for Cyb gene CybF 5°-GTT TGG ATC CAT GAACTTTTA CTC TAT TAA'T-
3 PI06 5°-CCT CCT ATA TGA CAC TCA CTA G-3°. The primer sequence for £ falciparum genes
were same as described in Sharma e 4% The size of RT-PCR product for each gene is shown in lane 2
for P2 vivav and kane | in P falciparum, lane Vin P vivax and lane 2 in P _folciparym were without reverse
transcriptase. Marker lane for P vivax Colll is shown en right hand side, and for Col and Cyb en left
hand side. For P falciparani, the marker fane for Coltl and Cyb is shown on right hand side and for Col

on left hand side
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P vivax

Antisense

P. falciparum

Antisense

Col

Fig 3:

Expression of Col, Colil and Cyb gene of P, vivax and P, filcipuarum by in-situ hybridization:
The mRNA in-situ hybridization was carried out on thin smears of the £ vivar and P
falciparum parasites by using antisense and sense riboprobe for Col, Colll and Cyb genes

as described in Sharma et al.*; R—Rings; T—Trophozoite; S-—Schizont. Arrowheads indi-
cate the parasite. Scale bar—10 pm.
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all the three mitochondrial genes (Col, Colll and
Cyb) are being transcribed during the erythro-
cytic stages of both the parasites P, vivax and
P, falciparum. However, this does not confirm
that these genes are also translated. If these tran-
scripts are transtated in vivoby the parasites,
then the expression of these genes in mitochon-
dria is suggestive of the presence of active mito-
chondria in malaria parasite. Mitochondria of
malaria parasite generates a membrane poten-
tial through an electron transport systenvor other
pathway. The presence of transcript (mitochon-
drial proteins) for complex 11, 1T and TV and
activity of succinate dehydrogenase complex

(nuclear coded, complex II) in the asynchro- .

nous ervthrocytic stages of the P falciparum'”
are suggestive of the partially active respira-
tory chain in Plasmodium.

CONCLUSION AND PERSPECTIVE

The mitochondrial moiecular biology and bio-
chemistry needs to be explored in greater depth.
The efforts taken so far suggest that the 6kb
element is the smallest mitochondrial genome
known so far. It has been sequenced from vari-
ous geographically distinct isolates of P, falci-
parum and also from other Plasmodium spp.
The comparison of all the 6kb element sug-
gested that it is a highly conserved elemient in
the Plasmodium genus with ~90 per cent ho-
mology. The genome organisatton of the 6kb
element from al] the Plasmodium species se-

quenced so far is the same. These mitochon-

drial genomes are very economically packed.
The rate of sequence variation was found to be
more in protein coding region and less in non

protein coding region in both £ vivax and

P falciparum.

Many groups have shown the cytochrome-c-
oxidase activity in the parasite. This was also
supported by the fact that the three open read-
ing frames of the 6kb element were found to be
transcribed during ervthrocytic stages of the
parasite. If these transcripts are indeed trans-
lated in vivo then the expression of these genes
in mitochondria is suggestive of the presence of -
active mitochondria in malarial parasite.

Mitochondrion is the power house of acell. In
case of Plasmodium it is a probable drug tar-
get for many new lines of drugs. It needs to be
studied in immense depth. This can be done
only if the three proteins encoded by this ele-
ment are purified and their interaction with
nuclear proteins is investigated.
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Impact of Urbanization on Bionomics of
An. culicifacies and An. stephensi in Delhi

C.P. BATRAY, T. ADAK® V.P. SHARMAP and P.K. MITTAL?

-

Study on bionomics of malaria vectors was carried out in riverine and non-riverine areas,
on account of tremendous ecological changes in the topography of Delhi. The densities of
adult anophelines were estimated by two techniques, hand catch and total catch index.
Percentage of An. stephensi (15.68) collected by both the techniques was more than 4a.
culicifacies (3.16) in boththe areas. Day-time resting preferences of vector species in human
dwellings and cattlesheds did not differ significantly, Preferred larval habitats of An.
culicifacies in riverine avea shifted to large lakes, channels and ponds. In malaria transmission,
An. eudicifacies played a role only in the northern part of the riverine area where water
pollution was at minimal level, while 4n. stephensi played an equal role in the malaria
transmission in both the areas. High sporozoite rates were found in type form of An. stephersi
in localities where its proportion was high, thus confirming its active role in malaria trans-
mission. The overall sporozoite rate of vectors was 0.7 per cent and £ fulciparum sporozoite
infections of the vectors were detected in 4n. stephensi only. P. vivax and P. falciparum
infections were found in the ratio of 68 : 32. The non-riverine area was more malarious
than the riverine area. '

Keywords: An. cudicifacies, An. stephensi, Density, Malaria, Resting preferences, Sporozoile
rates '

INTRODUCTION : area less malarious since the beginning of fwen-

tieth century.! Very high mortality rate (>300/
The Yamuna river area in Delhi has beenre-  1000) wasreporied among military troops when
ported as highly malarious and the non-riverine  stationed near River Yamuna.? On the basis of

#\ialaria Research Centre, 2-Nanak Enclave, Delhi-110 009, India,
bWaorld Health Organization (SEARO), Indraprastha Estate, New Delhi-110 002, India.
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child spleen rates, villages were classified as
meso- and hyper-endemic for malaria in river-
ine area where malaria was mainly attributed
to River Yamuna. In riverine and non-riverine
areas 54 and eight per cent of villages respec-
tively showed a spleen rate of 51 and above.’
Incrimination studies showed - An. culicifacies
and An. stephensi as vector species in Delhi,
but subsequently only An. cudicifacies was con-
stdered playing the principal role.*” Later on
Dhir® pointed out that An. stephensi was re-
placing 4n. culicifacies as a major vector and
Pattanayak ef al.” observed An. stephensi as

the principal vector of malaria in south Defhi.

Since then Delhi has undergone rapid ecologi-
cal changes. The population has increased tre-
mendously from 0.9 million in 1941 to 9.4 mil-
lion in 1991. Rural areas have been converted
into urban and semi-urban areas under the Delhi
Development Authority (DDA) for accommo-
dating the population influx through migration.
Sewage, sullage and industrial waste in large
quantity is being disposed into the Yamuna
through 17 major drains. River Yamuna is no
more a wild river, it has been tamed on both
sides by providing protective embankments. The

flooding effect on localities situated nearby has

now been neutralised. However, localities of
north Delhi near the outer ring road are under
the impact of water logged lands due to Jarge
borrow pits.

In view of the rapid ccological changes, a
thorough knowledge on bionomics of the two
known malaria vectors throughout the year, is
~ essential for understanding of malaria transmis-
sion. The present paper reports some of the ob-
servations on bionomics of malaria vectors in
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riverineland non-riverine areas of Delhi which
would help in devising a better malaria control
strategy.

MATERJALS AND METHODS
Study area

Study localities were divided into two areas.
These are riverine area in the Yamuna river belt
of east Delhi and the non-riverine area of north-
west Delhi (Fig, 1). Selected localilties of river-
ine area have become urbanized and non-riv-
erine area industrialised. Embankment of
Yamuna has blocked the natural drainage of the
area and water stagnated in pools is poltuted.

“The riverine area is spread about 193 sq km

over eastern part of the territory and has an
average height of 210 m above the sea level.
The sub-soil water level is very high, as high
as 0.6 m.% The Yamuna river flows through this
area from north to south and receives a higher
annual rainfall (about 600 mm) as compared
to other area. In its flow, the river is joined
by 17 major storm water drains which carry
sewage and sullage of the city. Four localit-
ies~Mukundpur, Kanchanpuri, Gazipur
and Madanpur Khadar were selected for
entomological and parasitological studies

(Fig. 1).

The non-riverine area in northwest Delhi has an
area of about 400 sq km and an average height
of 215 m above the sea level. Western Yamuna
canal traverses through this area and provides
irrigation and supplies water to a water treat-
ment plait at Haiderpur. Normal monthiy and
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Non Riverine

164 - Rithala
52 . Jatkhor
81 - Haiderpur
128 - Neesiwal

B Sclected Localties

112 - Gazipur -
130 «- Kanchanpuri
131 - M. Khandar
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".t -

gy . .

83 -Mukundpur

Fig. 1; Map of selected localities in riverine and non-riverine areas of Delhi

annual rainfall (500 mm) is greater on the east-
ern part as compared to 300 mm in the western
part, %! The four localities selected in this area
were Haiderpur, Rithala, Neelwal and Jatkhor

(Fig. 1).
Methodology

Regular entomological surveys were carried
out at fortnightly intervals from August 1989 to

July 1990 and later at monthly intervals up to
July 1991. '

Sampling of adult mosquito populations was
carried out by man hour density and pyrethrum
spray collection using standard sampling tech-
niques.! 12 ridoer resting mosquiioes were col-
lected between (530 and 0830 hours in sum-
mer and 0600 and 0900 hours in winter months.
Collections were made in eight structures rep-
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resenting human dwellings and cattlesheds in
equal proportion (four fixed sites and four ran-
domly chosen sites) in each selected locality. In
each structure collection was done for fifieen
minutes. Field collected mosquitoes were iden-

tified to species following identification keys!®

and species-wise man hour density was calcu-

various studies.

Gutand gland infection was examined byclas-

sical dissection method as well as by immuno-
radiometric assay IRMA). ¥ A WHO suscep-

tibility test kit was used for the determination of .
susceptibility of mosquito to insecticides follow- .

ing standard WHO procedure. !5 Immunoelec-
trophoresis technique ' was used for the identi-
fication of blood meal source. Identification of
An. culicifacies sibling species was done by
examining species specific paracentric inversions
in polytene chromosomes'” and seasonal preva-

lence of sibling species A-and B was compared -

in between riverine and non-riverine areas. '8
Identification of ecological races of 4n. ste-
phensi was done following the method of

- Subbarao ef al. *? All permanent breeding places
were surveyed at fortnightly intervals for two

years. Larval collections were made using a stai- -
dard dipper made of aluminium bowl with nine

om diameter and 300 ml capacity. For sampling
in wells an iron bucket was used. A fixed num-
‘ber of dips were taken according to the habi-
tats. Samples of immatures collected were reared
in the laboratory for species identification at the
adult stage. '

Active surveillance and mass blood survey were
carried oul as per National Anti Malaria Pro-
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gramme (NAMP) procedure. Presumptive treat-
ment consisting of 600 mg chloroquine phos-
phate as a single adult dose was given to all -
fever cases as per drug policy of the national

programme. 20

. " RESULTS
lated. Vector mosquitoes were processed for

Entomﬂlogica] studies -

Seven anopheline species were encounter-

ed in the indoor resting collections from both
the areas. Among anophelines, Anopheles
subpictus was most prevalent (78.6 per cent), -
followed by An stephensi (15.68 per cent), An. -
culicifacies (3.16 per cent), An. annularis

(2.21 per cent), An. pulcherrimus (0.24 per

cent) and An. barbirostris (.03 per cent).
An. culicifacies was the third most prev-

alent species in non-riverine and fifth inriverine -
area.

