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Study on the Feasibility of Delineating
Mosquitogenic Conditions in and around
Delhi using Indian Remote Sensing
Satellite Data

V.P. SHARMA, R.C. DHIMAN?2, M.A. ANSARIJ, B.N. NAGPAL, ARUNA
SRIVASTAVA, P. MANAVALANP, S. ADIGAP, K. RADHAKRISHNAND
and M.G. CHANDRASEKHAR?P

A feasibility study to identify mosquitogenic conditions in six study sites in
and around Delhi (Bhalaswa lake, Nazafgarh drain, Seelampur lake, Sanjay
lake, Okhla barrage and Hindon barrage} using Indian Remote Sensing Satel-
lites was carried out. The water bodies with marshy areas, vegetation and
human settlements were considered as environmental variables responsible for
mosquitogenic conditions. Multidate IRS 1A and B, LISS-I] satellite data were
coliected and analysed on Vax 11/780 computers. False colour composite
(FCC) images were generated and land cover assessed using supervised classi-
fication based on ground truth training sets. Ground truth validation of satel-
lite data was done on satellite pass dates. Concurrent monitoring of larval and
adult mosquito density was performed by selecting sub-sites in each study
site. The results indicate that mosquitogenic conditions can be identified (with
limitation of resolution, i.e. 36.5 m) using FCC images and these images can
be used as base maps of study sites. Characterization of study sites based on
land cover was done from the view point of mosquitogenic conditions. Spatial
changes in mosquito density vis-a-vis changes in environmental variables re-
vealed positive correlation with water bodies and vegetation in some study
sites.

Keywords: Delhi, Malaria, Mosquitogenic conditions, Remote sensing
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INTRODUCTION

Although malaria has been endemic in
Delhi for many centuries, recent pro-
lific urban sprawl has created new and
expanding habitats for a range of mos-
quito vectors. The sources of mosquito
production in Delhi are the Yamuna
River, chocked open drains, nallahs
with defective gradients, improper dis-
posal of domestic water, over head wa-
ter tanks, coolers, cisterns and agri-
cultural fields. Immature mosquitoes
breed in water and emerging adults
require shelter and host blood meal
for survival and propagation. These fac-
tors are variable. Prior to mosquito vec-
tor control, precise knowledge of their
breeding habitats and other factors re-
sponsible for their survival and propa-
gation is required.

Conventional ground surveys are of-
ten time consurming, labour intensive
and expensive. With the advent of re-
mote sensing technology through sat-
ellites, it has become possible to moni-
tor land-use features on earth’s sur-
face over various time interval. In this
study we evaluated the feasibility of
using satellite remote sensing technol-
ogy to delineate mosquitogenic condi-
tions and to determine if the correla-
tion between varying land-use features
and mosquito density can be deter-
mined with satellite imageries only.

MATERIALS AND METHODS
Study area

Six study sites representing different
types of ecosystems were selected in
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and around Delhi. The sites were
Bhalaswa lake and Nazafgarh drain
(west zone, Delhi), Sanjay lake and
Seelampur lake (Shahdara zone, Delhi),
Okhla barrage and Hindon barrage
(District Ghaziabad, Uttar Pradesh).
Each study site represents a unique
ecosystem encountered in urban and
peri-urban situation. An area of 3 km
radius (27 sq km) was selected around
a major water body in each study site
(Fig. 1).

Satellite data

The data from Indian Remote Sensing
Satellite IRS 1A and B (LISS-II) were
used in the study. The IRS satellite
has a revisit period of 22 days. Taking
into account data quality and cloud
cover, a maximum of six out of a pos-
sible eight data collection dates (9.7.91,
5.10.91, 27.10.91, 7.11.91, 12.1.92,
25.2.92, 20.4.92 and 1.5.92) could be
used for any individual study site. The
digital data was obtained in the form
of computer compatible tapes (CCT)
with a spatial resolution of 36.25 m
and in 4 spectral bands (3 visible and
one near infra-red), virtually identical
to corresponding Landsat TM 1-4

‘bands. The data were corrected geo-

metrically and radiometrically for
georeferencing of images and for base
map preparation.

The satellite data in respect of
Bhalaswa lake and Nazafgarh drain
were of IRS LISS-II A2 scenes of 29-47
while the remaining sites were covered
by IRS LISS-II B2 scenes of 29-47. The
digital image processing was carried
out using VIPS-32 image processing
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Fig. 1: Location map of the study site in Delhi.

software package installed on Vax 11/
780 computer at the Regional Remote
Sensing Service Centre (RRSSC), Ban-
galore. Initially, the satellite data were
geometrically rectified with respect to
SOI toposheets on 1:50,000 scale us-
ing a second order polynomial trans-
formation model with the necessary
ground control points. For georefer-
encing of images and for base map
preparation data for other dates and
study sites were then rectified with re-
spect to aforesaid rectified scene using
similar procedure. Masks for study
sites were created by registering the
circular boundaries defined on the

toposheets with a radius equivalent to

3 km from the central point of the ma-
jor water body (with a total of 27 sq
km area). The masked image data for
different dates corresponding to the
study sites were then subjected to sun
elevation angle correction so as to re-

duce the variation in spectral response
of a given non-changing category due
to different sun illumination conditions
in different seasons.

After correction, the enhanced false
colour composite {(FCC) images were
generated for each site. Supervised
classification adoptihg maximum like-
lihood algorithm was employed. Care
was taken to define homogenous and
evenly distributed training samples all
over the scene. Training sets of un-
changing category such as forest/plan-
tation were more or less kept at same
location for different dates data for a
given site to minimise the differential
classification results. The other cat-
egories included water, marshy areas,
weeds, barren areas, agriculture/crops
and scrubs. Output maps depicting
the spatial distribution of above cat-
egories in each study site as on differ-
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ent dates were generated. The statis-
tics of all land-use features were ob-
tained so as to quantify the land-use
categories. Depending upon the vary-
ing land cover categories, study sites
were described on the basis of their
ecological characteristics.

Ground data

The study was carried out in 1991 and
1992. Ground data in respect of lar-
val and adult mosquito density in six
study sites were collected on the dates
of satellite pass over Delhi. Further
sub-sites around major water body
were selected for each study site for
sampling of larval density and collec-
tion of adult mosquitoes from human
settlements. The sampling of adult
mosquitoes was done from 0600 to
0900 hrs from cattlesheds and human
dwellings situated within the area in
each sub-site. Larval samplings were
made from the major water bodies vis-
ible in satellite imagery and the sur-
rounding area by taking dips. Ground
truth data in respect of land-use fea-
tures was also collected on every sat-
- ellite pass.

Correlation of mosquito population
with spatial changes in land-use/land
cover variables

The changes in mosquito (larval and
adult) densities were analysed with sea-
son. Seasonal trend analysis was car-
ried out by observing the temporal
changes (increase/decrease) in adult
mosquito/larval population density
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with the corresponding changes in the
area of environmental parameters (wa-
ter/marshy/weed/vegetation cover).
Correlation coefficients were deter-
mined using six pairs of variables ob-
tained for each study site. A high cor-
relation coefficient indicates the strong
influence of the given environmental
parameter on the mosquito/larval
population densities during monsoon,
winter and summer months. Consis-
tancy and integrity of data were
checked and any abnormal values were
excluded from the analysis. The
change in mosquito population was
analysed with the change in three main .
variables, namely, water, vegetation and
settlements. As water bodies and
marshy areas are potential breeding
sites, the larval densities were corre-
lated with them. As vegetation and
human settlements support the thriv-
ing of adult mosquitoes by providing
food and shelter, the adult densities
were correlated with spatial changes
in vegetation cover and changes in
human settlement areas. However,
the interactive effects of water, vegeta-
tion and settlements together may
have significant effect on larval and
adult density variation, were not con-
sidered.

RESULTS

It is observed that all six sites chosen
for the study support only two genera,
namely, Culex and Anopheles for which
measured densities of immatures and
adults are summarized in Table 1.
Density of Culex mosquitoes was more
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Table 1. Summary of relative density of immatures and adults at different sites

Date Av. larvae {No./Dip) Total Av. adult (MHD) Total
density density
Culex Anopheles Culex Anopheles
Bhalaswa lake
05.10.91 1.71 2.96 4.67 18.75 3.70 22.45
27.10.91 14.14 0.25 14.39 24.05 3.15 27.20
12.01.92 2.27 0.0 2.27 42.0 0.75 42.75
25.02.92 1.10 0.0 1.10 22.0 0.5 22.50
20.04.92 3.53 0.0 3.53 65.3 0.2 65.5
01.05.92 4,53 0.0 4.53 164.8 1.4 166.2
Nazafgarh drain
05.10.91 10.44 0.0 10.44 21.0 0.0 21.0
27.10.91 9.37 0.17 9.54 10.4 1.4 11.8
12.01.92 7.53 1.67 9.20 43.6 0.7 44.3
25.02.92 27.0 0.0 27.0 42.0 0.0 42.0
20.04.92 34.9 0.0 34.9 38.1 0.0 38.1
01.05.92 59.81 0.0 59.81 34.0 0.1 34.1
Sanjay lake
09.07.91 1.16 0.0 1.16 61.70 0.0 61.70
05.10.91 3.03 0.0 3.03 166.4 0.0 166.4
27.10.91 0.94 0.0 0.94 278.0 0.0 278.0
07.11.91 3.45 0.0 3.45 270.0 0.0 270.0
12.01.92 1.22 0.0 1.22 46.4 0.0 46.4
25.02.92 0.41 0.0 0.41 76.4 0.0 76.4
20.04.92 1.83 0.0 1.83 158.5 0.0 158.5

contd...
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Table 1. (contd.)

