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Comparative Toxicity of Certain Mosquito-
cidal Compounds to Larvivorous Fish,

Poecilia reticulata

P.K. MITTAL, T. ADAK and V.P. SHARMA

Toxicity of certain mosquitocidal compounds (both larvicides and adulticides) to
thelarvivorous fish Poecilia reticulata was determined in the laboratory. Amongthe
various chemical insecticides tested, the synthetic pyrethroid deltamethrin was
most toxie to fish (LC50 = 0.016 ppm), while the organophosphorus insecticide
abate was least toxic (LC50 = 34 ppm). The bicinsecticides Spherix (Bacillus
sphaericusj and Bactoculicide (Bacillus thuringiensis H-14) showed highest
safety for the fish (LC50 > 1000 mg/litre}. Integrated use of larvivorous fish and
bioinsecticide in vector control has been suggested.

Keywords: Insecticides. Mosquitocidals, Mosquito larvae, Poecilia reticulata,

Toxicity

INTRODUCTION

The larvivorous fish Poecilia reticulata
{Peters). commonly known as guppy, isa
widely distributed fish in India!. This
fish can tolerate a certain degree of
organic pollution and has been reported
to be well established in sullage water?

and other habitats®. The fish has been
extensively used in Kheda District,
Gujarat, under the bioenvironmental
control of malaria vectors?. The efficacy
of guppy fish in the control of Culex in
polluted waters in rural areas of Delhi
has also been reported®. The fish alone,
however, has certain limitations and

Malaria Research Centre, 2-Nanak Enclave, Delhi-110 009.
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therefore integrated control of mosqui-
toes using larvivorous fish and conven-
tional mosquitocidal compounds (both
larvicides and adulticides) is often re-
commended®?. This however requires
compatibility between these agents. In
the past few years, several new mos-
quitocidal compounds have been eval-
uated at the Malaria Research Centre. It
is therefore important to know their
toxicity against larvivorous fish before
they can be used in the integrated vector
control programme. This paper reports
the comparative toxicity of some of these
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new compounds and also the existing
ones against Poeciliareticulata, For com-
parison of the safety margin of larvi-
cides, the susceptibility of Anopheles
stephensi and Culex quinquefasciatus
mosquito larvae was also determined to
the same larvicides which were tested
against the larvivorous fish.

MATERIALS AND METHODS
The larvivorous fish used for this study

were collected from drains of Modi Nagar
steel factory in Ghaziabad District, near

Table 1. Acute toxicity of certain mosquitocidal compounds to the larvivorous fish,
Poecilia reticulata

Compound Class Lethal concentrations %2 (df) Regression
(ppm, ai) equation
LC50 LC90

p.p - DDT 0-Cl 0.052 0.14 6.5(3) Y = 3.02+2.76x
(0.042-0.064}

Gamma-HCH 0-Cl 0.18 0.446 2.27(2} Y = 0.96+3.22x
(0.151-0.214)

Cypermethrin S5-pP 0.092 0.27 5.39(3) Y =2.31+2.79x
{0.0739-0.114)

Deltamethrin 5-p 0.016 0.052 2.04(3) Y = 1.96+2.52x
(0.012-0.021}

K-othrine 5-p 18.0 46.0 1.17(3) Y=1.15+3.07x

{Deltamethrin (14.3-22.6)

2.5% Flow)

Temephos O-P 34 100.0 2.75(2) Y = 0.76+2.77x

(27.64-41.8)
Fenthion O-p 6.6 4.5 5.1{2) Y = 2.59+5.82x
(2.29-2.94)

Spherix Bioinsecticide >1000 mg/l (No morfality was observed up to 48 h)

(B. sphaericus-101)

Bactoculicide Bioinsecticide >1000 mg/1  (No mortality was observed up to 48 h)

(B. thuringiensis H-14)

0O-ClI = Organochlorine; O-P = Organophosphorus; S-P = Synthetic pyrethroids.
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Delhi, and were kept in plastic tubs
containing stored tap water. The fish
until use were fed on fish food and
mosquito larvae. Larvae of Anopheles
stephensi and Culex quinquefasciatus
(wild strain from Delhi} were reared in
the mosquito colony being maintained
at Malaria Research Centre. The insect-
icides, p,p'-DDT and y-HCH were of ana-
lytical grade. Cypermethrin (25% EC),
deltamethrin., temephos, Fenthion
{Technical)and K-othrine (Deltamethrin
2.5% Flow) were obtained directly from
the manufacturers. The bioinsecticide
preparations Spherix (B. sphaericus)
and Bactoculicide (B. thuringiensis
H-14) were produced in Russia and
supplied by M/s. Chemicals Interna-
tional Ltd., Delhi.

Methods used for determining the sus-
ceptibility of mosquito larvae were the
same as described by WHO?. The toxicity
of insecticides against the fish was de-
termined by the procedure already de-
scribed®. In short, ten guppies (2.5-3.0
cm in length) were added to 2 litres of
water taken in 5-litre beakers. The test
concentrations were prepared by dis-
solving 1 ml of serially diluted stock
solution. The stock solutions with tech-
nical grade insecticides were prepared
in ethanol, while the emulsifiable and
liquid formulation and wettable pow-
ders were dissolved in water. There were
four replicates for each concentration
and the control. Observations were re-
corded after 24-h exposure and the cor-
rected per cent mortalities were deter-
mined by using Abbott's formula'®. Le-
thal concentration (LC50 and LC90) val-
ues of different insecticides were deter-

mined from the log-Probit regression
lines and confidence limits for LC50
were determined by the method of
Litchfield and Wilcoxon!!.

RESULTS AND DISCUSSION

Table 1 shows the acute toxicity of dif-
ferent insecticides to the larvivorous
fish Poecilia reticulata. Results revealed
that among the different chemical in-
secticides, the synthetic pyrethroid
deltamethrin was most toxic to the fish
while the organophosphorus mosquito
larvicide, temephos, was least toxic.
Amongthe two pyrethroids, deltamethrin
was more toxic (LC50 = 0.016 ppm) than
cypermethrin (LC50 = 0.092 ppm). How-
ever, the water -based flowable formula-
tion of deltamethrin (K-othrine 2.5%
Flow) was much less toxic (LC50 = 18
ppm) probably due to adsorption of ac-
tive ingredients on the formulation par-
ticles and thus low solubility of active
ingredients in water. A similar observa-
tion was also made with the mosquito
fish Gambusia affinis®. Of the two or-
ganochlorine insecticides, DDTwas more
toxic (LC50 = 0.052 ppm) than y-HCH
(LC50 = 0.18 ppm) and of the two organ-
ophosphorus insecticides, fenthion was
more toxic (LC50 = 2.6 ppm) than teme-
phos (LC50 = 34 ppm). The bioinsecti-
cides Spherix (Bacillus sphaericus) and
Bactoculicide  (Bacillus thuringiensis
H-14) were found safe to the fish even at
a very high concentration (Table 1).

Table 2 shows the LC50 values of four
larvicides against mosquito larvae of An.
stephensi and Culex quinquefasciatus
and also the fish safety factor (FSF). The
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Table 2. LC50 values and fish safety factor of four larvicides

Insecticide LCS50 ppm, active ingredienis (35% confidence limits)
An. stephensi Cx. quinquefasciatus FSF* over FSF over
An. stephensi Culex
Temephos (Tech.) 0.016 0.0022 237 1551
{0.014-0.017) (0.019-0.0024)
Fenthion (Tech.) 0.018 0.009 22 32.4
{0.015-0.012) (0.00075-0.011)
Spherix 0.19 0.056 >1219¢ >45457
(B. sphaericus) (0.135-0.239) (0.046-0.067)
Bactoculicide 0.16 0.062 >10871 >3704°

(B. thuringiensis H-14) (0.123-0.207)

(0.049-0.078)

*FSF {Fish safety factor) = LCO5 fish/LC95 larvae; 'Since there was no mortality of the fish at the
concentration upto 1000 mg/l, the fish safety factor of the bicinsecticides was roughly estimated

with this concentration.

ST is defined as the ratio of the values
LCO5 fish/LC95 larvae'?. Of the four
mosquitolarvicides, two bioinsecticides,
viz. Bactoculicide (B. thuringiensis H-14)
and Spherix (B. sphaericus), had the
highest safety margin for the fish (Table
2}). Temephos had a lower margin of
safety for fish (IF'SF over An. stephensi
and Cx. quinquefasciatus being 237 and
1551 respectively) even though it was
most toxic against mosquito larvae
(LC50 values against An. stephensi =
0.016 ppm and Culex quinquefasciatus
= 0.0022 ppm). But fenthion had the
lowest margin of safety for fish (I'SF over
Culex quinquefasciatus and An. stephen-
st being 22 and 32 respectively). The
bioinsecticides B. thuringiensis H-14
and B. sphaericus have been reported to
be safe to non-target organisms includ-
ing larvivorous fish'315,

Keeping in view the fish safety factor of
the four larvicides tested in our study,

the use of the bioinsecticides Bacto-
culicide (3. thuringiensis 11-14) and
Spherix (B. sphaericus) can be recom-
mended in conjunction with larvivor-
ous {ish P. reticulata against filaria vec-
tor and also against malaria vector (An.
stephensi) and mosquito nuisance in
urban arcas.
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Correlation of Malaria Endemicity with An.
culicifacies Sibling Species Composition
and Malaria Antibody Profile in District
Allahabad (U.P.)

S.N. TIWARI, ANIL PRAKASH, 5.K. SUBBARAO", ARTI ROY*, HEMA JOSHI* and
V.P. SHARMA®

Entomological, parasitological and serological surveys were conducted between
October 1989 and November 1990 in 27 villages (population 33,250) belonging to
three topographically different areas of district Allahabad. viz. Gangapar, Doaba
and Yamunapar. A good correlation existed in all the three areas between malaria
incidence vis-a-vis An. culicifacies sibling species composition and malaria anti-
bodies titre in the populations. In Gangapar and Doaba villages, An. culicifacies
densities were low and the proportions of vector species A and C were much less
than that of species B, the non-vector species. Low endemicity of malaria was
supported by low antibody titres observed in the population. In contrast, in
Yamunapar villages An. culicifacies densities were high, species A and C together
were almost equaltospecies B, and malaria incidence as well as antibody titre were
high. Based on these observations, district Allahabad, Uttar Pradesh, could be
divided into two zones, low malaria transniission zone — Gangapar and Doaba
areas and high malaria transmission zone — Yamunapar area.

Keywords: An. culicifacies, Malaria antibody, Sibling species, Stratification

INTRODUCTION nent. This species is a complex of 4

sibling species'. Extensive surveys car-
Anopheles culicifacies is the major vee-  ried out in different parts of the country
tor of malaria in the Indian subconti-  to study the distribution and composi-

Malaria Research Centre (Field Station), Jeevan Beema Nagar, Bangalore-560 075, India.
Malaria Research Centre, 22-Sham Nath Marg, Delhi-110 054, India.
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tion of sibling species have shown the
prevalence of species B almost through-
out the country wherever An. culicifacies
is encountered?. Species A is found from
north to south with high proportions in
north, which gradually decline towards
south. Sibling species C is found from
west to east and species D is found in
northwest and central India. In central
India and also in Sathanur dam area in
south India, all four sibling species are
sympatric. InnorthernIndia, it has been
shown that there is a relationship of
malaria incidence to sibling species
prevalence by identifying the predomi-
nance of species A in high malaria inci-
dence areas and that of species B in low
incidence areas®. Vector incrimination
studies using immunoradiometric as-
say have shown that species A, C and D
harbour Plasmodium vivax and P. fal-
ciparum sporozoites?s. That only one
specimen of species B was found with
low numbers of P vivax sporozoites
shows that species B3 has a minor role, if
at all, in the transmission of malaria in
northern India.

Differences in the vectlorial potential
among sibling species and their distri-
bution pattern in the country have ex-
plained the epidemiological differences
observed in the area of An. culicifacies
distribution. This suggested that areas
could be stratified on the basis of the
distribution of sibling species. With this
objective a study was initiated in rural
areas of district Allahabad, U.P.