In the riverine area, a higher peak of 4n. culi-

- cifacies was observed in April followed by

an another peak in October and in the non-
riverine area, the peak density was observed in

‘May and August. Peak density of An. stephensi

was observed imMay, July and October in the
riverine area and three péaks in June, October

- and December in the non-riverine area (Figs. 2

and 3).“ -

Inter-zonal results of the estimates of mosqui-

toes per struchire were tested by analysis of vari-
ance {Table 1). No significant difference between -

the capture of mosquitoes in cattlesheds and
human dwellings was observed. The inter-
action between species and type of structure
was also insignificant (p = 0.327).
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Fig. 3: Man hour density of 4n. stephensi in riverine and non-riverine
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Species-wise data on total catch were also test-
-ed by analysis of variance to test the significance
of preponderance of Culex and malaria vec-
tors. Resuits showed that the estimates of Culex
population and species-wise anophelines were
not significant in both the areas. '

Table 2 shows the results of blood meal ana-
Iysis. It was found that anthropophilic index
(AD) of An. culicifacies and An. stephensi in
the riverine arca was 3.7 and 0.45 per centre-
spectively and in the non-riverine area it was
2.7 and 1.4 per cent respectively. The differ-
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Table i. Summary of ANOVA results: Day time resting preference of mosquito species based on

total catch
Area/Species Mean catch ANOVA ANOVA (Sources) Errors
estimate :
Cs HD  CSand Between Between  Species X
HD structure  five Type of

(CSand HD) species  structure

Riverine

An. culicifacies 071 061 (.66 58S . 42457 127963799 54896 25567654

An. stephensi 571 558 565 ‘ DF H 4 4 30
An. annularis 028 028 028 F 005 37.537 0161

An. subpictus 3817 #M2 41.18 P 08249  2.837E-11 0.9564

Culex 156.18 14008 14813

Non-riverine

An. culicifacies 192 1.56 174 5SS 844561 99455039 3776712 23401196

An. stephensi 1462 1303 1382 DF ] 4 4 E.{]
An. annularis 638 027 032 F 1.083 31875 i

An. subpictus 4985 4984 4985 P 03064 2072E-10 0327
Culex 10878 15683 1328 |

CS — Cattlesheds; HD — Human dwellings; DIF-— Degree of freedom; S — Sum of squares; F — Variance
ratio; P — Probability; E — Exponent,

Table 2. Human blood index (HBI) of vector species in riverine and non-riverine areas

Resting -sites Riverine "Non-riverine
An. stephensi An, culicifacies An. stephensi An. culicifacies
No. HBI No. HBI No. HBI No. HBI
tested tested tested  tested
Human dwelling 262 0.76(2) 27 74(2) 315 2.53(8) % 2.85(2)
Cattleshed 465 024(D) 27 0.0(0) 537 0.74{4) 78. 2.5642)
Total - 667 04503) M 372 BS2 140(12) 148 230{4)

Figures in parentheses are observed number.
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ence between the AI’s of these vector species
in two areas was not statistically significant
{p=0.655 and 0.104).

In the riverine area, a total of 197 An. culici-
facies and 287 An. stephensi were dissected.
The sporozoite rates (SR) were 0.5 and zero
per cent respectively. The gland positivity of An.
culicifacies was found only in Mukundpur lo-
cality. Innon-reverie area, 186 An. culicifacies

wete dissected and the SR was 0.53 per cent.

The results of vector incrimination hy IRMA
technique are given in Table 3. A total of 765
An. stephensi from non-riverine area were as-
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sayed, four were found positive for circum-
sporozoite (CS) antigen of P vivax and two
for that of P, falciparum. The gross sporozoite
rate was (.58 per cent and for Pfit was 0.26
per cent. A total of 59 4n. culicifacies and 560
An. stephensi were assayed from the riverine
area by IRMA and one specimen of An. culi-
cifacies was found positive for CS antigen of
P, vivax, thus giving a sporozoite rate of 1.69

- per cent. Three specimens of An. stephensi were
found positive for Py CS antigen with a sporo-
zoite rate of .53 per cent. Similarly, 35 speci-
mens of An. anmlaris from both the areas were
assayed and nonc was found positive.

Table 3. Sporozoite rate of An. cuilicifucies and An. stephensi using the IRMA technique

Locality An. stephensi An. culicifacies
No. a;sayed Sporozoite rate No. assayed Sporozoite rate
Py Pf Total Py Ff "Total
Riverine
Mukundpur 196 051 0 (.51 44 227 O 227
Kanchanpuri 9 1.01 0 1.01 .3 0
Gazipur w4 044 0 044 8 0
M. Khadar a 0 0 0 4 0
Total s60 053 0 053 50 16 0 169
Nou-riverine ‘ .
Haiderpur 173 000 0 000 13 0 0 0
Rithala 463 0.86 043 1.3 17 0 0 0
Neelwal 27 0 0 0 3 0 o0
Jatkhor 102 0 0 0 & 0 0 0
Total 765 452 026 _0.’?8 g5 0 0 0
Total of 13235 052 015 067 154 0.64 0 064

two areas
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To distinguish An. siephensi races on the basis
of average ridge number in eggs of 21 iso fe-
male lines from riverine and 75 from non-river-
ine areas were examined. The results showed
that in riverine and non-riverine areas the type
form was 61.9 and 26.6 per cent, intermediate
was 23.8 and 29.33 per cent and the variety
mysorensis was 11.3 and 44 per cent respec-
tively. In riverine areas, a maximum of 75 per
cent type form was found in Kanchanpuri local-

ity and the r_emaining 25 per cent was interme- -

diate. In the non-riverine area type form was
found only in Haiderpur and Rithala localities
and the maximum of 51 per cent was n Rithala
Jocality.
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For the prevalence of An. culicifacies sibling
species, a total number of 34 and 40 specimens
from riverine and non-riverine areas respective-
Iy were examined in the months of May to July
{pre-monsoon) for ovarian polytene chromo-
somes and 98.7 per cent specimens were of
species A. In the month of October (post-mon-
soon), 35 and 13 specimens were examined in
tiverine and non-riverine areas respectively.
Percentage of species B was 11.4 and 15.3 re-
spectively which suggests its correlation with
breeding habitats afler rains. '

Table 4 gives the results of insecticide suscepti-
bility tests carried out in wild caught adults using

Table 4. Insecticide susceptibility results

Locality Species Insecticide Totai no.  Per cent mortality
{area) exposed after 24 hours
Mukundpur An. culicifacies DDTI{4 per cent} | h] 15 533
{Riverine) DL {(4 percent) | h] 15 466
Malathion [(5 percent) 1 h] 15 100.0
Deltamethrin [{0.025 percent} 1h] . 15 100.0
Rithala An. culicifacies DDT [(4 percent) | h] 10 N
{Non-riverine) DL [(4 percent) | h] 10 40
Malathion [(5 per cent) [ h] 10 - 1000
Deltamethrin [(0.025 percent) 1 h] i0 160.0
Madanpur An. stephensi DT [(4 per cent) 1 h] _ 15 866
(Riverine) ' DL [(4 per cent) 1 h} 15 66.6
Malathion [(5 per cent} 1 h] _ I5 933
Deltamethrin [{0.025 per cent) 1 h] i3 100.0
Tatkhor An. stephensi DDT[(4 percent} | h] 5 466
(Non-riverine) DL [(4 percent) 1 h) S 15 66.6
Malathion [(5 per cent} | h} 15 66.6
Deltamethrin {{0.025 per cent) I h] 15 1000
Rithala An, stephensi DDTIi{4 percent) 1 h] 45 22
{Non-rivering) ' DL [(4 per cent) | h] 8 333
Malathion [(5 per cent) 1 h] 30 433
Deitamethrin [(0.0235 per cent) 1 h} 15 100.0
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Table 5, Positive percentage of anopheline and aduli emergence (habitat-wise)

Breeding No. Per cent Perscent anophelines emerged from samples
habitat searched {+)verate

' Total An. culicifacies  An. stephensi

emerged

Riverine area : ‘
Pond 327 250 221 135 2003
Ditch 350 305 320 092 21776
Tank 123 97 Wi . ¢ 660
Drain 532 53 X 234 19.14
OHT 118 085 0 0 0
Pits 502 316 354 . 203 28.68
Waste water 610 154 209 0 244
Pool 292 753 165 121 242
Lake sl 196 270 100 63.33
River water 2t 1428 193 1797 2606
Weil 30 17 4 9 750
Non-riverine area
Pond 230 300 249 682 307
Ditch 401 399 404 297 50.24
Tank 456 173 346 115 4335
Drain 876 109 295 440 31.86 -
OHT 47 425 0 0 0
Pits 674 3575 586 0385 1092
Waste water 519 2716 180 166 2944
Pool -39 327 4 4387 19.51
Well 70 142 0 0 0

discriminatory doses of commontly used insecti-
cides. dn. culicifacies in both the areas were
100 per cent susceptible to malathion and delta-
methrin. In non-riverine area 90 per cent mor-
tality against DDT was observed as against 53.3
per cent in riverine area. The results of suscep-
tibility status of An. stephensi when exposed
to four per cent DDT and 0.4 per cent dieldrin

in riverine and non-riverine areas it was var-
ing between 22 and 87 per cent mortality after
24 hours.

Table 5 gives the data on anopheline breeding
habitats. The immature stages were found ina
variety of aquatic habitats, ranging from large

 water bodies such as ponds to small collections
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Table 6. Results of active sarveillance in riverine and non-riverine areas (1989 to 1991)

Month* Riverine ' SPR SR Cases/ FPfi
Q00 000

Gazipur Kanchanpuri Mukundpur  Madanpur Khadar
BS Py P BS Pv P BS. Pv P BS Pv Pf

Avg 49 0 0 27 0 0 ¥ 3 0 W 0 0 234 0 OI1 0
Sep % i 0 ® 4 0 . 2 0 T 0 0 33 0 027 0
Oct 2 0 0 6.1 0 & 9 0 5 0 0 49 0 039 0
Nov 2% 6 0 & 0 0 43 i 131 0 0 2 06 007 00
Dec 2 0 0 & 1 0 2 o 7 1 0 329 0 Ot 0
Jan 2 6 0 17 06 0 7 0 0 7 0 0 o 0 0 0
Feb 5.0 0 27 10 W oI 0 4 0 0 333 0 007 0
Mar 80 0 8 I 0 W 6 0 19 0 0 196 0 003 0
Apr i 0 0 6 1 0 6 0 0 3 0 0 232 0 003 0
May 16 1 0 29 0 0 17 1 0 5 0 0 298 0 - 007 0
Jun 5 1 06 15 0 o 1 1 6 N0 0 384 0 007 O
Wl 13 2 06 4 0 0 2 0 0.4 0 6 27 0 007 0
Total 325 5 0 3% 9 0 257 19 1 246 1 .0 288 008 136 0M

Non-riverine

Rithata Haidetpur Neetwal Jatkhor

BS Pv Pf BS Pv Pf BS Pv Pf BS Pv Pf
Aug B 6. 3 X2 1 6. 2 0 O 9 6 0 96 28 047 014
Sep 3% 1200 % 7T 1 5 0 6 1 0 0 2564 128 095 OM4
Ot 77 7 0 B 3 1 7 0 & 32 0 0 738 067 052 0064
Nov 71 6 18 % 4 2 1 0 -0 20 0 0 197 1315 .143 095
Dec 56 1 2 0 2 't 5 0 0 8 0 0 30 2625 14 1 -
Jam 17 1 3 6 0 0 1 0 0 -3 0 0 869 65 019 014
Feb 3 S 4 19 1 ¢ 1 0 0 8 0 0 155 625 047 019
Mar 21 6 0 27 1 0 H O 0 B 0 6 97 0 033 0
Apr 18 4 0 3 0 0 2 6 0 5 0 0 7270 019 0
May 26 5§ 0 1 & 0 8 6 0 8 0 0 113 0 028 0
lsm B3 6 6 2 -0 4 0 0 7 0 0 125 0 023 o

" i ¥ .2 o 16 1 0 9 0 0 & 0 0 447 0 014 0
Total 478 58 48 285 23 5 75 0 0 12 0 0 1395 552 641 253

*Months include two years data starting from August 1989 to July 1991; BS — Blood slide examined/collected;
Pv— Plasmodium vivax; Pf— Plasmodium falciparum. '
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of water as found in pits. The intensity of breed-
ing was higher in the non-riverine areas. Table
5 also shows the vector species that emerged
from the immatures collected from various wa-
ter habitats searched to identify at adult stage
during study period. In the riverine area 4n.
culicifacies adult emergence was not found
among the larvae collected from waste water,
wells and tanks. However, An. stephensi were
emerged from the larvae collected from all the
breeding places searched. In both the areas
breeding of An. culicifacies and An. stephensi
was found mainly in clear water, except in some
polluted, blocked cemented drains with grass
growth in the non-riverine area where 4n.
stephensi breeding was observed,

The results of fortnightly active surveillance
in eight Jocalities of two areas are presented in
Table 6. In the riverine area, out of 1,212 blood
smears collected, 35 were positive for Pvand
Pf giving a SPR of 2.89 per cent. Relative
prevalence of Pv and Pfwas 97.14 and 2.85
per cent respectively, and the slide falciparum
rate (S{R) was 0.08 per cent. In the non-river-
e area 960 blood smears were collected, of

which 134 were positive givinga SPR of 13.95

per cent and a SR of 5.52 per cent. Relative

prevalence of Pv and Pfwas.60.45 and 39.55

per cent respectively. Two years pooled data of
malaria cases in two areas showed that maxi-
mum cases occurred during July to November.

