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Extended Field Trial of Deltamethrin WDP for
Control of Malaria at Jagdalpur, Madhya
Pradesh, India

K.S.GILL, 8.J. RAHMAN, R. PANDA? KAUSHAL KUMAR and R. KATYAL

The synthetic pyrethroid, deltamethrin 2.5% wdp, was evaluated at a dosage of 25 mg/sq m
ina group of villages of tribal area around Jagdalpur, District Bastar (Madhya Pradesh). Study
was carried out in three consecutive years from 1986 to 1988 with a total of five rounds of
deltamethrin spray covering a population ‘of approximately 10,000. The suspension of
deltamethrin wdp was white in colour, odourless, non-irritant and the deposits were faintly
visible on the surface of wall. A total of 3848 kg of 2.5% deltamethrin wdp was consumed
during the trial. Insecticide was found effective in keeping the adult vector density An.
culicifacies to a very low level for 2 period of 14-16 wks. Hoth anopheline and culicine
mosquitoes were affected by the spray. The trial confirmed its long residual effectiveness
from 15 to 16 wks on both mud and cement plastered surfaces. Deltamethrin spray shortened
the average life span of vector mosquitoes. Observations indicated that insecticide although
has an excito-repellent effect on mosquitoes, thus forcing exodus from treated area but with
. poor survival. Partial impact of deltamethrin spray was observed on the larval population
confirm this. Deltamethrin spray did not exhibit any fumigant effect on mosquitoes.

Significant decline in SPR from 17.93 to 4.26% was observed in areas sprayed with
deltamethrin as compared to the comparison area. Similarly, SfR chowed 81% reduction in
experimental area while the control area showed increase by 42 per cent. No ill-effect of spray
was noticed on the inhabitants, spray personnels, animal population and other non-target
organisms of the area. The acceptability of the deltamethrin spray was found to be very high.
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National Institute of Communicable Diseases, 22-Sham Nath Marg, Delhi-110 054, India.
*National Institute of Communicable Diseases (Jagdalpur Branch), Jagdalpur-494 001, India.



e
INTRODUCTION

Deveiopment of resistance ui the malara
vector species to conventional insecticides
sumulated the need for evalnating newer
woup of insecticides?. In recent years,
(Globally, several photostable pyrethroids
such as permethnn, fenvalerate, alphame-
thrin, fenfluthrin, cyfluthrin, cypermethrin,
deltamethrin, etc., have been evaluated as'a
farvicides and adulticides3-?. In India, there
are few laboratory and field trials which
cvaluated the entomological impact of
deltamethrin against various mosquito vec-

17
rors | 0-12

in order to see the impact on malaria trans-
mission by reducing the vector density
through residual spray of deltamethrin, a large
scale field trial was carried out in a group of
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villages around Jagdalpur, Disinct Bastar
(M.P) from July 1986 to March 1989. Re-
sults of four years of study are presented in
this paper.

Study areas

The trial was carried out in a highly endemic
area for malaria in a tribal belt of Jagdalpur,
District Bastar (M.P). The area showed
persistent malaria transmission in spite of
many decades of spraying of DDT/HCH
under NMCP/NMEP. Plasmodium falci-
parum was the predominant malaria parasite

in this area’3.

Area selected for trial under Jagdalpur NMEP
unit were, (i) Kumrawand, (ii) Tokapal, and
(1ii) Kurandi (Fig. 1). Ten villages of
Kumrawand and Tokapal area with a total

I CONTROL AREA
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it EXPERIMENTAL AREA
(TOKAPAL AREA)

2. ARAPUR

3, TELENGARAPUR
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7. DEURGAON
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11, BUMIYAPAL

12. CHHAPAR BHANPUR

Fig. 1. Map of the area for group of villages scale field trial at Jagdalpur, M.P.
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population ranging tfrom 9000 to 10,000 were
selected for deltamethrin spray and were
named as experimental villages/area. The
control area was comprised of a village and
its hamlets in Kurandi area with a population
of 2000 to 3000.

The climate of the area remains moderately
hot and moist throughout the year. During
the trial period from 1986 to 1988, the mean
minimum and maximum temperature ranged
from 14 24 to 34 96°C, whereas, the relative
humidity ranged from 4833 to 91.40 per
cent respectively.

Mosquito fauna of the area comprised of 19
anopheline species. Among these anophe-
lines, the major vector species present were
An. culicifacies, An. fluviatilis, An. stephensi
and An. annularis. Culicine fauna of the
area mainly comprised of Culex vishnui group
of mosquitoes. Malaria transmission in the
area generally takes place from July to Octo-
ber with maximum incidence of malana in
the month of August and September.

All the selected experimental and control vil-
lages were covered under NMEP with two
rounds of DDT spray till 1970. From 1970
onwards, DDT was substituted with three
rounds of HCH annually.

MATERIALS AND METHODS
Spray operation
Deltamethrin (2.5% WP) was sprayed at the

dosage of 25 mg/sq m. The insecticide was
supplied through the courtesy of M/s. Roussel

]

Pharmaceuticals India Ltd. The spray was
carried out from 1986 to 1988 with a total of
five rounds of spray in three consecutive
years. The control area was sprayed as usual
with three rounds of HCH annually at the
dosage of 20 mg/sq ft. Spray coverage
exceeded 25% in both the areas. Various
protective clothing, viz. thick overalls, rub-
ber gloves, goggles, masks etc., were pro-
vided to the spraymen during the spray op-
eration.

Entomological evaluation

Two villages (referred as index villages) were
selected for study m each of the experimen-
tal and control areas. Various entomological
parameters monitored in Index villages be-
fore and other the spray at weekly/fortnightly
intervals included, (i) indoor catches; (i1) out-
door catches; (iii) night collection by CDC
light-trap; (iv) parity rates; (v) impact on
larval population; (vi) bioassay, contact and
airborne; and (vii) susceptibility test as per
WHO standard techniques.

Toxicological evaluation

Toxic effect of the insecticide on mhabitants/
spray personnel and acceptability of the
spraying was observed by asking various
quaries from the local populations of the area.
Other collateral benefits of the insecticide
and effect on other non-target fauna were
also noted.

Parasitological evaluation

Parasitological evaluations was carried out
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fortmghily by maoistoring malaria by active
case detection in the index villages. Blood
smears were collected regularly from all the
fever cases both from experimental and com-
parison areas. Presumptive treatment fol-
lowed by radical treatment in positive cases
was given as per NMEP schedule. Year-
wise slide positivity rate (SPR), slide falci-
parum rate (SfR), blood examination rate
(BER) and parasite incidence (PT) were cal-
culated before and after the spray.

RESULTS AND DISCUSSION
Entamelogical evaluation

The data on various entomological param-
eters used for evaluating the effectiveness of
insecticide both from experimental and com-
parison areas are presented and discussed as
follows;

Moesquito density

Indoor mosquite density: Man hour den-
sity (MHD) of all anophelines, all culicines
and An. culicifacies mosquitoes are presented
graphically in Figs. 2-4. The pre-spray MHD
of anopheline and culicine mosquitoes in ex-
perimental area before the deltamethrin spray
in July 1986 were 187 and 24, whereas in
comparison area, the corresponding values
were 68 and 14. After the spray of first
round of deltamethrin in experimental area,
the MHD of anopheline and culicine mos-
quitoes declined drastically up to four months
and remained in between 0 to 20 and O to 10,
respectively. Thus, a reduction of 86 to 100

Y77

per cent in anopheline and 58 10 100 per cent
in culicine mosquitoes density was observed
up to 16 wk. On the contrary, in the com-
parison area which was being sprayed with
three rounds of HCH annually, there was an
increase in the MHD of mosquitoes followed
by natural decline (Figs. 2 and 3). Similar
trend was obtained in the MHD of An.

culicifacies the vector species in experimen-

tal and control areas after the spray (Fig. 4).

Same pattern was observed in the decline of
MIHD of anopheline and culicine mosquitoes
after subsequent rounds of deltamethrin spray
in the experimental area. The impact of
HCH spraying on the density of mosquitoes
in comparison area was very less that too for
shorter duration. Build up of mosquitoes
density before the next round of deltamethrin
spray in experimental area was comparatively
much lower than the density in the compari-
son area.

Thus, the above results clearly indicate that
deltamethrin at a dosage of 25 mg/sq m was
very much effective in reducing the mosqui-
toes density to a very low level up to 16 wks.
However in another study in India, during
the field evaluation of deltamethrin at the
dosage of 20 and 25 mg/sq m in a group of
villages field trial in the District Ghaziabad
(U.P), reported effective control of DDT/
HCH resistant An. culicifacies up to a period
of 8 wks only after each round of spray'?.
Outside India, in Nigeria, during the field
evaluation of deltamethrin at a dosage of
50 mg/sq m, satisfactory reduction of An.
gambiae and An. funestus densities for a
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period of 12 to 20 wks was observed®. Simi-
farly, in upper Volta, the effectiveness of
decamethrin was observed for a period of
one month against An. gambiae and An.
Junestus when tried at a dosage of 25 and 50
mg/sq m®.