Date Av. larvae (No./Dip) Total Av. adult (MHD) Total
density density
Culex Anopheles Culex Anopheles

Seelampur lake

09.07.91 0.0 0.0 0.0 67.7 0.0 67.7
05.10.91 0.0 0.0 0.0 176.0 0.0 176.0
27.10.91 2.64 0.0 2.64 198.0 0.0 198.0
07.11.91 1.09 0.0 1.09 189.0 0.0 189.0
12.01.92 0.0 0.0 0.0 126.0 0.0 126.0
25.02.92 0.0 0.0 0.0 65.5 0.0 65.5
20.04.92 0.0 0.0 0.0 69.5 0.0 69.5
Olchla barrage

09.07.91 22.6 8.4 31.0 11.8 4.4 16.2
05.10.91 28.0 47.8 75.8 33.6 57.6 91.2
27.10.91 313.2 28.4 341.6 251.0 27.8 278.8
07.11.91 231.6 20.0 251.6 119.4 18.6 138.0
12.01.92 19.0 35.4 54.4 30.0 45.6 75.6
25.02.92 38.0 19.8 57.8 107.6 8.8 116.4
20.04.92 165.0 10.0 175.0 309.0 5.2 314.2
Hindon barrage

09.07.91 305 1.3 31.8 43.0 0.7 43.7
05.10.91 92.44 8.94 101.38 103.8 13.0 116.8
27.10.91 84.88 6.07 90.95 202.6 12.8 215.4
07.11.91 50.1 3.02 53.12 268.4 19.2 287.6
12.01.92 82.84 0.40 83.24 238.4 17.0 255.4
25.02.92 14.60 0.40 15.0 250.8 8.6 259.4
20.04.92 23.94 2.9 26.84 305.0 8.6 313.6
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than Anopheles in all the study sites.
The maximum density of anopheline
larvae {47.8 per dip) was at Okhla bar-
rage. The man hour density of adult
anopheline mosquitoes was also high-
est at Hindon barrage and Okhla bar-
rage. At Seelampur and Sanjay lakes
no anopheline larvae or adults were
encountered. In contrast to anopheline
densities, Culex densities at Sanjay
lake and Seelampur lake were high,
although larval densities were dispro-
portionately low in comparison to adult
densities. This probably indicates that
the most important breeding sites for
Culex were too small to be represented
in the present larval sampling strat-
egy. Analyses of temporal fluctuations
in mosquito densities indicate that
adult mosquito densities are generally
highest in winter season, and lowest
in July.

The analysis of land-use/land cover

details in the study sites indicate vary-
ing composition depicting unique en-
vironment (Table 2). The character-
ization of each study site based on
land-use/land cover analysis through
remote sensing has been done (Table
3). Bhalaswa lake site consists of big
and small water bodies, marshy areas
(15-20%]), vegetation and scrub (30-
40%) and human settlements (40%).
The Nazafgarh drain site is character-
ized by the presence of a chocked drain
having highly polluted water full of wa-
ter hyacinth. During the study period
significant construction activities were
taking place in the area, as well as an
ongoing attempt to clean the drain.
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At this site water and marshy areas
account only 1-5%, while vegetation
and barren/scrubs are 65-70% with
30% human settlements.

Along the Yamuna River belt on west-
ern side, agricultural fields are located.
Sanjay lake is characterized by dense
human settlements (27-40%). The wa-
ter of lake is mainly sewage water from
surrounding residential areas. Water
and weeds occupy about 3-8%, while
vegetation and barren/scrub 45-55%
of the area. The Seelampur lake site
is dominated by densely populated
area. The water in lake is free from
weeds and is moderately polluted. Ag-
ricultural land along with some farm
ponds are seen in the southern side
of the site. At this site the extent of
water bodies is about 3-6%, vegeta-
tion, barren/scrub 35-40% and settle-
ments 60%.

The Okhla barrage site is located along
the Yamuna belt. The Agra canal is
running across this site. A barrage
constructed across the Yamuna River
causes the impoundment of water re-
sulting in formation of a large water
body. There are weeds like water hya-
cinth, azolla and algae and they stag-
nate during lean river flow. This site
exhibits a rural environment dominat-
ed by natural vegetation, water logged
and low-lying areas. Water, weed and
marshy area account for 30-35%,
while vegetation, barren/scrub areas
45-50% and settlements approxi-
mately 15%. The Hindon barrage site
is located along the Hindon River
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Table 2. Details of land-use categories derived from IRS LISS-II data

(a) Bhalaswa lake

Land-use Areas (sq km) of land-use categories on different dates .

category
05.10.91 27.10.91 12.01.92 25.02.92 20.04.92 01.05.92
Urban 5.34 5.02 6.00 5.54 4.46 5.41
(19.27) (18.12) {21.6) (20.0) (16.8) (19.5)
Rural 5.16 4.48 3.60 4.32 7.81 5.47
(18.62) (16.17) (12.99) (15.5) {28.19) (19.7)
Barren 3.32 3.68 4.62 3.69 2.15 1.79
(11.98) (13.28) (16.6) (13.32) (7.76) (6.46)
Water 0.81 0.63 0.41 0.44 0.60 0.33
(2.92) (2.29) (1.48) (1.58) (2.16) (1.19)
Marsh 4.78 4.47 4.20 3.73 4.75 3.64
{17.25) (17.94) {15.16) - {13.46) {17.14) {13.14)
Plantation and 5.79 6.97 5.47 6.86 5.46 8.16
agriculture (20.9) (25.15) (19.74) (24.75) (19.7) {29.45)
Unclassified 2.58 2.50 3.46 3.18 2.34 2.79
{9.31) (9.02) (12.49) (11.48) (8.44) {10.07)
(b) Nazafgarh drain
Land-use Areas (sq km) of land-use categories on different dates
category
09.07.91 05.10.91 27.10.91 12.01.92 25.02.92 01.05.92
Water 0.53 1.11 0.18 0.27 0.48 0.54
(1.89) (3.97) (0.64) (0.96) (1.72) (1.93)
Marsh 0.83 0.07 0.58 0.00 0.00 0.00
(2.97) (0.25) (2.07) (0.00) (0.00) {0.00)
Settlement 6.64 8.89 10.62 7.98 7.74 . 5.15
23.79) (31.86) (38.06) (28.6) (27.74) {18.45)
Barren 9.31 5.39 1.74 9.23 8.13 9.49
(33.36) (19.31) ) (6.23) (33.08) (29.13) (34.01)

contd...
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Table 2. (contd.)

(b) Nazafgarh drain

Land-use Areas (sq km) of land-use categories on different dates
category
09.07.91 05.10.91 27.10.91 12.01.92 25.02.92 01.05.92
Dense scrub 0.00 2.72 2.52 0.00 0.00 - 0.00
{0.00) (9.74) (9.03) (0.00) (0.00) (0.00)
Crop/other 3.03 3.76 2.66 3.85 6.00 2.95
vegetation (10.86) (13.47) (9.53) (13.79) (21.5) (10.57)
Plantation 6.51 5.56 8.39 6.32 4.67 7.84
(23.33) (19.22) (30.07) (22.65) (16.73) (28.10)
Unclassified 1.03 0.38 1.21 0.25 0.87 1.92
(3.69) (1.36) (4.33) (0.89) (3.11) (6.88)
{c) Sanjay lake
Land-use Areas (sq km) of land-use categories on different dates
category
09.07.91 05.10.91 27.10.91 7.11.91 12.01.92 25.02.92 20.04.92
Water 0.86 0.910 0.383 0.974 0.504 1.033 0.453
(3.12) (3.29) (1.38) (3.52) (1.82) (3.73) {1.63)
Weed 0.316 10985 0.616 0.764 0.260 0.157 0.595
(1.14) (7.17)  (2.22) (2.76) (0.94) (0.57) (2.15)
Settlement 11.414 8.778 10.32 7.571 10.120 9.788 11.086
(41.21) (31.68) (36.22) {27.33) (36.53) (35.34) (40.02)
Barren 3.646 3.216 5.625 7.588 5.671 8.090 5.635
(13.16) (11.61) (20.31) (27.39) (20.47) (29.21) (20.34)
Agriculture 1.514 4.192 3.389 4.326 1.881 2.308 3.326
{(5.46) (15.13) (12.24) (15.62) (6.80) (8.33) {12.01)
Agriculture 1.467 4.704 4.462 4.093 7.287 2.558 4.425
fallow {(5.30) (16.98) {16.11) (14.78) (26.31) (9.23) (15.98)
Plantation 5.756 1.618 1.671 1.616 1.048 1.922 1.994
(20.78) (5.84) (6.03) "(5.83) {3.78) (6.94) (7.19)

contd...
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Table 2. (contd.)