DISCUSSION

The densities of adult anopﬁeline mosquitoes
were estimated by two techniques, hand collec-
tion and total catch. The percentage of An.

stéphensi (15.68 per cent) collected by both
the techniques was more than An. culicifacies
(3.16 per cent) in both the riverine and non-
riverine areas. Earlier Bhatia ef a/.%! during a
survey in villages near Delhi, showed nine PMH
density of An. culicifacies and 4.2 of An. ste-
phensi by both the techniques in four years |
period. Pattanayak ef al.” also found a higher
density of An. culicifacies (PMH 3.4) than 4n. |
stephensi (PMH 0.7) in a search lasting 356
hours. However, in the present study the den-
sity of 4n. stephensi was much higher than that
of An. culicifacies. The low density of An. culi-
cifacies in the riverine area was due to shifting
of preferred larval habitat from the river bed
pools to large lakes/channels and pumping res-
ervoirs. This may be due to extensive pollution
of the river area caused by sewage and sullage
out pourings by 17 major storm water drains.
Breeding of 4n. culicifacies was maximum in
the northern part of the riverine area where wa-
ter pollution was at minimal level. In the non-
riverine area An. culicifacies breeding was not
observed in the western Yamuna canal which at
present is cement lined and allows fast flow of
water. Earlier this canal used to be the main -
source of dn, culicifacies breeding.2?

Seasonal prevalence of An. culicifacies den-
sity showed two patterns. In the riverine area
the peak density was observed in the months of
April and October, while in the non-riverine area
it was in May and August. Such variations in the
dynamics of An. culicifacies were also reported
earlier2!23-25 Species-wise seasonal prevalence
of sibling species A and B of dn. culicifacies
showed that species A was predominant in pre-
monsoon and in post-monsoon. However, spe-
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cies B increased after the onset of monsoon.
Earlier studies carried out by Subbarao ef al. 1
established the role of species A in the trans-
mission of malaria and indicated the higher
percentage of species B in riverine villages after
post-monsoon which varied between 10 and 60
per cent. In this study, there was not much va-
riation in the proportion of species B in riverine
and non-riverine areas which may be due to ex-
tensive pollution observed in riverbed pools and
lesser number examined. An. stephensi was
found throughout the year in both the study ar-
eas. Mean man hour densities and peaks of 4n.
stephensi showed wide variation over months
in both the areas and thus it could be consider-
ed that An. stephensi density was regulated by
seasonal factors, Dry summer conditions were
found favourable for An. stephensi as also re-
ported earlier,2126

To sum up it can be said that urbanization has
brought in an ecological succession of vectors.

The major vector of malaria in Delhi is An.

stephensi. All empty lands/marshy swamps,
ponds and river water which are contaminated
with open sullage/sewage pourings, do not sup-
port An. culicifacies breeding. Influence of 4n.

culicifacies is restricted to northern localities of
the riverine area where water is not polluted with
sewage pouring compared to southern part of
the riverine area.

Day-time resting preferences of An. culicifacies
and An. stephensi in human dwellings and cat-
tlesheds in both the areas did not differ signi-
ficantly when subjected to ANOVA. Variations
in the densities between the two areas were ob-
served. Such variation could be due to ecologi-
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cal factors. Though the two areas are in close
proximity to each other, they are ecologically
and physiogeographically distinct from one
another. The sub-soii water level is very high
(0.6 to 1 m) in riverine area and receives 600
mm annual rainfall and soil is coarse to fine
joamy. Non-riverine area is characterized by
patches on saline and soil type is fine loamy and
sand loam and normal annual rainfall is 300 to
500 mm and sub-soil waterleveli1s3t0 10 m,
Thus, it is not the proximity and spatial continu-
ity, but the ecosystem, which has influence on
the prevalence and densities of An. culicifacies
and An. stephensi.

The differences in Al of An. culicifacies and
An. stephensi in riverine and non-riverine areas
were not significant and indicated that 4#n. ste-
phensi is more zoophilic than 4n. culicifacies.
Afridier al.27 found the Al rate in Dethi to be
1.8 and 1.4 per cent for An. culicifacies and
An. stephensi respectively. Though the Al of
An. culicifacies was high compared to that of
An. stephensi, if density is taken into consider-
ation along with Al the An. stephensi number
which fed on the human population was greater
in the non-riverine area.

The overall sporozoite rate of An. culicifacies
and An. stephensi was 0.7 per cent indicating
malaria transmission in the study areas. Previ-
ous studies on incrimination of An. culicifacies
in Delhi carried out in areas adjoining the River
Yamuna and in south Dethi showed that An.
culicifacies has arole in malaria transmission in
these areas but no infected specimens were de-
tected in the non-riverine area of northwest
Dethi. 28 Our study showed that Ax. culicifacics
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has a role in malaria transmission in the non-
riverine area also. On the basis of these results it
was found that in the riverine area An. culici-
facies played a greater role in malaria transmis-
sion in only the northern part of the area where
water pollution is at minimal level while 4n.
stephensi played almost the similar role in both
the areas. The results also indicated that locali-
ties with a high percentage of type forms had
high sporozoite rates indicating the active role
of type forms in malaria transmission.

Insecticide susceptibility test showed that 4n.
culicifacies and An. stephensi in both the ar-
eas were 100 per cent susceptible to delta-
methrin. In non-riverine area mortality of An.
culicifacies (90 per cent} was compared to riv-
erine area where mortality was 53.3 per cent.
Susceptibility status of An. stephensi also var-

ied from locality to locality in both the areas

which could be due to different selection pres-
sure and needs more investigations.

The study revealed that 2. vivax and P, falci-
partm infections are endemic in Delhi witha
relative ratio of 68 : 32. No P. malariae cdses
were found, In non-riverine and riverine areas,
the cases per 1000 was 6.41 and 1.36 respec-
tively indicating that the non-riverine area was
more malarious than the riverine. A variation in
malaria prevalence rate within the area was ob-
served. P vivax cases were found throughout
the year, while P. falciparum cases were ob-
served from August to February. Earlier
Hodgson?? reported 65 per cent £ vivax and
35 per cent P falciparum. Senior-White?

found 62 per cent P. vivax and 38 percent P

falciparum. 22 Choudhury?® showed P, vivax

71.9 per cent and P, falciparum 26.5and 1.4
per cent mixed infection. Sharma et al. 30 re-
ported 83.68 per cent F. vivax, 16.09 per cent
P, falciparum and 0.38 per cent mixed infec-
tion. Thus the prevalence of Py has been domi-
nating over Pfsince 1912. It could, therefore,
be inferred that the ecosystem of Delhi is more
in favour of 7. vivax endemicity than P. falci-
parum but disruption in the ecosystem at times
may result in a transient spurt in Pfcases.?!

In historic prospective the riverine area was
more malarious than non-riverine areas. In
contrast to that now a major part of the riverine
area (except northern part) is less malarious
and other non-riverine areas of Delhi are becom-
ing more malarious. The changes are attributed
mainly due to ecological changes, pollution of
the Yamuna river and rapid developmental
activities which contribute to the anopheline
vector breeding habitats and malaria transmis-
sion. To conclude, it can be said that both the
areas are no longer receptive to An. culicifacies
and the main vector is An. sfephensi and ac-
cordingly a control strategy be planned based
on situational analysis of malaria proneness and
vectors, :

ACKNOWLEDGEMENTS

We wish to express our most sincere gratitude
to Dt, N.N. Singh for his assistance in statistical
analysis. We are extremely thankful to Messers
F.A. Khan, Y.P. Chawla, Pritam Singh, Laxman
Singh, Beerpal Singh, Rajneesh Kumar, Susheel
Kumar and Bhagwan Das for helping in the
study. We are also thankful to Mr. Ballabh

" Kumar Sharma and Mr. R.K. Srivastava for their



74

INDIAN J. MALARIOL., VOL. 38, SEPTEMBER-DECEMBER 2001

help in computer work and finally we wish
to thank Dr. S.K. Subbarao, Director, Malaria
Research Centre for sincere advice and encour-
agement. -

REFERENCES

10.

1.

James, S.P. (1908). Malaria Fevers, 3rd edn. {(Gowt.
Printing Press, Caleutta). fndion Med. Gaz., 44:
2627,

Lelean, P.S. (1909). Appendix to report on the
sanitary condition of the environment of Delhi
Fort Malaria Survey Report (Punjab Malatia
Burgau).

 Afridi MK.and D, Singh {1947). A scheme for

the control of malaria in the villages of Delhi
province, Indian J. Malariol. 11423440,

Senior-White, R.A. (1930). Malaria of Delhi, its
incidence and causation. Rec. Mal Surv. India,
1:291-336.

Covell, G.(1934). Note on the control of mosquito
and malaria in Delhi. Mal. Ree. Surv. India, 4:
273-289.

Dhir, §.1. (1969). A focal outbreak of malaria in
Delhi in 1969. J Com, Dis., 1(3-4). 195202,

Paitanayak, S., 8.J. Rehman and N.L. Kalra (1977).
Changing pattern of malaria transmission in urban
Delhi. J Com. Dis., 9: 150-158.

Kalra, N.LL and G.K. Sharma(1987). Malaria control
in Delhi, past, present and future. J, " Com. Dis.,
19; 81116,

Anon. (1981). Census of India 1981. Series-28
Delhi, Part XIT — Census Atlas: 1-127.

Anon, {1988). Census of India 1988. Regional
divisions of india — A cartographic analysis.
Series-1, Volume XX VII—Delhi: 1-63.

WHO (1975). Mannual on Practical Enfomology

* in Malaria Vector Bionomics and Organization

of Antimalaria Activities, PtV and H. (WHO Offset
Publication No. 13): 1-199 (Pt B), 1-191 (Pt II).

12,

.

14.

15,

Service, M.W. (1976). Mosquito ecology, field
sampling methods. (Applied Science Publishers
Ltd., England): 1-583.

Wattal, B.L. and N.L. Kalra(1961). Region-wise
pictorial keys to the female Indian Anopheles. -
Bull Natl Soe. Ind Mal Mosq. Dis., 9: 85—
131.

Subbarao, 8.K., T. Adak and V.P. Sharma (1980}
Anopheles culicifacies sibling species distri-
bution and vector incrimination studies. J Comi,
Dis, 12: 102-104, '

WHO {1981}, Instructions for determining the
susceptibility or resistance of adult mosquitoes
to organochlorine, organosphesphate and carba-
mate insecticides— Diagnostic test: WHO/VBC/
£1,806:1-7,

Joshi, H,, K. Vasantha, Sarala K. Subaraoand V.P.
Sharma (1988). Host feeding patterns of Ano-
pheles culicifacies species A and B. J. Amer

. Mosq. Contr. Assoc., 4(3). 248-251.

