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field Trisls of Combined Use of Two Species
of Mermithid Nematodes to Control Anopheles
and Culex Breeding in China

JINZHANG B0NG and YUFANG PENGH

The tieid tesis of comnbimed sse of Kutwiwinerins gridiensis 2000-3000 larvae
ver sq m and Romanemermis sp 1000-2000 larvae per sq m in rice fields, ponds
and streams in four eities of China. resulted in 60.8-85,5% parasitism in Culex
iritaeniorhynchus, Cx. quinguefasciutus, Anopheles sinensis and An.
anthropophagus. This success{ul use of two species of Romanomermis together
a0l only curb sposquito nuisanee it also controls the major vectors of malaria,

dlariasis and encephalitis B in China,

Heywords: Anopicies, Ordex, Mermmthidae, Romanomernds glinanensis

INTRODUCTION

Iy tudesd, mierinivhiid
nematodes parasitizing mosdguitoes
were found at the same breeding site
a1 Henan, Chinal. One of them was a
narasite of Cx. tritaeniorhynchus and
Cx. quinquefasciatus and described as
Romanomermis yunanensis®. The
other undescribed mernnithid was a

fwo specics ol

parasite or A sirensis and presently
Jdesignated as Romanomermis sp (R. sp).
A multiple choice host range test indi-
cated that R, yunanensis is specific to
culicinae: no infecrion occurred in An.
sinensis, while R. sp selectively infects
anophelinael. Since these two
mermithids occur simultaneously at
one breeding site, the combined use of
these two mermithids to control

Institote of Military Medical Sciences, 134, Tian Xian Qian Street. Chengdu, Sichuan-610 061, China.
Repit. of Parasitology, West China University of Medical Sciences. Chengdu, Sichuan-610041. China.
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cuhicinae and anophelinae mosquitoes
i1y the same habitat was studied. The
results of the field trials are presented
here.

MATERIALS AND METHODS

The laboratory strain of R. yunanensis
and R. sp was established from one
temale and three to five males collected
rom Henan in 1984 and 1991 respec-
sively and maintained in Song and
Peng’s laboratory.

With COx. quinguefasciatus as host tor
R. yunanensis and An. sinensis for
R. sp, a mass rearing system of both
wermithids was set up to obtain
sufficient nematodes for field applica-
on?,

The cultures conraining R. yunanensis/
R. sp eggs were flooded with distilled
water for 2 h. Preparasitic larvae (in-
fective larvae) of hoth mermithids
hatched within 8 h were applied sinnil-
saneously to the water surface with the
help of a compressed air sprayer @
1300-3000 larvae per sq m depending
sn the density of the mosguitoes.
Hreeding sites with target mosquitoes,
iree of mermithid infections and with
0 serious water pollution in ecologi-
cally diverse regions were selected for
afectivity test against Anopheles and
Culex. Mosquito larvae were sampled
and dissected one or two days after
areparasitic larvae applications. The
effectiveness of the applications was
evaluated by per cent parasitism. Wa-
‘er temperature was also recorded. In

INDIAN J. MALARIOL... VOL. 33, DECEMBER 18490

control group., the preparasitic Jarvace
of R. yunanensis/R. sp were released
alone, not in combination.

RESULTS

The field frials of synergic use of two
Romanomermis were conducted in
Sichuan, Guizhou and Guangxi prov-
ince of China from 1992-94. At the
rate of 2000-3000 larvae per sq m of R.
yunanensis and 1000-2000 larvae per
sq m of Romanomermis sp were re-
leased simultaneously in rice fields,
ponds and streams: resulting in 60.8-
76.9% and 68.6-95.5% parasitism in
Culex and Anopheles respectively (Table
1). In control group, 66.1% parasitism
in Cx. tritaeniorhynchus and none in
An. sinensis was noticed, when 3000
larvae per sq m of R yunanensis was
used alone. Whereas, 77.8% parasit-
s in An. sinensis was observed when
2000 larvae per sq m of Romanomermis
sp was also released. Therefore, the
mixed infection of these two mermithids
has not been observed in their natural
host An. sinensis and Cx. tritaenior-
hynchus.

DISCUSSION

All infected mosquito iarvae die after
the post-parasitic mermithid emerged
thus, levels of parasitism were indica-
tive of the number of mosquito killed
by the nematode application. The field
trials of combined use of Romanomermis
yunanensis 2000-3000 larvae per sqm
and Romanomermis sp 1000-2000 lar-
vae per sq m in various ecological re-
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gioits 1 China, resudted in 60.8-95.5%
parasitisin in Culex and Anopheles
{Table 1}. This indicates that two
mermithids cooperated to kill Anoph-
eles and Culex simultaneously in the
saine breeding site.

Mosyuitoes such as Ane sinensis, An.
anthropophagus. An. dirus, An. minimus.
Cx. tritaeniorhynchus, Cx. quingue-
Jasciatus ete., are the major vector for
malaria, filariasis, dengue and encepha-
litis I3 in China. Rice fields, ponds and
streains are the major breeding sites
for these mosquitoes. At present, no
single species of mermithid that can
control both Anopheles and Culex si-
minltaneously are known.  Although
Romanomermis culicivorax has a broad
host range and has been demonstrated
as a good biological control agent?-6 it
doesn’t parasitize An. sinensis and is
not highly effective against culicinae
nnder field conditions? 8. Theoretically,
it would be optimal to combine these
traits in a single species, but at present
our understanding of nematode hybrid-
ization? or genetic recombination is in-
sufficient to produece such a hybrid.
Therefore, combined use of two species
of mermithid for the control of various
species of mosquito simultancously
night be a practical method today.
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Clinical Trials of a New Immunochromato-
graphic Test for Diagnosis of Plasmodium
Ffalciparum Malaria in Goa

ABHWAN] KUMAR, V.P. SHARMAY, 1, THAVASELVAM and P.X. SUMODAN

Masmodivm Jalciparion histidine rich protein-2 {(PIHRP-2) based -
smunochromatographic test kit (ICT Malaria Pf} for the rapid diagnosis ot P,
Jalciparum malaria was evaluated at the clinic of Malaria Research Centre (Field
Station), Goa. Of the 98 [ebrile patients screened, 22 were ICT positive for P,
faleiparum. - Simultaneous microscopic examination of the blood smears of
hese ICT positive patients showed that 20 were posilive for P. falciparum alone,
whereas one had mix infection of both P. vivax and P. falciparuum suggestling
100% sensitivity.  Only one slide negative patient who had taken 800 mg
chioroguine the previous day was positive in the ICT. QOut of the remaining 76
binod smears. 41 showed P. vivax infection and none cross-reacted with
#. falciparum HRP-2 antigen and were ICT negative except one mix infection
case in which P. vivax and P. falciparum infections occurred concomitantly
suggesting species specificity of 98.7%. The positive predictive value, negative
predictive value and efficacy of the ICT were 95.4. 100 and 98.9% respectively.
The band intensity of the ICT positive cases significantly correlated with P.
ialciparumn parasitaemia {p<0.01). The usefulness and the disadvantages of this
Jiagnostic kit have been discussed in context of prevailing malaria situation in
e couniry.

Reywords: Clinical diagnosis, Goa. mmunochromatographic tesl. . jalciparim

Malaria Research Centre {Field Station), Directorate of Health Services Building, Panaji-403 001, India.
‘ataria Research Centre (ICMR). 20-Madhuvan, Delhi-110 092, India.
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INTRODUCTION

The National Malaria Eradication
Prograrnme of India reports 2-3 million
cases of malaria annually!. The pro-
portion of the deadly P falciparum spe-
cies has been gradually rising in the
country over the years and presently
39% of all the cases reported belong to
this species. In the vast areas of the
country that are inhabited by the eth-
nic tribes, meso- to holo-endemnic ma-
laria conditions exist and P, falciparum
species accounts for approximately 52%
of the total malaria cases?. These ar-
eas also have accessibility and logisti-
cal problems and delays in the radical
treatment of malaria due o delayed
diagnosis are commorn.

The diagnosis of malaria is primarily
based on microscopic examination. itis
time consuming and requires prepara-
tion of blood smears, their transporta-
tion 10 the laboratory, staining and ex-
amination by a skilled technician. The
whole procedure, at times might take
wany days and back log of unexamined
slides is not a uncommon feature. The
other recently evolved diagnostic meth-
ods are antigen-capture enzyme linked
iinrnunosorbent assay (ELISA)® and
dipstick test (PARASIGHT®-F)4. Al-
though the latter method is fairly quick
yet multiple manipulations required in
the test may be a constraint in the
field. With the new immunochromato-
graphic test which is a simple and rapid
PFHRP-2 based field diagnostic method
for P falciparum detection, these con-

Jolciparum malaria.
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straints could be overcome. We there-
{ore evaluated ICT Malaria P® test kit in
{;oa to find out its sensitivity, specificity
and efficacy in the detection of P
The results are
presented in this paper.

MATERIALS AND METHODS

The ICT Malaria Pf kit is based on P,

[falciparum histidine rich protein (PfHRP-

2} antigen and sheep polyconal anti-
body reaction®. The P._falciparum para-
sites synthesize water soluble histidine
rich protein which is released from P.

Jalciparum infected erythrocytes.

The immunochromatographic Pf test
kits were supplied through the cour-
tesy of M/s. ICT Diagnostics, 3/14
Roseberry, St. Balgowlah, NSW 2093,
Australia. The kit consists of a labelled
cardboard device with opposable flaps
{Fig. 1). The right flap of the device has
4 cm long test strip with a fine fibrous
pad below a purple band containing
gold labelled polyclonal antibodies.
Abgut an inch -above this band is a
limit line that is indicated by a broken
line. On the right margin of this flap is
a 3/4 inch broad adhesive lining to
secure the flaps firmly together after
the test has been performed. On the
left flap is a large absorbent fibrous
pad of 2.5 x 1.7 cm area and a small
upper blood clearing pad of one sq cm
area. In between these two pads is a
viewing window to read the test re-
suits. Each test kit is contained in foil
pouch with a desiccant.
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Fig. 1 ICT kit {aj closed, (b} open

The kits were stored at 4°C prior o
use. The test was performed on 98
febrile patients i’ the clinic of the Ma-
laria Research Centre, Goa from May
7-27, 1996. The index finger of the
satient was pricked with disposable lan-
2et and blood was taken up to 3/4 (ca.
10 ul} of EDTA coated capillary tube
orovided with the kit. The blood was
released by gently pressing the tip of
2apillary across the purple band con-
raining gold labelled polyclonal anti-
hodies. Two drops of the buffer (pro-
vided in the kit box as reagent A) were
added to the pad just below this band.
The blood was allowed to migrate up
:ill limit line after which four drops of
suffer were added on the clearing pad.
the adhesive band was then exposed
and both the flaps were secured firmly
against each other. The blood was al-
‘owed to clear up for reading the re-

sults through the window. The proce-
dural control line appeared in all ex-
cept 2 kits and in these cases the test
was repeated. The test lines were
graded according to the band intensity:
+1 = Barely discernible; +2 = Readable:
+3 = Easily readable; and +4 = Intense.