Outdoor mosquite density: Results of the
impact of deltamethrin spray on the outdoor
man hour density (MHD) of anopheline mos-
quitoes of experimental and comparison ar-
eas are presented graphically in Fig. 5. The

Fig. 4: Indoor man hour density of An. culicifacies

pre-spray MHD of outdoor anopheline mos-
quitoes before the I round of spray in experi-
mental area was 9. Immediately after the
spray, outdoor MHD of anopheline started
increasing from 9 to 15 for a period of 8 to 9
wks. The anopheline species collected and
includes both vector and non-vector species.
There was no change in the outdoor MHD of
culicine mosquitoes in the experimental area,
most probably due to low culicine density
and their outdoor habits and habitats. In
comparison area, the outdoor MHD of
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Fig. 5: Outdoor man hour density of anopheline mosquitoes
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anopiieiine and cuiicine mosquitoes varied
with the influence of natural climatic factors.
Same was the impact of subsequent of delta-
methrin spray. :

From the results, it appears that the increase
in the MHD of outdoor anopheline mosqui-
toes might probably be due to the imitant
effect of deltamethrin only on the fraction of
the mosquito population, forcing mosquitoes
to migrate outside the sprayed area. Similar
observations were made by the authors dur-
ing the village scale field trial at Loni PHC
(U.P), India’® and by Rishilesh et al.%, dur-
ing the evaluation of deltamethrin in Nigeria.

Parous rate: In order to compare the impact
of deltamethrin and HCH spray on the lon-
gevity of the anopheline mosquitoes, dissec-
tion of An. culicifacies mosquitoes were car-

179

ried for parity rate (Fig. 6). 1he parous rate
of An. culicifacies in experimental area be-
fore deltamethrin spray was 73 per cent. Im-
mediately afier the first round of deltamethrin
spray, the parous rate during the first month
could not be assessed because sufficient num-
ber of vector mosquitoes were not available
for-dissection. During the second and third
month after spray, the average parous rate of
vector species in experimental area was found
to be varied between 41 and 52 per cent,
while the similar figures for the comparison
area during the corresponding months was
60 to 71 per ent. Similar trend was obtained
during the subsequent rounds of deltamethrin
spray.

The above data reveals that the parous rate
of An. culicifacies in experimental area
dropped considerably as compared to HCH
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Fig. 6: Parous rate of An. culicifacies
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sprayed drea.  Furier, a significant differ-
znce was also noticed in the parous rate of
in. culicifacies in the experimental area
sefore and after the spray for a period of 8
0 12 wks. Thus, the results of this study
ciearly establish that the residual .spray. of
deltamethrin shortened the average life span
of the vector mosquito. .. Similar, ohserva-
tions were made during the evaluation:.of
deltamethrin in Nigeria, where a significant
decline in the parity rate of An. funestus was
noticed in the experimental village®.

Light-trap collection: The pre- and post-
spray data on the number of anopheline and
culicine mosquitoes collected by light-traps
(average per trap per night) from both the
areas are given in Figs. 7 and 8. The pre-
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spray coflection of hght-traps showed tha
more number of culicine mosquitoes were
attracted towards light as compared to
anopheline mosquitoes. The anopheline mos-
quito collected were mostly represented by
other non-vector species. The culicine fauna
was mainly represented by Cx. vishnui group
of mosquitoes.

The number of anopheline and culicine mos-
quitoes collected in light-traps before spray
in experimental area were 21 and 188 re-
spectively per night per trap. After the ]
round of deltamethrin spray, the average num-
ber of anopheline mosquitoes collected dur-
ing the first and second month after the spray
were 40 and 110. The increase m the num-
ber of anopheline mosquitoes in the light-
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Fig. 7: Number of anopheline mosquitoes collected by light-traps (average

per trap/night)
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Fig. 8: Number of culicine mosquitoes collected by light-traps (average per trap/night)

traps was observed in the first two months
after the deltamethrin spray. No extra-
domiciliary resting of An. culicifacies was
found during the day-time collection. Similar
trend was observed during the subsequent
rounds of spray. '

This indicates although the vector species
moved out due to excito-repellency but could
not survive because of pick up of lethal dose.
Unlike in DDT, after a few years of DDT
spray, extra-domiciliary transmission was re-
ported in An. culicifacies'?.

Effect on larval population: Impact of
deltamethrin spraying on the larval popula-
tion of mosquitoes is shown in Fig. 9. The
pre-spray average number of anopheline and
culicine larvae in experimental area were 6.6.
After the first round of deltamethrin spray,

the average number of anopheline and culi-
cine larvae during the first month came down
to 3.2. Thus, there was a reduction of about
50 per cent in larval population during the
first month of deltamethrin spray. Afier this
the impact on larval population started de-
clining. On the other hand in comparison
area, the impact of HCH spray on larval
population was very little.

It appears from the above data that there is
partial impact on mosquito larvae in the area
sprayed with deltamethrin. In comparison
area, no change was observed in the larval
population of mosquitoes due to HCH spray.

Bioassay of the residual spray

Contact bioassay: Deltamethrin spray on
mud and stone surfaces produced cent per
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Fig. 9: Density of anophelines and culicines mosquito larvae (average per ten dips)

ceni mortality in mosquitoes up to 7 to 13
wls after each round of deltamethrin spray.
Subsequently, the mortality started declin-
ing. However, effective mortality of 58 to 86
per cent was observed for a period of 14 to
16 wks. The results of bioassay tests after
the | round of deltamethrin spray is given in
Table 1. On the contrary in the comparison
area, the bioassay mortality, immediately af-
ter the HCH spray, was in the range 20 to 25
per cent that too only for 1 to 2 wks. During
the study, interestingly, it was observed that
even after mud plastering on sprayed sur-
face, sufficient mortality was observed for a
period of 4 to 6 wks. Almost same mortality
was observed during subsequent rounds of
deltamethrin spray.

The results of bioassay study clearly indi-
cates that deltamethrin, sprayed at the dos-
age of 25 mg/sq m, had a residual toxicity of

more than 14 to 16 wks on mud and stone
surfaces. The residual effectiveness on stone
surface was comparatively more than on the
mud surface. Various authors reported dif-
ferent duration of residual effectiveness of
deltamethrin when tried at different dosages.
Residual effectiveness of deltamethrin for a
period of & wks against An. culicifacies was
observed at a dosages of 20 and 25 mg/sqm
during a group of villages scale field trial'Z,
But, the same insecticide when evaluated in
a village scale field trial at a dosage of 12.5
mg/sqm gave a residual effect of 4 to 6 wks
on mud and cement surfaces!!. It is interest-
ing to note that deltamethrin during the wil-
lage scale trial at a dosage of 25 mg/sq m in
Loni area of U P. gave a residual potency up
to 12 wks10. But, the same insecticide when
tried at the same dosage in another part of
India, Jagdalpur, District Bastar (M.P.), the
residual effectiveness was found up to 14 to
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Faile 1. Results of contact hioasay tests.
performed in the experimental arén-after
I round (12.7.26-30.7.86) of
deltamethrin spray (1986)

Mon.t.h/ -

Percent mortality in mosquitoes
week.,
Mud surface Stone surface Control
August
I week 100 (90) 100 (60) 0 (30)
1T week 100 (60) 100 (60) 0 (30)
ITT week 100 (75) 100 (75) 0 (45)
IV week 100 (75) 100 (80) §(15)
September
V week 100 (75) 100 (100) 3.3 (45)
VI week - - -
VI week 100 (80) 100 (75) 2 (30)
VI week - - -
October
- I week | 95 (100) 100 (60) 0 (15)
¥ week 100 (75) 100 (85) 4 (50)
X1 week 89 (45) 99 (85) 0 (15)
K11 week 92 - {60) 92 (60) 0 (30)
November
XY week - - -
XIV weel:  86.6 (60) g9 (75) 0 (45)
XV week 79.7 (75) 74 (75) 3 (45)
62.4 (60) 69 (45)

XV week 5 (50)

(-) data could not be collected; Figures in paren-
theses represent number of mosquitoes exposed.

YRIAL OF DELFAMETHRIN
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16 wks. This appears to be correlated with
environmental conditions of the area where
considerable low temperature and high hu-
midity prevails most of the time during the
year, Moreover, most of the synthetic pyre-
throids are found more active at low tem-

perature.

In upper Volta, satisfactory residual effect of
deltamethrin was found for 8 wks against
An. gambiae and An. funestus, during the

- village scale evaluation at a dose of 25 mg/

sqm?>. But, the same authors reported higher
residual effect of deltamethrin for a period
28 wks on mud surface with pronounced
fluctuation at a higher dose of 50 and 100
mg/sq mP.

