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Feasibility of IHA and ELISA in Seroepidemiology of

Malaria

RAMESH KUMAR', 5.0, RAOZ M A, ANSARL?, R K. RAZDAN ¢ A, SRIVASTAVA? and

V.P. SHARMA*

The THA amd ELISA 1ests were assessed for theer suitability for serogpidemiological studies in malaria. The
1HA test was dome using antigen prepared from blood abtained fram 2. knowlesi infected monkeys. For
ELISA. in virrg cultivated P. faleiparwn served us 1he source of untigen. The hload samples were collected on
filier pupes from three different areus with known high, medtunt and tow prevalence of malarial infection.
trom each area sionples were collecied in vhe non-transmission season as well during peak transmisston of £.
vivax and P, faleiparum The resubis indicate that both the IHA and ELISA mean iitres correlate well with
5PR in the non-transmission period. Such a correlation is lacking in other periods. The expected age-retaled
increase in antthody titres was evident only with ELISA and not IHA. In the peak transmission period of 2.
vivaxand £, falciparwn, the antibody litres were lower thun in the non-transmission period, in areas with high
prevalenwe of malurial infection. The significance of findings in relation 1o (he seroepidemiology of malariais

Jdiscussed.

INTRODUCTION

Lo order to evaluate 1he role of seroepidemiology
in malaria detection. we have carried out Indirect
Haemagglutination test (JHA) and Enzyme
Linked Immunosorbent Assay (ELISA) in sa-
mples collected from three different locahiies
around Delhi. This presentation describes our
resudts.

MATERJAL AND METHODS

The number of samples tesied by THA and
ELISA from three Incalities around Delhi is
Aceepted for publication: B buly 1986,

' Depariment of Microbinlogy

Al India 1nstitute of Medical Sciences

Ansarl Nagar, New Delhi-1 10029, India
* Malaria Reszarch Centre

12 Shunn Nath Murp. Dethi-10034. Indiu

shown in Table 1 The lirst survey wis carried out
during the non-transmission season  {Feb-
ruary-March, 1984, second during the peak
transmission of P wivar (August-Sepiember,
1984), and the third during the peak transmission
of P. falciparwn {November—December, 1984).
The three areas were chosen due to the known
differences in the incidence of malarial infections.
Sonepat having the lowest slide parasite rate and
(ihaziabad ihe highest.

The samples were collected by finger prick on
No. 3 Whatman [ilter paper so as to completely
fill a circle of 1.5cm diameter, by a team of field
workers under the supervision of the Malaria
Research Centre. Simultaneously, thick and thin
blood smears were prepared. The filter papers as
well as the smears were labelled, air dried and
pavked separately. A detailed proforma contain-
ing information such as age. sex, socio-economic
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Tabie t. Samples collected from different localities around Delhi For seroepidemiology of malaria

Fowvality

Pretrunsmission
lirst survey
Sonepat ELISA (2241)

[HA (2476)
ELISA (2498)
IHA (2465)
ELISA (2477)

LT ik

Cihaszzabang

Figures in parentheses indicate the number ol sumples tesled.

stadus. fstory of fever eto. pertaning to cach
case was flled up. The proformas and the shides
weic transported to MROC. where (he shides were
sctitied and examined for e presence of malana
DRLIESH S,

trmdtngs were entered in the proforma. The
samples were transposted to the ATEMS, where
they were stored at 20°C unuil tested. The
sesitlts of serological 1est were communicated 1o
e MRC and entered in the proformas. The daia
wits anabysed at the computer centre at MRO

S eadmniations could not be carried om
during the third survey, THA test could not he
done on samples collected from Sonepat during
ihie [irst survey. The THA test during the second
survey was carried out at the CDRI. Lucknow,

The FHA test was done according o the method
-ecommended by Aparwal ef of. (1982). The
aaiigen was prepared at CDRE Lucknow from
Rheaus monkeys nfected with 2 knowlind
Ulutaraldehyde preserved human O group cells
were fanned and sensifized with optimal diiuiion
47 the antigen. The test was carried oul in
aicrotitre plates. The serum was eluted from the
fler pupers for B2 hus. al room temperisure. ¥
wits diluted serially in a row of wells in the
aderotitre plates (U bottom) and sensitized vells
wore added. Alter nixing thoroughiy. the plates
wore Jef? at room temperature for 3 hirs. and then
svermight at 40, The ttre was expressed as the

P. fideiparum peak
third survey

P vivax peak
second survey
IHA {998)
ELISA ¢1aa1)
THA (1614
ELISA (999}
VA (3N
ELISA (997

(HA (4957)
(A (4974)

[HA {4990}

reciprocal of the highest dilution giving a cleer
509 agglutination.

ELISA was performed according to the method
duscribed by Voller (1975). Briefly. the antigen
was an ultrasonic lysate of schizont rich in vitro
culture of P falciparum. The immunolon 11
microehisa plates {Dynulech. Singapore} were
sensitized with optimal dilution of the antigen
overnight at 4°C. Positive and negative conirol
sera is well as test sampies ¢ilter paper elutes) at
1100 dilution were put in duplicate wells and the
plates incubated atd C overnight. After washing,
conjugate {anti-hwman 1gG-HR P eonjugate) was
added at optimal dilution 1o aff the weils. The
plates were incubated i1 room tzmperatare for
5 hrs. After washing. substrate (orthophenyline-
diamine) was added and after 30 min, the re-
action was stopped with H 50, The O.D.
readings were tauken ut 492 nm. The results were
expressed i units (The positive standard serum
wits ussumed 1o have 100 units of antthody per
sstil

RESLLTS

The mean utee of anitbodies, per ceni sodividuais
positive for antibodies { = 1732 titre for IHA test
and =10 unitsfor ELISA)Y. and the slide parasite
rate (SPR) for three localities wi different surveys
1sshawnin Fig. 1. During the first survey. carried
out during the non-transmission period. the
mean antibody tire s well us the per cemt
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Fig. ¢- Vhe mean antibudy titres, and the per cent individuals positive by [HA und

R1ISA tests in the sumples collecied from Sonepat, Gurgaon and Ghaziabad

aml thetr correlation with SPR.

t Swnples collected during non (ransmission season.
11 Samples collecied duwring peak transmission of P vivax.
1t Samples collecied during peak iransmission of P faleiparien.

individuals positive for antibodies showed a
good corrglation with SPR_ in both the FHA and
FLISA. During the second survey carried out
during the peak transmission period of P vivex,
only the THA test was done. The titre of anti-
hodies was much lower in comparison to the
non-transmission period. Furthermore. the anti-
body titres had no verrelation with the SPR.
During the 1hird survey carried out during the

peik transmission of P fafciparum. in THA test
ihe antibodies increased over the Znd survey
levels and reached the first survey level in Gha-
ztabad but remained low in Gurgaon. [n ELISA
test. during the third survey. the antibodies were
higher in Soncpat. and lower in Gurgaon and
(yhaziabad in comparison Lo thefirst survey. The
slides were nat examined during the third survey.
but there was no correlation between the THA or
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Fig. 2 Age distnbution of THA and LA amibodies in samples coblecied fham
Sonepat. Gurgion and CGhaziabid during the non-fransmission period and

therr correlation wil STR,

ELISA iniibodies and the known prevalence of
mularit in the three Jocalities under investigation,

in Gurgaon and Ghaziabad trom where the
rosults of THA as well as ELISA wre avaluble
irom the first and third surveys. a comparison
hetween the two tests is shown in Tuble 2. Several
more individuals were positive by ELISA than by
IHA during the first survey in Gurgaon as well as
Ghaziabad. the difference being statistically sig-
nificant. During the third survey. there was afall
v the proportion of persons positive for ani-
hodies in both the areas in both the tests i

comparison W the st survey. However, the
extenc ol the il was much more marked in
ELISA m comparison to THEA test in both the
arcas. Due to a much higher 1alf in CLISAL the
ditfercuce beiween (he 1w lests (e, THA and
FLISA) during the 3rd survey was abolished in
Gurgzion and was revensed 1 Ghazisbad. wath
saveril more persons pasitive Tor THA than in
FLISA.

The age rehaed anubody titres during the first
survey. per venl individuals positive in each uge
group uand the SPR are shown in Fig. 2 Aslar as
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Yable 2. Comparison between THA and ELISA in the serology of malaria

Lovcality

First survey
Pasinive Negalive

urgaon

iHA 974 Fsi2

ELESA 118D 131
Gihaziabad

THA 1238 F167

ILISA 1338 Qiq

Figures indivate the number of individuals
Positjve: =132 ritre Tor THA annlbodies
210 umits for FLISA anitbodies

N5 N significan

the THA test is concerned, the anitbodies did nol
show any age-related variation. In ELISA. ho-
wever, there was an increase in the antibodies
with increasing upe in ull the three areas. The
SPR wus not different in different age groups
{similar results were obtained during the second
and third surveys: unpublished daia).

There was no sex-relaied difference in antibodies
in any of the areas by any of the two tests. and in
SPR. Similarly no correlation of antibodies was
seen with socio-economic status or with history
of fever, and SPR was stmilar in all these
subgroups.

DISCUSSION

The present study was Jdesigned to assess the
feasibility of serological investigations for epide-
miological purposes in malana. Three areas were
chosen around Delhi e, Sonepat, Gurgaon and
Ghaziabad with known low, medium and high
prevalence rates of malaria respectively, From
each arcu. samples were collecled during the
months of February/March (non-ransmission
season). August/September (peak transmission
of P. vivax) and November/December (peak

b

Third survey

X2 Pasitive

Negative X?
35t Tah

48 0042

pooSO NS
52 4T
518 473

55.00 093

p <0001 p - <000

119 578

transmission of P faiciparim). Two serological
procedures ie., (IHA) using aniigen prepared
from P knewlesi and BLISA using in vitro grown
P. falciparum antigen were evaluated.

The results indicated that. during the non-
trunsmission season. both the IHA and ELISA
meun Utres correlated well with SPR. However.
such a correlation was lacking during the other
periods.

The THA anubodies were equally distibuted in
different age groups. in contrast, the ELISA
antibadies showed a very definite trend towards
age-related increase m the titres. Since maluria
antibodies in a populanon reflect a cumulative
cxperience of exposure (0 the parasiie over the
previous years, an sge-rckited increase in the
litre is to be expected. Lack of such a correlation
indicates unsuitabifity of P knawdesi antigen for
such studies. The ELISA resubts, employing P,
Jaleiparum antigen. however. gave desired re-
sults.

During the second survey vconducted ar the
peitk  transmisston period  of Povivax
(August-September). only haemagghstination



%) INDIAN J. MALARIOL.. VOL. 23, DECEMBER 19386

test was carned oul. At this stage, the titres of
malarial antibodies were found to be lower in
comparison 1o the titres in non-transmission
seasartt und did not correlate with SPR. During
the peak lransmission of P. falciparien also (third
survey) the antibody titres were low in com-
parison to the ttres during the [irsi survey. and
o correfation was seen with known prevalence
of malaria infection (SPR was not determined
during the third survey). We believe that, with an
origaing extensive transmission of malarial para-
site. the antibodies would be adsorbed ut a rale
fastes than they arc produced, which explains
these observations. If such be the case, it is
zxpected that a specific antigen would show a
more pronounced fall in antibody tilre than 2
non-specific antigen. A reference (0 Table 2
shows that such was the case. The table aiso
shows that, during the first survey, the per vent
individuals positive for anlibodies was more with
HLISA than THA test.

it 15 to be noted that, the absorption of anti-
hodies would occur only in areas with high
ransmission of malana, as in Gurgaon and
(ihaziabad. With very low transmission, such as
in Sonepal, the ELISA antibodies actually in-
creased during the third survey in comparison
wy the first survey (FEHA test was not done in
Sonepat during the first survey).

These indings indicate that serological methods
cin be relied wpon for indicuting prevalence of
aularid in a community. For this purpose,
blood sumples shouald be collected during the
ten-transmission period. A procedure employ-
ing o homelogous (P falciparemiP.  vivax)

antigen is likely to give more reliable infor-
mation. Perhaps, even {iner distinctions may be
feasible after more extensive studies are carried
out, particularly in the younger age groups.

Furthermore, the effect ol cortrol measuares on
transmission of malaria is aiso rellected in the
serologival parameters. With extensive trans-
mission of the parusite. the antibody levels
would fall during the peak transmission season.
In other areas, with low prevalence rates of
malaria. the antihodies will increase during the
peak transmission season. Thus serology, spe-
cially ELISA, may be very useful for epide-
miological purposes in this country.

There s a need for o serological test to be able wo
distinguish between P. falciparum and P. vivax
infections and their respective prevalence in a
community. This must await availability of the
specific antigens of the two parasiles at a future
date.

tois suggested that ELISA. and i possible
indirect Immunofluorescence tests. should be
studied more extensively to evolve reliable se-
rological parameters of malaria endemicity,
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An Adaptation of the Gel Diffusion Technique for
Identifying the Source of Mosquito Blood meals

R.T.OCALLINS. BK. DASH RS AGARWALA ' und K. B. DHAL?

A madified gel diusion iechnigue bas been desigoed wiich anly requires a very simple field laboratony far
implemeniasion. This methed offers i capid. uncomplicated und inexpenzive way (o determine locully Lhe
arigin of mosguito blood meals. Severalinheren ! drawbacks whivh oceur when smears ire sent abroud for
provessing are alleviated or avoided. These include the necessity of atempting (o forecast annual
serelogical needs within u prescribed ration of blood smears and delayed feedback of results which ofien
takes several months. Moresver. any error or deficiency in implementing the technigue locally becomes o
self-contained difficuliy which van be addressed wnd vorrected prompily. By this method it is possible 10
take advantage of even fleeting seasonal phenomena such as limited intervals of intense malaria
transini stant ind abbreviated peaks of population density which characterize some species.

INTRODUCTION

tndoor-resting collections are by tar the mast
productive routing capiure technigues being
reporied by three enlomological field units
working in Orissa Staic, India, Typically, in all
10 study villages being surveyed. houses and
caltlesheds are in very close proximity, [re-
guently sharing the same rool. This situation
provides foraging mosguitoes with ample op-
portunity to feed on cattle inside their sheds or
outdoors and to subsequently enter human
dwellings for harbourage, or vice versa. Therc-
fore, regardless of the bictupe in which a
mosquito has been caught. it is essential o

Aceepted for publication: % Oclober 1986,
tPOCT Zane 11T (A)Y Plag No. 24
Suhid Nagar. Bhubaneswar- 751007, Orissa, Tndia,
tuiate Forensic Svience Laboralory.
Resulgarl. Bhubaneswar. Orissat. Indie.

kuow the Rost o hasts apen which the mos-
quito has actually fed before un accurate assess-
ment can be made of the aeliological signific-
ance of such culches.

11 was devided :hat it would be preferable if a
iocal means couid be found for determining the
origin of mosquite blood meals. A subsequent
search reveuled that the State Forensic Labo-
vatory of the Orissa Police Department. Bhuba-
neswar, wis using a gel diffusion technique to
wentify the origin of blood stains {or criminal
investipations. In order 1o ascertain whether or
not thetr method would satisfy our require-
ments, the Forensic Laboratory authorities ag-
reed 1o process several mosquito blood smears
which had been made on filter paper by the staff
of our field units. The host blood of the several
smears submitted were known 1o us, but not to
the luboratory workers. As the results of these
known smears tested by the Forensic Labo-
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ratory proved accurale, it was decided 10 eslab-
lish our own laboratory in arder to adapt the
technique specifically for processing mosquito
blood smeuars. Three laberatory technicians
were given one week of training in gel diffusion
methodology by the Forensic Laboratory stafl.
Meanwhile supplies of human and cow antisera
and of normal rabbit sera were obtained from
the Serotogist to the Government of India in
Caleutta. A small room was set up as a modest
taboratory and after completing the training
vourse. one of the laboratory techmicians was
assigned to perform gel diffusion tests as his
primary duty.

MATERIAL AND METHODS

fn the gel dfusion technigue, antisera and
controf sera are introduced into certain wells cut
into an agarose gel layer which covers the upper
surface of a glass shde. Adjacent wells are then
filled with saline extracts of antigen 10 be tested
and the fluids from all welis diffuse gradually
through the gel towards one another in ous-
wardly extending circles. similar to those seen
when o small stone is thrown into the centre of a
quiet pool. When an antiserum corresponds and
reacts specifically to an antigen against which it
is being tested, a white precipitin band forms a
the interface. If the titres of the antigen and the
antiserum are in balance, the band materializes
41 or neay the halfway point between the two
wells involved. If not, the band forms nearer or
tnside the well which contains weaker titre.

The gel diffusion technique was modifted 1n
order to suit the particular requirements. In-
stially. the smears are screened only against cow
and human antisera. Technical justifications for
this are meniioned below. Operationally. by
vonfining the lests to two hosts, it was possible
1o design a testing pattern which is fast. efficient
and inexpensive Lo implement. With this design.
saline extracts of at least 16 blood smears can be
processed on a 2.5 < 7.6em glass shide (cur-
rently the number has been increased to 25

smedrs by employing glass slides {0cm long).
Each antigen extract is exposed to primate and
bovine antisera and is also subjected to normat
rabbitcontrol sera. In addition Lo the positive or
negative reactions, a side benefit is obtained
wherever two adjacent antisera wells are po-
silive to the same anligen. In this case. the
double diffusion in two dimensions (Cuchter-
lony procedure) may reveal reactions of identity
or partial identity by the presence or absence of
a spur where {he positive bands meet (Humph-
rey & White, 1970).

The materials and procedures used lor perfor-
ming the gel diffusion technigue include those
required for precoating and layering the gel on
the slides, cutting wells in the gel and finally
loading the wells with antigen extracts, antisera
and control sera. Delails of the method used
in currying out these procedures are given
below.

Precoating

Precoating the slides ensures that a lirm grip wils
be maintained on the gel overlay so thatitis not
detached by the suction punching device used to
cut out the wells. The precoating material
consists of 50% barbilurate huffer (pH 8.6).
49.8% distilled water and 0.2 agarose. This
mixture is heated in a water bath until the
solution becomes clear. The slides are then
precoated by dipping them into this soluiion
and standing them on end to dry. Any unused
solution is protected against fungus by adding |
il of mertiiolate to it. stoppering the container
and storing it in a refrigerator at about 4°C. For
re-use, the solution s removed {rom the re-
frigerator, reheated and applied as before.

(el layering

A high-grade agar such as agarose which is used
far electrophoresis gives much clearer results
that agar-agar. Sufficient agarose (0.9g} is
added to 99.1 ml of pH 8.6 barbiturate buffer
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solution to provide 100 mi of €.9%; agarose. This
liquid is heated in a water bath until it becomes
clear. Then 3 mi are wken up in a graduated
pipette and are released in the centre of a
1.5~ 7.6cm glass slide which has been placed
on i levelled surface. After each slide has bheen
Hooded., 1t s ailowed to cool at ambient tem-
perature for at least five minutes. The pel-
layered slides are then placed in a small moist
chamber to which a drop or two of merthiolate
muy be added and the chamber is placed in a
refrigerator at 4°C for at least two hours belore
use. Slides stored in (hts manner may be held lor
three weeks or more before use.

Any extra gel-luyering matenial o be saved iy
protecied from fungus by adding 1% mer-
thiolale: #s container is then stoppered and
stored at 4°C in the reftigerator. For re-use if is
heated as before in @ waler bath until it becomes
clear and then the sume procedure as mentioned
above is followed.