{d) Seelampur lake

Land-use Areas (sq km) of land-use categories on different dates
category
09.07.91 05.10.91 27.10.91 7.11.91 12.01.92 25.02.92 24.04.92
Water 0.74 1.35 1.58 0.9 1.12 1.8 1.16
(2.64) (4.82) (5.64) (3.21) (4.13) (6.42) (4.14)
Settlement 18.07 17.40 17.20 19.30 14.20 16.60 17.70
(64.50) (62.14) (61.40) 68.92) (52.70).  (59.20) (63.20)
Barren 6.85 7.20 6.22 5.60 6.93 5.69 6.33
(24.46) (25.71) (22.21) (20.25) (25.50) (20.81) (22.52)
Plantation 0.0 0.0 0.83 0.32 3.4 0.89 1.26
0.0 0.0 (2.96) (1.14) (12.54) (3.17) (4.50)
Agriculture 2.37 2.01 2.17 1.74 1.4 2.91 1.57
(8.46) (7.17)  (3.57) 6.21) {5.16) {10.3) {5.60)
(e) Okhla barrage
Land-use Areas (sq km) of land-use categories on different dates
category
09.07.91 05.10.91 27.10.91 7.11.91 12.01.92 25.02.92 20.04.92
Water 4.47 6.56  2.92 3.29 2.37 2.15 2.63
(16.1) (23.64) (10.51) (11.85) (8.56) (7.75) (9.48)
Marsh 1.12 1.22 2.11 5.81 3.5 3.39 1.3
(4.05) (4.40) (7.62) {20.94) {12.22) (12.22) (4.68)
Settlement 4.40 9.24 8.25 6.22 5.17 4.11 3.48
{16.18) {33.2) (29.7) (22.42) (18.6) (14.82) {12.53)
Barren 2.40 1.32 0.88 1.65 5.30 5.64 4.19
(8.66) (4.78)  (3.17) - {5.94) (19.1) (20.32) (15.11)
Plantation 397 . 232 3.3 1.28 3.18 2.28 3.06
(14.32) (8.36) (11.89) (4.64) (11.47) 8.2) (11.02)
Agriculture 5.6 4.55 5.21 6.17 6.17 4.67 9.29
(20.29) (16.3) (18.7) (22.2) (22.23) (16.8) (33.47)

conid...
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Table 2. (contd.)
(e} Okhla barrage
Land-use Areas {sq km) of land-use categories on different dates
category
09.07.91 05.10.91 27.10.91 7.11.91 12.01.92 25.02.92 20.04.92
Weeds 3.8 1.7 3.5 1.58 0.88 3.19 2.73
(13.77) (6.36) (12.6) (5.71) (3.17) (1.49) (9.84)
Unclassified 1.8 0.75 1.55 1.73 1.08 2.3 1.11
(6.62) (2.47) (5.6) (6.26) (3.89) (8.29) {4.03)
(f) Hindon barrage
Land-use Areas {sq km) of land-use categories on different dates
category
09.07.21 05.10.91 27.10.91 7.11.91 12.01.92 25.02.92 20.04.92
Water 0.52 0.86 1.88 1.12 1.2 0.92 0.74
(1.86) (3.05) (3.84) (3.97) (4.26) (2.24) {(2.63)
Marsh 2.64 4.43 2.93 0.2 1.08 1.75 1.01
{9.30) {15.69) {10.40) [0.73) (3.83) (6.22) {3.60)
Settlement 8.96 7.94 10.93 9.36 12.01 9.84 9.88
(31.75) (28.15) (38.71) (33.16) {(42.5) (34.89) {35.01)
Barren 6.86 3.47 2.83 6.44 0.74 3.00 10.27
(24.3) (12.29) (10.04) (22.94)  (02.65) {10.68) (36.4)
Plantation 2.87 2.09 4.26 5.48 4.84 2.16 1.48
{10.16) (7.43) (15.01) {19.42) (17.17) (7.65) (5.21)
Agriculture 3.72 8.24 5.71 4.92 7.6 9.02 3.93
(13.19) {29.21) (20.19) (17.44) {26.92) (31.96) (13.92)
Weeds 0.0 0.0 0.01 0.1 0.28 0.86 0.2
0.0 0.0 (0.038) {0.4) (1.02) (3.07) (0.94)
Unclassified 2.63 1.17 0.4 0.53 0.41 0.63 0.61
(9.03) (4.15)  (1.64) (1.84) {(1.46) (2.25) (2.16)

Figures in parentheses indicate percentage of total area.
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which flows only during monsoon
months. The water stagnation around
the barrage causes weed growth. Ag-
ricultural fields are dominating at this
site and are located in the southern
side. However, settlements are located
in the eastern and western sides. To-
gether, water and marsh constitute
about 5-15% of the area, vegetation,
barren/scrub 50-60% and settlements
35%.

Correlation of site characteristics
with mosquito density

Spatial extent of various land-use cat-
egories derived from IRS LISS-II data
for different dates of the study are given
in Table 2 (a-f). The trends of spatial
changes of various land-use categories
were identified for different seasons.
The trend analysis was performed by
grouping land-use categories with pos-
sible spectral overlaps, namely, wa-
ter, weed and marshy areas; planta-
tions, agricultural crops and other veg-
etation. The results were analysed for
different seasons and presented in
Table 4. During monsoon (July-Octo-
ber), there was increasing trend of
water and/or marshy weed areas ex-
cept for Okhla barrage site. Parallel
increasing trend of larval population
was observed in this season thus indi-
cating the positive correlation. There
were also positive correlation during
the winter months except at Seelampur
lake and Hindon barrage. However in
summer with the decrease in water
and/or marshy weed areas, the larval
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density increased, indicating negative
correlation.

During monsoon months the total area
under cultivation, plantations and
other vegetation increased at two sites
(Bhalaswa lake and Hindon barrage),
but decreased in the other four. How-
ever, with the exception of the Nazaf-
garh drain site, an increasing trend of
adult mosquitoes was seen, resulting
in positive correlations in three areas
(Bhalaswa lake, Hindon barrage and
Nazafgarh drain) and negative correla-
tions in the rest. The situation in win-
ter and summer was consistent with
that described above.

DISCUSSION

The overall results of this study reveal
that identification of water bodies, hu-
man settlements and vegetation which
contribute as mosquitogenic environ-
ment is possible with remote sensing
technique. Spatial resolution of IRS
LISS-II data restricts the identification/
delineation of area of smaller water
bodies. However, features of linear pat-
tern like drains, canals, road network
are discernible. With the help of false
colour composite image, base maps of
the study area can be prepared (Figs.
2 and 3). Supervised classification
helped in quantification of land-use fea-
tures and their correlation with mos-
quito density.

A study elsewhere points out that
a minimum water area equivalent to
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Table 4. Land-use trend and its correlation with mosquito density trend
Site Category Season
Monsoon Winter Summer
(Jul-Oct) (Nov-Jan} (Mar-Jun)
Bhalaswa (i) Water and marsh (a) Trend Increase  Decrease Decrease
lake (b} Correlation with Positive Positive  Negative
larval density
{ii) Plantation and (a) Trend Increase  Decrease Increase
agriculture (b) Correlation with Positive Negative Positive
adult density
Nazafgarh {i) Water and marsh (a) Trend Decrease Decrease Decrease
drain (b} Correlation with Positive Positive  Negative
larval density
(ii) Plantation, (a) Trend Decrease Decrease Increase
agriculture, {h) Correlation with Positive Negative Negative
other vegetation adult density
and scrub
Sanjay lake (1) Water and marsh (a} Trend Increase Decrease Decrease
. (h) Correlation with = Positive Positive Negative
larval density
(ii) Plantation and - (a) Trend Decrease Decrease Increase
agriculture (b) Correlation with' Negative  Positive  Positive
adult density
Seelampur (i) Water (a) Trend Increase  Increase Decrease
lake (b) Correlation with Positive Negative Negative
larval density
(if) Plantation and {(a} Trend . Decrease Increase Decrease
agriculture {b} Correlation with Negative  Negative Negative
: adult density

contd...
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Table 4. (contd.)
Site Category Season
Monsoon Winter Summer
(Jul-Oct) (Nov-Jdan) (Mar-Jun)
Okhla (i) Water, marsh (a) Trend Decrease Decrease Decrease
barrage and weed {b) Correlation with Negative  Positive  Negative
larval density
(ii}) Plantation and {a) Trend Decrease Increase Increase
agriculture (b) Correlation with Negative  Negative Positive
adult density
Hindon (i) Water, marsh (@) Trend Increase Increase Decrease
barrage and weed (b} Correlation with Positive Negative  Negative
larval density
(i1) Plantation and (a) Trend Increase Increase Decrease
agriculture (b) Correlation with Positive Positive  Negative
adult density
WATER
MARSHY
AQ. WEED
ACACIA
EUCALYPTUS
VEGETATION

of Bhalaswa lake

J SETTLEMENT -D

Fig. 2: Multidate IRS LISS-1I data (FCC and classified images)

IRS LISS-II
APRIL 12, 1991

SETTLEMENT - S
BARREN/SCRUB

RRSSC BNG
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OKHLA BARRAGE

CLASSIFIED  DATA

Fig. 3: Multidate IRS LISS-II data (FCC and classified images)
of Okhla barrage



124

4 pixels is needed for definite identifi-
cation and a minimum equivalent to 9
pixels for reliable estimation of aerial
spread. As such the smaller water
bodies such as ponds, pools, water
stagnations even in hoof marks of ani-
mals, the potential breeding habitats
of Anopheles mosquitoes, can not be
idenified remotely.