In this district, An. culicifacies is the
principal malaria vector. For this study,
An. culicifacies sensu lato densities, sib-

ling species composition and antibody
titre against malaria parasite antigens
and malaria incidence in the population
were monitored and the results are re-
ported in this paper.

MATERIALS AND METHODS

District Allahabad located in southeast-
ern part in Uttar Pradesh lies between
the latitudes 24° 47" and 25° 47' N and
longitudes 81° 19' and 82° 29' E. Two
rivers, the Ganga and the Yamuna, tra-
verse across the district and meet in
Allahabad city, dividing the entire dis-
trict into three parts, viz. Gangapur,
Doaba and Yamunapar (Fig. 1). Tons
and Belan are the two other important
rivers of this district. There are a num-
ber of canals, ponds, streams, stone
quarries, tubewells and wells in the dis-
trict. The climate of the district is
characterised by long hot summer, May
and June being the hottest months. The
southwest monsoon breaks towards the
end of June and lasts till September.
Winter season extends from November
to February. The population of the dis-
trict is 49.09,919 (1991 census) distrib-
uted over 9 tehsils and 28 primary health
centres (PICs). There are 3 tehsils and
11 PHCs in Gangapar area, 3 tehsils and
8 PHCs in Doaba area and the remaining
3 tehsils and 9 PHCs in Yamunapar
arca.

A total of 27 villages (Fig. 1), 5 belong-
ing to Gangapar, 9 to Doaba and 13 to
Yamunapar tracts representing differ-
ent epidemiological and ecological pro-
files, were surveyed for incidence of
malaria, and An. culicifacies sibling spe-
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cies composition between October 1989
and November 1990. Each village was
surveyed twice during the study period.
Seroepidemiological surveys were, how-
ever, done oniy once in all the study
villages between February and August
1990.

Entomological investigations

Density determination: Indoor resting
populations of An. culicifacies were col-
lected from all study villages between
0600 and 0800 hrs both from human

dwellings (D) and cattlesheds (CS) by
suction tube method and per man hour
density (PMHD) was determined. Total
mosquitoes were also collected by pyre-
thrum space spray method from HD in
all villages (4 HD in each village) to
calculate the density per structure. All
semigravid female An. culicifacies spe-
cimens were separated and processed
for identification of sibling species.

Sibling species identification: Ovaries
from all semigravid females of An.
culicifacies were removed and fixed im-
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mediately in modified Carnoy's fixative
(glacial acetic acid : methanol =0 1@ 3)
and stored in a refrigerator till further
processing. Polytene chromosome pre-
parations from fixed ovaries were made
according to Green and Hunt (1980)°
and sibling species were identified with
the help of diagnostic inversion karyo-
types’s.

Species A — Xea+h 2+pghet, 240 /1
Species B — Xab 2¢g7+1y!

Species C — Xah Z+g'h!

Host feeding preference of sibling
species: Blood from abdomens of
semigravid females was smeared on fil-
ter paper (no. 1) for detecting the host
source. Each blood smear was assayed
against bovine and human antisera by
countercurrent immunoelectrophore-
sis®. Ovary and blood smear from cach
mosquito were correspondingly num-
bered in order to know the host feeding
preference of sibling species.

Parasitological investigations

Mass blood surveys were carried out in
all selected villages. Blood smears after
staining with JSB stain were examined
under the microscope for the presence of
malaria parasite.

Serological investigations

Mass blood surveys were conducted be-
tween February and August 1990, A
drop of blood from each subject was
collected on Whatman no. 3 filter paper
strip in all study villages for estimating

antibodies against malaria parasite
antigens. Filter paper strips were stored
in a refrigerator till further processing.
The antimalarial antibody titre was
estimated against a nanomer peptide
derived from ring-infected enythroeyte
surface antigen hy enzyvime-linked im-
munosorbent assay (KLISA) method'™.

RESULTS AND DISCUSSION

A total of ten anopheline species were
collected from the study villages during
our surveys (Table 1). An. subpictus was
the predominant species followed by An.
culicijucies and An. annularis in all the
threeareas, These three species together
were accountable for more than 96% of
total anophelines collected from study
areas. Among the three areas, the high-
est number of An. culicifacies was col-
lected from Yamunapar area (136 /vil-
lage), followed by Doaba (89.4/village)
and Gangapar arca (20/village). An.
culicifacies per man hour densities, av-
erage number of mosquitoes collected
per structure {from pyrethrum space
spray collections) and sibling species
composition are given in Table 2. As the
pattern remained the same in the two
collections, i.e. one in transmission and
the other in non-transmission period,
datawere pooled (Table 2). Per man hour
densities (PMID) of An. culicifacies were
lowestin Gangapar villages (0-8.5), high-
est in Yamunapar villages {35-59),
whereas in villages of Doaba region the
densities ranged from 2.3 to 24.5. More
numbers were collected from cattlesheds
than from human dwellings. The pat-
tern of An. culicifacies density per struc-
ture was similar to that of PMHD ob-
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served in the three areas, i.e. lowest in
Gangapar (2.3), highest in Yamunapar
(17.1) and intermediate in Doaba (11.2).
The higher vector densities in Yamuna-
par villages were probably due to the
availability of innumerable additional
breeding grounds in the stone quar-
ries in these villages.

In all the three areas, species A, Band C
were sympatric. As the densities were
very low in Gangapar villages, only 32
An. culicifacies were identified for sibling
species. Species B was the predominant
species in all the areas — 88% in Doaba
area, 65.6% in Gangapar and 52.7% in
Yamunapar. The highest proportion of

species A(37%)was found in Yamunapar
villages. Only a few specimens of species
Cwereidentified in Gangapar and Doaba
areas while this species constituted 10%
in Yamunapar villages.

Only in Yamunapar area, 6 specimens of
species A and one of species C were
found with human blood. All other speci-
merns had bovine blood (Table 3).

The slide positivity rate varied: 1.8 in
Gangapar, 2.8 in Doaba and 8.8 in
Yamunapar. A similar trend was ob-
served in the case of slide falciparum
rate (Table 4). When parasitological data
in respect of children between 1 and 10

Table 3. Bloodmeal analysis of An. culicifacies sibling species

Area Species A Species B Species C

No. tested HBI No. tested HBI No. tested HBI
Gangapar 4 0.0 21] 0.0 7 0.0
Doaba 26 0.0 236 0.0 5 0.0
Yamunapar 172 0.035 220 0.0 35 0.03
HB! — Human blood index.

Table 4. Malaria incidence in district Allahabad (U.P.)*
Area Population BSE Total No. positive for 5PR SIR Pl
positive
Pf Mix

Gangapar 9000 930 17 10 0 1.8 1.1 1.9
Doaba 11750 1309 36 32 O 2.8 2.4 3.1
Yamunapar 12500 2048 180 38 142 0 8.8 6.9 14 .4

*Cumulative figures of two surveys done between Oct 1989 and Nov 1990; BSE — Blood smears
examined; Pv — P. vivax; Pf— P._falciparum; Mix — P. vivax + P. falciparum; SPR — Slide positivity
rate; SfR — Slide falciparum rate; Pl — Parasite incidence.
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years were analyzed, child parasite rates
(CPR)of 1.5, 1.7 and 5.0 were recorded
in Gangapar, Doaba and Yamunapar
villages respectively. In the case of in-
fants below 1 year, no malaria-positive
case was recorded from Gangapar and
Doaba villages, whereas in Yamunapar,
3 infants were found positive out of 39

VOL. 31, JUNE 1994

examined (IPR 7.7). Two of them were
positive for falciparum malaria and one
was positive for P. vivax (Table 5).

Antimalarial antibody titres expressed
interms of ELISA OD values obtained for
the populations belonging to the three
zones of the district are given in Table 6.

Table 5. Malaria incidence in infants (below 1 yr) and children (1-10 yrs)
of District Allahabad*

Area Infants (below 1 yr) Children (1-10 yrs)
No. No. Parasite [Falci- No. No. Parasite Falci-
examined (+Jve rate (IPR} parum exam- (+)ve rate parum
rate (IfR) ined (CPR} rate
{CIR)
Gangapar 25 0 0.0 0.0 406 6 1.5 1.0
Doaba 20 0 0.0 0.0 630 11 1.7 1.4
Yamunapar 39 3 7.7 5.1 862 43 5.0 2.9

*Cumulative figures of two surveys done between Oct 1989 and Nov 1990.

Table 6. Malaria antibodies titres against a synthetic peptide in population of Allahabad
district (U.P.)*

Area ELISA O.D. values' All age
groups
0-5yrs G- 10yrs 11 -20yrs 21 - 40 yrs >40 yrs
Gangapar 0.161 +0.099 0,198+ 0.118 0.;84+0.103 0217+0.123 0.210+0.107 0.194+0.11
(118) (138) (128) (87) (63} (534)
Doaba 0169+ 0.121  0.184 + 0.127 0210+ 0.135  0.182+0.144 0.250+0.112 0.119+£0.12
(199) (233} {165) (147} (73) (817}
Yamunapar 0.725 +0.193  0.721 + 0204  0.694 +0.182 0.732+0.177 0.719+0.186 0.718 + 0.18
(233) (280) {244) {(235) (113) (1105)

*Only one survey between Feb and Aug 1990; *Mean + SD value. Figures in parentheses are
numbers tested.



TIWARIET AL.: MALARIOGENIC STRATIFICATION OF DISTRICT ALLAHABAD 55

Mean OD values for the three zones were
as follows: Gangapar, 0.19+0.11; Doaba,
0.119 + 0.12; and Yamunapar, 0.718 +
0.18. Since the areas with ELISA OD
value of less than 0.3 were considered as
low endemic'®, Yamunapar with 0.718
OD can be categorized as highly en-
demic. When antibody titres for different
age groups were analyzed, no age-re-
lated increase in anlibody flitre was
found. Ramesh Kumar et al.'' also did
not observe any age-related increase
in antibody titre in Ghaziabad (U.P.).
However, in Hant-Ogone, which is high-
ly endemic for malaria, the cumulative
effect on antibody titre due to repeated
exposures to malaria infection had been
reported’?.

Malaria incidence was low in Doaba and
Fangapar villages and was relatively high
in Yamunapar. Seroepidemiological sur-
veys also indicated that there was a low
level of fransmission in the two arcas as
the antibody titres were well below 0.3 in
Gangapar and Doaba villages. In all the
areas An. culicifacies, an established
vector, was present. The sibling species
composition, however, varied in the three
areas. Among the 3 species present in
this area, only two species A and C are
considered as vectors?®s.

In Yamunapar arca. An. culicifacies den-
sities were relatively higher. An. culicifa-
cies, which is predominantly a zoophagic
species, attains its importance as a vec-
tor in areas where high densities are
observed. In Yamunapar, incidence of
malaria was high, the antibody titre was
high and 47% of An. culicifacies popula-

tion comprised species A and C. And it is
in this area that 3.5% of species A and
3.0% of species C were found fed on
human blood. These findings suggest
that species A and C wereresponsible for
the active malaria transmission observed
in Yamunapar villages.

This study by establishing a relation-
ship between sibling species prevalence
and malaria incidence confirmed earlier
findings that in western U.P. where spe-
cies A and B are sympatric with the
predominance of species A, malaria inci-
dence is high and in eastern U.P. where
almost totally species B is prevalent,
malaria incidence is either absent or
very lows3.

Based on our study, district Allahabad
could be divided into two distinct zones:
(1) Gangapar and Doaba areas—a zone
with low malaria transmission; and (2)
Yamunapar-—a zone having high ma-
laria transmission. This classification
may help mobilize limited resources to
control malaria in an area which has a
serious malaria problem. Based on this
stratification, chemotherapy alone is
recommended in Gangapar and Doaba
arca totreat the few cases; insecticidal
spray is not necessary. In Doaba areas,
where densitics are relatively higher
than in Gangapar villages, suitable
environmental methods to control vee-
tor populations could be introduced.
In Yamunapar villages, where incidence
is high in addition to environmental
measures, a judicious use of effective
insecticides is recommended to prevent
epidemics.