A close scrutiny of the bioassay results ob-
tained during various trials by various work-
ers as well as results obtained during the
present study indicates that trrespective of
the dosage applied, the consistency of the
bioassay results is more on the lower dos-
ages. In view of the above, it appears that a
dosage of 25 mg/sq m is the most appropri-

‘ate dosage of deltamethrin when uvsed as a

residual insecticide on mud and other sur-
faces against Indian anophelme and culicine
mosqu}mes

Air borne bioassay: No mortality was ob-
served among mosquitoes which were kept
in Barraud's cages inside the deltamethrin
sprayed rooms for 24 h. Thus, it is evident
that residual spray of deltamethrin do not
have any fumigant effect.
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Vanie L Spidemroiogical data of the deltamethrin irial at Jagdalpur, M. P, (1986-3 288)

vear  Rounds of Area/(Pop.) No. ofBS No of SPR SR BER PI
deltamethrin ‘ collected BS (+)ve
spray with period :
'986  Pre-spray Experimental (4982) 579 104 1796 1675 11.62 2087
{Jan-Jun)
Comparison (4982) 307 31 1009 944 1003 1013
Post-spray Experimental (4982) 1231 59 479 389 2470 1].84
after I round . '
{Aug-Mov) Compi.is6n (3060) 846 81 957 815 2764 2647
i987  Pre-spray Experimental (5056) 581 68 IL76 9.64 1149 [3.44
(Jan-Jun) . »
- Comparison (3422) 353 67 189¢ 1699 1031 1957
Posi-spray Experimental (5056) 522 32 6.3 574 1032 632
after IT round
(Jul-Sep) Comparison (3422) 514 68 13.22 1225 15.02 19.87
After Hl round  Experimental (5056) 477 21 4406 398 943 415
{Oct 87-Jan 88)
Comparison (3422) 409 33 806 709 11.95 9.64
i988  Pre-spray Experimental (5269) 738 57 772 569 1400 1281
{Feb-Jun)
Comparison (3520) 539 138 2560 1799 1526 39.09
Post-spray Experimental (5269) 556 40 720 450 1055 7.39
after IV round '
{Aug-Oct) Comparison (3530) N g1 2452 1967 10.50 2577
After Vround  Experimental (5269) 539 23 426 315 1022 436
{Dec 88-Mar 89) _ '
Comparison (3530) 538 94 1747 1338 1524 2662

3% — Blood smear; SPR — Slide positivity rate; SfR — Slide falciparum rate; BER -— Blood examina-
uon iate; and P1 — Parasite incidence. '
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Suscepiibility vecis

methrin spray revealed that An. culicifacies,.
Cx. vishnui and Cx. quinguefasciatus
mosquitoes were-highly susceptible -to
“deltamethrin, but resistant to DDT and HCH.

'No change was obcerved in the susceptibil- .

ity status of these mosquitoes -against
deltamethrin, after three years of deltamethrin
~ spray. Thus, the results of susceptibility test
-~ carried out against above mosquitoes with
deltamethrin after three years of deltamethrin
spray indicate that there was no selection of

resistance in any of these species:against this .

insecticides. But; development of high de-
gree of resistance in Cx. quinquefasciatus
against deltamethrin was reported during a
field trial which could not'be confirmed dur-
ing the present smdyu.

Taxicological eva‘Euﬁmn

Effect on humznlrmm:ﬁ pnpufa‘l' Cand
scceptability: No'ill effect of déltamethrin
spray was observed on the inhabitants, spray

personnels and ariimal population of the area-

during and afier the ¢pray, except Slight eye
and skin irritation, experienced by the work-
~ ers who did not use protective coverings atid

eye glasses during the spray. Such irritation -

~ disappeared . after thorough washmg thh
soap. :

It was noticed that deitamethnn spray had a
very high acceptability by the inhabitants of
the area, as evident by their response.in the

- grammes. -
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form of willingness to get their houses sprayed

woen oo oo with new insecticide.
Susceptibility tests carried out before delta--

Qt'leer collaterzal henefits

" These benefits include total disappearance

of various other house hold pests, viz. house

flies, bed bugs; crickets and other crawling

insects. The spraying did not spoil the wall

surface as the spray.impression was very
poorly visible. There was no complaint of -
any odour or other undesirable characteris-
tics,

Thus; it is evident from the above observa-
tions- that -deltamethrin spray . showed no
adverse effect on the inhabitants, spraymen,
animal population and other non-target or-
ganisms of the area. These characteristics
would make this insecticide popular and
readily -acceptable to the general public
during its use in various public health pro-
.- Similar type of response for
deltamethrin spray was noticed by other
workers!!.

Parasitological evaluztion

The data-on the parasitological indices in -
experimental and comparison areas, before .
and after each round of spray is summarised .
in.Table 2. Jt may be noted that before the -
beginning of the field trial the parasite inci- -
dence (PI) in-experimental area was about .
two-times higher than the .comparison area. .
More than-80 to-90'per cent of malaria cases -
were- due to P, fa/czpamm mfertmn in both
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the areas. Similarly, SPR. of experimental
area was 35 per cent more than the compari-
son area before the spray.

The impact of deltamethrin spray on malaria
cases was monitored by active surveillance
method in the selected villages of both the
areas. rom the table, it may be seen that in
the experimental area, there was a decline in
SPR from 17.96% in 1986 10 4.26% in 1988-
29, thus showing a reduction of 76%. On the
contrary, SPR. in.the comparison area show-
ed considerable increase from 10.09to0 17 .47
per cent. Similarly, slide falciparum rate
(SfR) at the end of the V round of
- deltamethrin spray showed a reduction of
81% in experimental area. . On the other
hand in comparison area, SfR values showed
an increase of 42 per cent. The parasite
incidence (P) in experimental area declined
from 20.87 in 1986 to 4.36 in 1988-89, thus

showing a reduction of 78 per cent, whereas, -

in comparison area, the PI showed an in-
crease from 10.13 to 26.62 during the same
period, thus showing an increase of 163 per
cent,

It is discemible from the above data that
there is a considerable reduction of malaria
cases in the experimental area at the end of
the V rounds of deltamethrin spray. On the
other hand in comparison area, which was
sprayed with HCH, malaria cases had in-
creased. The incidence -of P. falciparum
cases in comparison area increased, whereas,
the area sprayed with deltamethrin showed
almost consistent decrease in P. falciparum
incidence. Such drastic reduction in malaria

INDIAN J. MALARIOL., VOL. 34, DECEMBER 1997

incidence could be attributed due to reduc-
tion in active malaria transmission because
of the low vector density after deltamethrin
spray. "

Similar reduction in the number of malaria
cases was reported during the village scale
and group of villages scale field trial in
Ghaziabad district (U.P)11.12,

In view of the above parasitological and en-
tomological data, it may be said that malaria
incidence in a highly endemic areas of
Jagdalpur and other such areas of India can
be brought down by .applying two rounds of
deltamethrin spray annually at a dosage of
25 mg/sq m. v
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Recent T p;demmm?sczf Status of Malaria in
Caleutta Mum;mpzf Carporation Area,
West Bengal
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in Calcutta, Plasmodium falciparum cases and death due to malaria show remarkably
mcrea.,mg trend smce 1990 The mndence of P. faIcq)annn malaria has increased more
than eleven folds'in 1996
1990, 1991, 1992, 1993,' 1994, 1995 and 1996 respectwe]y "Situation is more serious than
what it is pro;ected in ofﬁm_ fds 2s annual blood examination rate (ABER) in Calcutta
Municipal area is poor vaﬁnng from 1 5t63.9in 1993 and 1996 respectwely

Thisis further evident from the fact that in a study area in 19 months (January 1995 to July
1996) the clide positivity rate (SPR) was 47.94% on an average 22.72% suffer from P.
Jalciparum infection (s low as'0.5% in June 1996 and as high as-71.5% in November
1996). For the first time resistance of P. falciparum to chloroquine has been noted at RII
and RITT level. The response of the same parasite strain to sulfa-pyrimethamine combina-
tion drug is very much promising. Fresh infection is occurring in all the months of the year
and the favourable period ie® from July to November 1995 that is corroborating with
Container index and Breteau index related to the vector mosquito Anopheles. Susceptibil-
ity status of An. stephensi indicates that the mosquito species has acquired resistance to
DT, BHC, propoxure and malathion but is still susceptible to fenthion and deltamethrin,

[ eywovde: Caloutta, Epidemiology, Malaria

Regxonal Oﬁ%cc for Heahh and Famxly Welfare, 49/12B, Hmdustan Park (‘alcutta 700 029, Indxa
aCalcutta School of Tropical Medicine, Chittaranjan Avenue, Calcutta-700 073, India.
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INTRODUCTION

Malaria is exclusively a local and focal phe-
nomenon. The intensity of transmission,
prevalence and distribution of parasites is
determined by local malariogenic conditions
which differ from village-to-village, city-to-
city and even in some localities varying from
ward-to-ward.

Although, the urban malaria scheme had been
introduced into National Malaria Eradica-
tion Programme in 19711, its function was
reviewed in depth during the mtroduruon of
Modified Plan of Operation in 19722, The
expert committee in 1995 identified 15 ma-
jor cities including the area under Calcutta
Municipal Corporation (("MC) where ma-
laria situation was serious. As per _state
National Malaria Eradication Programme re-
port, the areas under CMC alone contributed
40.2% of the total malaria cases and 59.7%
confirmed death due to malaria in West Ben-
gal in 1995.