Cutting the weils

A plasuie guide template cat out ol u soft but
fairly rigid plate of transparent plasuic serves as
4 spacing and steadying toot for cutting the
wells. This tool is 7.6 cm wide, 12.7em long and
{ mm (hick. Holes slightly larger than 1 mm in
diameter are drilled in the proper positions for
cutting either 16 or 25 wells, To prepare for
cutting. a gel-layered slide is surrounded by {our
glass pieces. two of which are 12.5¢m long and
2.5 em wide and (wo of which are 2.5 cm square.
The square pieces abut cach end of the gel-
tayered slide, while the longer pieces arc aligned
to clasp the sides of it. All the surrounding glass
pieces are about 1mm thicker than the gel-
tayered slide. The plastic template is placed on
top of the surrounding slides so that its bottom
rests about 0.5 mm above the surface of the gel
layering the standard slide. Next, the holes of
the template are orjented in 4 suitable posiiion
above 1he gel. Finullv. ull the glass slides sur-
rounding the gel-layered slide. plus the plastic

template over it are locked firmly into place.
This is done by engaging elastic strips contain-
ing small patches of inter-locking mini-hooks
which have been glued to the upper surfaces of
the glass and plastic with clear epoxy. Now the
preparations are completed and cutting can
commence.

An eyedropper which has a needle-nose tube of
thin glass with an outside diameter of no more
than 1.5 mm is used to cut the wells. Each well is
mude by squeezing the bulb of the eyedropper
and inserting its tapered end into a hole of the
plastic template. The tip penetrates completely
through the gel layering until it touches the
precoated surface of the gluss slide. The pressute
on the bulb is then released and the gel is sucked
up into the tube of the eyedropper. when the
cyedropper is withdrawn. un empty well has
been formed tn the gel. Recutting of a few of the
welis is sometimes necessary. When all the wells
are judged satisfactory, the mini-hooks are
disengaged, all surrounding parts are disussem-
bled and the standard slide i1s removed, after
which it is ready for loading. Since the slides are
nut permanently marked or damaged. they may
be re-used indefinitely.

The arrangement of the antigen, serum and
antiserum wells

Previousrecords indicale that most blood meals
are laken from cows or humans and since
stubles as well as houses are included in the
spray target of the National Malaria Erad-
walion Programme, 1t was therefore decided
that initial testing would be confined to primate
and bovine antisera. This made tt possible 1o
arrange the two types of antiserum wells in such
a way Lhat they were always separated from one
another by an antigen well. With this arrange-
ment for testing 16 smexr extracts {in antigen
wells) on a standard slide, each of the two
antiserum wells at the end of the shide test
against twe antigen wells, while each of the four
wells of bovine antiserum und each of the four
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@ ~ Blood smear in position number 12 (antigen).

® = Normal rabbit serum (control)

Frg. 1> Pastern of antigen, antiserum and serum wells cut imo the gel fiyer oo a
standurd blood slide. This arrangement tests [6 blood smears against bovine
and primate anlisera, each with a control,

wells of pnmate antiserum, located internally.
rest against three anfipen wells. Each normal
L abbit serum well serves both as a control for the
four antigen wells surrounding it, and as a
double check for antigens in positions 4, 7 and
£ 3. Fig. 1 shows the numbered loading positions
for 16 antigen and the labelled positions of the
serum and the antiserum wells. The same pat-
tern may be extended to cover more smears on a
standard slide (i.e., 25 per slide) if the distance
hetween wells is reduced to 4mm centre-l0-
centre. or if the 3 mm distance js maintained. but
a tonger glass slide (1.e.. Ifcm rather thun
T.6um) is used.

Loading the wells

Half of each smear is saved for possible future
reference. The half which is processed is snipped
Jff and is ullowed to drop into one of the ceramic
wells of 4 botany staining plate. Then 20 gl of
suline ure added with 2 20 ub micropipetie and

the half-smear is allowed to soak. face down tor
4 hours, During this time. the cow anuiserum
wells. the human antiserum wells and the not-
mal rabbit serum control wells are charged,
cmploying a 5 1 micropipetie. The micropip-
ette have disposable plastic tips and these are
renewed whenever there is a change from one
material 1o another. Finally the antigen wells
are loaded in the same manner, with a new tip
utilized for each saline extract being tested.

(o order 1o gurde the loading. the gel-layered
slide (which is (runsparent) is oriented over a
scale-drawing of a slide in which all wells of the
antigen. antisera and sera are colour-coded 1o
illusteate their proper loading positiens. The
drawing is laminated within sheets of clear
plastie. The lamination atso includes a thin flas
sheet of metal 10 cm square as o buse. Magnetic
strips are placed all around the glass slide so that
once the wells are positioned vver their colour-
code the slide will remain fixed in place during
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the loading process. A deep red volour shows
through for ali wells 10 be charpged with antigen.
a dark blue for those with hovine antiserum, a
dark green for those with human antiserum and
vrange for those with normal rabbit serum.
Once all wells have been filled. the shide is placed
i tin hox (iffin) lined with paper towelling.
The towelling is moisiened by applying distilled
water 1o it with an cyedropper. Then a drop or
two of merthiolate may be added to inhibit
fungus and the box is stored in 4 refngerator at
3.

Reading the resulis

Strong primary posttive reactions usually form
guite definitely within 4-5 hours alter loading
the wells. However, as sccondary bands so-
metimes devetop several hours later. at least 12
hours must be allowed to japse between the
tloading of the wells and the (aking ol an official
reading. Usualty the slide is left in the re-
frigerator overnight and examined the next
morning. A shide is examined by ho'ding the

edges between the thumb and index finger and
tilting it below the glare of a 100 watt bulb until
the white bunds stand oul clearly. An alternative
which warks well is to hold the slide up to a
window which has a solid dark-coloured cur-
tain. as this provides a background against
which any white bands are conspiceous. Fig. 2
is a sketch of o gel diffesion test which shows the
stide. gel coating. cut wells und precipitin bands
of positive reactions).

Antisera and antigen extract

Huiman and bovine amtisera and normal rab-
hit serd. titered at 1:20,000 are obtained from
the Serologist tor the Government of India. 3
Kyd Street. Calcutia, These antisera have been
subjected 1o several blind tests, using known
blood meils. Also several trials have been con-
ducted in which the amount of saline was
increased or decreased or the soaking period
was varied in muking a saline extract of one-half
of a blaod smear. From these observations we
determined that one-half of a retatively {fresh

Fig. X Skereh showing a gel dilfusion test, Primary positive sgactians are s2en us
strang white bands. Smeir in position Na. 10 shows a strong reaction 1o hoth
buvine and primaze antisera. indicating double (probably interrupred s teeding,
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blood smear, soaked at ambient temperatures
for four hours, will provide a sharply defined
precipitate band in the gel that forms about
midway between its well and that of its cor-
responding antisera. The four-hour soaking
periodd was chosen primarily for operational
reasons. so that the smears may be soaked in the
mormng and loaded in the afternoon.

Spacing the wells

By placing the wells only 4mm apart from
cenlre-to-centre, it is possible to process 25
rather than 16 blood smears on a standard
1.5« T.6cm glass slide. However, with this
spacing the tilre of antigen used sometimes
Appears 1o be excessive. in which case the
positive hand will form right at the edge or
partly inside the antiserum well to which n
reaces. In this case, the band is usually murky
and somewhat diflicult to read. Moreover. the
wells themselves are slightly cramped together
so that additional caution is necessary when
cutting and loading the wells.

However. if the distunce between wells ts Smm
centre-to-centre, the positive bands are more
sharply defined and almost alwaysfall at or near
the midpoint between wells. Consequently.
smm was selected as the standard centre-1o0-
centre distance between wells. but at this space
only 16 smears and labelling can be accom-
modated comfortably (2] smearsis a maximum)

on a standard slide. A slide 2.5 x [0cm will
easily handle 25 smears at a centre-tocentre
distance between wells of 5 mm. Recently several
slides this size were cut and have started to be
used routinely. For the new workload of 25
smears. a filter paper strip (Fig. 3) is cut from
rectangilar sheets of No. 1 Whatman [ilter
paper, as much filter paper is wasted when using
the conventional circular filter-pupers and re-
fatively little in the case of the strips.

Average volume of the wells

If the directions for applying gel-layering to a
standard slide and for cufting the wells in the gel
are followed correctly. approximately 5 pl of
hiquid are required to fill each well completely.
Fur 1060 wells filled with human antisera, 1053
filled with cow antisera and §73 filed with
normal rabbit sera, lhe average amounts used
were 538 pl. 541 pl and 550 gl per well
respeciively. Consequently, if no 5 gl micropip-
etles are available, crude micropipettes can be
fashioned by drawing out heated glass tubing. If
these are used to fill the wells 1o the brim. then
cach well should sutematically contain slightly
more than 5 gl of material.

Use of dyed gel
In other observations, food colouring dyes of

red. yellow, green and orange were incorpo-
rated into the gel layering to see if this would

sef vy ) 1y 1k o

J Il

SPECIES An.
SerNo, BIJTOPE, P
Code No. DISTRICT VILLAGE,
1 2 3 b 5 6 7 L] g 0 m 12

Fig. 3 Copy of a Whatmun No 1 iflrer-paper sinp being used to vollect 23 blood
smears. The ditles 1he mosguitoes sre smeared dre written just sbove the smear
numbers. The uctuul size of the sirip is as shown.
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increase the clarity of the agglutinaie bands
{ormed by positive reactions. The dyes diffused
quite uniformly throughout the gel and al-
though the slides were very attractive, they
did not make the bands stand out any
the more clearly, so the use of dyes is not
advocated.

Digestion of antigen

Severul general observations were made 10 see
how long after a blood meal has been taken, a
sinear can be made which will still yield a
positive reaction to its antiserum. Generally, i
can be said that a relutively “good” smear from
Anopheles culicifacies will still yield a clear
reaclion to human blood up to 36 hours after
fesding, when the mosquitoes are held in paper
cup cages al ambicnl winter (emperatures
averaging 27°C.

Storage of slides, field kit

Gel-layered shides placed in a humidity chamber
which has been treated with a few drops of
merthiolate may be stored under refrigeration
for atleast one month hefore use. However, they
may be held at room temperature for at least a
week under similar conditions, if eare is taken to
maintain high humidity by administening distil-
led water once or twice s day; it should therefore
be possible to bring gel-layered slides to remote
areas as part of a gel diffusion field kit. However.
it would probubly. prove to be much more
practical if the filter papers containing the blood
smears were brought in from the field 10 a very
simple central faboratory for processing than if
all the paraphernalia of a test kit were curried
oul to more remoite areas where the work would

have to be done under much more trying.

conditions. Although a field kit would provide
on-the-spot results. these would be available
only a few days earlicr than those of a field
taboratory. and employing a kit would demand
a greater effort und probably would be less
efficient.

Testing alternative antisera

If an inordinately high proportion of smears do
net react to cow or human antisera, this in-
dicates that either the antisera or the smears are
deficient or that ithe mosquitoes are feeding
guite often on other hosts. To check on this, the
human and cow antisera may easily be tested
against known smears. The saved halves of the
smears involved should then be examined to see
if their quality appears suitabie so that if po-
sitive 10 human or cow antisera, they would be
expected to react. If so, and if the species, the
biotope and/or the number of smears involved
seem (o indicate a possible astiological rele-
vance. the saved half-smears may be processed
againsi other antiseru. Antisera from other
animals known to frequent the biotope(s) con-
cerned should be selected. For this type of
follow-up a small supply of fowl, dog, pig und
goat antisera are¢ currently on hand. By sub-
stituting any two of these in the position rou-
tinely used for the humun and cow antisera, 16
or 25 smears can be processed on one slide and
by using two slides it is possible to test against
all 4 of these alternative hosts, using 10 (5
microlitres for each shide) of the 20 g4l of saline
extract which is prepared for every half-smear
tested.

Cost factors

The major matertal costs include agarose, barbi-
turic acid, sodium barbiturale, normal rabbit
serum. and human and cow antsera. On a per
smeur basis these expenses 1otal 0.07 rupees
{approximately US $0.01). Labour costs compr-
ise the mujor expense, but these are much more
competilive in India than in many other count-
ries. At an output ol [30 smears a day, the total
cost (lubour plus materialsy is about US § 0.06
per smear.

DISCUSSION

Many authorities {Weitz, 1956, Tempelis and
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Lofy, 1963; Crans, 1969, Boreham. 1973; Tem-
pelis. 1975) have compared the advaniages and
disadvantages of the ring precipitin test and the
gel diffusion test. The general consensus seems
o be that the ring precipilin test is more
sensitive than gel diffusion. However. the qua-
hy of agar has been substantially improved
since some of these opinions were expressed,
and some workers indicate that get diffusion is 3
to 100 times more sensilive than the precipi-
tation method (Carpenter. 1975). As the ring
tesl procedures have been adapted for mass-
processing large numbers of smears. this me-
thod might be preferred by a large censralized
taboratory which services a considerable num-
ber of field uniis.

Giel diftfuston tests. on the other hand. provide
the advantage of simultaneous and more per-
munent readings. Moreover, diffusion through
the agarose substrale filiers out bits of filter-
paper or other debris in the antigen extract. 1!
also filiers out the cloudiness which sometimes
aveurs in a partially denatured antiserum or in
antigen extracts made from blood in which
avartan development has begun. This filtration
provess eliminutes the need to centrifuge the
extracts and allows the testing of smeurs from
partintly engorged as well as fully engorged
females (Crans, 1969).

Simultaneous double diffusion readings provide
comparisons which may reveal the presence of
immunologically identicat or partially identical
cross-reacting,  heierologous  antigens.  The
more permanent resulls of the gel diffusion
method allow for improved superviston or more
prolonged follow-up.

A study conducted at the University of Norith
Carolina it Chapel Hill involved comparisons
of the capillury tube (flocculation and ring test).
the gel diffusion and the microplate methods.
This study showed that the three methods were
comparable for the tiration of antisern and the
dentification of Lood meals. Maoteover. the

flocculation and ring test methods (conducted
in tubes) required excessive amounts of reagenis
and offered no importani advantages over the
gel diffusion or microplate method (Eliason.
1971). Microplate methods {Edrissiun and Ha-
fizi. 1982} appear to be more complicaied. re-
guiring more sophisiicated luboratary equip-
ment and support than does gel diffusion.
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In vitro Susceptibility of Chloroquine Resistant
Plasmodium falciparum to Mefloquine in Delhi

AL GAJANANA 'S, SINHA' and SANTOSH VASISTH!

Comparative susceptibility of 20 . fafcipariom 1solites 1o chloroquine and mefloquine, was studied using the
micro in vifro lest. Twelve specimens (601',) were resistant to chloroquine {growth at =35.7 pmols) and the
remaining were sensitive. Bui a¥l the specimens were inhibited by <16 pmals of mefloquine indicaling

SCISILVE respoliae,

INTRODUCTION

The problem al' chloroquine resistant falei-
parwm malaria in India appears t¢ be more
widespread than belicved to be confined 1o the
north eastern states (Sharma, 1984). A recent
study indicates that there ts progressive increase
int the incidence of falciparum cases in Dethi
(Choudhury, 1984) and here, resistance 1o
chloroquine has been confirmed by both in vive
and in vitro tests (Choudhury er aof., 1983).
Operationally useful new drugs are under de-
velopment for treatment of drug-resistant falci-
parum malaria cases. Mefloquine. a quinoline
methanol, s 4 new drug under investigation
found to be effective against multidrug-resistant
sirains of P faleiparum (WHO. 1981). How-
ever, because of sporudic reports of mel-
loquine resistant struins {Boudreau et ol . 1982;
Bygbery er al, 1983; Smrkavski er al . 1985), it

Avcepted for publication: 24 Ociober 1986,
I National Insiitute of Commumicable Diseases.
22-Sham Narth Marg, Della-1H054, India,

appears essentiat to determine the efficacy of the
new drug apainst different geographic strains.
Due to paucity of data, we undertook an
invesligation an the susceptibility of Delhi iso-
fates of P. faleiparum 1o mefloquine and com-
pared this with that to chloroguine. Mefloquine
being a drug under development, not yet licen-
sed for in vive use in India. only in vitro studies
were carried out.

MATERIAL AND METHODS

The study was carried out between August and
December. 1985. Patients reporting to the Na-
tional Malarta Eradication Programme Mau-
laria Clinic were selected on the basis of criteria
laid down before {(WHQ. 1981). Informed con-
sent from patients was obtained before collect-
ing the blood specimens. After ensuring the
absence of drugs in their urine, about 100 gl of
finger prick blood was collected from each
patient into heparinized tubes. Age of the pa-
tients, included in the tests. ranged from 9-38
years (mean 27) and asexual P. fulciparum
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parasitaemia ranged from 2000- 50000 per
wmm? (mean 10, 195).

The f(leld wversion (Wernsdorfer, 1980) of
Rieckmann’s micro in vitro technique (Rieck-
wmann ef af.. 1978) was followed. Tests were
conducted in WHO suppbed chloroquine-dosed
{Batch Nos. (22, C/25. A/49 & C/50}) and
mefloguine-dosed (charging dates June 1981,
July 1981 & May 1982) microtitre plates. Con-
centrations of chloroquene ranged from 1 32
pmol/well and (hose of mefloquine [-16
pmol/well. RPMI-1640 medium with HEPES
buffer (25 mM). glutamine (300 mg/f) and
gentamycin (46 mg/l) and pH adjusied 1o
7.2-7.4 with 5% sodium bicarbonate solution.
was used. Tests were set up with 50 gl of blood-
medium mixture in cach well. Standard pro-
cedures for incubation. preparation of post-

incubation smears, staining and enwmeration of

schizonts, were followed (WHO, 1981). A (est
was considered successful i 10% of schizont

maturation was observed in the control well
(Draper et al . 1985). Schizont development at
5.7 pmols of chloroquine and 16 pmols of
mefloquine indicated a resistant response {Sm-
rkovski er al, 1983).

Schizont counts in drug conczanirations were
expressed as percentage relating 1o vontrol and
the group data plotied on a log-normal graph.
Concentrations required for 50%;, 90% and 99°%;,
inhibition of schizont formation (EC 30, EC 90
and EC 99} were calculated from the plotted
values.

RESULTS AND DISCUSSION

Comparative tests on 30 isolates yielded in-
terpretable results for 20. Results are sum-
marized in Fig. 1. The minimum inhibitory
concentrations (MIC) for chloroquine ranged
from 4 to 32 pmols. 12 spectmens (607,) showed
schizont formalion at >5.7 pmols of the drug
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indicating resistant response. The remaining
were sensitive, On the other hand all the suc-
cessful specimens were inhibited by < [6 pmols
of mefloguine indicating sensitive response; the
MIC being 1.0 10 16 pmols. The EC 50, 90 and
99 values for chloroguine were 3.5, 8.4 and 16
and for mefloguine 0.98. 4.4 and 10.2 pmols
respectively. This suggested that mefloguine
was about 3.6, 2 and 1.6 times more effective
than chioroguine at these levels,

The above resulis indicate that in vitro there is
no cross resistance between chloroquine and
mefloguine in Delhi isolates-of P. falciparum. In
Gadehiroll (Maharashua State) also Duna er
o (1984} found that all isolates. including
chioroguine resistant ones. were sensitive to
mefloguine. being inhibited by <}6 pmol.
These observations are similar fo thase ob-

tained in vitra in Brazil and Colombia {Lopez

Antunane and Wernsdorfer, 1979). but .unlike
those of Smrkovski er al. (1985) in Philippines,
where they found cross-resistance belween the
two drugs in vitro. An interesting ebservation,
however, is that the EC values for mefleguine
sensitivity of Delhi isolates appear 1o be.much

igher than those of the corresponding values .

available for strains ffom 9 countries presented
in the Annex 5¢(h) of a document by Payne
11984). The significance of this may become
clear if periodical monitoring of sensitivity (o
mefloguine is carried out in this area.

