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ENTOMOLOGY

VECTOR BIOLOGY

Anopheles culicifacies Complex

Bionomics and Distribution Pattern of Members

Anopheles culicifacies collected from highly malari-
ous villages in the District Gadchiroli (Maharashtra)
were cytologically examined for sibling species com-
position. Results reveded that species B and C were
sympatric in these villages with predominance of spe-
cies C (>80%), an established vector of malaria
Similarly, in study villages of Districts Kanker and
Bastar (Chhattisgarh) species B and C were sympa-
tric with predominance of latter. In District Hazari-
bagh (Jharkhand) species A, B and C were sympatric
in study villages but species B was predominant com-
prising 69.4% of the total identified. In Karnataka,
cytological examination of An. culicifacies samples
from study villages of District Bijapur reveded prev-
alence of species A and B, the former being predom-
inant comprising 88.9%, whereas in District Dhar-
wad only species B was found prevalent in the study
villages. In District Udaipur (Rajasthan) species A
and B were found sympatric and species A was poly-
morphic for i* inversion. In all the above mentioned
districts An. culicifacies sibling species were prima-

rily zoophagic.

Molecular Diagnostic Assays for the
I dentification of Members

The two regions, intertranscribed se-
guence 2 (ITS2) of rDNA and cyto-
chrome oxidase 1 (COII) of mitochondri-
al DNA were analyzed to find species-
specific variations to differentiate the so
far reported five sbling species of An. cu-
licifacies complex. The ITS2 amplicon
(~ 500 bp) digested with Rsa | could
differentiate the five sibling speciesinto
two groups—A/D from B/C/E group
(Fig. 1). DNA sequencing of these two
amplicons (ITS2 and COIll) and their se-
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HIGHLIGHTS

In An. culicifacies complex, sequence align-
ment of COIl region was utilized to design
primers that could differentiate all the five spe-
cies in two step PCR assays. Microsatellite
markers isolated from An. culicifacies spe-
cies A were used for genotyping species A
populations from different geographical areas.

Allele-specific PCR assay developed to dif-
ferentiate members of An. fluviatilis complex
was validated using cytologically identified
specimens. The results of PCR assay were
found to be in agreement with those of cyto-
taxonomy.

An album of GIS predicted distribution of
anopheline species in India has been pro-
duced in form of a CD. It also contains blowup
maps of GIS predicted district-wise favourable
areas and the validation of GIS predicted dis-
tribution through reported surveys.

Field trials revealed that indoor residual spray-
ing of bendiocarb was highly effective in con-
trolling the densities of DDT and HCH resis-
tant An. culicifacies.

Field evaluation of Agnique MMF (a mono-
molecular surface film) and Triflumuron (an
insect growth regulator) revealed their effec-
tiveness against immature stages of vector
mosquitoes.
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Fig. 1: Rsa | RFLP in ITS2 region of rDNA among the An.

culicifacies sensu lato collected from Jabalpur. Lanes
1,2,3,5 & 8: Species C; Lanes 4,6,7,9 & 10: Species D;
Lane 11: Negative control; and Lane 12: 100 bp ladder
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Fig. 2. Result of allele-specific PCR assay to differentiate Fi9- 3: Result of allele-specific multiplex PCR as-

. e say to differentiate species B and E amon
species A and D among the An. culicifacies com- thg An. culicifacies Igomplex with primerg

plex with the primers designed from COIl region of designed from COll region of mtDNA. Lanes
mtDNA. Lane 1: 100bp ladder; Lanes 2&3: Species 1-2: Species E from Rameswaram; Lane
A; Lanes 4-8: Species D from Jabalpur 3-6: Species C from Bastar; Lane 7: Nega-

tive control; and Lane 8: 100 bp marker

guence alignment showed species-specific differences. The ITS2 was not used for primer de-
ggning to differentiate the pecies asthe primersfor thisdifferentiation have aready been designed
and evaluated from D3 and D2 regions of 28S rDNA (Annua Report 2001). However, the
sequence alignment of COIl was utilized to design primersthat could differentiate all the five
speciesin two PCR assays on the pre-grouped A/D and B/C/E species by D3/D2-PCR assay.
The approach followed for differentiating al the five members of An. culicifacies complex was.
Firs—D3/D2 PCR assay to differentiate A/D from B/C/E; Second—A-D-PCR to differen-
tiate species A from species D (Fig. 2); and Third, B-C-E-PCR to differentiate the three
species, B from C from E (Fig. 3). These PCR assays are being validated for field use.

Studieson Microsatellite Markersfor An. culicifacies SpeciesA (WHO/TDR Funded
Project in Collaboration with Yale Universty, USA)

Thisyear 14 new microsatellite markers were isolated from An. culicifacies species A and thus
the total number of microsatellite markersisolated by Maaria Research Centre, for this species,
has increased to 31. Three populations of An. culicifacies species A from Districts Kheda
(Gujarat), Sonepat (Haryana) and Bijapur (Karnataka) were genotyped using 10 most prom-
ising microsatellite markers and two populations from Digtricts Allahabad (U.P) and Udaipur
(Rajasthan) were genotyped using five microsatellite markers.

Anopheles fluviatilis Complex

Distribution, Bionomics and Biology of Sibling Species

Mapping of the geographical distribution of An. fluviatilis sibling species continued. Samples
examined from Districts Mandya and Gulbarga (Karnataka) revealed the prevalence of only
species T in these districts which was found polymorphic for gt inversion. An. fluviatilis



collected from Iran Shahr, Baluchistan (Iran) were also examined and species T was found
prevalent in this area

Cytologica examination of An. fluviatilis population from villages under Laksar PHC of Dis-
trict Hardwar (Uttaranchal) revedled the existence of a new inverson homozygote in this area.
The break points for new inversion were identified and the inversion genotype on chromosome
arm 2 was observed as +g'r'st. Collections made during summer (April-May) and post-
monsoon season (September—December) from villages Dargahpur and [smilepur showed prev-
alence of this new cytological variant in sympatric association with species T and U. A tota
absence of inversion heterozygotes between them suggests the possible existence of a new
gpeciesin An. fluviatilis complex. It is noteworthy to mention that PHC Laksar contributes
bulk of malaria casesin the district with An. fluviatilisin highest proportion (36%) among 13
anopheline species recorded from thisarea. Therefore, studies have been initiated to resolve
the taxonomic status of the new cytologica variant and explore itsrole in malaria transmission.

Efforts were made to establish cyclic colonies of species S and U. Short-term cultures of
species U could be established and bidirectiond reciprocal crosses were made between species
T and U. The hatchability ranged from 70-83%. In both the crosses the F, hybrid females
were found with normal reproductive organs but the hybrid males were sterile with testis devoid
of sperms. These observations showed that apart from pre-mating barriers there exist post-
zygotic barriers between species T and U.

Molecular Characterization of Members of An. fluviatilis Complex—Development of
Species-specific Markers and Microsatellite Markers (ICM R-Genomics Project)

Validation of diagnostic PCR assay for the identification of members: In the year 2001,
a PCR assay was developed for the differentiation of members of An. fluviatilis complex,
which is based on the sequences of D3 domain of 28S rDNA. The PCR assay was tested
againg over 700 mosquitoes collected from different parts of India (Districts-Hardwar, Udham
Singh Nagar, Sundargarh, Malkangiri, Koraput, Gulbarga and Mandya) having different sym-
patric associations. Among these 147 specimens were also examined chromosomally for the
validation of PCR assay. The PCR assay was found to differentiate unambiguously all the
members of the complex and the results of PCR assay were in agreement with that of
cytotaxonomy in the areas where fixed diagnostic inversions are present. In Digtrict Mandya of
Karnataka, where gtinversion polymorphism exists—heterozygotes (q1/+ql) were found in
Hardy-Weinberg equilibrium, all specimens were identified as species T. In the absence of
chromosomal marker, this population was considered as species T due to resemblance with
species T in biological characteristics—zoophagy and resting in cattlesheds.

Anopheles minimus Complex
Molecular Characterization of An. minimus from Assam
Based on 285-D3 rDNA sequences of An. minimus species A and C, primers were designed

for the differentiation of species A and C. The primers tested against An. minimus were
collected from Digtricts Dibrugarh and Sonapur of Assam. Out of 20 samples tested, all were



identified as species A. To confirm the result, two samples of each population mentioned above
were sequenced. The sequenced data confirmed that these mosquitoes were indeed species A.

M apping of Indian Anophédines(Funded under ICMR Task ForceProject on GISand RS)
GIS Based Distribution of An. culicifaciesin India

An. culicifacies is widely distributed throughout the country except in Andaman and
Nicobar Idands. It isabundant inthe plainsbut less prevalent in eastern part of India. Though
the species is of the plains but also reported from higher altitudes—Nainital (1600 m),
Kashmir (3000 m) etc. Therefore, from the altitude layer 0-3000 m was selected as the base
layer and the most favourable range was taken as 0—-1350 m with temperature > 20°C.
Rainfall is an important factor in regard to An. culicifacies, the species being monsoon-
associated and the maximum breeding occurs after the rains. High rainfall areas > 2400 mm
and very low rainfall areas < 200 mm were deleted. Maps were integrated and the resulting
map is shown in Fig. 4.

Blowup of distribution of An. culicifaciesin northeastern Indiais shown in Fig. 5. The dotsin
the digtricts indicate the reported distribution of the species. In al districts where the species
has been reported, GIS also predicts favourable areas for its distribution.

GIS Mapping of An. minimus

The resultant map after integration of thematic maps—soil, forest cover, rainfall, temperature
and dtitude using GI S mapped the areas favourable for An. minimus. Surveys were conducted
to validate the results in favourable and unfavourable areas by our team as well as by an

independent team and sSites were selected
] 24 both from reported and nonreported aress.
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GIS predicted precisely the locations in these
districtsto conduct entomological surveys and
the species could be found there. Blind survey
was conducted by independent team in both
favourable and unfavourable areas. In favour-
able areas the species was found and in un-
favourable areas on the border of Karbi-An-
glong, it was found to be absent.

Using GIS, percentage of favourable area for
distribution of An. minimus in different states
was egtimated. It showed that most of the area
in northeastern states was favourable for An.
minimus. In Mizoram favourable area is about
90.61%, and in Manipur, Nagaland, Tripura
and Assam 70, 35, 33 and 25% respectively. In
other statesit was less than 10% except Ker-
da Thereare somefavourable areasin Kerala
and Maharasntra, till date there is no report of
An. minimus from these areas. Most favour-
able corridors for distribution of An. minimus
were also mapped by stratifying favourable
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Fig.5: Blowup of distribution of An. culicifacies in north-

eastern India, the dots represent the districts,
where An. culicifacies was reported. Red colour
shows areas favourable for distribution in that
particular district

Table 1. Validation of An. minimusin Gl Spredicted areasby precision surveys

Collectionsite/ Period of MHD* of Larval Remarks

District/State survey An.minimus  density**

Banbasa, Uttaranchal May 2001 0.25 0.00 Reappearance of species
Jul 2001 053 0.02
Aug 2001 0.73 0.03

Jalpaiguri, West Bengal Oct 2001 170 0.08

Dhubri, Assam Oct 2001 091 0.06 Reported first time

Kamrup, Assam Oct 2001 21.80 140

Barpeta, Assam Oct 2001 Not done 0.18

Burnihat, Meghalaya Oct 2001 116 Not done

Shillong, Meghalaya Oct 2001 0.33 Not done

Darrang, Assam Jun/Jul 2001 4.00

Goalpara, Assam Sep 2001 21.00

Karbi-Anglong, Assam Oct 2002 0.00 An. minimus was not

foundin GIS predicted
unfavourable area

*MHD: No. of mosquitoes collected per man per hour; ** Larval density—No. of larvae per dip.



zonesin high, medium and

Table2. Gl Spredicted most favourable corridorsfor An. minimus low categories. The strati-

fication was based on for-

Category Altitude Rainfall Temp. Forest cover est cover, temperature,

m ) Q) rainfall and altitude, range
Category 1 0600 20002800 22525 Evergreen identified for three zonesis
(Most favourable) givenin Table 2.
Category 2 600900 2800-3200 20-225 Moist deciduous
(Medium favourable) An. minimus in Ban-
Category 3 900-1800 32004000 <20 Moist deciduous basa (Uttaranchal)
(Less favourable)

The species population is likely to be most stable in category 1 and least in 10 Vvalidate the GIS pre-

category 3. diction, An. minimuswere

collected from Banbasa

area of Uttaranchal state though it has been reported to have disappeared from thisareain

early 50’'s. The surveys were conducted in post-monsoon (October and November 2001),

pre-monsoon (March, April and May 2002) and monsoon (June-July 2002) seasons, per man

hour density of the species was recorded as 0.9, 0.26 and 0.67 and the larval density per dip

as0.5,0.2 and 0.4 respectively. The larvae collected from the streams were reared individualy

in the laboratory till adult emergence. Individua specimens of larval and pupal skins were

mounted and examined for the identification characters. The most important character of An.

minimus larvae is the presence of branched seta-0 on abdominal segments 111-V1, and this

character was recorded in 22 mounted dides prepared in different seasons, which confirms the
presence of An. minimus in Banbasa, a GI S predicted area.

GIS Based Distribution of An. stephens —An Urban Vector

An. stephens is found throughout the country except in Andaman and Nicobar Islands
and higher dtitudes. It is responsible for transmission of malariain urban/peri urban areas of the
country but the recent epidemics of malaria in
Jodhpur and Bikaner districts of Rgjasthan were
attributed to this species. An. stephens  breeds
in domestic containers such as tanks, cisterns,

L::m' - coolers, wells, etc. It has also been found breed-
= o ing inirriga-tion channelsand in ricefields. Dis-
rea il tribution of An. stephensi is shown in Fig. 6,
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Spiracular Index and Bioecology of An. minimusin Kamrup District, Assam

A total of 1811 An. minimus were collected from 12 villages of Kamrup district, Assam,
located in evergreen-forested zone in pre-monsoon (April-May 2002) and post-monsoon
(September—October 2001) season. Out of 1811 An. minimus, 665 (MHD 15.7) were
collected in pre-monsoon and 1146 (21.8 MHD) in post-monsoon season. During pre-
monsoon and post-monsoon 410 and 310 specimens were dissected respectively for spirac-
ular index. In pre-monsoon, the average spiracular length of An. minimus was 0.085 mm
(+ 0.01), average thorax length was 0.94 mm (+ 0.05) and spiracular index was 9.04
(+ 0.74) whereas in post-monsoon average spiracular length was 0.08 mm (+ 0.01), average
thorax length was 0.94 mm (+ 0.07) and spiracular index was 9.41 (+ 0.70) as calculated
by using the technique and formula of Vinogradaskaya 1969. An. minimus population does
not show any seasonal fluctuation in their spiracular index (p < 0.05). In pre-monsoon the
humidity recorded was 75-81% whereas in post-monsoon the humidity was 72—95%.

It may be noted that An. minimus is a small sized mosquito of wet zone as it measures
2—-3 mm as compared to An. stephensi type form 5-6 mm and mysorensis 4-5 mm of arid
zone—the xerophilic species. The spiracular index of An. minimus was higher 9.4 as
compared to that of An. stephens type form 9.09 and mysorensis 7.69. This establishes
that An. minimus is a hygrophilic species.

Bioecology

Breeding habitat: An. minimus was found breeding in low moving streams with grassy
margins. A total of 575 larvae were collected and identified. Out of these 235 were identified



as An. minimus and others were associated species—An. splendidus, An. jeyporien-
sis and An. maculatus. It is noteworthy to mention that the breeding was observed
in those streams which were near to the houses (< 1000 m). Fifteen An. minimus
emerged from the larvae collected from rice fields and small irrigation channels adja-
cent to the houses.

Resting collection: Searches made inside the houses and outdoor shelters yielded 665
specimens of the species. Out of these 640 (96.24%) accounted for indoor collection during
pre-monsoon season (April-May). Similarly, during post-monsoon collection (September—
October) out of 580 total collected 565 (97.41%) were fromindoors. The preferred indoor
resting sites included under surface of the furniture, mosquito net on the bed, hanging clothes,
cobwebs and walls. The most preferable resting site was under surface of the furniture in
both the seasons—pre-monsoon and post-monsoon as 290 (60%) and 245 (55%) speci-
mens were collected respectively.

Indoor Resting Behaviour of An. stephens in an Arid Zone (Digtrict Jodhpur, Rajasthan)

Success of malaria control by IRS largely depends on resting behaviour of the vector
mosquitoes on sprayable surfaces. Endophilic (indoor resting) and endophagic (indoor
feeding) species are known to be highly vulnerable to this strategy. The success rate with
exophilic (outdoor resting) and endophagic species depends on the time spent by the
species on sprayable surfaces during pre- and post-biting rest. Therefore, studies on
resting behaviour of An. stephensi were carried out to assess its amenability to control
through indoor residual spray in an Arid zone of District Jodhpur, Rajasthan during March—
April 2002. In the present study, resting behaviour of the species during all its movement
rhythms covering 24 hours period related to: (i) swarming/meating; (ii) pre- and post-biting
rest; (iii) after feed resting between hopping movements; (iv) night and daytime resting; and
finally (v) diel activity movements in response to temperature changes were carried out in
both unsprayed and spayed villages. Analysis revealed that about 95 and 97% of An.
stephensi preferred to rest on unsprayable surfaces—household objects in unspyayed
and spayed villages. The most preferred resting sites in both groups of villages under
household objects were hanging clothes, utensils and cupboards. There was no significant
difference in resting behaviour of the species in both groups of villages (p>0.05). Pre-
and post-biting rest period ranged from 5-15 and 15-25 min respectively. After biting
out door, species starts entering the rooms at around 2330 hrs. Maximum entries—
56 and 62% of the species into the rooms were observed during third quarter (0100—
0400 hrs) in unsparayed and sprayed villages respectively, and coincided with fall in
ambient temperature indoor below 30°C. Statistically there was no significant differ-
ence in the entry of mosquitoes (p > 0.05) in both the groups of villages. Therefore,
control of An. stephensi in study area requires an integrated control strategy based
upon intersectoral, environmental, larviciding with chemical/biolarvicide and use of
larvivorous fish wherever feasible. Such a control strategy offers cost-effective and sus-
tainable option than indoor residual spray.



VECTOR-PARASITE INTERACTION
Cyclical Transmission of Rodent Malaria

Laboratory cyclical transmission of rodent malaria parasites—P. yodlii yodlii, P. chabaudi, P.
berghel and P. vinckel was revived in BALB/c mice using An. stephens as vector. Cyclical
transmission of P. vinckel was also maintained through other vectors—An. culicifacies species
A and An. fluviatilis species T.

Immune Response of An. stephens against Micrococcus leutus

Insects are known to mount a strong immune response against any invading parasite. Success
of sporogony largely depends upon the ability of insect to combat the parasite and/or the ability
of paradite to evade the immune response. Response of Anopheles stephend, an urban malaria
vector to bacterial infection and to sterile injury is studied in immature stages. Proteins being
the first concelvable product of gene action are studied usng SDS-PAGE astool. Denaturating
SDS-PAGE analysis revealed induction of a 42 kDa polypeptide in female pupae of urban
malaria vector— An. stephens upon infection with gram-positive bacteria Micrococcus leutus,
that was absent upon septic injury. Septic injury seemsto activate phenoloxidase cascade, as
melanin formation is respongible for wound hedling ininsects. Our study identifies up-regulation
of 35 and 65 kDa proteins in larvae and pupae both in whole body and tissue specific
expression. It isworth mentioning here that serine proteases have molecular weight of 35 kDa
wheresas, phenoloxidases have molecular weight in the range of 60—70 kDa. Besidesthesefive,
polypeptides (20, 45, 52, 70 and 150 kDa) are also enhanced in their expression upon injury.
Similary, studies on the immunity of refractory and susceptible strains of An. culicifaciesin
response to rodent malaria parasite and bacteria are in progress.