56

INDIAN J. MALARIOL.,

ACKNOWLEDGEMENTS

The authors express their sincere thanks
to the staff of Shankargarh field station
of MRC, Genetics and Immunology
Divisions for their technical help and
whole-hearted cooperation.

REFERENCES

l.

_tO

Subbarao, S.K., K. Vasantha and V.P.
Sharma (1988). Cylotaxonomy of certain
malariavectors in India. In Biosystematics
of Haematophagous Insects, edited by
M.W. Service [Clarendon Press, Oxford):
25-37.

Subbarao, S.K. (1991). Anopheles culici-

Juacies sibling species and malaria trans-

mission. ICMR Bull., 21(6): 61-65.

Subbarao, 5.K., K. Vasantha, K. Ragha-
vendra, V.P. Sharma and G.K. Sharma
(1988). Anopheles culicifacies: Sibling
species composition and its relationship
to malaria incidence. J. Amer. Mosq.
Cantr. Assoc., 4: 29.

Subbarao, 5.K., T. Adak. K. Vasantha, H.
Joshi, K. Raghavendra, A.H. Cochrane,
R.S.Nussenzweigand V.P.Sharma({1988).
Susceptibility of Anopheles culicifacies
species A and B to P. vivax and P. falci-
parum as determined by immunoradio-
metric assay. Trans. R. Soc. Trop. Med.
Hyg., 82: 394-397.

Subbarao. S.K., K. Vasantha, H. Joshi, K.
Raghavendra, C. Usha Devi, T.S. Satya
narayana, A.H. Cochirane, R.5. Nussenz-
weig and V.P. Sharma (1992). Role of
Anopheles culicifacies sibling species in
malariatransmission in Madhya Pradesh,
India. Trans. R. Soc. Trop. Med. Hyy., 86:
613-614.

VOL. 31, JUNE
6.

1994

Green, C.A. and R.H. Hunt (1880). Inter-
pretation of variation in ovarian polytene
chromosomes of Anopheles funestus
Giles, An. parensis Giles and An. aruni.
Genetica, 51: 187-195.

Subbarao, S.K., K. Vasantha, T. Adak
and V.P. Sharma (1983). Anopheles culi-
cifacies complex: Evidence for a new sib-
ling species, Species C. Ann. Entomol.
Soc. Amer., 76(6): 985-988.

Vasantha, K., S.K. Subbarao and V.P.
Sharma (1991). Anopheles culicifacies
complex: Population cytogenetic evidence
for species D (Diptera: Culicidae). Ann.
Entomol. Soc. Amer., 84(5}: 531-536.

Bray, R.5.. G.5. Gill and R. Killick-
Kendrick (1984). Current and possible
future technique for the identification of
bloodmeals of vector haematophagous
arthropods. WHO/VBC/84.905 (Unpub-
lished document).

Roy, A., V.P. Sharma and V.S. Chauhan
(1994 ]. The use of peptide ELISA in deter-
mining malaria endemicity. J. Immunol.
Methods, 167: 139-143.

Kumar, Ramesh, S.N. Rao, M.A. Ansari,
R.K. Razdan, Aruna Srivastava and V.P.
Sharma (1989). Seroepidemiology of ma-
laria in areas near Delhi, using the 1HA
test. In Seroepidemiology of Hurman Ma-
laria -— a multicentric study (Malaria Re-
search Centre, ICMR, Delhi): 19-24.

Chizollini, E., E. Delaporte, H.H. Kauf-
mann, J.P. Akne, A.B. Verdini, A. Pessi
and G. Del Guidice (1989). Age-related
prevalence of antibody response against
thice difference-defined Plasmodium

Jalciparum antigens in children from the

Hant-Ogone province in Gabon. Trans. R.
Soc. Trop. Med. Hyg., 83: 147.



Indian Journal of Malariology
Vol. 31, June 1994, pp. 57-64.

Field Trial of Esbiothrin-Impregnated Rope
in Ramgarh Village, Dadri PHC, District

Ghaziabad (U.P.)

M.A. ANSARI and R.K. RAZDAN

A village-scale field trial was carricd out to assess the operational feasibility and
efficacy of smouldering 250 ppm esbiothrin-impregnated rope in repelling mosqui-
toes and its impact on transmission of malaria. Entomological monitoring revealed
that smoke from smouldering rope resulted in 67.2-37.9% reduction of An.
culicifactes densities in human and mixed dwellings. The reduction was obvionsly
due to diversion of An. culicifacies population to cattlesheds where ropes were not
burnf. The impact was more pronounced when indoor mosquito landing rate on
human hait was compared with that of experimental and control areas. This was
also reflected in reduced anthropophilic index and curtailment of malaria trans-
mission in experimental area.

Keywords: An. culicifacies, Esbiothrin rope, Malaria control, Mosquito repellent

INTRODUCTION

The use of repellent oil, cream, insecti-
cide-impregnated coil or mats is quite
common in urban areas for prevention
of mosquito bites. The rural populations
belonging to low socio-economic group
and living in unaccessible area, particu-

larly tribals, continue to suffer from
malaria because of nonavailability of
simple and cheap methods of personal
protection. Hence, an innovative indig-
enous method of personal protection
was developed 6 repel mosquitoes. Jute
rope was impregnated with 80 ppm
deltamethrin and allowed to smoulder

Malaria Research Centre, 20, Madhuban, Delthi-110 092, India.
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in open living rooms from dusk to dawn.
The smoke from smouldering rope pro-
vided more than 90% protection from
An. culicifacles bites but did not provide
comparable protection from other mos-
quito species particularly against Culex
spp’. Subsequently efforts were made to
improve the efficacy ofimpregnated rope
by replacing deltamethrin with esbio-
thrin. The replacement enhanced pro-
tection both against An. culicifacies and
Culex quinquefasciatus?. In view of the
promising results a small-scale field tri-
al was carried out in Ramgarh village to
evaluate the operational feasibility and
efficacy of smouldering esbiothrin-im-
pregnated rope in repelling mosquitoes
and reducing the transmission of ma-
laria. The results of this study are re-
ported in this paper.

MATERIALS AND METHODS

Zsbiothrin® is an improved isomeric
composition of allethrin series and es-
sentially consists of esters of chrysan-
themic acid and allethrolone alcohol.
The compound is commonly used in
coils and mats marketed in India.
Jute rope (0.009 mdiam.) was select-
ed because of its uninterrupted burn-
ing quality and easy availahility in ru-
ral arecas. Ramgarh village was divided
into two sections. In one section (RC),
plain rope was burnt and in the other
section (RE), esbiothrin-impregnated
rope was burnt only in human and
mixed dwellings. Populations of ex-

VOL. 31, JUNE 1994

perimental and control sections of Ram-
garh village were 514 and 623 respect-
ively. Jadaonpur village (JC) was taken
as another control where no rope was
burnt. The distance between Ramgarh
and Jadaonpur villages is about 20
km. The rope was impregnated with 250
ppm esbiothrin as this dose was found
effective in repelling An. culicifacies
and also because of limited supply of
eshiothrin. An iron mesh cylinder was
used to cover the rope while burning as
a preventive measure against fire. Ropes
were distributed along with iron mesh
cylinders to the head of family to use it
in every room of human and mixed
dwelling from dusk to dawn. Good
supervision was maintained to ensure
burning of rope in each unit from 1800
to 0600 hrs. Weekly monitoring of An.
culicifacies day-time resting density in
human and mixed dwellings and
cattlesheds was carried out in two sec-
tions of Ramgarh and Jadaonpur vil-
lages. Indoor landing rate of mos-
quitoes on human bait was observed
on fortnightly basis as described by
Ansari et al®. Blood smears from freshly
engorged An. culicifacies females were
prepared on filter papers to determine
the anthropophilic index by microdot
ELISA technique during the transmis-
sion period3.

Study sites

Ramgarh village of Dadri PHC, Distt.
Ghaziabad {U.P.}), was selected bhecause

®The chemical name of esbiothrin is (+)-3-allyl-2-methyl-4-oxocylopent-2-enyl(+)-trans-
chrysanthemate. The technical sample of esbiothrin was obtained through the courtesy of

M/s. Roussels Pharmaceuticals India Lid.
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of the high density of An. culicifacies and
persistent malaria transmission. It is
located on Dadriand Bulandshahar high-
way southeast of Delhi at a distance of
about 40 km from Delhi. The village has
a total population of 1137, living in 76
houses and 79 mixed dwellings. There
are about 80 cattlesheds made of mud
walls and thatched roofs. Permanent
mosquito breeding places are drains,
stagnant irrigation channels. ponds,
wells, pools and pits and minor drains
inside the village.

Jadaonpur village in Dhaulana PHC,
Distt. Ghaziabad (U.P.), was selected as
acontrolvillage. The village is located on
Massuriand Gulawthiroad southeast of
Delhi at a distance of about 35 km from
Delhi. The village has a population of
693 living in 93 human and 56 mixed
dwellings. There are 84 cattlesheds.

RESULTS AND DISCUSSION

The density of An. culicifacies in
human and mixed dwellings was pooled
together. The monthwise average den-
sity of cattlesheds and human and mix-
ed dwellings in experimental (RE) and
control section of Ramgarh (RC) and
Jadaonpur (JC}, along with indoor aver -
age mosquito landing rate on human
baits. is given in Table 1. The table shows
that the pre-experiment density was
more or less the same in both RE and RC
areas. Daily smouldering of esbiothrin
rope in living rooms reduced the day-
time resting densitics of An. culicifacies
in RE area in successive months. The
reduction (%) in the RE and (JC) areas,
monthwise, were as: August-67.2 (1.5):

September-81.1 (26.0); October-77.18
(39.3); November - 77.5 (22.6); Decem-
ber - 86.6 (0.0); January - 97.9 (56.5);
February-94.7(13.3); and March 92.12
(0.0). In fact, there were 31.0 and 22.5%
increase in the density of An. culicifacies
in the months of October and March
respectively. A marginal reductionn of An.
culicifacies density was also observed in
RC area where untreated rope was burnt
in human and mixed dwellings. This was
quite expected as smoke alone from
untreated rope provided 30-40% protec-
tion2. The reduction in day-time resting
densities of An. culicifaclies in human
and mixed dwellings in RE and RC areas
particularly after smouldering the rope
may be attributed to the fact that this
species is basically zoophilic and the
smoke from smouldering rope in human
and mixed dwellings would have re-
pelled the species to take shelter in
cattlesheds where no rope was burnt.
There was an increase 0f2.27,2.17,2.3
and 1.8 times in the densities of An.
cullcifacies in RE area as against 1.9,
2.0, 2.4 and 1.5 in RC area during Au-
gust, September, October and Novem-
ber respectively in comparison to pre-
experiment density of this species. No
such increase in resting population of
this species was observed in cattlesheds
of JC area where no rope was burnt
(Table 1). P values were greater than
0.05 when the MHDs of human and mix-
ed dwellings were compared with corres-
ponding MHDs of RC and JC areas.
Similarly P values were less than 0.05
when the MHD of cattlesheds was com-
pared with RC and JC areas during the
post-operative period. suggesting thereby
that there was a significant shifting of
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Table 1. Entomological indices of Ramgarh and

MHD of An. culicifacies

Year/ Indoor no. of mosquitoes landed/
Month bait/night
Human and mixed Cattlesheds An. culicifacies An. annularis
dwelling
RE RC JC RE RC JC RE RC JC RE RC JC

Pre-experimental months

May 90 192.6 - 75.85 90.0 -
Jun 75.5 70.12 112.0

Jul 104.75 150 46.0 128.0 146.0
Post-experimerntal months

Aug 343 985 45.3 294.0 280.0
Sep 19.7 522 34.0 280.0 299.3
Oct 23.5 80.2 28.0 301.0 362.0
Nov 23.5 65.5 35.6 236.0 2250
Dec 14.0 67.2 59.6 135.0 1242
Jan 91 2.13 24.1 202 780 76.4
Feb 5.5 57.1 39.0 69.7 5%.0
Mar 8.25 46.6 59.4 65.0 51.0

93.7 - - - - - -
166.7 - -~ ~ ~ - -~
86.5 15 155 20.0 0.5 0 0.5
63.2 0 137 15.2 0 1.7 2.2
53.0 0 52 7.2 0 1.7 2.5
56.5 0 85 8.5 0 0.7 1.2
66.7 0.7 62 7.5 0 8.2 9.2
105.5 g 187 19.5 0 8.2 8.7
39.66 o 7.0 8.5 0 0.2 0.7
87.25 O 4.2 4.7 0 0.2 0.7
76.49 0 52 5.7 0 0.2 0.5

RE - Section of Ramgarh village where 250 ppm esbiothrin rope was burnt w.e.f. 1 August 1990:

where no rope was burnt.