The results of -the present in vifre study show
that mefloquine is fully effective against chlo-
roguing sensitive and resistant P. falciparum in
Dethi.
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Bio-environmental Control of Malarta in Nadiad.

Kheda district, Gujarat

V.P, SHARMA . R SHARMA' and A S, GAUTAM!

Astudy on the br-eitviromnental control of malarta was launched in Nadiad raluka villages (Gujarat) in
1983, The area was endemic for malaria with bigh incidence of falviparun malaria. Insecticidal spraying to
siertupt tranamisston did not produce desired results. Simple and age old methods of source reduction and
hivlogical comtrol with the acntive invelvement of cennununities through heallh education. und prompt case
deteetion and radival lreatment were used 1o combat malaria in 21 viflages with 600,000 population. In 2
veurs nudario incidenve was reduced to low levels. Mosquito densities in general and that of 4. cuficifecies in
partjcalsr were preatly reduced. Reduction in the incidence of malaria was subsiantiaied by reduction of
spleen enlurgemeni inchildren and low seropositivity rate. Fish cullure, forestry schemes, improved chulahs,
and soak piis ere., were inroduced 1o improve the environmenl and village economy. The feasibility of o
Qolistic approach to malaria contral was demonstrated.

INTRODLOTION

Large pars of india are endemic for malaria. In
rural areas about 350 million people are heing
protected by spraying of residual insecticides
and chemotherapy by the National Malaria
Fradication Programme (NMEP). The main
strategy of malaria control in ruyal areas is the
spraying of residual insecticides to interrupl
T ST

Tnsecticidal spraying as a means to inlerrupt
makaria transmission 15 beset with many pro-
hlems such as vector resistance to insecticides
aind gradual evolution of muliiple resistunce,
apart {rom the high cost and misuse of in-

Aveepred for preblication. 3 Seorveitihier YN0
UAT L Reoeureh Centee (MR
12-5hum Nath Marg
Drabh-1 1S4 Tndia,

secticides, lurge-scale retusals by the inhabnants
to allow their dwellings to be sprayed and
environmeniaf contamination. In many rural
areas the spraying is not acvepied due to sericul-
ture and bee keeping and in some areas sprayed
wills are plasiered with mud soon after spray-
ing.

Linvironmental scientists are seriously concer-
ned aboul the massive use of insecticides which
is taking place in public health almost vn a
permunent basis. As i result there is @ demand
for major cuts or total ban in the use of DDT in
maluria control. Therefore. spraying as a meuans
ta contrel malura would have to be given up in
due course of dme and during this period
alternate strategies should be developed 0
combat malina.

One stech posstbility was the bio-environmental
contro! of malarin. Therefore, a demonstration
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vum feasibility study on this alternate strutegy
was faunched in Nadiad taluka, Kheda distt.,
Gujaratin 1983. The field study was started with
the following objectives; (i) to demonsirate
maularia control by bio-environmental methods
without the use of insecticides. and (i) to
Jevelop a cost effective model for its extension
1o other paris of the country. Results of a 3 year
study fram 1983 to 1985 are reported in this

paper.

MATERIAL AND METHODS
Study area

Kheda district has 2 tota) area ol 7194 5g. kms.
Its adjoining districts are Baroda. Panch Ma-
hills, Sabarkanta and Ahmedabad. Kheda dis-
trict is & plain area with the exception of small
hilly regions in Balasinor and Kapadwanj ta-
Jukas. The district has two perennial rivers;

STUDY AREA
{Nadiod Taluka)

Fig. [- Map of Nadiad 1aluka.
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Mahisagar and Saburmatt whereas the rivers:
Vatrak. Shedhi, Meshavo and Khari are sca-
sonal. flowing only during the monsoons. The
rainfall of the district is between 60 t0 75 cms,
Lxcept  for  ovccasional  showers n winter,
annual rainfall is received between June and
Qctaber, The distribution of rainfall over the
monsoen isitself uneven necessitating irrigation
for cerlain crops. The district has a good
network of canals. Al the talukas are well
connevied by road and rail. except Balasinor
and Matar talukas. The main crops are paddy.
wheat, cotton, Bajra (millet), tobacco, ground
nut and tl.

According to the vensus of 1982, the 1wotal
population of the district 1s 20.69.942 living in
472 villages and 7 towns. People are employed
in  agricufture, industry and  business.
Abuout 46, of the tolat populuion is lilerate
which is considerably higher than the other
districts of the state. Nadiad town is the head-
quarters of the district. The study villages are
within 20 kms. of Nadiad. State records re-
vealed that malaria incidence was highest m
Kheda district as compared 1o other districts of
Gujarat in the preveding years. Kheda district
has 10 talukas. Nadiad taluka comprises of 160
villages. The total poputation of the taluka is
3.50.000. 1n 1983, bio-environmental control of
malaria was started in 26,000 population residing
in 7 villuges (designated as complex A). In
1984, the experimental areas were extended 1o
cover 14 more villages comprising of 34,000
population (designated as complex B) and the
remaining 79 villuges were designuied as complex
€ where imervention work started tn ate 1985
(Fig- 1)

Control strategy

In the bio-environmental methodology of ma-
laria control the following anti-vector and anti-
purasitic measures were integrated with the
objective 1o control malaria and reduce’ehmi-
nufe mosquito nuisance.

{1} Sowrce reduction  was carried out on 4
weekly basis. All mosquito breeding sites such
as pitchers. discarded tins, and other water
receptacles were searched and emplied. Weekly
surveys also helped in monitoring the intradom-
estic breeding. Well breeding was controiled by
the application of expanded polysiyrene (EPS)
beuads (Sharma. [984; Sharma er gl 19854). In
cach well about | to 2 kgs of EPS beads were
apphied.

(i1) Minor enginecring wark was carried oul
to fill and level pits, depressions and roadside
ditches which may otherwise hold water, Earth
was transported in trolleys pulled by tractors,
Flowing water on rhe sireets was eliminated by
the introduction of souk pits. Leakages in taps
and pipe lines were repaired.

(it} Riclogical Coniral  There were a large
number of abundened ponds and cement tanks
which were cleaned and converted to village
hatcheries for the production of larvivorous
fishes. Many ponds infested with water hyacinth
were also cleaned manually for this purpase.
Some ponds were also seeded with food fishes
tike 1the Clhinese or common carp. These hat-
cheries were protected (rom predators and given
fish food. All our requirement of larvivarous
fishes was met by these hatcheries. In addition
to this the Inlund Fisheries Department sup-
plicd Guppy and Aplocheilus Bishes. Margins of
the ponds were kept clean mechanically (o
enable the fishes to feed on the lurvae in the
ML ins,

(iv) Heulth  Eduwcation and  Comynunity
involvemens,  Villugers were informed about
malaria and the methods of its control. They
were also informed of the intervention methods
n which they could participute and eliminate
mosquilo breeding, Heulth education was also
used in eliciting community participation in
various anti-malarie activides and in bringing
dbout awareness in the community. Shrain Dan
or tree fabaur camps were organized o carry
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out garthwork in which men. women and child-
ren partivipated. In addition to constant in-
teraction with villagers health camps were also
arganized periedically.

ivi Envirgnmental improvement.  There were
apany smarshy avcas in the villages. One site was
vicaned and converted to g playground. In
many other areas Hucalyptus was planted to
canvert marshy areas into dry land. Large-scale
pluttaiion of a varicty of trees was carried out
in the waste land with the objective of making
the land productive.
1) amd  treatment. Weekly
stirvedlunce was carried out by workers hired on
Jaily wage basis belonging o the same villiage.
Initiafly. onve o week. 1l surveillance workers
were valled for discussion and trining. Slhides
were vollected duily and sent to the laboratory
fur examination, The shdes were [3xed. stained
with 8B and examined on the same duy and
radical treatment started within 24 hours. All
cuses of fever were given presumptive Iteatment
a0 008 my chioroquine adult dose followed hy
sadical treatment. Poovivax cases were given 15
g primaguirne daily or 5 days. P falcipuron
cuses were given o total of 300 mg chloroquine
adult dose (ie.. 300 mg daity for 3 days phus 45
ag primaquine on day 33 Children were given
nroportionately fow dosages. In cases where
radical treatment was delayed for reasons be-
vond our control 600 mg chloroquine was pven
o day 0 followed by radical treiment as
Jdescribed above.

Surveiflance

ity Mosgaite densities were monitared by
hand cateh method using suction tubes, Muan
Hour Density (MHD) was collected from study
vitlages from 6 fixed and 6 random catching
stations. Fixed caiching stittons included hu-
aan dwellings, mixed dwellings. and car-
tesheds (2 each). AL cach caching station
collected  for 13 min.

mophelines were

Jduraitan,
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RESULTS

intervention measures and their impact oo
disease transmission are described below.

Intervention measures

Senrce reduction. Routing surveys  revealed
a farge number of water collection sites. Elim-
ination of these sites which were potential
mosquito breeding areas was given first priority
(Fig. 2a.b). Borrow pits and puddies were filled
with soil, Drains were cleaned periodicully and
water channclized into pits which were emptied
on weekly basis. Surveys revealed that in-
tradomestic breeding in discarded earthenwire
pots. tiny and other cantainers was an impor-
tant source of mosquito breeding including
malaria vectors. Al breeding in the containers
was destroyed on weckly basis. During this
operation, villagers (more particularly women
und children) were shown mosquilo breeding in
these containers and abso shown the simple
method of destruction by turning the pots
upside down. As a result of these demo-
nstrations villagers becume vonscious of the
masguito breeding in their houses and in a few
months they started to destroy it on their own,
Intradomestic breeding was controlled in il
study villuges throushout e year.

Well surveys in the agricultural fields revealed
thal there may be abouwr 1000 wells in Nadiad
taluka. Most of these wells were disused and
abundoned. Random vhecks showed that al-
most all the unused wells supported moderate 1o
heavy Cafex and occasionally Anephefes breed-
ing. A. ewlicifacies and 4. stephensi were found
breeding in these wels. Well breeding was
controlled by the applicatior. of expanded poly-
siyrene (EPS) beads Sharma et ol 1983a),
The introduction of LPS beads senled the wells
completely und there was no breeding in any
well for an observation period ol 2 yeurs. In some
wells which were used satlier ittrequently Guppy
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Fig. 2b): Source reduction.
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Fig. 3 Soakage pi.

Flg. 4: Difches climinated by earthwork.



SHARMA vt ol BIO-ENVIRONMENTAL CONTROL OF MALARIA

fishes were introduced. There was no breeding of
mosquitoes in wells used regulurly.

Minor enginecring works, Nadiad villages
have piped water supply. However, one could
often see leaking pipes. taps and discharge of
water from tube wells which created mosquito
breeding sites. All these sources of water stag-
nation were repaired and breeding sttes levetled
wilh earthwork. These ure now being checked
routinely. In addition to this soak pils ure being
encouraged to climinate Mowing waler on (he
streets and there is i great demand for (his
innovation in all the vilfages. During 1985, 80
soak pits were constructed in 6 villages
g, 3,

There are also many borrow pits and low-lying
areas in the villages and fields which were
common siles for the collection of rain water
and at Limes they supported mosquito breeding.
All these sites were levelled by earthwork. Muny
seepage areas were climinaled by earthwork
(Fig. 4}. During 1985.in ] 3 villages. 876 trolleys
of soil in complex A and 00 trolleys of soil in
complex B villages were transporied for levell-
ing the pits and other low-lyingareas. This work
is now continuing at a much faster speed and the
number of tractors have been increased from 2
to 4.

Biological conirol Introduction of Guppy -
shes in all ponds. water troughs. rice fields. wells
ete.. wus the only hiological conirol method
used 1 the experimentat villages (Fiyg, Sa. by tn-
itially fish fauna surveys were carried out in all
water bodies in the experimental villages. 1den-
tiffcation of the indigenous fishes revealed that
there were 21 types of fishes commonly en-
countered in the study viliages. Laborstory tests
showed that ut least 14 species were larvivorous
{Sharma er af.. in press). Local fish fauna also
consisted of two well-known tarviverous fishes.
i.c.. Guppy and Aplocheitus. Guppies are being
mass produced in hatcheries maintained by the
Centre. Almost all village hatcheries were estab-

111}

fished in abundoned cement tanks and ponds. 11
wus estimated that hatcheries established in 7
villages were enough to supply Guppies to
another group of 20 to 25 villages.

Since Guppies, Aplocheius und other lavvie
varous fishes were commonly found in village
ponds. it was difficult to explain the presence of
muosquito tarvae in almost aif ponds. However.
discussiwns with the viltagers and fishermen
reveuled that the ponds were being auctioned
for fishing and the fishermen were collecting
even the spawns and fries with the help of fine
mesh neis: thus depleting the ponds of ali the
developmental stages of the fishes. These ponds
supported heuavy mosquito breeding. As a result
of health education it has now been agreed thu
the size of fishing nets should be at least 2.510 3
5 em mesh,

Another factor “hat coniributed to mosquito
breeding was the grassy margins where fishes
were not able to feed because of shallow water,
These margins are now cleaned periadically to
enahle the fishes to negotiate hetter (Fig. 6)
DPuring [984 and 1983 u total of 4.27 million
lshes. mainly Guppies. were introduced in the
ponds of Nadiad villuge. Guppy and A4p.
focheifus are now found in all ponds und there is
ne mosquito breeding in the ponds. wells and
cattle water troughs.

Heaith  education,  Pducabing  the  villagers
ubout our programme and its lasting benefits
was the main task of health educaiors. This was
avhieved by brief’ talks, discussions, demo-
nstrations. video shows and exhibitions. Con-
stant interaciion with the community has dis-
pelled ignorance and has brought about gware-
ness and scientific temper. The demonstriations
included fishes zating the smosquite larvue,
microscopic view of the malaria parasite in the
red blood cells. mosquitoes and their develop-
mental stages and methods of protection from
malaria, Frequertly malaria clinics and heudth
education camps were organized (Fig. 7). Dur-
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g 1984, a totad of 27 clinics and ealth
education camps were held. Each camp was
attended by 100--200 people of all age groups. A
lurge number of villagers also visited the MRC
fleld stauon laboratories.

Oveasionali . video shows on the ongoing acu-
vities of the Centre were organized which were
very well atiended. During 1985, a total ol 93
Jemonstrations were hefd in the experimental
villages and an estimated number of [8.000

villugers attended these demonstrations. Briel

talks in schools and panchayats on the biology
of mosquitoes. methods of malaria and mos-
yeiio control. how malarma 1s transmitted. whail
o doin vase of fever. and how one can help
cuntrot mosquito breeding were very useful in
soliciting the help of the villugers in vector
control gctivities. As a result of these de-
monstrations and healih education activinies the
people’s enthusiasm was awakened and their
narticipation in all our uactivities was more
widely accepted. During J985. 517 visitors from
36 viltages visited the laboratory o familiarise
shemselves with the research activities of the field
staiion. Four video films were prepared hy
professionals and shown on the Abmedabad TV
network.

Community Involvemens.  This was un impor-
rant component of the vector control sirategy.
Inittally the staff was given indifferent treatmem
in the villages. In spite of this indifference.
veclor conttol work continued in the villzges
and emphuasis was given to health educatonand
treatment of maliria cases. Prompt detection
and treatment infused confidence in the villagers
nund ouracceplance in the community started (o
increase at a steady pave. Panchayat meetings
were called to discuss MRC activities. This
tollowed a closer interaction with almost all age
droups of the villuge community. Women were
particularly interested in cleanliness und obtain-
ing treatment for themselves and protection for
sheir children. So they invariably cante forward
for blood tests on their own,
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Qccasionally Shram Dans or free labour camps
were organized, Men. women and children
came oul in large numbers (o purticipate in

Shram Dan (Fig. 8). Shram Dan was very helpful

in converting our work into a4 movement which
wus the key to success. Those whe could not
participate in Shram Dun made cash donations.
During 1985, cash donztions made by the
indiviguals, milk cooperatives and other agen-
vies were Rs. 24,992 for the intervention work
from 20 villages. Money wus handled by the
panchayats and donations are used to hire daily
wage workers for vecior control work hy the
panchayats. This spontanecus response of the
peopie has become a very encouraging leature of
vaommunity participation and o positive step
towards self help i improving the environment.

For community involvement through health
education, discussions were the turning point in
motivating people. The villugers were advised to
keep their surroundings clean and empty pits at
lzast once a week. Women and children helped
in the control of intradomesiic breeding by
making sure that no pot or discarded tin was lef
unturned. Qver a period of time there wassuch a
decp impact that MRC becarne a household
name. In the'first year a proposal made by the
MRC to the village youth. (Yuvak Mandal) 10
clean the dumping ground and converl it into a
playground was accepted as a challenge. Young -
boys came out in large numbers and converted
the dumping ground inte a beautiful cricket
field. Similarly, 4 large number of young men
cleaned ponds infested with hyacinth, helped in
the introduction of larvivorous fishes and earth-
work and many other activities related to vector
control (Figs. 9 and 10).

Lvery village needed a lot of earthwork 101ill the
borrow pits and unevenstow-iving land. MRC
had no resources for such massive development
work which was possible only with community
involvernent. As an experiment. we hired a
tractor with trolley und sta-ted to do the

“curthwork by hinng daily wage workers. This
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Fig. 5(b): Larvivorous fishes being released in abandoned pond.
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Fig. 8 Stram Dan transposting carth fo DI borrow pas.

Fig. 9: Water hyacinih being removed.