Microscopic examination: Both thick
and thin blood smears of all 98 test
patients were made simultaneocusly
while performing immunochromato-
graphic test. They were stained with
10% Giemsa and examined under a
compound microscope at 1000x mag-
nification. The P falciparum density
was calculated using the following
formula.

Parasite/ No. of parasiles counted Av. WBC
ul blood = —% eount/ul

No. of WBC counted
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The average WBC count of population
was obtained by examining 100 slides
of persons representing various age
groups. The results were further in-
terpreted with the help of the following
formulae:

A
Serisitivity = - x 100
A
3
Specificity = - % 100
D-+5
A
Pesitive predicuve vaiue = - x 100
A+B
D
Negaove prediciive value - X 1O
D+
A+l
Elffcacy = — o % 100
A+B+C+D

Where, A « No. positive both microscopically
and for ICT: B = No. negatjve for ICT but
nricroscopically positive; C = No. negative mi-
eroscopically but positive for 1ICT; D = No.
negative both microscopically and for ICT.

To find out relationship between F
Jfalciparum parasitaemia and test band
intensity, correlation coefficient was
worked out and its significance was
tested.

BESULTS

1
H

Tabie shows rhe results of the
irmmunochromatographic test obtained
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i 98 febrile patients. Of these 22 were
iCT positive for P. falciparum. The mi-
croscopic examination of these patients
showed that 62 slides were positive for
malaria parasites; 20 for P._falciparum,
41 for P vivax and one for mixed infec-
tion of P vivax and P falciparum. All
the 21 patients who were slide positive
for P falciparum were also positive in
the ICT and no cross-reactivity with P
vivax antigens was observed. Simi-
iarly, all the slide negative patients were
also negative for ICT except one P

Jdalciparum patient who took 600 mg

chloroquine the previous day of the test
and was ICT positive but microscopi-
cally negative. The test efficacy, sensi-
tivity and specificity were high being
48.9, 100 and 98.7% respectively. The
positive and negative predictive values
of the test were 95.4 and 100% respec-
rively.

Of the 22 ICT P falciparum patients, in
5 the test line was barely discernible
and asexual parasitaemia ranged from
352 to 2797 /ul of blood (X = 944.8). In
another 5 cases the test lines were read-
able and parasitaemia ranged from 310
to 52068/ul (X = 2424). In 10 cases the
tines were easily readable and para-
sitaemia ranged from 452 to 3732/pl
(X = 2150.7) except in one slide nega-
tve P falciparum patient who received
chemotherapy prior to the test. In the

Table 1. Results of ICT for P. falciparum diagnosis vs. microscopic examination

ICT test Microscopic diagnosis
Total {+}ve {-}ve {(+ve {+}ve {+)ve (-}ve
tested Pf Pf Py Pfand Pv malaria
22 76 20 41 1 36

98
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remaining two cases, the test lines were
intense and parasitaemia in these cases
was 14,004 and 38,900/ul of blood re-
spectively. The lowest parasitaemia in
this study at which the test showed
aositivity was 352 parasites/pl of blood
and the highest was 38,900/pl.

When the parasite density was corre-
‘ared with the intensity of test lines in
+he cases which were both slide and
‘T positive, the correlation was posi-
sve (r = +0.52) and significant at p<0.01
rvel which means that band intensity
s dependent upon the level of PfHRP-2
circulating antigen produced by the
varasites (Fig. 2).

DISCUSSION

The ICT kit for the diagnosis of P

falciparum malaria is reliable due to ifs

high sensitivity, specificity, predictive
values and efficacy observed in the
present study. The test kit can signifi-
cantly improve detection of P._falciparum
in all epidemiological situations par-
ticularly in areas with stable hyper-
and holo-endemic malaria where
asymptomatic cases are also encoun-
tered due to enhanced immunity. Such
cases usually go undetected and play
significant role in maintaining trans-
mission of P. falciparum. The test is
fast and the results can be read even
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PIHRP-Z2. Moreover, in case of mixed
mfection of P vivax and P, falciparion,
the prinlaguine regimen meant for 2
Jaiciparum administered on the basis
of ICT would not be adequale to pre-
vent relapse of I2 vivax. The storage of
kits at 2-8°C is ano ihe*’ disadvantage
i1 the field conditions

i thwe present ?é’)rs‘si, e Kit caninot comn-
pletely subst'ifzzfe mucroscopic diagno-
sis of malaria as P vivax delection wonld
still reguire microscopical exarination
of blood smear. Thercfore, under proper
storage facilities, a similar kit meant
for detection of both P wvivax and £
falciparum represented by two separate
fest lines would be far more advants-
geous over the present kit as it wouid
be usetul in P opivax predominant areas
as well,

Nevertiwless, the kit s useful o e
mote and poorly ac-z?m&su‘)ie P falciparun
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great diagnostic va?m*. in the early de-
iection of complicated P Jalcipariun
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Cdses Adiniited s fite hosprtais. Due
re its high sensitivity, the mimuio-
chromarographic test could also be ad-
vaniageous in the cases with extreinely
‘ow and sub-micr oscopic parasitaeiia
viuch is though a rare possibility
cept iniunune subjects harbouring P
The testis sunple,
~asily readable, reliable and can be per-
t;v med readily in the laboratory and
field.  The treatment of the detected
cases can be instituted almost innnedi-
ately. This will not only prevent mor-
bidity and mortality but also have a
good impact on P falciparum transimis-
sion especiallv in the areas of its pre-
dominance.
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Studies on Plasmodium vivax Relapse
Pattern in Kheda District, Gujarat

H.C. SRIVASTAVA, S.K. SHARMA?, R.M. BHATT and V.P. SHARMA"

Relapse pattern in P, vicax malaria was studied in five villages of Nadiad taluka,
Kheda district, Gujarat. P. vivax cases lreated with 600 mg chloroguine and in
~ombination with 50 mg pyrimethamine (adull dose] vielded 28.31 and 27.73%
relapse rate respectively. While relapse rate of 5.78% was observed with five day
course of 75 mg primaguine {15 mg/day) administered as radical treatment.
Relapse rale in 5-10 yr of age group was comparalively more than other age
groups. There was no noticeable difference in relapse rates among male and
female. The short-lerm relapse with a lag period of 2-3 months was significantly
higher in this area. The longest relapse with an interval of 17 months was found
m one case ireated with chloroquine along with pyrimethamine. However,
orimaquine regimen prevented consecutive relapses. Primaquine has been
found adequate to prevent relapse in more than 90% vivax cases, while efficacy
of chioroguine-pyrimethamine. and chloroquine alone was almost comparable.
4 high proportion of relapse may be minimized, if 5-days radical treatment is
Jiven at appropriate time.

Reywords: Hypnozoile, P. vivax, Pyrimethamine, Relapse, Sporozoite

INTRODUCTION is important because of the morbidity

and debility it produces as a result of
Plasmodiwn vivax, malaria though not  relapse and frequent infections. The
an intrinsically life threatening disease, difference in strains and their biologi-

vialaria Research Centre {Field Station), Civil Hospital, Nadiad-387 001, India.
4Malaria Research Centre {Field Station), Civil township, Rourkela-769 004, India.
“Malaria Research Centre, 20-Madhuvan, Delhi-110 092, India.
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of refapse’. i) recent vears che-
therapy of malaria has assumed a
role in malaria conirol pro-
(e 1o provent 111{33'?)1’(1&1}" and mor-

i Hi‘il}x

g used ,:agaix'r»;? P vivax as anti-re-
= since beginning. It was presumed
st prevention of reiapse would auto-
'mﬁ; cutdown the carrier rate and

ther transinission. In early sixties
»flicacy of primaquine has been
v& o subject of major concerrt.
sver, relapse rate with primaguine
iound 10 be 5% in 19532, Subse-
wenfly, other authors from various
arts of India have studied the relapse
and efficacy of primaquine3, Re-
rate of P vivax was obhserved to be
with 5-day primaquine regimen
o District Kheda, where a project on
sociivirorunental control of malaria was
ration from 1984-897.  The
t study was carried out to find
3 1)3;2(’ n, f;equenr‘y ri‘l(l Pf

70

£aria dnﬁ fhe rf)smt are ;:‘J'resent«s:{i
3 z"hzs paper.

Sy was caned vod s fve villages o
'y sdiad taluka of Distviet Kheda,
garat. Population of five villages is
124,820 with 31.12% scaitered houses

harnlet/fields. It has 23.99 sq kin

e total :m(% under cultivation, Paddy
s udtivated twice a year during Febru-
i Ef},J and July-October. Other ma-

VL, 33, L

id thus minimize the possibility of

irrigated area which is 75% of

o

SURMBER TU36

WCLUPS Are slet (gt tobaceo and

wiieat, The rainfall in this area is un-
certain, however average rainfall is

769.5 mn and mean femperature
ranges between 20.41-32.76°C in Janu-
ary and May respectively.