INSECTICIDE RESISTANCE

Present Status of Insecticide Resistance in An. stephens from Delhi

Susceptibility tests against lar- Table 3. Susceptibility of An. stephensi strain from south Delhi to

vae and adult mosguitoes of Insecticides

An. stephensi strain collected  |psecticide % mortality after Timeinmin
from southDelhi revedled partial 24h [ [T,
resistance in adult rnOS-CIUitOS DDT (4%) 625 506 114.2
to DDT and avery h|gh de- Malathion (5%) 5 6.54** 10.63**
gree of resisiance to malathion iy othion (1%) 79 (100)* 2393 B2
and dieldrin, however, the o1 (0.106) 100 208 595
mosguitoes were fully suscepti- by etiin(0.05%) 100 236 9.76
bleto other insecticides (Table | i haothrin (0.05%) 100 3B 1622
3). Among thelarvicidestest- - o g i 0 159 10 411 1417
ed, this strain was found to be Etofenprox (0.1%) 100 10.73 244

highly resstant to fenthion but it
was fully susceptible to teme-

*Exposuretime2 h; ** Timein hours.
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Table4. Larval susceptibility of An. stephensi from  Phos (Table 4). Further, studies will be carried to

south Delhi to somelarvicides monitor present status of susceptibility to various
insecticides in the field populations of An.
Larvicides LC,_ (ppm) LC, stephens from Rgjasthan; and resistance mecha-
nism and inheritance pattern of resistant genein
Temephos 0.0098 0.0199 this strain
Fenthion >0.125 >0.125

A New Focus of Malathion-ressant An. culi-
cifaciesin Digtrict Chhindwara, M .P.

Surveys were carried out in the villages of Mohkher block in District Chhindwara (Madhya
Pradesh) in November and December 2001; and March 2002 and in the villages in Pandhurna
block on the Madhya Pradesh-Maharashtra border in December 2001 and March 2002. In
insecticide susceptibility tests the population was resistant to DDT (36—-84%). To maathion
Mohkher population was 14—-40% resistant while in Pandhurna the resistance was in the range
of 36-63%. Mohkher block was under regular indoor sprays of DDT while in Pandhurna block
indoor spray in public health programme was discontinued about a decade ago. In both the
areas malathion was never sprayed in public health programme. The observed resistance to
malathion in An. culicifacies could be attributed to selection by the pesticides being used in
agriculture on cash crops—cotton, vegetables, oil seeds, etc. Seriad synergist-insecticide bioas-
says on the field populations indicated the involvement of malathion carboxylesterase as the
mgor mechanism of maathion resstance though the involvement of mixed function oxidases as
a secondary mechanism could not be ruled out.

VECTOR CONTROL

Follow-up Studieson the Impact of Indoor Residual Spraying of Bendiocarb 80% W.P.
(Carbamate) against DDT and HCH Resistant Malaria Vector—An. culicifacies in
Malaria Endemic Villages of Distt. Ghaziabad (U.P.) [Contract Research Project with
M/s. Hoechst]

Follow-up studies were carried out during

8 the year to study the efficacy of bendiocarb

7 in interrupting the malaria transmission. The

: SPR in village sprayed with bendiocarb @

g & 0.2 g/m? ranged from O to 6.4, in 0.4 g/n?
4l bendiocarb sprayed village the SPR ranged
? \_/ from O to 4.5 where as in the control village
Al ) A = the SPR ranged from O to 44.4. The SIR
Jon 02 Feb Mar Apr May Jun Jul Aug Sep Gt Nov Dee  was nil in both the sprayed villages whereas
in the control village few cases were report-
ed. The study indicates that bendiocarb
gpraying has resulted in interruption of malar-
Fig. 8: Man hour density of An. culicifacies in selected 18 transmission in the experimental villages
villages of Distt. Ghaziabad, U.P. when compared to the control village. Ento-

MONTH
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mological studies reveded that MHD of An. culicifacies was found to be in the range of 1.5
3.7 during the transmission season (July to October) in 0.2 g/n? bendiocarb sprayed village and
in 0.4 g/m? bendiocarb sprayed village the MHD of An. culicifacies was in the range of 0—
1.5 whereas in the control village it was in the range of 1.7—3.0 in the same period (Fig. 8).
This clearly sug-gests that bendiocarb residual spraying is highly effective in controlling the
mosquito dengties.

Laboratory and Field Evaluation of Teknar HP-D (B. thuringiensis var israelensis)
[Contract Research Project with M/s. Margo Bio-controls Pvt. Ltd.]

Efforts have been initiated to evaluate the bioefficacy of Bacillusthuringiensis against target
species of mosquitoes. Preliminary laboratory results revealed that Bti formulation has broad-
spectrum larvicida activity against mosquitoes. Cent per cent mortality in Cx. quinquefascia-
tus, An. stephens and Ae. aegypti was observed in laboratory trials with Teknar @ 0.1 ppm.
Field trials are in progress.

Field Evaluation of M osquito Larvicide and Pupicide Agniqgue MMF in different Urban
Habitats against Malaria Vector, An. stephens [Contract Research Project under
WHOPES]

Evaluation of Agnique MMF—Poly (Oxy-1, 2-ethanediyl), a-isoctane cyl-w-hydroxyl, a mono-
molecular surface film, developed by M/s. Cognis Corporation was carried out in the represen-
tative breeding habitats of An. stephens in urban areas of Nationa Capita Region, Delhi. Study
was carried out in two parts—smulated field conditions and natura field conditions.

In smulated field testing cement tanks of 1 x 1 x 1 m size were used and the efficacy of larvicide,
effective doses and duration of effect against An. stephens were determined. The impact of
larvicide applied in different doses was studied by monitoring number of adults emerged in
specialy designed mosquito traps. The efficacy of the test larvicide was assessed by measuring
the larval dengity in water storage cemented tanks and wellsin natural field conditions. Results
showed that in smulated field testing the Agnique MMF caused 100% inhibition of emergence of
An. stephens adults from water storage tanks upto one week at the gpplication rate of 0.4, 0.6
and 1 mi/n? and > 95% up to second week at dl the three doses. Dose of 1 mi/n¥ was effective
up to third week when 99.5% inhibition of adult emergence was achieved.

In natural field trias the results of Agnique MMF in water storage tankswith breeding of An.
stephens and An. subpictus, the dose of 2 ml/n? was effective. The per cent reduction in late
instars was more than 75 on Day 4 and 100% control was achieved in one week and remained
up to second week. Results with ML O when treated @ 20 mi/n¥ also gave the same results.
Hence, the results clearly indicated that dose of 2 ml/m? of Agnique MMF can be selected for
the effective control up to two weeks period.

In wells the dose of 1 ml/m? gave about 75% control of late instars of An. stephensi on Day
2 and remained 100% up to two weeks. Agnique MMF was safe against larvivorous fish
(Gambusia affinis) and notonectid bug (Anisops sardae). Since the Agnique MMF is odor-
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less, invisible, monomolecular film and spreads rapidly across standing water, it could be one
of the choicesin thelarval control programmes in urban areas.

Field Evaluation of Insect Growth Regulator—Triflumuron against L arvae of M osqui-
to Vectors [Contract Research Project with M/s. BAYER (India) Ltd.]

Efficacy of triflumuron, an IGR compound was carried out in the representative breeding
habitats of An. culicifacies and Cx. quinquefasciatus in rural areas of north Delhi and in the
district Sonepat of Haryana state. In small-scale fields trials triflumuron was sprayed at doses
of 0.25, 0.5 and 1 ppm. Habitats selected for An. culicifacies were pools, ditches and paddy
fields. For Cx. quinquefasciatus habitats selected were polluted drains, pools and cement
tanks. Results showed the reduction inimmeaturesin al the doses tested. At the dose of 1 ppm
the pupa production was nil after one week which remained so even up to four weeks. The
occurrence of delayed mortality in larvae indicated the effective developmenta inhibition poten-
tial of this compound.

Evaluation of the Impact of DDT and Malathion Indoor Residual Spraying being used
in Malaria and Kala-azar Control Programmes on the Disease Prevalence—A Multi-
centric Study

A nine-month multicentric sudy was conducted (July 2001 to March 2002) involving two other
ICMR ingtitutes—V CRC, Pondicherry and RMRIMS, Patna, Bihar. A common protocol was
prepared for both entomologica and parasitologica evauations. MRC evaluated the efficacy
of indoor residual spray of DDT in six districts —Bareilly (Uttar Pradesh), Mandya (Karna-
taka), Chhindwara (Madhya Pradesh) and Kamrup (Assam) and of maathion in two districts—
Kheda (Gujarat) and Hardwar (Uttaranchal). Indoor residual spray was conducted under the
supervison of MRC staff to achieve the desired coverage. Evaluation was carried out during
pre- and post-spray periods on different aspects—vector abundance, species composition,
susceptibility status of mosguitoes to insecticides, disease prevaence, etc.

Reaults of the evaluation indicated effectiveness of DDT gprays against An. minimus, a principle
vector in northeast states. An. culicifacies was found resistant to DDT in susceptibility tests
in all the areas of study and DDT spraying was not found very effective in controlling this
species. However, in some study areas this species exhibited excito-repellency against DDT
for few weeks after gpray registering a decrease in vector dengty while the results of evaluation
against malathion indicated effectiveness of malathion sprays in controlling the vector—An.
culicifaciesin Digtrict Hardwar and in Digtrict Khedathe species exhibited differentia suscep-
tibility in different aress.

Laboratory (Phase-l) Evaluation of Phenthoate against Urban Mosquito Vectors—
Anopheles dephens and Culex quinquefasciatus [Contract Research Project with
M/s. EID Parry India Ltd., Chennai]

A new organophosphorus insecticide phenthoate was tested against urban malaria vector An.
stephens and pest mosquito Culex quinquefasciatusin the laboratory to determineits efficacy
againgt larvae and adult mosquitoes and to compare the results of its bioefficacy with that of
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malathion, another organophosphorus insecticide which is being used a present as an adulticide.
Mosquito colonies—An. stephens and Cx. quinquefasciatus maintained in the insectary of
MRC were used. The efficacy of phenthoate was determined against larvae and adult mos-
quitoes as per WHO recommended procedure. The results of bioefficacy against phenthoate
are given in Tables 5-8. Phenthoate was more effective against Cx. quinquefasciatus larvae
(LC,,= 0.0217 ppm) than An. stephensi (LC_= 0.368 ppm). However, against adult mos-
quitoes of An. stephens, phenthoate did not produce any mortality, when exposed to insec-
ticide impregnated papers at a concentration of 4%, whereas against Cx. quinquefasciatus,
complete mortality was observed even at 2% concentration (LT_= 11.9 min).When the sus-

Tableb5. Efficacy of phenthoateagainst |11 instar larvae of An. stephens and Cx. quinquefasciatus

Mosguito species Concentration in ppm 72(df)
LC,, (95% confidencelimit) Regression equation

An. stephensi 0.368(0.248-0.453) Y =3.129X%#6.3579 0.755(2)

Cx. quinquefasciatus  0.0217(0.0132-0.0302) Y =2.0671X +5.7486 4.337(3)

Table6. Efficacy of phenthoate against adult mosquitoesof An. stephens and Cx. quinquefasciatus

Mosguito species % concentration 0 (df )
LC,, (95% confidencelimit) Regression equation

An. stephensi >4% — —

Cx. quinquefasciatus  0.33% (0.108-0.508) Y =2.2495X? 6.08 1.376(2)

Table7. Efficacy of phenthoate 2% (lethal time) against Cx. quinquefasciatus

Mosguito species LT, (Timeinmin) Regression equation 22 (df)
Cx. quinquefasciatus 11.98(7.045-16.78) Y =2.1686X +2.66 2.239(2)

Table8. Comparative susceptibility of adult mosquitoesof four strainsof An. stephens against

malathion and phenthoate
An. stephensi strain Per cent mortality
Malathion 5% Phenthoate 4%
Wild strain, Delhi 18 6.6
Mutant strain (Black larvae) 50 66.6
Mutant strain (Golden yellow larvae) 70 80

Mutant strain (White eye larvae) 86.6 100
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ceptibility of An. stephens to phenthoate was compared with that of to malathion, it showed
cross-resistance to both the insecticides.

Prospecting of Botanical Pesticides (Screening of Bioactivity of Plant Extracts against
M osquitoes Particularly Anopheles spp) [DBT Funded Collaborative Proj ect]

This study was undertaken as a part of a collaborative project funded by DBT included
various laboratories as shown in Table 9. Bioactivity of various plant extracts/fractions/for-
mulations received from five extracting laboratories was determined against mosquitoes par-
ticularly the malaria vector An. stephensi using standard protocol which included larvicidal,
adulticidal and IGR activities, oviposition deterrency and mosquito repellency. During the
reporting period 107 samples were received of which 50 samples have been screened for
different activities as mentioned above. Of these 16 samples showed positive results for
larvicidal activity and 8 samples showed adultcidd activity (Table 10).

Larvicidal Properties of Crude Aqueous Extract of Leaf of a Coded Plant — SP2

Larvicidal efficacy of the crude aqueous extract of the leaf of a coded plant — SP2 was tested
againsgt five species of mosquitoes of three genera—An. culicifacies species A and C, Cx.
quinquefasciatus, An. stephens and Ae. aegypti. The calculated lethal concentration for 50%
mortdity (LC,) of the exposed larvae was in the range of 0.25to 0.59 mi/L.. The efficacy was
in the order Cx. quinquefasciatus (0.25ml/L) > An. culicifacies species A (0.26) >An. stephen-
s (0.33) > Ae. aegypti (0.36) > An. culicifacies species C (0.59).

Table9. Activitiesin variouslaboratories

Activity Responsible laboratories
Collection, preservation and taxonomic RRL, Jammu
identification of plants RRL, Trivandrum
NBRI, Bangalore
Extraction and fractionation of herbal 1T, Delhi
products FRI, Dehradun
EID, Parry (India) Ltd.,
Bangalore
RRL, Trivandrum
RRL, Jammu
Bioassay testing of the efficacy IHBT, Palampur
against agricultural pests EID, Parry (Indig) Ltd.,
Bangalore

Bioassay testing of the efficacy against MRC, Delhi and Hardwar
mosguitoes (An. stephensi)

Formulation of the selected samples 1T, Delhi
IPFT, Gurgaon
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Table10. Bioactivity of plant extractsagainst An. stephens

S. Sample code number Bioactivity of plant extract

Larvicidal Adulticidal  Repellency

1 NBDB(4)-002B-07-P-13a (+) ) ()
2 NBDB(4)022B-08-P-10a (+) ) ()
3 NBDB(4)023B-07-P-10a @) =) ()
4, NBDB(4)042B-07-P-10a @) =) ()
5 NBDB(2)008A-06-P-01a (+) ) (+)
6. NBDB(2)010A-06-P-10a (+) ) ()
7. NBDB(2)010A-06-P-10b (+) ) ()
8 NBDB(4)-001B-08-P-13a (+) ) ()
9 NBDB(3)-022i-08-P-11el (+) ) ()
10. NBDB(2)-005A-07-P-10a (+) ) ()
11. NBDB(2)-005A-07-P-10b (+) ) ()
1. NBDB(2)-005A-07-P-10c (+) ) ()
13. NBDB(2)-005A-07-P-04a (+) ) ()
14. NBDB(2)-005A-07-P-04b (+) ) ()
15. NBDB(2)-005A-07-P-04c (+) ) ()
16. NBDB(2)-055D-11-P02oil (+) +) ()

OTHER STUDIES

Operational Evaluation of the Stability of lodinein DoubleFortified Salt — A M ulticentric
Study (ICMR -=NIN—-MRC -RMRC, Dibrugarh—RMRC, Bhubaneswvar—TRC - IRR)

Thestahility of iodinein doublefortified and iodised salt during storagefor aperiod of oneyear
under programmatic condition was determined asapart of amulticentric study under ICMR.
Four typesof coded salt samples (onethousand kilogrameach, 25 kg x 40 bags) doublefortified
withironandiodine (DFS) and fortified withiodine aone (1S) inthetwo forms—refined common
sdt (RCS) and common sdt (CS), produced fromthe factory werereceived at MRC in October
2001 and stored at three places— ingderoom, in verandah and outside conditionsas per protocol.
Withinamonth of the date of arrival of the salt samplesat MRC, one packet from each bag was
taken out randomly and repacked in three packets of 100 g each after remixing. One of these
sampleswas sent to NIN and second samplewas stored at MRC. Thethird sample was analyzed
for iodine content at MRC laboratory. The same processwasrepeated after 3 months, 6 months,
9 monthsand 12 monthsof thedate of production of salt samples. Resultsof iodine content inthe
coded sat samplesare given in Table 11. It was observed that the iodine content in the salt
sampleswith yellow and green colour packing remained stable over aperiod of oneyear even
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Table11l. Summarized resultsof iodineestimation in different typesof salt ssmplesRCS/ CS DFY |S*
stored under different conditionsover aperiod of oneyear at M alaria Research Centre

S. No. Mean+ S.D.

Initial stage (0) 3 Months 6 Months 9 Months 12 Months
Y-1to 15 4401 + 11.83 467 + 948 37.21+15.73 4153 + 1187 415 + 114
Y-16t1020 4392 + 1208 4105 £1011 3501+ 1187 3556 + 11.28 3948 + 128
Y-21t040 5169 + 968 4795 + 836 4510+ 1024 4007 + 1016 406 += 7.1
B-1to15 2361 + 1054 2606 +£11.33 2077+ 831 2006 £ 525 138 =+ 66
B-16t020 1852 + 527 1563 + 4.79 1533+ 896 179 + 371 1057 = 62
B-21t040 22.60+ 11.15 2559 +11.12 1943+ 6.07 1810 + 5.62 1475+ 71
R-1to 15 387+ 062 485 + 163 493+ 092 764 £ 300 793+ 18
R-16t0 20 266+ 143 549 + 118 371+ 073 548 + 082 773+ 15
R-21t0 40 243+ 147 482 + 118 377+ 116 671 £+ 164 78 + 16
G-1to15 5001 + 436 5251 + 810 4824+ 873 4131 + 982 452 + 57
G-16t020 4404 + 250 4804 + 342 4718+ 853 4624 + 689 4349+ 488
G-21to40 4766+ 723 46.72 £ 825 4469+ 6.31 4560 + 446 4317+ 616

*RCS—Refined common salt; CS— Common salt; DFS— Doublefortified salt; |S— lodized salt.
Note: SampleNo. 1to 15 werestored in verandah, 16 to 20 stored in outdoor condition and 21 to 40 stored
inaroom/godown. Y —yellow; R— red; B—blue and G—green.

under different storage conditions, whilein red and blue colour packing theiodine contentswere
not stable. The samplesin red colour packing degraded very fast, even at theinitial stagethe
contentswereamost completely degraded. Theseresultswill be correlated with different colour
codeof iodised/doublefortified salt.
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Studies on Drug Susceptibility

Twenty isolates characterized for their chloroquine
sengitivity status were revived from cryopreserved
condition and cultivated in vitro to retest their CQ
sengitivity status and two third of 20 samples sho-
wed variation in their chloroquine sensitivity status.

P. falciparumisolates (sengtive and resstant to chlo-
roquine) were cloned and the clones were tested for
their CQ sengitivity. These clones would be charac-
terized for genotypes of MSP-1 and M SP-2.

Molecular Characterization of P. falciparum
| solates

Parasite Bank

P. falciparum isolates available in the parasite bank
of the Centre have been analyzed for polymorphism
of MSP-1, MSP-2 and GLURP using nested PCR
with family-specific primers. In MSP-1 system, dl the
three families namely K-1, MAD20 and R0O33 were
observed with prevalence of first two (K1 and
MAD20). In MSP-2 system, both the families
namely FC27 and 3D7 were observed with approx-
imately smilar prevalence. In addition to MSP-1 and
MSP-2, GLURP system was standardized and iso-
lates were analyzed. GLURP exhibited polymor-
phism with 11 different size fragments. Most of the
isolates were observed to be multiclonal. The results
of family grouping analysis of MSP-1 and 2 of P.
falciparum isolates are shown in Fig. 1.

Field |solates

HIGHLIGHTS

Parasite bank has well characterized P. fal-
ciparum isolates

Characterization of P. falciparum isolates in
the Parasite Bank for MSP-1, MSP-2 and
GLURP has revealed that each analyzed
isolate has a different genotype.

Genotyping of P. falciparum and P. vivax
isolates from different regions of the coun-
try has shown higly polymorphic nature of
the Indian isolates in respect of family group-
ing analysis of MSP-1 and MSP-2 in P.
falciparum isolates and MSP-3? and GAM1
of P. vivax.

Genotyping of recrudescence infection in five
P. falciparum patients revealed different geno-
types of MSP-1/2 in 3 patients on Day 14

Inhibitory effect of Nitric Oxide on plasmepsin
activity of P. vivax was observed suggesting
to design strategies to selectively upregulate
NO production.

Analysis of blood samples from different
endemic zones has shown high anti-GPL
antibody in case of P. falciparum and P. vivax
infections but not with normal or nonmalari-
al sera.