17.

18.

19.

20,

2L

Greeen, C.A. and R.H. Hunt (1980). Interpretation
of variation in ovarian polytene chromosomes of
Anopheles funestus Giles, An. parensis Gillies and
An. aruni. Genetica, 51: 187-195.

Subbaraoc, Sarata K., K. Vasantha, T. Adak and
V.P. Sharma (1987). Seasonal prevalence of sibling
species A and B of the Taxon Anopheles culici- -
facies in villages around Delhi. Indiarn J.
Malariol., 24: 9-15.

Subbarao, S.K., K. Vasantha, T. Adak, V.P. Sharma
and C.F. Curtis (1987). Ridge number in Anopheles
stephensi. Ecological variations and genetic ana-
lysis. Med. Vet. Entomol., 1: 265-271.

Anon. (1986). Malaria and its Conirol in India
(National Malaria Eradication Programme, Delhi),
I; 1-347.

Bhatia, M.L., B.L. Wattal, M L. Mammenand N.L.
Kaira (1938). Seasonal prevalence of anophelines
near Delhi. Indion J Malqrio]., 12: 13-38.

Hodgson, E.C. (1914). Malaria inthe new province
of Delhi. Indian J. Med Res., 2: 405-455.



23

2.

26.

27

BATRA 77 AL URBANIZATION IMPACT ON MALARIA VECTOR BIONOMICS IN DELH!

Afridi, M.K. and .M. Puri {1940). Studies on the
behaviour of adult 4n. culicifucies, pt 1. Review
of literature. J. Mal. Inst. India, 3: 1-22,

Afridi, M.K. and A.S. Imdad Majid (1940). Studies
on the behaviour of adult An. culicifacies, pt. .
J Mal Inst. India, 3:23-51,

Pal, R.(1945). Onthe bionomics of An. culicifacies
Giles, pt Iil, the behaviour of adults. J. Mal Insi.
India, 6: 217241,

Russel, PF and T.R. Rao (1941). On seasonal
prevalence of Anapheles species in South Eastern
India..f Mal Inst. India, 4: 263-296.

Afridi, MK, Jaswant Singh and Harwant Singh
(1939). Food preference of Anopheles mosquitoes
in Dethi. J Mal. fnst. India, 2:219-228.

28

29,

30.

31

75

Sharma, S.N., 8.K. Subbarao, D.S. Choudhury and
K.C. Pandey (1993). Role of 4n. culicifacies and
An. stephensi in malaria transmission in urban
Delhi. Indian J. Malariol,, 302 155-168.

Choudiwry, D.S. {1984). Studies on résurgence of
malaria in parts of northern india. Proceeding of
the /ndo-U.K. Workshop on Malaria Ed. V.P.
Sharma. (Malaria Research Centre, Dethi); 61-71.

Sharma, V.P., H.C. Uprety, PK. Srivastavaand R K.
Chandrahas (1985). Studies on malaria trans-
mission in hutments of Delhi. Indian J. Mal-
ariof ,22: 77-84.

Adak, T., C.P. Batra, PK. Mittal and V.P. Sharma
(1994). Epidemiological study of a malaria out-
break in a hotel construction site of Delhi. fndion
J Malariol ,31: 126131,



Indian Journal of Malariology
Vo, 38, September—December 2001, pp. 76-83.

Plasmodium falciparum Dihydrofolate
Reductase Val-16 and Thr-108 Mutation
Associated with in vive Resistance to
Antifolate Drug: A Case Study

SUKLA BISWAS?

Due to increasing trend in chloroquine resistance, the antifolate (sulpha-pyrimethamine
combination) drugs are gaining-more importance in the treatment of uncomplicated falciparum
malaria. The efficacy of sulpha-pyrimethamine combinations in the treatment is compromised
by the development of resistance in parasite. The oceurrence of mutations at active sites in
Plasmodium falciparum gene sequences coding for dikydrofolate reductase (DHFR) and
dihydropteroate synthetase {DHPS) confer resistance to pyrimethamine and sulphadexine.
This study presents the characterization of a £_falciparum sample from a patient who did not
respond to standard doses of a pyrimethamine/sulpha regimen. Although parasitaemia fell
rapidly, the infection had not resolved six days later as because the response lo treatment
selected resistant sub-population. The in vitro drug sensitivily assays demaonstrated resist-
ance to pyrimethamine, sulphadoxine and cycloguanil; while polymerase chain reaction
(PCR) and restriction digest based methods indicated that at known drug resistant loci the
isolate had a genotype of DHFR Val-16 and Thr-108 previously only associated with
cycloguanil resistance. As per the published reports this type of paired mutations in natural
isolates are rare. It is of considerabie interest to carry out studies on alleles of this gene in
relation to resistance at epidemiclogical level. :

. Keywords: Dihydrofolate reductase, Drug resistance, Malaria, 7 falciparum, Point mutation

INTRODUCTION , created an urgent need to look for the alterna-
- tive drugs to treat mainly those patients who
Chloroquine resistant Plasmodium falciperum  show therapeutic failure with chioroquine (CQ).
cases started emerging and spreading since 1960 The antifolates became the drugs of choice as
_in malaria endemic regions of the globe. i a second line of treatment for CQ resistant’

“Malarié Research Centre, 22-Sham Nath Marg, Delhi~110 054, India.
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P falciparum cases. The antifolates include di-

hydrofolate reductase (DHFR) inhibitors

* such as pyrimethamine, cycloguanil (the active
metabelite of proguanil), trimethoprim and
dihydropteroate synthetase (DHPS) inhibitors
such as sulfonamides and dapsone.! The com-
bination of these two inhibitors provide effec-
tive synergistic action against £, falciparum.?
However, resistance to this second line of drugs
has also been reported from many parts of the
world including southeast Asian countries, mainly
Thailand, where sulpha-pyrimethamine (SP)
combination had been used intehsely during early
1970s resulting in RI11 leve! of resistance. Later
on SP became inéffective in those areas.? Stud-
ies have shown that differential resistance to the
antifolate drugs arises from the point mutations
in the active sites of the DHFR and DHPS en-
zymes.*8 However, there is a lack of informa-
tion regarding the molecular basis of antifolate
drug resistant parasites in India. In CQ resistant
areas of India, SP combination drugs are used
for the treatment of uncomplicated P faici-
parum malaria. Resistance to SP has been re-
ported mainly from northeastern, eastern, cen-
tral and southern regions of India.?

In the present study, I report a'case of £, falci-
parum malaria patient who did not respond fo-

the recommended doses of CQ and meta-
kelfin (a combination of sulphamethoxy-

pyrazine-pyrimethamine). This patient came as

atraveller to the northeastern state (Manipur),
then to the capital city of India (Delht) from the
area near 1hailand-Burma border, where resis-
tance to SP combination has been reported. The
blood samples collected from this patient on Day
0 (before SP treatment), Day 2 (48 hours after

SP treatment) and Day 6 (five days after SP
treatment) were tested in virro for antimalarial
drug sensitivity and for DHFR gene mutations,

MATERIALS AND METHODS

The peripheral blood smear of the patient was
found positive with ring stage at a density of
75000/l blood on Day 0. Afier 48 hours —on
Day 2 parasite density was 500/ul and on Day
6 peripheral smear was found positive with ring
forms at a density of 3000/ul. After obtaining
inforined consent, about 0.5-1ml uncoagulated
blood was collected aseptically. The parasite
isolate, named as FNEM, was tested in vitro
for its susceptibility to chloroquine (CQ), py-
rimethamine {(PM), cycloguanil {CG), sulpha-
doxine (SD) following the methods published
elsewhere. 210 For testing against antifolates,
washed erythrocyte pellét was suspended in
conditioned media (with low p-aminobenzoic
acid and low folate) enriched with 10% human
AB+ serum {(ohtained from blood donor belong-
ing to malaria non-endemic area). Culture was
done at 5% haematocrit in 96-well tissue cul-
ture plates predosed with various dilutions of

CQ (0.2-12.8 uM), PM (0.001-2 pM), CG

{0.004-4 uM), SD (2-500 pM). The cuiture

“was done by candle jar technique for 44 hours. !

Smears were stained and examined under mi-
croscope. Schizonts having eight or more nuclei
were counted per 200 asexual parasites and the
minimum inhibitory concentration (MIC) was
determined.

Samples collecied at three phases were tested
for the known polymorphic residues of DHFR
at the codon sites 16 and 108 to assess the
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‘molecular basis of the differential response to
SP treatment. Parasite genomic DNA was ex-
tracted following the published method.!2 The
DHFR gene amplification, mutation-specific re-
striction analysis were done o detect the muta-
tions at codon sites 16 and 108 following pub-
Tlished primers and methodologies.!3:14 The
~ known controls of both wild (3D7) and mutant
(HB3 and FCR3) along with three known P,
falciparum isolates (one drug sensitive and two
drug resistant) and one negative blood sampie
were also taken for the assay for comparison.

RESULTS

The invitro drug sensitivity results are shown in
Table 1. The isolate showed higher MIC values
in case of CQ and the antifolates when com-
pared with the data of sensitive (K-S: FIB D9)
and resistant (K-R: FSH14) strains. The MIC
values on Day 0 for CQ, PM, CG and SD were
6.8, 0.92, 0.96 and 300 umol/l and on Day 6
were 6.6,0.95, 1.2 and 320 pmol/l respectively.
The drug sensitivity assay for Day 2 isolate could
‘not be done since parasitaemia was very low.

Table 2. Amino acid residues at eritical positions of

DHFR domain

Parasite Positions
16 108
FNEM Day 0 Val Thr
Day 2 Val Thr
Day 6 Ver! Thr
3D7 (w) Ala Ser
~ HB3(m) Ala Asn
FCR3{m) Val Thr

Mutant genotypes are indicated in italics letters; w:
Wild; m: Mutant; FNEM: The clinical isolate obtained
from traveller on three different days; 3D7: African
strain; HB3: Honduras strain; FCR3: The Gambia strain.

Amino acid residues of the codons in the DHFR
domain of the clinical isolate before and after
treatment are shown in Table 2. Analysis of mu-
tations at codons 16 and 108 were done by am-
plification of the DHFR gene followed by di-
gestion with restriction enzymes Alul, Bsr ],
ScrF 1 and Nla II1. Digestion with Alu I, Bsrl
and SerF I producéd two bands of 386 and

Table 1. I vitro susceptibitity to various antimalarial drugs (Drug susceptibility: Minimum inhibitory
concentration + S.D. in pM)

PM

Parasiie cQ cG sD
FNEM Day 0 6.8+0.3 0.92+0.04 0.96+0.07 300+6
Day 6 0.6+04 055+0.08 120+0.18 325 +24.1
K3 0.56:0.04 0.00310.001 0.005+0.001 256+16
K-R 70+02 1.0+004 1254015 3754625

K-3: Drug sensitive clone of Indian £ falciparum isoiéte {FIB D9), obtained from a patient responded to CQ and
$P; K-R: Drug resistant clone of Indian P _falciparum isolate (FSH 14), obtained from a patient showed treatment
failure to CQ and SP; FNEM: The clinical isolate obtained from the traveller; CQ: Chloroquine; PM: Pyrimethamine;

CG: Cycloguanil; SD: Sulphadoxine. -
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322 bp. The Nla IIT digestion of the wild type
(Ala-16) produced three fragments of 568, 93
and 47 bp, whereas mutant type (Val-16) pro-
duced two fragments of 568 and 140 bp. The
1solate collected on'three different days showed
paired mutation of Thr-108 and Val-16 having
SerF I and Nla I restriction sites when com-
pared to the banding patterns of mutant clone
FCR3. The restriction pattein after digestion with
respective enzymes in test sample (lane 5), ref-
erence control (C1:3D7; C2:HB3; C3:FCR3),
known parasite isolates (lanes 1, 3, 4) and nega-
tive sample (lane 2) are shown in Figs. 1-4.