MATERIALS AND METHODS

For the purpose of mvestigation, the
villages were grouped into three areas
namely, Davda and Dantali in area 1,
Bawmroll and Pij in area I and Tunde]
in area I, Weekly surveillance was
organized to detect malaria cases by a
rrained resident surveillance worker of
each village. Blood smears of all fever
cases and those having history of fever
in, last eight davs were examined and
presumptive tireatment (600 mg
chloroquine as adult dosej was given to
each patient. Blood swmears were
stajned with JSB stain and examined.
All P falciparum malaria positive cases
were given radical ireatment as per
NMEP drug schedule. Whereas, P vivax
cases in three areas were administered
drugs as 600 mg chioroguine alone in
area I; 600 mg chloroquine and 75 mg
z*riiriaqz,.nime (15 mg/day} in area [1; 600
ig,; chloroquine along with b0 mg
:m!emammr in area . It is be-
ieved that pyrimethamine has an ef-
étﬁc‘ti on primary exo-erythrocytic stage
and combination of chloroguine and
pyrimethamine was also used as pre-
ventive treatment®. Hence, this com-
hination was used in present study to
compare its efficacy against chloroquine
alone. All P vivax cases were foliowed
up weekly. Blood smear of each vivax
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Tanl Wds "")l"‘;"pdﬂ"(i STRLSINS N § 310741 i or i
case it there was 4 1f0ﬁf£p§.aiﬁ¥i
stimg surveillance.  Periodicity was
aiso observed clinically in relapse cases
oy which they could be separated from
‘resh infections.

RESULTS sNIy DISCUS

SEON

Fhe

soaiara situaiion 1 the sty area
remnained somewhat stationary diring
the study period, with the slide positiv-
ity rate S’P R} ranging between 9.9 and
10.9%. The proportion of P oovivax was
almost B8% of the total malaria cases
‘Table 11, Slide positivity rate was low-

25t in area I, whereas in area UL P
CiUax infevtimw we*‘e inaximum
throughout the study period. Sex-wise

;,;strx!_}lif,l.or) of vivax malaria incidence
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“’/; foliowed by 5-10 vr of age
However, P vivax prevaience
f antly h %gh,er in this group
an mhcr age groups of children, sup-

s nrevious ohservation®. A total

"Ases from area E‘ 173 from area

d 136 cases from area Ul were
followed up for relapse, where chioro-
guine, chloroguine with primaqguine,
and chioroguine along with pyri-
ruethamine were admiuistered respec-
28.3 per cenr cases relapsed
wh cﬂ treated with chloroquine a '_iqme,
‘3/.?5% with chloregnine + pyrimnetha-
mine, and 5.78% with chloroguine +

g

nrimagnine  with mean relapse
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respectively (Table 2). The observation
with chloroquine along with primaquine
is in conformity with those reported
carlier?3:6, However, low level of re-
tapse has been reported earlier form
‘he present study area’. The relapse
rate of vivax malaria in Dellii with
~hloroquine regimen ranged from 23-
+4% depending on duration of follow-
ap!0. There was no significant differ-
z<i1ce in relapse rate between
<hloroquine and chloroquine with
oyrimethamine regimens, reflecting
similar potential of chloroquine-
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Table 2. Relapse rate in P, pvivax cases treated with different drug regimens
Months Primary infection Relapse Relapse rate
cQ CQ+ CQ+ caQ CQ+ CQ+ CQ cE+ CQ+
PQ PYR PQ PYR P PYR
Jan 1 0 2 1 0 0 100.00 .00 0.00
Feb 4 0 2 1 0 0 25.00 .00 0.00
Mar 6 1 4 0 1 2 0.60 100.00 50.00
Apr 15 10 10 9 1 4 60.00 10.00 40.00
May 17 15 12 5 1 5 35.29 6.87 41.67
Jun 13 16 13 4 0 3 30.77 0.00 23.08
Jul 14 13 12 2 2 4 14.29 15.38 33.33
Aug 27 18 .16 10 0 3 37.04 0.00 1875
Sep a5 79 48 22 4 15 23.16 506 31.25
et 26 i5 12 g 1 2 23.08 5.67 16.87
Nov & 5 5 3 0 0 37.50 0.00 0.00
dec 0 { 0 0 0 0 0.00 0.00 0.00
Total 226 173 136 64 10 38 28.31 578 27.73
Mean 5.33 0.83 3.17
(5.96) (1.14) (3.95)
3 — Chloroquine; PQ -- Primaquine; PYR --— Pyrimethamine; Figures in parentheses
~epresent the SD values.
3.33+5.96, 3.17+3.95, and 0.83+1.14 pyrimethanine on # viweax. Seasonal

prevalence of relapse was more vari-
able, but showed an overall trend to
decrease in post-monsoon season.

It is inferred from Table 3 that maxi-
mum relapses occur in younger age
with highest rate of 32% in 5-10 yr of
age group. Relapse rate declined with
the increase in age which is evident
from the analysis of data. Thus re-
lapse rate was observed to be 17.6% in
15-30 yr of age group which found to
be 13.2% among adult above 30 years
of age. Such trend of relapse might be
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associated with increase in anti-dis-
ease immunity with age in adults.

in general, maximuin relapses {(42.8%!)
occurred within three months lag pe-
riod, while minimum relapse (8%) was
observed after 12 months {Table 4). The
data revealed that patients treated with
chloroquine and chloroquine along with
pyrimethamine had maximum relapses
within 2-3 months, whereas those
treated with primaquine had more re-
lapses after 4-6 months. This com-
parison among lag periods of relapses

177

after treatment with different regimens,
was found statistically significant (y2 =
20.32, p < 0.01}. Results of the present
investigation indicate more than
90% relapses in a year and are compa-
rable with reports from Nepalll and
Hardwar3. However, the longest lag
period of 17 months was observed in
ornie case treated with chloroquine-
pyrimethamine. Similarly, relapses
with different regimens of primaquine
have been reported to occur within six
months in Thailand'2. This suggest
that the use of primaquine do not alter

Tabie 3. Age and sex-wise distribution of relapse rate

Sex Age group {yr]
2-4 5-10 11-14 15-30 >30 Total
Male 158 343 300 14.4 137 20.5
Female 26.0 29.6 17.4% 22.2 12.7 21.4
Potal 21.4 32.0 24.5 17.6 13.2 20.9
Table 4. Duration of lag period in P. vivax reiapse
Area  MNo. of Drug Lag period (days] No. of
Cnses ild “’}“ 1 Sl{’!‘(}d RO e st i et o0 4 et St S £ £ i st I‘ela pse
28-90 91-180 181-270 271-365 >365 cases
3 226  Chiloroguihe 28 5 15 14 2 64
(43.7) {(7.8) {23.4) {21.9) (3.1}
4 173 Chioroguing + 2 1 - 2 2 10
Primaquine 120,00 140.0) 120.0) (20.0)
i 136 Chioroguine + 18 7 a8 2 5 38
Pyrimethamine v,{é'?‘.B) ;‘l 3.4} 15.8) _§5.3) {13.1) _
Total 5356 48 16 21 18 9 112
(42.8) {14.3} (18.7) {16.1} {8.0)

¥2-20.32. df-8, p<0.01: Figures in parentheses are in per cent.
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s P ooioax

ot relapse characteristics

Three consecutive relapses were found
n1 two patients one each with chlo-
roquine and chloroquine along with
vyrimethamine treatment., Two con-
sectitive relapses were observed in 8
A2.72% and 9 {28.51%) cases with
sunilar regimen. In case of primaquine
«reated persons no consecutive relapse
was ohserved. This reflects satisfactory
~Hicacy of primaquine against hypno-
oites of Povipax.

Phe s estiganon revealed that present
rwelieal treatment of P vivax inalaria in
shys area is adeguate for more than
3% cases and may be continued. The
irequency of relapse may be minimized
with early radical treatment. While
rhose not responding to present primna-
quine regimens may be under the in-
suenee of other factors such as dura-
o of incnibation period, neriod of la-
eney. irmpunity status of the patient,
suanriun of sporozoites and distinet
wmulation of sporozoites’V-13:14. How-
sver, higher dose of primaquine may he
wried keeping in view ifts propensity to
sdues haemolysis in patient with G-6-
21} deficiency, Two distinet patterns of
~clapses in this area confirm the exist-
sace of P ovlvax strains with dirferent
g perind of relapse.  Int general all
seiapses within three months may be
+i short-rerm incubation period. The
consecutive relapse after primaguine
erapy in Povivax malaria during
vresent investigation needs further con-
driarion in this area.
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Biting Rhythms of Some Anophelines in
Central Gujarat

R.M. BHATT and V.K. ROHLP®

Aot of 41,352 anophelines comprising 16 species were coliected during 70
all-night bovine-bait collection carried out in six villages of Kheda district,
ujarat.  Anopheles subpictus, An. varuna, An. culicifacies, An. stephensi and
An, vagus had unimodal biting rhythms. Most feeding occurred during the early
right with occasional increase during pre-dawn/dawn hours. An. pallidus
axhibited bimodal biting rhythm with twoe well-defined peaks, An. turkhudi, An,
wwssellatus, An. fluviatitis, An, aconilus, An. annularis, An. barbirostris and An.
sigerrimus had multimodal biting rhythms or were arhythmic. An. culicifacies,
A varuna, An. aconitus and An, tessellatus exhibited a marked seasonal shift
i1 feeding activities with most biting occurring at dusk in colder months and late
4t night during warmer months.

Heywords: Anophelines, Biting rhythm, Gujarat

INTRODUCTION on ecology and hionowmics of the
anophelines in India but few described

inioriaton on the biting rhythms of  biting rhythms in detail,

miosguitoes, especially vector species is

essential for determining the period of Viswanathan et al.' made ali-night col-

disease transmission and maximun lections on bovine baits in specially con-

bHiting activity to schedule sampling ef- structed huts and studied the biting

iorts for various studies. Although, in activity of An. culicifacies in a rural

sast many studies have been conducted area near Pune. Reuben? presented

vialaria Research Centre {Field Station), Civil Hospital, Nadiad-387 001, India.
“Malaria Research Centre (Field Station), Inderjeet Garden, Bhotia Parao, Haldwani-263 141, India.
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observation on 18 species comumon in
Madras (now Tamil Nadu) state.
Kulkarni® studied the feeding behaviour
of anopheline thosquitoes in Bastar dis-
trict, Madhya Pradesh. In Pakistan,
Reisen and Aslamkhan? studied the bit-
ing rhythms of some mosquitoes using
hovine-baits and showed the seasonal
shift in the feeding times of different
species. The present study of all-night
bovine-bait collections was undertaken
to understand the biting rhythms of
some anophelines in Kheda district,
Gujarat.