Population - Ramgarh {C: 623), Ramgarh (E: 514) and Jadaonpur (C: 693).

An. culicifacies population from human
and mixed dwellings to cattlesheds in
experimental area.

The impact of esbiothrin smouldering
rope was more pronounced when the
indoor landing rate of mosquitoes on
human baits was compared as between
(1) RE and RC and (ii) RE and JC areas.
The indoor average number of An.
culicifacies females landed on human
bait per night was 0.0 to 0.7 during

August to March in RE area where es-
biothrin-impregnated rope was allowed
to smoulder as against 4.2 to 18.7 in
RC area where plain rope was burnt.
The difference was more evident in JC
area where no rope was burnt. The in-
door average number of females/bait/
night was 4.7 10 19.5 in the correspond-
ing period. Similar results were obtained
when the average number/bait/night
was compared against An. annularis and
An. subpictus and total anophelines



ANSARI AND RAZDAN : FIELD TRIAL OF ESBIOTHRIN-IMPREGNATED ROPE 61

Jadaonpur villages Distt. Ghaziabad (U.P.)

Indoor no. of mosquitoes Total Culex Total
landed/bait/night anophelines quinquefasciatus mosquitoes

An. subpictus

RE RC JC RE RC JC RE RC JC RE RC JC

22.5 250 27.0 38.0 405 475 51.2 577 572 89.2 98.2 104.7

0 0.7 1.5 0 162 19.0 3.2 13.7 15.7 3.2 30.0 34.7

0 1.2 2.2 0 82 12.0 52 272  28.0 5.2 35.5 40.0

0 142 16.0 0 235 267 8.2 23.7  27.0 82 472 537

0.7 1.5 2.7 1.5 16.0 195 4.2 16.7 21.5 5.7 32.7 41.0

0 4.0 5.2 0 310 335 52 48.0 50.2 52 79.0 83.7

0 0.7 2.2 0 80 115 1.2 4.0 5.7 1.2 12.0 172

0 0.5 1.0 0 5.0 6.5 1.5 6.0 6.7 1.5 11.0 132

0 0.2 0.5 0 5.7 6.7 2.2 9.5 10.7 2.2 152 175

RC — Section of Ramgarh village where plain rope was burnt w.e.f. 1 September 1990; JC - Control village

(Table 1). However, 250 ppm esbiothrin-
impregnated rope did not provide ad-
equate protection against Culex quin-
quefasciatus. This confirms the earlier
finding of Ansari et al.?, who recom-
mended 500 ppm dose against culicine.

The results of bloodmeal analysis
showed that smoke from smouldering
esbiothrin rope resulls in a marginal
reduction in anthropophilic index in
comparison with that of untreated

rope. The anthropophilic index in the
RE and RC areas respectively was as
follows: August - 0.7, 1.2; September ~
0.9, 1.4; October - 0.7, 2.5; and Novem-
ber - 2.5, 4.2.

The impact was more pronounced when
the anthropophilic index was compared
with that in JC area where no rope was
allowed to smoulder. The index was 4.3,
2.2,7.1and 7.8 inthe months of August,
September, October and November re-
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spectively. This substantiates the ear-
lier observation of high density of An.
culicifacles in cattlesheds in RE and RC
areas where esbiothrin-impregnated and
plain ropes were burnt in human and
mixed dwellings. It may be possible that
the species has deviated from human
and mixed dwellings to cattlesheds where
ropes were not in use and this beha-
vioural change could be responsible for
reduced anthropophilicindexin RE area.

The anthropophilic index of RC area was
also low in comparison to that in JC
area. This may be due to smouldering of
plainrope in human dwellings and mixed
dwellings, which might have prevented
the feeding on human host. Amarginally
high anthropophilic index in November
in experimental section was expected
because of interrupted supply of rope,
owing to circumstances beyond our con-
trol.

Parasitological monitoring also revea-
led a considerable impact of esbiothrin
smoke on transmission of malaria. The
rope was burnt in human and mixed
dwellings from August 1990 to March
1991. During this period 3 cases of P
vivax and one case of P. falciparum were
observed in RE area as against 13 cases
of P. vivax and 4 cases of P._falciparum in
RC area where plain rope was burnt.
However, the difference was not signifi-
cant statistically as the P values were
grealer than 0.05. The difference was
highly significant (P < 0.05) when cases
of experimental section RE were compar-
ed with JC area where no rope was
burnt. In thisvillage. 9 P. vivaxcases and
19 P._falciparumcases were found during

the same period. The cases per thousand
population were 7.7 in RIE area and 20.8
and 60.6in RC and JC areasrespectively
(Table 2). Similarly, SIR of RE area was
significantly different (P < 0.05) when
compared with that of JC areas.

Iron mesh cylinder also proved quite
effective in preventing fire hazards as
no incidence of fire was observed during
the study period. It was also socially
accepted by the inhabitants and found
quite useful for hanging the rope.

The study demonstrated the feasibility
of using impregnated rope to achieve
epidemiological impact at least against
zoophilic vector species by diversion to
cattlesheds. The cost of the rope is 45
paise per metre excluding impregnation
cost. The total consumption of the rope
is 1.2 m/night if burnt uninterrupted
from dusk to dawn. The impregnation
cost is only 20 paise/m including the
cost of kerosene. The total cost would be
75 paise per room/verandah as against
Rs. 1.50 to 2.0 with coil and mats mar-
keted in India. If Mylol. citronella oil or
Odomos cream is used, the cost will still
be high as these provide protection to
individuals and remain effective only for
3-6 h. Besides the cost, most of the oil,
cream or mats do not provide the same
degree of protection against different
species of mosquitoes*. In addition, most
of matting devices require uninterrupt-
ed supply of electricity, which is not
available in remote rural and forest ar-
eas. The present method of protection
does not require any electricity skill and
can also be used outdoors where inhab-
itants are engaged in various types of
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routine activities. Though no adverse
effects of smoke were observed during
the study period, yet certain inhabitants
did complain of the pungent smell of
smoke. Health studies are therefore in-
dicated to see if there are any adverse
effects on inhabitants continuously ex-
posed to smoke and also for extended
field trial in ecologically different en-
demic areas to ascertain its utility in
control programmes against different
vector species.
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Biology of Malaria Vectors in Central Gujarat

R.M. BHATT, H.C. SRIVASTAVA and P.K. PUJARA

Biology of malaria vectors were studied in Kheda district of central Gujarat in order
to understand the vector behaviour in the wake of ecological changes. Anopheles
culicifacies and An. stephensi were mainly endophilic whereas An. fluviatilis
exhibited marked exophily. All the three vectors were predominantly zoophilic.
Peak biting activity period of An. culicifacies varied with season though biting
continued in varying magnitudes throughout the night. An. stephensi and An.
Jluviatilis were arhythmic in their biting activity. Survival of all the three vectors was
maximum during cold season owing to longer gonotrophic cycle which also yielded
higher estimates for expected infective life. Instability of malaria in this area was
probably due to low estimates of expected infective life for the three vectors. A wide
range of breeding habitat preferences by An. culicifacies was observed whereas An.
Sluviatilis and An. stephensi showed restricted distribution.

Keywords: Malaria vectors, Biting rhythms, Resting behaviour, Vectorial

efficiency

INTRODUCTION

The nature, bionomics and distribution
of primary and sccondary vectors of
malaria, since their disruption by the
eradication programme, are insuffi-
ciently known. During and since that
period radical changes have occurred in

ecosystems owing to deforestation, in-
tensification of agriculture, irrigation
projects and urbanization. In the wake
of large-scale ecological changes, a pro-
per understanding of the various as-
pects of the bionomics of malaria vectors
is necessary in devising appropriate
strategies for vector control'. There is
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greatneed to study the changes invector
behaviour, patterns of distribution, sea-
sonal prevalence, vectorial efficiencyand
their correlation with various epidemio-
logical situations.

There is insufficient ecological informa-
tion from Gujarat on the malaria frans-
mission dynamics and it is desirable to
understand how control measures
might have influenced them. A few ento-
mological reports have appeared {rom
this region®*. Some of the bioecological
aspects of the three malaria vectors, viz.
An. culicifacies, An. fluviatilis and An.
stephensi, and their role in malaria trans-
mission in Kheda district, central
Gujarat, are discussed in this paper.

MATERIALS AND METHODS

Studies were carried out in eight villages
of Kheda district for three years from
January 1989 to December 1991. The
villages were representative of various
biogeographic areas having consider-
able biological diversity and ecological
habitats, leading to formation of inde-
pendent ecosystems, viz. hills and foot-
hills (1) and open terrains (7). The latter
was further sub-divided into canal irri-
gated (2), non-canal irrigated (2), river-
ine (2) and ccastal (1) areas. Character-
istics of each area and climate have
been described earlier™ °.

Mosquito collections

Resting mosquitoes were collected at
fortnightly intervals in all the villages
from indoor as well as outdoor shelters.

Indoor resting mosquitoes were sam-
pled using mouth aspirators for 15 min/
shelter in the early morning hours.
Four houses and four cattlesheds were
sampled in each village. Indoor sam-
pling was followed by the outdoor rest-
ing collection from suitable natural out-
door habitats and specially dug artificial
pit shelters?. Biting collections using
bovine bait trap technigue were made
for one year from January to December
1989 in six villages only (2 each in canal,
non-canal and riverine areas). All-
night collections from 1800 to 0600 hrs
were made using bullock as bait in each
village once in a month. Villages re-
presenting coastal and hilly areas were
not sampled owing to infeasibility.

Larval collections

Inmmmature stages of mosquitoes were
collected at fortnightly intervals from all
breeding sites located in and around
each village using an enamel dipper.
Variability in breeding habitats due to
sporadic irrigation, seasonality and
rainfall made collections at fixed sta-
tions impractical. Immature specimens
were brought to the laboratory and rear -
ed to adults for identification.

Processing

Adult mosquitoes collected from indvor
and outdoor sites were brought to the
laboratory and identified. Vectors were
further classified as per trophic status
and were dissected to determine repro-
ductive condition and physiological age.
Trophic status was scored as unfed,
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fully fed, half gravid and gravid. Repro-
ductive age was determined by counting
the number of ovarian dilatations. and
parity in unfed was confirmed by obser-
ving tracheolar skins®. Bovine bait trap
collections were identified on the same
night and only vectors were dissected.
Owing to insignificant differences ob-
served in biting rhythms of malaria vec-
tors between different physiographic
areas, the monthly data were pooled and
rhythmwas plotted for different seasons
as per cent transform of the Williams
mean (Mw)’. Females collected from dif-
ferent resting sites with fresh and par-
tially digested bloodmeals were smeared
on filter paper and tested against the
human and bovine antisera using agar-
gel diffusion technique®. Survivorship
(S) was estimated as S = P'/9¢, where Pis
the proportion parous and gc¢ is the
duration of gonotrophic cycle in days®.
Considering survivorship to be constant
with age, mean life expectancy (E) was
estimated as E = {-log S}"'. The duration
of sporogony (n} was calculated as a
function of temperature'” using the for-
mula n=T/{t-L .} where T is the total
‘degree days' required for the sporogony:
tis the actual average temperature in
oC; and ( is threshold temperature
required for the parasite development.
Expected infective life (ILIL)was estimat-
ed using the formula of Macdonald!' as
EIL = §8"/-log,S.