HRP-II antigen studies has shown that anti-
malaria treatment neutralizes the antigen
persistence by antibodies

A multiplex PCR to differentiate P. falci-
parum and P.vivax in a single assay was
standardized.

Bloodspots of P. falciparum positive patients collected from the Jarawas tribe of Andaman and
Car Nicobar idands were analyzed by nested PCR assay for MSP-1 and MSP-2 size
variations in variable repeat regions. Results have shown presence of only one alele of
each—450 bp for MSP-1 and 500 bp for MSP-2. Blood spots were further assayed using
family specific primers. Results revealed presence of al the three families of MSP-1 with
higher proportion of RO33 family. In MSP-2, both the families were present with greater
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Fig.1: Distribution of family groups of MSP-1&2 of P. falciparum
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Fig. 2: Distribution of family groups of MSP-1&2 in P. falciparum
isolates (Jarawas tribes of Andaman & Nicobar Islands)

proportion being that of FC27. The
proportion of isolates with different
families of MSP-1 and MSP-2 is
shown in Fig. 2.

Genetic Diverdsity Studies of P.
falciparum and P. vivax in India
using Molecular Markers
(ICMR Funded Project under
Genomics)

P. falciparum

Field isolates collected from Assam
and Orissa have been analyzed for
polymorphism of MSP-1 & MSP-2.
Results revealed polymorphism of
both the sysemsamong theisolates
of the aress.

Twenty isolates of P. falciparum
from Assam area have been ana-
lyzed for family grouping and obser-
vations revealed presence of al the
three families of MSP-1 (K1,
MAD20 and RO033) and both of
MSP-2 (FC27 and 3D7) (Table 1).
Proportion prevalence of family-
specific markers is 51% for
MADZ20, 31% for K1 and 17% for
R033 of MSP-1 and 50% for FC27
and 3D7 of MSP-2. Out of twenty
samples analyzed 50% (out of these

50% of isolates with al the three families of MSP-1) were multiclonal. Only two isolates were
categorized as single clonal based on the genotyping of MSP-1 and M SP-2.

Twenty-two samples from Assam were also analyzed for allelic polymorphism using nested
protocol. Among the isolates analyzed size variants of MSP-1 ranging from 400 to 600 bp
were observed and in MSP-2 variants ranging between 400 and 750 bp were observed.
Twenty-eight isolates of P. falciparum from District Sundargarh, Orissa, have been analyzed
for MSP-1 and MSP-2 family grouping. All the three families of MSP-1 and two of M SP-
2 were observed with a prevalence of 40% for K1, 38% for MAD20, 22% for R033 of
MSP-1 and 58% for FC27 and 42% for 3D7 of MSP-2 (Table 1). About 57% of the isolates
were multiclonal based on genotypes of both MSP-1 and M SP-2.
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Table 1. Family grouping analysis of M SP-1 and M SP-2 among Assam and Orissa samples

Area MSP-1 MSP-2 % of
multiclonal
K1 MAD20 R033 FC27 3D7 isolates
Assam 11 (31.4) 18 (51.4) 6(17.1) 10 (50.0) 10 (50.0) 50
Orissa 15 (40.5) 14 (37.8) 8(21.6) 36(58.1) 26 (41.9) 57

Figures in parentheses are per cent proportions.

Differentiation of Recrudescence from Fresh Infection

| solates collected from three patients on Day 0 and Day 14 (day of recrudescence) showed
different genotypes of MSP-1/M SP-2 suggesting new infection. However, in another two
patients, isolates collected on Day 0 and Day 14 showed same genotype of both MSP-1 and
MSP-2. To get more conclusive results, analysis of these samples using GLURP isin progress.
Fig. 3 shows the genotypes of paired samples.

P. vivax

Twenty P. vivax isolates collected from Delhi have been analyzed for GAM1 and MSP-37.
GAM1 system is observed to be polymorphic with alleles in the range of 400 bp tol1.2 kb.
In MSP-3? PCR product after restriction digestion has shown different RFLP patterns with Hha
| and Alu | enzymes. Study is being continued to analyze more isolates from Delhi and Chennai.

Biochemical Characterization and Expression of P. vivax Aspartic proteases

Haemoglobin is an important nutrient source for intraerythrocytic malaria organisms. Aspartic
proteases play a key role in the degradatve process. Most of the work on aspartic
proteases has been carried out in P. falciparum, however, no work hastill date been reported
on the isolation and characterization, and role of aspartic proteasesin P. vivax. Inhibition of
hemoglobin catabolism or oth-
er essential functions cata-
lyzed by aspartic proteasesin
P. vivax offers attractive tar-

. 1.0k —a—
gets for therapeutic interven- 5006p —1.0kb
tions. 8l —=500bp
10ﬂ'D;} o—

N : el el —— 100b
In continuation of earlier stud- g
ies, samples from Chennai
have been processed for the
aspartic protease activity in P. 1 2 3 4
vivax pa'_’a_stes ASpaI‘tIC pro- Fig. 3: Gel electrophoretogram showing genotypes of paired samples.
tease activity was isolated from Pairs 1 and 3 are different size variants and pairs 2 and 4 are

a pooled extract of P. vivax with same size



Table 2. Purification of P. vivax aspartic protease
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samples by conventional chro-
matography on DEAE, hy-

droxylapatite and gél filtration

Protein  Activity Sp. activity  Purity  Yield
(M) (nmoles'min) (nmoles/minmg) % col umns. The resultant peak
activity was 282 fold purified
Triton extract 0.758 5.56 0.142 1 100 over the gart”‘]g materia. The
DEAE extract 0.139 6.92 3.250 23 124 pH optima of the purified en-
pH 4.5 cut 0034 261 6.960 49 47 2Zyme was found to be 4.5-
Hydroxylapatite 0013 0.97 23660 167 17 >0 ThelCg for the inhibitor

HPLC

pepstatin was 5nM. PMSF, le-
0.006 0.44 4010 282 8 upeptin inhibitors of serine and

cysteine proteases had no ef-

fect on the reaction. For NH,
terminal sequencing partially purified enzyme was subjected to electrophoresis blotted on
PVDF membrane and the 40kD band excised and sequenced. Tentative sequence had re-
vealed 9 of 22 residues identical to most specific mammalian aspartic protease—renin
(Table 2). Now astudy is being planned to identify and characterize aspartic protease gene
in P. vivax, using degenerate primers synthesized from the N-terminal amino acid sequences
of the plasmepsins from P. vivax; to clone and expressit in E. coli; and to purify and refold
the recombinant protein for further studies on itsrole in parasite functions.

Nitric Oxide Inhibits Plasmepsin, a P. vivax Aspartic Protease involved in Haemo-
globin Degradation

Nitric oxide (NO) has been known to possess antiparasitic activity in Plasmodium species.
Parasite proteases are promising targets for antimalarial chemotherapy. In the present study,
we have studied the inhibitory effect of NO on the plasmepsin activity, the pepsin like
aspartic protease involved in the cleavage of haemoglobin degradation in P. vivax. NO
donors (+) (E)-4-ethyl-2-[(E) hydroxyimino]-5-nitro-3-hexenamide (NOR-3), S-nitroso-
glutathione (GSNO) and sodium nitroprusside (SNP) and activators of nitric oxide produc-
tion IL-6, IFN-? and TNF-?, were found to inhibit the plasmepsin activity in a dose
dependent manner in P. vivax extracts, an effect attributable to the nitrosylation of the
cysteine residue at the catalytic site. However, the inhibitor of aspartic protease activity
namely, pepstatin A was also found to suppress the enzyme activity. These results, there-
fore, represent new insights into the pathophysiological mechanisms and help in designing
strategies to selectively upregulate NO production in P. vivax infections for antimalarial
chemotherapy.

Glycophospholipid Antigen from P. falciparum Culture Supernatant: Isolation, Chem-
ical Analysis and Detection of Pf Infection

A P. falciparum malaria blood stage antigen was isolated fromin vitro parasite culture super-
natant. The antigen was identified as a mixture of glycophospholipids (GPL). The serological
activities of the GPL from P. falciparum culture were examined by ELISA againg P. vivax and
P. falciparuminfected patient’s serum. Cross-reactivity of GPL wastested against serum from
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patients suffering from T able 3. Comparison of ELISA O.D. value between glycophospholipid

other diw High anti- isolated from parasitized and nonparasitized Pf culture supernatant
GPL antibody was found
in case of P. falciparum Ag Pooled serum Dilutions
and P. vivax infection but 100 200 400
not with normd or nonma- N

) GPL (Parasit Pv 057 050 0.36
larial sera. Blood sera of i(Parasitized) B 00 — 023
people from different ma- ' ' '
laria endemic zones with Neg 034 028 019
different history of malaria  gpy (Nonparasitized) Py 048 036 028
exposure in recent past B 047 035 02
were examined by ELISA Neg 0.42 0.35 032

againgt both the GPL and
RESA Pf/155 (AR1) anti-
gen. The GPL antigen
was found to be a glycophospholipid having galactose, mannose, xylose and glucose moiety in
the glycogen part and also contain phosphate group and lipid (Tables 3-4).

Circulating Histidine Rich Protein Il Antigen and Specific Antibody Responsesin P.
falciparum Patients during Acute Infection and after Treatment

P. falciparum synthesizes three histidine rich proteins, HRP-1, HRP-2 and HRP-3. HRP-1
was identified as parasite knob associated antigen, whereas HRP-2 was identified as surface
exposed protein complex available in al natura isolates irrespective of knob phenotype. HRP-
3 isavailable on parasite surface at the lowest abundance compared to HRP-1 and HRP-2.
P. falciparum HRP-2 plays a crucial role in parasite development and growth. Pf-HRP-2
circulates in blood even after 14 days post infection. Its C-terminal half induces a partialy
protective response. It is proposed that HRP-2 may facilitate transport of haemoglobin to the
food vacuole and catalyze the reaction. HRP-2 is a structurally well-characterized molecule
present in al natura isolates of P. falciparum. It shows potential effects on the host immune
system and has proven its worth as an antigen for specific diagnosis of malaria.

The study was conducted

in agroup of patients suf-  Table 4. Antibody against glycolipid antigen and itsresponse under different
fering from uncomplicated malariogenic conditions

faciparum mdariato moni-

tor how long circulating Area ELISA O.D. Known status

HRP-2 antigen could be
detected in blood by sand-
wich ELISA and to deter- Raigarh 4 044+018 042+020 059+0.29  Appearing
mine the profile of antigen-
specific antibodies follow-
ing antimalarial treatment. Rajasthan 46 0.35+0.15 047+020 047+017  Epidemic
Finger prick blood samples
from a group of 40 malaria

No. RL Pf Glycolipid

Haldwani 42 0.30+0.09 034+0.12 0.27+0.09 Disappearing

Control 10 0.21+0.14 022+0.13 0.06+0.05 Nonendemic
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patients (36 with P. falciparumand 4
122~ with P. vivax infection) were tested
for higtidine rich protein-2 (HRP-2)
antigen by antigen capture assay and
for parasite-specific antibodies,
both IgM and 1gG isotypes by indi-
rect ELISA against HRP-2 peptide
and P. falciparum infected erythro-
cyte lysate. These patients were

R R Reyis treated with recommended doses of

DAYS chloroquine and they were fol-

RS RE G O lowed-up for antigenaemia and anti-
body level.

Fig. 4: HRP-2 antigen profile in three study groups

HRP-2 antigen detected in whole blood was quite high on Day 1, thereafter a significant
decrease in the HRP-2 antigen level was observed on Day 7 and Day 15 in dl patients. Similar
trend in both anti-HRP-2 and anti-Pf IgM was observed. Anti-HRP-2 IgG levels increased
moderately in 31 out of 36 on Day 7 and Day 15 as compared to Day 1. Immunoglobulin-
G detected in patients against Pf lysate showed an increasing trend as compared to Day 1.
Significant positive correlation was observed between HRP-2 antigenaemiaand IgM in sera of
individuals from P. falciparum group, whereas negative correlation was achieved between
HRP-2 antigen and 1gG levels. Blood samples of four P. vivax patients had no detectable
amount of HRP-2 antigen and anti-HRP-2 antibody, but measurable amounts of IgM and 1gG
were detected against Pf crude antigen due to serological cross-reactivity. Five healthy normal
individuals exhibited negativity in three sets of assays (Figs. 4 and 5).

This study provides information that during natura course of infection ahigh leve of circulating
free HRP-2 antigen could be detected and at least a measurable or detectable amount could
be found even up to seven days after antimalarial treatment. Persistence of antigen was found

to be associated with development

ELISA O.D. (at 492Znm)

of antigen-specific antibodies and its

wal antibody mediated neutralization af-
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in P. vivax crude lysates transferred Light Micromcopy VAt
nitrocellulose membrane after electr
phoresis. Both the antibodies reacte
with early and late trophozoites and wi
schizont by IFA test (Fig. 6). By imm
noblotting, MAb1B3C6 antibody rea
ed with nearly 42kDa protein ar
MAD4EG antibody reacted with 30kL
proteins of a pooled preparation
P.vivax parasites collected from diffe.
ent geographic areas of the country.

These two proteins were named as Fig. 6: Indirectimmunofluoroscence of acetone fixed P. vivax
P1 and P2. schizont reacted with MAb1B3C6 and MAb4E6G

Fe

P. vivax protein from crude parasitized erythrocyte lysate was purified by affinity chroma-
tography using two sets of columns of 6M B-Sepharose coupled with immunoglobulin frac-
tion of MAb1B3C6 and MADL4ES6. Purified proteins (P1 and P2) were transferred on
PV DF membrane and were put in the sequencer. Sequencing of the proteins, P1 and P2
showed significant alignment with erythrocyte membrane associated antigen of one P. fal-
ciparum clone: pPf and the sequence of P2 showed significant alignment with serine
protease inhibitor of Rattus norvegicus. Work is continued on the isolation of high affinity
parasite antibodies from existing panel of clonesto develop diagnostic reagents.

PCR-based Identification of Malaria Parasites

Simple PCR assay using small subunit ribosomal DNA primers was employed. In atotal of
79 P. falciparum positive bloodspots tested, 98.7% gave amplification in PCR assay, however,
in 11 microscopicaly P. falciparum negative bloodspots, none of the samples showed ampli-
fication in PCR assay. A multiplex polymerase chain reaction to differentiate P. fal ciparumand
P. vivax in asingle assay was standardized using a mixture of specific primers for each of the
two species. The two species could be identified on the basis of size corresponding to 183
and 206 bp respectively for P. falciparum and P. vivax (Fig. 7).

Studies on Morphological changesin Cerebellar Purkinje cells
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A study has been initiated to see the morphological changestaking place in cerebellar purkinje
cells and in the surrounding parenchymal cells during cerebral malaria. The study aimsto see
the effect of plant extracts with antimalarial properties in cerebral malariain the experimental
animal model using Swiss albino mice and P. berghel ANKA strain.

Primary Screening of Herbal Productsfor their Antimalarial Activity

Thereis an urgent need for new antimalarias particularly to those parasites, which are showing
resstance to the existing antimalarials. The medicina plants or parts of the plants used for the
treatment of fever in rurdl/triba areas collected from different geographica regions of Indiawere
tested for their antimalaria properties. In addition to 13 medicina plants tested in vitro for ther
antimalaria activity, two new plants collected from Kerala and Uttaranchal have been tested in
vitro for their antiplasmodia activity. Thein vitro test was done using both chloroquine sengtive
and resistant isolates of P. falciparum using schizont maturation inhibition assay. The IC,,
vaueswere 1.5 ?g/ml and 6 ?g/ml respectively.

In vivo schizontocidal activity was tested for one of the above extracts which was showing
good effect. Based on the results of the schizontocida activity of the earlier studies acompound
was prepared by mixing two 50% ethanol extracts and was given to P. berghel infected Swiss
albino mice. Three groups of five animals each were taken. One group received no drug, which
served as control. The other two received 100 mg and 50 mg/kg body weight each respectively.
From the control group al the fiveanimals died by Day 9 of experiment where as from the first
experimenta group out of five animals three survived and in the second group only one animal
survived the infection and the average survival rate of other four animals survived was 13 days.

200 bp
100 bp—»

194 bp

Fig. 7: Gel electrophoretograms showing differentiation of P. falciparum and P. vivax
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Therapeutic Efficacy of Chloroquine and
Sulphapyrimethamine

(i) In Uncomplicated falciparum Malaria (WHO
Funded Project under RBM-TSN/DRP)

A standardized protocol has been developed by
WHO to assess the therapeutic efficacy of antima-
larid drugs againg clinicaly manifested infection with
P. falciparum in individuals of various age groups.
The therapeutic efficacy protocol is based on clinica
and parasitological responses of the patients and it
has the purpose of determining the practical efficacy
of the drug regimen in study areas with the ultimate
objective of ascertaining its continued usefulness or
the necessity for replacing it in the routine treatment.

Present study has been conducted at seven sites—
Kathiatali and Simonabasti of District Nowgong,
Assam; Sonapur and Boko of District Kamrup,
Assam; Keonjhar Town, Padmapur and Basudepur
of District Keonjhar, Orissa. In order to reduce the
patient recruitment time, health centre close to well-
defined community was identified to conduct the
activities at peak malaria season by selecting local
pockets and organizing mobile clinics. Microscopi-
caly confirmed cases of P. falciparumwere enrolled
according to the incluson and exclusion criteria.
Treatment with recommended drug was given under
supervision and the test schedule to follow-up the
patients at various intervals for 28 days was main-
tained. Assessment of efficacy of both chloroquine
(CQ) and sulphapyrimethamine (SP) was conducted
at five sites each.

HIGHLIGHTS

Therapeutic efficacy studies of chloroquine
in falciparum malaria have shown up to
30% treatment failure of CQ in northeast
states and 3% in Orissa

Therapeutic efficacy studies of chloro-
quine in uncomplicated vivax malaria in
Navi Mumbai, Gautam Budh Nagar and
Chennai City showed no treatment failure
of CQ

Evaluation of Pf diagnostic kit— ICT Binax
showed 100% sensitivity and specificity in
detection of P. falciparum

Malaria trend, spatio-temporal dynamics
and epidemic cycle in Mewat region of
Haryana were worked out using GIS

Situation analysis of malaria in Gadchiroli
district, Maharashtra emphasized the
need of health education and community
involvement for malaria control

Impact of climate on malaria was studied
in Tumkur (Karnataka) and Bikaner
(Rajasthan)

Analysis of correlationship between ma-
laria cases and meteorological indicators
indicated that there is positive as well as
negative relationship with meteorological
indicators in different areas

A field trial site for malaria vaccine is being
developed

In CQ study areas, wherever patients showed treatment failure to CQ were treated with
second line drug— SP and they were then followed-up as per study protocol. It is observed
that 30% cases showed treatment failure to CQ in Digtrict Nowgong (NK), where revised drug
policy has already been introduced. In Kamrup district (KS and KB), treatment failure with
CQ was less than 25%, which denotes the said regimen is still effective. Almost al the patients
from Padmapur and Basudepur of District Keonjhar responded to CQ, treatment failure was
noticed only in two patients (3%). Treatment with SP showed adequate clinical and parasito-
logical responsesin all the patients except one in KS, Kamrup.
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Table 1. Basdline characteristicsin chloroquine treated patients

Parameters Navi Mumbai GB. Nagar
Drug dose (over 3 days) 25 mg/kg 25 mg/kg
No. of cases 85 48
Males/Females 68/17 3117
Age (range) 1-65yrs 3-59 yrs
% patients with fever (Day 0) 55 458
H/o use of antimalarials None None
Adverse effects

Vamiting 8.2% —

Giddiness 2.3% —

Purities — 6.9%
Parasitaemia (range) — 280-10,960 ?I
Fever clearance time

24 h 87% 95%

48 h 100% 95%

72 h 100% 100%
Parasite clearance time

48 h 98.8% 100%

72 h 100% —

(i1) I'n Uncomplicated vivax M a-
laria

Navi Mumbai: Study was con-
ducted in collaboration with Navi-
Mumbai Municipal Corporation at
six urban health posts—CBD,
Karave, Nerul, Sanpada, Kopar-
khirne and Airoli. Up to December
2002, 85 patients of P. vivax malaria
were enrolled and 28 day follow-up
was conducted. The baseline char-
acteristics of patients are listed in
Table 1. All patients responded to
treatment with chloroquine.

Gautam Budh Nagar (Uttar
Pradesh): The digtrict has seasonad
transmission of malaria and is epi-
demic prone. A total of 48 (31
males + 17 females) patients of vivax
malaria in the age range of 3-59
years were enrolled from PHC
Dadri, Distt. Gautam Budh Nagar.
There was no treatment failure up to
Day 28 in this group of patients
(Table1).