MATERIALS AND METHODS

All night bovine-bait collections were
made in six villages belonging to three
different physiographic areas (ecologi-
cal zones) namely, canal irrigated
{Davda, Pansora), non-canal irrigated
iSapla, Vanthvadi} and riverine {Sanalj,
Raniva). The areas have been described
in detail earlier®. Beginning from Janu-
ary 1989, collections were made once a
month for one year in each village ex-
cept in Vanthvadi village, where collec-
tion could not be made during July
and August. Outdoor bednet trap col-
lections were made in the Jast quarter
oi each hour from 1800-0600 hrs us-
ing bullock as a hait>. Some species of
anophelines were caught in significantly
targe numbers on the bullock than on
buffalo? and linear relationship has
heen suggested between host weight
and range of attraction of mosquitoes®.
Thus to avoid any discrepancy in col-
lection of mosquitoes due to differen-
tial attraction based on type and size of

the bait, only white coloured adult bul-
lock was used as bait in all collections.
Collections were made preferably at a
fixed site and in the first fortnight of
every month in each village.

Fully-led femaies resting on the inner
surface of the net were collected, trans-
ferred to mosquito cages after each
hours collection and only anophelines
were identified’. Hourly collections of
each village were pooled for each month
and biting rates were computed as loga-
rithmic transforms known as William’s
mean (Mw}, expressed in percentage8.
Biting rhythms of various species have
been presented for those months only
when the total number collected ex-
ceeded 10 per bait per night?.

RESULTS AND DISCUSSION

A total of 41,552 anophelines compris-
ing 16 species were collected from 70
all-night bovine-bait collections. An.
subpictus was most abundant {(61.7%},
followed by An. aconitus (8.9%)}, An.
nigerrimus (6.4%), An. culicifacies {5.5%)
and An. annudaris (5.5%).

Arn. aconitus was most abundant dur-
ing June and July {Fig. 1). Biting dur-
ing colder months started as early as
1800 hrs. Maximum feeding took place
during the second half of the night al-
most throughout the year. There was
a slight seasonal shift in peak biting
activity from third quarter of the night
during June-July to the last quarter
during August to October. Biting curves
for the months when feeding com-
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bt adndaris was collected throughout
e vear and it was most abundant

during March, August and sSepreniber,
During March-April peak biting oc-
curred in the first and second guarters
of the night. From June to September
nore specimens were collected after
udnight and biting was arhythmic. It
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was avtive throughout the night dur-
mg all the months. The biting rhythins
ior the warmer months are in agree-
nient with reports from Orissa'? but
differ from the observations reported
rom Pakistan?, where this species is
crepuscular and most of the biting oc-
curred between dusk and 2030 hrs.
No marked shift in its biting time was
onserved.

An. barbrosiris was collected through-
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from suly to October {Fig. 2}, During
March-April maximum biting occurred
m the first quarter which shifted to
second in June. Small increase in the
activity was observed at dawn. An
harbirostris was found to be active
throughout the night except during
November. Simnilar observations have
been made in Myanmar®.

An. culicifacies was collected through-
out the year and was most abundant

out the year with very high catches during February-April (Fig. 3}, It ex-
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Mg, 3: Biting rhythms of A ¢

ulicifacies during February, May,

August-September and December

fubired marked seasonal changes in irs
feeding time.  During February-April
most biting occurred in the first and
second quarters of the night with peak
1otivity shifting by one hour from 1900
ars in February to 2100 hrs in April.
During warmer nights (May to Septem-

ber) feeding was late-night and maxi-
mum biting took place in third quarter
of the night, though, a few specimens
were collected just after dusk or during
dawn. It was arhythmic during De-
cember. Present findings are in agree-
ment to those made in Pakistan?. How-
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ever, there are conplicting reports about
the hiting habits of this species which
ruay be due to seasonal variability in
its feeding times! 14,

An. fluvtatilis was coilected throughout
the vear except January, Biting com-
menced between 1900 and 2000 hrs
and continued till dawn without any
definite rhythm. During monsoon, 71
ner cent of the specimens were col-
‘ected in the first half with a peak be-
rween 2000-2100 hrs which is in con-
formity with the previous cbservations
made in Madhya Pradesh3. Observa-
tionts made in north Canara'? indicate
ihat feeding takes place mainly in the
first part of the night and in Nilgiris 6,
the species was observed to feed
throughout the night and most of the
activity being confined fo the second
and third guarters.

Ar camesid was cncountered during
¥ebruary and December with one speci-
ruen in each month.

An. rugerrimus was collected through-
out the year and was most prevalent
during May and from September to No-
vernber. It mostly fed before midnight
and was markedly crepuscular {rom
October to December.  Little seasonal
variation in biting times was observed
with maximum activity taking place be-
rween 2100 and 2400 hrs. Except dur-
ing July a small secondary peak at dawn
was observed which agrees with the
observations made in Pakistan?, where
it was observed to feed in the first quar-
ter of the night.
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Fiy. 4. Bitrg riyyihins of An. pallidus during
August-November

An. pallidus was most prevalent during
monsoon and post-monsoon. months.
During winter it was crepuscular and
peak biting was observed between 2000-
2100 hrs with a small secondary peak
iust before dawn (Fig. 4}. During Au-
gust-October feeding took place from



as Fer cen

W,

INDIAN J. MALARIOL., VOL. 33, DECEMBER 13996

35p . EES , >r o Asm
30}, - A, TEB 0k . B.MAR ot \
y {n=435 ) r @ in=4948) el @ LA:6388 )
¥l r ~ 25 / 25 -
whd "\ ok /N 208 /N
ist ;5% / 15k /;‘ R
ot \ ® 10~ e 0}
3 %" ~ T \é/”\ > ”4 \\‘!\r—«» 2} f ‘;\@\}t»
0 b L g \‘%‘\# = by L 3 i ‘W o Lk T \?— * T’(:%-«&'F‘
I8y T
¥ 35
Wy ; DAY 30h £ JUR, 3; £ UL
2‘3 - x.rm‘.ﬂ?) 25k {F‘!:é(‘i&';; ot ,}2570}
e 20F -
153 - 15k Q y 5 e
ok j;__ﬂam-»gf \”_F& 1 e v e, ol wj" \Ei\ B
R g 5+ F \4@-—4’ 5 b e T
o ﬁ/ e bk d — O; ‘m/‘ —— e S W ) -Rxﬁi,l O VO T S ,.__;_,h\_\‘;__,_
1320 22 24 02 04
35 35 4 sEP By e
5. AUG B ; N 2L
£ L . kil re s 36 .
?5. {r=3812%) R in.2336) 28+ W 35T
10} ok
»?2 : i 121 Oz
i - - o,
_B.® e N e
o N S N or /N
) /! s/ i
3 . RS RSO S S S S Y I O S T W) \‘;PN
IS¢
) % oDEC
76 & ftn=8¢)
2W0re
i3 -
(O3 @ L~
, . 3 e LI N
")! i ol T? & b L T ? [ N \;;"‘"ﬂ
8 26 21 W Q2 QA '8 26 22 4 07 (4

Fiy. B

Time

Jusike fo-dawn with early and late night
ocaks. These observations are similar
‘0 those made in Tamil Nadu?.

Are splendidus was collected frequenty
sweept during May, June, August and

Sovember.

A total of 30 specir

1CI1S

were collected with maxiimum of eight
during February and September.

it

TOUrS

Hittng rhyluns of An. subpictus during February-Decembey

essentially fed before npudnight and
maximun collection was made between
2000-2100 hrs which is in close agree-
ment with the observations made in
Madhya Pradesh3.

An. stephensiwas most abundant from
¥ebruary to April {131 out of 174} and

was not encountered only during July,
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October and December.  Biting was
mostly before midnight and maximum
activity took place in the first quarter
of the night. Biting continued till third
and fourth quarters, though at a very
low rate. Our results, in general agree
with that reported from Pakistan®.

An. subplctus was the most abundant
species and was encountered in less
numbers only during colder months.
it was essentially a crepuscular feeder
during cold season and maximurm fecd-
ing occurred between 1800-1900 hrs
{Fig. 5}. During March-April maximurm
biting was observed between 1900-2000
hrs which further shifted towards mid-
night during May-July. From August
onwards shift in the peak biting activ-
ity towards early hours of the night
was observed. From May to August it
was active throughout the night with
enhanced activity at pre-dawn hours.
The present curves comply with obser-
vations made in Pakistan?, but differ
slightly from the biting rhythms ob-
served in Tamil Nadu?, where maxi-
mum hiting was reported between 2100-
2200 hrs. Present findings also differ
from the observations made in Pattu-
kottai areal” and Madhya Pradesh?,
where most feeding was observed after
midnight.

An. tessellatus was collected through-
out the year except in January. Dur-
mg April-May maximum biting took
place in the first half of the night which
shifted to the third quarter during Sep-
temmber-October {(Fig. 6). Biting contin-
ued till dawn or pre-dawn hours dur-
ing these months. Very little informa-

tion is available about its night biting
activity in India.

An. theobaldi was collected only during
February and August. Biting was ob-
served betweernt 2000-2300 hrs in Feb-
ruary {(a total of three specimens} and
one specimen was collected biting be-
tween 0200-0300 hrs in August.
Present observations agree with those
made in Madhya Pradesh3.

An. furkhudi was collected during Feb-
ruary {one specimen). March and April
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Fig. 6; Biting riwtinns ot An tessellaius
during April-May and September-
October



Reis!
{a totai of 65 specimens). It exhibited
wititnodal biting rhythm with maxi-
i activity before midnight, though
it continued till dawn during March.
No information is available on its night
hiting activity in India.

Are vagus was prevalent during mon-
so0n season only and collected infre-
guently in July and September (a total
»f seven specimens). In the month of
Augast (17 specimens), maximum bit-
11 took place before midnight with peak
hetween 2000-2200 hrs. In Myanmar
maximum activity was observed at
ahout midnight?.

A waruna was prevalent throughout
the year. It exhibited marked seasonal
shift in its biting activity {Fig. 7). Dur-
g summer rmaximum biting was ob-
served in the second quarter of the
aight which shifted to the third in rainy
sedason. In November, the shift towards
he first half of the night was clearly
=vident. Although, peak biting activity
shifted between different quarters, it
rook place throughout the night with a
sinall increase in activity at dawn ex-
copt during winter.  In Madhya
Pradesh? maxirmun biting on human
aiid bovine baits was observed between
£300 and 2100 hrs.

i tike hasts of trends observed in the
biting curves of anophelines in Kheda
Jdistrict, their nocturnal behaviour could
he classified as: Unimodal — An. va-
yus., An. stephensi, An. varuna,
e culicfacies and An. subpictus,
diomodal —— An. pallidus; and Multi-
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Fig. 7: Biting rhythms of An. varuna during
April, July, September and November

modal — An. turkhudi, An. tessellatus.
An. fluviatilis, An. aconitus, and usually
An. annularis, An. nigerrimus and An.
barbirostris.