DISCUSSION

Of the reported DHFR mutations in a number
of geographical isolates from southeast Asta, Af-
rica and South America involve single point
mutation in Ser to Asn-108. Mutations at Asn

to Tle-51 and Cys to Arg-59 in association with

Asn-108 found to be involved with greater re-

sistant pyrimethamineg strairis. Isolates refractory -
to both pyrimethamine and cycloguanil pos-

sess mutations at Cys to Arg-59, Ser to Asn-
108 and Ile to Leu-164.12.15:16 p flciparum

 strains showing cyéloguanil resistance involves

paired mutations at Ala to Val-16 and Ser to
Thr-108. This typeof parasites with paired mu-
tations also show slight reduction in sensitivity
to pyrimethamine.

In CQ resistant areas of India antifolates are
being given as alternative treatment. The use of
proguanii as prophylactic has been recom-
mended by WHO in CQ resistant areas. Due to
the wide use of the antifolates for prophylaxis
and therapy, appearance of drug resistant para-

79

sites in population is not surprising. The study
subject was a non-responder to SP, the periph-
eral sméar was found positive after 48 hours
(Day 2) and also within a week (Day 6) after
consumption of full doses of the drug. The iso-
late also showed reduced susceptibility to the

“antifolates by i vitro micro test. From the avail-
. able-data the molecular basis of in vitro resis-
tance of P, falciparum to the antifolates is un-

derstood, but the determinants of treatment
failure with SP stilt remain unknown,!? Anti-
folate resistant parasites generally select for
the variants Asn-108 alone or in combination

~with Ile-51 or Arg-59 or Len-164 in DHFR.

The paired mutations of Val-16 and Thr-108 as
an indicator of high cycloguanil and low py-
rimethamine resistance are not very common.
The molecular analysis of 208 isolates from di-
versified regions as south Asia, middle east, Af-
rica and South Areticadid not show presence
of this type of riratant form. 316 Of 50 isolates
from Vietnam, ohlyone showed paired muta-
tion 'of Thi-108 and Vai-16.18 The molecular
analysisof P falciparum isolatés collected from
various gedgraphic locations in India and Thai-

land hasnot shown atiy genotype containing

paired riitation at codons 16 and 108.'° This
clinical specimen has shown reduced sensitivity
invitro to both pyrimethamine and cycloguanil,
which is correlated with the mutation at posi-
tions 16:and 108. It is not yet known whether

~both of these drugs share the same or different
“binding sites in DHFR.!7 Though the SP use is

becoming common in some places of India due -
t0 non-responsiveness to CQ), yet there isnot a
high selection pressure from drug treatment.
Because of the polyclonality of the natural iso-
lates the resistant clones may spread among
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Fig. 1. Restriction digestion pattern of PADHFR gene (708bp) at codon 108 by re-
striction enzymes Alu ! in three Pfisofates in lanes 1, 3, 4 and for FNEM in tane
5. Lane 2 for parasite negative sample. Presence of two cleaved products of
386bp and 322bp in lane | shows the wild type Ser-108 as obwined in 3D7
(lane C1). Single band of 708bp in lanes 3, 4, 5, C2 and C3 demonstrate undi-
gested product. DNA size marker of 100bp was loaded in lane M

Product Size

{bp)

Fig. 2: Restriction digestion pattern of /~-DHFR gene (708bp) at codoh 108 by restric-
tion enzymes Bsr | in three P/ isolates in janes 1, 3, 4 and for FNEM in lane 5.
Lane 2 for parasite negative sample. Presence of two cleaved praducts of 386bp
and 322bp in lanes 3,4 shows the mutant type Asn-108 as obtained in HB3 (lane
C2). Single band of 708bp in lanes 1, 5, C1 and C3 demonstrate undigested
product. DNA size marker of 100bp was loaded in lane M
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Product Size

(bp}

Fig. 3: Restriction digestion pattern of #ZDHFR gene {708bp} at codon 108 by restriction enzymes
Scrk [in 3 Pfisolates inlanes 1, 3, 4 and for FNEM in lane 5. Lane 2 for parasife negative
sample. Presence of two cleaved products of 386bp and 322bp in tane 5 shows the mutant
type Thr-108 as obtained in FCR3 (fane C3). Single band of 708bpin lanes 1,3,4,Cl and C2
demonstrate undigested product. DNA size marker of 100 bp was loaded in lane M

Product Size

(bp)

Fig. 4: Restriction digestion pattern of P-DHEFR gene (708bp) at codon 16 by restriction enzymes Nla [
inthree P/ isclates in lanes L, 3, 4 and for FNEM in lane 5. Lane 2 for parasite negative sample.
Presence of two bands of 568bp and 140bp in lane 5 shows the mutant type Val-16 as obtained
in FCR3 {lane C3). Presence of thick band of 568bp, two faint bands of 93bp and 47bp in lanes 1,
3,4,C1 and C2 demonstrate wild type Ala-16. DNA size marker of 100 bp was leaded in lane M
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patients even in the absence of sélection pres--

sure of the drug. The molecular methods and

their application in surveillance programme to -

detect drug resistant mutants may offer an addi-
tional tool in epidemiological surveys.
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| Serolngiéal Appraisal of Mélari'a Status in
Tribal Area of Orissa, India

ARATIROY?, PADMAWAT! TYAGH and SURYA KANT SHARMAP '

A cross-sectional seroepidemiological study conducted in 173 tribal residents (inciuding ali
age groups) from three villages of Sunderparh district of Orissa using ELISA as a tool
revealed high levels of antibody titres against both ART and Pfantigens. The mean +S.D.
ELISA O.D. obtained for AR were 0.73+0.2, 1.037+0.196,1.050.42 and for £, 0.70+0.2,
1.0+0.28, 0.94:+-0.4 respectively for Badramoli, Jharbeda and Boneikela population.
Parasitological results showed high incidence of malaria in < 5 years age group in Badramoli
and Bonetkela villages when compared to other age groups. An. flwviafills was found to be
the principle malaria vecior as found in the. HBI results. High ELISA Q.D. and high equivalent
transmission index (ET1) indicate a high malaria transmission in the area. Seroepidemiological
studies could be used for effective surveillance and stratification of endemicity in a given
area which can help in executing intervention strategy for malaria control.

Keywords: Annual parasite index, Enzyme-linked immunosorbent assay, Equivalent
transmission index , Malaria, Tribals

INTRODUCTION

With the increasing development of resistance
to antimalarial drugs in Plasmediunm falci-
parum strains, resurgencé of malaria in India

has emerged as amajor public health problem.-

In states like Orissa, particularly the tribal area
with its unique geographical and socioeconomic

‘conditions and recurrence of natural calamities

malaria situation has always been very grim. In
fact 30 per cent of P falciparum cases and
48 per cent of all malaria deaths reported in In-
dia are from Orissaalone.’? The uninterrupted
transmission in tribal areas of Orissa is mainly
because, the tribal population generally resides
in forestarea, which isinaccessible and hence

Malaria Research Centre (JICMR}, immunology Division, 22-Sham Nath Marg, Delhi-116054, India.
bMalaria Research Centre (Field Station), N-18, Civil Township, Rourkela~769004, India.
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proper medication and organized control mea-
sures can’t be carried out effectively. The study

of malariometric indicalors and their association

with potential risk factors is very important to
understand the malariogenic situation. In an en-

demic environment individuals develop certain

degree of protective immunity against the ma-

laria parasite. Seroreactive antimalarial antibad- -

ies directed against merozoite surface antigen
(MSA-1)and P/155/RESA (vaccine candidate)
have been demonstrated in these communi-
ties.3> Assessment of immunological status of
the host is an important and essential criterion to
differentiate the non-imnmune community from
' the immune community, thus providing a reli-
“able ground for determining thie degree of ende-
micity and immune profile of the area. In the
present study, antimalarial antibodies directed
against P falciparum antigen and synthetic pep-
tide antigen AR1(Pf155/RESA) have been de-
termined in the tribal population of Sundergarh
district during August-November 1997 using the
enzyme linked immunosorbent assay (ELISA}.
- The R1 antigen represents an epitope in the car-

boxyl terminal immunodominant repeat region

of the ring infected erythrocyte surface antigen
(RESA/Pf155) of P falciparum. The results
of the study are presented in this paper.

MATERIALS AND METHODS
Study area

Sundergarh district, which is most seriously and
predominantly affected by falciparum malaria,
is situated in the Garhjat hills of eastern deccan
plateay with an altitude range of 200-900 m
above mean sea level. Thirty-six per cent of the
area is covered with forests and is inhabited pre-
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dominantly by tribals (62 per cent of tribal po-
pulation). The three study villages namely,
Badramoli, Jharbeda under Bisra PHC and
Boneikela under Gurundia PHC (all tribal vil-
lages) were selected on the basis of high preva-
lence of malaria.b

Sampling

A ‘total of 173 finger prick blood samples were
collected randomly from a cross-sectional popu-
lation with their full consent during August-No-
vember 1997, All the age groups including chil-
dren were included in the study. Blood samples
were collected on Whatman paper No. 3 and
stored at —20°C till used. Thick and thin blood
smears were also prepared on glass slides from
the same person. The slides were stained with

JSB stain and examined under oil immersion
compound microscope. Prevalence data and

rhalariometric indices for the study villages were
collected from the District Malaria Officer,
Sundergarh for the period 1995-1997 to know

the endemicity of malaria in the region. .

Synthetic peptide AR1 antigen

It is a nonapeptide (FENVEHDA-CYS) and is
custom synthesized commercially from M/s.
Cambridge Research Biochemicals, UK. Ttis
an octapeptide epitope form 3’ repeat regton of
the ring infected erythrocyte surface antigen
{RESA) witha CYS at the ¢’ terminal end.

Pfantigen
Soluble extract of trophozoite- schizont enriched

fraction through percol! gradient was used for
ELISA as reported earlier.?
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Antimalarial IgG antibody detection: Each
blood sample (50 ul) on filter paper was eluted
with 1 ml phosphate buffer saline (pH 7.4) at +
4°C overnight. Enzyme linked immunosorbent
assay (ELISA) was carried out according to
published procedure.” :

Using linear regression analysis of ELISA 0O.D.

value and known annual parasite index (APT) -

of a given area a formula was constructed to
calculate ETI = 270.55 x ELISA 0.D4+7.40
(using microsoft programme) where 270.55
and 7.4 are constant numbers.