In order to assess actual situation of malaria
in the city of Calcutta, a longitudinal study
was conducted in a highly malaria affected
ward to note the slide positivity rate (SPR),
Plasmodium falciparum infection and its sus-
ceptibility status to antimalarials. An enfo-
mological survey, along with suscﬁptxblhty
status of vector (Anopheles stephensi) to dif-
ferent insecticides was also done.

MATERIALS AND METHODS

The city of Calcutta that was first estab-
lished by the English “East India Company
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of Merchants and Traders” is 1690 in situ-
ated at the longitude of 88° 20'E and latitude
of 22° 82'N and 5.3 m above the sea level.

,Today, as per 1991 census that area of

Calcutta Municipal Corporation is 187.33 sq
km having a population of 4.38 million, with
the population density to the tune of 23,670
inhabitants per sq km3.

The detailed data on malaria diagnosed and

treated cases is different hospitals, Govern-

ment undertaking Hospitals, clinics of CMC
and state Government were collected since

1990 to September 1997 that was verified

with the malaria data maintained by state

NMEP. The data wefe analysed using stan-

dard epidemiological parameters. A ward-
No: 84, Monoharpukur area consisting of
20,000 popuiahan in south Calcutta was se-

lected for the study area because large num-

ber of malaria cases, specially P. falciparum

were reported in this ward. The study was

carried out from January 1995 to July 1996

in the following events.

Monthly house-to-house fever survey was
done between January 1995 and July 1996.
Thick and thin blood smears were collected
from all fever cases. The slides were stained
by JSB stain and examined for malaria para-
sites. All the patients were treated with
antimalarials as recommended by Malaria
Action Programme (MAP) in 19952,

Sensitivity status of P falciparum was evalu-
ated following WHO in vivo technique®. Sim-
plified in vivo test was conducted adminis-
trating 600 mg (adult dose) chloroquine to P
Jalciparum ring positive patients and slides
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from mndividual patients were collected on
N0,D2andD7. Standard in vivo (7-days)
rest was conducted with 1500 mg (adult dose)

shloroquine or 2 tablets (adult dose) of
sulfadoxin-pyrimethamine-combination drug
(1000 mg sulfa + 50 mg pyrimethamine).
Blood smears were collectéd from each study
patient daily from D 0 to D 7. Smears were
stained with Giemsa and examined and para-
site count was made in thick smears against
1000 WBCs. Response of malaria parasite
to antimalarial drugs was assessed following
WHO eriteria®.

Monthly larval breeding spots were searched
in fixed hundred houses. “Water reservoirs
showing breeding of mosquitoes were noted.
Larvae were collected and identified by stan-
dard entomological technique’:6 to determine
the Container index and Breteau index of
Anopheles stephensi. Thé data was com-
pared with monthly malaria data collected
from the study area to note if there was any
correlation with the indices and number cases
per months.

Wild An. stephensi larvae were reared to
adult in the laboratory. Twenty or twenty-
five laboratory bred blood fed healthy fe-
males were exposed to DDT, fenthion,
fenitrothion, propoxure and deltamethrin (di-
agnostic dose) impregnated papers follow-
ing usual WHO' technique’. ‘At least four
replicates with controls were tested against
each insecticide, maintaining temperature at
24 + 2°C and relative humidity of 65 + 5%.
Twenty, TIT or early IV instar larvae were
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exposed to diagnostic dose of larvicides hike
malathion, fenthion and fenitrothion follow-
ing standard WHO technique’. Minimum
four replicates against each larvicides were
run along with control. The tests were con-
ducted between December 1995 and Janu-
ary 1996.

RESULTS AND BISCUSSION

Table 1 shows the epidemiological situation
of malaria in West Bengal and CMC area.
The data show that the incidence of malaria
including P. falciparum case and death due
to malaria has remarkable increasing trend
since 1990. The annual blood examination
rate (ABER) as reported in CMC area is
extremely poor that varies between 1.5 to
3.9'in 1993 and 1996 respectively. In spite
of poor ABER, high slide positivity rate (SPR)
in CMC area was found to wvary between
17.7 to 28.1 in 1991 and 1995 respectively.
The incidence of malaria has increased nearly
3 folds in 1996 (total positive cases were
44 602) as comparedto 1990 (13,624 cases).
The incidence of P. falciparum also has in-
cteased more than eleven folds in 1996
(6467 cases) as compared to 1990 (552
cases). CMC is also recording the increased
number of death due to malaria during past
four years. The deaths due to malaria were
recorded as 3,7, 52 and 17 in 1992, 1993,
1994 and 1996 respectively.

Table 2 shows the malariological data in the
study area from January 1995 to July 1996.
Within these 19 months of study, a total of
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F'asle 1. Epidemiological data on malaria in West Bengal 2nd
Calentta Municipal Corporation arca

SPR

4045 were found positive for malaria. ‘The
SPRis calculated to be 47.97%. Incidence
of malaria was noted throughout the year in
Calcutta. The highest SPR (69.4%) was
recorded in the month of February 1995 and
the lowest (27.5%) in the month of February
1996. This decline in SPR, is perhaps, due
to constant surveillance and treatmeént and
mass awareness among the local inhabitarts

{"éa;r Blood slide Total (+) ve Pf cases Deaths ~ ABER Pr%
examined

West Bengal
1990 1610243 27531 3690 4 279 134 1.71
1991 1345197 40452 7771 13 319 19.2 2.17
1692 2159242 28179 7858 43 373 278 131
1993 2078000 46138 8723 37 340 189 22
1994 2535647 74293 15379 32 4.10 ) 20.5 29
1995 - 2528000 91014 17226 - &7 40 129 36
1996 2172983 80127 15629 55 - 17.0 37
1997+ 1302740 - 38795 4173 22

Calcutra
1990 76936 13624 552 0 2.0 0.7 17.7
1991 66854 15606 708 0 i.8 11 233
1992 82180 17669 728 0 22 09 21.8
1993 74161 19084 1802 3 5 24 25.6
1994 25815 18298 2283 7 2.2 2.7 213
1995 }31000 36804 5725 52 2.9 4.4 28.1
1996 174000 44602 6467 17 39 14.5 25.6
1997* 77994 15719 1084 14
*Provisional data up to September 1997.
8432 blood slides has been collected of which  regarding malaria transmission. Average

28.72% P falciparum infection has been
noted in the study period that is as Jow as
0.5% (June 1995) and as high as 71.5% (No-
vember 1996). Malaria cases along with P
Jalciparum were found to occur throughout
the study period 0of 1995-96. The same types
of findings have been noted by Hati® based
on available Government data from 1981 to
1928. The maximum numbers of cases have
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Tahle 2. Malarialogical data of study area of Monoharpulur, Calcuttz (1995 and 1996)

SPR.

Year/Month - Total slide  Total (+)ve Total Pf% Container Breteau
examined _ Pf : : index index
F.Tan 140 61 43.5 41 672 . 10 10
Feb 108 75 69.4 34 453 12.6 12
Mar 131 29 67.9 35 39.3 13 11
Apr. 153 94 61.4 12 12.7 10 10
May 248 159 64.1 3 18 g2 8
1995| Jun 322 184 57.1 0.5 8.8 8
Jul 533 307 575 35 97 10 9
Aug 1129 531. 47.0 7 133 78 8
Sep 778 321 42.9 14 36 9.2 9
Oct. 750 392 522 110 22.0 12.5 12
Nov 1225 530 51.4 451 71.5 14 12
- Dec 776. 301 388 248 82.3 12.2 12
—Jan 130 107 32.4 54 50.4 2 2
Feb 218" 60 275 - 27 45.0 2.2 2
Mar 9% 32 333 1 3.1 7.5 5
1996| Apr 178 72 40.4 1 13 10 8
May 252 123 48.8 . 5 4.0 12.2 9
Jun 318 127 399 8 6.2 10.9 10
L Jul 747 320 42.2 11 3.4 12.5 12
. Total 2432 4045 4797 1162 28.72 -

been recorded in the months of July to No-
vember 1995 that corroborates with the data
of Hati et al°.