Little information is available on the
physical and genetic factors influencing
the biting behaviour and rhythms of
mosquitoes. It has been suggested!®
that a mosquito may be restrained from
hiting by unfavourable microclimatic
conditions or unfavourable local weather
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conditions. Varous species of culicine
hite {in nature} at a particular phase in
the ovarian cycle indicating a possible
relationship between feeding activity and
the ovarian development, though mi-
croclimate and weather may also act
nnportant restraining factors. The pos-
sibility of the involvement of genetic
tactors has been postulated which could
ifluence nocturnal behaviour on the
basis of genetic causes associated with
scasonal shift in the degree of anthro-
nophilism, endophagy and endophily?.
Further rescarch in the field of species
complexes and ovipositional behaviour
may provide more convincing explana-
uon for the seasonal shift in the biting
activity of anophelines.
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Domestic Breeding Sources and their
Contribution in Anopheles stephensi
Breeding in Dindigul, Tamil Nadu

INDRANIL AR, ALEX EAPEN and K. JOHN RAVINDRAN®

Longitudinal swudy taken up oy one vear @y 10 different types of breeding
nabitats in Dindigul town, Tamil Nadu, revealed that out of 51,785 habitats 225
10.43%) were found positive for Ancpheles stephensi immatures. The overall
positivity varied between 0.03 to 1.31% with peak density during July. The
abserved hahitat-wise positivity was overhead tanks 0-7.07%; wells 0-1.69%;
under ground tanks 0-2.26%; tappits 0-2.36%; outside lanks {permanent) O-
2.42%: outside tanks (temporary) 0-0.39%; inside tanks {permanent} 0-2.0%;
inside tanks (temporary] 0-3.6%; barrels 0-1.32% and others (-25.0%. In
16.09% habitats An. stephensi was jound breeding with An. subpictus, Aedes
aegypti, Ae. vittatus and Culex quinquefasciaius in different combinations.
Overhead tanks were found to contribute maximum An. stephensi breeding in
ihis area.

Reywords: Anopheles stephensi, Domestic breeding sources, Tamil Nadu

INTRODUCTION 1 certdinn periurDai Areas il associd

tion with An. culicifacies®. The species
Anopheles stephensi is a well estab- breeds in a variety of permanent, semi-
lished urban vector of malaria in india. permanent and temporary domestic and
The species has heen incriminated in  peri-domestic habitats. It has been
various parts of India and is found very observed to breed mainly in wells and
efficient vector in vurban areas!™® and cisterns in Salem (Tamil Nadu)®, Hy-

Malurta Research Cenire (Field Station}, 1304, Anna Nagar, Mogappair, Madras-600 050, India.
‘Malaria Research Centre (Field Station), Epidemic Disease Hospital Campus, Bangalore-560 075, India.
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derapad {Andhra Pradesh)?. During a
longitudinal study in Panaji, Goa, this
species has been found fo breed in vari-
»us habitats and the densities varied
iuring different seasons®,

Anopheles stephensi contributes abonit
0% of the total malaria cases reported
=very year from Tamil Nadu. The knowl-
sdge of breeding of this species in vari-
sus habitats during different seasons
secome very essential for understand-
«g the variations in the incidence of
qualaria and for organising antilarval
awasures,  The transmission of ma-
aria in Dindigul is perennial with peak
ransmission between June and Octo-
ser. Therefore, a longitudinal study
was taken up on Anopheles stephensi
simature population in Dindigul re-
aorting about 10,184 cases with an Al
st B54.24 during 1993, The results of
e study are presented in this paper.

MATERIALS AND METHODS
studdy ares

Dindigis s osituated bHetween 10-1195
taritude and 78-79°E longitude with an

a of 14.01 sq ki and a population
of 1.82 lakhs {1991 census). The town
o divided into 44 wards. Topographi-
cally the land is slightly undulating with
ow subsoil water. It has a tropical
ciimate with pleasant weather through-
a1t the year, with temperature and hu-
snidity ranging from 16.8-39.3°C and
36.2-89.4% respectively. Dindigul re-
cejves both northeast and southwest
nionsoons with an average rainfall of

INDIAN J. MALARIOL. VOL. 33, DECEMBER 836

about 900 nun every year stariiug ifroin
the month of May tili December. The
study was carried out in all the 44
municipal wards between June 1994
to May 1995.

Sampling was carried out i all the
probable breeding sources fotaling
51,785 in numbers, which included
3317 overhead tanks. 1654 wells, 1872
underground cement tanks, 1404
tappits (underground tanks used for
collecting drinking water supply), 5107
permanent and 26,052 temporary out-
side cement tanks/cisterns, 2586 per-
manent and 3828 temporary inside ce-
ment tanks/cisterns, 5945 barrels and
20 dther peri-domestic sources. The
total number of sources checked and
number found breeding during a month
was pooled together to find the breed-
ing percentage of different sources.

ive samples were taken from each well
with the help of a well net {10 inch
diam}. Similar sanipling was done at
other breeding sites with the help of a
dipper (150 mil capacity, 6 cm diamj.
All the immatures collected were trans-
ported to the laboratory and reared at
room temperature.  Dog biscuits and
veast in ratio of 3:1 was provided as
larval food. The larvae and emerged
adults were identified using keys of
Christophers?, Barraud!© and Purill.

RESULTS AND DISCUSSION

Out of 51,785 habitats checked, 1205
(2.32%) were found positive for mos-
quito breeding. Anopheles stephensi



KAR EFAL AN, STEPHENST BREEDING IN DINDIGUL 193

emerged from 225 118.67%]) of the total
positive habitats. The rest 980 (81.33%)
were positive for other mosquiio spe-
Cies.

A total of 11 species of wmosquitoes
emerged from the immature samples
collected from 1205 positive breeding
sources. They were Anopheles stephensi
{18.6%). An. subpictus {3.6%]}, Ae.
aegypti (61.2%]), Ae. vittatus {0.3%]), Ae.
albopictus {0.1%)]}, Cx. guinquefascialus
(15.68%), Cx. gelidus {0.1%), Cx.
fritaeniorhynchus {0.2%), Cx. (lufziaq)
tuscanus (0.1%), Cx. whitmorei (0.1%)
and Armigeres subalbatus (0. 1%).

wWhen the positive index for the total
breeding sites were taken into consid-
eration it is observed that the breeding
index varied between 0.67 and 3.91%
during various months with peak den-
sity in November. An. stephensi index
varied between 0.03% during April and
1.31% during July respectively. The
habitat-wise breeding is represented in
Table 1. The data shows that overhead
tanks support maximuam An. stephensi
breeding ranging between 0.58 and
7.07% during April and September re-
spectively,  The overall positive index
varied between 1.16% during April and
7.6% in September. [t is interesting to
note that 81.5% of the total overhead
tanks found positive were breeding An.
stephenst.

In case of wells An. stephensi breeding
was ohserved in the months of June
(0).58%), Julv (1.69%]). October (1.37%)
and November ((0.65%]). The low den-

sity i welis may be atiributed tw fhe
stocking of larvivorous fish Gambusia
affinis. In underground tanks breed-
ing could he observed throughout the
vear with 54.4 and 75% showing breed-
ing of An. stephensi during Julv and
December respectively.

The tappits used for storing drinking
water are normally kept open. These
accounted for higher breeding of An.
stephensi during July, September and
October with 2.36, 1.66 and 1.39% re-
spectively.  This may have been sup-
ported by the conducive micro-environ-
imnental condition present in these type
of habitats.

interestingly. breeding was observed
throughout the vear in hoth outside
and inside tanks. Though most of them
were found with Ae. aegypti breeding.
Temporary outside tanks accounted for
higher breeding, with more An.
stephensi breeding accounted during
June to Decemther ranging from 3.2-
15.7%. In case of permanent outside
tanks 0.48% of the habitats were found
breeding An. stephensi. The other
breeding sources like barrels, grinding
stones etc. were found breeding during
July to October corresponding with the
rainy seasoit.

An. stephensi was found breeding in
association with other mosquito spe-
cies in about 16% of the positive An.
stephenst habitats. An. subpictus was
associated in 0.9%. Cx. quingue-

fasciatus in 3.1%, Ae. aegypti in 8.8%

and Ae. vittatus in 1.3%. In four habi-
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Table 1. Habitat-wise breeding of Anopheles stephensi in Dindigul town

Months Total breeding sites Domestic breeding sources
11994-95) o
A B C OHT Well

A B C A B C

(3.2) (0.32) (3.62) {2.66) {0.58) {(0.58)

S 3290 227 23 815 36 34 178 5 3
3.61) {1.31) {5.85) (15.53) {3.37) {1.69)

g 4287 75 1 217 6 4 108 i O
1.74) 0.3) {2.76) [1.84) {0.92]

et 35062 9y 15 198 15 b 154 O 0
12.77) 10.7) 7.57) (7.07}

B0t 3312 78 31 385 13 1i P45 4 2
2.04) {0.81} {3.38) (2.86) 2.741 {1.37)

N 577 179 13 173 P2 5 178 3
(3.91) {0.28; {6.74) 2.813 12.25) {0.56;

e 4118 W7 14 +38 13 12 135 3 Q
{2.36) (.46} 12.97) {2.74) {1.82)

Jan 3274 76 3 24 8 & 29 2 o
12.32) 10.24) 8.1 6.12)

B 3312 57 4 329 4 3 o7 2 0
11.07) {0.08) {1.22} {1.22) 11.20)

Viar 3109 74 3 160 O 0 £23
(3.34) 0.09)

Api YAY 35 2 Dk
{0.67) {0.03) {1.16] {0.58) 10.88)

3
b
e
N

Viay 4137 74 1 113 5] 4 59 p
{1.89) 10.27) i5.31) {3.34) i1.12)

‘otai 51,785 1205 225 3317 130 106 1654 24 7
2.32)  (0.43) 391) (319 (145 (0.42)

contd...
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Table 1. {contd.}

Months Domestic breeding sources

{1994-95)

UGT

Tappit

B

O

Jun

Dep
Ot
Nov
Dec
Jan
Feb

Mar

~
=}

59

127

23

BG

13

1872

19
{(4.57]

22
(2.91)

5
{7.79)
3
{4.34)
9
{7.09)

beans

{1.56)

4
(3.00)
2
(6.06)
2
(2.50)

12
{1.59]

0

-
[

149 12

(8.085)
296 14

96

50

121 17

0

g

0
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Table 1, {contd.)