Mosquito blood meal analysis

Adult mosquito  of vector species like An.
culicifacies and An. fluviatilis were collected
from the study villages in the morning during
0600-0800 hours from human dwellings and
cattlesheds using suction tube. The stomach

, SEPTEMBER--DECEMBER 2001

blood of mosquito was smeared on Whatman
filter paper No. 1 and the samples were assayed
by micredot ELISA technique.®

RESULTS

Results of malaria microscopy of 173 persons
from three malaria endemic villages of Sun-
dergarh district (Orissa) are given in Table [.
The slide positivity rate (SPR) in all the three
villages was found 1o be highest in the age group
of 0—5 years but was showing declining trend in
the higher age groups. The parasitological data

~ forthe study villages collected from the State

Health Department for the years 1995, 96 and
97 revealed that Badramoli and Jharbeda had
past history of low malaria transmission,
Boneikela village had the high prevalence of
malaria compared to the other two villages. The
comparison of parasitological values in differ-

. ent age groups revealed that children popula-

Table 1. Age related parasite prevalences in three villages of Sundergarh district
during August-November 1997

Village Age Average age No. SPR
group (yrs) Mean + 5.D. examined

Badramoli 0-5 220+ 135 16 375
6-19 - - -
>20 - 3411092 13 137

Jharbeda 6«5 266+ 186 19 -
6-19 1425+ 170 18 p2)
=20 5706+1045 2 135

Bonetkela 0-5 416+ 157 1 - i8
6-19 1211+ 48 26 15
>20 350 +10.66 33 : 3

SPR — Slide positivity rate.
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tion had the highest SPR compared to other age
groups indicating their vulnerability to malaria
“infections. ‘

Results of the ELISA tests performed on filter

paper blood samples for the detection of anti
AR and anti PfTgG levels are shown in Table
2. Majority of the study population was found
to contuin high levels of IgG antibodies.
Jharbeda village population showed high sero-
positivity followed by Boneikela and Badramoli.
ETI which has been determined from known
mean ELISA O.D. and its corresponding AP]

. from low, moderate and high endemic areas *

were compared. Regression equation has been

- 87

developed by using low, moderate and high
transmission status. ETI gives more reliable in-
formation on malaria transmission, where high
ELISA O.D. and high ETI indicate a high ma-
laria transmission area. Sero-reactivity such as
ELISA 0.D. and ETI all lead to a conclusion
that these three villages had high malaria trans-
mission throughout the year. '

Two malaria vector species An. culicifacies and
An. fluviatilis which are widely prevalent in the
study area were assayed for host identification
from mosquito blood meal and the results are
shown in Table 3. A clear distinction of human
blood index (HBI) between the two species in-.

Table 2. Seroreactivity against AR1 peptide and Pfantigen in the population residing in three villages of
_ Sundergarh district during 1997 transmission season

Village ELISAO.D, % Seropositivity APl ETl
ARI Meant+S.D.  Pf Mean+8.D. Ri P

Badramoli 0.73+0.20 - 0.76::020 875 86.15 235 13482

Jharbeda 1.037+0.196 101028 978 96.6 132 266.76

Boneikela 1.055+ 042 0.94+040 923 84.3 472 28324

API—Annual parasite index; ETI—Equivatent transmission index,

Table 3. Mosquito blood meal host identification in vectors collected from the study villages in
Sundergarh district, Orissa

Village Species ‘No, tested Host
Human Cattle HBI
Badramoli An. culicifacies 2 0 : 42 : ]
An. fluviatilis 5 5 0
Jharbeda An. culicifacies 9 0 96
Boneikela An. culicifacies 16 1 15 0.062
An. fluviaiilis

16 16 0 i

HBI— Human blood index.
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dicate that An. fluviatilis is the major vector in
this arca although it exhibits varied role in the
malaria transmission under different ecological
conditions. :

DISCUSSION

The epidemiology of malaria is the product of a
complex interactions between host, vector and
parasite that are specific 1o each location in which
malaria occurs.? In places such as Orissa and
- particularly tribal area of Orissa where trans-
mission is intense and malaria is hyperendemic,
prevalence of malaria parasitaemia decreases
with age. Results from the present study show
that Badramoli village had history of low ma-
laria transmission but during sample collection
most children were found parasite positive. They
had lower AR1 ELISA O.D. compared to SPR.
The reason of low antibody titre may be first
time exposure of small children to the malaria
parasite and subsequent exposure may enhance
the antibody titre.!0 The high API during 1997
indicated high malaria transmission during the
vedr, Jharbeda village showed a decline in SPR
with increase of age. The ELISA O.D. was
high but the AP was lower which indicates high-
er immunity in the population making them
less infective, Seroepidemiological informa-
tion including API and ELISA O.D. can be ex-
pressed in a better way using ETI. It has been
found that ETI gives more reliable information
which explains high incidence rate and high
ELISA O.D. The study population in the vil-
iage Boneikela had the highest API, ELISA
0.D. and human blood index which explains
that Boneikela was the worst affected malaria
endemic village compared to rest. APIwhichis
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widely accepted as a malariometric index to
measure malaria transmission may not be de-
pendable in areas where active surveillance is
difficult due to inaccessibility and socio-cultural
practices of the population.

Resuits of'the present study showing high levels
of antimalarial antibodies of IgG type directed
against AR and Pf antigens is a clear indica-
tion of highly endemic status of these tribal vil-
lages of Sundergarh district of Orissa. Obser-
vation of high levels of IgG isotype in tribals is in
fact an indication of sufficient exposure to ma-
lariogenic conditions with active process of trans-
mission. Presence of high levels of IgG type of
antimalarial antibodies in young children (0-5
years) is an indication of fresh transmission.
Serological technique such as ELISA is a suit-
able and sensitive technique to measure the en-
demicity of malaria in a given community. Simi-
lar approach had been used to measure ende-
micity in other countries also.!T In the present
study ELISA using Pfcrude antigen and AR

synthetic peptide antigen was found to be useful
technique to evaluate the endemicity in India.
Although, purified and enriched parasite (£/)

' preparation gives reasonable reproducibility and

correlate well with endemicity, it is not feasible
fo obtain such antigens in large quantities to carry
out epidemiological studies at large-scale. These
problems, however, can be successfully solved
by using synthetic peptide as these offers sev-
eral advantages like stringent quality control, long
shelf life, stability at ambient temperature and
large-scale production. Such antigens canbe
used widely in endemic areas. Studies using syn-
thetic peptide antigen have given satisfactory
results so far.'? 1 could, therefore, be recom-
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mended for wide use and considered as a prom-
ising and dependable candidate in serology of
malaria to evaluate endemicity, 13-4

Finally, it may be appropriate to comment that
high levels of antimalarial antibodies in endem-
ic situation is an indication of' the ongoing pro-
cess of active transmission. [mmune responses
in the host, which provides some degree of pro-
tection and help in preventing clinical malaria.
But development of sterile immunity israre. By
screening the population through seroepidemio-
logical surveillance tests, endemic status could
be predicted well m advance so that execution
of control strategies be taken successfully.
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Dynamics of Malaria Transmission under

Changing Ecological Scenario in and

around Nanak Matta Dam, Uttaranchal,
India

R.P. SHUKLA?, SN.SHARMA®, V.K. KOHLIY, N. NANDA®, V.p. SHARMAd and
S.K. SUBBARAOS

To understand the transmission dynamics of malaria in three different ecotypes, namely
watershed (forest), seepage (Nanak Matta Dam) and plain (non-forest, non-dam) areas of
Nainital and Udham Singh Nagar districts of Uttaranchal, entomological and parasitological
investigations were carried out from July 1996 to June 1997, In the three ecotypes, average
per man hour densities of adult vector species in human dwellings and cattlesheds recorded
were high for Anopheles culiclfucies from April to September and October to March for
An. fluviarilis. Prevalence of both An. culicifacies and An. fluviatilis was higher in the for-
est area as compared to other two areas. Observations on gonotrophic condition revealed
endophilic tendency of both vector species. Higher number of both vector species were
found in outdoor than indoor during night human bait collections. Out of §64 specimens of
An. fluviatilis dissected, one showed natural infection of sporozoites in salivary glands in
the month of November from the forest area only. Sibling species study of A, fluviatilis re-
vealed the presence of species $ for the first time in -the forest area, Parasitological investi-
gations also depicted high incidence of malaria in the forest area as compared to other two
areas. Overall results from the study indicated active malaria transmission in the forest area.

Keywords: An. culicifacies, An. fluviaiilis, Malaria transmission, Sibling species
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INTRODUCTION

Foothill Himalayas (terai) in District Nainital of
Ultaranchal were reported to be hyperendemic.
The area earned the notoriety of death trap of
malaria and was considered unfit for human
habitation and was getting depopulated because
of high morbidity and mortality. Earlier studies
indicated prevalence of four anopheline spe-
cies ~ An. minimus, An. fluviatilis, An. culici-
facies and An. varung, where An. minimus
was incriminated as the chief vector of malaria
with a sporozoite rate of 2.5 per cent in eastern
terai.! In An. fluviarilis gut infections were re-
corded in two out of 1871 dissected, accord-
ingly 4n. fluviatilis was considered of no signi-
ficance as a malaria vector in western terai.?

During 1947, with the influx of displaced per-
sons from Pakistan, terai area was brought un-
der colonization scheme in & mass-scale for rec-
lamation of land for resettiement with the large-
scale deforestation and DDT spray in the area,
marshes got drained and wild animals retreat-
ed into deeper forest. Consequently, An. flu-
viatilis showed increased anthropophilic nature
as high as 47 per cent.> Due to increased man
mosquito contact;, An. fluviatilis replaced An.
minimus as the chief vector,*” latter was, how-
ever, got dislodged from the area due to DDT
spray.® Ecological pressure continued in the ter-
rain system under intensive cultivation practices
and soon it was found that malaria incidence
declined considerably. However, almost four
decades after an outbreak occurred in the terai
where An. culicifacies and An. fluviatilis were
incriminated as vectors of malaria,’ but An.
fluviatilis was later considered as a secondary
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vector due to low anthropophily and resting

- behaviour

Under these changing ecological scenario, it was
decided to undertake longitudinal studies in and
around Nanak Matta Dam (terai) area, Uttar-
anchal to define the role of vector species. The
study lasted one year from July 1996 to June
1997 and the present paper records the obser-
vations made on this important subject.

MATERIALS AND METHODS
Study area

Two villages each from three ecologically dif-
ferent areas like watershed (forest), seepage
{Nanak Matta Dam) and plain (non-forest, non-
dam) were selected for the study. Ecological
characteristics of each ecotype are briefly de-
scribed below.

Watershed area (Forest): Haspur and Jolashal
villages (pop. 537) of Mota Haldu PHC in
Nainital district are situated in the deep forest
area, cross erased by monsoon streams and rivu-
lets. All houses are kachha, made up of wood
and mud. Some houses have outdoor two tier
open structures locally known as machan for
shelter. Mostly the houses are scattered in small
groups known as “Khattas”. Ethnic propor-
tion of the population was 54 per cent hill resi-
dents, 23.7 per cent muslims (Gujjars) and 22.3
per cent Tharu tribals. Census survey revealed
cattle to human ratioas 2.7 : 1.

Seepage area (Nanak Matta Dam): The
dam area villages include Bengali colony and
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Kishanpur of Nanak Matta PHC of District
Udham Singh Nagar. The population of these
villages was 1162. The earthern dam is seep-
age prone which creates swampy/marshy con-
ditions in the surrounding areas. The ratio of
caitle to human population was 1 : 3.1,

Plain area (Non-forest, non-dam): The plain
area villages are Jhankat and Khempur of Nanak
Matta PHC of District Udham Singh Nagar. The
popuiation of these villages was 849. The vil-
lages have compact houses made-up of bricks,
mud and cement. Sub-soil water level is very
high and Artesian well water is used for agricul-
ture and drinking purpose. Cattle to human ra-
tiowas 1 : 1.8. The land is fertile and the socio-
economic status of inhabitants is better than that
of other two ecotypes.

Following detailed studies were carried out in
above ecotypes.

Entomological study: Per man hour density,
resting behaviour, abdominal condition, night
biting, whole night resting collections and sporo-
zoite rate of An. culicifacies and An. fluviatilis
were recorded as per WHO standard techni-
ques.? Sibling species composition and blood
meal analysis of An. culicifacies and An. flu-
viatilis from indoor resting collections were
carried out as per techniques described by
Subbarao et al.1? :

Parasitological study: Blood smears from fe-
 brile patients were examined microscopically for
malaria parasite. Presumptive treatment of 600
mg chloroquine base to adults and proportion-
ate doses to children were given as per NAMP
schedule.
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Meteorological data: Rainfall, average tem-
perature and relative humidity data from July
1996 to June 1997 were collected from G.B.
Pant Agriculture and Technology University,

Pantnagar, Uttaranchal.