Chennai City (Tamil Nadu): The study was undertaken in Sowcarpet, which is Stuated in the
northern coastal belt of Chennai. The areais hyper endemic for malaria and the transmisson is
perennid. Study was conducted from the Central Mdaria Laboratory of the Chennal Corporation
located at Basin Water Works street (Div. 38) in Sowcarpet area. All fever cases reporting at
the clinic were screened for malaria positivity by the Chennai Corporation staff. Patients with

Table 2. Analysis of parasite count in patients

Day No. of Mean SD Minimum  Maximum
cases parasites/?l
Day O 115 72371.7 6499.03 352 39630
Day 2 115 3214 163.46 0 1360
Day 3 115 132 180 0 120
Day 7,14, 115 Nil Nil Nil Nil
21 and 28

vivax malaria were sent to the
MRC clinic established in the
same building for enrollment in the
study. Up to December 2002, 143
(130 males + 13 femaes) cases
were enrolled of which 136
(95.1%) cases were adults. No
recrudescence was observed in
any patient in 28 day period. The
parasite clearance time was 2 days
in 87.8% patients, 3 daysin 8.7%
and >3 days in 3.5% (Table 2).
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Evaluation of Diagnostic Kit— ICT Binax _ . .
Table3. Resultsof 1CT Binax diagnosis

In continuetion of earlier studies evaluation of ICT binax  jcroscopic No. Test kit result
diagnostic kit based on detection of HRP-2 was done.  diagnosis teted
The results are shown in Table 3. The study showed that tve -ve
ICT binax kit is highly sensitive and specific for thede-  p 5i parum 7 7 0
tection of P. falciparum.

P. vivax 40 40
32 0 32

o

Association of Leptospirosis in Patients of Severe V€
falciparum Malaria

Tota 149 77 72

Severe and complicated falciparum malaria presents with many complications like cerebral
malaria, jaundice, acute rend failure, etc. Among these, acute rend failure occursin < 1% cases
but the mortality from these cases are reported up to 45%. Data from I spat General Hospital,
Rourkela shows nearly two fold increase in the number of patients with severe complications
like acute renal failure and jaundice over a period of five years. Leptospirosis is an acute
anthropozoonotic infection prevalent worldwide and is emerging as an important public health
problemin India. The clinical picture of leptospirosis mimicks severe and complicated maaria
especidly that of acute rendl failure and jaundice. The recent increase of acute rena failure and
jaundice among malaria patients at Rourkela may be due to leptospirosis alone or in combi-
nation with malaria. Hence, a collaborative study was undertaken to rule out the presence and/
or association of leptospirosis among these patients. A detailed clinical, hematological and
biochemical examination was done in these patients. There were 13 severe maaria patients
(microscopy/ICT +ve 8; microscopy/ICT —ve 5) and 8 uncomplicated malaria (microscopy/
ICT +ve). Serum samples were tested for leptospirosis by LeptospiralgM specific Agglutina-
tion Test and Lepto Tek Dri Dot Test a NICD, Dehi. None of these were positive by serology
for leptospirogs. The study will be continued with larger sample size representing al age groups.

Spatio-temporal Dynamics of
Malaria in Mewat

Malaria Trend and Epidemic Cycle

API
'Fl.l

In Mewat, API during 1991-2001 15
revealed that from 1991-1993 there 10
was a declining trend and the API
reached below 2, later during 1994
and 1995 API increased to ~ 5. In 199192 93 94 95 96 OF 98 99200001
1996, the AP was around 33, sta- = Pre.  Epidemie Post T

tigtically more than average +2 S.D.) epidesic epidemic epidemic:  eRidemic

and was declared as an epidemic YEAR

year. Thereafter a decline was b~ iy 1 annual parasite incidence in Mewat from 1991 to 2001
served and the APl in 1998 rea- showing different epidemic phases

ched below 2, subsequently by
2001 it was < 0.5 (API < 2 is considered as very low risk area and need not ot be covered
by indoor resdua spraying as per NAMP norms) (Fig. 1). Statistically malariaincidence in the
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Malaria Paradigms in Mewat

years 1993 and 1998 were found similar.
Thus the entire cycle, 1991 to 2001, a span

- of 11 years was classified into different epi-
,.-ﬁ‘:";u {aed demic phases, such as inter-epidemic
‘ ’ﬂjﬁ (1991-93), pre-epidemic (1994-95), epi-
£ ﬂ?gm - f.gr& demic (1996), post-epidemic (1997) and
Lff%i@ \é once again as the inter-epidemic phase
;:;’ o (1998-2001). A post-epidemic investigation
{a} v in 1996, revealed that P. vivax was the
Comtimand Aven Plodfrme | brominent species of malaria but P.
ASL Fatcliment Aven § Mg aren falciparum was aso prevalent in some
(}%m b pockets.
i g _— .
wﬁ, Nem Carchmeit N | dentification of Paradigms
f:g:l}’gl, .*::TJ //lllr.lll.'uu
) i Using GI'S, based on geographic reconnais-
f}-@ B sance, ecological and socioeconomic profile
L) 4 initially five malaria paradigms—irrigation
~ command, catchment, mining, urban and
Fig. 2: (a) Two command areas Al and All in Mewat;  flood prone areas were identified (Fig. 2).

(b) Flood prone areas; (c) Catchment and non-  Section-wise map of the area was overlaid
catchment areas; and (d) Urban and mining on thematic maps to delineate the sections
areas falling in 5 malaria paradigms. Each paradigm
exhibited its own eco-epidemiologica characteristics and potentia for maintaining maariatrans-
mission of varying intensity.

M alaria Receptivity by Paradigm

It may be seen from the Fig. 3 that during 1991 overal API in all the paradigms was around
5, then declined to around 2 by 1993, again increased during 1994 and 95 representing pre-
epidemic phase when it touched around 7 API in al paradigms. Epidemic phase started in
1996, 1997 was the post-epidemic year and 1998—-1999 once again represent the inter-
epidemic period. During 1996 different paradigms responded differently, maximum amplification
occurred in urban/semi urban paradigms with API about 45. This was followed by flood prone,
command area A-11 and noncatchment paradigms which exhibited the same amount of ampli-
fication and the API reached around 40. Mining paradigms showed about 20. The lowest
malaria incidence was observed in command area Al (API about 10). By 1998 maariainci-
dence reached below 2 in all the paradigms. Further decline continued to reach API below 1
by 1999 subsequently in 2000 and 2001 API reached below 0.5 in all paradigms.

Spatio-tempora distribution map of maariafor the years 1991 to 2001 depicted spatial spread
of various epidemic phases (Fig. 4). The sections other than < 2 API were extracted for the
years 1993 and 1998 and overlaid on paradigm maps to study eco-epidemiologica profile of
malaria during inter-epidemic phase. It revealed that APl in 1993 and 1998, the years of
similar malaria situation in the last two inter-epidemic periods, flood prone area, irrigation
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Fig. 3: Paradigm-wise different epidemic phases in Mewat (1991-2001).

command area All and noncatchment area retained as active pockets of malaria transmission.
Amplification started during 1994—1995 (pre-epidemic phase) and engulfed al paradigms by

1996 (epidemic year). Therefore, thereis aneed for
quantitative assessment through field surveysin these
paradigms to explain above phenomenon of residua
malariaand to identify ‘ epidemic risk factors' to pre-
vent future epidemics.

Serological Profile following Malaria Outbreak
in Mewat Region of Haryana

Mewat region of Gurgaon district in Haryana experi-
enced heavy rain and inundation in 1996, followed by
a severe malaria outbreak. High incidence of P.
falciparum infection and deaths were reported
though control measures were taken at alarge-scale
to combat the epidemic situation of the area by gov-
ernment and local agencies. Assessment of the effi-
cacy of intervention measures to control malaria
transmission, however, received little attention.

In addition to this nothing was known about the an-
timalariad immune status and parasitological exposure
level of the population. In an attempt to understand

Mon
) Catchment
ST et Area
o il

Fig. 4. GIS identifies malaria active sections during
inter-epidemic period and their related
paradigms. It revealed that active pockets
confined to three paradigms—flood prone,
non-catchment and command area All.
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Table4. Anti AR1 and anti Pf antibody (1gG) levelsin the finger prick the epidemic situation and
blood samples collected from residents of CHCs Nuh and subsequent consequences,
Firozepur Jhirka in the aftermath of malaria outbreak cross-sectional surveys
(1997 and 2001) were conducted during

February—March 1997 and

Yexr  Village Tota no. Mean+SD ELISA OD,,, % Mean seropositivity ~ April 2001 to study the

of b'?Od e - e - antimalaria immune status
SAMPIEs of the residents of four vil-
1997 N 211 0.96+0.15 0.90+0.09 988 982 lages of community health
Sl 1%  066t025 074028 820 g2  centres (CHCs) Nuh and
ML 261  079:020  095:016 960 o6  irozepur Jhirka, using
ELISA asatool and para-
KH 179 0.83+0.17 080+0.15 9.4 %38 sitological exposure level
2000 FN 47 0651024 05602 698 69 by microscopic blood slide
S 83 1.01+0.23 093022 988 986 examination.
ML 70 0.95+0.26 075019  9%.4 38 Seroeidermiological obser
oepidemiological obser-
KH 48 0.77+0.19 068+0.18 896 8.5 S
- - > vation in the aftermath of
FN 45 0.436+0.064 0.53+0.07 80.0 17.0 outbreak showed hlgh titers

(School children)

of 1gG antibody directed

FN—Firozepur Namak; SL—Salmbha; ML—Malabh; KH—Khedla. againgt AR1 synthetic pep-

tide (EENVEHDA-C) and
P. falciparum crude antigens. Parasitological results—dlide positivity rate (SPR), dide
faciparum rate (SfR) and per cent Pf were observed to be low during these surveys. A negative
relationship was noticed between the levels of anti AR1, Pf antibody and parasitological results
inthe resdents (Table 4).

Seroepidemiological studies could be used to evaluate the immune status of the population,
transmission pattern and assessment of efficacy of intervention measures. The data could also
be utilized for effective surveillance of malaria.

Seroepidemiological Assessment of Resurgence of Malaria in Haldwani Area, after
withdrawal of the Bioenvironmental Control Programme

Cross-sectional seroepidemiologica studies were undertaken in Haldwani areaincluding plain
and forested areas in pre and post-bioenvironmental control programme (implemented in 1986)
to assess the actua malaria Stuation in the area and the impact of control programme. Bioen-
vironmenta control programme was withdrawn (in 1990's) as malaria Stuation was improved
and decline in malaria incidence was reported. Before the implementation of bioenvironmental
control programme, sero-reactivity against AR1 antigen (a nonapeptide [EENVEHDA(C)]
representing an epitopes in the 3 carboxy termina immunodominant repeat region of the ring
infected erythrocyte surface antigen (RESA/Pf 155) of P. facipuram was observed to be
0.695+0.150 and 0.628+0.105 in children population, but after the implementation, serore-
activity decreased considerably. The AP1 and ELISA O.D. recorded in children population
in 1991 in nontransmission and transmission periods were 0.244+0.089 and 0.134+0.064
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respectively in the_years Table 5. Impact of bioenvironmental control programme on the seroreactivity
1992 and 1993, it re- against AR1 P. falciparum antigen and malariogenic condition of

mained low (0.145+ Haldwani region (1989-2000)
0.058 and 0.269+0.09)
indicating improvementin - Yer Month  Mode of Total no. AR1ELISA APl SPR  ETI

malariastuation. Antima: trans-  of children  OD.
larial antibody levels s pejplliiien
measured in 368 small 1989 Oct Peak 208 0695+ 0150 522 204 1968
children from thﬁ p'ig 1990 Jan-Feb  Non 634  0628+0105 423 203 177
in 1997 w

area 997 showed o0 JnFeb Non 161 024 +0089 174 175 723
moderate levels of anti
AR1 1gG antibody. High 1991 Nov Pesk 104 0134+ 0064 52 58 436
levels of anti ARL IgG 1992 Sep/Oct  Pesk 104 0145+ 0058 42 75 466
antibody were observed 1993 Jan Non 146 0269+ 0090 6 68 884
inadult populationinthe 1057 Fey M Non 68 042 +0069 - - 11831
forested area in 1997.

2000 Feb-Mar Non 84 073 +015 — — 2613

Gradual rise in malaria
incidence was noticed in
Haldwani area as 456 active fever cases with 11.2 SPR and 1.1 SfR in 1998 and 625 fever
cases with 18.9 SPR and 9.9 SfR in 1999 were reported, supporting our observation and
confirms the resurgence of malaria (Tables 5). Using linear regression analysis of ELISA O.D.
values and known annual parasite index (API) of a given area a formula was developed to
calculate equivalent transmission index (ET1=270.55/ELISA O.D.+7.40) from which the level
of endemicity could be estimated. Five villages from plain areas were considered for estimating
malaria status through serology. Each village showed moderate anti ARL ELISA O.D. which
indicates a moderate malaria transmission. On comparison of seropositivity and equivalent
transmission index, the vaues confirms the same.

Whereas in two forested villages
where implementation of control Table 6. Village-wise malaria statusin plain and forested area of

‘s . Haldwani during February—March 1997 in all age groups
programme is impossible due to after the withdrawal of bioenvironmental control

lack of accessibility, malaria inci- programme

dence was very high. Annual para-

gteindex collected fromMRC field  Area Villages No.exam- Mean AR1 % Sero- ETI

stations were 231.2 and 162.99 for ined OD.+SD. positivity

HP and JL villages. Accordingly, Plain AR 91 043 + 008 55.9 11841

mean AR1 ELISA O.D., percent- SNBC 19 042 + 0.09 51.0 11590

age seroposditivity and equivalent NVC 171 040 + 0.14 56.5 11303

transmisson index, al the values are RP 58 035+ 009 362 98.73

very high which indicates the corre- N 29 054 + 015 51.0 14548

|lation of parasitological and sero-  Forest  HP 2812 085+ 022 810 2173

logical data (Table 6). HF2 2312 092 + 013 %00 23895
L 16299 069 + 1.80 86.86 182.62

Blood samples from three villages




Table 7. Anti AR1 1gG antibody titer in adult
population of Haldwani (Plain area)
during March 2000 (Nontransmis-
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dividuas. Each village showed moderate to high trans-
mission as per anti ARl ELISA O.D. and equivalent
transmisson index. From our hypothes's, thisinforma-

sion season) tion indicates that villagers experienced malariain the

previous year of sample collection (Table 7). In con-
clusion, seroepidemiological information can estimate
the malaria status of a population much better com-

No. AR1 ETI
examined ELISA O.D.

Daval Chaur 3
Haripur Motia 28
Kishan Pur 23

067+0.18 18866 pared to other classical methods.

078+013 21843

Deinesgtion of Breading Habitats and L andscape Fea-
075+014 21031

tures Suitable For An. culicifacies Abundance usng

Cut off value for AR1 = 0.35 ELISA O.D.

Satdlite Remote Sendng (ICMR Task Force Projedt)

The study was continued in three selected PHCs of Tumkur district. Entomological surveys
including positivity of breeding habitats, emergence of adult species and man hour density of
anopheline vectors (indoors) were undertaken along with ecological changes in January and
June 2002. Parasitological surveys for point prevalence were also carried out.

Satellite data (IRS 1C/D LISS 111 and PAN) products were procured for the dates of ento-
mological surveys. False colour composite/hybrid colour composite images were generated
from merged products of LISS I11 and PAN. Supervised classification was done and statistics
of land use features like water bodies, barren area, rocks with vegetation, barren rocks, etc.
were generated in respect of 27 villages for May 2001. Based on data of January 2002,
FCCsimages were generated and statistics of land use features were also generated in respect
of six villages of Tovinkere PHC. Findings are given below:

(i) Tanks, streams, ponds, marshy areas and irrigation wells were found as breeding habitats
of An. culicifacies in the decreasing order.

(i) May/dune month was found critical in differentiating entomological and ecologica param-
eters supporting An. culicifacies populations.

(i) Anayss of satdllite data revedled that tanks, streams, ponds, marshy areas were detectable
by LISS 11l and PAN merged products. Irrigation wells whose positivity for An.
culicifacies was inggnificant, were not detectable.

(iv) The difference inland use featuresin villages of high and low malaria categoriesindicated
that in villages of high maaria incidence presence of water in water bodies (0.36-35.78%),
more vegetation cover (24.9-85.72%), less barren area and scrub (0-12.9%), less barren
rocks (0.13-9.68%) as compared to 1.44—3.2% water bodies, 15.07-34.19% vegetation
cover, 8.57-30.21% barren area and scrub, and 0.35-20.33% barren rocks in least
malarious area (Byalya). The presence of streams and tanks in the vicinity of human
settlements were found more productive for breeding of An. culicifacies.

(v) The village-wise analysis of satellite image revealed that remote sensing may be used for
ecological change detection at village level and for stratification of high/low malarious
areas.
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Impact of Climate Change on Malariain India

Asapart of Ministry of Environment and Forests, Government of India, preparation of India's
Initial National Communication (NATCOM) to the UNFCCC on vulnerability assessment and
adaptive measures due to climate change, a study was undertaken on the impact of climate
change on maariain India.

Based on monthly fluctuations in malaria cases in the year 2000 (NAMP data), regions vulner-
able to climate change were identified. Keeping in view the minimum requirement of temperature
and relative humidity (RH) for development of P. vivax and P. falciparum parasites, transmis-
sion windows (TWs) of malariain different cities (representing concerned state) were deter-
mined. Based on the areas vulnerable to climate change were further identified.

The projected risein temperature (T) due to climate change (1.5, 2.4 and 3.8°C by the year
2020, 2050 and 2080 respectively) and precipitation (2 + 1% by 2020, 3 + 1% in 2050 and
7 + 3% by 2080) were added in monthly mean temperature and RH of baseline year 2000.
The TWswere determined based on the TWs temperature aone as well as in combination of
T and RH.

When we look at the projected temperature in the years 2020, the TW is likely to increase
by one month in northeastern states, Rgjasthan, Uttar Pradesh and Gujarat while by two months
in J&K, Himacha Pradesh and Madhya Pradesh. The TW is likely to remain unaffected in
Andhra Pradesh, Chhattisgarh, Haryana, Punjab, Karnataka, Kerala, Maharashtra, Orissa,
Tamil Nadu, Uttaranchal and West Bengal. Since malaria transmission dynamics is complex,
affected by rainfall pattern, agricultura practices, socio-economic conditions and the intervention
measures undertaken, projection of malaria based on temperature alone may not hold true. If
intervention measures being practiced in India are implemented effectively, the whole scenario
of malaria may change (drastic reduction), let temperature or rainfall be suitable.

Longitudinal case studies were undertaken in Tumkur (Karnataka) and Bikaner (Rajasthan)
digtricts to find out correlation of climatic factors—temperature, RH and rainfall with malaria
to find out suitable adaptive measures. Surveys on socio-economic conditions prevaent in the
areaswere aso made to assess the impact of climate change on socioeconomic conditions and
thereby on malaria. The results of the case studies in Tumkur revealed that temperature fluctua-
tion during different yearsis not much but the rainfall pattern at the threshold of TW helpsin
providing suitable RH for effective transmisson of malaria. In Bikaner digtrict, the rainfall at the
threshold of TW for at least two consecutive months is important in causing increase in maaria
cases. The overdl analysis of correlationship between malaria cases and meteorological indica-
torsindicate that there is postive as well as negative relationship with meteorologica parameters
in different aress.

SITUATION ANALYSIS

District Ghaziabad (U.P.): Study was carried out in two PHCs Garh Mukteshwar (high risk
of malaria) and Dasna (low risk of malaria) in Ghaziabad district (U.P) from 7 to 17 October
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2002. Parasitological survey

Ghaziabad (U.P) was carried out in both the

PHCs for few days and was

Village Population TBS SPR SR Cases/000 Pf/000 compared with the data col-
lected by DMO, Ghaziabad

NanuPura 5505 ! o 0 0 0 In PHC,y Garh Mukteshwar
Bhagwantpur 392 3 B3 B3 25 25 the dlide positivity rate (SPR)
Jireena 3415 8 25 0 029 0 ranged from 0 — 33.3 and SIR
Salar Pur 2741 5 0 0 0 also ranged from 0-33.3
Sharifabad 790 2 0 0 0 (Table8). InPHC, Dasna o

case was reported. Malaria
cases recorded by the Digtrict
Malaria Officer in five villages of each PHC based on active case detection at an interval of
15 days were nil in these villages. Entomological observation revealed that An. culicifacieswas
predominant species and per man hour dengties ranged between 7 and 27 in Garh Mukteshwar
PHC and in Dasna PHC An. culicifacies man hour density was in between 7 and 14 during
October. Susceptibility test was carried out as per WHO procedure and found that An.
culicifacieswas resistant to DDT in both the PHCs (Table 9).