Moriths Peri-domestic breeding sources
118994-95] ——
OST (P) OST (T) ST (P

A B C A B C A B C

‘un 328 5 0 1797 62 3 175 2 0
(1.52) (3.45) (0.17) (1.14)

Al 5l 38 15 2419 75 9 228 I !
6.14) {2.42) 3.10) {0.37) 4.39) {0.44}

g 94 ! 3500 38 6 50 4 !
{7.45)  {1.06) {1.09)  i0.17) 8.0) 12.0)

sep 283 12 0 1529 40 5 269 Li 1
4.24) 2.61}  {0.32) 14.08) 0.37)

L3 426 14 4 1794 22 7 217 4 2
13.29) 10.94} 11.23)  (0.39) f1.%4) 10.92}

Nov 353 1 0 2579 99 6 210 vl i
{1.99) {3.84) {0.23) i5.24)

4

e 359 16 { 1873 42 :
2.2 21}

2.24) (0.

5 0 2072 36 0 112 Y 2
12.25) {1.73) :8.92} 1.78)

sdar 521 7 ! 1473 54 1 140 2 1
‘ (3.87) {0.07) 11,43} D71

A 30 2 Q 2133 1 0 394 3 L
{0.47) 0.52) {0.76)

iay 715 27 4 2440 36 2 138 0
{3.78) {0.56) {1.47)  {0.08) 3.72)

Potal 5107 152 25  26.052 538 43 2586 -1 g
297 049 (2.06) (0.16) 2.74)  0.30)

contd...
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{1994-95)

Moy

Do

Mar
ARy

May

Total
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Table 1. iconid.}

Peri-domestic breeding sources

197

330

317

3828

Barrels

Others

3 ) 76 :
585 4
R 0 421
364 7
306

3o 3

H 0 358

0 5945
) {0.05)

e

2. {0.77)

46

2 0 0 3
{0.27)

1 0 0 0
11.34)

2 10 1 1
(.29 (10.0}  {10.0)

{ 3 4

{ 4 1
10,24} {66.566)

(16.66)

0 0 0 0

{ 3 0 0

5

i0.28)

Lo
o
<

7 20
(0.11}

3

7
(35.0) (15.0)

OHT — Overhead tanks; UGT — Underground tanks; O8T {(P) — Outside cement tanks
FPermancent); O8T (T — Outside cement tanks {Temporary), ST (P} — Inside cement tanks
Permanent); IS8T (T} — Inside cement tanks {Temporarvl: A — No. surveyed: B — No. positive
wor breeding (%): C — An. stephensi breeding (%),
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Table 2. An. stephensi breeding in association with other mosquito species

No. of breeding sites

No. of samples in which An. stephensi was
found breeding with

Surveyed No, An. An,

An. Cx. Ae. Ae Cx. An. Cx, An.
{+lve ste. ste.+ sub. quin, aegy. vitt. guin+Ae. sub.+Ae. quin+Ae. sub+Cx,
other aegy. aegy. aegy.+Ae gquin+ie,
~sp it aegy.
51,785 1205 189 36 2 7 20 3 1 1 1 1

An. ste. — Anopheles stephensi; An. sub. — Anopheles subpictus; Cx. quin. — Culex
quinguefasciatus; Ae. aegy. — Aedes aegypti and Ae. vitt. — Aedes vittatus.

1ars it was associated with An. sub-
gictus, Cx. quinquefasciatus, Ae. aegypli
and Ae. vittatus in different combina-
dons (Table 2).

Arw stephensiis found to breed through-
out the year, with an increasing trend
roin May and reaching its peak during
July. This is followed by a decline dur-
g August and picking up from Sep-
tember,  From November till April the
declining frend continues. During this
period the increase in the number of
veri-domestic secondary foci {like the
rerrace water collection, water collec-
non in the smaller discarded tins, co-
cunut shells, ete.) enhanced the breed-
sig potential of An. stephensi in this
area. Interestingly, though there is an
merease in mosguito breeding habitats
during November, the An. stephensi
breeding declined. During the dry sea-
son, the mother foci of An. stephensi
wsight have been maintained in the
ground level cisterns like tappits, out-
side tanks and sumps.

The study indicated that An. stephensi
sould be found breeding in various habi-

tats durmg different seasons. I most
habitats this species was breeding in
various proportions during different
months, This study indicated that over-
head and underground tanks are the
major breeding sources for An.
stephensi. Though wells are supposed
to be one of the major sources of hreed-
ing, it could easily be controlled by
hioenvironmental control measures!?
using larvivorous fish. Therefore, it is
suggested that greater attention should
be given to overhead tanks, under-
ground tanks and tappits for an effec-
tive control of this vector in Dindigul
rown. The mosquito proofing of these
sources with the cooperation of Gov-
ernment agencies and community
would be rewarding for the long-lasting
control of both vector and malaria in
this area.
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Socio-economic Aspects of Malaria in
Kheda District, Gujarat

o BHATL V.S, MALAVIYA, RAJNI KANT, HLO. SRIVASTAVA,

5. K. SHARMA and V.P. SHARMA?

Study on the socio-culitural {actors and econornice toss duce 1o ¢

Preiadl i 1t

and urban areas of Kheda district, Gujaral revealed that factors such as
=ducation. prolession, income, housing pattern, social groups, waler storage
and treatment seeking behaviour play an important role in inalaria transmis-
siori. However, the difference of these components in respect to malaria cases
setween rural and urban areas were stalistically insigniticant. Mean monetary
loss per malaria episode was found (o be more in urban area (Rs. 393.59) as
~ompared to rural (Rs. 157.59). The study also suggests the importance of
sacio-cultural factors inimplementing any community health progranime. Health
education is needed to make the people aware and health conscious for preven-

yon of disease ab their own level,

Keywords: Economice toss, Malaria, Mosquito. Socio-econonue factors

INTRODUCTION

Malaria continnes 1o bhe one of the mia-
iur public health problem in India and
marty other countries. Recent outbreak
of malaria in Rajasthan, Assam, and
other northeastern states indicare the

ialaria Research Centre (Fie

id Station), Civil Hospital, Nadiad-38

severity of the probiemn desplre cun
rinuous control efforts. The complex-
ity and prevalence of the disease is gov-
erined by multiple constrainis as tech-
nical, operational and {inanciall and
thus go on inflicting heavy social and
economic losses to mankind. [t not

7 001, indhia

Malaria Research Centre, 22-Sham Nath Marg, Deibi-110 054, India.
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only causes sickness and individual
agony but also exerts extra burden on
the government. FEconomic loss due to
malaria at the time of independence
was estimated about Rs. 7500 million
a vear?,
4 community are directly related with
the problem of malaria. Low socio-
economic status of the people contrib-

utes in creating source and spread of

ma:aria and hinders disease control
strategy3. It has been reported earlier
that the prevalence, incidence and
transmission of malaria is associated
with the low income of the family, poor
housing, deficient personal hygiene, low
literacy rate, poverty and outdoor ac-
tvities after dusk?.

There are several other socio-cultural
{factors ranging from those operating at
the individual level to those at the comn-
munity level which are responsible for
the prevalence of the disease. The mag-
nitude of the problem differs from place-
{uo-place due to variation in mosguito
hreeding conditions, dwelling structures
and other developmental activities. The
present study was designed to find out
some of the socio-cultural factors which
determine the prevalence of mmalaria and
A1 attempt was made to assess the
ceonomic loss per malaria episode in a
vural and an urban area of Nadiad
raliika, Kheda during October 1993 to
December 1994,

MATERIALS AND METHODS
For the purpose of the study, seven

villages of Nadiad taluka namely,
Turidel Pij, Akhadol, Keriavi, Narsanda,

Socig-economic conditions of

201

Rajnagar and Kanjoda were selected
on the basis of annual parasite inci-
dence {AP]) of last two years. A total of
100 respondents from above mentioned
villages and 50 respondents from
Nadiad town were selected randomly
from a list of confirmed malaria cases.
Blood smears of all respondents who
had suffered from malaria during last
one year were examined either at re-
spective primary health centres (PHCs])
or at the malaria clinic of Malaria Re-
search Centre (MRC). The schedule
contained guestions regarding family
background, housing pattern, water
supply/storage, surrounding hygiene,
general health problems, knowledge
about malaria and its treatment, level
of health education, personal protec-
fion methods practised and cost in-
curred on each malaria episode. The
respondents were interviewed at their
nhouses and schedule were filled up.
Apart from collecting background in-
tormation about each sick person, as-
sessment of the expenditure which the
family had incurred on medication,
transportation and special diet, if any,
was also made. Indirect cost like wage
loss due to sickness was also calcu-
lated on the basis of information col-
lected. The loss incurred on each com-
ponent was determined by taking
means as per standard technique. Data
obtained were later processed and
analysed statistically.

RESULTS AND DISCUSSION

Salient features of the study such as
snean age of the respondent, occupants
ver house, literacy rate, mean annual



PAY A
LCOIe, per capifa income, mean
nandays lost and mean total loss per
-ase are shown in Table 1. The mean
1ge of the respondents and occupants
aer house in two areas remained more
or less same. Whereas, literacy rate
anmual income, per capita income and
:pean mandays loss were comparatively
nigher in the urban area, due to better
‘acilities and job opportunities. High
vahes of standard error in the mean
annual income of respondents and
1ouscholds indicated wide variation in
“heir income.