“p INDILASN P STV VRO VL N DIFUEMBEH (8o

; At At 1 3 e P

= o
- ek D
R e ik o A B 3 i e B

i
Ak P i o A o P oy el

F

g 10: NUC condets partwipating e planiatie,

Fig. 11: Tracor and trelley beng used for earthwork,



SHARMA et ol - BIO-ENVIRONMENTAL CONTROL OF MALARIA

gave the villagers an insight into whalt could be
achieved by simple carthwork. Since labour was
quite expensive, the villagers were encouraged
to come forward for participation in field work.
The viltage panchayats had no tractor and
therefore a second breakthrough was unlikely to
come unless this facility was made available to
them. We, therefore, bought a tractor and 4
trolley. The tractor with driver and diesel was
mude available without charge to the villagers,
provided they did the earthwork as per our
advice. Expenditure on [abour was incurred by
the village panchayats. This turned out to be a
very attractive proposal and demand for tractor
sturled 1o increase. Now there are 4 tractors
with at [east 4 weeks of booking for cach
{Fig. 11). The village community can see the
advantage of their own work and they do not

107
Impact assessment
Epidemiological observations

Puarasitological surveys. As a result of bio-
environmental wontrol there was drastic re-
duction in the incidence of malaria incomplex A
and compiex B villages as shown in Tables 1 and
2 and also by the epidemiological indices i.e..
SPR und APl (Table 3} In contrast the
incidence of malaria  remained extremely
high even when the villuges were sprayed
with HCH/Malathion. There was. however, a
considerable reduction in the incidence of mu-
luria after DDT spraying. This may be due (o the
fuct that DDT proved riwore effective as it was
nat sprayed in this area for a very long time.
In addition to this poor surveillance may have

need any more heaith education or uny other also  contributed to low  recording of
kind of persuasion. malana cases.
Table 1: Incidence of mataria in complex A villages
(7 Villages: Population 26,000)
Year History of spray Quarlerly record of malaria cases Total
Jan-Mar Ape-Jun Jul-Sep Oct-Dec

T9%81 HCH/Mul. sprayed iT4 y55 914 1797 4040
1982 HCH/Mal. sprayed 982 849 417 107 2355
1983 BDT sprayed 64 75 187 85 4§l
1984 Bioenvironmental 26 36 6l |1 i41

conirol*
(983 Bicenvironmental [\ 8 44 {1} 68

controt*

Tahble 2: Incidence of malaria in complex B villages
{14 Viliages: Populatica 34,000)
Year History Of Spray Quarterly recard of maluria cases Total
Jan-Mar Apr-Jun Jul-Sep Oct-Dec

1981 HCH/Mal. sprayed 214 586 754 477 2031
1982 HCH/Mal. sprayed 396 90R 549 1i5 1968
1983 DDT sprayed 86 149 12 52 472
1984 DDT sprayed 17 13 72 H 141
1985 Bivenvironmental 4 29 48 5 86

control*

*Without spraying,
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Fable 3: Epidemiological Indices
(Complcx A&B V]ilages}

INDIAN 1. MALARIOL., VOL. 23, DECEMBER 1986

Year Villages (Nos.) Population Md'd ria cases ABER 5 PR AM
Complex-A
1984 Experimental (7) 26022 141 (64 Py 458 [.23( - 60%) S5.6( 568 0.56(--451%)
Conurof (1) 5152 T2(23 PN} 477 1.2 HERY 1.02
1985 Experimental (7} 26022 58 (28 I') M2 08 26(- 357 03 (0 250%)
Cantrol (1} 5152 18( 9 Py 283 08 3.5 0.4
Complex-B
985 Experimental {14) 32697 86 (24 1) 346 0.7 {(--30%) 26(—27.8% 02 ( 33.4%)
Control (2) 9157 47PN 259 1.4 36 0.3
Note: Figures in parcnlheses indicate ¥, rcducuon u.omp.lred to comrol villages.
Table & Results of spleen surveys
Year  Areu No. of \lo ofdnldrcn with palpable spla:n Total  Spleen
children ———————- - - rale
examined Grade | Gradc ] G!'ade I Grade IV Grade V
1983 E 3933 200 115 ll I - 7 8.3
C 985 40 15 5 i n 7.2
Y34 E 2508 : 61 4 -— — 122 486
C 607 16 12 - — — 22 362
1983 E 1334 15 8 4 — — 7 202
[0 498 3 -— - 4 0.8
1983 Prc-mlerventmn data
| - Experimernal
. : Control
*  included in the experimental areas
-— denotes not found
Table 5: Results of seroepldemolugncal surveys osing THA test
Year  Arca No af Titres Sero
samples - - - e —-———— - positivity
tested <18 l 8 itto 1232 (64 128 1256 1:512 1:1024 rate?
E 3 767 2535 535 440 170 42 18 17 9 1 55
{7 (viflages)
{984
o 10,017 5508 2061 1554 4i8 167 43 53 60 43 8.0
{22 villages)
E 2,540 1666 462 337 &0 12 3 29
{7 villages)
9835
C 1190 1958 544 425 ]16 54 58 M 3 2 8.2

122 wllagca)

« (ut u!’F titre 1:32
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A study of the epdemiological indices also
showed improvement in malaria situation in the
experimental villages (Table 3). [t may be noted
that the annual blood examination rate (ABER)
wis very high in all the study villages (range 25.9
10 47.7%). ABER 1s generally aboul 1% in the
aormid activities of the NMEP. suggesting that
MRC surveillance in Kheda was unlikely to
have missed malaria cases in the study villages.

Spieen surveys. A swdy of children upto 10
vears of age was carried out for spleen en-
largement by Hacketl's method. Results of the
survey are given in Fable 4. During 1983 survey,
baseline data was collecied by examining 3933
children from experimental and 985 from the
control villages. The spleen rate was 8.3 and 7.2
with cases showing spleen enlargement upto
grade 1V indicating prolonged or repeated ma-
laria infection. In 1984 spleen rate was low as
compared to previous year, in the experimental
and control villages. Also no case of grade 1V
spleen ¢nlargement was found. This was per-
haps the resuh of intensive weekly surveillan-
ce. prompt examination and radical treatment
of all positive cases which was similar in the
experimental and control villages. Spleen exam-
matons during 1985 demonstrated 1 further
decrease in splenomegaly in expenimental vil-
lages and the spleen rate came down to 2.02.
There was, therefore, ¢ definite improvement in
the malaria situation in the experimental villages.

Scroepidenitofogical varvevs. Further confir-
mation of the impact of intervention measures
was provided by the resulis of serological sur-
veys given in Tuble 5. [n 1684 samples collected
from experimental and conrol viltages for THA
iest had titres upto 1:1024. During 1985 no
sample had titres above 1:128 in the experimen-
tat villages whereas in the control villages titres
upto 1:1024 were found. Seropositivily raie in
1985 in the experimental villages came down
fram 5.5 1o 2.9 in one year at a cut-ofl titre of
1:32. At the sume cut-of titre seropositivily rate
i control villages remained constant in both

fu9

years. Results ciearly indicated a drop in the
antibody titre in populations living in experim-
ental villages due o low or fack of {ransmission.

Entomological ohservations

Monitoring of mosquite densities at the imma-
tuve and adule stuges conunaed on weekly basis.
During 1985 mosquite breeding was controtled
by source reduction in 7324 siles in complex A
and 9114 sites in complex B villages. A study
revealed that in complex A villages 1.23,193
containers were checked and 5156 were found
positive {4.21%) whereas in the control village
45,286 were checked and 9748 were found
positive (21.529). In complex B villages
1.57.469 containers were checked and 2435 were
lound positive {1.5%,) and in the control villages
19451 contarmezrs were checked and 826 were
found positive (4.2%}. There was therefore a
definite reduction in the mosguito breeding sites
as a result of the control of intradomestic
breeding (Table 6).

Table 6: Results of intradomestic breeding surveys carried
out on weekly basis during 1985

Villuges

Sites checked

Total no. Positive %, Range
{Complex A
Experimental 123193 5196 4.2{297-7.54)
Contred 34286 9748 21 .5(9.85-35.70)
Complex B
Fxperimental 157469 2435 13{0.44- 5.1
Coantrol

149451 826  4.2{081-11.2;

Average man hour densities of anophelines in 21
cxperimentai and 3 control villages are shown in
Table 7. There was greal reduction in the den-
sities of all unophelines in the experimental
villages for the entire duration of 1985. A study
of the densities in different structures showed
that highest densities were found 1n cattlesheds
loflowed by mixed dwellings and lowest den-
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Table 7: Magn hour density of anopheline mosquitoes

Are

Species

fan Feh Mar Apr
o aicrfacres E 019 206 1357 526
A A ¢ 2ER T4 5561 3020
o tenfierns Eooasd o2 011 o2
A lep C tes 276 172 044
4 anmddirss £ 281 B84 335 400
s ! ¢ 1501 107 116] 8.55
< sabmcrs 5 16 6822 7549 R0.12
A ouop C1232 1502 5988 9511

Ot hers £ 0 ou37  ud

e ¢ 965 078 03
Total Density E 773 1088 9254 H9.64
C 5747 10404 12920 134.3%

E = Experimenial villages (21)
C . Comrol villages ¢3)

stiies were found in human dwellings (Fig. 12).
The densiutes of 4. ewficifacies in human dwell-
ings were almost negligible in the experimental
villages.

A, cuficgfacies is basically a zoophilic species
and due tofall in population density the vector’s
host preference probubly shifted 1o cattle. re-
sufting in reduced disease (ransmission. The
impact of intervention measures was also re-
tiected in the change in proportion of different
species of anophelines in the experimental vil-
fages. A total of 73,156 specimens were collected
from 21 experimental villages and 15,954 from 3
control villages. Analysis of the duta revealed
that the proportion of A subpicius has in-
creased from 67.9 to 92.2" whereas there was a
gredi reduction in the proportion of other
anophelines, the most noticeable change heing
in 4. culicifaeies fram 25.4 10 4.4%, (Table 8). It
was observed that the breeding sites of 4
culicificies were very extensive and therefore it
wis not possible to bring about a major re-

(RN
1985

May Jun  Jul  Aug Sep O«i Nov  Dec
D64 018 053 571 17 074 1.79 161

644 433 766 N [5.55 155 1533 190
0 04 D7 ol 0.0 M7 vo3 s
0Ll 03} 044 D nt! 033 011 033

70 138 0.4 22 1.76 .60 451 50

LIEE. T I = N ¢ B o R | 166 i.88 I 20
4276 266 1257 4554 11041 5152 988 474

1788 5144 [944 33401 10131 al6s  H9RR 230

04 O o [XVRY] 0.03 0y un
(.22 02 02

4521 28.2F 1371 46327 (1496 5500 96.36 31.41
5671 &60.76 2831 55498 {17465 66.4) 106,64 4455
duction in s populations. However, it wus
possible Lo control the breeding of ather ano-

phelines. For this reason the proportion of 4.
culicifuries showed considerable increase.

Species specific breeding was studied 10 elicit
information on the breeding potentiad of vectors
and non-vectors inside and outside the houses.
Immatures of anophelines were collected from

Tabie 8: Percentage composition of agophelines in
Nadiad*

Masquita Experimental Control

ipecies villages ¢21}% villages (3)
(specimens-73156)  (specimens- 15954)

A, subpicius 92.2 67.9

A culicifacies 4.4 25.4

A annwlaris 13 54

A stephenst .1 0.8

1her Anophe- 0.05 0.4

lites

*Anatysis of adults coflected during 1985,
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Table 9: Species specilic breeding sites in Nadiad*

Percentape (%) breeding

Breeding sites A. culicifucies

PERIDOMESTIC

Pands 0.9 0y
iNnches {2 1§
Rivers 536 1.6
Weils i9 39.2
Cirals 4.2 0
Rice fields 2.5 0
Hool pants 5.0 1.4
INTRADOMESTIC
Owerbead tanks 19 69.1)
Linderground tanks 135 i8.2
Dutside tanks 0.3 620
Inside 1anks 0 95.6
Py ete, 4.3 188
Rurrelds ere, 18 7.2

r Duration of study April to December 1985,

breeding sites. Field collected specimens were
held in the laboratory for identification al the
adult stage. Results of this study are given in
Table 9. It was interesiing to note that no
anupheline except A cwlicifacies, A. stephensi
and 4. swbpictus was found breeding inside
honses. Of all 1the hreeding sites rivers and
iributaries supporied maximum 4. cuficifucics
breeding. 4. siephensi prefers to breed inside
houses in various types of receptacies. Tanks
and wells are the commaon peridomestic breed-
g habitats. Thercfore. for effective vector
control based on anti-larval methods, control of
maosquito breeding m the river and s in-
hataries, wells and mtradomestic containers
shouid receive priority.

tncome generating and environmentalimprove-
ment schemes

Sucid Furestry has been introduced in the expe-
rimental villages with the aim to plant Euca-
ivplus in the murshy areas and other productive
trees in waste fand (Fig. 13). In 1984, 70.000 and
i 1985, 1.14.000 trees were planted. The de-
niind tor trees has increased munifold. A com-
pilation of demands from individuals and pan-

A. stephensi

A annudaris A subpictus Oihers
5.0 91.7 +
0.3 08.2 -
0.3 4.1 -
0.3 510 !
5.4 87.7 '

2006 951 i
o 94.6 -
Y W
0 48.3
4] 7
0 4.4
0 16.9
] 893

chayats showed that in 1986, 6 million saplings
would be required for Nadiad taluka. It was not
possible Lo arrange sueh large requirements from
the forest department or any other source.
Therefore. in-house und punchayat nurseries are
being encouraged (Fig. 14). The villuge com-
munilies can carry out plantations ol their choice
independenily.

Experiments in the luboratory and outdoor
ponds showed (hat Guppy. common carp.
major catp (Rohu. Katla and Mrigal) and
prawns were compatible and can be grown
together {Sharma e/ of.. 1n press). Ponds which
were a4 source of mosquito breeding could
therefore be used for the produciion of food
fishes und prawns, and at the same time mos-
quito breeding could be eliminated. The vil-
lugers were given this proposal which was
tmmediately accepted. The village panchayats
gave 8 ponds (I to 3 hectare each) to MRC on 5
year lease withou! any condiiion or payment.
These ponds uare now being experimented on
for optimizing fish production. The ponds were
cleaned; 2,25.560 fries and 10.750 hingerlings of
major carp and 40.000 juvenile prawns were
introduced. These lishes and prawns developed
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Fig, 14: Village nursery,
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Fig. t6: Apphcation of BI'S beads on siurry of Gobar gas plon,
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extremely well (Fig. 15). Despite large-scale
thefts fishes were auctioned for about Rs.
1.00.0060 of which one pond above was auc-
tioned for Rs 40.000 for a one year period
{Sharma et al., in press). The economic develop-
ment of villages should have a synergistic effect
on health programmes and buman development
(Ramalingaswami. 1984).

Beside social foresiry. the Depariment of Non-
vonventional Evergy Sources is collaborating
with the Gujarat Energy Development Agency
for assistance in the popularisation of smokeless
chuluhs, biogas planis. solar cooker eic. I iy
envisaged that in the coming years these alternate
sources of energy would become popular in the
countryside (Fig. 16).

DISCUSSION

The strategy of malaria control in rural areas is
to achieve interruption of transmission by
spraying residual insecticides. [Insecticidal
spraying is losing its impact for a variety of
reasons viz., development of insecticide re-
sistance. lack of collateral bencfits of spraying.
exophilic and exophagic behaviour of vectors,
epvironmental contamination and adverse ef-
fect on beneficial fauna. At present the problem
of ingecticide resistance is being tackled by using
replacement insecticides. DDT is used in areas
where the vecior is still susceptible to DDT but
in 112 million population HCH is used 1o
overcome DDT resistance, similarly in 22 mil-
tion population malathion is used to overcome
resistance to DDT and HCH. Unfortunately
some degree of resistance hus also developed to
malathion thereby making il ineffective, largely
in parts of Gujarat and Maharashtra. The
sirategy of the use of replucement insectivides is
very expensive e.g.. in 1986 cost of spraying
insecticides 1o cover I miflion population with
DDT. HCH and malathionisRs. 34, 37 and 199
lakhs respectively.

Therefore. increase in the cost of insecticides
slone would make residual spraying prohi

15

bitive. {t may also be noted that the eradication
of malaria was not possible because of many
epidemiological and environmenial reasons and
it was scrapped in (avour of control programme
under the Modified Plan of Operation in 1977
(Pattanayak and Roy. 1980). Malaria control.
therefore, is a long-term commitment and me-
thods would have to be evolved to vombat
malaria within the available fund allocations.
Malaria cases have gradually stabilized to
about 2 million during the mid 1980s. 30%, of
these are due 10 P. falciparwn. Several studies
have revealed that if spraying is not effective or a
good spraying is not done. malaria strikes back
with vengeance {Ansari ¢f al., 1984; Sharma
et af. 1985a.b: Malhotra er ai.. 1983a.b).
There is therefore an urgent need to minimize
our dependence on insecticides and work out an
alternate strategy that would be environmen-
tally sound. With this background importance
of the big-environmental controt of malaria in
Kheda comes out strongly.

The alternate sirategy combines simple and
inexpensive methods of the control of mosquito
breeding supported by chemotherapy. Thus. the
transmission chain is broken by attack on the
mosquito and the parasite with the involvement
of the community. Health education is therefore
an important component of the programme.
The method brings about semi-permanent to
permanent changes it the environment thus
making the areax non-vonducive to diseuse
multiplication. The efimination of mosquito
bresding sites alsa reduces mosquito nuisance
which may fransmil other diseases such as
Japanese encephalitis. dengue, filaria etc.

The Kheda experiment has demonstrated that
confidence generated in the communities could
be used as an entry point for other de-
velopmental schemnes in a holistic approach for
overall development and a healthy environ-
ment. The introduction of environmental im-
provement scheimes of social forestry. improved
chulahs (stoves), soak pits. playgrounds, parks
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2fe., have been of great value in improving the
environmeni and sustaining the intersst of the
community. Simultaneously, efforts were made
ta launch schemes to improve the village eco-
nosy. Village ponds that were one of the main
sourves of masquite breeding were alilszed Yor
:he production of food fishes and pruwns.
Large-scale plamations under the sociel lare-
sty scheme were taken up to utilize the waste
fund. It was demonstrated that one scheme
alone i carried out on scientific ines can pick up
the entire cost of malaria control for Nadiad
tiluka, and there would be enough savings to
provide support to other developmentat acn-
vilies (Sharma and Sharma. 1986). As an exa-
e during 1986 money earned from fish
production was diverted to lay an underground
sewage system m one village.

The strategy of bio-environmental controf of

malaria as developed could be extended to
auuty areas with similar terrain and agroch-
matic conditions hut may not be universally
applicable. The strategy would have o be
nailored 1o each maluriogenic stratum depend-
ing upon agro-climatic, entomological and epi-
dermological considerations. in some areas it

may be necessary to include a timited role of

msecticides. while spraying strategy may be held
w reserve for situations which are not amenable
to control by alternate strategy or where ma-
larix outbreaks are imminent. The study has
clearly shown that our philosophy of vecior
cantrol should change in favour of alternate
strategy which should be the first line of attavk
followed by bio-environmental controlin which
msecticides would have a limiled role 1o play.

Such ichange would not require any addittonal
finuncial  commitments  since  the  cost-
effectiveness of aliernate strategy is comparable
10 the expenditure being incurred on malarn
control using DD and HCH. [t is noteworthy
o mention that the alternate strategy would
vost about 15%, of the expenditure being ine
curred in areas under malathion spraying.

INDIAN 1. MALARIOL. . ¥YOL.. 23, DECEMBER 1956

Theretore, areas under malathion spraying
tabout 22 million population)} should be tackled
i the first phase. This would nged large trained
manpower at all levels und training facilities
should be developed for such a change, while
research should be simultuneously intensified to
develop methods for other malaria endemic
sones. This would also provide an opportunity
fo fest the large-scale operational feasibility of
the ulternate strategy under the primary health
cire system.
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Host Preference of Anopheles annularis in Different

Biotopes

KK GHOSHL 5 DAS! 5. CHAKRABORTY? 5. BHATTACHARYA?

and A K. HATI?