Digtrict Gadchiroli (Maharashtra)

Maharashtra government has been able to reduce malaria in most of the districts but the
problem in Gadchiroli district was till persisting in spite of implementation of the main tools
of intervention—indoor resdua spray (IRS) by deltamethrin and fever radica treatment (FRT)
to the best possble. Aninvestigation was made to find out the reasons of persstence of malaria
in Gadchiroli district during November 2002.

Annual blood examination rate was found to be ranging from 49 to 94 indicating that the health
workers were reaching to community efficiently. Pf % during 1997 to 2001 ranged from 51 to
66%. The dide positivity rate ranged from 1 to 2.72. The coverage by two rounds of IRS
(synthetic pyrethroids) was around 90% and for better compliance to radical treatment,

Table9. Reault of insecticide susceptibility test in PHC, Garh M ukteshwar, Distt. Ghaziabad (U.P.)

Insecticide Species
An. culicifacies Cx. quinguefasciatus
Doses No. Exposed %  Corrected Doses No. Exposed %  Corrected
(%) exposed period knock- mortaity (%) exposed period knock- mortality
(hr) down (h) down
Deltamethrin 002 15x2 1 100 100* 002 25x2 1 44 100*
DDT 4 15x 2 1 1 0 4 25x 2 1 — 0
Malathion 5 15x 2 1 100 100 5 25x 2 1 33 100

* 100% knock-down was obtained within 15-25 min of exposure.
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blister pack was introduced containing 4 tablets of chloroquine of 600 mg each and 4 tablets
of 45 mg primaquine.

Detalled parasitological investigations revealed that 25% of positive cases detected during
the survey were having gametocyte stage of P. falciparum parasite. It indicates that com-
pliance to FRT was not satisfactory. Entomological findings revealed that the main vector, An.
culicifacies was resting indoor and was 100% sensitive to the sprayed insecticide—
deltamehthrin. An. fluviatilis was encountered rarely. Results of cone bioassay indicated that
on the wall surface sprayed before 10 days, mortality of An. culicifacies was around 68%,
while the mortality was only 13% on the surface sprayed before one month. It indicates that
the quality of spray was not satisfactory and required close surpervision. It was learnt that
just after second round of spray in October, the inhabitants got their houses smeared/white
washed.

A deep insight into the reasons of persstence of malariarevealed that the intervention measures
were being affected by the socid factors like locked houses, not alowing spray in dl the rooms
and smearing of houses by mud/white wash. FRT was affected by the approach of inhabitants
to seek the help of local quacks rather health services and not taking full course of antimalarials.
The overall findings emphasize the importance of health education to community and their
involvement in malaria control for achieving best results.

Development of a Field Site for Malaria Vaccine Trial (A Collaborative Project with
International Centrefor Genetic Engineering and Biotechnology, New Dehi — Funded

by Department of Biotechnology, Govt. of India)

Studies were continued in hyperendemic and low endemic areas of Sundargarh district, Orissa
for preparation of a site for malaria vaccine trial. There are 13 study villages with a total
population of 4221 under Gurundia and Birkera PHCs of Sundargarh district out of which, 8
villages with a population of 2058 are located in deep forest close to the streams, under the
influence of An. fluviatilisand have persstent malariatransmisson. The remaining five villages
with atotal population of 2163 are located in a plain area close to a perennial river where An.
culicifaciesis the main vector and maariatransmissonislow and seasonal. The study villages
are predominantly inhabited by ethnic tribals—Oram, Munda, Khadia, etc. The geographical
reconnaissance and mapping of the study villages were completed and a computer based
epidemiological as well as GI S database has been developed.

Entomology and Parasitology: Longitudina and cross-sectional parasitological and entomo-
logical surveys were conducted in dl the study villages. The weekly survelllance was conducted
in al the study villages through village volunteer workers. The SPR, SFR, Pf per cent and
annual parasite index (API) in the forest villages were 41.8, 35.1, 84.0 and 397.5 respectively,
whereas in the plain area villages these were 17.1, 12.1, 70.8 and 55.5 respectively. The
malariaincidence was more in the younger age groups up to 15 years and the highest incidence
was in the 0-5 age groupsin the forest area but in the plain area, malaria cases were evenly
distributed in al the age groups.



36

During the year, cross-sectional mass blood surveys were conducted in al the study villages
during March, June and November covering al the transmission seasons— low, moderate and
high respectively. The parasite rate in the forest and plain area during March, June and Novem-
ber was 11.4. 1.1; 9.8 and 0.6, 20.2, 1.84 respectively. Malariawas more prevalent in the
younger age groups as compared to adults. Out of the total malaria casesin forest area, the
prevalence of P. falciparum, P. vivax and P. malariae accounted for 82, 16 and 2 per cent
respectively but in the plain area, the prevalence of Pf and Pv were 68 and 32 per cent
respectively. The spleen rate in children living in forest area villages was above 80 per cent
throughout the year and also in adults it was above 30 per cent, whereas, in plain area the
spleen rate in children and adults was ranging from 20—-35 and 2—12 respectively. A study
on the therapeutic response of chloroquine in the study population isin progress.

Entomological surveys were carried out in two indicator villages each in forest and plain
areas. During the year, 14 anopheline species from forest area and 11 species from plain
areawere recorded. An. culicifacies was widely prevalent in both the areas whereas An.
fluviatilis was totally absent in the plain area. The man hour density (MHD) of An.
culicifaciesin the forest and plain area was in the range of 3.3—35.0 and 8.0-26.0 respec-
tively. The MHD of An. fluviatilisin the forest area ranged from 0.2—15.3. Results of all
night mosquito landing collections on human baits showed that An. fluviatilis prefer to bite
humans and the man biting rate in forest area during low, moderate and high transmission
seasons was 0.62, 6.5 and 16.5 hites per person per night respectively, whereas it was nil
inthe plain area. The average man biting rate of An. culicifaciesin the forest and plain area
was 0.3 and 0.5 bites per person per night respectively. The sporozoite rate in the forest
area during low, moderate and high transmission seasons was 0, 1.32 and 2.1 respectively
and it was nil in the plain area. The entomological inoculation rate (EIR) in the forest area
during low, moderate and high malaria transmission seasons was 0, 0.085 and 0.35 infective
bites per person per night respectively whereas, it was nil in the plain area. The study
population is being increased to 15,000 for which new villages have been identified and basdline
data collection as well as census operation isin progress.

Host Immune Responses:. Study proposed on host immune responses was to determine the
antibody level to vaccine candidate P. falciparum antigens, namely MSP-1 ,, EBA175 and

TRAP developed in the course of naturd infection in different age groups in the study population.

Finger prick blood samples were collected by cross-sectiona survey from individuas belonging
to forest and plain areas. Indirect ELISA was done to assess the antibody level against three
recombinant peptides. From the results, it was observed that overal 1gG antibody profile with
three antigens were higher in individuals of forest areas than those in plain areas. There was an
age-wise increase in |gG level in both areas. Antigen specific IgM profile in study group was
low and dmost smilar intwo areas. Anti-TRAP antibody level found moderately high in adults
of both forest and plain areas. IgG1 and 1gG2 were the predominant subclass responses to all
three antigens. Proportion of high responders to MSP-1,, and EBA 175 was comparable in
children and adults. A group of serafrom older age group showed elevated level of IgG3 to
MSP-1,and EBA175. There was an association between high 1gG/IgG1 antibody to
MSP-1,, and EBA175 responses and lower prevalence of P. falciparum parasitaemia.
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A longitudinal cohort study of parasite episodes, reinfection and antibody level against P.
falciparum antigens of interest has been proposed.

Multiplicity of Infection: Field collected blood spots from P. falciparum positive patients
were genotyped using PCR method. Primers of MSP-1 (block-2) and MSP-2 (central vari-
able region) were used for PCR assay. Primary reaction primers were gene specific and nested
PCR primers were family specific. About 105 samples were analyzed for two years during
different transmisson seasons. Multiplicity of infection ranged from 1.1 to 3.28 in low and high
transmission seasons. Number of aleles observed was 22 in MSP-1 and 24 in MSP-2. A high
proportion of isolates (>60%) had multiplicity of infection greater than 1.

Sequence Diversity: The sequence diversity in three malaria vaccine candidates namely
MSP-1 (C-terminal 19kDa), EBA175 region 11, and TRAP was determined in P.
falciparum isolates. Primers were designed covering part of block-16 and entire block-
17 of MSP-1. Sequencing of 16 field isolates has shown polymorphisms only at few
amino acid positions. Eight alleles were observed in Indian field isolates, out of which
three are unreported till now (from any other country study).

Primers were designed for TRAP N-terminal and C-terminal regions. Sequencing of 10 field
isolates for TRAP N-terminal region showed polymorphisms at 25 amino acid positions, and
three were reported for the first time. Important motifs like RGD, 1QQ and the motif in
thrombospondin related proteins were conserved in all the field isolates. Sequencing of 10
field isolates for TRAP C-terminal region showed variable PNP repeats in different isolates.

Sequencing of EBA175 F2 region of 16 field isolates has shown polymorphisms at 19 amino
acid positions. Only five of these were reported between different strains. Only selected
amino acid residues were targeted for mutations.
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Malaria Clinic at 2, Nanak Enclave

A total of 1822 patients attended the malaria clinic a 2, Nanak Enclave, Delhi during
January to December, of which 36 were found positive for malaria (27 positive for P.
vivax and 9 for P. falciparum). Slide positivity rate (SPR) and dlide falciparum rate (SfR)
are given in Table 1. Clinical examination was done and specific and symptomatic treat-
ment was given. Blood samples were collected from volunteers with their consent for
host-parasite interaction (23 Pv and 1 Pf ) and genetic diversity studies (21 Pv and 4 Pf).
The month-wise distribution of malaria cases is given in Table 1.

Table 1. Data from malaria clinic, MRC,
2, Nanak Enclave, Delhi

Month BSE Total Pv Pf SPR SR
Jan 131 3 2 1 2.29 33.33
Feb 105 3 2 1 2.86 33.33
Mar 126 0 0 0 0 0
Apr 149 0 0 0 0 0
May 84 4 4 0 4.76 0
Jun 114 2 2 0 1.75 0

Jul 174 G 5 4 5.17 44.44
Aug 231 2 1 1 0.87 50
Sep 320 G G 0 281 0
Oct 213 2 1 1 0.94 50
Nov 120 2 1 1 1.67 50
Dec 55 0 0 0 0 0

Malaria Clinic at 22, Sham Nath Marg

A total of 72 patients attended the malaria clinic at 22, Sham Nath Marg, Delhi or were
referred from hospitals for blood examination and treatment of malaria during the period
of January—December. Out of five patients found positive for malaria, only one patient
was diagnosed as P. vivax and four as P. falciparum.
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Nadiad (Gujarat): A study on the health impact assessment of the Sardar Sarovar Narmada
water resources development project on communicable diseases with particular emphasis
on mosquito-borne diseases was initiated. A WHO-sponsored project was started in select-
ed talukas in northern Gujarat to develop strategy for integrated control of vectors of
malaria and dengue. New insecticide formulations were evauated for malaria vector con-
trol. Support in technical, training, health education, epidemic investigation and contain-
ment was provided to antimalaria programme.

Jabalpur (Madhya Pradesh): Maaria epidemic investigation was carried out in Betul
district on the request of state hedth department. Impact of DDT indoor residua spraying
was evaluated. Situation analysis was done in Mandla, Dindori, Sagar and Damoh districts
on the request of the NAMP. A study on placental maaria was done. Tolerability and
efficacy of artesunate plus chloroquine or sulphapyrimethamine combination vs single agent
chloroquine or sulphapyrimethamine in the treatment of uncomplicated falciparum malaria
was studied. A study on integrated control of malaria in Sagar district was initiated. Insec-
ticide susceptibility status of malaria vectors was evaluated in eight districts.

Hardwar (Uttaranchal): Work on isolation of plant origin antimalarials and mosqguito
larvicidal, adulticidal agents and repellents continued. Allethrin residue in the environ-
ment was examined. Concentrations of chloroquine, sulfadoxine and quinine were de-
termined at the time of recurrence to confirm multi-drug resistant P. falciparum malaria
in Assam. Monitoring of bioenvironmental control strategy which has been successfully
demonstrated at BHEL, Hardwar, IDPL, Rishikesh and 10C, Mathura was done. Con-
sultancy support was provided to other industrial complexes.

Rourkela (Orissa): Longitudina epidemiological studies were continued in forest and plain
areas characterized by hyper- and meso-endemic maaria Stuations respectively to prepare a
gte for malaria vaccine trial. A study on maaria transmisson dynamics in tribal arees is
underway. Gametocytocida effect of compound 80/53 was studied. A study on the prevaence
of G-6-PD deficiency in triba population was undertaken. Work was initiated on the study of
genetic diversity of P. falciparum and P. vivax and development of microsatellite markers.
Therapeutic efficacy of chloroquine and sulphapyrimethamine in uncomplicated P. falciparum
maaria was evduated in Keonjhar. Stuation anadyss of mdaria was done in three districts
of Orissa. Technicd, training and hedth education supports were provided to antimaaria
progranme. Feld evauation of tablet formulation of deltamethrin was done.

Sonapur (Assam): The mgor areas of research included evaluation of therapeutic efficacy
of antimalarials, stuation analysis under roll back maaria initiative, and malaria outbreak
investigations in selected districts of Assam. The emergence of multiple drug resistance in
P. falciparum has been detected in areas of stable transmission, and for their containment,
intensive survelllance coupled with antivector measures with a focus on insecticide treated
nets is being advocated. Other activities included GIS mapping of An. minimus, genetic
composition of P. falciparum isolates, shling species composition of An. fluviatilis, IEC
activities during antimalaria month, and mass propagéation and distribution of larvivorous
fishes (guppy) in towns of Assam.
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Panaji (Goa): Technology transfer on bioenvironmental control of malaria to the Mor-
mugao Port was continued during the fifth year. A study of malaria in migrants was done.
Fungdl isolates with larvicidal activity were maintained for further study. A new rapid Pf
diagnogtic kit — Binax was evauated. Mdaria Stuation anaysis was done in Pangi and
Cansarvarnem PHCs as part of RBM. Thergpeutic efficacy of chloroquine in P. vixax mdaria
was evauated in Navi Mumbai. Training support to antimalaria programme was provided.

Bangalore (Karnataka): Use of larvivorous fish was scaled-up in five talukas of four
districts and in Mangalore city. Geographical reconnaissance of mosquito breeding
habitats was undertaken to plan integrated disease control. A remote sensing study on
delineation breeding habitats of An. culicifacies was undertaken. Work on mosquito con-
trol plan in Bangalore city was carried forward. Monitoring of parasite sensitivity to
chloroquine and susceptibility of An. culicifacies to malathion and deltamethrin was also
done.

Haldwani (Uttaranchal): Dynamics of malaria transmission in some areas of Bhabar
region, District Nainital, Uttaranchal was studied. Insecticide susceptibility of An. culic-
ifacies was evaluated in four districts in Chhattisgarh (as part of situation analysis) and
two districts (Nainital and Udham Singh Nagar) in Uttaranchal. Technical, training and
health education supports were provided to the antimalaria programme.

Chennai (Tamil Nadu): During the year, studies on bioecology of An. stephens and its
role in malaria transmission were undertaken in and around Chennai city. Areas were
mapped based on the ecological variants. Association of mosquito breeding with urban
rainwater harvesting was studied. Study on therapeutic efficacy of chloroquine for the
treatment of vivax malaria was completed, which showed that it was a fully effective
drug. A study in Rameswaram revealed development of resistance to pyrethroids in An.
culicifacies. Other activities included technical support, health education, training, and
malaria diagnosis and treatment through malaria clinic in Chennai.

Shahjahanpur (Uttar Pradesh): Geographical reconnaissance of mosquito breeding hab-
itats in Shahjahanpur district was undertaken. Maaria surveys were conducted in some high
risk PHCs. Situation analysis of malaria was carried out in four districts—Lakhimpur Kheri
and Sonbhadra districts in Uttar Pradesh, and East Godavari and Visakhapatnam in Andhra
Pradesh. Insecticide susceptibility status of malaria vectors was evaluated. Maaria clinic
was run. Health education activities were organized.

Shankargarh (Uttar Pradesh): Malaria Stuation analysis was undertaken in Districts
Ranchi and Hazaribagh in Jharkhand state and Gadchiroli in Maharashtra. Maaria clinic
a the field station provided early diagnosis and prompt treatment of malaria. Health edu-
cation activities were organized. Susceptibility of An. culicifacies againgt different insecti-
cides like DDT, maathion and deltamethrin was evauated.

Car Nicobar (A& N lIslands): Epidemiological study of malaria among primitive tribes
Jarawas was continued. Role of duffy blood group in vivax malaria was studied. Health
education and training activities were organized. Technical support in malaria outbreak
investigation and containment was provided. Diagnostic and treatment services at ma-
laria clinic are being provided. Use of larvivorous fish in vector control was promoted.
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MOSQUITO SPECIES

An. stephens

From urban and semi-urban areas

Nehru Place, Delhi
Okhla, Delhi
Chennai, Tamil Nadu
Gurgaon, Haryana
Nanak Enclave, Delhi
Hardwar, Uttaranchal

From rural areas

Ladpur, Haryana

M orphological mutants

Red eye (1) — sex linked
recessive

— autosomal
semi-dominant

— autosomal
recessive

Creamish white eye (cw)— new mutant

Reddish brown eye (rb) — new mutant

Black larvae (bl)

Golden yellow (gy)

Biochemical variants
Bahadurgarh (EST-2)

An. culicifacies Complex

Species A

Dehra, Uttar Pradesh
Burari, Ddlhi
Rourkela, Orissa

Species B
Acrocentric Y-chromosome lines

Ladpur, Haryana
Haldwani, Uttarancha

Submetacentric Y-chromosome lines
Rameswaram, Tamil Nadu

Rourkela, Orissa

Insecticide resistant lines

DDT resistant — Ladpur, Haryana
Malathion resistant — Ladpur, Haryana

Species C

Submetacentric Y-chromosome line
Jabalpur, Madhya Pradesh

Insecticide resistant line
DDT resistant — Jabalpur (M.P)

An. fluviatilis Complex

Species S and T — Rourkela,Orissa

Species T and U — Hardwar, Uttaranchal

Species T — Haldwani and Hardwar,
Uttaranchal

An. sundaicus

Cyclic colonies established from Car Nicobar
Katchal, Tressa (A&N Idands)

An. annularis
Nathupura, Delhi
Aedes aegypti
Delhi

Culex quinquefasciatus

Delhi
Pondicherry
Sonepat, Haryana
Mewat, Haryana

Insecticide resistant lines

Malathion resistant — Sonepat, Haryana
Permethrin resstant — Sonepat, Haryana
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Lambdacyhalothrin resistant —  Sonepat, Haryana
Deltamethrin resistant — Sonepat, Haryana

Cyfluthrin resistant
Fenthion resistant

— Sonepat, Haryana
— Sonepat, Haryana

M orphological mutants

Red eye (re)
Scarlet eye (se)

PARASITE SPECIES

Human and Nonhuman Malaria Parasites Available at the Parasite Bank

Human Plasmodia

P. falciparum

P. vivax
Nonhuman Plasmodia

CellLines

= Nonadapted cryopreserved isolates of P. falciparum, P. vivax and P. malariae
= Seralplasmafrominfected patients
= Adapted/characterized isolates
= Different stages of the parasite from culture
= Merozoites (from culture supernatant)
Ring (by synchronization)
Gametocytes (by Hypoxanthine treatment)
Free parasitesfor antigen preparation (by Saponin lysisand
ultrasonication)
= Sporozoites harvested from artificially fed mosquitoes
= Different species of avian, simian and rodent plasmodia
= Rodent plasmodiainfected rats/mice
= Seralplasmafrom respective vertebrate hosts

= Hepatomacell line: Hep G2 A16 used in thein vitro
cultivation of pre-erythrocytic stage malaria parasites

= Myelomacell line: SP2
= Hybridomas: 2A 10 (anti-P. falciparum sporozoite antibody secreting cells)
2 F2 1 A7 (anti-P. vivax sporozoite antibody secreting cells)