Quantification of land-use features has
been found as an important ability of
satellite data derived information which
helped in characterization of ecosys-
tems. As the atmospheric correction of
satellite data was not carried out, mul-
ti-spectral classification of multidate
data might result in non-identical
mapping of unchanged categories. For
example, the area under settlement is
not expected to change considerably
within one year duration. However, it
is observed that due to spectral over-
lap between barren and settlement
classes (the extent of overlap influenced
by different atmospheric conditions)
unequal settlement area estimates were
obtained. Similarly, varying degree of
spectral mixing is also possible between
plantation and other crops and be-
tween water and marshy areas. Keep-
ing this limitation in mind, the corre-
lation analysis was performed by
grouping land-use categories with pos-
sible spectral overlaps.

Mosquito density was highest at Okhla
site, while it was lowest at Bhalaswa
lake and Nazafgarh drain. It can be
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explained due to presence of maximum
area of water bodies, highest vegeta-
tion cover and least urbanization. Ano-
pheles mosquitoes are known to prefer
fresh water, while Culex breeds in
polluted water. Thus, the availability
of fresh water bodies at Okhla and
Hindon barrage sites is likely to ex-
plain why Anopheles densities were
highest at these sites. On the other
hand, the lack of anophelines at Sanjay
lake and Seelampur lake can be ex-
plained due to dense urtfanization, low
vegetation cover and highly polluted
water bodies leading to the production
of only Culex mosquitoes.

All the six study sites selected in
present study represent different types
of ecosystems. The corrrelation of wa-
ter bodies with larval density is not
positive for all the study sites. Simi-
larly, the vegetation also had variable
correlation with adult mosquito den-
sity. It indicates that environmental
factors such as type and density of
human settlements, distance from the
water bodies and specification of veg-
etation and local weather conditions
have interactive influencing effect on
mosquito densities.

Mosquito densities are known to peak
in the post-monsoon season, when the
quality of available satellite data is poor-
est, due to cloud coverage. Because of
this limitation valuable information re-
garding mosquito breeding cannot be
gathered remotely during the monsoon
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period, and monthly seasonal fluctu-
tations in land-use features cannot be
derived with reliability.

Species level vegetation classification
can further provide specific informa-
tion on the association with particular
mosquito species!. It can be concluded
that using multidate IRS LISS-II data,
mosquitogenic potential of an area aris-
ing due to specific environmental com-
position of water, weed, vegetation,
settlement etc. can be assessed for
macro-stratification and for prioritising
the areas for mosquito control pro-
grammes. Remote sensing technology
is rapid and accurate at macro-level
for identification of different larval habi-
tats of mosquitoes!-3 and enables iden-
tification of villages with high risk ma-
laria transmission?. In addition to mos-
quitoes, Remote sensing technology has
proved useful as a tool for surveillance
of various arthropod vectors®.

In future, Geographic Information Sys-
tems and the availabillity of more fre-
quent and higher resolution of IRS 1C
data may further improve our under-
standing of the epidemiology of vec-
tors and vector-borne diseases.
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A Study of Sensitivity of P. falciparum
to Chloroquine in a Rural Area of
Bharuch District, Gujarat

SEWA-RURAL RESEARCH TEAM®

A study was undertaken to determine the level of chloroguine sensitivity in P.
Jfalciparum strains prevalent in a rural, tribal-belt of Bharuch district, Gujarat
during 1992-93. Ofthe 32 cases for which the 7-day follow-up was completed, only
in one Ril level of resistance was noted, with the mean parasite clearance time in
the remaining cases being 1.87 days. Thus, chloroquine continues to be effective
in treatment on falciparum malaria in this area.

Keywords: Chloroquine-sensitivity, Gujarat, Malaria, P. falciparum

INTRODUCTION

After initiating a countrywide malaria
eradication campaign under NMEP, en-
couraging results were achieved in the
control of disease. Thereafter, in the
late sixties and seventies, outbreaks
appeared in many parts of the country
including Gujarat. Bharuch district
also showed an increase in the inci-

dence, especially of P. falciparum infec-
tion. Resistance of P. falciparum to
drugs has been one of the causes at-
tributed to such alarming increase in
this type of infection. The paper de-
scribes a study that attempted to
measure the level of sensitivity to
chloroquine among P. falciparum
strains in a rural, tribal area of Bharuch
district. :

*SEWA-Rural (Society for Education, Welfare and Action-Rural) Research Team, is avoluntary organisation
working for health and development in a rural tribal-belt of western India since 1980. The main
contributors to the study were Dr. Ashwin Shah, Mr. A.S. Nair and Dr. Pankaj Shah, Jhagadia-393 110,

India,
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In India, drug resistant strains of P.
falciparum were first reported from
north eastern states!-2. The P. falcipa-
rum monitoring teams are observing
drug resistance in falciparum malaria
throughout the country. In Gujarat, the
proportion of P. falciparum cases has
increased from less than 5% in 1980 to
more than 34% of total malaria cases in
19883. Results of studies in Gujarat
have shown increasing trends in resis-
tance, both, in its level and proportion
since 1984 and RI and RII resistance
have been reported in some districts of
Gujarat including Bharuch district3.

The study was set in the project area of
SEWA-Rural, a voluntary service orga-
nisation working in Bharuch district,
Gujarat. The project area constitutes a
Primary Health Centre fully managed by
the organisation, where all activities of
national health programmes are carried
out, including malaria control, through
a cadre of workers similar to that of a
typical PHC. A study of the incidence in
Bharuch district and SEWA-Rural pro-
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ject area over the last few years (Table 1)
indicated that the incidence of falci-
parum malaria was much higher in the
project area as compared to remaining
areas of the district. There are two pos-
siblereasons, topographically the project
area is betterirrigated than other areas,
and there is a sizeable number of people
going to nearby industrial areas which
attract a large number of migrant
labourers from distant places. The like-
lihood of importing resistant strains is
thus obvious.

Hence, a study was undertaken to
determine the level of drug resistance
in P. falciparum strain prevalent in
SEWA-Rural project area and to suggest
any change in thedrugsused, ifneed be.
The study was conducted over a period
of 14 months during 1992-93.

MATERIALS AND METHODS

The study was conducted along with
other routine work of the field staff of the
PHC project area. Blood smears were

Table 1. Comparison of malaria indices for the SEWA-Rural project aréa with the
remaining rural areas of Bharuch district for 1989-91

Indices 1989 1990 1991

SR District SR District SR District
ABER 19.6 122.2 15.1 24.6 23.9 21.4
API 13.1 25.0 9.3 28.3 15.6 21.7
SPR 6.9 11.4 6.2 11.5 6.5 10.1
SfR 3.8 2.2 3.8 2.3 4.5 2.1

SR — SEWA-Rural project area.
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collected by special mass survey and
intensive surveillance of P. falciparum-
predominant villages that were selected
based on epidemiological situation of
the past three years.

The collected blood smears were exam-
ined on the very day or the next day,
after staining with Giemsa stain. Those
P. falciparum cases that showed ring
forms alone, or both ring and gameto-
cytes, were taken up for the study, and
results were conveyed to the respective
field staff. A urine test for presence of
chloroquine was done initially by the
Dill and Glazko method4, and patients
with a positive test were not included for
study. A total dose of 25 mg/kg body
weight, in three divided doses was ad-
ministered to each selected patient as
per WHO standard field test procedures
(7-days test)>. All tablets of chloroquine
were administered in presence of field
staff. A urine test for the presence of
chloroquine was repeated on Day 1 to
confirm absorption of chloroquine. Fol-
low-up blood smears in duplicate were
collected on Days 1, 2, 3 and 7 and
examined for parasite both asexual forms
and gametocytes. Parasite count was
done on blood smears collected on all
the above days. The count per cu mm of
blood was calculated on the basis of
8000 WBC per cu mm after counting the
number of parasites and WBC in 100 oil
immersion fields. Those cases which
showed less than 1000 asexual para-
sites on Day 0O were omitted while ana-
lyzing the results.
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Pregnant women, infants, seriously ill
patients and non cooperative patients
were omitted from the study. Duplicate
blood smears were sent to the laboratory
of the Regional Director, Rural Health
and Family Welfare, Ahmedabad, and
the results were thus cross-checked
and confirmed.

RESULTS

A total of 2416 blood smears were col-
lected fromn 18villages during the period
of the study. Out_ of these, 86 (3.4%)
malaria positive cases were detected, of
which 61 (70.9%) showed asexual forms
alone or along with gametocytes while 5
{5.8%) showed only gametocytes of P.
falciparum, P. vivax cases were 20
(23.3%).