Ape- and sex-wise distribution of the

respondents show that age group of

:5-40 yr suffers more from malaria
»50%) in both the areas, the reason
:iay be more exposure of such popula-
on due to their diversified activities
inr livelihood/studies/business etc.
~ex-wise analysis of the data from both

INDHAN J. MALARIOL.. VOL. 33, DECEMBER 1996

the areas shows that males are more at
risk in comparison to females, may be
because the latter are better clothed,
less mobile and usually remain involved
in indoor activities. In rural area 80%
of the respondents were either illiterate
or had education up to primary levei
only and contributed maximum ma-
laria positive cases, whereas the higher
literacy rate was noticed in urban area
(44%). Although literacy rate is more
in urban area, there is increase in ma-
laria cases therehy indicating that edu-
cation alone is not all to control ma-
laria (Table 2}. Bangueroﬁ also did not
find any association between the edu-
cation level and the disease incidence
in Columbia. Analysis of respondents
in respect to their profession, income
and social groups is given in Table 3. It
was found that dependents {39.33%)
and labourers (33.33%) suffer more
from malaria. In rural area particu-

Table 1. Salient features of respondents

Rural (n =

atributes 100} Urban {n = B0)
Mean age (yr]

Respondent 26.8+1.4" 28.6+11.9
iouseholds 25.5+0.7 24 3+0.9

Mean persons/house 4.8+0.1 5.1+0.2

Lueracy rate (Vo) 61.7 67.6

Mean annual income (Rs.)
sespondents
Sicuseholds

Ser capita income {Rs.)

3172.77+323.52
12166.19+1141.12
2545.22+150.30

8755.28+1471.0
30480.00+4089.75
5953.1242680.57

Mean +SE.
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Table 2. Per cent distribution of respondents by sex, age and literacy as per their
place of residence

L34

Area

Age Education*
Male Female <14 15-40 >40 - Pri- Sec-  Grad-
trate mary ondary uate

Rural 60 40 20 62 18 33 47 20 -
n=100
Urban 56 44 22 58 20 28 28 38 6
(n=50) ) e
Mean 58.8 41.3 206 606 186 31.3 40.6  26.0 2.0

*t-3.571, df-1, p>0.05: 71-2.039, df-2, p>0.05; *1-1.498, df-3, p>0.05.

Tahle 3. Per cent distribution of respondents in respect of profession, income and
social groups

Area Profession” Arnual income™ (Rs. in ,000) Social groups*

Far- Lab- Ser- Busi- Depen-

<}0 10-30 30-B0 Depen-

SC OBC Other

Mers ourers vice ness denis dents castes
Rural 8 42 - 13 37 58 5 0 37 15 69 16
=100
Urbarnr 2 16 26 12 44 24 24 8 44 36 52 12
Mean 6.0 33.3 86 126 39.3 46.6 11.3 2.6 39.3 22.0 63.3 14.6

1,319, di-4, p>0.05; T1-1.026, df-3, p>0.05; *t-1.217, df—Z:p>0.05.

larly the labour population is at higher
risk of malaria due to their outdoor
sleeping habits, sleeping without mos-
quito nets or any other protective de-
vices, frequent movement and inad-
equate treatment. Similar observations
were dalso made in studies carried out
elsewhere® 2. However, t-test did not
reveal any significant difference in the
distribution of malaria cases between
rural and urban areas. In hoth the
areas b8% malaria cases were in lower

income group, it may be due to
unthygienic living conditions and lack
of knowledge regarding the disease.
Pinikahana!® found that insufficient
knowledge of malaria ainong the people
played a major role in high malaria
fransmission in an irrigation project in
Sri Lanka. Whereas, Mata? reported
poor housing and deficient personal
hygiene as one of the most important
socio-cultural factors responsible for
malaria transmission. Maximum num-
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er of positive cases were {rom other
sackward classes in both the areas,
whereas socic-economically upper
castes had very low malaria incidence.
“dowever, there was no significant dif-
rerence i the distribution of malaria
cases hetween rural and urban area in
sespect 1o these atiributes (p>0.05).

Orwelling detalls of the respondents in

Jdicate that in rural area about 80% of
‘e honses are mud-plastered in con-
‘rast to urban area, where 78% houses
ire either partly or completely ce-
gented. The mud houses are often
pentioned as a drawback in the con-
venitional alaria control programrne
using insecticides because of the prac-

e Rural (= 100} U — Urban (= 50}

VOl 33, DECEMBER 1996

only one or two rooins and one door,
contributes more malaria cases, in con-
rrast to those with more rooms and
doors (Table 4). In rural area >75%
houses had no ventilation and contrib-
uted substantial malaria cases due to
darkness and provide better resting
places for mosquitoes thereby increas-
ing the possibility of man-mosquito con-
tact. In urban area there was no sig-
nificant association of the occurrence
of malaria with ventilation. Benguero®
also did not find any relationship be-
tween the degree of completion of house
{roof, walls, windows, doors} and ma-
laria incidence. Similarly, there was no
correlation between separate kifchen
and number of malaria cases in both

“ice of mud-plastering soon after rhe areas. The population living in
sprave ', 1t appears that houses with close association with cattle {mixed
fable 4. Pey cent dwelling details of respondents
fouses Area % Rooms Doors Windows Venii- Separate  Mixed
F5H0) e lator  kitchen  dwelling

1 2 3+ 1 2 3+
it R 57 34 18 5 5H1 6 0 6 4 9 15
iastered
U 22 18 2 2 15 4 2 22 3 4 0
Y Uy No230 4 15 4 ! 10 3 L2 5
ceineTed
23022 80 24 10D 28 i i
< 2 2 8 L 7 3 15 13 3 3
R
S 3218 20 vior2 24 34 35 4
100 40 41 19 73 20 7 21 23 36 26
RSTESE
0 HBL 260 220 Bd M
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Table 5. Source of water supply, storage and surrounding hygiene

Water % Method % Surroun- Y%
supply T of e — ding

R U storage R U R U
Piped 72 92 Buckets 31 30 Hygienic 81 64
water Drums 3 4

Tanks 6 28 Unhvgienic 19 36
28 3 50 38

Well Cislerns

R — Rural (n = 100}); U — Urban {n = 50); ¥*-5.18, df-1, p<0.05.

dwelling) showed less tncidence of mia-
laria due to zooprophylaxis of vector
mosquitoes as both vectors An. culici-
facies and An. stephenst predominantly
hite cattle!2. This trend is more appar-
ent in rural areas in comparison fo
urban areas as cattle population is usu-
ally scanty in urban areas.

Detail about the water supply, storage
and surrounding hygiene in rural and
urban areas and their relationship with
the occurrence of malaria is given in
Table 5. In both rural as well as urban
areas most of the houses receive inter-
mittent piped water supply due to which
there is a tendency to store water in
domestic containers particularly in cis-
terns, ranks and mud pots, which pro-
vide acdditional mosquito breeding po
tential and enhance risk of malaria ii
not properly covered. It was observed
that water storage containers like cis-
terns were found inore in rural area
(60%), whereas, cisterns (38%) and
taritks {28%) were more in urban area.
I certain situations particularly in ru-
ral areas, in presence of numerous peri-
domestic mosquito breeding sources
such as river, ponds, wells, canal,

dranis and rice delds, surrounding hy-
giene does notl play any significant role
in the transmission of malaria {199%),
however, in absence of said habitats in
urhan area surrounding hygiene seemns
to play an important role in disease
transinission (36%;).

More than 55% respondents in both
the areas were of the opinion that ma-
taria fever comes at every alternate day.
Delayed treatient seeking behaviour
was observed in both the areas and
very less munber of patients took treat-
ment on Day 0 which may be one of the
important factors for morbidity. People
nsually take treatment after two days
in both the areas. Maximum number
ol patients recovered from malaria on
Day 4, whereas this tiine lag was more
in urban area (>5 days). Early treat-
ment was sought by respondents in
rural area (inean davs 2.4} than urban
respondents (inean days 3.3} which re-
sulted in early recovery from malaria in
the former {Table 6).

mn rural arca thore is a regular surveil-
lance mechanism under the primary
health care system and therefore most
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Tahle 6. Knowledge on occurrence of fever, treatment and recovery

Ceurrence £ %)
0 3 e+ e e et
jever R

Treatment

S taken
18 on Day

Dadly 44

Alternate ab
iy

oo Rural {n = 100
(2-19.22, di-1, p<0.001.

LS i wages
Patient
Ariendent

EApeiines on
Treatment
travel
special diet

e foss

Fotal loss per episode

Marndays lost

Patient
vtendent

34 0

13
66 2
3

% Recovered %o
—— - from
R U malaria Day] R i

12 14 1 1
8 16 2 18 4

14 24 4 ,
18 22 >5 39 76
i8 24

}. U — Urban (n = 30): y>-1.38. df-1. p>0.05; ¥>-6.55, df-4. p>0.05;

Tahle 7. Economic loss’ due to malaria

Rural

Urban ~value

65.85+7.4

29.85+3.3

43.73+9.2
9.10+3.2

5.34+1.2

81.52+26.2 3.3086. p<0.01
19.9046.0 2.21%, p<0.01

235.24+76.2 1.909, p<0.05
13.0442.7 {1,696, p>0.05
36.69+9.9 0.038, p>0.05

7.20+1.0 2.146, p<0.05

157.97+25 .4

7.0+0.8
5.040 .4

Mean+SE.

o the waiaria cases are detected and
treated in short duration and thus
winimizes the expenditure on consul-
wation, medicine, transport, labora-

sy

ek

wory test ete. In urban area, periph-
al surveillance, practice of self medi-

cation, clinical diagnosis and inad-

393.59+122.04 6.420, p<0.01

Q.0+1.2
5.0+1.1 -

equate treatinent of the disease may
be some of the reasons for the delayed
reCovery.

Economic loss on each malaria epi-
sode was calculated and is given in
Table 7. Mean monetary loss due to
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malara was observed more than doubie
11 urban respondents {Rs. 393.59} as
compared to rural (Rs. 157.97]. Simi-
tarly, loss in wages, treatment, special
diet and mean mandays loss of the pa-
tientts were higher inn urban area except
toss in helper's wage due to less mimn-
ber of employed helpers in urban area
i20%]} as compared fo rural area {66%]).
A significant difference was observed
between rural and urban areas in break.
1ip of all the components except travel-
ling and special diet, Sharma et al.!!
found average total expenditure of Rs.
73.0 on each malaria episode in the
villages of Nadiad faluka during dem-
onstration of bicenvironmental control
of malaria. This was in comparison to
that of Rs. 151.0 in control area. If
rhese figures are multiplied by the total
i1

tnnber of reported malaria cases in
the courntry, the statistics may present
a rorrect picture of losses incurred by
the conntry on malaria. Rav!3 reported
that economic loss to the cormmunity
an aceount of loss of wages alone as
per the population and the wage scale
»f that time would have reached a stag-
gering level of Rs. 7350 million per vear.
He also reported that the average num-
ber of working davs lost per man per
vear was about 15 days hecause of dis-
ahility during primary attacks, relapse
and re-infections.  This was an ex-
rremely modest estimate as in hyper-
and meso-endemic areas the number
of sick days are usually more.