Seventeen P. falciparum cases were studied
giving 600 mg chloroquine single (adult) dose.
Results of these studies show that one case
each (5.88%) at RIT and RIIT level of resis-
tance. Forty-two cases were studied-against
1500 mg chloroquine (adult dose) given

over three days out of which only one case
(3.38%) showed resistance to chloroquine at
RIIT level. Study of 23 cases with sulfa-pyri-
methamine showed satisfactory response (5/
RI) (Table 3). It is clear from the present
study that P. falciparum resistant to chloro-
quine has certainly started emerging out in
the city and recorded scientifically for the
first time. Although the numbers of resistant
cases are very low yet it is of great concemn
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s the resistance 15 of mgher dcgrce The
Eow grade resistance (RI) could not be iden-
tified as the study was hmmﬂd to 7-days,
observations where delayed rccmdesoenre
of RI cases remained left out,

It is also seen that the dose of chloroquine
does not play any significant role . either in
the level of resistance or in jts number. To
greater satisfaction, it has been- observcd that,

the response of other antimalarial drug, sulfa-
pyrimethamine to the came parasrte strain of
P. falciparum is promising. The real magni-
tude of the phenomenon can only be estab-
lished with a wider exploration, i.e. includ-
ing greater area and large number of cases in
the study. :

Table 2 also shows the Container index and
Breteau index of An. stephensi are found to
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breed in a wide range of water collections
thronghout the year. The maximum breed-
ing, i.e. Container index was found in rainy
season, i.e. inmonth of July to October clearly
indicating that the index rises with the rise in
incidence of malaria, This finding also cor-

roborates with the findings of Hati et al®

The results of susceptibility status of An.
stephensi adults against DDT (4%), fenthion
(1%), fenitrothion (1%), propoxure (0. 1%)
and deltamethrin (0.025%) are shown in Table
4. The percentage mortality of the mosquito
species in one hour exposure against DDT,

fenthion, fenitrothiion and propoxure was

noted as 55, 100, 83.3 and 53.3% respec-
tively. Hati et al'®, noted resistance to both

DDT and dieldrin amongst An. stephensi in

Calentta. 1.Cs, value of An. stephensi was
calculated by them as 1.36% to DDT. Inthe

Table 3. Sensitivity status of Plasmodivm falciparun te antimelariale in study area under
Calentta Municipsl Corporation

. Period Drugs/dose ,'I"est Status of Average parasite count per c.mm of blood on
(adult) sample response follow-up days
‘ Day0 Dayl Day2 Day3 Day4 Day 5 Day6 Day7
Dec 94 Chloroguine 15 -SRI 1293 - 0 - - - - 0
(600 mg)
Jan 95 -do- 1 RO 1981 - 121 - - - ~ 288
- ~do- ~ -do- I RIN 1102 - 387 - - - - 58
Dec95  Chloroguine 41 S/RI 1556 443 97 8 10 0 0 0
(1500 mg) _
-do- " -do- i RINI 4797 652 1308 901 ° 140 36 33
Jan 96 Sulpha-pyri- 23 S 1668 348 18 05 02 0 0 0

methamine (2 tabg)
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aresent study, 55% mortality of the mosquito
species was noted during December 1995 to
january 1996 in one hour exposure to DDT,
confirming that the species was still resistant
1o DDT, although DDT was not being spray-
=d in Calcutta as part of Urban Malaria
Programme since 1971, -No base line data
are available on sensitivity status of the spe-
wies to organophosphorus and synthetic pyre-
throids in Calcutta. The area under Calcutta
Municipal Corporation is “under the pres-
sure of different insecticides Jike Finite
(fenitrothion), Baytex (fenthion), Abate
(temephos), Baygon concentrate and Baygon
bait (propoxure), Hexit. (deltamethrin) used

indiscriminately by various private Pest Con-
trol Organizations and residents of Calcutta.
The present study has revealed that An.
stephensi adults have developed resistance
to propoxure too but are still susceptible to
fenthion and deltamethrin.

Susceptibility status of An. stephensi larvae
to malathion (3.125 ppm), fenthion (0.125
ppm) and fenetrothion (0.125 ppm) presented
in Table 5 shows 61.6, 100 and 96.6% mor-
tality of larvae against malathion, fenthion
and fenitrothion respectively indicating that
An. stephensi larvae of Calcutta have devel-
oped resistance to malathion.

Tahle 4, Susceptihﬁity status of Anopheles stepliensi adult to insecticides in selected areas of
- Celentta in 1995

Concentration of

No. exposed

Insecticide No of death % mortality
insecticides . after 24 h
Exposure ¥ Time

{min) .
DDT 40% % 60 - 60 33 55
Control - x60 - 60 00 00
Fenitrothion 1.0% x 60 60 50 833
Control - ¥ 60 60 00 00
Fenthion 1.0% x 60 50 50 100
Control X 60 50 01 2
Propoxure 0.1% % 60 60 32 533
Control - ¥ 60 60.. . 02 33
Deltamethrin = 0.125% x 15 40 36 90
Deltamethrin =~ 0.125% x 30 60 60 IOQ
Control -x30 50 00 00
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Fabie 5. SBusceptibility status of Anopheles stephensi larvae to orgenophosphorns insecticides in
selected aress of Caleuttain 1995

Concentration

Insecticide No. exposed No, of %
(mg/1) death mortality

Malathion 3.125 60 37 616
Control - 60 4 00.0
Fenthion 0.125 100 100 100
Control - 650 0 00.0
Fenitrothion 0.125 60 58 96.6
Control - 60 0 00.0
Therefore, both mortality and morbi'di.ly due REFERENCES

to malaria in the area of Calcutta Municipal
Corporation showed increasing trend. In
this study area, the average SPR per cent
was noted as 47.97% between January 1995
to July 1996 with 28.7% P. falciparum in-
fection. For the first time, development of
chloroquine resistance was detected against
P. falciparum in the city of Calcutta. The
vector An. stephensi also developed multiple
resistance against the ingecticides like DDT,
malathion and fenitrothion.
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@hsewak‘mns on Mnsqmm Breeding in Rice Fields
in Two Emingwm!’ Terrains of District Jahalpur,
Madhya Pradesh

AX. MISHRA and NEERU SINGH

Studies on ecological succession of anophelines and the malaria vectors were carried out in
rice fields located .in two ecologically different terrains, i.e. plains and forested hills in
Jabalpur district during monsoon (Suly-October 1995). Nine and fifteen species of anophelines
were found breeding in the rice fields of plain and forested hill villages respectively.
Anapheéles culicifacies and An. subp:ctus were dominant species in both the areas. The
percentage emergence of adults of An. anmularis, An. nigerrimus and An. pallidus was
higher in plain villages while the percentage of An. theobaldi, An. Sriviatilis and An.
Jjeyporiensis was higher in forested hill villages. Among malaria vectors, three species were
found breeding in rice fields of hilly terrain, i.e. 4n. culicifacies, An. fluviatilis and An.
stephensi whereas in rice fields of plains 4n. culicifacies and An. fluviatilis were recorded.

Keywords: Breeding, Jabaipur, Mosquito, Ricefield

MNTRODUCTION

Rice forms the staple diet’ of ’éfibﬁf;ﬂ(}' per

cent of the world’s populatio v Indra about
41.66 million ha' laﬁd is \mk?
“vation, of whxch

lized in Madhy

trict 15 per cen‘r of the pomﬂahon uhhze nce 1

. which is grown in 0. 15 million ha land?. Ttis

well known that rice fields s are major source
of anapheime breedmg3 4. * The association
of anopheline breeding and location of rice
fields within villages was recorded in Mandla
district (M I’)1 No information about mos-
qmm brecdmg, in rice fields was available
from other nce growmg areas of M P. There—_'

‘Malaria Researc'h Centre (Field Statlon) Medlcal (‘o!lege Building, Jabalpur-482 003, Indxa
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fore, a study was undertaken to investigate
mosquito breeding, emergence, relationship
with different stages of rice growth and con-
tribution of rice fields in production of ano-
pheline vectors in rice fields located in two
ecologically different terrains, i.e. plain and
~ forested hill of District Jabalpur.

MATERIALS AND METHODS

Rice field situated in two ecologically differ-

ent terrains, viz. plains and undulating for- -

ested hills in Jablapur were selected. The
study was carried out during July to October
1995, the main rainy season in this part of
the country, in four villages, two from plains
and two from forested hills.- The distance

between the two group of villages was about-

15 km. In each village four rice fields at a
distance of 500 m from the village were
chosen. The main indigenous varieties growri
by the farmers in both the areas were Nungi,
Batro, Luchai, Ratna etc., which harvested
in about 120 days. Fishes, bugs, insects etc.
were found in all the rice fields under the
study.

Rice fields in the plains were situated near
“ main Bargi irrigation canal. Soil was red,
brown and sandy. Although the villages had
a network of minor canals yet the rice culti-
vation was mainly monsoon dependent. . .

In the forested hills the study villages were -

 inhabited by tribals and were Jocated amid
patches of mixed forests, i.e. Teak (Tectona
grandis), Mahua (Madhuca indica) and Sal
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(Shorea robusta). Wo canal system existed
but there were perennial streams with rocky-
pools, pits and seepages. The rice fields se-
lected for the study were situated on the
stream banls. The crops were flooded with
water which-was allowed to stand continu-
ously for months. The soil was laterite.

Prior to the commencement of monsoon, rice
is generaily sown in a nursery m standing
water and then seedlings are transplanted in
submerged fields. After the rain, algal growth
invariably covered the water surface. Since
rice cultivation is monsoon dependent, the
fields remained dry for a few days between
spells of rainfall thereby creating innumer-
able pnddies. Weekly sampling of the mos-
quito immatures was carried out in each rice
field since rice transplantation in July and
observations were made until the harvest in
October. Collections of immatures were re-
stricted to only 10 dips from each field using
a 250 mi larval dipper. Simultaneously the
height of the rice plants was measured from
each rice field by a measuring scale and
water temperature of each rice field was re-
corded.