Out of a total of 66 P. falciparum cases,
61 cases showing asexual forms were
taken up for the study. However,only 32
(52.5%) cases could be given full treat-
ment and followed up to 7 days. The
remaining 29 (47.5%) were not included
in the study as they showed very low
parasitaemia (<1000 cu mm) or were
non-cooperative or were taking treat-
ment from other sources. Out of 32
cases 9 (28.1%) showed only asexual
stages and the remaining 23 (71.9%)
both asexual stages and gametocytes on
Day 0. Again, 9 (28.1%) showed com-
plete clearance of asexual parasites on
Day 1, a further 18 (56.3%) cases on Day
2, three {9.4%) more cases on Day 3,
while 1 (3.1%) case did not show clear-
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Table 2. Day-wise progress in the clearance of parasites from the blood

Age group n Day 0 Day 1 Day 2 Day 3 Day 7

(yrs) (32)

n MPC n MPC n MPC n MPC n MPC

0-15 14 14 4988 9 5032 2 507 2 131 1 677

16 - 30 14 14 4390 11 617 2 32 0 0
> 30 4 4 4026 3 2830 1 232 0 0

MPC — Mean parasite count; n — Number of smear positive subjects on that day.

ance of parasites till Day 4 and showed
higher parasitaemia on Day 7 (Table 2).
The mean parasite clearance time of 31
cases was 1.87 days. The patient show-
ing resistance was treated with an alter-
native regimen.

DISCUSSION

Out of 32 cases studied, only one case

'(3.12%) has shown RII resistance and
31 (96.88%) cases showed sensitivity or
RI resistance. It was not possible to
distinguish between the latter two, since
the extended test (28 days follow-up)
could not be carried out. The seven day
test carried outin aneighboring district,
Surat (Gujarat) among 97 casesreported,
P. falciparum strain was found sensitive
to chloroquine®. The P._falciparummoni-
toring team of Goverment of India car-
ried out tests in a neighboring PHC of
Bharuch district in 1987 and reported
RI level of resistance to chloroquine in
48%, RII in 16% and normal sensitivity
in 36%3. The result of repeat tests in
same PHC carried out in 1990 showed
only 7.1% Rl resistance while rest of the
infections were sensitive to chloroquine
(personal communication).

It can be inferred that chloroquineis still
effective against asexual stages of P,

Jalciparum strain prevalent in this area

asonly 5 (19.35%) cases out of 31 cases
have shown clearance time more than
the mean clearance time of 1.87 days
and 31 (96.88%) cases have shown sen-
sitivity to chloroquine in the study.
However, it is essential to carryouta 7
day study as well as a 28 day (extended
period) study of a sufficient number of
casesin thenext transmission season to
find out any increase in mean parasite
clearance time and also presence of RI
level of resistance.

Since, the study indicates that chlo-
roquine is still effective against asexual
stages of P. falciparum strains prev-
alent at the study area, no change in
drugregimeisrequired at present. How-
ever, it is essential to liquidate detected
RII foci.
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Blood Lipid Changes in Repeated Infections

Qf vivax Malaria

K. SUMITHA, K. RAVICHANDIRAN and R. SELVAM

Alterations in the levels of plasma and erythrocyte membrane lipids in fresh
and repeated P. vivax malarial patients were studied. A significant fall in
plasma cholesterol and phospholipids was observed in repeated malaria. The
decrease was highly significant when the number of attacks were more than
five {p<0.0001). A significant increase in plasma triglycerides and non-esteri-
fied fatty acids were observed when the number of attacks was between 4-5
(p<0.0001). Erythrocyte membrane cholesterol and phospholipids were increased
in repeated malaria. The increase in erythrocyte membrane cholesterol and
phospholipids, was significant in more than five attacks (p<0.0001). The activi-
ties of LCAT and LPL were decreased significantly in repeated malaria, when
the number of attacks were between 4-5 (p<0.0001j. It is suggested that
repeated malarial attack alters the lipid metabolism and the changes are
marked with increase in the number of malarial attacks.

Keywords: Lipids, Plasmodium vivax; Repeated malaria attacks

INTRODUCTION

Malaria remains one the the most
prevalent and devastating diseases, in
spite of the various efforts taken to
control it. Nearly 40% of the world’s
population is threatened by it!. Annu-

allv, about 280 million malaria cases
are reported with 1-2 million deaths?.
India’s public hedlth system is being
undermined by malarial infection® and
in Tamil Nadu, the number of malaria
cases reported is steadily increasing,
from 1988 onwards?.

Department of Medical Biochemistry, Dr. A.L.M. Postgraduate Institute of Basic Medical Sciences,

University of Madras, Taramani-600 113, India.



132

It is well-known that vivax malaria
causes serious problems because of its
frequently recurring nature, either due
to reinfection or due to the dormant
forms of the parasite in the host. Stud-
ies on the lipids in vivax malaria have
revealed a decrease in serum choles-
terol and total lipids®. Cholesterol rises
during chill and decreases during
afebrile periods®. Studies on the lipid
levels of vivax malaria in relation to
parasitaemia and chemotherapy are ex-
tensive®6, but, no detailed investiga-
tion has been undertaken to study the
effect of repeated vivax malarial infec-
tions on the lipid status of the indi-
vidual. This investigation thus presents
the lipid status in fresh and repeated
infections of P, vivax malaria.

MATERIALS AND METHODS

Blood samples were collected and ex-
amined for malarial parasites from pa-
tients (13-38 yrs) attending the Cen-
tral Malaria Clinic of the Corporation
of Madras (Division 55), at Elephant
Gate. Informations on the patient’s re-
peated malarial attacks within a year
and symptoms of present attack were
obtained by oral admission of the pa-
tients as well as from the Corporation's
Malaria Clinic. At the time of blood
sampling, only patients with vivax ma-
laria were considered for this study.
The malarial patients reported general
symptoms of malaria, like sudden on-
set of fever, usually in the late after-
noons or at nights. Profuse sweating
periods were also reported. Headache
and general body pain was noticed in

INDIAN J. MALARIOL., VOL. 33, SEPTEMBER 1996

all cases with nausea and vomiting in
most. They also reported irritation with
watering of eyes. Venous blood from
these patients was collected in the
morning before breakfast, in tubes con-
taining anticoagulant, EDTA, before the
commencement of antimalarial treat-
ment. Blood samples from healthy, age
and sex-matched volunteers served as
controls. Considering the number of
malarial attacks suffered at the time
of blood sampling the subjects were
subdivided into the following groups:

‘F’ group consisting of blood samples
from 15 fresh malarial patients.

‘F,’ group consisting of 20 patients suf-
fering from 2-3 repeated attacks within
3 months from first attack.

‘F,’ group consisting of 15 patients suf-
fering from 4-5 repeated attacks within
5-6 months.

‘F4’ group consisting of 15 patients suf-
fering from more than 5 repeated at-
tacks of malaria in a year.

‘C’ group consisted of 20 patients age-
and sex-matched control subjects.

Plasma was separated from the blood
by centrifugation at 2000 rpm for 10
min and used for analysis of lipids.
Total cholesterol was estimated by the
method of Parekh and Jung?, triglyc-
erides by the method of Rice8, phos-
pholipids by Rouser et al.® and NEFA
by the method of Hron and Menahan!©,
Plasma LCAT and LPL were assayed
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by the methods of Hilz et al.ll and
Schmidt!? respectively. ’

RBC membrane isolation: Erythrocyte
membrane lipids were extracted by the
method of Folch et al.}3, with a slight
modification. Plasma was separated
from whole blood and the erythrocyte
membrane pellet was washed 3-4 times
in 0.89% saline to remove the buffy
coat. Then, one part of RBC mem-
branes was added to one part of metha-
nol and kept aside for one hour. Then,
two parts of chloroform was added and
the lipids were extracted overnight. The
lipid extract was washed with 0.4 ml
of 0.1 M/L potassium chloride, after
centrifugation. The chloroform layer
was filtered and dried. Total lipids were
estimated on dry weight basis. The
dried lipid extract was made upto a
known volume in chloroform : metha-
nol mixture (2:1) and lipid constitu-
ents were estimated.

Statistical analysis: The data was ana-
lyzed by one-way analysis of variance
(ANOVA) followed by Newman-Keul’s
multiple comparison test. Differences
between groups were considered sig-
nificant at p<0.05.

RESULTS

The changes observed in plasma lipids
in C, F, F;, F, and F5 groups are given
in Table 1. Plasma cholesterol and
phospholipid levels were significantly
decreased in patients with primary and
repeated malarial attack (p<0.0001).
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The decrease was significant, when re-
peated attacks were compared with

fresh malaria (p<0.05). The C/P ratio

was found to decrease with increase
in the number of attacks.

Plasma triglyceride level was found to
increase during malaria (p<0.0001).
The increase was significant when the
numbers of attacks were increased
(p<0.05). The C/T ratio was found to
decrease with increase in number of
attacks.

The NEFA level was found to increase
significantly in malarial infection
(p<0.0001), but, this level decreased in
repeated malaria, even though the level
was higher than that of controls
(p<0.05).