RESULTS
Entomological observations

Man hour density (MHD): Data on per man
hour density of An. culicifacies and An. fluvia-
tilis for different seasons in three areas reveal-
ed that in the forest area the average per man
hour density of An. culicifacies ranged from 2.5
to 113.8 and of An. fluviatilis 13.3 to 82.2,
in the dam area it varied from 1.0 to 24.7 for
An. culicifacies and 0.0 to 31.3 for An. fluvia-

‘tilis, whereas in the plain area the vector den-

sity varied from 0.4 to 14.2 for An. culicifa-
cies and 0.7 to 30.9 for An. fluviarilis. High
density of An. culicifacies wasrecorded in pre-
monsoon and monsoon months (April {o Sep-
tember) and of An. fluviatifis during post-mon-
soon months (October to March} in all the three
areas.

Prevalence of both vector species was highest
in the forest area. Overall the prevalence pat-
tern of both vector species had inverse rela-
tionship in all three areas in cattlesheds and hu-
man dwellings (Fig. 1).

Gonotrophic conditions: The per cent propor-
tion of unfed (UF), fullfed (FF), semigravid (SG)
and gravid {G) condition of vector species were
recorded. In the forest area the above propor-
tion was 4.2, 39.0, 30.5 and 26.3 of 4n.
culicifacies and 3.6, 34.7, 30.2 and 31.5 of
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Prevalence pattern of An. culicifacies and An. fluviatilis in cattiesheds and human

dwellings from different ecotypes (July 1996 to June 1997)

An. fluviatilis, respectively. In the dam area
the UF, FF, 8G and G proportion was 6.3,
39.6, 35.1 and 19.0 of An. culicifacies and
7.4,30.8,36.7 and 25.1 of An. fluviatilis while

in the plain area this proportion was 13.2,36.8,

321 and 17.9 of An. culicifacies and 11.2,23.8,
36.0 and 29.0 of An. fluviatilis, respectively.
From the results of gonotrophic conditions it is
concluded that both An. culicifacies and An.
fluviatilis showed endophilic tendency.

Night bait collections: The results of night hu-
man bait collections are shown in Table 1. In

the forest area An. culicifacies biting was high
during third and fourth quarters (zero to 0600
hours) of night and biting rate per night per bait
in indoor and outdoor was 0.5 and 1.4 respec-
tively whereas An. fluviatilis biting was re-
corded whole night with a peak in second quar-
ter (2100 to 2400 hours) of night and biting rate
per bait per night in indoor and outdoor was 1.1
and 3.0, respectively. In the plain area 4n.
culicifacies biting rate per night per bait was
zero in indoor and 0.4 in outdoor, whereas no
biting of both vector species were recorded in
the dam area. The average biting rate was 0.95
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Tablel. Results of whole night indoor and sutdoor human bifing collections of vector anophelines
{July to September 1996 and May to June 1997)

Vector species  Study Biting hour coliections * Biting rate/
area . night/
Iquarter [lquarter [Iil quarter TV quarter Total bait

Do I O  Ib Ob_ID OD I oD oD

An. culicifacies Forest - 3 - 4 3 4 3 & 6 17 05 14
" Dam . - L 3 L _ N

Plain - 2 - - - - - i -3 - 04

An. fluviatilis  Forest 1 ¢ 5 12 5 6 2 10 13 36 11 .30
lja]-ﬂ -~ — — —_ — . _ — — — - —
Plain T - = - - -

1D — Indoor; OD — Qutdoor; Total night coilections in each quarter :

12 in forest, nine in dam and eight in

plain areas; Total baits : 12 each in indoor and outdoor in forest area, nire each in indoor and outdoor in dam
area, and eight each in indeor and outdoor in plain area.

and 2.05 of An. culicifacies and An. fluviatilis
in the forest area, respectively and 0.2 of 4n.
culicifacies in the plain area.

Night human biting collections during winter
season could not be carried out due to non-avail-
ability of bait, hence whole night indoor
~ resting collections of vector species were made
from October to April. In the forest area, An.
culicifacies and An. fluviatilis collection was
high during first quarter (1800 to 2100 hours)
and fourth quarter (0300 to 0600 hours) of night
and the average collection per night was 4.1 and
9.9, respectively. The average collection per
night of An. culicifucies and An. fluviatilis was
zero and 2.1 in the dam area whereas in the
plain area it was 0.86 and 4.0, respectively.

Vector incrimination: A total of 864 An.
fluviarilis and 151 An. culicifacies collected

from thie forest area were dissected for salivary
gland positivity where one specimen of former
species was found positive for sporozoite infec-
tion in November 1996 but none from the latter
species. From the dam and plain areas a total
of 80 and 45 An. fluviatilis and 17 and 25 4n.
culicifacies, respectively were dissected for
salivary gland positivity but none was found

. inféctive,

Sibling species composition and blood meal
analysis: Results of sibling species composi-
tion and blood meal analysis of An. culicifacies
and An. fluviatilis are given in Table 2. From
the forest area, out of 122 4n. culicifacies and
239 An. fluviatilis analysed, the per cent com-
position of Ar. culicifacies species B and C
was 87.7 and 12.3 and, human blood index
(HBT) was 0.009 and zero, respectively, where-
as in An. fluviatilis the per cent composition of
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Table 2. An. culicifacies and An. fluviatilis sibling species composition and their blood meal analysis in
three different ccotypes (July 1996 t¢ Junc 1997)

Ecotype Total nos. An. culicifacies Total no. An. fluviatilis
analysed per cent sibling species (HBI) analysed  per cent sibling species (HBI)
B C S T
Forest villages 122 87.7(0.009y 123 (0.0 239 13¢0.3) 98.7 (0.004)
. Seepag'e area 38 92,1 (0.0) 7.0 (0.0} 14 0 100 (0.0)
villages (dam site)
Plain area villages 26 923 (0.0) 7.7 (00 8 0 10G (0.0}

HB! — Human blood index; Figures in parentheses indicate HBL

species S and T was 1.3 and 98.7 and the HBI
was 0.3 and 0.004, respectively. In the dam
area, out of 38 An. culicifacies analysed, the
per cent composition of B and C was 92.1 and
7.9; and HBI was zero for both the species
whereas all 14 samples of An. fluviatilis
analysed were species T and the HBI was zero.
In the plain area, out of 26 An. culicifacies ex-
amined the per cent composition of species B
and C was 92.3 and 7.7, respectively and the
HBI was zero, whereas in 4n. fluviatilis, out
of 18 samples analysed all (100 per cent) were
species T and the HBI was recorded zero. High
percentages of species B in all the areas as com-
pared to C were recorded. However, areawise
results revealed comparatively higher propor-
tion of C in the forest area than 1n other two
areas.

Parasitological observations

The results of active fever surveys conducted
in three different ecotypes are given in Table 3.
The parasitological indices—slide positivity
rate, slide falciparum rate, annual parasite inci-
dence and annual blood examination rate in for-
est villages were 48.5, 35.7, 245.8 and 50.7,
respectively. In the dam and plain areas the SPR
was 0.0 and 1.8; the SR was (.0 and 0.0; the
APIwas (0.0 and 1.2; and annual blood exami-
nation rate (ABER) was 4.8 and 6.4, respec-
tively. Highest parasitological parameters were
recorded from the forest area.

Sex-wise analysis of malaria positive cases was
made which did not indicate any difference but
age group analysis revealed high malaria preva-

Tabie 3. Resulis of active surveillance in three different ecotypes (July 1996 to June 1997)

Ecotype Population BSE Py Pf Total(+jve  SPR . SR API ABER
Forest 537 272 5 97 132 485 357 2158 7
Dam 1162 56 0 0 0 o0 00 00 48
Plain 849 5 ! 0 l 18 0.0 12 64
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Ience (60.1 per cent) in young age (5 to 15 years)
group in the forest area. The average SfR was
recorded highest (49.5 per cent) during Octo-
ber to December months. The entomological
results also revealed highest density (157) of 4n.
fluviatilis during these months and natural in-
fection of sporozoite in the month of Novem-
ber. Thus, both entomological and parasitolo-
gical results proved that An. fluviatilis was re-
sponsible for malaria transmission in the forest
area. ‘

Further, the meteorological data like average
temperature and relative humidity values were
recorded 18.8°C and 79 per cent, respectively
which were found suitable {or the survival of
vector species and transmission of malaria
during the month of November in the forest
area.

DISCUSSION

During the present study no human biting of 4.
fluviatilis was observed in the dam and plain
areas. Our earlier observation revealed a very
low biting behaviour of An. fluviatilis (0.08 1o
0.33 bites/bait/night) in the dam arca of terai.!!
An. fluviatilis in terai area had very little pref-
erence for human blood and was predominantly
zoophagic which is in agreement with the find-
ings reported by Nanda ef al. 12

In An. culicifacies, sibling species B was re-
ported as a poor malaria vector and species C
an efficient vector for malaria transmission, 013
whereas in the present study anthropophagy
was recorded 0.009 and zero in An. cuficifacies
sibling species B and C, respectively in the
forest area.

Species S is highly anthropophagic and an effi-
cient vector of malaria.!> It is possible that spe-
cies S was wide spread in terai area of District
Nainital but due to deforestation and extensive
agricultural practices it is now confined to forest
area and playing a role in malaria transmission in
forest villages.

High malaria incidence in the forest area may be
attributed to high vector densities, suitable eco-
logical niches, low socio-economic status, lack
of awareness about protection measures and
mnaccessibility of area for vector control opera-
tions. Moreover, no antimalarial activities were
being carried out by the state health authorities
in the deep forest area. On the other hand low
incidence of malana in dam and plain areas
may be due to low prevalence of vectors, bet-
ter socio-economic status, more awareness
towards health maintenance, easy approach
to treatment from primary health centres and
spraying of insecticides etc.

From the study, it is concluded that An. fluviatilis
is playing a key role in transmission of malaria in
the forest area as proved by incrimination study.
Occurrence of species S of An. fluviatilis com-
plex which is an efficient vector, was recorded
for the first time from the forest area. More-
over, the relative proportion of species C of 4n.
culicifacies complex, an established malaria
vector was higher in the forest area than in other

two areas. The role of sibling species C needs

further elucidation.
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Prevalence of G-6-PD Deficiency and Sickle-cell
Haemoglobin Carriers in Malaria Endemic
Tribal Dominated Districts—Mandla and
Jabalpur, Madhya Pradesh

HEMA JOSHI? and S K. SUBBARAO?

Keywards: G-6-PD, Gonds, HbS, Madhya Pradesh, Malaria

Human blood polymorphic systems are impor-
tant biochemical markers in anthropological sur-
veys especially in relation to disease distribu-
tion. Ofthe several enzyme systerns studied in
relation to malaria, glucose-6-phosphate dehy-
. drogenase (G-6-PD) deficiency and certain
haemoglobins confer a selective advantage to
the subjects against malaria infection by Plas-
modium falciparum.! However, the use of cer-
tain antimalarials such as primaquine and other
8-amino quinolines increases the oxidant stress

in G-6-PD deficient individuals resulting in
haemolytic crisis.2 Similarly, individuals who.are
homozygous for sickle-cell haemoglobin (HbS)
develop sickle-cell crisis under low oxygen con-
ditions.? Data on the frequency and distribution
of G-6-PD deficiency and other variants, hae-
moglobin variants and other related genetic
markers would be helpful in the administration
of proper drugs. Therefore, a study was under-
taken on the prevalence of G-6-PD deficiency
and other haemoglobinopathies in malaria en-

IMalaria Research Centre, 22-Sham Nath Marg, Delhi-110 054, India.
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demic tribal dominated districts—Mandlaand -
Jabalpur, Madhya Pradesh.