The larvae and pupae collected, were brought
to the laboratory, counted and allowed to em-
erge to the adult stage. Indoor resting man
hour density was monitored monthly from

each of the four index villages using stan-

dard entomological technique®. The adults
were identified with the keys of Christo-
phers® and Barraud’. Correlation between
height of rice plants and proportion of emer-
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gence of most abundant species was tested
by Pearson ‘r’ correlation coefficient test.

RESULTS

- Results of larval density and emergence for
both plain and forested hill villages are shown
in Table 1. The average larval density of
anophelines per dip was higher (3.08) in the
rice fields in forested hills than in those in
the plains (2.23). The larval density of
anophelines was highest in August n rice
fields of both type of villages and thereafter
it showed a gradual dechine. The average
larval density of culicines was very low

(< 1.1 per dip) during the entire period.

In rice fields of plamn villages, nine anopheline
species, viz. Anopheles culicifacies, An.
subpictus, An. fluviatilis, An. annularis, An.
‘theobaldi, An. jeyporiensis, An. vagus, An.
pallidus and An. nigerrimus emerged. In
addition to these species, six more species,
viz. An. stephensi, An. splendidus, An.
barbirostris, An. varuna, An. aconitus and

An. maculatus emerged from rice fields in

the hills. An. culicifacies was the most abun-
dant species in both the terrains but its pro-
portion in total emergence of all species was
higher (52.4%) in rice fields in forested hills
than in those in the plains (42.7%). Among
other anopheline species found in both type
of villages, the proportion of An. subpictus,
An. annularis and An. nigerrimus was higher
~in the plains (47.9, 4.3 and 1.8% respec-
tively) in comparison to forested hills (36.0,
0.6 and 0.7% respectively). The proportion
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of An. fluviatilis, An. theobaldi and An.
Jeyporiensis was higher in forested hill than
plain villages. It was 1.8, 4.0 and 0.9%
respectively in forested hill and 0.5, 0.1 and
0.3% respectively in plain villages. Two
species, An. vagus and An. pallidus were
found almost in equal proportions in both
type of villages.

In addition culicine species, viz. Culex sin-
ensis, Cx. vishnui, Cx. bitaeniorhynchus, Cx.
tritaeniorhynchus, Cx. mimulus and Aedes
vittatus were commonly recorded from both
type of villages, while Cx. guinguefasciatus
and Cx. tenuipalpis were not recorded from
rice fields of forested hill villages and Cx.
Sfuscanus was not found in rice fields of plains,
Only Cx. sinensis and Cx. vishnui were the
most prevalent species among culicines in
both type of villages.

Table 2 shows data on the proportion of
different anophelines recorded in relation to
the plant grovwth. Results revealed that An.
culicifacies was the most abundant species
in the early stages of rice plants. The heavy
breeding in this stage was encountered in
shallow pools and pits with and without veg-
etation. Thereafter the density decreased
gradually. The percentage of dechning trend
from July to October was 54.5 to 17.6 in
plain and 70.1 to 28.1 in forested hill vil-
lages respectively. The proportion of emer-
gence of An. culicifacies with plant height
showed a negative correlation (-0.90676
Pearson ‘r’ value) in both the plains and
forested hill willages.
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Fabie 1. Resuits of rice field breeding sarvey

_.arval density/

. Villages in plaing

Villages in forestuer.i_ﬁ.ilﬂl;

P Jul Aug Sep Oct Av. Jul Aug Sep Oct. Av.
ABOPITeiiG 190 426 159 116 223 1.56 5.55 440 080 308
Juiicing 012 ° 075 108 044 060 0.30 0.73 0.76 030 052
species emerged (%)

wiophelimes
. cwicijocies 6620 4000 2680 1890 4270 7140 58.80 36.30 30.00 52.40
in wubpictus  32.00 5520 5220 2970 4790 @ 25%0 3570 4050 ‘.38,50 36.00
in. Huviatilis 060 050 070 000 050 0.90 1.70 210 380 180
An. annularis 060 29 890 1890 430 1.20 0.00 1.16 0.00 0.60
An. theobaldi 000 000 070 000 0.10 0.00 060 11.00 380 400
An. jeyporiensis 000 0.003 070 000 030 - 0.00 1.50 036 000 0950
An wagus 000 050 29 540 110 0.00 1.10 1.10 380 100
An. pallidus 060 050 300 540 1.20 0.00 0.00 280 380 100
An. migerrimus 000 000 370 2160 180 0.00 0.00 0.70 1540 070

Culicimes
Cx. sinensts 3640 4220 4370 4280 4240 3230 3250 55.00 37.00 3880
Cx. vishniti 0.00 3200 4160 3810 338 4110 50.60 3530 52.10 4570
Cx. bitaenior- 000 1440 000 000 710 0.00 3.60 0.00 000 1.60
hynchus
{x. triaenior- 000 720 1460 1760 11.10 0.00 12.00 0.00 430 560
hynchus
Cx. mimufus 1820 000 000 000 100 8.80 0.00 980 650 510
Total anopheline169 382 134 37 722 112 457 281 26 876
Total culicine .97 43 42 198 34 83 51 46 214

An. stephensi, An. splendidus, An. barbirostris, An. varuna, An. aconitus, An. maculatus, Cx. quinquefasciatus,
Cx. tenuipalpis, Cx. fuscanus and Ae. vittatus emerged in low numbers only.
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Table 2. Refztionchip of plant keight and anopheline species breeding in the rice felds

Species Height of plants (cms)
' 0-20 21-40 41-60 61-20 81-100  >100
Plains Hills Plains Hills Plaing Hills Plains Hills Plains Hills Plains Hills*

An. culicifacies 545 701 460 602 412 568 236 372 214 281 176
An. subpictus 440 253 523 370 456 343 605 394 357 464 235
An. fluviatilis 0.5 1.5 0.0 07 15 29 00 1.7 23 56 00
An. annularis 0.5 30 13 00 73 00 66 13 214 00 285
An. {heobaldi 0.0 0.0 0.0 03 07 09 00 121 00 56 00
An. jeyporiensis 0.0 00 00 67 07 24 00 04 00 00 00
An. vagus 0.0 0.0 0.4 07 07 09 39 1.7 47 14 59
An-pallidus 0.5 0.0 0.0 00 22 069 26 21 24 28 117
An. nigerrimus 0.0 06 00 00 00 09 26 04 119 56 272

*Rice fields became dry; An. stephensi, An. splendidus, An. barbirostris, An. varuna, An. aconitus and An.
maculatus, emerged from rice fields situated in forested hill villages in small numbers.

Breeding of An. subpictus occurred since
beginning and continued up to mature rice
plants in both the plain and forested hill vii-
lages (Table 2). Most rice fields in which
An. fluviatilis breeding was found had a per-
ceptible flow of water. The emergence of
this species was maximum (2.3% in plains
and 5.6% in forested hills) when the plant
height was between &1 and 100 cms.

Table 3 shows data on man hour densities of
anopheline species for four months, moni-
tored from the fixed catching stations in the
index villages. Only nine species were re-
corded, of which An. culicifacies, An. sub-
pictus and An. annularis were prevalent dur-
ing entire period of study in both type
of villages. However, the density of A4n.

culicifacies was significantly highber in rice
fields of forested hill villages (64.5) than the
rice fields of plain villages (36.7, paired ‘t’
test p< 0.0006).

BISCUSEION

In consistence with earlier results!-8? larval
density of An. culicifacies in rice fields
showed gradual decline in later stages of rice
plants which might be due to mechanical
obstruction for oviposition due to vigorous
vegetative growth of paddy plants®, Simi-
larly, overall anopheline larval density in both
type of villages showed decline in Septem-
ber-October which might be due to non-
availability of water during later stages of
rice plants towards the end of monsoon
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Panie 5. Per aran dour density of anophelines coilected from villages near rice feids

Species Villages in'plains Villages in forested hills

| Tl Aug  Sep Oct  Av. i Aug Sep  Oct Av.
All Anopheles  60.5 103.5 810 425 719 650 12865 935 98.5 96.6
An. cuficifacies  32.0 57.0 | 290 290 367 450 860 635 63.5 64.5
An. subpictus  26.0 42.0 430 80 297 lf.O 395 225 250 24.5
An. anmularis 2.5 3.5 9.0 30 45 90. 25 7.0 ‘10.40 71
An. fluviatilis 0.0 00 00 10 02 00 10 00 00 02

An. pallidus, An. nigerrimus and An. theobaldi in plain villages while An. varuna and An. vagus in forested

il villages were recorded in small numbers.

period. In forested hill villages An. culici-
Jacies succeeded mainly by breeding of
An. fluviatilis, An. theobaldi, An. splendidus
and An. nigerrimus where as in plain vil-
lages it was took over mainly by An.
annularis and An. nigerrimus. In this study
An. theobaldi and An. nigerrimus breeding

mcreased in later stages of paddy growth as

recorded earlier!. Water temperature in the
rice fields was between 26 to 33°C during
the study, which is ideal for the growth of
egg, larvae and pupae of anophelines!®, Data
on month-wise man hour density of ano-
phelines and larval density (per dip) in rice
fields of both terrain showed that there were
apparently some relationship as the two in-
creased or decreased together.