Table 2, shows the activities of LCAT
and LPL, the lipid metabolizing en-
zymes in the plasma of malarial pa-
tients and healthy controls. Activity of
LCAT enzyme in plasma was found to
decrease in malarial attacks (p<0.0001).
Activity of LPL enzyme in plasma also
decreased during malaria (p<0.0036).
The decrease in activities of LCAT and
LPL in plasma was also significant as
the number of malarial attacks in-
creased (p<0.05).

The changes observed in erythrocyte
membrane cholesterol and phospho-
lipids, of malaria patients and con-
trols are given in Table 3. Membrane
cholesterol and phospholipid levels
increased during malarial infection
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(p<0.0001). The increase in membrane
lipids was significant when fresh cases
were compared with repeated attacks
(p<0.05). The C/P ratio decreased with
increase in number of attacks.

DISCUSSION

Haematologic indices were observed to
decrease in the fresh and repeated ma-
laria attack patients, in this study sug-
gesting anaemia. A variety of hemato-
logic abnormalities have been reported
in malarial4. Malaria is accompanied
by thrombocytopenia, granulocytopenia
and by anaemia, the degree of which
is influenced by the infecting species,
immune status and duration of para-
sitaemial4-186,

In this study, it was observed that
plasma cholesterol and phospholipids
decreased severely in patients with re-
peated malarial attacks. Though it has
been shown that cholesterol level is
restored to its pre-infection level by the
end of four weeksl?, this study infers
that frequent reinfection depletes cho-
lesterol severely. This may be due to
increased utilization of cholesterol by
the parasites. A similar decrease in
cholesterol level has been observed in
malaria, irrespective of the infecting
species!8-19, Malarial parasites, like the
mature mammalian RBCs, are inca-
pable of lipid biosynthesis de novo?°,
so, the parasites developing within the
host erythrocytes use the membrane
lipids, which are dynamically ex-
changed with serum lipids. The cho-
lesterol and lipoprotein levels have been
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reported to reflect parasitic activity, re-
turning to normal on recovery?!. In
contrast to plasma cholesterol and
phospholipids, the erythrocyte mem-
brane cholesterol and phospholipids in-
creases in malaria. This could be at-
tributed to the asexual development of
the parasite within the mature mam-
malian erythrocytes with increase in
size of the plasmodia and parasito-
phorous vascular membranes?2,

Increase in plasma triglycerides and
NEFA, observed in the study, can be
attributed to increased mobilization of
NEFA and triglycerides from adipose
tissues?3 due to the hyperactivity of
the sympathetic nervous system, which
usually occurs during infection?4. An
8-fold increase in plasma FFA with con-
centration of unsaturated FFA being
higher than that of saturated FFA has
been reported®®. Post-hepatic damage
due to centrilobular necrosis of liver
parenchymal cells in malaria?®, also
causes a decrease in LPL activity, lead-
ing to hyper-triglyceridemia?. Hyper-
triglyceridemia becomes very much evi-
dent in repeated attacks, as noticed in
the study.

Post-hepatic damage2?, parasite in-
duced endo-toxins?® or increase in re-
lease of TNF27-29 may result in de-
crease in LPL activity. The observed

‘decrease in LCAT activity may be due

to hepatic dysfunction and to circulat-
ing inhibitors released into the blood
stream from the parasitized erythro-
cytes, at each end of the schizogonic
cycle30-31 Another element may be the
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decrease in apo A-1, which is a known
LCAT enzyme-activator, as evidenced
in falciparum malaria3!.

The present study shows that the
change in the lipid status in vivax ma-
laria becomes severe as the number
of attacks increases.
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Preliminary Evaluation of Safety Aspects of
Neem Oil in Kerosene Lamp

NEENA VALECHA, M.A. ANSARI?, S. PRABHUP and R.K. RAZDAN?

Kerosene lamps -containing one per cent neem oil were used for mosquito repellent
actioninavillage near Delhi. The safety aspects of this personal protection method
developed by Malaria Research Centre were evaluated by animal studies and
clinical examination of population before and after exposure. Single application
of neem ol (1%) did not produce skin irritation in rabbits and adverse effect on
guinea pigs after exposure to aerosol.-Clinical examination of 156 adults and 110
children did not reveal any major adverse effects after one year of exposure to 1%

neem oil.

Eeywords: Neem oil, Repellent, Safety

INTRODUCTION

Vector-borne diseases like malaria, fi-
laria, dengue, japanese encephalitis etc.
are important causes of morbidity in
tropical and subtropical countries in-
cluding India. Mosquito nuisance is un-
bearable in many parts of the country.
Residual spraying of insecticides in ru-
ral areas and antilarval measures in

urban areas have not produced any
dentin evergrowing mosquito nuisance.
In addition, they also contribute to the
ertvironment pollution!. Personal pro-
tection measures are, therefore, used as
supplementary measures to avoid mos-
quito bites. ‘

Neem [(Azadirachta indica), a native of
Indian subcontinant, has remarkable

Malaria Research Centre (ICMR), 22-Sham Nath Marg, Delhi-110 054, India.
aMalaria Research Centre (ICMR), 20-Madhuban, Delhi-110 092, India.
bMaulana Azad Medical College, Bahadur Shah Zafar Marg, New Delhi-110 002, India.
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insecticidal properties?-3. The repellent
action of neem products on mosquitoes
particularly anophelines and sandflies,
the vectors of malaria and kala-azar,
have also been demonstrated?*-5. Repel-
lent action of neem oil against An.
culicifacies was also evident when neem
oil was added to kerosene lamps to give
1% concentration of neem oil in kero-
sene. These lamps were lighted from
dusk-to-dawn in rural areas®.

However, the impact of neem in kero-
sene lamp on inhabitants has not been
evaluated. Therefore, experiments were
conducted to generate data on some
safety aspects of the method during the
field trials. In addition, dermal and in-
halational toxicity in rabbits and guinea
pigs was determined. Results of this
study are presented in the paper.

MATERIALS AND METHODS
Study area

Field trial was carried out in Beel
Akbarpur village, Dadri PHC, District
Ghaziabad (U.P.) situated about 40 kms
southeast of Delhi. Neem oil was added
to kerosene to obtain 1% concentration.
Lamps containing this mixture were
lighted in all human dwellings from
dusk-to-dawn (1800-0600 hrs) during
June 1992 to May 1993. The average
size of room was 10 x 10 x 10 ft and
average number of occupants was four
in each room. Atleast one window of
each room was kept open. Neem oil was
not used in kerosene lamp in Anandpur
village of same PHC and taken as con-
trol.
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Animal studies

Primary skin irritation test on rab-
bits: The study was conducted in three
groups (2 male + 2 female) of rabbits.
They were housed singly in climatized
room with regular lighting conditions
and allowed food and water ad libitum.
Hair were removed from both sides of
back (approx. 4 sq cm area) one day
before experiment, 0.5 ml of test com-
pound and/or vehicle was applied to
prepared site and secured with impervi-
ous sheet of aluminium foil and firmly
held in place with adhesive tape. Visual
assessment of skin changes (erythema
and oedema) was made as per classifica-
tion of Draize”. The animals were under
observation for a period of 7 days for
development of any adverse symptoms.

Acute inhalation toxicity: Fasted
guinea pigs of either sex weighing from
250-350 g were confined in a gas cham-
ber of about 4 litre capacity®. Six ani-
mals (3 male + 3 female) were exposed to
vehicle, i.e. kerosene and 6 to kerosene
in 1% neem oil. The aerosol was lead to
the chamber through an opening (2 cm
diam) with the help of nebuliser and
compressed air (a second opening al-
lows excess to escape). The animals
were observed for adverse effect. The
pre-convulsion time was determined and
compared with positive control (0.2%
histamine diphosphate aerosol).

Clinical study
Studies were carried out in villages of

Anandpur and Beel Akbarpur situated
40 km in east of Delhi. Ordinary kero-
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Table 1. Results of primary skin irritation in rabbits

Treatment Dose Skin irritation Signs of toxicity
. {upto 7 days)

(24 h 72 hj
Erythma Nil

Control - Oedema Nil Nil
Erythma Nil

Kerosene 0.5 ml Nil
Oedema Nil

Kerosene ;
Erythma Nil

+ 0.5 ml o : Nil
Neem oil (1%) Oedema Nil

Each group comprised 2 male and 2 female animals and 0.5 ml of test compounds were

applied over 4 sq cm area.

sene lamps made of tin with a regulator
to adjust the wick were used. The wick
was adjusted by field workers and kept
constant throughout the study. Neem
oil lamp was used in Beel Akbarpur
village (Distt. Ghaziabad) and Anandpur
village served as control, where only
kerosene lamps were used. Approxi-
mately 25% of population (occupants of
every 4th house) of each village was
examined clinically before starting the
experiment and thereafter at 3, 6 and
12 months.

General physical examination with car-
diovascular and central nervous sys-
tems were studied clinically. Blood
samples were collected for estimation of
haemogram, liver and renal function.

RESULTS AND DISCUSSION

A single application of neem oil (1%) in
kerosene on the skin of male and female

rabbits at tested dose level did not indi-
cate symptoms of primary skin irrita-
tion. There were no gross pathological
changes and delayed adverse effects.
(Table 1).