Samples were collected from tribal (Gonds)
population living in villages of Bizadandi block
of Mandla and Kundum block of Jabalpur dis-
tricts. Kundum and Bizadaridi blocks of Madhya
Pradesh form a continuous area of hilly terrain
which is a part of hard-core malarious belt with
high incidence of P, falciparum malaria. Area

is inhabitated by Gond tribes (80 per cent). Al-

most all the villages are located either on low
hiltocks or in shallow valleys near perennial
streams. Villages usually comprise of a group
of hamlets in which 10 to 20 families live.

Blood samples (0.1-0.2 ml) were collected in
heparinized vials (1.5 mi microfuge tube) by
pricking a finger and were transported to the
laboratory in an ice box within 2-3 hours of
collection. Samples were centrifuged and the
plasma was removed, The packed cells were
washed thrice in 0.9 per cent saline. To the pel-
let of cells an equal amount of distilled water
was added to lyse the cells. Haemolysates were
used for G-6-PD and haemoglobin assays.

Haemoglobin (Hb) electromorphs were typed

using cellulose acetate membrane and citrate agar -

electrophoresis (Shandon Scientific Company,
UK.} and stained with Ponceau-S as given by
Schmidt and Brosious.? Fluorescent spot test
was performed for the detection of G-6-PD de-
ficiency.? Electrophoretic phenotypes of G-6-
PD were identified on 7.5 per cent polyacryla-
mide horizontal slab gel with phosphate buffer
(pH 7) and also by the staining procedure of
Mathai el al.}
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A total of 183 samples collected from male sub-
jects (hemizygous for G-6-PD) have been ana-
lyzed for G-6-PD activity by fluourescent spot
test and also by horizontal polyacrylamide gel
electrophoresis. A total of 7.3 per cent males
had deficiency of G-6-PD enzyme in Mandla
area and 15 per cent in Jabalpur area. No sig-

-nificant difference in the distribution pattern of

(G-6-PD deficiency was observed between two
arcas (Table 1). Observed deficiency percent-
age was also within the range reported for Gond
tribes of Sarguja district, M.P. On the basis of
calculated gene frequencies (Gd) expected fe-
male heterozygote proportion was about 13.5
per cent in Mandla and 25.5 per cent in Jabalpur
with a proportion of 20.4 per cent in the total
samples (Gond tribes) studied from the area.
All the samples tested were of “B” variant, a
common variant among the Indian population.

Out of these, 164 samples were analyzed for

_malaria positivity and comparative chi-square

analysis between malaria positive (P falciparum
and P, vivax) and malaria negative subjects have
shown similar distribution pattern in both the
groups {Table 2).

For the haemogiobin variants, a total of 355
samples have been analyzed from both male and
female subjects (Table 1). Gene frequency of
HBS calculated for Mandla and Jabalpur sam-
ples was about .08 and 0.14 respectively. Dis-
tribution of polymorphs of haemoglobin in
both the areas was in conformity with Hardy-

Weinberg equilibrium (chi-square values were

non-significant). However, a significantly high-
er {p <0.02) frequency of HbS (0.14) was ob-
served in Jabalpur area compared to Mandla
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TFable 2, Distribution of G-6-PD deficiency and
haemoglobin variants in malaria positive
and mataria negative subjects

Traits No. observed
No. (+) ve No. (-)ve
Ffi+) Po(d)
G-6-PD (Males only)
Deﬁciéncy 4 1 9
Non-deficiency . 43 2 95
Hb
AA 31 1 i54
AS 7 4 49
58 0 i 3

area (0.08). Observed proportion of HbAS
was within the range reported for Gond tribes
of Raipur, Ambikapur and Bilaspur districts
of Madhya Pradesh.’ Comparative chi-squate
analysis between malaria positive (P, falciparum
and P, vivax) and malaria negative groups in
pooled data from Mandla and Jabalpur have
shown that there is no statistically significant
difference in respect of haemoglobin variant
distribution between the two groups (Table 2).

Fig. 1 shows the proportion of malaria selec-
tive traits in the Gond tribes of the area. Pro-
portion of HbAS heterozygotes observed to be
high (19.58 per cent) in the population of Gond
tribes. Similarly, the proportion of expected het-
erozygous females (carriers of G-6-PD defi-
cient gene) is also about 20.4 per cent in the

1.5 | BNormal

HbAS

£ Gd-

m Gd-/Gd+

Fig. {: Proportion of sickle-cell haemoglobin and G-6-PD deficiency traits in Gond

tribe of study areas
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population. This is in addition to observed pro-
portion of hemizygous males (11.5 per cent) in
fotal samples studied. Therefore, giving an overali
proportion of 51.48 per cent of these selective
traits in the population. In general high incidence
of the above genetic disorders have been re-
ported among tribal groups.®

A significantly higher incidence of genetic dis-
orders was observed in tribal populations
analyzed from Haldwani (malaria endemic)
District Nainital, Uttar Pradesh? and N.E. states
(Joshi et al.. unpublished), On the other hand,
a Jow prevalence of G-6-PD deficiency and
sickle-cell haemoglobin was reported by us ear-
lier in Delhi;® Ghaziabad (U.P.);? Faridabad,

Sonepat!? and Gurgaon! ! districts of Haryana.

populations. Pant ef al.,'2 have also reported
similar low incidence of 1.5 and 1.8 per cent for
sickie-cell haemoglobin and G-6-PD deficiency
respectively in Muslims of Kheda district,
Gujarat.

Red blood cells of subjects with HbAS and
Gd=/Gd* are known to limit the parasitaemia or
severity of disease by impairing the development
of the parasite.!? In the present study also, out
of 61 positive slides for malaria parasites, 42
were having scanty or low parasitaemia, while
19 were with moderate parasitaemia. None of
the slides had high parasitaemia, All the four
(G-6-PD deficient subjects diagnosed positive
for P falciparum were having low grade
parasitaernia. Similarly, out of seven HbAS sub-
jects diagnosed positive for P2 falciparum, all
had low grade parasitaemia, however, one six
year old female had enlarged spleen. Itcan thus
be concluded from the observations that Gond
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trihes of the malana endemic districts—Mandla

and Jabalpur (M.P.) has high prevalence of ma-

laria selective traifs-sickle-celt haemoglobin and
G-6-PD deficiency. Such high prevalence of
these disorders among the population might be
having a positive association with the malaria
endemicity of the area.
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Serological Profile following Malaria Qutbreak
in Mewat Region of Haryana, India |
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Keywords: AR{ antibody, 1gG, Malaria outbreak , Pfantigen, Seropositivity

The Mewat area of Gurgaon district in
Haryana—a semi arid zone with alluvial plains
and scanty vegetation, experienced a malaria
outbreak in 1996, which resulted in high mor-
bidity and mortality and reported twenty-three
confirmed deaths of Plasmodium falciparum
(NAMP, Delhi). State Health Department of
Haryana had sprayed insecticides and given
radical treatment to control malaria at regular
intervals as per the schedule. Whether these
interventional measures were adeguate enough
in combating malaria and the impact of these
measures on the antimalarial immune status of
the population is not clearly known.

Serological studies provide useful additional
information which permit the epidemiological
evaluation and asseessment of malaria.2? Se-

rological methods are established as additional
tools to study the extent and degree of malaria
endemicity.*> Malarial antibodies in a popula-
tion are the result of a cummulative experience
of the past several attacks. Therefore, study of
immune status of a population is an important
parameter for the assessment of active trans-
mission and endemicity of the area.’ Hence, se-
rological studies were undertaken to know the
antimalaria immune status of the population in
the months of February and March 1997 and
April 2001 in the aftermath of the severe out-
break by conducting cross-sectional surveys.

Mewat region comprises of three community
blocks namely Nuh, Punhana and Ferozepur
Jhirka (approx. 27° N and 70° E}. Four villages
namely Ferozepur Namak, Malabh, Salmbha

inMalaria Research Centre, 22-Sham Nath Marg, Delhi—1 10 054, India.
YMalaria Research Centre, 20-Madhuvan, Delhi-1 10 092, India.
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and Khedla of CHCs Nuh and Ferozepur
Jhirka were selected for the present study.
Epidemiological data for the corresponding
period was obtained from the District Malar-
ia Office, Gurgaon. A total of 846 finger prick
‘blood samples in the first survey (1997) and
248 inthe second survey (2001) from the four

villages were collected from a cross-sectional -

population including all age groups. Blood
samples were collected on Whatman filter
paper No 3 and stored at —20°C till used.
Seluble extract of trophozoite schizont enriched
fraction through percoli gradient was used for
ELISA as reported earlier,® to estimate the
anti Pfantibody levels. Synthetic Peptide AR
antigen was procured from M/s, Cambridge
Biochemicals, UK. Antimalarial igG antibody
detection was performed by ELISA as reported
earlier by Roy eral.”

INDIAN J. MALARIOL., VOL. 38, SEPTEMBER-DECEMBER 2001

Serological results obtained after one year of
the outbreak in cross-sectional surveys con-
ducted in 1997 showed high levels of IpG anti-
body directed against AR1 and Pferude anti-
gens of malaria parasite in all the four study vil-
lages. In Ferozepur Namak the per cent mean
seropositivity of AR1 and Pfantigens remained
high during 1997 and 2001 whereas Salmbha
showed elevated levels in 2001 in comparison
to that of 1997 but Khedla and Malabh showed
slightly fow levels in 2001 compared to that of
1997 (Table 1). The results clearly indicate high
immune status of the population.

After the outbreak, interventional measures
were taken at a large-scale (Source : District
Malaria Office) and their impact on the trans-
mission and immune status of the community
were measured through serological studies. All

Table 1. Anti AR1 and anti Pfantibody (12G) levels in the finger prick blood
samples collected from residents of CHCs Nuh and Ferozepur dhirka in the
aftermath of malaria outbreak (1997 and 2001)

Year Viltage ~ Total no. of Mean+S8.D. ELISA Q-D-zx;;e Per-cent mean seropositivity.
filter paper —
samples ARl £ AR Pr
1997 Ferozepur Namak 2H . 096+0.15 0.901{5.09 988 982
Salmbha 195 0664025 0.74+028 820 822
Malabh 261 0.79+0.20 095+0.16 96.0 95.6
Khedia 179 0.83+0.17 08040.15 964 958
200t Ferozepur Namak 47 0.65+024 0.561022 988 986
Saimbha B 0014023 0034022 . 964 048
Malabh 70 0.95:0.26 f)jsiﬂ.lf) 89.6 855
Khedla 48 0.77+0.19 0.68+0.18 800 700
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the four villages studied exhibited almost similar
level of high antimalarial immune response. This
high levels of gG antibody in individuals prob-
ably be due to the elicitation of adequate hu-
moral immune response in the population after
one year of the outbreak. High levelsofanti AR1
and anti P/ IgG antibody after five years of the
outbreak in the same village community indicate
the persistence of low intensity transmission and
parasite exposure in the area. The persistence
of high levels of antibodies i the population may
be due to the radical and periodic treatments,
antimalarial measures, declining fransmission
and effective intervention measures.

Though there was a gradual decline in the inci-
dence of malaria in this region as found from the
epidemiological information provided by the
District Malaria Office, Gurgaon, antibodies stil}
remain ina good quantity indicating the Ligh im-
mune status of the population. Serological tools
are important to monitor the surveillance and ef-
fectiveness of interventional measures. Thus se-

rological tools help in surveillance of malaria situ- .
. ation; to evaluate the immune status of the popu- .
lation; disease transmission pattern; and assess- -

ment of efficacy of intervention measures.
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