Bicod meal analyses of dnepheles anmularis in two different hiolopes was perlormed by capturing
mosguitoes from cowsheds and human babitaiions. The human blood index ol 4n. annularis collected from
fuman habitations ts as high as 21.4%, indicating that a large nutnber of this species have got human contact,

INTRODLCTION

{n view of The resurgence of malana in rural West
Bengul, there is u renewed interest on host
preference of An gnnularis, the mosquito species
known 10 be responsible for transmisgion of
malaria in rural West Bengal in recent years
tGlosh er af.. 1985). Hence a study on blood
meal analysis of An «nnudaris in two different
bictopes was conducied by capluring mos-
quitoes from cowsheds and human dwellings.

MATERIAL AND METHONS

Anopheles annuloris mvsquiloes were caught
regularly during Fanuary’ 81 to June 82 with the
help of test tubes und baitery operated torches
from cowsheds and human dwellings (mud
huts). situated side by side in Gurap vitlage ol
Hooghly district 70 km away from the central

Aceepied for publication. 13 Noveinber 1986,
VPDepartment of Foulogy M U.C. Women's
Burdwan-713104. India
tDepuriment of Medical £ninmology

Culeutta School of Tropical Medicine
Calei i -700073, T

Caoilepe

laboratory situated at School of Tropical Me-
dicine, Calcutta. Collection methods were selec-
ted from those suggested by the WHO Expert
Committee on Malaria {1962, 1964) and Hol-
stein {1954). No insecticide had been sprayed
there for the lust 20 years. Fully fed females of
An. annwlaris were setected for blood meal
analysis so thar no difficulty would be en-
countered in conducting the test. The stomach
conlents of the females were dissected with a
patr of needles and the abdominal contents
were squeezed on 1o the filter paper. The
remaining carcass, of the mosquito was discar-
ded. A fresh pair of dissecling needles was used
for each dissection. The blood smears of these
mosquitoes were separated by cutting the blood
spots stamped on filter pupers and these were
arranged in serology tubes to which a small
quantity  of norma!  saline  (0.05mi)  was
added.

The blood meal analysis was performed in wells
prepared on glass slide with agar gel by moditied
OQuehterfony gel diffusion method (Ouchterlony
et 2l 1973) as adapted by Collins ef al. (1983).
The above mentioned method was employed for
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its distinctive advantages; (i} the assurance of
equal consideration to all the host species. us the
tests of all the blood meals were set up before
any results could be known. (i) even a haemol-
vsed or cloudy antiserum does not intesferc
visually with the reading. (i) an unfiltered.
uncertiriluged crushed saline extract of the mos-
guito does not hamper the clarity of precipitat-
ing band at the zone of equilibrium. and (iv) its
abitity to preserve the slides for permanent
recording of the result. Further, agar gel dif-
fusion technique. when carried out over 4 bigger
side. can accomodate a larger number of sa-
mples giving an oppertunity 10 compuare the
sesitlts of the blood meat unalysis from different
hosts in different mosgutioes as well as mixed
sourees. The antisera used in the analysis were
prepared by the laboratory of the Serologist and
Chemicul Examiner 1o the Government of In-
dia, Caleutta. The samples were run againsi
antthuman. antibovine, antiporcine and unii-
avian serd.

RESULTS

Blood mea! analysis of 469 An. annularis was
performed, of which 240 were taken [rom cow-
sheds and 229 from human habitations. In the
overall analysis of blood meal of An. anmuduris
caught irrespective of biotopes, bovine blood
and human blood indices were 76.3% and 14.5%,
respectively (Table 1). the difference was highly
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significant. But when blood meal analysis was
done according to different biotopes. the results
were gquite different. In cowsheds the buman
blood index of An unnularis was only 7.9%.
while it was 21.4% in humun dwellings (Table [).
the difference was highly significant. The same
was true in the case of bovine blood index
(83.3% in cowsheds and 697 in humun dwell-
ings). A total of 4.3% of An annularis 100k
porcine blood and 0.6"; of this species ok
avian blood. Taken as a whole, altogether 2.5%;
of An. annularis fed on both man and calle,
1.5%, on cattle and pigs and 0.2%; on pigsand
birds.

Statistical significance of the differences he-
tween the (wo biolope classes with respect to
blood meéal was tested through Z (normal
deviate) test and the results show that there is
marked ddference in casc of human and bovine
blood while no difference was observed in
porcine blood.

DISCUSSION

The blood meal tested included 5129 ol the torad
lrom cowsheds and 48.8%, from huwman hib-
tations, showing the bias in favour of the awviil-
able host, which of course represents the popu-
fution to 4 certain degree.

An annularis has been previously reported to

Table I: Blood mea) analysis of Anopheles annularis in different biotopes

Blood smears

. Cowsheds

No. ' o
Bovine 200 813
Human 3] 79
Porcine 10 4.2
Avian 2 0.3
Bovine and human [ 04
Bovine and porcine 7 29
Hovine and avian | HE
il 240 100.0

Hunan habitations Tontal Percentage

No. kN
158 69.0 358 76.3
49 214 68 14.5
[ 4.4 20 4.3
1 0.4 1 0.6
1 4.8 12 2.5
i . 1 L5
_ ! 0.2
239 100.0 169 100.0



GHOSH er wi; HOST PREFERENCE OF A ASNULARIS

have an anthropophitic index of ¢, (Alnidi e al.,
1939). Senior White (1947} found amhro-
pophilic indices ol 1.3%, and 1.8% in Onissa
and Muadbya Pradesh respectively, while in the
present study attraction (o man has been signi-
ficantly increased. The duta presented ai the V
Inernational Parasitology Congress in Tor-
oo (Ghosh and Hati, 1982) reveated the HBI of
An annalaris as 19%, in human habitations. In
another study in West Benpal (Bhattacharya
ef al., 1981). 27.57%, HBI was obtained when the
maosquitoes were collected from human dwell-
tngs. The important part in the context of lhe
resurgence of malaria in West Bengal is that in
recent yeurs high anthropophilic indices are
buing seen for this species, while in the pre-
control era very low indices hud been reporied.
However. none of the earlier reports isfrom West
Bengal. Bruce-Chwatt er afl (1966) reporl its
high HBI (25.1'%) when collected from human
habitations from Andhra Pradesh. Assam. Bi-
har, Mudhya Pradesh. Mysore and Uttar Pra-
desh in India. it seems that the choice of host of
An annularis has changed considerabiy in recent
yaurs.

The HBI of A wunmduris collected from henan
hahitations is as high as 21.4% indicating that a
large number of this species have gol human
contact. In other words man-vector contact
regarding this specics has definitely increased in
recent years, which may reusonably influence the
epidemiology of transmission of malaria in rural
West Bengal.

Another mieresting finding 15 the presence of
mixed blood meal in a percentage of the 4n
unnularis population. It is probable that some of
therm were driven out while feeding and Tater
came to suck the blood of other host/s afler the
first feeding. This study points out that the host
preference of An annudaris varies widely in
different biotopes. In human habitations the
<hance of getting human blood is more than that
in cowsheds. This indicates a greater faciliy w0
trunsmit disease in such surroundings.
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Cell-mediated Immune Responses in Drug-suppressed
Simian Plasmodium knowlesi Infection

S. BISWAS! and Q2. HUSSAIN/

Rhesus mastkeys ( Macaca mafotia) were immunized by repeated drug-suppressed Plaenodiwm knowlesi
infection. Leueowyie migration inhibition (LML) west was performed (o assess the specilic T<ell mediated
immune response at recovery phase of infection. The soluble extrace of the whole parasite was used as antigen
for LMI test. The animals which recovered from infection showed in vitrg inhibition of leucocyle migration,
Antigens ¢liciting the protective immune response would probubly improve the aceuracy and sensitivity of

LMI 1est s an indicator of proteciive immunny.

INTRODUCTION

Acguired immune response is an assemblance of

a series of immunological changes 1noa pre-
viously susceptibie host. assoviated with puara-
situemnis and represent the host's defensive me-
chanism to eliminate parasites or to restrict the
clinical effects of purasitaemia. Several studies
on experimental models exhibited that cell me-
dialed immune responses are involved in pro-
tective immunity to makaria, particulurly to the
asexual erythrocytic stages. Experimental evid-
ence indicates thal ‘F-lymphocytes ure required
for the development of effective immunity. M-
rophages are activated during malaria infection
and release some products which are capable of
killing intra-erythrocylic  parasites  (Ocken-
howse and Shear. T983). The activation of
macrophages is controlled by T-cells through
the mechanism involving a vcascade of fym-
;:p;t_d_'j’ﬂr publicaiion: 1% November 1986,
Malaria Research Centre (ICMR)

2 Sham Nath Marg, Delhi-1 F0054. India.
" Depariment of Biochemisiry dmmunochembs iy,
Nationzl Institule of Communicable Diseases.
23 Sham Noath Marg, Dethi- 110054 India.

phokings. There is good evidence from several
studies that CMI may correlate more closely
with immune status than do antibody levels
(Brown et af . 1970; Fugui and Allison. 1979).
Studies on lymphocytes from [$ patients who
had been infecled with P. faleipurum from one
month to 15 years have shown a significant
proliferation in vitro in response to P. fulck
parum antigen prepared from Aotus eryth-
rocytes (Wyler and Oppenheim, 1974). In im-
mune individuals blastogenic transformalion
of T-cells was muintained for a long period and
high levels of 3 inlerferon were secreted. The
mipoitue of cellulyr mechanisms of immu-
nity 15 demonstiable in the present study on
experimental P knowlesi infection by using
LMI test as a ool for measurement of specific
T-cell mediated response.

MATERIAL AND METHODS

Animals

Male rhesus mionkeys { Macaca nudatiu) weigh-
ing 3 4 kg were wused Tor the siudy, Before
starting (he experiment the animals were kept
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under quaraniine and were screened for tuber-
culosis. A natural diet consisting of fresh fruit.
vegetables, salts, minerals, vitamins, nuts and
soaked gram was given during the day. Water
was provided ad libitum.

Strain of parasite

Plasmaodium knowlesi W1 variant was obtained
from Guy's Hospital Medical School, London,
U.K. The parasite was stored in cryoprescr-
vative at - 70°C. The frozen parasite stabilate
was revived by inoculation of the parasite
malerial intravenously into normal rhesus mo-
nkeys.

Infection and collection of sera

Rhesus monkeys were mjected intravenously
with 1 » J0¢ parasitized erythrocytes collected
from donors in sterile .15 M sodium citrate.
The course of infection was monitored by the
examination of thick and thin smears of blood.
When the parasitaemia reached around 1510 25
per cent. the animals were cured with chlo-
roguine phosphate. first dose 20 mg per kg and
second dose 15 mg per kg body weight on the
next day. These animals were infected after 30
days with the same strain and cured until self
recovery at each recovery phase of infection for
the study.

Preparation of antigen

Rhesus monkeys were infected with P knowlesi
as described, When parasitaemia reached about
60 to 70 per cent, the animals were anaesthetized
hy intravenously injecting sodium pentobar-
bitone (30 mg per kg body weight)} and blood
wus collected in .15 M sodium citrate. The
plasma and buffy coat were removed by centri-
fugation, erythrocytes were washed with normal
saline till the supernate was clear. Erythrocyte
pellet was then mixed with 015 per cent
saponin safution (10 times over the volume of
RBCs}and the mixture was incubated ina 37 C
water bath for 20 minules with occasional
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stirring. The suspension was then centrifuged in
cold at 10,000 rpm (8,000 g). The supernate was
discarded and the pellet was washed repeatedly
with phosphate buffered saline to remove
haemoglobin and excess saponin,

The saponin released parasites were sonicated
at 10 gA for 30 seconds in MSE Soniprep 150
and then centrifuged in celd at 10.000 rpm
(8,000 g). The soluble exiract was used for the
study.

Leucocyte Migration !nhibition (LMI) test for
assessment of cell-mediated immune response

The test was performed under sterile conditions.
About 4 ml of peripheral blood was drawn from
each monkey in 200 units of hepurin and poured
in 2 tube containing 1 ml of 3 per cent dextran in
normal saline. The mixture was allowed to
stand at 37°C for 40 minutes. Ervthrocytes were
gradually sedimentced by keeping the tube in a
slanting position. Leucocyte rich plusma was
aspirated and spun at Y00 rpm. for § minutes at
reom temperature. The pellet was washed thrice
in medium RPMI T640. Leucovytes were sus-
pended in the enriched medta (R PMI 1640 with
5 per cent foetal calf serum) containing genta-
mycin at a concentration of 40 ug per mi. The
final concentration of leucocytes [or the test was
fixed at 15 = 10¢ cells per ml. Capillaries of
volume 80 ul were filled with this leucocyte
suspension and one end of the capillaries was
sealed with plasticine, then these were centri-
fuged at 900 rpm for 5 minutes. The capillaries
were then cut at the cell-medium interface and
mounted in perspex chambers of capacity 1.5 ml
each. Enriched medium with antibiotics wus
added tn control chambers and medium mixed
with antigen (protein concentration 50 ug per
mi} was used for test chambers. The chambers
were made airtight with cover-slips and in-
cubated at 37°C for 18 hours. The area of
migration of leucocytes was recorded with the
hefp of camera lucida. The percentage of
migration-inhibition in antigen incorporated
chimbers was calcubated by the Tormula:
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Perventage of migration nhibition - 104

~ Area of migration in test chambers (with antigen)

= [(H)

Arez of migration in control chambers

RESULTS

After repeated challenges with P kuowlesi, Rhe-
sus monkeys developed protective immunity.
The animals were grouped in three according to
their protective immune responses. Fitst group
of animals (Nos. 432, 436 and 502) survived the
second bout of infection. The animals which
belonged to the second group (Nos. 125, 127.
[28. 504, 505. 507 and 509) recovered naturally
on third bout of infection and two animals (Nos.
126 and 129) of the third group had three bouts
of drug-suppressed infections, then on fourth
challenge they developed immunity.

The specific T<ell mediated response in these
animals has been performed by leucocyte mig-
ration inhibition test. Blood was collected from
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these animals just prior to infection. Table
shows the bouts of infection, protection ob-
1ained on the challenge bout, cumulative para-
sitaemia in total exposure and percentage of
leucocyte migration inhibition in twelve rhesus
monkeys. P. knowlesi antigen having a protein
concentration of 50 ug per ml was found to be
non-toxic to normal leucocytes by comparing
with the areas of migration in control and
antigen chambers. The test has been.performed
on zero day before giving the first infection and
at each recovery phase. An inhibition in leu-
cocylte migralion has been observed which may
prove that in malaria immunity, the role played
by T-cells is impartant.

DISCUSSION

The immune sysiem produces both humoral
and cell mediated responses to malaria as a
result of immunization with maiarial antigen or
by infection. Both the types of responses may be
required for a fully expressed immune response

Table t. T-cell mediated immune response in 12 monkeys on which leucocyle migration inhibition test was performed

Percentage of Levcocyte Mipration Inhibition

Monkey Number of Showed Comuy- —— .

Number bouts given  protection lative Busc-line, Before Before Before After 4th
bout parasi- Day-0 giving giving giving exposure.

taemia 2nd baut. 3rd hout. 4th boul. Day-120
Day-3G Day-60 Day-90

432 10.05() 1.2 105 is6

436 3 nd 6.188 05 9.5 18.0

502 8735 .4 10.0 166

125 5170 0 27 N6 13.4

127 5.500 I 14 7.2 12.1

128 6228 0 22 6.2 8.8

504 3 Ird 6.699 03 30 110 12.2 -

508 10.895 4] 6.7 15.5 16.5

sy 12,770 H 10 11.2 10.2

509 8.050 0 44 {12 i7.0

126 4 sth 11005 12 14 194 12.5 135

129 9.390 $.3 312 89 9.2 i1.2

Note: Non-toxicily of the antigen at 1he protein concentration of 54 ug per mi was iested in a group of 15 monkeys. An

average of 5 per cent migration mhibition was tuken as cut-ufl point. Perventuge migration inhibitian of leucocyles
in experimental animals wus recorded afier subtracting from the cuwt-off value on day "0 1o subsequent

experimenting days.
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tBrown ¢f af., 1970). The partucipation of thy-
mus derived tymphocytes in the development of
protective immunity 1o malaria has been shown
by various workers (Spitalny er al, 1977;
Brown. 1976; Cohen and Langhorne, 1981} in
rodent. avian and human malarias. T-cell re-
sponses to Bomologous parasite antigens have
been demonstrated by delayed skin reactions
and by in vitro blustogenesis in simian, human
and rodent malarias (Cottrell et gf., 1978;
Phillips et al., 1970; Wyler and Oppenheim.
1974, Weissburger and Spira, 1978). In the
present study leucocyte migration inhibition
test was performed to assess the specific T-cell
medialed immune response in animals mmu-
nized by drug suppressed infection. The animals
that recovered or with a partial protective
nmmunity to infection showed migration in-
hibition of leucocytes in vitro when tested with
homologous antigen preparations . The soluble
extract of the whole parasite contains a wide
variety of antigens and include mitogenic vom-
ponenis. After the exposure to parasites and
drug recovery a certain amount of inhibition
has been observed in the amimais. Animals
which survived the challenge infection showed
inhibition in migration of leucocytes but per-
centage inhibition was low. Antigen used for the
1es1 consists of @ mixture or battery of antigens.
the particular antigens which elicit the pro-
ective immune response may be masked by
other antigens. Ravindran er af. (1983) have
shown that LMI test can be a parameter 1o
monilor the cell mediated immune response
against human P vivax infection. From the
present study it can be cited that use of the
antigens which elicit protective response would
probably improve the accuracy of the test as an
indicator of protective immunity.
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Village Scale Trial of the Impact of Deltamethrin (K-othrine)
Spraying in Areas with DDT and HCH Resistant

Anopheles culicifacies

M.A. ANSARL', V.P. SHARMA', C P BATRA' R K. RAZDAN! and P.K. MITTAL'

A synthetic pyrethroid Peltamethrin {trade name K- athrine} with residual toxicity was sprayed in malaria
endernic village with vector 4. culicifacies resistant to DDT and HCR. The spraying was carried out @
12.5mg/m? and compared with HCH spraying i@ 200 mgfm?2, Resulis of ihe 3 rounds sprayed in both the
villages revealed that K -othrine spraying suppressed the vector populations and greatty reduved mmalaria
transmission. In cantrast spraying of HCH did nol praduce satisfactory results in either reducing the vector

densities or the incidence of malaria.

INTRODUCTION

Anopheles culicifacies 15 a principal vector of
malaria and responsible for bulk of malaria
transmission in rural and semi-urban areas of
the country. The vector has become resistant to
DDT and HCH in most parts of the country.
while in Gujarat and Maharashtra it has also
become resistant to malathion (Sharma et of,
1982, 1986). There is therefore an urgent need in
our armamentorium of a replacement insec-
ticide to controd the double or muitiresistant 4.
culicifaeies populations. We report the results of
4 field trial with synthetic pyrethroid Deltam-
cthrin marketed by the trade name of K-othrine
by Roussel Uclaf. The study was carried out in
Bhanera viltage of Ghaziabad district (1P} on
A. calicifacies populations resistant to DDT and

Accepeed for pubdication: 1% November [986
' Mularia Research Centre (MR}

12-3ham Nath Marg

Delhi-F10054, India.

HCH. Results of this study are reported in this
paper.