R & &

Parasite Bank is fully established as a National Resource
Centre. The human and non-human parasites cryopre-
served/maintained and other biological material produced
in the bank are being used for collaborative studies and
supplied to various organizations.
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Details of P. falciparum I solates Adapted/Cryopreserved

Place of collection No. of isolates collected Adapted/Cryopreserved
Delhi 175 70
Ghaziabad (Uttar Pradesh) 27 22
Shankargarh (Uttar Pradesh) 39 27
Baharaich (Uttar Pradesh) 21 -
Gautam Budh Nagar (Uttar Pradesh) 39 -
Shahjahanpur (Uttar Pradesh) 6 6
Mandla (Madhya Pradesh) 23 15
Jagdalpur (Chhattisgarh) 14 6
Sonapur (Assam) 25

Rourkela (Orissa) 33

Rameswaram (Tamil Nadu) 1 1
Jaisalmer (Rajasthan) 39 27
Bharatpur (Rajasthan) 35 1
Alwar (Rajasthan) 25 -
Nuh (Haryana) 25 2
Kolkata (West Bengal) 19 -
Visakhapatnam (Andhra Pradesh) 12 -
Bissam Cuttack (Orissa) 22 -
Total 580 188

Details of Characterized P. falciparum I solates

Species/Strains of parasite No. of isolates
Adapted isolates susceptible to chloroquine 54
Adapted isolates resistant to chloroquine 52

NF-54: an infective gametocyte producing strain of P. falciparum 1
3D 7A : aclone of NF-54 1
A-4 : aclone with binding property to CD36 1
Dd2: a clone which can invade trypsin treated erythrocytes 1
Field isolates which can invade trypsin treated erythrocytes 3
Field isolates which can invade neuraminidase treated but not trypsin treated erythrocytes 3
Field isolates which can invade normal erythrocytes but not neuraminidase or trypsin treated
erythrocytes 3
Field isolates which can invade both neuraminidase treated and trypsin treated erythrocytes 5
Field isolates which can form rosettes 3
Field isolates which can bind to CSA 1
Field isolates which can bind to CD36 9
Field isolates which can bind to ICAM-1 2
| solates with isoenzyme profile of GPI, GDH, ADA and LDH markers 22
| solates with MSP-1, MSP-2 and GLURP markers 40
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Parasite species Source Susceptibility to
antimalarials

Simian malaria

P. cynomolgi bastianelli NICD, Delhi Not done

P. knowlesi —do- —do-

P. fragile CDRI, Lucknow —do-
Avian malaria

P. gallinaceum NICD, Delhi Not done

P. relictum Wild, Delhi —do—
Rodent malaria

P. berghei NK-65 PGI, Chandigarh Not done

P. berghei NK-65"* CDRI, Lucknow CQ sensitive

P. berghei* —do- CQ resistant

P. berghei —do- Quinine resistant

P. chabaudi INSERM, Peris Not done

P. vinckei petteri 279 BY —do- —do-

P. yoelii yoelii 265 BY"" —do- —do-

P. yoelii nigeriensis™* LSHTM, London —do-

P. yoelii nigeriensis CDRI, Lucknow Multi-resistant

P. yoelii ICGEB, New Delhi Not done

"Oocyst positive in An. stephensi; ~"Oocyst and sporozoite positive in An. stephensi;

*Infective gametocyte producing strain.

EXPERIMENTAL ANIMAL FACILITY

Rabbits, pigeons, domestic fowls, laboratory mice, etc. were procured, maintained and
utilized for research purpose throughout the year as per the guidelines issued by the
concerned authorities. These animals were housed at 22, Sham Nath Marg and 2, Nanak
Enclave buildings and were used as blood meal source to mosquitoes of different species
and strains maintained at the Centre. Laboratory mice were used in screening the
antimalarids, hogt-paradite intraction studies and maintenance of rodent plasmodia at the
paraste bank. Experiments on animals were performed with the approva of the Scientific
Advisory Committee (SAC) and Ingtitutional Anima Ethics Committee (IAEC) of the Centre.
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National Science Day Celebrations

National Science Day (NSD) was celebrated in the semi-urban arealocated inthe outskirts of
Delhi by holding ahealth education camp. Thetheme of the NSD for the year 2002 was* Wedlth
fromWast€'. Lectures, live demonstrationsof various stagesin thelife cycles of mosquitoes and
malaria parasites, larvivorousfish, EPS beads, and video showswere held inthe health education
camp. Flyersin Hindi werealso distributed.

Observance of Antimalaria M onth

A workshop on malariawas organized for paramedical staff of Primary Health Centre, Chawla
near Delhi. Charts and exhibitions were displayed. Popular lectures on malaria transmission,
prevention and control were ddlivered. Demongtrationsof blood dide preparation and biologica
control agent were given. Slide and video shows were held. Brochures and pamphlets were
distributed.

Participation in Health Exhibition

MalariaResearch Centre participated in Swadeshi ArogyaMdahdld a Jawahar La Nehru Stadium,
New Delhi during 7 to 12 February. The significance of thismelawastop level scientistsand
technologists explored the possible options towards national self-reliance and sustainable
development. MRC displayed itsresearch activitiesand achievementsin the form of exhibition
panels. Live demonstrations, blood examination and video showswere also held during the six-
day exhibition. School children and general public visited thisexhibitionin large numbers. Flyers
and foldersweredistributed to thevisitors.

Distribution of VHS Cassettes

Over 40 video cassetteswerereproduced and 25 were distributed to the trainees, various health
departmentsand NGOs.
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A website of Malaria Research Centre was designed and launched on 28 October 2002
on the occasion of the Silver Jubilee celebrations of MRC. The URL of website is
http:/Amww.mrcindia.org. Thewebste containsinformationon:

1.

5.
6.

Directory of dl the MRC-fidld stationswith separate pagefor each field station describing
their activitiesand contact information.

Directory of al scientistsof MRC with their address, e-mail and researchinterest.

I nformation about publications of MRC including year-wise research publicationsfor last
10 years (1993-2002) and separate page for Indian Journal of Malariology.

I nformation about activities of MRC such as, activities of Audio-Visual Unit, research
activitiesand servicesrendered by MRC.

Pageswith‘ Search’ form (within website) and ‘ Feedback’ form.

Linksto important malariawebsites.

Additionally, following documents have been uploaded onthe website:

1.

3.

Chapter wise PDF files of document entitled, ‘A Profile of Malaria Research Centre’
published onthe occasion of Silver Jubilee celebrationsof MRC.

Abstract book of International symposiumon * Challengesin Maariaand Prospectsfor
Research’, organized by Malaria Research Centre, Delhi from 29—31 October 2002.

Annual Report 2001.

Database on research projectsand their activitiesare under preparation.

Thewebsite has been included in DM OZ open directory project. The various pages of website
can now be searched using Google® search engine.
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PUBLICATIONS

Indian Journal of Malariology: Thelndian Journal of Malariology keeping up thetradition
and hopeswith which it wasrevived by Indian Council of Medical Researchintheyear 1981
hasentered in its successful twenty second year of publication.

Malaria Patrika: A popular Hindi magazine is being published to create awarenessin the
community on malariaand its control which has been appreciated by the community.

Apart from above aspecia document namely “ A profile of MaariaResearch Centre’” containing
theresearch activitiescarried out by MalariaResearch Centreinanutshell, extramura andintra-
mural projectsundertaken, brochures, folders, books, pamphelts, etc. published, Ph.D students
guided, training courses organized, papers published by MRC scientigts, etc. waspubished onthe
occassion of completion of 25 years of MRC foundation. Thisdocument was applauded by the
National and I nternationa community. A Souvenir wasalso published for the I nternationa sympo-
sium“Challengesin Maariaand Prospectsfor Research” whichwasorganized by MaariaRe-
search Centre at CGO Complex, Lodhi Road, New Delhi from 29-31 October 2002. This
document containsthe messagesfrom VIPS, programme and abstract of research paperspre-
sented by eminent Nationa and I nternational scientists.

LIBRARY

Centre hasoneof the best librariesinthe country in thefield of malariahaving 6507 books, 3005
bound journals, 3526 reprints, 18 video cassettes, 27 audio cassettes, 5 microfilms, 13 thesesand
100 National and International reports. A total of 70 journals (60 Internationa and 10 National)
are being subscribed besides 10 journalswhich are being received on exchange or complimentary
basis. Five magazines, 7 English and 5 Hindi newspapers are also being subscribed. Inthe
financial year library has added 185 new booksand 8 new journals.

Library rendersitsservicesnot only to the scientists/research scholars of the Centre, but dso to
various National and I nternational Universitiesand Organizations. Intheyear 2002 library has
provided servicesto the scientistsof 15 Internationa and Nationd I nstitutesand Universities. In
the process of modernization during the year 2001-2002 library has purchased, MEDLINE CD
(since 1966) and library software—L ibsys. Dataon 1200 books have been updated and cata-
loguing work isin progress with the Libsys software. Library isalso affiliated with DELNET
(Developing Library Network) to access various database like Union Catalogue of books/peri-
odicalsto providerequired materia to the scientistssand users. Library providesabstracts, refer-
ences, CAS and SDI services. MEDLINE CD search and internet facility to access on line
journalsisalso availablefor theusers. Library also provides science citation index servicesto
scientigtsthrough INSDOC. Library has provided thisfacility to 20 scientists of the Centreduring
theyear. Library providesinter-library loan facilities and reprographic serviceson demand. Li-
brary has started a half yearly MRC Library News Letter since 2002.
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Asper the mandate of the Govt. of Indiato promote Hindi as
an Official Language the MaariaResearch Centre celebrated
Hindi Week from 16 September to 21 September. On this
occassionof “Hindi Week” essay writing, noting-drafting and
debate competitionswere organized. On 16th September, Sh.
S.C. Sharma, Admn. Officer organized the noting-drafting
competioninwhich nine staff members participated, further on
18 September, Dr. Mantosh Mdhotra, Dy. Director, organized
theessay writing competition in which 14 staff memberstook
part. Thetopicsof essay writing competition wereVishvaka
Badhta Taapman/Bharat-Pak Sambandh/Malaria
Anusandhan Kendra ke Pachhis Varsh. A debate competition
wasorganized by Sh. B.N. Nagpa, Asstt. Director, thetopicwas
CNG Sankat/Sankat Mochanand 20 staff membersparticipated.
Thejudgesof thecompetitionwereDr. Vijay Srivagava, ICMR
and Dr. ArunaSrivastava, Asstt. Director, MRC.

Lastly, the award ceremony took place and the winners of
various competitionswere given prizesby Dr. M.A. Ansari,
Deputy Director (SG). Thedetailsof variousaward winners
areasfollows:

Noting-drafting — Sh. Pradip Dutta(l Prize)
competition — Sh.K.C. Sehra(ll)
— Smt. MonikaMalhotra(l11)

Essay writing competition — Dr. Padmavati Tyagi (1 Prize)
— Sh.D.S. Sontiyd (11)
— Sh.M.P.Singh(l11)

Debate competition — Sh.V.K.Jan (I Prize)
— Sh. S.C. Sharma(ll)
— Ms. Bhanukda(lll)

Theawardsfor use of Hindi promotion schemewere given by
Dr. Arati Roy, Deputy Director. All these activities were
coordinatd by Sh. S.C. Sharma, Admn. Officer and Dr.
Vandana Sharma, Hindi Trandator of MRC.
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., GLIMPSES OF INTERNATIONAL SYMPOSIUM
‘fw_ 3 ’ ON “CHALLENGES IN MALARIA AND
“* 'PROSPECTS FOR RESEARCH*’

Malaria Research Centre organized an Inter-
nationa symposiumon“ChalengesinMadaria
and Prospectsfor Research” from 29-31 Oc-
tober 2002 at SCOPE Convention Centre,
CGO Complex, Lodi Road, New Delhi to
commemorate the completion of 25 years of
theCentre. Eminent Nationd and I nternationd
scientistsattended the symposium.

Digtinguished prominent personsinthecountry
gpplauded the organization of symposum. Mes-
sagesand wisheswerereceived fromDr. A.PJ.
Abdul Kalam, the President of India; Shri Atd
Bihari Vajpayee, the Prime Minister; Shri
Bhairon Singh Shekhawat, the Vice President;
Shri Shatrughan Sinha, the then Minister of
Health and Family Welfare; Ms. Gro Harlem
Brundtland, Director General, World Health
Organization; Dr. S.P. Agarwa, Director Gen-
eral, Directorate General of Health Services
(Govt. of India); Prof. N.K. Ganguly, Director
Generd, Indian Council of Medical Research;
Dr. G Satyavati, Former Director Generdl, In-
dian Council of Medical Research; Dr. V.P.
Sharma, Former Director, MalariaResearch
Centreand Prof. R.C. Mahgan, Emeritus Pro-
fessor, Postgraduate Ingtitute of Medical Edu-
cation and Research, Chandigarh.

Dr. SardaK Subbarao, Director, MalariaRe-
search Centrewelcomed all the delegatesand
the symposium was inaugurated by lighting
thelamp by Prof. PN. Tandon, President, Na-
tional Brain Research Centre, New Delhi and
Meghnad Saha, Professor of the Nationd Acad-
emy of Sciences, Prof. R.C. Mahgjan, Dr. ; T
Padam Singh, Addl. Director General, ICMR, ‘CHALLENGEL W HALABLL Lt howters e
Dr.V.P. Sharma, Dr. S. Pattanayak, Dr. Sardla .

K. Subbarao and Dr. M.A. Ansari. Inaugural |
function was presided by Prof. R.C. Mahgjan |
and Prof. PN. Tandon wasthe Chief Guest.
MRC Foundation Day lecture was delivered
by Prof. V.S. Chauhan, Director, International
Centrefor Genetic Engineering and Biotechnol-
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ogy, New Ddhi. Prof. PN. Tandon released thebook
entitled, “ A Profileof MdariaResearch Centre’ spe-
cidly published for thisaugust occassonwhich con-
tainsthe research activitiesand achievementsof Ma
lariaResearch Centre during the last 25 years. Me-
mentoesweredistributed to those staff memberswho
have completed 25 yearsof serviceinMRC onthis
occassion. Dr. V.P. Sharma inaugurated the exhibi-
tion on important research activities and achieve-
ments, and publications brought out by MaariaRe-
search Centre.

Technical sessonswere started from 1400 hourson
29 October. Thefirst technical sessonon® Mdaria
Disease Burden” was chaired by Dr. PR. Arbani,
WHO (SEARO). Dr. Arvind Pandey acted as Co-
chairperson. Dr. R.C. Dhiman wasthe Rapporteur
and Dr. NeenaValechacoordinated the session. In
thissessionlead paperswere presented by Dr. Jotna
Sokhey, NAMP, Delhi, Dr. P. Mahapatra, National
I ngtitute of Hedlth Systems, Hyderabad, Dr. B.S. Das,
| spat Generd Hospital, Rourkelaand Dr. A.P. Mitra,
National Physical Laboratory, New Delhi. Dr. Neeru
Singh, Dr. SK. Sharma, Dr. T. Adek, Dr. S. Biswas,
MRC, Dehi, Ms. Gertrude N. Kiwanuka, Mbarara,
University of Science & Technology, Mbarara,
Uganda and Dr. Raja Ratnam Abel, CMC&H,
Vdlore presented their research papersin Resources
and Research Inputs session which was chaired
by Prof. R.C. Mahajan and co-chaired by Dr. J.
Mahanta, Regional Medical Research Centre,
Dibrugarh, Assam. Dr. PR. Bhattacharya, MRC,
Delhi and Dr. B. Shahi, MRC, Shankargarh were
the Rapporteursfor thissesson.

Session || commenced at 0900 hours on 30 Octo-
ber withthetheme* Understanding of Vectors. The
Targetsfor Effective MaariaControl” waschaired
by Prof. K.S. Rai, Jalandhar and co-chaired by Dr.
A.P. Dash, Life Sciences|nstitute, Orissa. Dr. Vas
Dev, MRC, Sonapur and Dr. K. Raghavendra,
MRC, Delhi acted as Rapporteurs and Dr. Neeru
Singh, MRC, Jabalpur coordinated the session. Dr.
Mohammad Shahabuddin, Nationa Institute of
Hedlth, Bethesda, USA, Prof. Marcelo Jacobs
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Lorena, Case Western Reserve University, Cleveland, USA, Prof. Dilip Deobagkar, Pune Uni-
versty, Pune, Dr. SaralaK. Subbarao, MRC Delhi presented their lead papers. Dr. B.N. Nagpd,
Dr. Aruna Srivastava, Dr. R.C. Dhiman, Dr. Nutan Nanda and Mr. O.P. Singh, MRC, Delhi
presented their research papersin Resources and Research I nputs sesson which was chaired by
Shri N.L. Kalra, former Deputy Director, NAMP, Delhi and co-chaired by Professor N.J. Shetty,
BangaoreUniversity, Bangdore. Dr. HemaJoshi, MRC, Dehi and Dr. Alex Eapen, MRC, Chennai
werethe Rapporteurs.

Session |11 started at 1400 hours on 30 October with the theme“Vector Control Options” was
chaired by Dr. PK. Das, Vector Control Research Centre, Pondicherry and co-chaired by Dr.
S.C. Das, Defence Research Laboratory, Tgpur. Dr. Ashwani Kumar, MRC, Goaand Dr. C.P.
Batra, MRC, Delhi acted as Rapporteursand Dr. M.A. Ansari, Deputy Director (SG.) coordi-
nated thesession. Dr. Chusak Prasittisuk (WHO, SEARO), Dr. V.P. Sharma, former Director,
MRC, Delhi and WHO Consultant, Dr. Chris Curtis, London School of Hygiene and Tropical
Medicine, London, presented their lead
papers. Dr. K. Raghavendra, Dr. S.K. Ghosh, Dr. PK. Mittal, Dr. R.S. Yadav and Dr. R.M.
Bhatt, MRC presented their research papersin Resources and Research | nputs session which
waschaired by Dr. S.J. Rehman, former Head, Deptt. of Entomology, Nationa Ingtitute of Com-
municable Diseases, Delhi. Dr. M.S. Mahotra, MRC, Delhi and Dr. M.K. Das, MRC, Car
Nicobar werethe Rapporteurs.

Session |V commenced at 0900 hourson 31 October with thetheme* Parasite Biology/Vaccines
Drugs’ waschaired by Dr. V.P. Sharma, Former Director, MRC, Delhi. Dr. Arun Sharmaacted
asRapporteur and Dr. T. Adak coordinated the sesson. Dr. Chetan Chitnis, International Centre
for Genetic Engineering and Biotechnology, New Delhi, Dr. Nirbhay Kumar, Johns Hopkins
University, USA, Dr. Altaf Lal, CDC Atlanta, USA, Dr. Shobhna Sharma, Mumbai, Dr. G
Padmanabhan, Indian I ngtitute of Science, Bangalore, Dr. Namita Surolia, Jawaharla Nehru Cen-
trefor Advanced Scientific Research, Bangalore, Dr. Amit Sharma, |CGEB,New Delhi, Prof.
Y.D. Sharma, All Indialnstitute of Medical Sciences, New Delhi and Dr. Robert G Ridley, WHO,
Geneva, presented their lead papers. Dr. C.R. Rilla, Dr. Arati Roy, Dr. HemaJoshi, Dr. V.K. Dua,
Dr. NeenaValecha, MRC and Dr. V. Venugopa MdariaMedicines Venture, Geneva, Dr. Pawan
Malhotra, ICGEB, presented their
research papers in Resources and Research
| nputs sessonwhich was chaired by Prof. Dilip Deobagkar, Pune. Dr. SuklaBiswas, MRC, Delhi
and Dr. R.P. Shukla, MRC, Haldwani were the Rapporteurs.

All the sessonswere attended by alarge number of delegates and the deliberationswere of high
quality. The presentations and interaction between the scientists during these sessions provided
valuable information and new leads to the persons engaged in research on various aspects of
maaria

Vaedictory sessonwasorganized at 1600 hourson 31 October. Dr. S.P. Tripathi, former Direc-
tor Generd, ICMR in hisvaedictory addresslauded the organization of symposiumand shared his
experienceswith MRC. Dr. Chetan Chitnis, Prof. Marcelo JacobsLorenaand Prof. C.F. Curtis
enlightened the august gathering by sharing their experiencesin malariaresearch and control. Dr.
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M.A. Ansari presented the vote of thanks.