RESULTS AND DISCUSSION
Resting behaviour

The distribution of the three malaria
vectors among five physiographic areas
and their abundance in different resting

habitats are sununarized in Table 1. The
temporal distribution of An. culicifacies
and An. stephensi has been described
from this area® carlier, hence data on
spatial distribution only are presented
here. Because differences in mean abun-
dance between species varied over time
and space, comparison among areas
was done separately. A one-way ANOVA
and Tukey multiple comparison test
{p=0.05) were used to compare densities
in different arecas after transforming
monthly abundance data to log_(y + 1.
Spatial abundance of An. culicifacies in
indoor resting collections varied sjgnifi-
cantly (F=18.31; df=4, 55; p<0.001) and
the density was maximum (37.89 MHD)
in the riverine area followed by hilly
{19.14) and canal-irrigated (18.25) ar-
eas. Though An. culicifactes density in
natural outdoor shelters did not vary
significantly between the areas (F=2.35;
df=4.55; p>0.05), its abundance in arti-
ficial pit shelters indicated significant
differences among areas (F=4.29;
df=4.55: p<0.001). An. fluviatilis was most
abundant in hilly area (F=7.86; d{=3.24:
p <0.01)and was not recorded from non-
canal area though mean abundance in-
dicated insignificant differences between
canal, coastal and riverine areas (Tukey
test, p>0.05). This species preferred to
rest in natural outdoor shelters (F=3.67;
df=3.28: p<0.01) and pit shelters
(F=10.33:d(=2,33: p<0.001). However, it
was not recorded from pit shelters in the
coastal arca. An. stephensi was abun-
dant in low numbers in all the study
villages and it showed preference for
indoor shelters over the outdoor. More-
over, insignificant differences observed
i11 its abundance among different areas
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in all the three resting sites studied
indicates less favourable breeding con-
ditions. With the beginning of canal irri-
gation and shortfalls associated with
irrigation, water management and con-
sequent changes in the cropping pat-
tern during the last three decades the
entire command area in the district has
become conducive for mosquitoes dur-
ing spring as well. Though there was no
insecticide spray in the study villages
during the course of these investiga-
tions, outdoor resting habit of An.
culicifacies and An. stephensi is sugges-
tive of some change in their behaviour
owing to repeated exposure 1o insecti-
cides used in antimalaria programme.
This phenomenon is substantiated by
the fact that outdoor resting (pit and
natural shelters) population of three
vectors comprised all trophic stages (IFig.
1), and if there was no outdoor resting
habit, the proportion of freshly fed and
semigravid is expected to be roughly
equal in indoor resting mosquitoes®'2,
The proportion of semigravid to fully fed
specimens in indoor collections was less
(0.13) for An. fluviatilis which indicates
a relatively higher degree of exophily in
this species. The abdominal condition of
outdoor resting population shows that
the proportion of fully fed specimens
was more than that of the semigravid
which further suggests the outdoorrest-
ing habit of the vectors in this area.

Host feeding patterns
Out of the total blood smears of three

species analysed, 95% reacted with hu-
man and bovine antisera, the remaining

69

5% were not further tested (Table 2).
Over 90% of all An. culicifacies, An.
Jlwiatilis and An. stephensi bloodmeals
were from bovids. Owing to their low
densities the sample size of the latier
two specics was very low and none was
found to react exclusively with human
antisera. Results for An. culicifacies are
in agreement with previous observa-
tions made from different parts of Guja-
rat'315 An. fluviatilis is generally re-
garded as predominantly anthropophilic
species'?; however, a much lower degree
(0.027) of contact was reported from
India'® and similarly HBI for An. ste-
phensi was found to be low (0.018).

Biting behaviour

A total of 41,652 anophelines were col-
lected in 70 all-night bovine bait trap
collections, and An. culicifacies, An. flu-
viatilis and An. stephensi accounted for
5.57%, 0.32% and 0.42% respectively.

An. culicifacies, exhibited marked varia-
tions inits feeding times. During winter,
most biting occurred during the first
quarter of the night which shifted to the
second and third quarters during hot
and rainy seasons respectively (Fig. 2).
Biting took place in varying magnitudes
from dusk to dawn throughout the year.
Hourly means of different quarters (18-
21,21-24,24-03 and 03-06) were trans-
formed to log, (y + 1) and compared us-
ing one-way ANOVA. Quarterly means
differed significantly during the cold sea-
son only (F=4.38; df=3,44: p<0.01).
Means for hot and rainy seasons were
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Trophic status of malaria vectors collected from

indoor and outdoor resting sites

insignificant indicating less marked
differences in the biting rate during
these seasons though considerable vari-
ations were observed in the biting act-
ivity. A similar shift in biting act-
ivity was also observed in Punjab Pro-
vince, Pakistan!®,

Anfluviatilis exhibited no definiterhythm
in its feeding activity. During rainy sea-
son, 71% of the specimens were collect-
ed inthefirst halfof the night with a peak
between 2000 and 2100 hrs, which is in
agreement with the previous observa-
tions made in Madhya Pradesh!”. No
significant variation in the biting activity
between different quarters of the night
was observed during the three seasons
when tested by ANOVA.

An. stephensiwas observed biting most-

ly before midnight, and during hot and
cold seasons, maximum activity took
place in the first quarter of the night. No
significant shift in the biting activity was
evident owing to low abundance and the
means for different quarters of the night
were insignificantly different when tested
by one-way ANOVA. Biting continued till
third and fourth quarter, though at a
very low rate. These results in general
agree well with those reported by Reisen
and Aslamkhan'®. However, a marked
seasonal shift in its biting activity was
observed.

Reproductive status

A total of 4905 An. culicifacies, 195 An.
Sluviatilis and 132 An. stephensifemales,
collected from different biotopes in all
study villages, were dissected, and as
the reproductive status in different vil-
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Fig. 2: Biting rhythms of malaria vectors during differ-
ent seasons
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lages was relatively similar the data
were pooled to depict seasonal trends
(Table 3). The proportion of parous
An. culicifacies varied less between the
seasons. Only 1.28% of females dis-
sected survived to complete three or
more gonotrophic cycles. There was not
much difference in the survivorship.
However, owing to longer gonotrophic
cycle (4 days during winter as against 2
days during hot and rainy seasons), it
was higher during cold season for all the
three vectors, which is in agreement
with the observations made in Punjab
Province, Pakistan’®. Life expectancy for
all the three vector species was maxi-
mum during the cold season. Sporogony
was estimated to be 7 and 8 days during
hot and rainy and 15 and 20 days during
cold seasons for Pv. and Pf respectively.
Ixpected infective life (EIL) of An.
culicifacies was longer than that of An.
stephensi, which is in agreement with
observations made in Pakistan'’®. Esti-
mates of EIL for An. culicifacies were
comparable for the cold season with
those recorded (0.20 and 0.06 for Pv and
Pf respectively) by Reisen et al?°. ITow-
ever, low EIL was estimated both for An.
culicifacies and An. stephensiduring hot
scason in our study. For An. fluviatilis
both £ and EIL were estimated to be
lower than recorded in Jeypore hill area
of Orissa®!. Low estimates of EIL for all
the three vectors and particularly An.
culicifacies may be responsible for the
instability of malaria in this area.

Distribution and abundance of im-
matures

A total of 9363 specimens of three vee-

tors were identified out of 75,046
anophelines that emerged from 3142
collections made from different breeding
habitats. For the sake of clarity and to
derive a general conclusion, the data for
ecach habitat in different areas were
pooled. Spatial distribution and average
abundance of three vectors are given in
Fig. 3. Abundances are diven as arith-
metic means as well as in a logarithmic
transform known as Williams Mean (M, ).
The untransformed data for each spe-
cies were analysed by Kruskal-Wallis (K-
W) test to detect significant differences
of monthly means in ranked abundance
between macrohabitats. The K-W statis-
tic, H, was compared with ** to evaluate
levels of statistical significance. A sig-
nificant Ii value was interpreted as indi-
caling a prefercnce by a species for one
or more macrohabitats. An. culicifacies
was found in all the macrohabitats indi-
cating its adaptability to breed in a vari-
ety of breeding habitats which in turn
makes the alternative methods of ma-
laria control through bioenvironmental
methods more difficult. Comparison
between habitats revealed considerable
preference for river, though breeding
sources associated with canal irrigation
also supported more breeding than the
rest of the habitats. An. stephensi was
found to breed in eight macrohabitats
and its preference for wells is supported
by previous studies?. An. fluviatilis was
encountered from only seven breeding
habitats and comparison among habi-
tats revealed a low level of significance.
Maximum abundance was observed in
freshwater seepage drain resembling
narrow and shallow stream.
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Relationship with malaria transmis-
sion

Kheda district falls under the zone of
unstable malaria which is confirmed by
the present findings, though perennial
transmission has been reported in some
riverine villages virtually free [rom cattle
population (MRC, unpublished data),
and An. culicifacies was incriminated as
vector which is indicative of its efficiency
as vector in spite of low HBI and EIL
recorded in our study. With very low
abundance and low HBIL, An. stephensi
seems unlikely to play any role in ma-
laria transmission in the rural areas of
Kheda district. An. fluviatilis was most
abundant in hilly area only and had a
higher HBI than the rest of the two
species. Though it has been incrimi-
nated as vector from the adjoining dis-
trict of Panchmahals??, low estimates of
EIL during our study call for further
investigations.
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Oxidative Stress and Malaria-Infected
Erythrocytes

NEERAD C. MISHRA, LALITHA KABILAN and ARUN SHARMA

This paper presents several mechanisms/ pathways by which oxidative stress could cause
damage to the parasites. During developmental stages of plasmodia profound alterations
ofthe structure and function of host erythrocytes take place, in order to support the devel-
opment and/or survival of the parasite. In addition an oxidant stress is also induced by
the parasite. There is also an increased production of reactive oxygen species (ROS) hy the
parasite. This may deplete the erythrocyte of its defense mechanisms namely, su-
peroxide dismutase (SOD), catalase, glutathione peroxidase, NADPH, NADH, glutathione
{GSH]J and glutathiione reductase ete. Thus oxidative siress may be exerted by the growing
parasite in red blood cells which are hiighly sensitive fo such a challenge. These enhanced
alterations may resnlt in a retarded development of the parasite. Thus, the coexistence of
both parasite and erythrocyte is a matier of a delicate balance. However, one cannot rule
out the role of external modulations (immune pressure) inhibiting the vitality of the para-
sites.

Keywords: Erythrocytes, Malaria, Oxidative stress, Reactive oxygen species (ROS)

INTRODUCTION lular parasitisim, which exhibits extreme

biological interactions between the hu-
Malaria, a protozoan/vector-borne dis-  man erythrocytes and malarial parasite.
case, forms the best example of intracel-  The whole cycle of malaria is operable at
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the four sequential stages: (a) selection,
(b)invasion, (c¢) intra-erythrocytic devel-
opment, and(d}liberation of merozoites.
With a total of 2.2 million people at risk,
and drug resistance spreading, there is
an urgent need for development of prop-
er countermeasures. During the last
decade, malaria research has been in-
tensified both at the applied and at the
basic levels. Though efforts are being
directed towards vaccine development,
new chemotherapeuticapproaches have
also been entertained. Since the patho-
genicity of malaria is provoked mostly by
synchronous asexual development of
the parasites, this intra-erythrocytic
stage of parasite development deserves a
high priority of research in order to
provide a new rationale for new thera-
peutic approaches.

The life-cycle of malarial parasite is
influenced by the genetically controlled
characters of the host red blood cells
(RBC), surface coat of the red blood cells
or the intracellular components and their
metabolic pathways. These factors af-
fect the immunity possessed by the host
which may be innate/inherited or ac-
quired'. Innate immunity may be attri-
buted to inherited erythrocytic resist-
ance provided by genetically controlled
characters like abnormal haemoglobi-
nopathies, G-6PD deficiency? and Duffy
group antigens®. Acquired immunity is
principally from T -lymphocyte-depend-
ent activation of macrophages and nat-
ural killer cells which exert oxidant stress
on parasitized cells. The pattern of ac-
quired immunity to blood stage infec-
tions varies widely in different host-
parasite combinations.