The larval density of anopheli’neé and emer-

gence of An. culicifacies and An. fluviatilis
were higher in rice fields of villages in for-
ested hills and simultaneously, a few speci-
men of another vector An. stephensi were

also found breeding in these villages. Thus it
is clear that rice fields situated in forested
hill villages are more responsible for vector
propagation by contributing high density of
An. culicifacies in initial stage followed by
An. fluviatilis and An. stephensi in later stages
of succession.
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4 Report of Maosquito Fauna Survey and Vector
‘nerimination in Goalpara District of Assam

b DUTTA, 8.4, KHAN, CK. SHARMA and . MAHANTA

Heywords: Adnopheles mimimus, Assam, Malaria vector

In Assam, st survey 1or anophelines was
carried out in the year 19231 After that,
several such studies were carried out in vari-
ous places of the state?3 and the role of
Anopheles mmimus m transmitting malaria
was established. Subsequent studies revealed
the disappearance of An. minimus* in some
areas which has been attributed to the large
scale use of DDT under National Malaria
Eradication Programme (NMEP) and other
pesticides used in agriculture. In Goalpara,
which is an old district of Assam situated at its
western cornef, no study on mosquitoes was
carried out except one report of vector

mcrimination from the adjacent Kokrajhar
district (earlier in Goalpara) way back in
19367, Goalpara district is important for high
incidence of malaria with API (Annual Para-
site Index) ranging from 3.28 to 17.95 durning
recent years (Table 1). An entomological
study was conducted in the Agia PHC area of
this district which expenienced a malaria epi-
demic during study year 1995 showing SPR
(Slide Positivity Rate) and API values of 13.0
and 10.2 respectively. This PHC consists of
2,68,194 population among which a large
population of Garo tribes inhabit mostly in the
foothill areas bordering Meghalaya. A faums-

Regional Medical Research Centre, N E. Region (ICMR), Dibrugarh-786 001, India.
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Table . Reeord of malaria cases in Goalpara district of Assam during 1993-98
Year Population - BSE (+)ve Prf Pv Deaths API
1993 769000 96657 2523 2284 239 0 3.28
1994 781000 64181 3569 3373 196 0 4.56
1995 797000 107287 14311 12502 2009 9 17.95
Source: NMEP.
Table 2. Record of collection’of mosquitoes in Agia PIIC ares of Goalpara district, Assam
Species’ By operating CDC light-trap By suction tube indoor during
(1700-0500 hrs) morning hours
‘Total No./trap night % Total MHD

An. annularis 920 460.0 26.87 3 0.75
An. dirus 6 30 0.17 - -
An. jeyporiensis 54 270 1.57 - -
An. karwari 216 108.0 6.30 - -
An. kochi 212 106.0 6.19 - -
An. majidi 2 ~ 1.0 0.06 - -
An. minimus 118 59.0 344 13 325
An. peditaematus 53 26.5 1.55 - -
An. splendidus 28 14.0 0.82 - -
An. tessellatus 57 285 1.66 - -
An. jamesii 9 45 0.26 - -
An. vagus 70 350 2.04 35 8.75
Crx. fuscocephala 124 62.0 3.62 - -
Cx. gelidus 60 30.0 1.75 - -
Cx. pseudovishnui 221 1105 6.45 - -
Cx. vishnui 1176 588.0 - 34.34 3 075
Cx. quinquefasciatus - - - 40 10.00
Ma. annulifera 19 9.5 0.55 - -

~ Ma. uniformis 30 15.0 0.87 - -
Ae. lineatopennis 9 - 4.5 0.26 - -
Ar. kuchingensis 40 20.0 1.16 - -
Total 3424 17120 100.00 94 24 .00
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tic study was taken up in two tribal villages
during the first weel of November 1995.
Mosquitoes were collected using CDC minia-
ture light-traps for whole nights and in the
morning using suction tube in houses, The
collected mosquitoes were transported to the
field laboratory for identification of species
and for vector incrimination.

Table 2 shows the record of mosquitoes col- ..
lected from the study area. In light-traps’

operated for two nights (one trap during each
night placed in cattlesheds adjacent to human
dwellings), a total number of 3424 mosqui-
toes of 21 different species were collected.
The genus Anopheles consisted of 12 species
of which An. annularis was the predominant
(26.8%) followed by An. karwari (6.3%) and
An. kochi (6.2%). Among the culicines, five
species of Culex, two species of Mansonia
and one species each of Aedes and Armegeres
were collected. Cx. vishnui was the predomi-
nant species forming 34.4% of the total col-
lection. In indoor survey conducted in the
morning over four man hours, only five spe-
cies of mosquitoes were collected among
which Cx. quinguefasciatus was the most
_ common species (MHD 10.00) followed by
An. vagus (MHD £.75) and An. minimus
- (MHD 3.25).

The results of dissection of Anopheles spe-
cies {potential vectors of malaria) collected
from all sources revealed the presence of
natural infection of malaria in two specimens
of An. minimus showing sporozoite rate of
1.6 per cent for that period. An. dirus was
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also recorded in-light-trap collection but its
density was low (3 per trap). In pre- DDT
era, An. minimus was considered to be the
major vector of malaria in Assam and other
northeastern states of India. However, after
commencement of DDT spraying in 1958
under NMEP, this species showed transient
disappearance and was thought to have
disappeared from the northeastern region
of India%8. But in recent studies, An. mini-
mus has again been incriminated from vari-
ot:s places of Assam®10. The present study
confirms the role of An. minimus as a
vector of malaria in foothill areas of lower
Assam.
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Larvicidal Efficacy of Racillus sphaericus
H-5a, 5b and B. thuringiensis var. israelensis
i1-14 against Malaria Vectors in Bhabar
Area, District Naini Tal, U.P.

2 sHUELA, VK KOHLL and VP, OJHA?

Heywords: hodivicides, viaiana veciors

Deveiopiuent ol msecticide resistance in vee-
rors species and their high cost made it ap-
narent to search for alternate vector control
methodology. Biological control methods
such as biolarvicides has received additional
mpetus for control of vectors. Bacillus
thuringiensis serotype H-14 has been shown
1o be highly effective against mosquito lar-
vae and black fly vectors and also reported
safe for non-target organism'. Bacillus
sphaericus was reported more effective than
3. thuringiensis var. israelensis especially
agamnst culicine larvae, its residual efficacy
nersisted for several weeks even in polluted
waters2. To know the efficacy of two Rus-

sian ongin doiarvicides, e Sucilius
sphaericus H-3a, 5b (Spherix) and 3acillus
thuringiensis var. israelensis H-14 (Bacto-
culicide) in cemented tanks and domestic
ponds in Bhabar area of District Naini Tal,
applications were made during the month of
October 1993 and larvicidal effect against
vector anophelines were assessed. During
this period the mean temperature was 21.6°C
and relative humidity was 65 per cent. The
results of the studies are mentioned in this
communication.

Below the foothill of Himalaya lies Bhabar
which consritutes 10-12 km wide belt of for-

Malaria Research Centre (Field Station), Bhotia Parao, Haldwani-263 141, India.
*Malaria Research Centre (Field Station), BHEL Complex, Ranipur, Hardwar-249 403, India.
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est area. It is a dry upland with low water
table and sandy loam soil area. Water inj this
area is supplied from Gola River at weekly/
fortnightly interval by canal system. The
water is stored in underground cemented
tanks for drinking purpose and in domestic
ponds for the animals. Tanks and domestic
ponds are thus available in and around each
house which are potential mosquito breeding
sites and support breeding of malania vec-
tors, i.e. An. culicifacies and An. fluviatilis3.
A total of 14 cemented tanks and 10 small
ponds of various size measuring from 2.7 to
16.8 sq m area and from 6.8 to 272.0 sq m
area, respectively were selected for the study.

Prior to application-of biolarvicides in tanks
and domestic ponds, species-wise larval
density per dip of Il and IV instar anophe-
lines was measured and recorded. Bacillus
sphaericus @ 1.0 gm/sq m in six tanks and
four domestic ponds and B. thuringiensis @
0.5 gm/sq m in four tanks and two domestic
ponds were sprayed through a manual knap-
sack sprayer fitted with flat fan nozzle. Simi-
larly four tanks and two domestic ponds were
talkcen as control where no biolarvicide appli-
cation was made. Ohservations on larval den-
sity were made daily in treated and control
ponds/tanks for a week and thereafter at

weekly intervals upto 6 weeks. Per cent

reduction of the larvae over control was cal-
culated as per Mulla’s formula®. A total 10
anopheline species, viz. An. culicifacies, An.
Sfluviatilis, An. subpictus, An. annularis, An.
nigerrimus, An. vagus, An. barbirostris, An.
maculatus, An. gigas and An. splendidus
were found breeding in small ponds whereas
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mn cemented tanks breeding of An. stephensi
was also observed in addition to the above
species. Before treatment of biolarvicides
larval densities of An. culicifacies and An.
Sluviatilis were recorded 0.25 and 0.15 per
dip in small ponds.and 1.7 and 0.01 per dip
in cemented tanks, respectively.