,, TRAININGS IMPARTED

Dr. R.M. Bhatt
1. Paticipated asfaculty inthetraining of trainer’s & the Regiond Traning Indtitute, Bavla, Gujarat.
Dr. Vas Dev

1. Served as aresource person on malaria training workshop for doctors of Assam State
Hedlth Services held at Guwahati from 7—11 January under EMCP programme of NAMP.

2.  Served as aresource person for the workshop on “Clinical management of mdariafor Medica
Officers of Assam” under EMCP of NAMP held at Guwahati from 16 to 18 January.

3. Served as aresource person for “Re-orientation training of the Medical Officers of the
State of Meghalaya’ for Pf monitoring held at Shillong from 11-15 March.

4. Dedlivered alecture on ‘Rapid diagnosis of malariaand its prevention’ in the Refresher’s
course for practicing medical professonals of the northeastern region held at Down-town
Hospital, Guwahati from 19-21 December.

Dr. SKK. Ghosh

1. Attended two training programmes for PHC Medical Officers, organized at Dharwad in
February and at Bagalkot town in March.

2. Took part in atraining programme on mosquito control as faculty for Health Inspectors of
various CHCs of Karnataka

Dr. Hema Joshi

1. Imparted training on PCR based method for diagnosis and genotyping of human malaria
parastesto M/s. Getrude N. Kiwanuks, Mbarara University of Science and Technology,
Mbarara, Uganda; Dr. W.M.K.T. de Alwis Wikramasinghe Kumudswamy, Scientist from Sri
Lankan Antimaaria Compaign Programme, Sri Lankaand Dr. Samia Ali Omer from Sudan.

Dr. Ashwani Kumar

1. Ddiveredtwo lecturesto engineerson prevention of malariacontrol in Mormugao Port Trust
on 13 February and 6 March and also delivered alecture on forest malariain Indiaand its
control to Conservatorsof Forestsfromdifferent statesof Indiaat Pangji, Goa on 19 March.

Dr. Nutan Nanda

1. Impartedtrainingto Dr. (Mrs.) Zakkey Telmadarry, Lecturer, School of Public Health, Tehran
University of Medical Sciences, in cytotaxonomic techniquesfor theidentification of sibling
species of malariavectorsfor two weeksduring March.

Dr.C.R. Pillai
Imparted training to thefollowings:

1. Dr. Md. Farahna, Ph.D. student, Anatomy Deptt., MAMC, New Delhi/UGC fellow from
Sudan. Training on handling and maintenance of rodent plasmodiaduring February.
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2. Ms GertrudeN. KiwanukafromUganda Training ininvitro cultivation of malariaparasites
and invitro drug sensitivity testing of P. fal ciparumfrom 12—16 August.

3. Mr. Amit Kumar ¢/o Dr. Pushkar Sharma, Staff Scientist-1V, Nationa Ingtitute of |mmuno-
logy (NI1), New Delhi. Training ininvitro cultivation of P. falciparumfrom 26 August—3
September.

4.  Mr. Svaokanathan, Research Scholar, Deptt. of Pharmacology and Environment Toxicology,
Dr. ALM Institute of Basic Medical Sciences, University of Madras, Taramani, Chennai.
Traning ininvitro cultivation of malariaparasitesfrom 23-27 September.

5.  Ms Kumudo Gunasekera, WHO fellow. Training ininvitro cultivation of malariaparasite
and in vitro drug senditivity testing of P. falciparum from 11-14 November and 9-16
December.

6. Ms SamiaAli Omer, Tropical Medicine Research Ingtitute, Sudan, Khartoum. Trainingin
invitro cultivation of malaria parasite andin vitro drug sengitivity testing of P. falciparum
from 10—20 December.

7. Ms. Sumiti Vinayak and Mr. Anwar Ahmed, Ph.D. students, Deptt. of Biotechnology,
AIIMS, New Delhi. Training ininvitro cultivation of malariaparasite P. falciparumfrom
16-27 December.

Dr. R.P. Shukla

1. Participated asfaculty in a2-day malariology training course of the malaria workers of
the Kumaon region sponsored by NAMP, Delhi at JN. Hospital, Rudrapur and organized
by DMO, Rudrapur from 15 to 16 March.

Dr.S.N. Tiwari

1. Participated in atraining programme in January for PHC Medical Officers of Bangalore
Divison and delivered a lecture on bioenvironmental control of malaria.

Dr. Neena Valecha
Imparted training to thefollowings:

Ms. Gertrude N. Kiwanukafrom Ugandafrom 5-13August.
2.  ScentigsfromBhutan from 23-29 August.

Dr. W.M.K.T. de AlwisWickramasnghe Gunasekera, WHO fdlow from Sri Lanka. Training
ondiagnogtics'therapeutic efficacy and drug tridsfrom 15-18 November and 2—5 December.

4.  Déliveredalecture on Rapid maariadiagnoss: Dipstick and method prinicple, meritsand
field application at Regional Coursein Malariology for SEA region, on 15 November.

Dr.R.S. Yadav

1. Participated asfaculty in the training of trainer’s at the Regional Training Ingtitute, Bavla,
Gujarat.
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Dr.

1.

Dr.

Dr.

Dr.

M.A. Ansari

Participated inan ICMR training programme on R & D management held at 1 1M, Kolkata
from 8-10 February.

Hema Joshi

Attended the WHO/T DR sponsored South East Asantraining courseon Bioinformeticsapplied
totropical diseasesat Internationa Centrefor Genetic Engineering and Biotechnology, New
Delhi from 26 April to 9 May 2002.

B.N. Nagpal

Training on GP.S. organized by SpaceApplication Centre, Ahmedabad at IndiaHabitat Centre,
New Delhi on 28 May.

Gl Straining courseon Introductionto ArcGl S organized by ESRI, Indiafrom 2-5 Jduly.

. A.M. Reetha

Training in Statistical computing and clinical trials at the Institute for Researchin Medical
Statistics (ICMR), New Delhi from 15-19 Apiril.

| CMR-FERCA P workshop for Developing standard operating proceduresfor Institutional
Ethics Committeesat Agrafrom 17—19 December.

ArunaSrivastava

Trainingon GP.S. organized by SpaceApplication Centre, Ahmedabad at IndiaHabitat Centre,
New Delhi on 28 May.

Gl Straining courseonIntroductionto ArcGl Sorganized by ESRI, Indiaon 2-5 July.
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Adak, T. Attended an International symposium on “Challengesin Malaria and Prospects for
Research”, organized by MalariaResearch Centreat New Delhi from 29—-31 October and
presented apaper entitled, “ Relapses and P. vivax burden” . Also acted as Coordinator for
thesessonon“Parasite Biology/Vaccines/Drugs’ .

Ansari, M.A. Participated inthe* X International Congress of Parasitology (ICOPA)” held at
Vancouver, Canadafrom4-9 August.

Ansari, M.A. Participated inan I nternationa symposumon*“ MaariaControl inMekong Region”,
held at Siem Republic, Kingdom of Cambodiafrom 10-13 December.

Ansari, M.A. Participated in awarenessworkshop on “ Sound M anagement of Persistent Organic
Pollutants (POPs) in India: Issuesand Options’ organized by Confederation of Indian
Indusries, New Delhi from6—7 March.

Ansari, M.A. Participated in aworkshop for annual action plan 2002 held at NAMP, Delhi from
5-6 and 12—-13 February.

Ansari, M.A. Participated inaRBM workshop at Goafrom 30 April—-2 May.

Ansari, M.A. Participated inaworkshop on“ MetaAnaysisof DataPertaining to Feld Trid with
ITMN” heldat NAIC Auditorium, NICD, Delhi on 31 May.

Ansari, M.A. Participated inan International symposumon“Chalengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and acted as
Coordinator for the sessonon*“Vector Control Options’.

Batra, C.P. Participated in an International symposium on “Challenges in Madaria and Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and served as
Rapporteur for the sesson on “Vector Control Options’.

Bhatt, R.M. Attended an International symposium on “Challenges in Malaria and Prospects for
Research”, organized by MRC at New Delhi from 29-31 October and presented a
paper on “Comprehensive management of disease vectorsin Ahmedabad”.

Bhattacharya, PR. Participated in an International symposium on “ Challengesin Maaria and
Prospects for Research”, organized by MRC at New Delhi from 29-31 October and
served as Rapporteur for the session on “ Malaria Diseases Burden : Resources and
Research Inputs’.

Biswas, S. Attended | CM R-Ellison foundation sponsored workshop on “Immunoparasitology”
at Regional Medical Research Centre (ICMR), Bhubaneswar from 11-15 February.

Biswas, S. Attended symposiumon* Drug Resstance and MdariaControl Strategies’, organized
by M edecines Sans Frontieresat Guwahati on 28 February and 1 March and delivered a
lectureon“Invitrodrug resstance: Correlationwith clinical studiesinIndia’.

Biswas, S. Attended an International symposiumon “Challengesin Maariaand Prospectsfor
Research”, organized by MRC at New Delhi from 29—-31 October and presented apaper
entitled, “ Assessment of therapeutic efficacy of chloroquine and sulphapyrimethaminein
uncomplicated falciparummalaria’. Also served asRapporteur for the sessonon®Parasite
Biology/Vaccines/Drugs: Resourcesand Research Inputs’.
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Das, M.K. Attended an International symposiumon* Challengesin Malariaand Prospectsfor
Research”, organized by MRC a New Delhi from 29—-31 October and served as Rapporteur
for the sesson on*Vector Control Options: Resourcesand Research Inputs’.

Dev, V. Participated in the workshop on “Operationalization of Insecticide Treated Mosquito
Nets in Assam” held aa RMRC, Dibrugarh from 24—26 April, sponsored by WHO-
SEARO and presented a paper on “ITNs evaluation — Sonapur experience”.

Dev, V. Participated in an International symposium on “Challenges in Mdaria and Prospects for
Research”, organized by MRC at New Delhi from 29-31 October and served as
Rapporteur for the session on “ Understanding of Vectors: The Targets for Effective
Malaria Control”.

Dev, V. Participated in the symposium on “ Drug Resistance and Malaria Control Strategies’,
organized by the Medicines Sans Frontieres (MSF) at Guwahati from 16—-18 January.

Dhiman, R.C. Attended an I nternational conference on“ Science and Technology— Capacity
Building for Climate Change’ at New Delhi from 20—22 October.

Dhiman, R.C. Participated in an Internationa symposiumon “Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and presented a
paper on “Delineation of breeding habitats and landscape features suitable for Anopheles
culicifacies’. Also served asRapporteur for the sessonon“ MaariaDisease Burden”.

Dhiman, R.C. Participated in“ Joint Annua Conference of thelndian Society for Mdariaand other
Communicable Diseasesand the I ndian Association of Epidemiologists’ at New Delhi from
9-11 November and presented apaper on“Impact of EL Nino southern oscillation events
onmdariainindia’.

Dhiman, R.C. Participated inan Internationa symposumon“ MaariaControl in Mekong Region”,
held at Siem Republic (Kingdom of Cambodia) from 10-13 December and presented
paper on “Reasons of maariaoutbreaksin Indiaand possibletoolsfor early warning” .

Dhiman, R.C. Participated inaworkshop on* MaariaOperationa Research” jointly organized by
State Malaria Control Society, State Health Resource Unit and Danida Support Unit at
Korba (Chhattisgarh) from 23-25 January.

Dua, V.K. Participated in an International symposium on “Challengesin Malaria and Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and presented a
paper entitled, “ New compounds with antimalarial activity”.

Dua, V.K. Attended a seminar on “ Medicines for Maaria Venture’, organized by the
Confederation of Indian Industries at New Delhi on 11 February.

Dua, V.K. Attended a seminar on “Improving Productivity in Pharmaceutical Development”,
organized by Waters India Ltd. held at Delhi on 20 May.

Eapen, Alex. Attended an International symposium on “Challenges in Malaria and Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and served as
Rapporteur for the session on “ Understanding of Vectors: Resources and Research
Inputs’.
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Ghosh, S.K. Participated inan I nternationa symposiumon“Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “Larvivorousfishinmaariacontrol in Karnataka’.

Ghosh, S.K. Attended two workshopson* Dengue’, jointly organized by BCC, MRC and NICD
at Bangaloreon 2 and 24 November, respectively.

Ghosh, S.K. Attended a workshop on “Biosafety Issues Related to Genetically Modified
Organisms (GMOs)” jointly organized by the Ministry of Forest and Environment and
Department of Biotechnology held at Bangalore on 29 November.

Hag, S. Participated in the “ XVI National Congress of Parasitology” under the auspices of Indian
Society for Parasitology, organized by the Department of Animd Science, MJP Rohilkhand
University, Barellly from 31 October—2 November and presented a paper entitled,
“ Operationd tria of biolarvicides under the antimalaria programme in Surat city”.

Joshi, Hema. Attended as a delegate Cl1/WHO sponsored seminar on “ Medicine for Madaria—
R&D and Improving Accessto Treatment for Malaria’ held at New Dehi from 11-13
February.

Joshi, Hema. Participated asadelegate in seminar on “\Women Scientistsand Technologistsfor
National Development” at Vigyan Bhawan, New Delhi from 8-9 March and presented
scientific achievements of women scientists of MRC by displaying posters during the
conference.

Joshi, Hema. Presented a paper entitled, “P. vivax M SP-3 : Allelic polymorphismamong field
isolates in India using PCR-RFLP” in “ X International Conference of Parasitology
(X-1COPA)”, a Vancouver, Canada, 4-9 August.

Joshi, Hema. Participated in an I nternationa symposiumon“ Chalengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and presented a
paper entitled, “ Markersfor themdariaparasite population Sructureandyss’. Also served
as Rapporteur for the session on “ Understanding of Vectors: Resources and Research
Inputs’.

Kumar, Adwani. Attended“ X Internationd Conferenceof Paragitology (X-ICOPA)” a Vancouver,

Canadafrom4—9 August and presented apaper entitled, “ Three novel strainsof mosquito-
pathogenic strainsfrom Goa, India’.

Kumar, Ashwani. Attended an I nternationa symposiumon*Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and served as
Rapporteur for the sesson on*Vector Control Options’.

Mahotra, M.S. Participated in an I nternational symposiumon* Chalengesin Mdariaand Prospects
for Research”, organized by MRC a New Delhi from 29-31 October and served as
Rapporteur for the session on“Vector Control Options: Resourcesand Research Inputs’.

Mittal, PK. Participated inan International symposiumon* Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and presented a
paper entitled, “ Biocidesin vector control : Challengesand prospects’.
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Mittal, PK. Participated in the “ Joint Annual Conference of the Indian Society for Malariaand
other Communicable Diseases and the I ndian Association of Epidemology”, organized at
New Delhi from 9—11 November and presented apaper entitled, “ Mechanismof DDT and
pyrethroid resstancein astrain of An. culicifaciesfromsouth India’.

Mittal, PK. Attended aworkshop on*“ Biosafety | ssues Related to Geneticaly Modified Organisms
(GMO)”, organized by Biotech ConsortiumIndiaLtd., New Delhi from 5-6 September.

Mittal, PK.Attended aseminar on*“Zero Hy, the Insecticide I ncorporated Plastic Sheeting aNew
Tool for Control of Maariaand Vector Borne Diseases Preventionin Complex Emergences’,
organized by Vestergoard/Frandsen— Diseases Control Textilesat New Delhi.

Nagpd, B.N . Participated in an Internationa symposiumon “Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “ Taxonomic surveys. Anophelinespeciesdiversity”.

Nanda, Nutan. Participatedinan Internationd symposumon“ChalengesinMdariaand Prospects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “Biological and ecologica distinctnessamong sibling species’.

Pillai, C.R. Participated in an International symposiumon “Challengesin Malariaand Prospects
for Research”, organizd by MRC at New Delhi from 29—-31 October and presented a
paper entitled, “Paraste Bank : A national resourceat MRC”.

Raghavendra, K. Attended aworkshop on “ Sound Management of Persistent Organic Pollutants
inIndia: Issuesand Options’, organized by the Confederation of Indian Industriesat New
Delhi from6—7 March.

Raghavendra, K. Attended UNDP/UNIDO workshop on “Regional Network on Pesticides
Production and I nformation for Asaand Pacific Region (RENPAP) on Production of Uses
and Environmental Friendly Pesticide Formulationsand Quality Assurance” held at Indian
I ngtitute of Pesticide Formulation Technology, Gurgaon, from 18-22 March and presented
apaper entitled, “ I nsecticidesin maaria control—Formulations, application and safety”.

Raghavendra, K. Attended an I nternationa symposumon“Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “Insecticide resistance and biochemical mechanismsin malariavectors’.
Also served asRapporteur for the session on* Understanding of Vectors—The Targetsfor
Effective MdariaControl”.

Raghavendra, K. Participated inthe* Joint Annual Conference of ISMOCD and IAE” at New
Delhi from 9-11 November and presented a paper entitled, “ A new focus of malathion
resistancein Anophelesculicifaciesin District Chhindwara, Madhya Pradesh”.

Raghavendra, K. Attended an International symposiumon* MaariaControl in Mekong Region”
at Siem Republic (Kingdom of Cambodia), organized by Regional Malaria Control
Programme—Europeon Commission from10-13 December and presented apaper entitled,
“Case studiesoninsecticide resstance and its management”.

Roy, Aréti. Participated in an International symposiumon“ Challengesin Maariaand Prospects
for Research”, organizd by MRC at New Delhi from 29—-31 October and presented a
paper entitled, “ Glycolipid antigen— A tool for malariaparasitediagnostics’.
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Shahi, B. Participated in an International symposium on “Challenges in Malaria and Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and served as
Rapporteur for the session on “ Maaria Disease Burden: Resources and Research
Inputs’.

Sharma, Arun. Attended an International symposium on “ Challengesin Maaria and Prospects
for Research”, organized by MRC at New Delhi from 29-31 October and served as
Rapporteur for the sesson on “Parasite Biology/Vaccines/Drugs’.

Sharma, S.K. Participated in a malaria workshop at Guwahati from 28 February—
1 March organized by MSF (Medecines Sans Frontieres)—An International NGO
working in northeast and delivered alecture on “ Malaria epidemiology in tribal areas of
Orisd’.

Sharma, S.K. Attended an International symposium on “Challenges in Maaria and Prospects
for Research”, organized by MRC a New Delhi from 29-31 October and presented a
paper entitled, “ Malaria morbidity in the tribal population of Orissa’.

Sharma, SK. Participated in aworkshop on “ITNs Tridsin Indid’, jointly organized by MRC
and NICD at Delhi on 31 May.

Sharma, S.N. Attended a symposium on “Public Health”, organized by Vigyan Samwad,
Nainital to commemorate centenary year of the endowment of Nobel Prizeto Sr Ronad
Rossat Almorafrom 12—14 May and delivered a lecture on “Tropical disease and their
control in Uttarancha”.

Sharma, S.N. Participated in the “Joint Annual Conference of the Indian Society for Maaria
and other Communicable Diseases and the Indian Association of Epidemiologists’ held
a Dehi from 31 October—1 November and presented a paper entitled, “ Smdll-scde field
trials of Bacillus thuringiensis for the control of mosqguito larvae in Kumaon region of
Uttaranchd”.

Shukla R.P. Attended asymposiumon*“Public Hedlth”, organized by Vigyan Samwead, Nainital to
commemorate centenary year of theendowment of Nobel Prizeto Sir Rondd Rossat Almora
from 12—14 May and ddlivered alecture on“Malariain Kumaon, Uttaranchd”.

Shukla, R.P. Attended an International symposiumon* Challenges inMalaria and Prospectsfor
Research’, organized by MRC a New Delhi from 29—-31 October and served as Rapporteur
for the sesson on “Parasite Biology/Vaccines/Drugs. Resources and Research Inputs’.

Singh, Neeru. Attended aworkshop on “ Mdaria—Cause, Prevention and Control” at Mandla
and presented a paper on “ Maariain Dindori and Mandla’ on 13 June.

Singh, Neeru. Attended an Internationa symposium on “Challengesin Maariaand Prospectsfor
Research”, organized by MRC at New Delhi from 29—-31 October and presented a paper
entitled, “ Malariain morbidity in pregnant women in Madhya Pradesh”. Also acted as
Coordinator for thesessonon“ Undersanding of Vectors: The Targetsfor EffectiveMaaria
Control”.

Singh, Neeru. Attended aworkshop on*Impregnated Bednet MetaAnadyss’ a NAMP, Delhi on
31 May.

Singh, Neeru. Attended aworkshop on“Intersectoral Coordination” at Mandlaon 2 July.
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Singh, Neeru. Attended aworkshop on* Epidemic Preparedness’ at Regiona Hedlth and Family
Wefare Training Centre, Jabapur from4—7 July.