VOL. 31, JUNE 1994

Asexual blood forms of malarial para-
sites are micro-aerophilic and sensitive
to oxidant stress. The degeneration of
parasites in circulating erythrocytes af-
ter exposure to oxidants is closely anal-
ogous to the “crisis forms"” observed
during the recovery from malaria infec-
tions as aresult of cell-mediated immu-
nity whose major effector mechanism is
the imposition of oxidant stress on par-
asitized cells®, In this article we discuss
the redox status of the malaria-infected
erythrocytes in relation to malaria che-
motherapy and host responses against
the parasite. A number of articles on
malaria biochemistry, chemotherapy and
host-parasite relationship are availa-
ble®?, some of which discuss the role of
oxidative stress. The basicaspects of the
formation and metabolism of reactive
oxygen species (ROS) in biological sys-
tems are discussed elsewhere'?.

Reduction-oxidation (redox) reactions
involve, transfer of electrons, i.e. reduc-
ing potential increases relative to oxidiz-
ing potential. "Oxidative stress” is de-
fined as any disturbance of the pro-
oxidant-antioxidant balance in favour of
pro-oxidant. Exposure of cells to condi-
tions of oxidative stress does not neces-
sarily result in oxidative damage to cel-
lular macromolecules as the existing
host cell defenses may be adequate or as
cells upgrade these defense mecha-
nisms''. When the cellular redox capac-
ity increases, the cells may be better
equipped to resist oxidative stress pro-
vided the other components of antioxi-
dant defenses are unchanged.

The current research relating to oxida-



MISHRA ET AL: OXIDATIVE STRESS AND MALARIAL INFECTION 79

tive stress and malaria parasite can be
summarized as follows: (a) the malaria
parasite exerts oxidative stress on host
erythrocytes: (b) oxidizing conditions are
mimical for the growth and survival of
parasite; (c) host’s response to malaria
by activated phagocytes: and (d) pro-
oxidant drugs as effective antimalarials
with potential for chemotherapeutic ex-
ploitation.

General

A number of observations have inexora-
bly led to the conclusion that cell-medi-
ated immunity has a direct impact on
the pathogenesis of malarial parasite.
Clark et al.’?, in a murine system, have
implied an involvement of nori-antibody
soluble factor in host responses. Host
responses to circulating intra-erythro-
cytic parasites involve T -cells, cytokines
and phagocytes, with soluble product of
phagocytes being possibly the ultimate
effectors'? !4, Ever since it became possi-
ble to culture P. falciparum in human
erythrocytes, there is a considerable
support for the idea that oxidative stress
may explain reduced growth of malarial
parasite in these abnormal erythro-
cytes's. The influence of dietary factors'®
may be overlooked in P. falciparum cul-
ture system. There may not be any direct
evidence for the oxidative damage to the
parasite and assessments of the redox
status and antioxidant capacity of the
parasite/erythrocyte may not be made.
Therefore, a role of ROS in inhibition of
malarial parasite growth associated with
genetic traits is an interesting concept
which as yet has insufficient direct sup-
porting evidences.

Certain vitamin deficiencies have also
been implicated as agents that reduce
malarial parasite under experimental
and clinical studies and are believed to
act via RGOS, Riboflavin deficiency de-
presses the growth of human'”'® and
animal®*® malarias in vivo. The explana-
tion is the depletion of reduced glu-
tathione (GSH) resulting from decreased
aclivity of flavin-dependent glutathione
reductase?!. It would therefore be useful
to study blood GSH and GSSG (oxdidized
glutathione) in malaria-infected animals
or humans and to look for evidences of
oxidative events??,

In a number of studies, the effects of
these oxidative agents were blocked by
antioxidants or iron chelators®*?* or
there was evidence of lipid peroxidation
after their administration (n vitro*. It
may also be noted that a number of
antimalarial drugs, e.g. Primaquine?®,
Qinghaosu?’-?%, are also believed to be
exerting their action viaROS. Thus there
is a source of ROS potentially capable of
damaging malarial parasites and host
cells during infection. The direct evi-
dence of killing of parasites by ROS
derived from phagocytes has been with
P. yoelli*® and P. falciparam®°?! in vitro.
However, these studies used only a small
range of antioxidant enzymes to estab-
lish a role of ROS and also the tech-
niques for detecting the latter were not
optimal. The role of oxidation in the host
response to malaria does not contain
any glaring inconsistencies, although
there are areas where direct evidences
are deficient. A number of drugs that
may inhibit the activity of GSSG perox-
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idase have been shown to be very effec-
tive antimalarials®*33.

Energy status of parasite/erythro-
cyte unit

Owing to non-availability of stored gly-
cogen in intraerythrocytic phase of the
parasite, glucose acts as a source of
energy, as it is more permeable in the
parasitized erythrocyte membrane®. Gly-
colytic pathway plays an important role
for glucose metabolism in different Plas-
modium species. The enzymes in the
soluble cytoplasmic portion of the para-
sitized cell degrade glucose ultimately to
phosphoenol pyruvate (PEP).

High energy phosphate bond donated/
generated is utilised for the conversion
of ADP to ATP, whereas pyruvate and
pyruvate Kinase act as catalyser. Py-
ruvate is then converted to lactate by
lactate dehydrogenase along with reoxi-
dation of glycolytically formed NADH,
which finally involves an anapleutic
reaction involving CO, fixation through
PEP carboxy kinase on PEP carboxy-
lase. These enzymes would form small
amounts of oxaloacetate and other Kreb's
cycle intermediates used in the bio-
synthetic processes®**. Finally it regen-
erates malate in cytoplasm which can
cross mitochondria and serve as mito-
chondrion substrate. In vitro it has
been established that addition of CO,
and PEP favours plasmodial develop-
ment/growth®-2%, Various workers have
speculated that NADP is a more effective
coenzyme than NAD in malarial species.
In the adult cell, during pentose path-
way, NADPH is the only source for main-
taining glutathione tripeptide in the re-

duced state which affects other enzy-
matic reactions and prevents the accu-
mulation of met-haecmoglobin?®®.

It appears that the parasite-erythrocyte
complex has the capability of carrying
out some reactions of the phosphoglu-
conate pathway and scientists have also
visualised that a small proportion of
glucose is utilised by parasitized red
cells via pentose phosphate pathway*°.
There are still conflicting reports wheth-
er the parasite itself is capable of form-
ing 6-phosphogluconate from G-6P,
thereby generating NADPH or it relies on
the host cell. During infection, NADPH
remains at the same level but NAD,
NADP and NADII increase from 1.5 to
2.0 times®*®. The parasite presumably
depends on the host cell for the supply of
NADPII*. Roth et al.*' pointed out that
the parasite-specific NADPH generating
enzyme glutamate dehydrogenase is not
present in normal red cells and this
renders Plasmodium relatively immune
from oxidative stress. It has been also
reported that theratios of NADPH/NADP
and NADH/NAD are not concrete in P
bergheiinfection and percentage of NAD
status is 10 times higher than that of
NADP in normal and infected blood
cells?’,

Glutathione metabolism

A major defense system for the detoxifi-
cation of reactive oxygen species in the
red blood cells is due to glutathione
redox cycle, and enzymes essential for
the cycle are glutathione peroxidase
(ROOH + 2GSH » RO + H,O, + GSSG)
and glutathione reductase (GSSG +
NADPH + H* » 2GSIH + NADP). The inhi-
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bitors of these enzymes impair intra-
erythrocytic growth of malarial para-
sites!042,

The importance of glutathione lies in
knowing whether the loss of glutathione
or inactivation of glutathione reductase
is essential for the inhibition of parasite
growth. Availability of GSH and its asso-
ciation with oxidative and reductive en-
zymes in the parasite/erythrocyte unit
is not seemingly perturbed even when
the erythrocyte parasite load is high'’.
Mohan et al.** demonstrated the extent
of reduced glutathione, activity of glu-
tathione peroxidase, amount of mem-
brane lipid peroxidation products and
the extent of hemoglobin release from
host erythrocytes during in vitro P.
Jalciparum growth. They examined the
extent of host-cell membrane peroxi-
dation due to parasite-derived ROS in
the absence of any immune effector cells
and also reported the degree of in vitro
hemolysis as well as the status of the
glutathione antioxidant system at dif-
ferent stages of parasite growth.

With increased parasite load of P. vivax,
complex changes occur in the antioxi-
dant defence mechanism of the parasit-
ized red blood cells (PRBCs) particularly
in glutathione cascade enzymes?®?. But
following treatment with chloroquine the
enzymes are restored to the levels of
control and nonparasitized RBCs.

Ascorbate vitamin and membrane
lipids

Trager** commentcd that relatively few
cofactors are essential for theintracellu-

lar development of erythrocytic stages of
malarial parasites. The pentothenate is
not used directly by the parasites but
rather coenzyme A synthesised by the
host erythrocyte is utilised. Vitamin E
acts as a major chain-breaking antioxi-
dant of lipid phase and its concentra-
tions might be related to oxidizable lip-
id*®. Researchers reported that the par-
asitized blood cells took up dehydro-
ascorbate more rapidly than in normal
erythrocytes and gained the ability to
take up reduced ascorbate which is a
sensitive indicator of oxidative stress?e.

Lipid reserves are absent in the erythro-
cyte stages of malarial parasites. There-
fore, malarial parasites are incapable of
fabricating fatty acids and cholesterol
de novo. Plasmodium for its lipid require-
ments thus relies on dynamic exchang-
es with blood plasma® 47, Mohan et al.*®
reported high plasma malonyldialdehyde
(MDA) concentration (an index of lipid
peroxidation) in P. falciparum patients
as compared to controls, which provides
evidence for the changes in the anti-
oxidant status of the blood. Further, in
vitro studies confirmed that the lipid
peroxidation takes place when parasit-
ized erythrocytes are exposed to oxi-
dants.

Susceptibility of erythrocytes to oxi-
dant stress

The principal manifestations of oxidant
stress on erythrocytes are reduction in
their content of reduced glutathione,
lipid peroxidation, hemoglobin (Hb)-de-
naturation and formation of inclusions
known as Heinz bodies*®. Erythrocytes
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damaged by oxidants but not lysed are
rapidly removed from the circulation by
the spleen and liver. Erythrocytes defi-
cient in G-6PD are more sensitive to
oxidative stress than those with a nor-
mal content of this enzyme. The activity
of these protective enzymes (SOD, G-
6PD etc.) declines with erythrocytic age.
However, the sensitivity to oxidant stress
increases®°.

Agents known to produce oxidant dam-
age in erythrocytes include phenylhy-
drazine and alloxan, which forms a re-
dox system with dialuric acid?®. The pro-
duction of O~fons and their interaction
with a hydrogen atom transferred from
the organic molecule, could generate
powerful oxidant radicals®'. Bachner et
al.’? incubated G-6PD-deficient erythro-
cytes with normal human leukocytes in
which respiratory burst had been trig-
gered by phagocytosis. Hence, activa-
tion of a respiratory burst in leukaocytes
with concomitant production of O, and
H,O, canimpose oxidant stress on eryth-
rocytes.

This biochemical mechanism of oxidant
stress on the red cells is relevant to
provide an explanation for the mecha-
nism why Hb-S and G-6PD deficiency
confers resistance to malaria and by
which cell-mediated immune response
may be protective' .

Factors that increase and decrease
susceptibility of erythrocytes to oxi-
dant stress

Four components ol erythrocytes
function in concert to counteract oxidant
stress: the erythrocyte membrane,
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hemoglobin (HDb), protective enzymes and
antioxidants such as vitamin E and
vitamin C. The normal adult Hb (HbA)
carries out its oxygen transport and
defects in Hb or protective enzymes and
antioxidants such as vitamin C and E
can increase the sensitivity of ery-
throcytes to oxidants'. The oxidised Hb
bound to the membrane initiates lipid
peroxidation and deoxy Hb (Fe?*) is
protonated and liganded with anions.
The mechanism ofdirect electron transfer
from reductant to bound O,, which can
interact with many biological molecules,
is of special importance in the interaction
with redox-active metal ions*.