MATERIAL AND METHODS

Deftamethrin, (s)~l-cyanon-phenoxybenzyl
(IR, 3R)-3 (2,2-dibromovinyl}-2. 2-dimethyl-
cyclopropane carboxylate is a synthetic pyreth-
roid with residual toxicity. The water disper-
sible powder (wdp) formulation coniaining
2.5% active ingredient {ai) was obtained gratis
through the courresy of M/s. Roussel Phar-
maceuticals {India} Ltd. The trial was carried
out in a relatively isolated village with high
vector population and intense malaria trans-
mission. Experimental village Bhanera is si-
tvated on the bank of Hindon river in Loni
PHC, District Ghaziabad (U.P.). The village
has 972 human population, 128 houses and 65
cattlesheds. Most of the houses are made of
bricks while cattlesheds are made of mud with
thatched roofs. The pre-monsoon period (April
to June} was extremely hot and dry. while the
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post-monsoon period {October to November)
was moderately hot and humid. Major crops
cultivated in the area are wheat, rice, maize and
vegetables.

The impact of spraying was compared with a
contro] village Mohammadpur. 1t is located on
the sume river at a distance of about 20 kms
from Muradnagar PHC. This village is smail in
size. isolated and with comparable agro-
climaric conditions. In this village HCH was
sprayed by the National Malaria Eradication
Programme (NMEP) @@ 200 mg/m?*. Both the
experimental and control villages were being
sprayed with HCH for about 8 years before the
start of field trials with deltamethrin.

Residual spraying of deltamethrin 2.5%, (wdp)
was started in June 1985. Spraying was carried
out with the help of stivrup pumps at a dose of
12 5mg/m2. Three rounds were sprayed i.e., one
each in the month of June, August and October
1985. Efforts were mude Lo maximize coverage
and all houses and catifesheds were sprayed in
cach round. A total of 18.5 kg 2.5% wdp K-
othrine was used 1 cach round to cover
16649/m? surface area. The discharpe rate of the
spray was maintained at 780 mg/40 stroke
min.

The density of indoor resting 4. culicifacies was
monitored on weekly basis in the control and
sprayed villages. Active surveillance was carried
out daily by visiting every house throughout the
study period. Every fever case was given pre-
sumptive treatment (600 mg chioroquine) fol-
towed by radical treaiment (0 the parasite
positive cases as per the anti-malaria drug
policy of the NMEP (Sharma, 1984).

RFSULTS AND DISCUSSION

Results revealed (Fig. 1) that pre-spray densities
of A culicifucies were extremely high in the
experimental village (7 to 8 times more) as
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compared to the conirol village. Soon after K-
othrine spraying there was a dramatic reduction
in 4. culicifacies densities. The pre-spray 4.
cudicifacies per man hour densities were reduced
to 0.5 from 58.0 within 1 week of spraying. No
such reduction was observed in the control
village sprayed with HCH. A. culicifacies popu-
fations remained at very fow level upto 3rd week
and gradually started to increase in the 4th week
and reached high numbers by the end of July. The
2nd round of spraying in August again produced
4 simifar impact on vector densities. The impact
of spraying lasted till the end of September. As
compared to the K-othrine sprayed village, vec-
1or densities in the control village continued to
show an upward trend despite the ist and 2nd
round of HCH spraying and autained a peak in
the month of August. The third round of spraying
reduced vector densities to very low levels in the
K-othrine and HCH sprayed villages. in the
third round HCH spraying produced better
impact compared to the first and second rounds,
This may be due 1o a natural decline in vector
densities, and tus trend was common in both
HCH and K-othrine sprayed villages.

The epidemiological indices of HCH sprayed
(control) and K-othrine sprayed (treated} vil-
fages are given in Table 1. There was reduction
in malaria incidence as revealed by the epide-
miological indices. Folal malaria cases were
reduced by 62.7%; {50%, Pv and 70.4%; Pf). The
SPR and SR was alse reduced by 29.8%; and
44.9%; respeciivelv. It is noteworthy to mention
that during the peak (ransmission season of
fulciparum malaria (August to October) there
were 91 cases ol falciparum malaria in the
control village as against 26 in the K-othrine
sprayed village. Malaria cases started to decline
in the control und experimental villages with the
unset of winters. It was however not possible to
achieve complete interruption of malaria trans-
mission even in the experimental villuge which
may require an :xiended spraying schedule
during the subsequent years. It may be noted
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Table 1, Epidemiological indices of Mohammadpur and Bhagera viliages

Month

Mochammadpur* HCH (@ 200 mp/m?

[NDIAN }. MALARIOL.. VOL. 23, DECEMBER 1936

Phanera** K-othrine @ §2.5mgfm?
11985} (Population 360) (Population 972)
RS BER Pv Pf Total SPR SFR BS. BER Py Pf Towl ST  SFR
coll, coll,

May &0 6% 10 1 11 18.2 1.6 k14 39 5 0 5 131 0.0
tune 37 43 10 0 10 270 0.0 24 24 5 0 5 0.8 ($X1]
Tuly 33 5.4 9 0 9 209 0.0 42 43 12 I 13 ELIRY 23
August 163 189 24 36 60 6.8 2.0 67 638 6 9 15 223 134
September 83 2.6 T2 36 433 4.9 65 66 6 I 1? 1 169
Octaber 53 6.1 09 16 16 45.0 49.9 3 30 a6 § 240 200
November 22 25 0 6 6 27.2 17.2 I L.! 1 3 3 272 272
Pecember 18 24 0 1 1 55 5.5 ia 10 3 k! 0o 300
Toual 479 556 S50 99 59 332 .7 287 285 M4 33 87 233 14
Cases/ 1000 — -- T O[i5 183 - — — 35 M Kl -
"y teduction — - - - sn o704 6T 298 449
Note: Spraying dales

*Rounds **Rounds

1. 24 May . 6 June

2 BT July 2. 5 Aug.

3. 27 Sept. 3. 7 Oct.

that the results achieved were of a comparative
siudy of HCH vs. K-othrine as it was not
possible to leave any areas unsprayed for con-
trol purposes.

Residual application of K-othrine (@ 12.5
sg/m? was found successful in reducing the A.
culicifacies densities to a very large extent afler
each round of spray as compared 1o the control
{HCH sprayed) village. The residual effect of K-
othrine produced satisfactory results in the
control of vector populations upto 4 weeks and
then it started to decline and populations re-
turned to original densities after about 8 weeks.

Eartier trials of Deltamethrin in Nigeria showed
that the compound at a dosage of 0.05 gm/m?
was found safe for inhabitants and spraymen.
The spraying also proved very effective in the
cuntrol of 4. gambiae and A. funesitus for up 1o
20 weeks on mud wall and thaiched structures
Rishikesh er al . 1979). However. the residual
sffect against 4. stephensi on cement and mud

wall structure @ 50 mp/m? was negligible
although spraying was effective upto 20 weeks
an thatched surface. On cernent surface K-
othrine was effective upto 3 weeks against Cx.
quinquefasciatus and A. aegypti. Oh mud sur-
face it was effective for 14 weeks against A.
eegypti and for 3 weeks against Cx. guinguefas-
ciatus. Both normal and malathion resistant
strain of Cx.  guinguejasciatus were found
equally susceptible to K-othrine {Das and
Kalyanasundram, 1984).

During the present study K-otfirine was found
effective on mud and cement surface from 4.7
weeks respectively while on brick wall surface
the effect lasted upto at least 3 weeks as obser-
vations were discontinued afier 2nd round of

spray.

In view of this it may be concluded that K-
othrine 2.5% wdp is a promising residual in-
secticide when sprayed @ 12.5 mg/m2 The
acceplability of K-othrine was overwhelmingly
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high because of its effectiveness against a variety
of household pests viz.. houseflies, cockroaches,
crickets and other crawling insects. The spray-
ing also did not spoil the wall surface. Oc-

casionally burning sensation was observed by

the spraymen not using the face mask. These
symptoms were transitory and disappeared af-
ter a thorough wash. In view of the possible
toxicity, precautionary measures such as using
mask, and washing hands and face with seap
soon after spraying must be followed. Because
of the significant reduction in veclor densities
and reduction in malaria transmission including
several collateral advantages the study is being
extended to about !.75.000 population for 2
pertod of 3 years.
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Preliminary Observations on Development of Quinine
sulphate Resistance in Plasmodium berghei

MAHMOOD KAZIM ' RAGINE SAXENA and 400 DUTTAL

A semsitive stradn of Poobenghes was subjected o mierrupted subeurative doses of guiane Jollowed by
muereasing drug selection pressure (or JF passages in Swiss mice which cesudtad in the selection of o strin
resistant 1o 400 mp ke daily dose of quinine (foe 3 days, from Day 0-3). The quinine resistant strio had
shown Fa-fold cross-resistance to mefaquine and pearly 2-fold resistanee o iloraguine, amodiaguine wnd
dupsone. Its sensitivity 1o other drugs wiss vor significaotly allered. Sulphadoxin showed highest activity

Against gquininge resstant sirn (KD, 0066 mpkg)

The results of the present study suggest thal in the weas where quinine resistunce in 2. fafeipurion is becoming
esizhlished. there is potential danger ol the emerpenve of mefloguine cross-resistance in the field.

INTRODLUCTION

Experimental studies on the induction of drug
resistance in P. herghei have shown (hat a high
level of resistance (o conventional unlimalarials
can be built up in this parasile by interrupted
sub~curative therupy. Agarwal. Puri and Dutia
(1979) reported the selection of a pyrimethamine
resistant strain of P herghei with 128fold re-
sistance o this drug; Purd, Agarwal. Kazim and
Dutta (1979} developed u strain with 32-fold re-
sistunce to chloroquine. Purt and Dutia (1979)
sclected a strain with 4-4old resistance 1o prima-
quine: Kazim and Dutta {1980) obtatned a strain
with 840ld resistance 1o sulphanilamide und
Kazin, Puri and Dutta (1979) selecied another
strain with 64fold resistance to melloquine.

Accepted for publication: 4 Novernber J9%6
' Division of Microbiologs
Central Drue Research Insinure
Locknow-2260010, Endia.

Besides these o strain of P berghei has been
developed in which pyrimethamine resistance
has been superimposed on a mefloquine resistant
line (Puri and Dutta, 1982). This strain shows
resistance to both mefloguine {256 mg/kg) and
pyrimethamine (128 mg/kg). Larlier 1 quinine
resistant strain of P berghei (400 mgfkg x4
days) was developcd by Jacobs {1965). The cross-
sensitivity studies of this strain, as well as its
chemotherapeutic response (o other drugs based
on ED ¢ and BB data, had not been studied by
these workers. The present communicalion re-
ports the selection of quinine resistant strain of P,
herghei. The drug sensitivity studies on this line
have further shown cross-resistance to mef-
loguine to which the struin had never been
cxposed.

MATERIAL AND METHODS

Phe present sirain of P herghei. procured from
NICD in 1976, wis maintained at CDRI by
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weekly blood passages in random bred Bwiss
mice. weighing 20 - ] gm. These mice were also
used for selection of resistant strain by inter-
rupted subcurative oral therapy. The mice were
fected with 2.5 % 107 parasitized RBC and
Jaily purasitaemia per 10,000 red bload cclls was
secorded. The stability of resistance was de-
iermined by a 4-day test after maintaining the
resistant strain in the absence of the drug. The
cross-sensitivity/resistunce  to other  anli-
malarials was determined in Swiss mice. The data
on ED,, and ED,, values with various anti-
malarizls were oblained by log-probit activity
graph method (Peters, 1965). The parasitaemia
of the mice inoculated with 2.5 % 107 parasitized
RBC was recorded on day 4 (after 4 oral doses of
Jrug from day thio - 3).

The following drupgs were used in the study:
Quinine sulphate (IDPL), Mefloquine HCI (Ro-
che Products. Basel), Chloroquine (Bayer India
Ltd. Bombay). Amodiaquine (Parke-Davis,
India, Ltd.. Bombay). Mepacrine (British Phur-
araceutical  Lab., Bombay), Primaquine
{SIGMA). Pyrimethamine (Burroughs Wel-
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lcame & Co., (I), Pvt., Lid.. Bombay). suiphani-
lamide (IDPL), Sulphadoxin (Roche), Dapsone
(Bengal Immunity Company, Calcutta} and
DADDS (CDRI. L.ucknow}.

RESULTS

Selection of the quinine resistunt strain:  The
sensitive (normal) strain of P. berghei maintained
by serial blood passage (2.5 x 107 parasitized
RBC, i/p) in Swiss mice was subjected to in-
terrupted subcurative oraf doses of quinine start-
ing from 37.5mg/kg dose in the Ist passage. The
dose was gradually raised in successive passages
and finally the strain in [1th passage was found
e exhibit resistance to 400mg'kg dose ifor §
days) of quinine (Table 1). In the 14(h passage,
the strain showed resistance to this dose of
quinine when given for 4 days from the day of
infection i.e., day 0.

Stubility of resistance: The resistance to qui-
nine upto a dose of 400mg/kg > 4 days. was
found to be stable after 8th drug free passage ie.
after 43 days.

Vable 1. Selection of quinine resistant strain of . ferghei in Swiss mice by increasing drug selection pressure and subcurative

AUR) 1600
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therapy.
Serial Duration Daily No. of Total Parasitaemia/ 104 red vells
pussage of serial dose doses drug Days
No. passage (mg/kg) (On days) adminis- -
{days) 20 gm tered 2 3} 4 5 & 7 8 9
matise per mouse
mg kg
i, 0-6 375 4(0-3) 150 90 - 250 210 - 380 - -
b 7-13 75 5{I-4. 6) 375 60 - 225 - 300 - 250
EX 14.-20 75 3(0-2) 125 58 56 131 | 52 —
4. 21-23 75 1L é-11 525 140 - 239 .- o 2t -
5 34-42 F50 5(2--6} 75 ey — 05 - 336 - Mo -
6. 43.55 150 4{2-5) L] 288 %4 — o - 3150 -
% 36-65 F50 7{(2.3.5-9) &N 67 — 268 178 - 185 - 4M
S H6-76 300 5{4~8) 1500 95 — e02 .- 1B - 0B ..
9. T7-86 300 6(3. 5-9) 180 Mmoo — 422 M7 - 264 - -
HiA ¥7-95 300 4{4-56. 8) 1260 65 - 214 - 150 135
it 6. {02 400 5(2-8) 20006 98— led - 400
14, T4-122 4(0-3) 205 - Rl q]

- Parasituemia not recorded.
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Table 2. Sensitivity cross-resistance of quinine resistant and sensitive strain of P. berghei

Drrug

Quinine resistan! strain

No. of doses® Sensitive strain
ED,, (mg/kg) EDg, (mg/kg) ED g, img/kg) ED, imgfkg)

Quinine 4 22575 412.5 i16.25 262.50
Melloquine 4 19.2 4 1.2 2.0
Chioroguine 4 4.1 T2 BT 33
Amodiaguine 4 2.5 4.55 0.9 25
Mepacrine 4 275 44 13 6.0
Primaquine 4 37 7.2 2.9 5.6
Pyrimethamine 4 0.25 0.52 23 0.49
Suipbanilamide 4 22.0 43.0 2.0 38.0
Sulphadoxin 4 0.066 0.12% n.06 0.11
Dapsone 4 0.43 093 .22 .57

4 21 35 430

DADDS

*Treaiment was given for 4 consecutive days (from Day 0 0 Day 3) and hlood parasitaemia was recorded on Day 4.

Chemaotherapeutic  response  to  drugs: The
sensitivily/cross-resistance pattern of the quimne
reststant  strain  has  been studied using
ED,,/ED,, as criteria (Table 2). The strain has
Jeveloped 16-fold cross-resistance to mefloguine
on ED,, basis although the strain was not
exposed to this drug earlier. The stramn had
developed a low level i.e.. nearly 2-fold resistan-
ce ta chloroguine, amodiaguine, and dapsonc.
There was no change in its sensitivity to other
grugs. Out of all the drugs screened. sulphadaoxin
showed highest activity against the quinine re-
sistant strains, its ED,, was 0.066 and ED,,
0.129mg/ke.

DISCUSSION

The emergence of drug resistant strains of mit-
Jaria particularly of P falcipurun is posing
problems' and its spread into other areas is
causing great concern among public health wor-
kers. Review of literature in this area by Dutla er
al. (1977), Puri and Duits (1982}, Das er al
{1981). Barkakaty er af. (1984) and Sharma
{1984) shows that foci of chloroquine reststance
and resistance to drug combinations hke
sulfalene-pyrimethamine.  and  sulfadoxin-
pyrimethamine are enlarging day by day. though
no resistance to quinine has been reported from

India. Upto 1973, quinine was considered the
drug of choice for the treatment of
chloroquine/multiple drug resistant strains of P,

Jalciparum (WHQ. 1973). However, during the

last decade multiple drug resistant siruins have
appeared widely in southeast Asia which are
showing decreased sensitivity or even partial
resistance Lo guinine hesides showing complete
resistance to chloroguime and other drugs. Thus
Vietham | {SV-1) strain of P falciparum was
reported (o have developed resistance for chio-
roguing, proguanil and quinine (Chin er af.,
1966); Thailund (Man) strain from Bangkok had
shown resistance to chloroguine, pyrimethamine
and quinine; Mulaya (Poo) and Mulaya (Tay)
strains from West Malaysia had developed re-
sistunce Lo chloruquine, proguanil.  pyrim-
ethamine and quinine; Vigtnam {Brai) strain
from Vietnam had developed resistance to chlo-
roquine and quinine (Clyde et af.. 1969); Vietnum
(Smith and Marks) strmins from Vietaam and
Burma (Thau) strain from Burma had dacquired
resistance (o chloroquine. amodiaquine, pro-
guanil, pyrimethamine und quinine (Clyde et al..
1970; 1972; Rieckmann. [97{: Willerson er af..
(1974), Phillipines (Per) strain from Phillipines
had developed resistance to chinroguine, pyrim-
etharine and quinine (Clyde ¢t of., 1971); Cam-
bodia (Buch) strain from Cambodia had shown
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resistance Lo chloroguine, amodiaquine and qui-
nine (Rieckmann ¢ al, 1972) and Indonesia
1 Whit) strain from Jaya was resistant to chlo-
roquine, amodiaquine, pyrimethamine and qui-
nine (Clyde ez al.. 1976). Fortunately. no reports
of quinine resistance among P falciparun sirains
are avallable in India,

Lxperimental studies on drug resistance in ro-
Jent malaria carned out in this Institute (Dhatta
ot af., 1977, Agarwal ef al., 1979, Pud er af., 1979;
Puri and Dutta. 1979; 1982; Kazim and Dutia.
1989; Kazim et af.. 1979) and elsewhere (Peters,
1970} clearly showed that strains of P. berghei
resistant Lo pyrimethamine, chloroguine, prima-
guine, sulphanilamude, mefloquine and u com-
binatton of mefloguine and  pyrimethamine,
could be readily sclected. The present study
iurther shows that P berghei can alse acquire
resistance (0 quinine if the drug is given in sub-
curative or suppressive doses. Surprisingly. this
quinine resistant strain although not exposed
carlier to mefloquine, has developed 16-bld
cross-resistance to 4-day mefloquine treatment
o1t the hasts of ED level as compared 1o the
sensitive stramn (Kazaim ef ¢f.. 1979). Qut of all the
drugs screened against the quinine resistant
strain. sulphadoxin has shown the highest ac-
tivity. The results of the present study strongly
suggest (hat in southeast Asia where quinine
resistance is gradually becoming established,
there is potential danger of the emergence of
mefloquine cross-resistance in the field and (he
targe-scale use of mefloguine alone for the con-
trof of resistant cases in such areas should be
made with caution. Qur study also shows (hat
sulphadoxin is the only drug which possesses
high activity against the guinine resistant strain
of malaria.
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Cost Effectiveness of the Bio-environmental Control of

Malaria in Kheda district, Gujarat

V. SHARMA! and R.C, SHARMA

The stratepy of malaria comrol has been the
interruption of transmission by spraying residual
tnsecticides in rural areas and by source re-
duction and larviciding in urban areas. Chem-
otherapy is un importanl anti-malaria supplem-
ental measure to reduce morbidity and mortahity
and eliminate parasite reservoir from the vom-
munity. The National Malania Eradication Pro-
gramme (NMEP) is providing protection fo
151.80 million peopie living in rural areas by
spraying insecticides. During 1985-86 NMEP™S
target was 1o spray 21629 MT DDT (75%) m
216.29 million populanon, 38j49 MT HCH
(30°;} in 113 mitiion population and 20259 M7T
malathion {25%) in 22.51 million population.
The estimated cost of insecticides alone comes (o
Rs. I12 crores al the 1985 price line. In addition
o this, 133 towns are under the urban malana
seheme (UMS). and in these towns an additiona)
62.1 million population is being protected.