Singh, Neeru. Attended aworkshop on“Placental Maarid’ at Yaounde Cameroon from 30 July—
2August.

Singh, Neeru. Attended aworkshop on* MdariaControl under EMCP’ asresource person for
Medicd Officersof MadhyaPradesh a Regiond Hedlthand Family Welfare Training Centre,
Jabdpur from25-26 November.

Singh, O.P. Participated in an I nternational symposiumon *Challengesin Maariaand Prospects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “ Toolsfor identification of cryptic anopheline species’.

Srivastava, Aruna. Participated in an I nternational symposium on *Challengesin Malariaand
Prospects for Research”, organized by MRC at New Delhi from 29-31 October and
presented apaper entitled, “ Gl Sfor mapping of malariavectors’.

Srivastava, H.C. Participated in the “ XVI National Congress of Parasitology” under the
auspices of Indian Society for Parasitology, organized by the Department of Animal
Science, MJP Rohilkhand University, Bareilly from 31 October—2 November and
presented a paper entitled, “ Assessment of economic burden of maariain Raigad digtrict,
Maharashtra’.

Subbarao, S.K. Attended a conference on “Entomology Research and Problems’, organized
by Deptt. of Zoology, Punjab University, Chandigarh and delivered a lecture on
“Research progress in the last two decades on maaria vectorsin India’ on 20 March.

Subbarao, S.K. Attended Cl1-RFI workshop on “Sound Management of Persistent Organic
Pollutants (POPs) inIndia: Issuesand Options’ at New Delhi from 6—7 March.

Subbarao, S.K. Participated inthe National Bio Resource Development Board (DBT) workshop
on “Prospecting of Botanical Pesticides’ held at DBT, New Delhi on 26 July.

Subbarao, S.K. Participated inan I nternational symposiumon® Chdlengesin Mdariaand Progpects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “Indian anopheline vector speciespopulation structure’.

Subbarao, S.K. Attended the seminar on “Women Scientists and Technologists for National
Development” at Vigyan Bhawan, New Delhi from8-9 March.

Valecha, Neena. Attended asymposiumon*® Drug Resistance and MalariaControl Strategies’,
organized by Medicines Sans Frontiers (MSF) at Guwahati from 28 February—1 March.

Vaecha, Neena. Participated inan I nternationd symposumon“ Chalengesin Mdariaand Progpects
for Research”, organized by MRC at New Delhi from 29—31 October and presented a
paper entitled, “ Clinica drugtrials’. Also acted as Coordinator for thesessonon*® Mdaria
Disease Burden™.

Vaecha, Neena. Ddlivered alecture on*Ethical issuesin clinical drugtrias’ at anICMR-WHO,
workshop on “Ethical I ssuesin Biomedica Research” from 11—-13 December.
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Vaecha, Neena. Ddlivered alecture on* Thergpeutic Efficacy Protocols’ at an Orientation workshop
for Medical Officersand Health Assistantsat Vashi Hospital, Navi Mumbai on 6 June.

Valecha, Neena. Attended a seminar on “Women Scientists and Technologists for Nationa
Development” at Vigyan Bhawan, New Delhi from8-9 March.

Yadav, R.S. Attended a symposium on “ Drug Rsistance and Malaria Control Strategies’,
organized by Medicines Sans Frontiers (MSF) at Guwahati and presented a paper on
“Protection from malaria with insecticide treated mosquito nets’ from 28 February—
1 March.

Yadav, R.S. Attended an advocacy workshop on “ Malaria Free Hedthy Life Styles’ at
Ahmedabad on 10 July and presented a paper on “ A modd of urban malaria control—
Engineering aspects’.

Yadav, R.S. Participated in an International symposium on “Challenges in Maaria and
Prospects for Research”, organized by MRC at New Delhi from 29-31 October and
presented a paper entitled, “Insecticide treated mosquito nets. Efficacy and
sustainability”.
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Dr.M .A.Ansari

1. Participated in a meeting to discuss on IDVC issues at ICMR (HQ), New Delhi on
5March.

2.  Paticipated inameeting of Course Expert Committeeto designthe syllabusof appllication-
oriented course*Integrated Pest Management” held a Conference Room, School of Science,
IGNOU, New Delhi from 18-19 March.

3.  Participated inameeting of Foundation Day Lectureon* Strategiesfor prevention of HIV
inAsa’ at ICMR, New Delhi on 17 September.

4. Participated inalndiaChem. Exhibition 2002 hosted by Bayer Crop Science held at New
Delhi on 20 September.

5.  ParticipatedinaRegional Priority — Setting Meeting Region V1: Indian Ocean Region at
New Delhi, Indiafrom 18—-21 September.

Dr.P.K. Mittal

1. Participated inthe Technical Committee meeting for procurement of NAMP suppliesat
Nirman Bhavan, Ministry of Health under the Chairmanship of Addl. DGHS on 23 October
and 30 December.

2. Paticipated inthe meeting to discussthe progress of Project on Prospecting for Botanical
Pesticidesheld at DBT, Delhi in July 2002.

Dr. B.N. Nagpal

1.  Attended themeeting on*X Plan Proposdsof the Country” organized by “ Director-Generd,
ICMR” on 23 November.

2. Attended Hindi debate competition on“Vegetarian v/sNon-vegetarian” organized by ICMR

(HQ) on 16 September and received 11rd prizefromDG-ICMR.

Dr. SK. Sharma
1. Presented the technical data generated on malaria epidemiology from vaccinetrial siteina

meeting chaired by Director-General, ICMR, New Delhi on 27 February.

Dr. ArunaSrivastava

1.

Attended the meeting on“X Plan Proposasof the Country” organized by “ Director-Generd,
ICMR” on 23 November.

Dr.SK. Subbarao

Attended Meeting on Review of Malaria Programmein Nirman Bhawan on 16 January
MMV Meeting on Medicine and MalariaVaccinein New Delhi from 11-12 February.
MMV Meeting on Medicineand MalariaVaccinein WHO on 13 February.

Meeting on Therapeutic efficacy of Drug Resistance at National Anti MaariaProgrammeon
February.



64

5. Mesting of IDVClIssuesat ICMR on5March.

10.

11

12.

13.
14.
15.
16.
17.
Dr.

1.

Attended Meeting on Central I nsecticide Board in Ministry of Health & Family Welfareon
2April.

Participated inthe Task Force M eeting on collaborative sudiesto evauate operational impact
of insecticide-treated bednetsin malariacontrol in Chiang Mai, Thailand from23-27 April.

Attended Il Meeting of the Committeefor “ Hiring of Consultancy Servicesfor socid Marketing
of Medicated Mosquito Bednets’ under the World Bank assisted Enhanced Malaria Control
Project at MOH& FW, Nirman Bhawan, New Delhi on 7 May.

Attended meeting regarding I ntroduction of Blister Packsfor radical trestment of malariain
highrisk areasinthe Ministry on 20 June.

Participated inthe Technica Committeefor findization of technicd specificationsfor mosquito
bednetsto be used under NAMP and EMCP in the Office of Addl. DG Ministry of Health
and Family Welfareon 5 August.

Attended the meeting regarding Review of implementation of NAMP and EMCPwithworld
bank support in the Office of the Addl. Secy., Ministry of Health & Family Welfare on
21 August.

Attended thel X Meeting of Committeeon Molecular Entomology (BCV) inBangkok, Thalland
from 4—8 September.

Attended Scientific Advisory Committee, RMRC, Bhubaneswar from 19-20 September.
Attended | meeting of Task Force ondengueat ICMR on 26 September.

Attended meeting at ICMR regarding RS/GIS on 11 October.

Attended SAC meeting at RMRC, Dibrugarh on 14-15 November.

Attended meeting onthe X Plan Proposasof thecountry at ICMR, New Delhi on 23 November.
Neena Valecha

Attended WHO Informal consultation on development of South AsiaNetwork for Malaria
Drug resstance at New Delhi from 9-10 January asa Temporary Advisor.

Participated WHO meeting on“Improving accessto treatment for malaria’ at New Delhi on
13 February.

Attended Environmenta Hedlth Project through USAID for “Egtablishing asystemetic frame
work for theintroduction and evaluation of Pf maariaDipsticksin Nepa” from 12—19 August
asaConsultant.

Participated for preparation of document on Drug Resistance for EHP, Nepal from 23-30
September asa Consultant.

Participated in ameeting “Research and Development on New Antimalaria drugs’ organized
by Confederation of Industry (ClIl) at New Delhi from 11-12 February .

Delivered alecture on“ Therapeutic efficacy of chloroquineinvivax malarid’ at Navi Mumbai
Municipal Corporation Office, Navi Mumbai on5 May.

Delivered alecture on“Therapeutic efficacy studies’ at Meeting of WHO-TSN project, held
a MRC, Delhi on 14 June.
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Delivered alectureon” Rapid malariadiagnosis. Dipstick and method principle, meritsand
field application” at Regional Coursein Malariology for SEA regionon 15 November.

Attended meeting of Expert group on“Drugsfor Neglected Diseases—Indianinitiative” at
ICMR (HQ) office, New Delhi on 16 February.

Attended bulaguine meeting at Quest Ingtitute of Life Sciences, Nicholas Piramal India
Limited, at Mumbai on 7 June.

Attended ameeting to discusstherapeutic efficacy sudiesunder WHO-TSN project at MRC,
Chennai on 27 June asa Convenor.

Attended aBraingtorming sesson for identification of targetsfor drug development at Indian
Ingtitute of Science, Bangaoreon 1 October.

Attended ameeting on X plan proposals of the country at ICMR (HQ) on 23 November.

Delivered alectureon® New perspectivesin diagnosisof maaria’ at Delhi Chapter IAMM
meeting, Nationa Institute of Biologicals, Min. of Health & FW, Noidaon 2 February.

Delivered a lecture on “Revised protocol for the assessment of Therapeutic efficacy of
chloroquine for uncomplicated P. falciparummalaria’ at Meeting of Pf monitoring activitiesat
Directorate of Nationa Anti MaariaProgramme, Delhi from5-6 March.

R.S.Yadav

Participated in WHO/SEARO Task Force meeting on collaborative studies to evaluate
operational impact of insecticide-treated bednets in malaria control, Chiang Mai, Thailand
as Temporary Adviser from 24-25 April.
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Biswas, Sukla. Enhancement of antimalaria activity of chloramphenicol against Indian
Plasmodiumfalciparumisolatesin vitro by chloroquine. Indian J. Malariol., 39(1-2): 26-33.

Dev, V. Micropylar apparatus of an egg of Aedes(Stegomyia) aegypti (L). Bionature, 22:
13-15.

Dhiman, R.C. Eco-epidemiological typesof maariain Indiaand need of researchinputsfor
control strategies. In Proceedings of the WHO Workshop on Strategies for Control of
Kala-azar and Malaria, December 27-28, 2001. Eds. S.K. Bhattacharya, N.K. Ganguly
and C.P. Thakur (Balgji Uthan Sansthan, Patna): 149-160.

Dhiman, R.C., S. Bhattacharjee, T. Adak and S.K. Subbarao. Impactsof climate changeon
malariain India. Souvenir of Joint Annua Conference of the Indian Society for Maariaand
other Communicable Diseasesand the | ndian Association of Epidemiologists, New Delhi: 6-7.

Dhiman, R.C. and S.K. Subbarao. Reasons of malariaoutbreaksin Indiaand possibletools
for early warning. In Proceedings of Mekong Malaria Symposium, December 10-13,
2002, Siem Reap, Angkor Wat, Kingdom of Cambodia. Ed. Frederick Gay (Mekong Mdaria
Forum, RMCP-EC): 121-122.

Dhindsa, K.S., U.M.X. Sangodkar and Ashwani Kumar. A novel method of screening soils
for mosquito-pathogenic bacilli. Lett. Appl. Microbiol., 35(6): 457—-461.

Dua, Virendra K., N.C. Gupta, PK. Kar, G Edwards, Neeru Singh and V.P. Sharma.
Pharmacokineticsof chloroquineinIndian triba and non-triba headlthy volunteersand patients
with Plasmodiumfalciparum malaria. Curr. i, 83(9): 1128-1131.

Dua, VirendraK., Sukesh N. Sinha, SuklaBiswas, N. Valecha, S.K. Puri and V.P. Sharma.
| solation and antimaarid activity of peroxydisulfate oxidation productsof primaguine. Bioorg.
Med. Chem. Lett., 12(24): 3587-3589.

Escalante, AnaniasA., Heather M. Grebert, Raul I sea, IraF. Goldman, Leonardo Basco,
MagdaMagris, SuklaBiswas, SmonKariuki and Altaf A. La. A study of geneticdiversityin
the gene encoding the circumsporozoite protein (CSP) of Plasmodiumfal ciparumfrom
different transmission areas—XV . Asembo Bay Cohort Project. Mol. Biochem. Paragitol.,
125: 83-90.

Escalante, AnaniasA., Heather M. Grebert, Sansanee C. Chaiyaroj, FlaviaRiggione, Sukla
Biswas, Bernard L. Nahlenand Altaf A. Lal. Polymorphisminthe geneencoding the Pfs48/
45 antigen of Plasmodium fal ciparum—XI. Asembo Bay Cohort Project. Mol. Biochem.
Parasitol., 119: 17-22.

Ghosh, SK., S.N. Tiwari, A.K. Kulshrestha, T.S. Sathyanarayan and T.R.R. Sampath.
Control of malariatransmisson using larvivorousfishes. InTrendsin Malariaand Vaccine
Research — The Current Indian Scenario. Eds. D. Raghunath and R. Nayak (Tata
McGraw-Hill Publishing Company Ltd., New Delhi): 154—158.

Ghosh, SK., T.S. Sathyanarayana, M.V. Murugendrappa and S.K. Subbarao. Field
evaluation of arapid immunochromatographic test ‘ Parachek-F in a post-monsoon
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22.
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Plasmodium fal ciparum malaria outbreak in villages of south India. Japanese J. Trop.
Med. Hyg., 30(1): 7-13.

Joshi, Hema, S.K. Subbarao, N. Valechaand V.P. Sharma. Ahaptoglobinemia(HpO) and
malariainIndia. IndianJ. Malariol., 39:1-12.

Kapoor, Neeraand M.A. Ansari. Laboratory evauation of etofenprox treated fabricsagainst
vector species of mosquitoes. Intnatl. Pest Contr.: 301-303.

Mittal, PK., T. Adak and S.K. Subbarao. Relative efficacy of five synthetic pyrethroids
against four vector mosquitoes Anopheles culicifacies, Anopheles stephensi, Culex
quinquefasciatus and Aedesaegypti. Indian J. Malariol., 39: 34—-38.

Mittd, PK., T. Adak, O.P. Singh, K. Raghavendraand S.K. Subbarao. Reduced susceptibility
to deltamethrin in Anopheles culicifaciess.l. in District Ramanathapuram, Tamil Nadu:
Sdlection of pyrethroid resstant strain. Curr. ci., 82: 185-188.

Mya, M.M., A. Roy, K.B. Roy and R.K. Saxena. Isolation, purification and part
characterization of a glycophospholipid antigen from Plasmodium fal ciparum culture
supernatant. Japanese J. Infect. Dis., 55(5): 150-156.

Mya, M.M., R.K. Saxenaand A. Roy. Sensitivity and specificity of isolated antigen from
Plasmodiumfalciparum culuture supernatant. Indian J. Clin. Biochem., 17: 75-82.

Pandey, Kailash C., Sanjay Singh, C.R. Fillai, Usha Pillai, Andrew Lynn, S.K. Jain and
ChetanE. Chitnis. Bacteridly expressed and refolded receptor binding domain of Plasmodium
falciparumEBA-175 dlicitsinvasioninhibitory antibodies: Implicationsfor malariavaccine
development. Mol. Biochem. Parasital., 123: 23-33.

Rillai, C.R. and C. UshaDevi. Mdariaparasite bank: A national resourcefor the control of
malaria. In Proceedings of the WHO Workshop on the Strategies for Control of Kala-
azar and Malaria, December 27-28, 2001. Eds S.K. Bhattacharya, N.K. Ganguly and
C.P. Thakur (Balgji Uthan Sansthan, Patna): 175-185.

Raghavendra, K. Insecticideresistancein maariavectorsinIndia. InProceedingsof the
WHO Workshop on Strategiesfor Control of Kala-azar and Malaria, December 27—28,
2001. Eds. SK. Bhattacharya, N.K. Ganguly and C.P. Thakur (Balgji Uthan Sansthan,
Patna): 161-173.

Raghavendra, K. and S.K. Subbarao. Case studies on insecticide resistance and its
management. In Proceedings of Mekong Malaria Symposium, December 10-13, 2002,
Siem Reap, Angkor Wat, Kingdom of Cambodia. Ed. Frederick Gay (Mekong Malaria
Forum, RMCP-EC): 17-21.

Raghavendra, K. and S.K. Subbarao. Chemical insecticidesin malaria control in India.
ICMRBuUIl., 32(10): 93-99.

Ravikumar, K. S.K. Ghosh, T.S. Sathyanaryana, T.R.R. Sampath, GR. Arunodaya, K.T.
Shetty and M. Murugendrappa. Field evaluation on safety aspectsof short-term community
exposure of cyfluthrin 050 EW treated impregnated bednetsfor malariacontrol. Pestology,
26(2): 6-10.
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Ravindran, John, Alex Eapen and Indranil Kar. Evaluation of repellent action of neem il
againg thefilaria vector, Culex quinquefasciatus(Diptera: Culicidae). IndianJ. Malarial.,
39: 13-17.

Shukla, R.P, S.N. Sharmaand S.K. Bhatt. Malariaoutbreak in Bhojpur PHC of District
Moradabad, Uttar Pradesh, India. J. Com. Dis., 34(2): 118-123.

Singh, Neeru. Maariain primitivetribal population. InTrendsin Malaria and Vaccine
Research—The Current Indian Scenario. EdsD. Raghunath and R. Nayak (TataMcGraw-
Hill Publishing Company Limited, New Delhi): 11-22.

Singh, Neeru, A.C. Nagpd and R.B. Gupta. Failureof chloroquinetherapy inasplenectomized
child infected with Plasmodiumvivax. Ann. Trop. Med. Parasitol., 96:109-111.

Singh, Neeru, A. Saxenaand V.P. Sharma. Usefulness of aninexpensive, Paracheck? testin
detecting asymptomatic infectiousreservoir of Plasmodiumfal ciparumduring dry seasonin
aninaccessibleterrainin central India. J. Infect. Dis., 45(3): 165-168.

Singh, Neeru and M.M. Shukla. Field evaluation of post-trestment sengitivity for monitoring
paradite clearance of Plasmodiumfal ciparummaariausing Determine™ MdariaPf incentral
India. AmericanJ. Trop. Med. Hyg., 66(3): 314—316.

Singh, Neeruand M.M. Shukla. Socio-cultural barriersin accepting malariachemoprophylaxis
by pregnant womenin central India: A pilot study. J. Hith. Pop. Nut., 20(1): 93-95.

Singh, Neeruand V.P. Sharma. Patternsof rainfall and malariain Madhya Pradesh, central
India. Ann. Trop. Med. Parasitol., 96(4): 349-359.

Singh, O.P, K. Raghavendra, N. Nanda, PK. Mittal and S.K. Subbarao. Pyrethroid resstance
in Anophelesculicifaciesin Surat district of Gujarat, west India. Curr. Sci., 82: 547-550.

Srivastava, Aruna, and B.N. Nagpal. Mapping malaria. GISDev., 4(6): 28-31.

Srivastava, Aruna, B.N. Nagpal, Rekha Saxena and S.K. Subbarao. Prediction of habitat
for An. minimus—afoothill vector of malariain Indiausing GIS. In Proceedingsof V ESRI
User Conference.

Subbarao, S.K. and O.P. Singh. Biologica and genetic properties of Anophelesand malaria
transmissionin India. In Trendsin Malaria and Vaccine Research: The Current Indian
Stenario. Eds. D. Raghunath and R. Nayak (TataMcGraw-Hill Publishing Company Limited,
New Delhi): 36-43.

VaechaN., Alex Eapen, C. UshaDevi, K. John Ravindran, A. Aggarwa and S.K. Subbarao.
Field evaluations of the ICT Malaria Pf/Pv immunochromatographic test in India. Ann.
Trop. Med. Parasital., 96: 333-336.

Yadav, R.S. and S.K. Ghosh. Radical curative efficacy of five-day regimen of primagquinefor
treatment of Plasmodiumvivax maariainIndia. J. Parasitol., 88(5): 1042—1044.
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