The changes in Fe coordination converts
heme Fe into a powerful oxidant species
and can increase its capacity to initiate
lipid peroxidation, which is associated
with the formation of malonyldialdehyde,
which can cross-link proteins and other
biological molecules®®. This results in
the autoxidation of polyunsaturated fatty
acids releasing free radicals, which in
turn damage some of the biological
systems***%. Some lipid hydroperoxides,
e.g. those produced by the lipoxygenase
and cyclo-oxygenase systems, have
potent pharmacological activity and may
regulate biochemical pathways in
parasites as they do in other cell types.
Exogenases, hydroperoxides such as
tertbutyl hydroperoxide, can impose oxi-
dant stress on cells by consuming re-
duced glutathione through glutathione
peroxidase and thereby oxidising NAD
(P) H*. Human erythrocytes deficient in
GSH peroxidase are very sensitive to
oxidant drugs and G-6PD-deficient red
cells have effects on the dietary con-
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stituents, e.g> fava beans (Vicia feba), a
metabolite, exerts oxidant stress on
erythrocytes®s.

Production of superoxide and hydro-
gen peroxide by leucocytes

The stimulated phagocyte cells result in
respiratory burst, glucose oxidation and
oxygen consumption and generate
NADPH, the oxidation of which is linked
tothe reduction of O, through a series of
enzymes, including a flavo protein in the
plasma membrane®®. The enzyme ac-
cepting electrons from NADPH oxidises
and catalyses one electron reduction of
O, with the formation of the superoxide
anion radical and O released by phago-
cytosis can be detected by reduction of
nitro blue tetrazolium, the reduction
beinginhibited by superoxide dismutase.
The dismutation can take place sponta-
neously, but the reaction is accelerated
in the presence of the enzyme superox-
ide dismutase®’.

Oxidant stress exerted on erythro-
cytes by malarial parasites

Etkin and Eaton®® argued that G-6PD-
deficient cells are less capable of the
development of malarial parasites than
in G-6PD normal cells and the cardinal
characteristic of G-6PD red cell is a mar-
ked sensitivity to oxidant stress, and
malaria parasite might itself generate
oxidants within the infected cells. P
Jalciparum, like P. berghei, probably ac-
quires most of its superoxide dismutase
(SOD)} fromits host, since parasite-asso-
ciated SOD is predominantly cyanide-

sensitive and has the same p' as host
SOD. Unlike P. berghel, however, late
stages of P. falciparum contain an addi-
tional SOD isozyme which is not cya-
nide-sensitive and may represent an
endogenous enzyme®®. Endogenous SOD
has not been found to be present in P.
vivax and therefore it adopts SOD from
the host cell erythrocytes®®. It has also
been visualized that P. berghel-infected
mouse red cells accumulate met-Hb in
vivo and have increased sensitivity to
oxidants in vitro and catalase within
infected red cells is readily inactivated
by 3-amino-1,2,4-triazole. In addition
to functioning as the active site of en-
zymes and O, combining site of Hb and
myoglobin heme is known to have major
regulatory effects includingactivation of
a factor (eIFF 2a) required for the initia-
tion of protein synthesis. Thus, it could
participate in the regulation of meta-
bolism in Plasmodium species, and chlo-
roquine is thought to function as a heme
chelator®.

Conceivably the primary metabolic ef-
fect of oxidantsis on the host erythro-
cytes with secondary effects on the par-
asite, e.g. oxidant drugs produce loss of
K* from erythrocytes and this could re-
duce their capacity to support parasite
multiplication®. Recently Mohan et al.*®
supported the earlier view of Allison
and Eugui* that the more mature the
parasite the more vulnerable the de-
struction. These observations further
emphasize the need for an early treat-
ment of P. falciparum malaria to reduce
the extent of haemolysis and life-threat-
ening anaemia, particularly in children
of malaria-endemic areas.
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Effects of oxidants on malaria para-
sites in erythrocytes

Morgan et al.®® found NADPII-oxidase
system unstable in leukocytes, so they
use another oxidant enzyme, polyamine
oxidase, which activates macrophages
and in the presence of substrate reacts
with molecular oxygen to generate H,0,,
a well-known oxidant®?. Therefore, the
degeneration of parasites in circulating
erythrocytes after exposure to oxidants
is closely analogous to the crisis forms
observed during recovery {rom malarial
infection as a result of cell-mediated
immunity. A major effector mechanism
of cell-mediated immunity is the imposi-
tion of oxidant stress on parasitized
cells®!.

Clark and Hunt??* reported that injection
of alloxan produced intracellular eryth-
rocytic degeneration of P. vincleeiin mice.
Their conclusion of the production of
superoxide by alloxan-dialuric acid re-
dox system and by iron-catalysed hy-
droxy radical generationis supported by
the observation that superoxide dis-
mutase and catalase protected crythro-
cyles against hemolysis. Clark and
Hunt?? alsosupport the view that super-
oxide is involved in immunity.

This raises the possibility of arole of O,~
in erythrocyte damage and immunity.
Any direct reaction of aqueous superox-
ide with the cellular substances that
may account for the toxicity of oxygen
and role of hydroxyl radicals in vivo is
questionable. However, other reactions
such as conversion of redox-active met-
als into powerful oxidants, generation of
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lipid peroxides, hydrazine, and phenyl
hydrazine to reactive intermediates are
likely to be more important in biological
effects. It might be possible that poor
delivery of experimental antioxidants to
erythrocyte membranes in vivo may be
the cause of many inconsistencies. It is
also possible that mouse erythrocytes
could be loaded with antioxidants in
vitro to provide cellswell protected against
oxidation as potential host of parasites.
Similarly provision of red cells enriched
with antioxidant enzymes could be
achieved by using donor cells {rom
transgenic mice.

Overall, a role of oxidant stress in the
host response to malaria is certainly
consistent with the published data. How-
ever, there are a number of weak links in
the chain of evidences and we have
identified several of these. The need for
further understanding of the mecha-
nisms by which oxidants suppress ma-
laria is not simply academic. The elabo-
ration and application of methods for
the protection against malaria require a
more detailed understanding of the ways
in which malaria is exacerbated by a
gravid state. Moreover, as the prospects
of vaccine against malaria grow, the
need to recognise other immunological
manifestations that cause harm to the
host and initiate pathogenesis has to be
documented.
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A Note on Anopheles culicifacies Sibling
Species Composition in Stone Quarry Belt
of District Allahabad (U.P.)
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Biological species which are morpho-
logically cryptic but genetically acryptic
are termed as 'sibling species’. These
have been found to vary in their vector-
ial capacity, ecology and behaviour', and
hence the importance of identification
of sibling species in taxonomically identi-
fied mosquito vectors. Such sibling spe-
cies complexes have been discovered
in several Anopheles mosquitoes. An.
culicifacies, a well-known rural malaria
vector in the Indian subcontinent, has
been identified as a complex of four
sibling species A, B, C and D with a
specific distribution pattern?. Further,

evidences suggest that primarily species
A and C, and to some extent species D
also, are implicited in the transmission
of malaria®, while the role of species B in
malaria transmission appears to be
doubtful®. It is, therefore, extremely im-
portant to map all areas under the in-
fluence of An. culicifacies up to the sib-
ling species level for a better under-
standing of malaria transmission dyna-
mics so as to formulate an appropri-
ate vector control strategy. Inthis note
we report the sibling species composi-
tion of An. culicifacies from Shankargarh
block of district Allahabad, which is a

Malaria Research Centre, (Field Station), Shankargarh-212 108, India.
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famous stone quarry area and highly
endemic for malaria with preponder-
ance of P._falciparum malaria®.

Seven collections of indoor resting mos-
quitoes were made between January
1988 and May 1989 from 12 high ma-
larta incidence villages, viz. Bashera,
Akoria, Bhagdeva, Garraiah, Gobra
Hibar, Paguar, Kalyanpur, Kasota,
Atrisam-daria, Mavaiyakalan, Surval
Chandel and Pure Baghel of PHC
Shankargarh. All collections by sucfion
tube method were done between 0600
and 0800 hrs both from human dwel-
lings and cattlesheds. Ovaries of all semi-
gravid An. culicifacies females were pul-
led and fixed in modified Carnoy’s fixa-
tive (glacial acetic acid:methanol :: 1:3).
Polytene chromosomes were prepared
following Green and Hunt®, and sibling
species were identified following the
diagnostic inversion karyotypes?.

A total of 14 anopheline species were
collected from study villages, viz. An.
culicifacies, An. annularis, An. subpictus,
An. stephensi, An. pallidus, An. nigerri-
mus, An. splendidus, An. barbirostris,
An. fluviatilis, An. tessellatus, An. vagus,
An. aconitus, An. varuna and An.
turkhudi. An. subpictus, followed by An.
culicifacies and An. annularis, was the
predominant species whereas An. tur-
Ichudi was the rarest species.

The composition of the sibling species of
An. culicifacies is given in Table 1. Three
sibling species of An. culicifacies A, B
and C were found sympatric in the
Shankargarh PHC villages with the cu-
mulative per cent composition of 64, 25

and 11 respectively (Fig. 1). In April 1988
and January 1989 collections, both in-
version heterozygotes and homozygotes
were found. Since the {! inversion which
is polymorphic in species A is also diag-
nostic for species D7, the data for these
two months were analysed and the pop-
ulations were found to be in Hardy
Weinberg equilibrium with nonsignifi-
cant chi-square values. This suggests
random mating between the alternative
forms, and i' inversion is polymorphicin
species A population from this area.
Species A was found to be predominant
in all months of collection whereas spe-
cies B was maximum in the month of
August, which is an active rainy month
inShankargarh area. In the dry months,
species A constituted 100% of the collec-
tion. The results are, by and large, in
conformity with earlier observations®.

Fig. I : Proportion of An. culicifacies sibling
species A, B and C in quarry area of
Allahabad district (U.P.)
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Table 1. Sibling species composition of An. culicifacies in stone quarry area of
District Allahabad (U.P.)

Sibling species composition

Month/ Total no. of
Year of specimens
collection  estimated Species A Species  Species
) B C
A A A/A Total
Jan 88 53 21 - - 21 20 12
(39.6) (37.7) (22.86)
Feb 16 12 - - 12 2 2
(75) (12.5) {12.5)
Mar 22 22 - - 22 - -
{100 Q) (0)
Apr* 21 2 12 7 21 - -
{100) (0) (0)
Aug 11 - 3 1 4 6 i
(36.4) {564.5) (9.1)
Jan* 83 26 1 13 2 16 9 1
(61.5) (34.6 (3.8}
May 9 1 4 - 5 2 1
{55.6) {33.3) (11.1}
Total 158 59 32 10 101 40 17
(20.3) (63.9) (25.3) (10.8)

(37.3)

(G.3)

*Subjected to chi-square test: *’values for April 1988 — 0.58 (n.s.), January 1989 —2.93 (n.s.).
Figures in parentheses are percentage composition.

There appears to be a direct relation-
ship, besides other factors, between high
malaria incidence in and surrounding
villages included in our study and the
presence of a higher proportion of vector
sibling species A and C of An. culicifacies
throughout the collection period in these
villages. Hence, we suggest that detailed
investigations on the seasonal distribu-
tion and breeding sites preference of
sibling species complex of An. culicifacies

be undertaken to gain a better under-
standing of the epidemiology and trans-
mission dynamics of malaria in stone
quarry zone of district Allahabad.
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High Level Chloroquine Resistance of
Plasmodium falciparum in Madras,
Tamil Nadu

Sir — Strains of Plasmodium falciparum resistant to chloroquine have been recently
recorded in Madras'. Laboratory studies have confirmed low-level in vitro resistance,
with minimum inhibitory concentration (MIC) of chloroquine of 8 or 16 p-mol'. Here
we report high-level drugresistance of P._falciparum in a subject who was infected in
Madras. A25-year-old man, employed as a painter at Madras, developed high spiking
fever from 18 October 1993. Two days later the illness was diagnosed as malaria and
treatment was given. Since he did not improve, he came to CMC, Vellore on 23
October. His blood smear shewed ring forms of P. falciparum with a parasitaemia of
2.4%. After collecting urine for chloroquine screening, and blood for testing drug
sensitivity of the parasite, he was treated with quinine and doxycycline. On Day 3 his
blood smears showed no ring forms of the parasite.