The present investigaiion suggests thar
consideration of socio-cultural factors
is pre-requisife for practising any com-

207

imuiity health prograsume. Thereiore,
it is of paramount importance to dis-
serminate the knowledge on prevention
of malaria thronugh health education at
grass root level and make the people
aware and health conscious so that
they can take care of themselves by
reducing the mosquito breeding sources
and promptly getting their blood tested
im case of fever. Such individual ap-
proach will pave way for community
participation in disease vector control
programine.  When comnnunities are
involved the operational cost of controf
progranune reduces, thus judicious re-
sourece utilization will result in all round
prosperity and economic development
of the country.
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Role of Biological Agents for the Control of
Mosquito Breeding in Rice Fields

RASNE KANT, .00 PANDEYY aid 5.8, 5

Keywords: Azollu, Biocide, Mosyuiwoes,

hitensive agricuinvre coupied with il
pianned irrigation system, have
changed the micro- and imacro-climatic
conditions which are responsible for
the increased mosqguitogenic potential
and rise in the incidence of certain vee-
ror-borne discases. Rice is one of the
most important food erops and primary
staple diet for many. Itis cultivared on
iarge-scale throughout India and arca
under paddy cultivation is expecied to
grow more due fo increasing popula-
tion.  Vast surlace area of rice fields
and constant long standing water cre-

Walaria Research Centre (Field Station). Civil Hospital, Nadiad-387 001, india.

“Christ Church College. Kanpur-208 001, Indiuw.

HARMA

Rive fields

Aes Avetraoie breeding sites Jor tpany
species of mosquitoes including some
iaportant vectors of malaria and Japa-
nese encephalitis’ . To control mos-
quito breeding in rice fields was the
nain agenda in post-resurgence period.
Control of adult mosquitoes with re-
sidual insccticides has been unsatis-
tactory due to insecticide resistance,
homan refusals to spraving and envi-
rotental considerations. In view of
this, an atieinpt was made fo evaluate
three biological agents namely, Azolla.
Poecilia reticulata and biocide for the
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control of nosquito breeding in rice
ields.

Small-scale field trials were conducted
during 1989-90 in growing rice fields
vegetative growth phase of the crop) in
a predominantly rice cultivating village
of Kheda district, Gujarat. Rice fields
selected were near the canal network,
when breeding of Anopheles culicifacies
and An. subpictus was high and plant
neight was around 20-40 cm. Due to
scepage from canal, water depth in
shese fields remained more or less 10
- and pH ranged between 7 and 7.5.
Three biological agents namely, aquatic
tern {Azolla pinnata), larvivorous fish

{Poecilia reticulata] and biocide (Bacil-
lus sphaericus 1593} were applied in
three different rice fields of about 100
sq m area. Azolla was obtained from
Gujarat Agricultural University, Anand
and was applied @ 150 g/sq m {wet
weight). Since the growth of Azolla is
influenced by seasonal changes, its im-
pact on mosquito breeding was observed
in both monsoon as well as non-mon-
soon crops. Poecilia reticulata was col-
lected from local ponds and was intro-
duced in rice fields @ 5-10 fish/sq m.
Formulation of B, sphaericus was ob-
tained from Central Drug Research In-
stitute, Lucknow and was applied @ 5
g/sq m in each rice field. The larval
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and pupal density in all the fields was
monitored by using a standard dipper
(3.5 cm diam and 300 ml capacity).
During the evaluation of biological
agents in rice fields, no agrochemicals
were applied. Fields treated with Azolla
and larvivorous fish were monitored up
to VIII and XlI weeks respectively,
whereas biocide treated plots were
monitored on Days 0, 1, 2, 3,7, 14, 2}
and 28. Larval density was also moni-
tored from three identical untreated
control plots for comparison. Per cent
reduction in larval density of biocide
treated fields was calculated as per the
formula of Mulla et al®. Results were
analvzed statistically by applving stu-
dent r-test.

Mosquito breeding in the rice agroeco-
systemn of Kheda district and their sea-
sonal abundance in relation to the
height of plants have already been re-

orted earlier®-®, Evaluation of biologi-
ported earlier®®. Ivaluation of biologi
cal agents for the conirol of inosquito

N
o

breeding in rice fields showed that,
Azolla application controlled mosquito
hreeding to a great extent (Fig. 1). Lar-
val densities in Azolla treated rice fields
were recorded below 2 larvae per dip,
whereas in contro! fields densities re-
mained high and f{luctuated from 2-14
larvae per dip during monsoon and 0.6-
12 larvae per dip during non-monsoon
period (Table 1). Statistical analysis of
data showed significantly lower larval
densities in experimental fields than
those in the control rice fields {t = 3.79
and 4.18; df = 14; p<0.01, for monsoon
and non-monseon crops, respectively),
Thus, Azolla was quite effective in con-
trolling the mosquite breeding in rice
ficlds.

Slight increase 1 larval densities dur-
ing monsoon in Azoila applied rice fields
was due to intermittent rain which dis-
furbed the layer of Azolla. Patches
developed due to disturbance caused
by the movement of insects and ani-

Table 1. Efficacy of Azolla on mosguito breeding in rice felds

Weeks Monsoon crop

{Larval density/dip}
Is,xpzm merntal
i 1.75 2.10
B 074 5.46
i .50 3.47
A% .93 5.10
Y 134 G.60
k%! 0.2 B.47
Vil 1.29 5.62

Wil 150 14.84

1=3.7%and 4.18, di =

Control

NONM-monsoon crop
{Larval density/dip)

“®Bxperimental  Control
0.20 0.60
0.10 2.77
0.10 12.75
0.45 3.65
0.60 7.40
5.20 5.70
0.07 10,40

6.00

010

14, p < 0.0} for monsoon and non-morsoon crops, respectively.
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mals also facilitated oviposition resuit-
ing in increased mosquito breeding. The
suppressing effect of Azolla on mos-
gquito breeding has been reported ear-
tier’ 8. Besides providing mechanical
harrier to mosquitoes for ovipesition, it
aiso act as an efficient biofertilizer be-
cause of the symbiotic relationship with
biue green algae (Anabaena azollae)
which fixes the atmospheric nitrogen®.

After fhe niroduction of Peecilia
seticudata (guppy) in rice fields larval
densities declined from 8 to 2 larvae
per dip and was maintained up to 8
weeks. Thereafter, it increased because

. Control
{5 N
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of the appearance of aguatic vegetation
such as algae, Marsilea, Ipomea etc.
which restricted the movement of the
fishes. On the other hand the rice
fields without fish had more or less the
static larval densities with occasional
fluctuations (Fig. 2}. Statistical analy-
sis also showed a significant difference
in larval densities in experimental
and control fields {t = 3.87, df = 22,
p < 0.01).

Sharma et al. 'V found considerabie re-
duction in the larval densities while
using indigenous larvivorous fish in
Kheda district, Gujarat. Nalim and

S - : /
‘E \\ \¥ /"
> ; o~
oamh L . __/
E N .
= 10 1
D i :
R |
T o\ f
A Experimental |
o 3 N
; \ \
y ,)/"5\"\» R— Ju-——‘._a/ f
b a e d e
S i . S
1 2 3 4 5 6 7 8 1 10 11 12
Weeks

Fig. 2 Impact ol £, reticiiaie onomosgutto breeding in rice

fields
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Fig. 3: Etfect of B. sphaericus against mosquito larvae {11l and

IV instan)

Tribuwono!! observed good efficacy of
£ reticudata in paddy fields and a dras-
tic decline in the numnber of malaria
cases. Mosquito fish Gambusia affinis
has also been evaluated to control mos-
gquito breeding in rice fields!2.

Larval densities in biocide treated rice
tields were reduced by 70% during the
first week of application i.e., from 33.5
te 10.5 larvae per dip (Fig. 3). The
reduction in subsequent weeks was
siow, however there was no clear re-
duction in larval densities in control
fields (Table 2). However the differ-
ences were statistically non-signiticant

Table 2. Efficacy of biocide (B. sphaericus)
on mosguito breeding in rice fields

Days Larval density/dip

Experimental Control

0 33.50 9.40

1 15.50 8.40

2 14.50 16.10

3 13.37 17.35

7 10.50 24.15
14 9.90 17.70
21 65.10 11.65
28 5.25 5.85

t=0.06, dI' = 14, p > 0.05.
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{t = 0.06, df = 14, p > 0.05). Although
the larvicidal activity of B. sphaericus
and B. thuringiensis!3 has been dem-
onstrated earlier, their efficacy seems
to be governed more by the prevailing
conditions of the habitat and varies
from strain to strain and type of for-
rulation.

Thus, under optimum field conditions,
all three agents namely, Azolla,
tarvivorous fish and biocide were found
guite eftective in suppressing the mos-
quito Jarval densities.  However, bio
logical agents have certain limitations
~55.. Azolla cannot withstand high temn-
serature and starts dying as summer
approaches. Receding water level re-
sults in the formation of patches in the
azolla layer which provide support for
‘nusquito proliferation, however on fur-
“fer flooding it tends to regain its effi-
aev by forming a uniform layer in few
cavs i water level is maintained. In
rields with rapid drving up conditions
tite use of fish may not produce the
Jdesired results as formation ol pool,
aatches and puddles creates problems
or their survival and movement. Ap-
searance of thick aqualtic vegetation on
water surface in later part of rice crop
Hso restricts movement of fish and
‘hereby the predation of mosquito lar-
vae,  Efficacy of biocide is also influ-
cuced by several abiotic and biotic fac-
“ors such as organic and inorganic pol-
adants, surface vegetation, water depth
¢, of the habitat and varies in differ-
-1t cases. Therefore, large-scale trials
cader different ecological situations

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

with greater geographical reconnais-
sance are needed.
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INDIAN ANOPHELINES

by

B.N. NAGPAL @ V.P. SHARMA

indian Ancphelines is the first

book of its kind on the fauna of

anopheline mosquitoes from India.

INDIAN The book assumes special impor-

* A\ tance because of the deteriorating
KJXNO‘MI‘J;INI’M% malaria situation in India, com-
plicated by vector resisfance to in-
secticides, ecological succession of
mosquitoes, invasion of mosqui-
toes to new areas, as also their
disappearance from certain areas.
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