Environmentalists are not in favour of the con-
tinued use of residuail insecticides. Their main
concern relates to ecological problems which
may result due to accumulation of insecticides
specially DDIT in the environment. In this con-
text it is noteworthy to mention that in tropical
Accepred for pubdication: 13 November 1986,

Mubaria Reseurch Cenre (1CMR )

2-5ham Nath Muarg

el 110054, T

countries DT s rapidly degraded and its half
life is aboul 3 months (Agnihotri, 1978} Al-
though huge quanuties of DDT have been used
in malaria control. fears of its presence in human
body fat in large quamities could not be sub-
stantiaied and in fuct. the concentration of DDT
in human body tat of Indians has shown a
declining trend in the st 2 decades (Dale et al .
1965, Ramachandrun et af. 1973, Bhaskaran
ef al, 1979). It may also be noted that DDT
or HCH used in apricaliure directly comes into
contact with the mosphere, which is not true for
spraying under pubiic health programmes as the
sprayed insecticides stay on the inside walls of the
structures. However, duc to continuous spraying
of insecticides for over 2 decades. the dramatic
and sustained reduction in mglaria incidence or
mosquito populations including the collaterai
benefits of spraying. as perceived by the com-
munity in early vears has gradually diminished.
As a resull. the sirategy of residual spraying of
msecticides is being met with increusing re-
sistance in rural areas.

Villagers are unwilling 1o allow spraying as side
benefits such as relief from nuisance insects no
longer results after indoor residual insecticide
spray leading to high refusal rates. In arder to
increase caverage, more cattlesheds than houses
are sprayed, which has much less impact on
malaria (ransmission. Consequently. the co-
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verage under residual insecticides irrespective of
the type of insecticide used is not adequate and
has failed o provide the desired impact on
transmission of malaria. The main vector. Ano
pheles culicifacies has become resistant to DDT
and HCH in almost all parts of the country. and
to malathion in Gujarat and Maharashtra fur-
ther adding 1o the problem of insecticide efficacy
as a control measure. The high cost of in-
secticides and operational costs are adding to the
already acute problem of resource mobilization,
1t has repeatedly been observed that operational
fallure or poor implementation of the pro-
grammme results in flare ups of malaria, and in
many areas the disease recurs with virulence such
as the recent epidemics in  Shahjuhanpur
iChandrahas and  Sharma  1983; Sharma
v af., 1983).

A mure notable example is that of the areas
outside the Plasmodiwm falciparien Containment
Programme (PfCP). In 66 districts with 98
million population having high P. falciparm
malaria, the Swedish International Development
Authority (SIDA) supported programme is re-
ceiving special attention (Ray. 1979). A study of
the impact of PFCP in 1984 showed that in 198]
there were 589591 cuses of falciparum malaria in
the country, and of these 443185 or 75% were in
PYCP areas. In 1984, total P. falciparum cases in
India increased to 655454 but in PICP areas they
were reduced to 367378 cases (A.P.Ray, personal
communication). Therefore under the normal
NM EP operations falciparam malaria is increas-
ing as the toial cases in non-PICP areas increased
rom 146406 (o 288076 Le., from 25% to 467,
or about 100%; increase. This increasing trend
of P, fafciparum malaria is seen in spite of
nntssive investments in malaria control. Unfor-
runately it is more likely that this situation
would further deteriorate because of logistic
and operational problems, as also the
problems of insecticide resistance and drug
resistance  which  are  getting  aggravated
with the passage of time (Sharma 1984,
4. b
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The effectiveness of an alternate strategy of bio-
environmental malaria control without the use of
insecticides has been demonstrated on long-term
basis {(Sharma and Sharma, 1936). This method.
although widely accepted as the best means of
malaria control was thought to be prohibitively
expensive. A study currently in progress in
Gujarat provides an ideal setting for comparing
the cost of malaria control by the two methods
i.e., bio-environmental control vs. insecticidal
spraying. Results of this study are reported in this

paper.

The study is in progress in Nadiad taluka, district
Kheda (Gujarat). Studies on malaria endemicity
revealed that the annual parasite incidence (APT)
since the implementation of the Modified Plan of
Operation (M PO) was very high in some parts of
the country., Gujarat being one of them. In
Gujarat State, the highest APl was recorded
from Kheda district. In Kheda district Nadiad
taluka villages were worst affected. In 1981, in
Bamroli village there were at least 32 unusual
deaths and majority of these deaths were attri-
buted to falcipurum malarta. There were in-
numerable mosquito breeding sites. Anapheles
culicifacies. the main vector showed varying
degrees of resistance (o0 DDT. HCH and mal-
athion. The spraying of insecticides did not
interrupt transmission.

The study on the bio-environmental control of
malaria was launched in June 1983 in seven
villages (26 thousand popuiation)and the impact
of intervention measures was menitored from
January 1984, In August 1984, the study was
extended to another 14 villages (34 thousand
population) and monitoring started in January
1985. In August 1985 study was further extended
to cover the enire Nadiad taluka ((.35 miltion
popalation) comprising of a total of 10¢ villages,
Monitoring of the impact of intervention mea-
sures was started in April. 1986, In these villages
mularia control is being achieved by integrating
all methods except the use of insecticides. The
NMEP has withdrawn alt activities retated 1o
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survetlfance, blood smear examination, drug
distribution, spraying etc. and all work related to
malaria is being done by the project staff. In
addition to malaria control, several environmen-
tal improvement and income generating schemes
have also been intraduced.

A cost analysis of malaria control by insecticide
vs. the bio-environmental methods is given in
Table I The cost has been calculated for 3
population groupsi.e., {i} Nadiad taluka which is
the smallest administrative unit, and is currently
under bio-environmental control, (ii) per miilion
populaiion, and (iii) also for the entire district
(2.7 million rural population) an area which is
targeted for spraying by insecticides (DDT and
malathion). The last would provide realistic
estimates of the two systems of control. Cost of
malaria control by insecticidal spraying is the
actual cost being incurred by the NMEP at the
985 price line. For bio-environmental control,
the cost has been calculated from the actual
expenditure incurred during 1985-86 and exira-
polated for | million and 2.7 million population.
The actual expenditure to control malaria is
higher due to the establishment cost which has
not been included in Tuble 1.

Table 1. Matarin control by spraying resideal insecticides vs.
bio-envirormental control

Estimate in rupees (lakhs)

Method of  MNadiad (aluka Three talukas Kheda disti.
control {0.35 m Pop.} {1 mPop.) (2.7 m Pop.}
nioT i2.0 4.0 2.0
HOH* 130 3.0 100.0
Mulathion® 70.0 199.0 537.0
Bio-environ- 18.0 370 850

mnemal control**

Sources;
*NMEP

**From Tuble 2

It muy be pointed out that in the bio-
environmental control project considerable ex-
penditure is being incurred on monitoring the
impact of intervention measures. Table 2 shows
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Table 2. Estimated cost of bio-envirosmestal control

Cost in rupees {lakhs)
Madis taluka Three talukas Kheda distt.
03B mPopy (m Pap) (2.7 m Pop.)

(11 Interventian

Suaff 18 10.8 2540
Daily wages 5.0 16.0 40.0
Contingency 4 6.0 150
Sub total 11.2 2.0 80.0
{i1) Monitoring

Staff 1.6 3.7 37
Contingency 1.2 1.3 1.3
Sub total 4.8 5.0 540
Toual 18,0 370 85.0

Nore:  Calculations are based on actua) expenditure in-
curred during J985.-86.

the actual expenditure incurred during 1985-86
in the control of malaria in Nadiad 1aluka (0.35
million population). Based on the expenditure
incurred in Nadiad, malaria control costs have
heen calculated per million population and also
for the entire rural population of Kheda distt.,
(2.7 million). The expenditure has also been
divided into intervention and monitoring. It may
be noted that the expenditure to control malaria
per million or 2.7 million population would not
increase proportionately to the initial expendi-
ture heing incurred on Nadiad. This is because
with the increase in population size, expenditure
on impact assessment or monitaring would re-
mauin the same. since it is envisaged that monitor-
ing would be carried oul by sampling procedures
to reduce the cost. As the size of experimental
areas increases there is optimum utilization of
manpower, the operational cost related to vector
control by source reduction and minor engineer-
ing works would go down because relatively less
work would be required in subsequent years.
Since careful monitoring is absolutely essential,
because of the scientific nature of the project, it
has substantially increased the cost.
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It can be seen from Table 1 that the bio-
environmental control of malana is expensive if
the target population is small. This 15 becaunse of
the monitoring cost and the fact that the same
staff has the capacily 1o cover more areds.
Obvicusty as the target population increases bo-
aivironmental control expenditure is reduved
mainty because of the reduced monitoring and
overhead costs. The cost of malaria control in
Kheda district by bio-environmental control 1s
Rs. 85 lakhs compared toRs. 92 tukhs with DDT.

In addition to the above costs both systems of
contrel would have to incur establishment costs.
At present thiscostisabout Rs. 7 lakh per million
population  for  spraying. In the bio-
environmental conlrol of malaria; purchase of
vehicles. tractors, microscopes and furnishing of
taboratories und depreciztion would cost about
Rs. 60 lakh per miltiion population. Replacement
cost of these itlems wourld be about the same as i
being cusrenify incurred on managing maluriy by
tnsecticidal spraying.

Phe study clearly brought out that the bio-
estvironmental controd of malaria strategy adop-
ied in Kheda is cheaper than DDT spraying
which is the cheapest insecticede available for
malaria controt in the country. Ht costs about
1/6th as much as malathicn spraying.

There are severab other henefits of the bio-
environmental control methodology. Some of
these are listed below:

i The alternate strategy prevents pollution by
Aarmiul chemicals and preserves the ecologival
integrity of the area. [t has also established 1 base
of science awareness in the rural areas.

3. Since the strategy brings about semi-
permanent to permanent changes in mosquito
hreeding habitats, malaria controlis achieved for
a much longer period and only sustaining efforts
are required in subsequent years conlrary 1o
ever-escalating operations required for the spray-
ing of insecticides.
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3. The cost of insecticide increases every year,
and at times it may show a steep rise. Besides
spraying operations always have to be carried
aut by external agencies unlike bio-
environmental control which becomes even more
feusible due (0 communily participation and
interdepartmental coordinatior,

4. It was demonstrated that mataria control by
bio-environmental methodology provided an en-
1ry paint for other developmental activities (n the
villages. The staff employed in malaria control
also took up additionul responsibilities of rural
development and can also be used in the delivery
of other health services.

5. The sociologicat implications of the bio-
snvironmental control methodology are too
many and cannot be quantified in terms of
money. For example, how does vune value the lives
saved. better health condiliors generated. ge-
neral social awareness and the spirit of self-help
that 1s awakened. However. some of these be-
nefits can be measured in terms of profit and
loss, €.g.. social forestry and fisheries.

In Nadiad 1aluka 2 million fast growingfrusn
bearing trees were planted in marshy areas and
witste fand. If we calculaie the returns from |
million (i.e.. 50%, only) surviving trees w Rs. 10
per tree per year either at the time of felling or
during its Jife time, the returns from social
forestry in one year alone would be Rs. 10
million. This amount can support the control of
malaria in Nadiad talukya by bio-environmental
methods for more than § years.

A second profitable scheme introduced in vil-
lages is fish and prawn culture, The size of ponds
in Nadiad vary from | 10 5 hectares and shere are
100 such ponds in thal area. During 1985 the
villagers allowed 8§ ponds to be used by the MRC
lor experimental work. All the ponds were first
cleaned of predators and fish culture was carried
out on scientific lines with the technical assis-
tance of the Inland Fisherics Department. Nearly
2.5 lakh fries of the common carp. a lood fish.
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were inlroduced. Tn addition to this 40,000
freshwuler prawns were also introduced. The
margins of these ponds were cleaned routinely.
and none of the ponds supporled mosquito
breeding. Some guppies were also introduced o
control mosquito breeding.

Our estimates based on discussions with the
Intand Fisherles Department and the contractors
etc., showed that 8 ponds wouid provide a net
retra of at least Rs. 3.0 lakh in one year.
Therefore, fish and prawn culture alone, if car-
ried out in all ponds of Nadiad taluka can
penerate more money than required for the bio-
environmental control of malaria. This move-
ment is spreading and more village panchayats
have come forward with offers of giving ponds Lo
MRC for food fish production. We envisage that
eventually village cooperatives will manage 1he
entire programme and the income from the
pondsflorestry etc. would go to village pan-
chayats. These funds in turn would be used in the
control of mosquitc breeding and other de-
velopmental activities of the villages with the
technical agsistance of MRC or any other govern-
ment agency.

6. The study also envisages the promotion of
other developmental acuvities such as the biogas
plants, smproved “chulahs™, solar cookers. and
the introduction of modern agricultural practices
within the existing infrastructure. These schemes
would benefit the villagers directly.

7. The expenditure on bio-environmental con-
trolis generating emplovment in rural areas. This
money would have otherwise gone in the pur-
chase of msecticides resulting in environmental
poltution. It is also noteworthy 10 mention that
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this innovative approach to malaria control
automatically tackles the intractable problem of
insecticide resistance whick has otherwise be-
come a serious obstacle in the successful control
of malaria.
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Malaria Situation in Meerut district Villages (U.P.)

M.A. ANSARIS V. P. SHARMA ' R K. RAZDAN!

Following news of deaths due (o malaria, an
investigation inio the causes was carried out in
Rohta and Jani PHCs. Results of the study are
reported helow.

Blood smears from fever cases and contacts of
deceased patients were collecied. Children be-
tween 2-12 years were examined for spleen
enlargement. Anophelinemosquitoes weredissec-
ted for gut or gland infection. Susceptibility of A,
culicifuciesadultstoinsecticides was tested follow-
ing the WHO procedure.

Parasitological surveys were carried oul for i few
daysin each village and prevaience of malaria was
compared with the data collected by the DM Ofor
that month{Tuable 1). Theincidence of faleiparum
malaria was extremely high in all the affected
vilkiges. In November 1983, of the 3! blood
smearscollectedfromfevercases. 237 werepositive
for maluria parasite. The slide positivity rate was
76.2% and parasite formula was 4217, P ovivax,
93,3 P falciparum and 0,47, imixed infection.
During the next transmission season in July and
August 1984, 687 slides were collected from fever
cases and 335 were positive for malaria. The slide
positivity rate was4B.7" and parasiteformula was
3R.5% P vivax, 60.2°, P falciparen and 1.19%,

Acvepred for pubticanon: 5 December {956
FMalana Research Cenire
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Deihi | F0054, Endia.

ad CP BATRA!

mixed infection. Falciparum malaria was 100 per
cent in Jangethi viflage und 93.02%. 92.1%; and
94.5%, in Dayampur. Dobkaund Zukhera villages
respectively. Malurta cases recorded by (he Dis-
irict Malaria Officer based onactivecasedetection
(ACD) at an interval of 15 days were negligible
because of poor surveillance and/or laboratory
services. [tmayalso be noted that ACDwould miss
afebrile cases and hall of the cases detected were
alebrile and asymptomatic.

Further proot of high endemicity to malaria was
obiuined by examination of enlerged spleen and
blood esis of children between 2+ 12 years. Of the
305 children examined from fangethi. Dayampur
and Zakhera villages. 56 had enlarged spleen. The
average spleen (AS) was .26, 1.15 und 0.84 in
Jangetht, Dayampur und Zakhera villages re-
spectively. Similarly the proportion of afebrile
cuseslound positivefor mularia parasite wus 22.2.
53.8and 55.0 per cent in Jangethi. Dayampur and
Zakhera villuges respectively.

During investigations 32deaths wereinvestigaled
from Fangethi. Dayampur and Zakhera villages.
Results of blaod smears colteeted from the houses
of the deceased revealed that out of 113 slides
collected. 5T were positive for P. falciparum. The
most likely cause “of these dealhs was pro-
bably malaria. a situation similar to Shah-
jahanpur  (Chandrahas  and  Sharma, 1983
Sharma ef of . T985) and Bureilly (Ansuri et of .
1984).
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Tabde 1. Results of parasnologn:zl sureeys in vnlhgts af Meerot district (U.P.)

Monthjyear

MNov, 1983

Tul. 1984
Aug. 1984

Nov. 1983
Aug. 1984

Nov, 1983
Aug. 1984

Nav. 1983
Aug 1984

(urmspendmg NMEP ddtd
(momhly incidence)*

MZR(‘ data (prev.ilence)

SPR i*y Pf

'Sourcc MO, Rohu and Jam PHCs

Vlildge,f
P

Tanpethif
Rohta

Blayampur/

ol

Fukhery:
Junt

Entomological observations revealed that among
the anopheline mosquitoes 4. culficifacies, A.
stephensi, A. annuluris, A. pallidus und A. sub-
pictus were the commonly encountered species
{Table 2). During November 1983, A, culicifacies
wus the dominant species and the per man hour

Mm-u]uf
Year

Nov. 83

Jul. 84
Aug. 84
Nav. B3
Aug 34

BS. Pv P Mix del Pf Mix  Total
Coll. e % Fve
87 4] 66 ] 66 100 758 6 7 it 3
34 3 g 0 12 75 15.2 3 ] 3
167 39 6 4 1192 6386 7L25 6 3 0 9
70 2 40 I 43 9102 o614 0 ] o 0
155 33 37 t 70 52.8% 4516 n ! 9 I
&1 4 47 0 s1 92,15 86 i 0 ] 0
200 30 55 v} 85 64.7 425 §] 0 0 t]
93 4 73 ] 77 948 827 o 1} 0 3
131 24 23 ] 49 5102 374 ] l t t

Table 2. Density of lnnphelim in villages of Mecrut district UFP,

A cufmﬁzcu’s A sxephema A annu{ans A mbpacms
Tmal PMH Prn— Tutal PMH Pro- Total PMH Pro- 7 olal PMH Pro-
cateh por- cawch por-  watch par-  vach por-

tion tion lion fion

(%) ) ) %)

7t B8 612 i} 0 0 17 21 146 28 15 24

6 113 439 3 1.5 05 15 7.5 29 270 135 52.5

266 443 501 1 61 ol 1 01 01 262 43.6 494

34 113 531 2 ce 31 {] 0 0 28 9.3 437

178 485 68.7 ] 0.2 03 3 0.8 0.1 71 20 97
74 446 600 0 0 0] 15 5 i2.1 n I 27

356 4.5 669

144 I8 27 i1 IR 58 H 0.1 1
densiiies ranging between 18.0 10 113.0 were
ancountered. Dissection of A. culicifacies revealed
four positivemasquitaes out of £l s dissected from
JTangethi village. A, culicifacies was therefore
responsible for mainlaining high malaria trans-
mission.