The pre-convulsion time in vehicle and
experimental group of guinea pigs was
more than 6-10 min. Three animals in
neem oil group and two in vehicle group
had fine tremors after 3 min of exposure.
There was no mortality in either group.
The animals exposed to histamine and
pre-convulsion time of less than 3 min
(n=3).

In the clinical study, 156 adults (83 M +
73 F) and 110 children in experimental
village and 180 adults (99 M + 81 F) and
125 children in control village were se-
lected for periodic observation. Approxi-
mately 25% population in both the
groups was suffering from skin diseases
(mainly scabies) and was treated ac-
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Table 2. Effect of kerosene lamp with or without 1% neem oil on renal and liver
functions (n = 6)

Parameters Control

Experimental

Before 3 months

After 3 months

Before 3 months After 3 months

B. urea {mg/d1) 26.32+4.34 25.8+4.77 24.92+4.32 23.86+5.8

S.creatinine  1.09+0.24 1.05+0.09 0.81+0.18 0.84+0.1
(mg/d1)

SGPT (U/L)} 29.830+11.1 22.3+7.36 31.16+5.51 31.47+5.14

SGOT (U/L) 36.80+21.13 37.1+8.25 28.21+3.83 28.42+2.94

cordingly. Four adults in experimental ACKNOWLEDGEMENTS

and one in control villages were hy-
pertensive. There was no aggravation
of symptoms/signs of pre-existing dis-
eases during the study period. Mild
respiratory irritationn was experienced
by two subjects each in control and
experimental group thereby showing that
addition of neem oil to routinely used
kerosene lamp did not increase side
effects. However, occasional vomiting
was complained by 0.01% (n = 3) sub-
jects in experimental village. No other
subjective symptoms or phenomenon
was complained by any individual in
either group. All vital parameters re-
mained within normal limits in both the
groups, indicating that physiological sta-
tus of liver and kidney was not affected
(Table 2).

Thus the results of the study indicate
that addition of 1% neem oil in kerosene
lamp which is used regularly in these
villages does not produce any adverse
effects except vomiting in 0.01% cases.
However, long-term effects need further
assessment.
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Application of Peptide ELISA in Tribal
Malaria of Madhya Pradesh

ARATI ROY, SUKLA BISWAS and NEERU SINGH?

A recently developed peptide ELISA method was used for monitoring the effi-
cacy of malaria control programme in the tribal areas of Madhya Pradesh.
Both crude Pf antigen and synthetic nonapeptide were used in ELISA for
seroepidemiological studies. Both antigen responded equally well but the syn-
thetic peptide had advantages of purity, defined characteristic and easy avail-
ability. Population of Mandla protected by vector control measures showed
lower antibody titre and lower percentage positivity compared to the unpro-
tected population of Jabalpur. A 0-5 yrs sentinel population from Haldwani
almost seronegative has been taken as control.

Keywords: ELISA, Seroepidemiology, Tribal malaria

INTRODUCTION

Malaria is a major public health prob-
lem in tribal areas of India and con-
tributes a major portion of total ma-
laria cases in India. 7.8% of tribal
population of seven states in the coun-
try accounts for almost 40% malaria
cases and 60% P falciparum casesl.
Madhya Pradesh, having largest tribal

population contributes 13.27% of to-
tal malaria cases and 16.67% of Pf
cases. Malaria Research Centre has
initiated bioenvironmental control of
malaria?, an integrated approach for
vector control which has yielded ex-
cellent result in Mandla3. However, any
control measure requires an efficient
epidemiological surveillance and moni-
toring method. Importance of serology

Malaria Research Centre, 22, Sham Nath Marg, Delhi-110 054, India.
3Malaria Research Centre (Field Station), Medical College Building, Jabalpur-482 003, Indja.
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for epidemiological surveillance is well
recognised?-6. Extensive studies has
been carried out on seroepidemiology
of malaria in India?-8. Among various
methods, ELISA has been successfully
applied for serodiagnosis of malar-
ia®11, In the present report we try to
revalidate the peptide ELISA devel-
oped in our laboratory using samples
from Mandla villages. Bioenvironment-
al control programme has been opera-
tive from 1986 onwards in Mandla. An
adjoining area to Jabalpur!? which is
unprotected has been included for
comparison (Fig. 1).
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MATERIALS AND METHODS
Study area

Bizadandi block of Mandla district cov-
ers an area of 471 sq km with a resi-
dent population of about 50,000. The
main geographical features are hilly
and forest terrain with extensive net-
work of streams and nallahs. The rainy
season is from June to September with
maximum precipitation in July and
August. The villages are scattered re-
motely and become inaccessible due
to flood and difficult terrain during

Madhya Pradesh

Jabalpur

Mandia

O Protected
@ UYnprotected

Fig. 1:

Location of protected and unprotected villages of

Mandla and Jabalpur (Madhya Pradesh)
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rains. Ecological condition favours pro-
longed transmission of malaria accen-
tuated by back and forth movement of
population and labour migration. The
area has preponderance of P, falciparum
and presence of two vectors species
namely, An. culicifacies and An. flu-
viatilis that are resistant to DDT. Pres-
ence of chloroquine resistant P. falci-
parum has also been detected in these
areas.

Malaria control in most areas of Mandla
district is difficult due to inaccessibil-
ity. Therefore, personal protection mea-
sures such as insecticide impregnated
bednets has been adopted in some of
the villages. Deltamethrin impregnated
bednets of various fibres and mesh
sizes were tested in some villages. The
results are encouraging and there are
clear indications of its useful role in
reducing man-vector contact.

In Mandla, Malaria transmission is pe-
rennial and there are two distinct
peaks of malaria, one is of P. vivax fol-
lowed by P. falciparum.

Control area

Haldwani, where malaria control pro-
gramme had been implemented for last
five years and APl became zero was
considered as a negative control area.
Children of age group 0-5 yrs were con-
sidered for the study.

Study population and measure:
Eighty per cent of the population in

INDIAN J. MALARIOL., VOL. 33, SEPTEMBER 1996

the study area belongs to scheduled
tribes (Gond) with poor socio-economic
conditions (low literacy rate and pov-
erty). A group of 21 villages surround-
ing Bijadandi block were taken as the
control where bioenvironmental con-
trol measures are operational. The
houses in experimental areas have at-
tached cattlesheds and are made of
bamboo with mud plaster on both
sides. Villages are separated by a dis-
tance of 2-10 kms. Most houses are
found in clusters of 4 to 5 and proper
boundaries of villages are not defined.
Proper approach roads to majority of
villages are absent. only kuccha lanes
connect villages through forest. People
are ignorant of modern medical facili-
ties and do not avail them from PHCs
and mostly depend on herbal treatment
and witchcraft. As a result most cases
of malaria are neither noticed nor
treated.

Sample collection: A total of 721
samples were collected from 8 vil-
lages. Every third house was selected
for sample collection. Fifty pl blood
through finger prick was collected from
normal individuals of all age groups
on Whatman paper no. 3 in April 1990
and were stored at ~20°C till used.

Antigen: RI antigen is a nonapeptide
(EENVEHDA-Cys) and is custom
synthesised commercially from M/s.
Cambridge Research Biochemicals, U.K.
It is octapeptide epitope from the 3'-
repeat region of ring infected erythro-
cyte surface antigen (RESA)!3 with a
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Cys at the C'-terminal end and subhse-
quently, for ELISA as published else-
where?:9,

Pf: Soluble extract of trophozoite schi-
zont enriched antigen fraction was ob-
tained through percoll gradient and
subsequently standardised for ELISA
as reported earlier!4. Each blocd sam-
ple on filter paper was eluted with 1
ml PBS at +4°C overnight to give 1:40
dilution which was made to react with
RI and 1:1024 dilution was used for

Pf.

Enzyme-linked immunosorbent as-
say: 50 ng/well (RI) and 2 pg/well (Pf)
antigen were coated in fast binding
(Costar, USA) ELISA plate and kept
overnight at +4°C followed by 1 h at

37°C. The plates were washed with

PBST (0.02% Tween) three times and
blocked with 200 ul/well 1% BSA for
1 h at 37°C. Appropriate dilutions of
eluate was added at 50 ul/well and
kept at 37°C for 1 h. After subsequent
washings, 50 pl/well antihuman IgG-
HRPo conjugate (Dakopatt) was added
and kept at 37°C for 1 h followed by
addition of orthophenylene diamine
and plates were read at 490 nm in
Biotek reader. Each ELISA test in-
cluded standard positive and negative
serum to make correction for plate-to-
plate variation.

RESULTS

Information regarding parasitology in
infants and children of the two groups
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under study are shown in Table 1.
There are marked differences among
slide falciparum rate and annual para-
site index in protected (P} and unpro-
tected (UP) villages. Less number of
parasite positive cases have been re-
ported from P villages. These observa-
tions may indicate that malaria trans-
mission is lower in P villages than in
UP village.