Impact of Spheriy

Prior to application of biolarvicides the aver-
age anopheline larval density per dip was
recorded 31.0 in control and 41.0 in experi-
mental tanks. After application cent per cent
reduction of larvae was observed from Day 5
to Day 42 (Fig. 1). In domestic ponds, prior
to application of Spherix, density of the lar-
vae was recorded 47.0 whereas in control
it was 56.0. After application cent per cent
reduction in anopheline larvae was recorded
for first three days. From 4 to 28 days, den-
sity remained fluctuating and the reduction
of larvae varied from 63.3 to 97.5 per cent.
Re-application of biolarvicide was made on
Day 28 as a result of which density deci-
mated to zero for next two weeks (Fig. 1).

Impact of Bactoculicide

In cemented tanks, initial observation of
anopheline density was recorded 30.3 and
28.0 larvae per dip in experimental and con-
trol, respectively. After application of bio-
jarvicide per cent reduction in density var-
ied from 70.0 to 96.8 in the initial six days
and cent per cent mortality was recorded on
Day 7. Though reduction in larval densities
were recorded in both experimental and con-
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trof tanks on Day 6 and Day 7 but more re-
duction was observed in experimental tanks.
On Day 14, 41.7 per cent reduction of larvae
was observed and thus re-application of
biolarvicide was made which resulted in cent
per cent reduction upto next 4 weeks (Fig. 2).

In domestic ponds prior to application of
biolarvicide, anopheline larval density was
12.0 and 9.0, in experimental and control,
respectively. - Application -of Bactoculicide
showed 98 .4 per cent reduction in larval den-
sity on Day 1. Thereafter density remained
increasing from Day 2 to:Day 14 and the
reduction of larvae varied from 9.1 to 56.1
per cent. Afier re-application of biolarvicide
on Day 14, 66.5 to £1.5 per cent reduction in
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iarval population was observed and on Day
42 a very high density was recorded (Fig. 2).

During the study B. sphaericus was found

effective in cemented tanks from Day 5t0 42 -
against anophelines. Previous authors have
reported impact of Spherix in tanks against
anopheline upto 2 weeks® and 2 to 4 weels
against Culex quinquefasciatus and Anoph-
eles stephensi in laboratory and field condi-
tion6.. Battoculicide impact on anopheline
larvae in tanks revealed cent per cent mortal-
ity on Day 7 and in domestic ponds larval
density was fluctuating up to 42 days. Nearly
similar effect of Bactoculicide against Aedes,
Culex and Anopheles (ranging from 96 to
100%) for 5 wks was reported earlier’. Ba-
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cillus sphaericus and B. thuringiensis being
potential biological agents of vector species
are reported harmless to non-target organ-
corn 1,8
ism’>®,

Our findings thus revealed that B. sphaericus
is highly effective in cemented tanls up to
six weeks but only up to 3 days in domestic
ponds against anopheline larvae. B. thurin-
giensis impact on the other hand was ob-
~served hundred per cent in tanks agamst
anopheline at Day 7 whereas in domestic

ponds its effect on anopheline larvae was

very low. This might be due to the fact that
small ponds being open are disturbed by the
animals and the high vegetation and weeds
also obstruct the effectivity of biolarvicide.
The impact of Bactoculicide in cemented
tanks was less pronounced than that of
Spherix against anopheline larvae.
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During the post-resurgence era of malaria m
India, there has been arevival of interest on the
use of biological and environmental measures
for control ofmalaria. Amongbiological agents
fishes like Gambusia affinis and Poecilia
reticulata have been used extensively!. Dur-
ing recent years fish fauna surveys have been
conducted to explore indigenous fishes that
could be used formoquito control?4. Efficacy
of certain larvivorous fishes has also been
evaluated under field conditions in various
‘habitats>?. Since detailed information on in-
digenous larvivorous fishes with respect to
different ecological zones is still incomplete,
there is a need to conduct more exhaustive
surveys covering different parts of the country.

District Raigad in Maharashira is endemic
for malaria, therefore, the Malaria Research
Centre conducted detailed investigations on
malaria during 1995-96 with the objective to
study malana transmission dynamics m the
district and suggest appropriate methods of
control. Current strategy of malaria control
in the district was based on indoor residual
spraying with insecticides. In recent years
there has been a revival of interest on bio-
environmental methods of control incorpo-
rating the use of larvivorous fishes'®. The
present study was, therefore, conducted to
explore the availability of mosquito larvi-
vorous fishes that could be used locally for
msoqutio control in the district.

Malaria Research Cemré (Field Station), Civil Hospital, Nadiad-387 001, India.
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Vaiie ;. Miskes of Haigad distriet and their occurrence i different agustic habitaty

River

Pond

Irrigation
channel

Drain

Indigenous larvivorous species

21

23
4.
25
26.
27

28,
29
30

dmblypharyngodon mola
aplocheilus lincatus
iplocheilus panchax
hela bacaila

i hela laubuca
{Janio aequipinnatus
Jania rerio

Lsomus demricus
Puntius phutunio
Puntius sophore
Puntius stigma
Puntius ticto
RRasbora daniconius

‘Rher indigenons species

Catla catla

(“hanna punctatus
irrhinus mrigala®
irrhinus reba

Clarias batrachus
(robius sp
Heteropneustes fossilis
Labeo rohita*
Lepidocephalichthyes guntea
Mastocembelus pancalus
Mystus cavecius

Mystus seenghala
Mystus vittatus
Xenentodon cancila

Fxntic species

Cyprinus carpio®
{Fambusia affinis
Oreochromis mossambicus®

R e R T

+

-

P

*Food fish culturable species, P — Plenty; A — Abundant; and + — Present.




A AND YADAY: FISH FAUNA OF DISTRICT RAIGAD

In Raigad disirict on the west-coast, the main
river system comprising of Savitri, Kal,
Patalganga, Amba and Kundlika rivers pro-
vide natural habitats to the local fishes. In
addition to rivers and their tributaries, more
than 500 tanks/ponds also exist in the district.
Random survey of fishes was carried out in
March 1996 in rivers, their tributaries, ponds,
tanks, canals and drains with the help of a
seine net of 10 m x4 m size. Fishes were also
captured with the help of cast net, of about
two m diam wherever netting with the help
of seine net was not feasible because of the
stony river bed. Local fishermen were aiso
contacted to get large carnivorous and edible
fishes captured by them.

Table 1 shows the fish fauna and occurrence
of various indigenous and exotic larvivorous
fishes in different aquatic habitats of Raigad
district. In all 30 fish species were found in
different aquatic habitats which could be cat-
egorized as indigenous larvivorous species
(13), other indigenous species (14) and exotic
species (3). Most of the fish species were
confined to the rivers and ponds. A few spe-
cies were caught from the irrigation canals
and drains. Among the well known indig-
enous larvivorous fishes Aplocheilus, Danio,
Rasbora and Puntius species were the most
abundant fishes of river ecosystem. Gambu-
sia affinis was encountered in the drains of
Panvel and Khapoli towns only. However,
local authorities reported the presence of large
stock of Gambusia and guppy fishes in the
-neighbouring Thane and Ratnagiri districts
of Maharashtra. Among the other exotic
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iarvivorous fishes Oreochromis mossambicus
(Tilapia) was available in towns such as Pen,
Panvel and several other village pondsin large
number. It was not encountered in other
aquatic habitats. In fact, it has been intro-
duced in ponds as a part of edible fish culture
in this area.

Among other food fish species found were the
Indian major carps, viz. Labeo rohita, Catla
catla, Cirrhinus mrigala and an exotic fish
Cyprinus carpio. All these fishes were being
cultured mainly in the municipal and village
panchayat ponds on commercial basis.

For the organised biological control pro-
gramime in the area, mass production of lar-
vivorous fishes is necessary. There are over
540 water tanks in Raigad district with
about 1100 ha water spread area. In many of
these tanks larvivorous fishes can be cultured
along with food fishes. For control purpose it
may be necessary to infroduce fishes m all
permanent and semi-permanent water bodies
or habitats. There are more than 14,000 wells
including over 4900 irrigation wells in the
district as per the record of the Raigad Region
Developmental Plan (1982-1989). During
the survey 10 (20%) out of 50 wells were
checked for mosquito breeding. For control
of mosquito breeding in wells it is suggested
that locally available larvivorous fishes such
as Aplocheilus and Danio or Rasbora species
may be systematically introduced. Danio
fishes have been found valuable in the control
of msoquito breeding in rice fields>. These
fishes could be applied in rice fields of
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Mangaon and other areas under paddy culti-
vation. Larvivorous fishes may also be intro-
duced in the towns and industrial areas in the
district.
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