(MH) densities ranged between 8.8 10 4.6,

whereus 4. stephensi populations were negligible,
Pruring Juby-August 1984 very high A. culicifrcies

Suvsceptibility testsrevealed that 4. exdicifecieswas
resistant to DDT and HCH (Tuble 3). There was
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Table 3. Reswits of insecticide sumceptibility tests in Jangethi, Roa PHC, Meerm District (U.P.)

lusecticide

Exposure lime* Nas, exposed Nos. dead** Mortality (%)
A. culicifacies adulis
DT 0% 1 hour 75 9 120
Dieldrin 4.0, 2 hours 75 4 53
Malathion  5.0% 1 hour s 75 £00.0
Control - - 75 1 E3
A. culicifacies lurvae
DDT 1.5 ppm 24 hours 0 19 6
Dieldrin 0.1 ppm 24 hours &0 ¢ 0.0
HCH 0.5 ppm 24 hours &0 13 206
Temephos  1.125 ppm 24 hours o 40 100.0
Malathion 3125 ppm 34 hours 40 40 100.0
Control - 24 hours 100

»Adults were given 24 hours recovery perod

2 20

*» Mosquitoes were coliected from Jangethi village, Rohta PHC

12.0% and 5.3%;, mortality of 4. culicifacies adults
on | hour exposure of adults on 47, DDT and 2
hour exposure on 4% dicidrin impregnated papers
respectively. Similarly 31.6%; and 0 and 21.6%
mortality was recorded of the III and early IV
instar larvae 1o discriminatory dosages of DDT.
dieldrin and HCH respectively. Adulls were
susceptible to malathion and larvae to malathion
and 1emephos.

In the study villages DT spraying was discon-
tinued in 1980 in favour of HCH, and 2 rounds of
HCH @ 200 mg/m? are sprayed every year
Despite regular HCH spraying, malaria trans-
mission had remained uninterrupted. The si-
tuation did not improve during 1985 asthe SPRin
Jangethi and Dayampur villages was 71.27%, and
45.16%; respectively. There was, however, 50%,
reductionin SPRin Dobkaand Zakhera villagesas
a result of mass radical treatment and HCH spray.

The failure of HCH spraying in interrupting the
\ransmission is due to high degree of resistance in
A culicifacies and poor coverage. DDT spraying
withimproved coveragecan provide better results
as has been demonstrated by Sharma et al. (1982,
1986a)in Haryanaand U. P, Ttmayalso bepointed
out that complete interruption of transmission is
onlypossible by the use of replacementinsecticides

like malathion as was done in Haryana vitlages

(Subbaraoer of..1984). Alternatively, theimplem--.
entation of the bio-environmental control of

malaria as heing developed in Nadiad may be a

viable alternative to the problem {Sharma et al.,

1986b).
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High Perdformance Liquid Chromatographic Determination
of Chloroquine in Finger Tip Blood dried on Filter Paper:

Sample Handling Problems

VR DUAS T BROHULT 2 O, BERICSSON* d V.I' SHARMA?

The use of HPLC with fluorescence detection
appears 1o be the best combination of con-
venience, sensitivity and specificity for the de-
termination of chloroquine in plasma, serum and
whole blood (Rombo eral. 1985 Berggvisi.
1983). Strictly standardized handling of (he
blood sumples fs necessary but this 15 almost

impossible in tropical field work. One way of

avoiding this problem is (o use finger tip hlood
dried on {ilrer paper. This type of blood sampling
is practical and more aceeptable for persons in
the tropical countrics. However, there 1s con-
siderabe risk of contamination of the filter
papers with chloroquine from tablets during
blood sampling and handling of the papers
(Bergqgvist ef af., 1986}, This report discusses the
meihod of sampling and storing of the filer paper
samples to avoid chloroguine contamination.

The hgud chromatograph consisted of a Consta
Metric 1T pump (LDC. Riviera Beach. USAY. o

Focepted far pubfication: 9 December 1966,
U Mabkaria Research Centre (1CMR)
22-Sham Nath Marg
Delhi-1 10054, tndia.
P Rurolinskava Insiitarer Medivinska Kliniken
Sodersjtikhusel
S-10064, Stockholm. Sweden
Sepit of Clinical Pharmacology
Fhuddinge University Hospiiat
S-13E86 Huddinge, Sweden.

WISE 710 B awtonuibe injector (Walers Ax-
sociates. Milford. USA) and a RF 330 fluores-
vence detector {Shimadzu. Kyoto, Japan). The
excitation and ennssion wave lengths were set at
335 and 380 nm respectively. The column
(150 - 4.6 mm) was an Ultrasphere-Si 5 gm
(Beckman. Berkeley USA} The mobile phase
wis a mixture of acetonitrile and methanol {2:1)
containing 0.8% v/v of 25, amemonia. The
mobile phase was filtercd before use. The stan-
dard curves were fineur within the concentration
range of interest in this study. The internal
standard uwsed was —1-(4-dimc{hyi-umino-]-mc-
thylbutyl-amino)-7-chioroquinoline. Des-
ethylchloroguine was a gift from Sterling-
Winthrop. and chloroquine phosphate was sup-
plied by Kabi Vitrum. Stackholn. Sweden. Acet-
antrile and methanol were of HPLC grade and
other reagents were of analytcul grade.,

The subjects in the siudy had been given chio-
rogquine (600 mg frec base) as a single dose 2. 3.4
or 5 days prior to blood sampling. The subjects
had not taken chioroquine durtng two weeks
hefore sampling.

Whole bload (75 uly was obiained in heparinized
capillary tubes {illed up to the red mark (Drum-
mund Scientific Co.. USAY and applied on the
centee of the filler paper {Whatntn No. By The
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Fig. 17 HPLC Chromatogram of reference substanve Fig. 2: HPLC Chromatogram of blank iiter paper (control)

HPLC Condstions:

Culinn : Uhirusphere-5i &
Solvent T Acetonitrils Meshanol (2.1) containing 0.8%, wv of 257 Ammwny
Detection »Fluorescence Ex 135, Iim 380 nm.

Flow t2.5ml/min.



DUA v wi: CHROMATOGRAPHIC DETERMINATION OF CHLOROQUINE

spot of blood on thefilter paper should not betoo
small. The filter paper is dried for half an hour in
a banging position and protected from insects.
After drying, each filter paper was placed be-
iween {wo pieces of waxed paper and stapled.
Proper care was (aken to avoid cross con-
tamination auring packing. Each day samples
were packed in one lot. The package of filter
papers was kept in the refrigerator. It is worth
pointing out that there should be no exposure (o
free chloroquine or chloroquine solution in the
refrigerator.

The extraction of the dried samples was accord-
ing to the method of Lindstrom er af. (1985).
Blank samples were prepared by cutting out a
piece of the uvnused section of filter paper,
identical in size to that of the dried blood sampte
and processing it in the same way as the blood
sample. Chloroquine and desethylchloroquine
were determined in 200 dried blood samples and
in order to deteci contamination due to chlo-
roquine 100 blank samples were also analyzed.

Fig. 1 and 2 show HPI.C chromatograms of a
drned blood sample and a blank filter paper
sample respectively, processed under identical
conditions. It is clear from the comparison of the
two figures that there is no chloroquine or
desethyichloroquine in the blank sample. Of 100
blank samples, only 5 showed contamination due
to chloroguine, and the level of chloroquine
contamination was helow 10% of the amount in
the corresponding blood sumples. Table | shows
the mean chioroquine concentrations 2, 3, 4, and

Table 1. Mean chloroquine concentration in subjects ixking
& single dose of 600 mg. chloroquine base

Blood samples in relation  No. of  Chloroguine mean

to chloroguine treatmenl  samples (in g mokly
Before treatment 50 0
1 days after dosing 60 1.20
3 duys after dosing 40 .30
4 days after dosing 30 0.68
1] .12

3 duys after dosing
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5 days after dostng. The ratio of chloroquine and
desethylchlorogine is between 3 and 4 in most
cases which is the normal ratio found by others
{Bergqvist, 1983).

When chloroquine resistance is monitored with
in vive and in vitro tests, determination of drug
concentration in blood might be helpful to
distinguish between true resistance and thera-
peutic failure due (o insufficient dosage or poor
compliance (Brohult er a@l., 1979). In tropical
field work. venous punctures are often not accep-
ted by the people. Besides that, the strictly
standarized handling of plasma and serum sa-
mples which is required is not possible in tropical
Neld work (Rombo er al.. 1985). The storing of
plasma or serum will often also be a problem.
The use of dried finger tip blood samples have
threc big advantages: (i) They are accepted by the
people, (i) the handling of these samples is not
too complicated and (iii) dried samples can be
stored for considerable periods of time {Li-
ndstrom ef af , 1985). However. if handled in the
wrong way contamination of chloroquine will
mike this procedure impossible to use. Before
taking blood samples on filter papers, one should
ensure that (i) there is no chloroguine handling in
the room or nearby, (i} the persons taking the
blood samples are not dealing with the distri-
bution of drugs. (i) the person from which the
sample is taken has not recently been in contact
with chloroquine tablets. (iv} the packages of
unsampled filter papers are separated from the
sampled ones, and {v) a finger on the left hand
should be pricked for the capillary blood sa-
mpies.
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Some Ecological Observations on Anophelines collected

from Manipur

K.B. RAJPUT! and TK. SINGH?

Manipur state 15 locatted hetween 2383 and
23,68 N latitude and 93.05° and 94.78°E longi-
tude. buunded on the north by Nagaland. on the
south by the Lushat hills and Burma, on the wes(
by Cachar district of Assam and on the east by
Burma. Owt of an area of 22356 km®
20.736 km? (929} 1s hilly. Topographically. the
stale can be divided ino (wo puarts, centrally
situgled valleys (1765 km?} and hilly region
having parallet north to south running hill
runges. with a maximum alitude of 3.0530m and
rich riverine system. Most of the hilly region s
cuvered with tropical maoist deciduous and tropi-
cal evergreen forests with prominent bamboo
groves. Paddy ts the main crop.

The eurlier records of anophelines from Manipur
by Covell (1927, 1931). Barraud (1933) and Pun
{1936) present only five species from the state.
Mortimer (1946) russed the fauna of the state
uplo 16 species. Again. a survey by Mathotra
vt al. (1983} reports only seven anophelines.

in view of the above. the present study way
conducted during Sepiember 1983 1o Oclober

{ecepted for publication. To December 1980,
PResiotal Tasar Research Stilton,

haphal, Manipuy- 795000 Yadia,
eparsment af Life Sciemes.

Munipur University.

Munipur- 795003, Endiy

1985, on the anopheline fauna ol the state and the
possible change in fauna with changing ecologi-
val conditions.

During the study 2,076 adull mosquitoes were
collected and 365 were reared from larval col-
lections. Qut of 43 localities surveyed, 32 were
{ound posilive for anophelines. Mosquitoes col-
lected were identified by the keys of Christophers
(1933}, Puri (1955). Wattal and Kalra {1961),
Hurrison and Scanlon (1975) and Rao (1984).
The nomenclature is alter Knight and Stone
(1977).

The prevalent species in order of majority were
found to be Anopheles vagus, An. nigerrimus,
An annuluris, An. barbirostris and An subpictus.
An crawfordi, An gigas, An. jeyporiensis var.
candidiensis, An. kochi, An maculanes and its
variety wiflmorci, An. minimus, An nitidus, 4n.
philippinensis, An. peditaeniatus, An sinensis,
An. splendidus and An tessellatus were also
recorded.

Anopheles erawfordi, An. kochi, An nitidus, An.
peditaeniaius, An splendidus, An. subpictus. An.
tesseflatus and An minimus were recorded for the
first time from the state. Anopheles ahomi, An
witkenii, An bhengafensis, An culicifacies, An
gigas var. haileyt and An. pallidus reported by
garlier workers were found absent.
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Notes on the species collected

Anopheles annularis was recorded from four
localities. The species was found to be prevalent
in the plains. The maximum number of adulis
were collected from cattlesheds and bovine bait.
Breeding was mainly observed in ponds with
clear water having submerged, emergent and
mixed vegetation.

Anopheles barbirestris was collected from both
hilly and plains regions of the state. The specics
was recorded from seven localities. Adults were
collected mainly from shrubby forests of Quercus
acutissima Carruthers and bovine bait. The spe-
cies was reported to rest inside jungles in Burma
{Khin-Maung-Kyi, 1971) also. Some day-biting
behaviour, as reported earlier from shaded fore-
sts of Andaman Islands (Christophers, 1933) and
Burma (Khin-Maung-Kyi, 1971). was also no-
ired.

Onefemale specimen of 4nopheles crawfordi was
collected from human bait from a high ahitude
tucality Mao (1.850m.).

Anopheles gigas was reported earlier from high
altitude streams of Burma (Khin-Maung-K vi,
1971) from freshwater springs, ponds with vege-
tation, spring seepages and pools along the
shallow hill streams from India (Purn, 1936)
Mortimer (1946) collected the larvae from sha-
ded hilly pools containing Spirogyra, in asso-
clation with Culex bitacniorhynchus and Cx.
miimeticus. Druring the present survey An gigas
was recorded only from a high altitude locality.
Uikheul (Viewland area. 2.000 m) breeding in
discarded motor tyres. Out of eight motor tyres
scarched during the month of September 1984,
shree were found posilive for farvae.

Anopheles jeyporiensis var. candidiensis was re-
vorded rom a single locality Zaphou (1.000m.}.
The species was reported by Mortimer (1946} 1o
be rare, but during the present survey a consider-
able number of mosquitoes were collecied during
dusk-biting.

INDIAN J. MALARIOL., VOL. 23, DECEMBER (986

Anopheles kochi was recorded from two localities
of the state showing its distribution in both hilly
and plains regions. Most of the adult specimens
were collected from herbaceous undergrowth in
forests, though a single specimen was alsa col-
lected from a nullah margin in the dense forest of
the [ndo-Burma area. The species was reported
to be exophilic in nature by earlier workers
including record of Khin-Maung-Kyi (1971)
from Burma. The breeding of the species was
recorded from a turbid rain pool in a forest of the
Indo-Burma area. Shallow muddy collections of
water, ground pools with or withoul grass, hoof
marks and fallow rice fields were reported to be
its breeding places from other parts of India
iRac, 1984).

Breeding ot Anopheles lindesays was noliced in a
stream margin pool with shaded and clear water
at an altitude of 1.550m. High altitude. clear
water and shady conditions seem to be important
for breeding of the species. Mortimer (1946)
eported the breeding of the species at an altitude
of 915 to 990m. in the lightly shaded pools of
rocky streams in association with An. aitkenii

Anapheles maculatus was collected from eighi
toualities of the state, mainly from the plains. The
adults were collected from herbs, shrubby vege-
tution and bovine bait. Studies in Southeast
Asian countries revealed it to be an outdoor
rester., Qutdoor resting on forest undergrowth
has been reported from Malaysia, Indonesia and
Burma. Breeding was mainlv recorded from
roadside drains, rocky streams and their mar-
ginal pits. The species is 4 clear-water breeder but
can breed in slightly 1urbid waler also. No
vegetation was observed in these breeding places.
All the larvae were collected from sunlit areas.
The breeding of the species in similur conditions
has been reported lrom Southeast Asian count-
ries including Burma (Khin-Maung-Kyi. [971).
it can be mentioned that both An maculatus and
var. willmorei share the same breeding sites with
high percentage of var. wiflmorei (reported 1o be
about 73% by Mortimer, 1948). An macuiatus



RAIPUT AND SINGH. ANOPHELINES OF MANIPUR

vaur. willmorei was also recorded from the plains.

Anopheles minimus. an important malaria vector
in vertain parts of the country. the neighbouring
state of Nagaland and in adjoining Burma, was
recorded for the first time from the state. One
adult was collecied from a nullah margin groove
in a dense sheubby forest. From Burma, Macan
(1949) reported that, in the forested Kabaw
Valley 1t is an outdoor rester bul in open
cultivated plains it is an indoor resler. It was also
found breeding in roadside pools with turbid
waler.

Anvpheles nigerrimus was lound to be the most
widely distributedspecies in the state. The adults
prefer bovine bait, and the main resung places

during rthe day were scen to be shrubby forests of

Guercus acutissima Carvuthers, and cattlesheds.
A considerable number of mosquitoes were also
collected from electric lights at night in the rainy
season. The main breeding places were pond
margins. pits. paddy fields and roadside pools.
The species prefers clear to slightly turbid walter
with emergent and submerged vegetation.

One male specimen o dnopheles nitidus was
ceared from larvae collecied al a pond margin
wilh clear water in the plains area.

Anopheles philippinensis Farvae were recorded m
the plains region from a pond with clear water
and emergent vegeiaion. The breeding pre-
lerence for tunks and ponds has been observed
earlier by Covell ¢1927). Mortimer (1946) rc-
ported breeding of the species from paddy fields
with 4w pallidus during Novemnber-Decem-
ber 1943 from Manipur.

Anopheles peditueniarus was collecied [rom five
Tocalities and was prevalent in the plains area.
The maximum number were collected from lights
at night, followed by collection from herb vege-
tation, cattlesheds and human bait. The speci-
mens were also reared from a pond with preva-
tent Hydrille and clear water.

157

Anopheles sinengis reported earlier from locality
Ukhrul (2,000 m.) was also collected from other
focalities of the state viz.. Chingmeirong, Gwal-
tabi, Kwakta, Langolhill. Mao, Mantripukhri
and Zaphou. Adults were collected from buman
bait, herb vegetation. cattlesheds, bovine bait
and electric lights at night. Breeding of the
species was noticed from the pits in harvesied
paddy tields (Hundung, 2,000 m.) which serve as
domestic water reservoirs for the local Naga
trihes in winter. Collections were made during
the month of November 1984 and February
1985. The species breeds mainly in paddy fields
and weedy algal pools.

One specimen ¢ach of’ dnopheles splendidus was
recorded from two localities of the state. The
specimens were collected from human bait and
herbaceous growth,

Anopheles subpictis was recorded for the first
time from Manipur. Most of the adulis were
collected from bovine bait and cattlesheds.
Breeding was noticed in a pit with greenish turbid
water without vegetation and from a dried pond
during the month of April 1984,

Anopheles tesseflarus was collected from electric
lights at night from a locality in the plains. The
species was not recorded earlier from the state.

Anopheles vagus was the most prevalent species,
representing 45% of the total collection. Adults
were  collected  muainly from  bovine  bait,
caltlesheds and herb vegetation, Breeding was
recorded from roadside pools, muddy pits in
dried ponds. and {rom cart-tracks, Turbid water
without any wvegetation (pH 8) was noted for
breeding. Prefererice for muddy-water for breed-
ing has also been reported by other workers
(Rao, 1984).
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