The effect of parasite load in P and UP
groups have been evaluated by mea-
suring the antibody level in individu-
als in a cross-sectional survey during
non-transmission season. Data on
samples from four P villages of Mandla,
the control village of Haldwani which
is non-endemic {Fig. 2) and four UP
villages of Jabalpur are presented in
Fig. 3. Overall level of antibody against
RI and Pf (Fig. 2) in P group and con-
trol group are much less compared to
UP group. In the negative control area
0-5 yrs age group became seronegative
as expected. The serological profile of
Jabalpur area adjoining Mandla dis-
trict, shows high antibody response in-
dicating high endemicity (Table 1).

In P villages antibody titres are lower
in comparison to API values. In P and
UP villages, mean ELISA OD values and
percentage seropositivity have been
compared using both the antigens
(Tables 2 and 3). A low antibody titre
and high API value were accompanied
with high antibody titre and a higher
percentage of seropositivity (99%) as
shown in Table 3.
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DISCUSSION

Antibodies to crude Pf antigens are
regarded as an indictor of exposure
and not of protective immunity!®. Use-
fulness of ELISA methods as a tool for
evaluation of malaria epidemiology
such as transmission have been in-
vestigated by several workers10.16-18
It has been shown that antibody pro-
file of the population reflects its ma-
laria experience. The major limitation
of this assay however, is the supply of
standardised reagents, particularly de-
fined antigenl. Here we are reporting
the posibility of monitoring malaria
transmission through seroepidemio-
logical studies using Rl antigen which
has several advantages compared to Pf
antigen. In synthetic peptide, a high
degree of purity in antigen, consistency
in test system, uniformity and speci-
ficity in results can be maintained”-.
Moreover, its production in large-scale
is possible. The quantity of RI required
is much less per sample than Pf crude
antigen as Cystine at the C' facilitates
efficient binding on the plate’. We dem-
onstrated that RI-ELISA is a desirable
method with specific antigen for de-
termining status of malaria transmis-
sion in an endemic area®. This report
summarizes the epidemiological and
immunological findings of endemic P.
falciparum and P. vivax malaria trans-
mission among Gond tribes of Mandla
and Jabalpur. The study shows that
in a defined population, the antibody
titre to both Pf and Rl antigens are
comparable. The interesting finding is
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that antibodies to both the antigens
indicate that the trend in each group
of population is correlated with trans-
mission status of the areas. An early
diagnosis and prompt treatment re-
duced both the antibody titre and low
percentage positivity in Mandla, reflect-
ing low-level of incidence of malaria
(Fig. 2, Table 2). A high antibody titre
and a high percentage positivity in
Jabalpur with both the antigens, indi-
cate a high transmission which is well
corroborated with high API values (Fig.
3, Table 3).

Results of the present study indicate
the difference between seropositivity in
P and UP population. Similar study was
done by Voller et al.10 Since seroposi-
tivity is dependent on malaria experi-
ence (recent/past) this obviously would
give correct information about ende-
micity!9-20 of the disease than slide
positivity rate. In disappearing malaria
repeat cross sectional seroepidemio-
logical studies by IFA using Pf anti-
gen showed a steady decline in the sen-
tinel population (1-5 yrs)21. Similar ob-
servations were made using ELISA in
Haldwani population (unpublished
data). Some percentage of infections are
definitely missed when parasitaemia is
too low or the patient had received
antimalarial treatment resulting in
a low SPR. Results show that ELISA
using crude Pf antigen or synthetic
peptide are equally suitable to indicate
the endemicity of malaria in a given
community and this can be useful in
monitoring its control.
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Seasonal Prevalence of Common Anophelines

in Sagar Island

SAGARTIRTHA SARKAR and MIHIR K. PRAMANIK

Keywords: Anophelines, Sagar Island, Seasonal prevalence

A detailed survey during 1991-92, on
the distribution of anophelines and
species predominance in relation to
seasonal and climatic changes was
carried out in Sagar Island. It is a
large and well-populated estuarine
Island of the river Hugli during
1991-92. Marked seasonal variations
were recorded for all the adult
anophelines.

Prevalence of anophelines in houses
and cattlesheds has been reported ear-
lierl, although faunastic survey of the
mosquito populations of deltaic Ben-

gal? and that of the Sagar Island® has
been done only recently.

Adult anopheline mosquitoes were col-
lected by sucking tubes from definite
cattlesheds of north, middle and south
regions of Sagar Island. Collections
were made from 0500 to 0700 hrs at
every fifteen days interval in each sea-
son. At least two months were consid-
ered for every seasonal collections and
were made four times by a person in
each season. Temperature, relative hu-
midity and pH of the water were also
recorded. Adult mosquitoes were

Genetics Laboratory, Department of Zoology, Calcutta University, Calcutta-700 019, India.
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brought to the laboratory for identifi-
cation by using the key of Chris-
tophers?* and Das et al® Identifica-
tions were cross-checked at Malaria
Research Centre, Delhi.

Collections were carried out through-
out the year during 1991-92 in six-
teen villages covering north, middle and
south Sagar. Data shows (Table 1) all
the four species of anopheline mos-
quitoes, namely An. barbirostris, An.
culicifacies, An. subpictus and An.
annularis with the population density,
reaching its peak during the post-mon-
soon season followed by the winter den-
sity (Fig. 1}. A very low anopheline den-
sity was a characteristic of monsoon
and summer, though adaptation with
summer climate seems to be much
more prominent in these specimens ex-
cept species An. annularis.

This indicates that all the four species
reacted in same way during the four
seasons and undoubtedly post-mon-
soon was the most favourable period,
followed by winter, summer and rains.
The results showed that one of the spe-
cies, namely An. annularis, 183 {4.94%))
specimens and 120 (3.24%) specimen
in post-monsoon and winter respec-
tively, fails to appear during the sum-
mer and rainy seasons. An. barbirostris
was the most predominant species in
the post-monsoon (46.4%) and winter
(8.91%); whereas, it was An. culicifacies
(3.16%) in summer. An. culicifacies, the
established malaria vector is dominant
in post-monsoon (12.52%) though its
density was about one fourth that of
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An. barbirostris during the same time.
This suggests that An. culicifacies is
not a dominant species except in sum-
mer (Table 1, Fig. 1).

The results on the seasonality of
the ecoclimatic factors are shown in
Table 1. Data indicates that certain
ecoclimatic factors like temperature
(25-27°C), relative humidity (85-88%)
and pH of water (8.3-8.5) are pertinent
in relation to the prevalence of these
four species in post-monsoon season.
But even slight alterations in these
ecoclimatic parameters adversely affect
the mosquito populations (Fig. 2).

Sen®.7 reported the succession of
anopheline species in rice fields in
relation to the rice culture practices
and growth of rice plants in lower Ben-
gal. In coastal Orissa, Covell and
Singh® and Senior-White et al.® found
a high prevalence of An. aconitus and
An. annularis in November-December
and July-December which infact cor-
responds to the period of rice harvest.
The results of the present study agree
with their works. The rice fields and
ponds, which are the two major sources
of mosquito breeding, appear to regu-
late the seasonal prevalence of
anophelines!®. The study of the sea-
sonal variations of anophelines in
Sagar Island has revealed the presence
of two potent malaria vectors namely,
An. culicifacies and An. annularis in
high densities. This study also indi-
cates the knowledge of the specificity
of seasonal prevalence of anophelines
would be helpful in understanding the
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nature of competition that a vector
faces in a certain niche at a particular
time of the year. This would be helpful
in planning precautionary measures for
vector control.
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o A Case of Plasmodium malariae Infection
in the Dooars Region of West Bengal, India
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-

Keywords: Dooars, P. malaride, Quartan malaria

Resurgence of malaria in different parts
of Dooars region of West Bengal, India
has posed a serious concern to the
public health management programme.
The situation has become acute in the
foothills and in the terai region of east-
ern Himalayas.

Knowles et al.! reported from undivided
Bengal the presence of all three spe-
cies of malarial parasites namely, P,
vivax, P. falciparum and P. malariae and
the latter constituted about 10% of the
total infections. Earlier, Hati and
Mukhopadhyay? compiled the relevant
data during the National Malaria Eradi-
cation Programme (1971-1978) and re-
ported that P. malariae had become vir-
tually extinct from the country except
in some parts of Karnataka, where it

was present in a sizeable number in
the population3. Experimentally, Roy*
and Hati and Mukhopadhyay? were
unable to infect the salivary glands of
An. stephensi with P. malariae.

However, while routine examination of
blood smears taken from the patients
suffering from malaria, a case of typi-
cal infection by P. malariae with tro-
phozoites showing characteristic band
pattern was noticed. The schizonts
showed twelve nuclei and bird’s eye
form of rings as well as gametocytes in
the blood smear. The patient was a 23
years old college student hailing from
Dooars area of northern West Bengal.
The patient was treated with antima-
larial drugs and blood smears taken
subsequently proved negative for in-

P.G. Department of Zoology, Darjeeling Government College, Darjeeling-734 101, India.
agchool of Tropical Medicine, Calcutta-700 073, India.
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fection. This finding appears to be the
first case of quartan malaria infection
reported from this part of the country
in recent years. The area from where
the patient came is surrounded by
thick jungle harbouring gibbons. Ac-
cording to Garnham? gibbons carry a
malaria parasite similar to P. malariae.
Whether the present case is one of the
zoonotic infection or not is open to fur-
ther investigation.
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