The Wilson-Edeson test®, used to screen for chloroquine in the urine, was positive,
showing that the patient had actually taken chloroquine prior to coming here.

In vitro drug sensitivity was measured by the method of Reickmann et al.®, using
complete RPMI-1640 medium. An MIC value of 8 p-mol or more of chloroquine base
indicates resistance. There was no inhibition of maturation of Plasmodium even at
64 p-mol level of chloroquine.

His chloroquine therapy had consisted of 9 tablets over a period of 24 h. This is
equivalent to 1350 mg of chloroquine base, or about 25 mg/kg. This is adequate for
treating chloroquine sensitive infection and also for the in vivo test for chloroquine
sensitivity as recommended by the WHO?. He did not have symptomatic improve-
ment. and asexual parasitacmia persisted. This indicates RII or RII level of
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resistance. In the in vitro test, 64 p-mol of chloroquine failed to inhibit maturation
of the parasite. The true MIC might have been even higher since the inoculated blood
from the patient would have contained residual chloroquine.

Since the patient had not travelled outside Madras for over a month prior to his
illness, he must have acquired the infection at Madras.

E.A. VENKATESAN Departinents of Medicine,
E. MATHAI Microbiology, Clinical Pathology* and
A. SUDARSANAM® Clinical Pharmacology®,
U. SITARAM* Christian Medical College and Hospital,
MOLLY THOMAS® Vellore-632 004, India

DILIP MATHAI and
T. JACOB JOHN
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Book Release September 1994

INDIAN ANOPHELINES

{Authors: B.N. Nagpal and V.P. Sharma)
Malaria Research Centre,

22 Sham Nath Marg,
Delhi-110 054

Book embodies results of studies on Indian anophelines spread over a
decade and spanning both laboratory studies and field investigations. The
book contains the following:

* Distribution of all anophelines in the world's 12 epidemiological
zones of malaria

* Key to the identification of Indian Anopheles mosquitoes
{58 _full mosquito draisings and 209 drawings of body parts)

* Briet biology
* Distribution in India and world (ivith maps)
* Vector status

A useful mannal to the students, researchers and those associated in
malaria control.

Published by Oxford & IBH Publishing Co. Pvt.Ltd. New Delhi.

ISBN 81-204-0929-3 ¢ 440 Pages  Rs. 750/-




INDIAN SOCIETY OF PARASITOLOGY

Announces

Twelfth National Congress of Parasitology
23-25 January 1995

Venue: Panaji, Goa

For further information corntact

Dr. V.P. Sharma
President
Indian Society of Parasitology
Malaria Research Centre
20, Madhuban
Delhi-110 092

THE NATIONAL ENVIRONMENTAL SCIENCE ACADEMY

Announces
Tenth Annual Congress
on

Man and Environment
8-10, March 1995

Venue: National Institute of Oceanography (NIO)
Dona Paula, Panaji,Goa

For further information contact

Dr. V.P. Sharma
President
Xth Annual Congress (NESA)
Malaria Research Centre
20, Madhuban
Delhi-110 092




Announcement
INDIAN ASSOCIATION OF MEDICAIL MICROBIOLOGISTS

XVIII National Congress of the Indian
Association of Medical Microbiologists

Venue . Armed Porces Medical College, Pune
Dates : 12-14 November 1994
CME : 11 November 1994 on
CME Topic : Vaccines: The state of the art and per-
spectives for India
For details contact ¢ Col. V.C. Ohri

Organising Secretary

Prof. and Head

Department of Microbiology
Armed Vorces Medical College
Pune - 411 040, India.

Announcement

We prefer submission of manuscripts on electronic media.

~— Acceptable medium is 31/,0r 51/, disk in MSDOS compat-
ible format with file name, software/hardware used.

— The contents on the disk should exactly match with the
manuscript and should be submitted with the hard copy
(printed copy). The disk would be sent back in case of revision;
the same should be returned (o editor along with the revised
copy of the manuscript. The file on the disk and printout
should be identical. ‘R’ should be marked with red ink with
the file name for revised manuscript.

— Package used {or graphs should be mentioned.

— 1oppies will be sent back to the authors after a final decision
on the manuscript only on request.

— Bditors




Announcement

INDIAN ASSOCIATION OF MEDICAL JOURNAL EDITORS’
(IAMJE)

Membership open to Editors and Editorial Board Members only.
Please contact Dr. V.K. Kapoor, Secretary, Indian Association of
Medical Journal Editors’ (IAMJE), Department of Surgical
Gastroenterology, Sanjay Gandhi Post-Graduate Institute of
Medical Sciences, Lucknow-226 014, india.
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OTHER PUBLICATIONS OF MALARIA RESEARCH CENTRE

The Anophelines of India (Rev. edn.) 1984, pp. 538; Rs. 150.00, US$ 45.00. 25%
discount per copy

T.Ramachandra Rao

Proceedings of the ICMR/WHO Workshop on Community Participation for Disease
Vector Control (1986) pp. 256

Edited by V.P. Sharma

Seroepidemiology of Human Mataria -A multicentric study(1989), pp. 206
Edited by V.P. Sharma

Indigenous Larvivorous Fishes of India (1991), pp. 66
A.G.K. Menon

Proceedings of an Informal Consultalive Mecting WHO/MRC on Forest Malaria in
Southeast Asia (1991), pp. 206

Editors V.P. Sharma and A.V. Kondrashin

Malaria Patrika quaterly (Hindi) 1993 onwards.




Anexhaustive volume which
brings out the state of art
and scope of larvivorous
fishes in the management of
vector-borne diseases.

Size: Royal 8 Vo
pp. ix, 224 (Hardbound)
1994

A complete review of the ex-
perience on community par-
ticipation from various areas
in the country in relation to
vector/malaria control. A
commendable document for
future management of vector
control through community
participation.

 Community Participation in
Malaria Conirol

Size: Crown 4To Dr. VP Sharma
pp. vil, 295 (Hardbound) ]
1993




VIDEO FILMS PRODUCED BY
MALARIA RESEARCH CENTRE

DOCUMENTARIES

Fighting Malaria (English)
Master Tape No. 2001

Malaria Control in Shahajahanpur
(English)
Master Tape No. 6003

Malaria Control in Shahajahanpur
(Hindi)
Master Tape No. 6001

Defeating the Invincible - Hardwar
(English)
Master Tape No. 6004

A-Seven Point Action Programme for
Malaria Control in Madras {English)
Master Tape No. 2010

Tackling Malaria in Orissa (English)
Master Tape No. 2011

Insecticide Impregnated Bednets for
Malaria Control (Assamese)
Master Tape No. 2008

Insecticide Impregnated Bednets for
Malaria Control (English)
Master Tape No. 2006

Man Made Malaria (English)
Master Tape No. 2002

Sirf Ek Muskan (Hindi)
Master Tape No. 2078

Ek Anootha Prayog (Hindi)
Master Tape No. 2003

Insecticide Impregnated Bednets for
Malaria Control {(Hindi) '
Master Tape No. 2061

Malaria Control in Madras (English)
Master Tape No. 2153

Man Mines Malaria (English)
Master Tape No. 2018

Mosquito Menace (English)
Master Tape No. 6049

A-Seven Point Action Programme for
Malaria Control in Madras (Tamil)
Master Tape No. 2208

SCIENTIFIC DISCUSSION

Synthetic Malaria Vaccine : A Hope
for Future (English)
Master Tape No. 2121

Malaria Vaccine
(English)
Master Tape No. 2204

: A Perspective

Malaria Vaccine : A State of Art
(English)

Master Tape No. 2122

Malaria Vaccine : Status and Future
Prospect (English)
Masier Tape No. 2211

M-~10, A New Environment Friendly
Insecticide for Disease Vector Con-
trol (English)

Master Tape No. 2212



Global Malaria Control - An Approach
Plan (English)
Master Tape No. 2275

Chelating Agent in Severe Malaria
Master Tape No. 2140

TEACHING PROGRAMMES

Life-Cycle of Malaria Parasite ([£nglish)
Master Tape No. 2247

The Microscope (IEnglish)
Master Tape No. 2240

How to Make a Blood Smear and Stain
for Malaria Parasite (IEnglish)

Master Tape No. 6052

How to Treat Uncomplicated Malaria
(English)

Master Tape No. 6045

Cerebral Malaria ([English)
Master Tape No. 2200

Malaria in Pregnancy {English)
Master Tape No. 6060

Cost of each cassetie is Rs. 100.00.

Laboratory Diagnosis of Malaria
(English)

HEALTH EDUCATION

Malaria ~ Bednets a TV Spot (Hindi)
Masler Tape No. 2013

Malaria - Bednets a TV Spot (EEnglish)
Master Tape No. 2072

Malaria - Spread the Knowledge
(English)
Master Tape No. 2071

Malaria -~ Mukti Pavoo (I{indi)
Master Tape No. 2236

Malaria - Arivay Parappivoo (Tanil)
Master Tape No. 2214

Malaria- GnanavaHaradona (Kannada)
Master Tape No. 2261

Malaria — Overhead Tanks & Malaria
Control - A TV Spot [Tamil)
Master Tape No. 2252

These casselles could be obtained by sending crossed Demand Draft of Rs. 100/~ drawn in
favour of “Assistant Director, A.V.P. Unit” Malaria Research Centre, 2. Nanak Enclave,

Delhi-110009.



INDIAN JOURNAL OF MALARIOLOGY
MALARIA RESEARCH CENTRE (ICMR)

UNDERTAKING BY AUTHORS

We, the undersigned, give an undertaking to the following effect with regard to our article

entitled, «

submitted for publication in the Indian Journal of Malariology :—

1*. Ethical committee has approved the research as presented in this research paper/this piece of
rescarch does not require ethical committee clearance.

2. The article mentioned above has not been submitted for publication in any form to any other
journal.

3. We also agree to the authorship of the article in the following sequence (—

Authors’ names (in sequence) Signature of Authors

1.

2.

3.

4.

5.

6.

7.

8.

IMPORTANT

1. All authors are required to sign independently in the form and in the sequence given above. A
photocopy of this form may also be used.

2. Noaddition/deletion/ or any change in the sequence of the authorship will be permissible at a
later stage, without valid reasons. If change is valid, then all the authors involved should attest to
the change. The decision however, rests with the Editor.

3. I the authorship is contested at any stage, the article will be either returned or will not be

processed for publication till the dispute is dissolved.

* Please write the applicable statement below:




MALARIA RESEARCH CENTRE
PRICED PUBLICATIONS

The Anophelines of India (Rev. edn.) 1984 by T. Rarnachandra Rao

India Rs. 150.00

25% Dis
Foreign US $ 45.00} o Discount

Price

Indian Journal of Malariology

Volume 18 Nos. 1-2 (1981)°

Volume 19 Nos. 1-2 (1982)

Volume 20 Nos. 1-2 (1983)"

Volume 21 Nos. 1-2 (1984)‘

Volume 22 Nos. 1-2 (1985)‘

Volume 23 Nos. 1-2 (1986)

Volume 24 Nos. 1-2 (1987) India Rs. 75.00%t
Volume 25 Nos. 1-2 {1988) Annual Subscription {Foreign USs $20.00
Volume 26 Nos. 1-4 (1989) ++95% discount for individuals
Volume 27 Nos. 1-4 (1990)

Volume 28 Nos. 1-4 (1991)

Volume 29 Nos. 1-4 (1992)

Volume 30 Nos. 1-4 (1993)

Volume 31 Nos. 1-4 (1994)

*Back issues are available at old rates, Le. Rs. 30.00 or $ 10.00

The Editor

Indian Journal of Malariology
Malaria Research Centre
20-Madhuvan

Delhi-110 092 (India)

Sir,

I enclose herewith a bank draft or postal order(s) No.ds) ........................ for $/Rs.
............ (in favour of the Director, Malaria Research Centre, Delhi-110 054) towards subscrip-
tion/payment for Indian Journal of Malariology for the year(s) .................. {2/4 Nos.)/The

Anophelines of India (Revised edition) 1984. The journals/publication should be mailed to
me/my client at the following address:



