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Abstract

Leishmaniasis is a deadly vector-borne disease that causes significant morbidity and mortality in
Africa, Asia, Latin America and Mediterranean regions. The causative agent of leishmaniasis is trans-
mitted from man to man by a tiny insect called sandfly. Approximately, 600 species of sandflies are
known but only 10% of these act as disease vectors. Further, only 30 species of these are important
from public health point. Fauna of Indian sub-zone is represented by 46 species, of these, 11 belong
to Phlebotomine species and 35 to Sergentomyia species. Phlebotomus argentipes is the proven vec-
tor of kala-azar or visceral leishmaniasis in India. This review gives an insight into the insect vectors
of human leishmaniasis, their geographical distribution, recent taxonomic classification, habitat, and
different control measures including indoor residual spraying (IRS), insecticide-treated bednets (ITNs),
environmental management, biological control, and emerging resistance to DDT. Role of satellite
remote sensing for early prediction of the disease by identifying the sandflygenic conditions cannot
be undermined. The article also underlines the importance of synthetic pheromones which can be used

in near future for the control of these vectors.
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Introduction

Leishmaniasis is one of the most diverse and complex
of all vector borne diseases. Because it involves sev-
eral overlapping species and sandfly vectors, the dis-
ease has a complex ecology and epidemiology. It is
caused by an obligate intramacrophage protozoan,
characterized by diversity and complexity. A total of
about 21 Leishmania spp. have been identified to be
pathogenic to human'. Leishmania are one of the sev-
eral genera within the family Trypanosomatidae, and
are characterized by the possession of a kinetoplast,
a unique form of mitochondrial DNA. In most in-

stances, they cause disease in animals, and humans
become infected incidentally when they enter an area
of endemicity.

Leishmaniasis presents mainly in three clinical
forms, of which visceral leishmaniasis (VL) is the
most severe form. Leishmaniasis has been considered
tropical afflictions that together constitute one of the
six entities on the World Health Organization/Tropi-
cal Disease Research (WHO/TDR) list of most im-
portant diseases. The disease is endemic in 88 coun-
tries on five continents with a total of 350 million
people at risk and annually 12 million cases are re-
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ported. Of the 88 endemic countries, 22 are in the
New World and 66 in the Old World with an esti-
mated incidence of ~1.5 million cases of cutaneous
leishmaniasis (CL) and 500,000 cases of VL per
year'. More than 90% of the CL cases occur in Iran,
Afghanistan, Syria, Saudi Arabia, Brazil, and Peru.
Of the 500,000 new cases of VL, more than 90% are
reported from India, Nepal, Bangladesh, southern
Sudan and north-east Brazil. Despite this widespread
geographic distribution, human leishmaniasis is
often very focal within an endemic area, leading to
‘hotspots’ of disease transmission. Leishmaniasis is
transmitted through the bite of Phlebotomus sandflies
in the Old World and Lutzomyia in the New World'.

The VL elimination strategy comprises a combina-
tion of early case detection and management, and
vector control. The strategy of case-finding and treat-
ment is, thus, one of the mainstays of the elimination
initiative. It is so far mainly ‘passive’, as it targets
only those patients who consult health services with
symptoms. In the absence of any effective vaccine
and ideal drug (i.e. oral, least side effects and cost-ef-
fective), the best method to interrupt any vector borne
disease is to reduce man-vector contact. In this re-
view, we focus on the second pillar of the leishmania-
sis elimination strategy, i.e. vector control. Many
methods exist at present for leishmaniasis control
which can be used individually or in combination.
The selection of the method or combination of meth-
ods depends on the type of leishmaniasis to be con-
trolled and also the method should be situation-spe-
cific. Control of VL mainly depends on its epidemio-
logical features. In the zoonotic foci, where carriers
are involved and dogs are the main vertebrate host,
the effective methods include destruction of dogs and
elimination of sandflies. In India, Bangladesh and
Nepal, where VL is anthroponotic, the only choice is
chemical and environmental control.

In this review, attempts have been made to discuss the
geographical distribution, recent taxonomic classifi-
cation, habitat of sandfly, conventional and latest
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technologies of vector control measures being used
worldwide.

Leishmania: The causative agent

The Leishmania belongs to the kingdom: Protista,
phylum: Euglenozoa and family: Trypanosomatidae.
The Leishmania parasite which has adapted to a var-
ied and heterogeneous environments, e.g.: (i) tem-
perature—from 37°C in mammalian host to ambient
temperature in sandfly and in vitro; (ii) pH—from
neutral to highly acidic in sandfly stomach and the
macrophage phagolysosome; (iii) nutrients and oxy-
gen contents; and (iv) to immune attack—comple-
ment, antibodies and T-lymphocytes. This rapid ad-
aptation to the environment must have been due to the
ability of Leishmania to modulate the gene expres-
sion, which probably occurs by the specific gene am-
plification or by having several tandem repeats.

Life cycle of Leishmania

The life cycle of Leishmania is simple and it involves
two stages without sexual stage. In insect vector, the
parasite takes a promastigote form which is char-
acterized by elongated, motile and an extracellular
stage, while in vertebrates the parasite is found in
amastigote form. The amastigotes are ovoid, non-
motile and intracellular stage. The insect vector in-
jects promastigotes into the host’s skin and soon af-
ter the parasite is taken-up by skin macrophages
where the promastigotes transform into amastigote
form within 12-24 h of inoculation. After transfor-
mation, the amastigotes multiply within the macroph-
age and ultimately the macrophage bursts releasing
the amastigotes to infect other macrophages. This
stage is chronic in nature and may continue for
months to years and even for the life time without
noticeable signs and symptoms, depending upon the
host susceptibility and its immune status. The in-
fected macrophages may remain localized to the skin,
as in case of CL leading to ulcer formation, or may
disseminate to other organs, as in VL or to the mucosa
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as in mucocutaneous leishmaniasis (MCL). Further,
depending on the competence of the host immune
system this paradigm may change.

The opportunity to transmit the amastigotes from
infected host to uninfected host of the same species
or other species is provided by sandfly insect vector.
The sandfly of 2-3 mm penetrates the host skin with
its sharp cutting mouth parts from where small pools
of blood oozes out. The sandfly feeds on this oozed-
out blood pool. It is postulated that in cases of CL,
the infected macrophages also ooze out with the pool
of blood and are taken up by the sandfly. However,
it is debatable in cases of VL, where the parasite is
concentrated in the spleen, liver and bone marrow,
but how it is made available to the sandfly which can
penetrate only skin deep. It is believed that some
infected macrophages are released in the blood circu-
lation and it is a chance that the same macrophage is
taken up by the sandfly. This chance factor holds
further strong as only a few sandflies will be found
infected even in a kala-azar household. Vice-versa is
also true. In spite of, the fact that the sandfly will
remain infected for whole life (few weeks), it can
successfully transmit the infection only to a few
patients.

As the amastigotes are taken up by the sandfly, the
transformation of amastigotes to promastigotes starts
within hours of ingestion and completely transformed
into motile promastigotes within 2448 h and keep on
dividing by binary division.The mature metacyclic
promastigotes are accumulated in the midgut and fo-
regut. The sandfly transmit the infection during the
another blood meal on the same or another host species.

Beside humans, numerous rodent and canine species
have been incriminated as reservoirs. Several animal
reservoirs have been identified in different countries
for leishmaniasis. There are 500 species of phlebo-
tomine species, of these about 30 species of the
female Phlebotomous belonging to six genera are
suspected or proven vectors transmitting parasites
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from animal to animal, animal to man, and man-to-
man. In India, the species Phlebotomous argentipes
transmits the disease from man-to-man'.

Causative species, associated vectors and
clinical manifestations

The clinical manifestations of leishmaniasis depend
on complex interactions between the virulence char-
acteristics of the infecting Leishmania species and the
immune responses of its human host. The result is a
spectrum of disease ranging from localized skin le-
sions to diffuse involvement of the reticuloendothe-
lial system. Human leishmaniasis presents in four
different forms with a broad range of clinical mani-
festations. Though all forms can have devastating
consequences; but VL, also known as kala-azar (KA),
1s the most severe form of the disease, which if un-
treated, has a mortality rate of almost 100%. It is
caused by the species of Leishmania donovani com-
plex that consists mainly of L. (d) infantum, L. (d)
donovani and L. (d) chagasi. The MCL or espundia,
produces lesions, which can lead to extensive and dis-
figuring destruction of mucous membranes of the
nose, mouth and throat cavities. The causative species
of MCL are L. (viannia) braziliensis and L. (viannia)
guyanensis. The CL can produce large number of
skin ulcers, as many as 200 in some cases, on the
exposed parts of the body. The causative species of
CL are, L. major, L. tropica, L. mexicana and L.
amazonensis. The fourth form is diffuse cutaneous
leishmaniasis (DCL). It is an anergic variant of local-
ized CL in which lesions are disseminated, resem-
bling lepromatous leprosy. The disease is caused by
L. (mexicana) amazonensis and L. aethiopica. The
detailed list of causative species, their associated
vectors and geographical distributions are depicted in
Tables 1 and 2, respectively.

Taxonomy of sandfly and geographic distribution

The vector of various leishmaniasis world over be-
longs to Order: Diptera; Class: Insecta; Family: Psy-
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Table 1. Human pathogenic species of Leishmania and their vectors in New World and clinical manifestations and

their geographical distribution

Country Species of Leishmania Disease caused Sandfly vector
Argentina L. (L.) chagasi VL Lu. longipalpis
L. (V.) braziliensis s.1. CL Lu. intermedia
Belize L. (L.) mexicana CL Lu. olmeca olmeca
L. (V.) braziliensis s.1. CL Lu. ovallesi
Bolivia L. (L.) amazonensis, CL, ADCL Lu. flaviscutellata,
chagasi VL Lu. longipalpis,
L. (V.) braziliensis s.1. CL, MCL Lu. carrerai carrerai,
yucumensis and llanosmartini
Brazil L. (L.) amazonensis, CL, ADCL, MCL & VL  Lu. flaviscutellata
chagasi VL Lu. longipalpis
L. (V.) braziliensis, CL, MCL Lu. wellcomei
guyanensis, CL, MCL Lu. umbralitis
lainsoni, CL Lu. ubiquitalis
naiffi, and CL Lu. ayrozai
shawi CL Lu. whitmani
Colombia L. (L.) amazonensis, CL, ADCL Lu. flaviscutellata
chagasi & VL Lu. evansi
mexicana CL, ADCL Lu. columbiana
L. (V.) braziliensis s.1., CL, MCL Lu. spinicrassa
colombiensis, CL Lu. hartmanni
guyanensis & CL Lu. umbratilis
panamensis CL, MCL Lu. trapidoi
Costa Rica L. (L.) mexicana CL Lu. olmeca olmeca
L. (V.) braziliensis s.l. & CL, MCL Lu. trapidoi
panamensis CL Lu. trapidoi
Dominican L. (L.) mexicana-like ADCL unknown
Ecuador L. (L.) mexicana CL Lu. ayacuchenisis
L. (V.) braziliensis s.1. CL, MCL Lu. gomezi & Lu. trapidoi
El Salvador L. (L.) chagasi & mexicana VL & CL Lu. longipalpis
French Guyana L. (L.) amazonensis CL, ADCL Lu. flaviscutellata,
L. (V.) braziliensis s.1., CL, MCL Lu. whitmani
guyanensis & CL Lu. umbretilis
naiffi CL Lu. squamiventris
Lu. paraensis
Guadeloupe L. (L.) chagasi VL Lu. longipalpis
Guatemala L. (L.) chagasi VL, Lu. olmeca olmeca
L. (L.) mexicana CL Lu. ylephiletor, Lu. olmeca & cruciata
L. (V.) braziliensis s.1. CL Lu. ovallesi
Guyana L. (V.) guyanensis & CL Lu. umbretilis, anduzei
Leishmania sp. MCL Lu. whitmani

contd...
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Table 1. (contd.)

Honduras L. (L.) chagasi & VL, CL Lu. olmeca olmeca

L. (L.) mexicana CL, ADCL Lu. olmeca olmeca

L. (V.) braziliensis s.1. CL, MCL Lu. ovallesi

L. (V.) panamensis CL, MCL Lu. hartmanni
Martinique L. (L.) sp. CL Lu. whitmani
Mexico L. (L.) chagasi, mexicana & other sp VL, CL, ADCL Lu. longipalpis, Lu. olmeca olmeca
Nicaragua L. (L.) chagasi VL Lu. longipalpis

L. (V.) braziliensis s.. CL, MCL Lu. ylephiletor

L. (V.) panamensis CL, MCL Lu. panamensis
Panama L. (L.) aristedesi CL Lu. trapidoi

L. (V.) braziliensis s.1., CL Lu. ovallesi

panamensis CL Lu. gomezi

other Leishmania sp. MCL Lu. panamanensis
Paraguay L. (L.) amazonensis CL, ADCL Lu. flaviscutellata

L. (L.) chagasi VL Lu. longipalpis
Peru L. (V.) braziliensis s.1. CL, MCL Lu. whitmani

L. (V.)peruviana CL Lu. peruensis & verrucarum
Surinam Leishmania sp. CL Lu. flaviscutellata
USA L. (L.) mexicana CL, ADCL Lu. olmeca olmeca
Venezuela L. (L.) infantum chagasi VL Lu. evansi

L. (L.) garnhami, CL Lu. youngi,

L. (L.) pifanoi CL, ADCL Lu. olmeca bicolor

L. (L.) venezuelensis CL Lu. spinicrassa

L. (V.) braziliensis s.1. CL, MCL Lu. umbralitis

L. (V.) colombiensis, VL Lu. hartmanni

L. (V.) guyanensis CL Lu. ovallesi

Table 2. Human pathogenic species of Leishmania and their vectors in Old World and
clinical manifestations and their geographical distribution

Geographical distribution

Causative species

Disease form

Sandfly vector

North Africa, central and
west Asia

Central & west Asia and
western India

Ethiopia and Kenya
Indian subcontinent, (India,

Nepal, Bangladesh) and
east Africa

Mediterranean basin,
central & west Asia

L. major

L. tropica

L. aethiopica

L. donovani

L. infantum

Rural, zoonotic, cutaneous
leishmaniasis, or oriental sore

Urban, anthroponotic cutaneous
oriental sore

Cutaneous leishmaniasis, diffuse
cutaneous leishmaniasis

Visceral leishmaniasis, kala-azar,
post-kala-azar dermal
leishmaniasis (PKDL)

Infantile visceral leishmaniasis

P. papatasi, P. duboscqi,
P. salehi

P. sergenti

P. longipes, P. pedifer

P. argentipes, P. orientalis,
P. martini

P. ariasi, P. perniciosus




260

Phlebotomus argentipes Lutzomyia longipalpis

chodidae; and Phylum: Arthopoda®. The parasite is
transmitted by the bite of infected female sandflies:
Phlebotomus in the Old World and Lutzomyia in the
New World (central and south America). Morpho-
logically they resemble very closely with each other.
The name ‘sandfly’ can be confusing as this name is
sometimes used for other species as well. Sandflies
in the genus Phlebotomus are vectors of a bacterium
(Bartonella bacilliformis) that causes Carrion’s dis-
ease (oroyo fever) in south America. In parts of Asia
and north Africa, they spread a viral agent pappa-
taci virus (an arbovirus) that causes sandfly fever
(pappataci fever) as well as protozoan pathogens
(Leishmania spp.) that causes leishmaniasis. Only
some 10% of the approximately 600 known species
of sandflies are vectors, and only 30 of these are
important. Fauna of Indian sub-zone is represented by
46 species, of these 11, belong to Phlebotomine spe-
cies and 35 to Sergentomyia species®. Phlebotomus
argentipes is the proven vector of kala-azar in India*.

Habitat and behaviour of sandfly

In general, the Old World sandfly species live in
desert or semi-arid ecosystems and the New World
species in forest dwelling. Some of the Old World
species breed in peridomestic situations and enter
human habitations, whereas disease transmission in
the New World is associated with humans living or
working near the forest. The insect vector of leishma-
niasis, the phlebotomine sandfly, is found throughout
the world’s inter-tropical and temperate regions.
The sandflies are small (approximately 2-3 mm in
length), hairy and soundlessly flying insects. They are
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found around human habitations and breed in specific
organic wastes such as feces, manure, rodent bur-
rows, leaf litter and in dark corners in the crevices of
the walls having high humidity and temperature, al-
though they can be observed in dry regions with a
favourable local microclimate (crevices, termite
mounds, caves, hollows and holes in tree roots, efc.)
where 15 to 80 tiny eggs can be laid. So far, knowl-
edge on the breeding sites of P. argentipes is poor.
The larval stages of sandfly present in alluvial or
alkaline soil. The damp and dark corners of cattle-
sheds, where humus is present, and the cracks and
crevices in the walls are favourable conditions for P.
argentipes breeding. The larvae cannot survive dry-
ing out, they will feed on organic waste and then
pupate. The female sandfly lays its eggs in the bur-
rows of certain rodents, in the bark of old trees, in
ruined buildings, in cracks of house walls, in animal
shelters and in household rubbish, or in such environ-
ments where the larvae can find the organic matter,
heat and humidity which are necessary for their de-
velopment. The body and the small wings are very
hairy and when at rest the insects hold their wings
upright in a V-shape above them. They are poor fly-
ers and have a flight range of a few kilometers, usu-
ally fly quite low and remain in the vicinity of their
breeding ground. They are unable to fly in the pres-
ence of any wind produced by fan or ventilator also.
They are usually most active at dawn and dusk.

Physiology of sandfly

The female sandfly needs blood in order to obtain the
protein necessary to develop its eggs. In its search for
blood they cover a radius of a few to several hundred
metres around its habitat. They bite especially at night
and dusk, there are exceptions to this such as
Lutzomyia wellcomei, which bites mainly during day-
time. They have short mouthparts and are pool feed-
ers. The bite produces a rose-coloured papule sur-
rounded by erythematous area about 10-20 mm in
diameter. They can suck blood both from animals
(cats, dogs, various rodents, cattle, birds and lizards,
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etc.) and human. Because of their small dimensions,
they can get through standard mosquito nets. Mos-
quito nets with a very fine mesh have the disadvan-
tage that they make ventilation difficult, which is
unpleasant in warm conditions.

As vector density is sensitive to climate variability,
with vector densities varying seasonally. Parasite
developmental time in vectors is also sensitive to
environmental conditions, decreasing with high
temperatures. We can also expect there to be con-
textual effects of climate on transmission, such as
those mediated by natural disasters, which could
increase the risk of acquiring an infectious disease’.

Identification of sandfly species and
Leishmania infection

Epidemiological studies on leishmaniasis often begin
with vector identification, though taxonomic identi-
fication of adult insects is difficult. Because of the
wider breeding distribution and large species diver-
sity of sandflies, it is important to combine multiple
collection methods in a survey. Commonly used
methods include castor oil sticky traps, light-traps,
emergence traps, Shannon traps, human bait landing
collection, human mouth aspirators on resting sites,
household insecticide knockdown collection, and
malaise traps. Conventional microscope is commonly
used to identify the sandfly species. Closely related
species can be morphologically differentiated in one
sex only. In laboratory, live sandflies were frozen to
death. Later, all sandflies were stained with 20%
carbol fuchsin solution and then identified to species
by microscope-based on some typical morphologic
characteristics: mainly internal structures (such as
hair on abdominal tergites, buccal capsule, pigment
patch, pharyngeal basket and spermatheca, ciborium,
pharynx for females and terminal genitalia for males).
This method requires refined storage conditions for
samples, a highly skilled technique, and taxonomic
expertise®. Morphologically identical species can
sometimes be differentiated only with sophisticated
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techniques (e.g. analysis of the cuticle hydrocarbons,
polymerase chain reaction (PCR), isoenzymes, etc.).
Understanding the genetic variability of the vectors
is still in its infancy. In recent years, molecular tech-
niques have been used to differentiate the sibling
species of sandflies that are similar in morphology’.
The sandfly species can be identified by polymerase
chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) of the 18S rRNA gene using the
individual specimen. The method requires minimum
effort and thus may be a powerful tool for research on
prevalent sandfly species and the relationships be-
tween Leishmania species and the vectors.

Similarly, the infection of sandflies with Leishmania
promastigotes has usually been examined by dissect-
ing individual sandflies under a microscope. The
sandflies should be fresh, and considerable skill and
expertise are needed for the study of tiny individuals.
Although the procedure takes a relatively long time,
a large number of specimens have to be examined to
obtain informative data for each area, because the rate
of infection of sand flies with Leishmania is gener-
ally very low (0.01-1%)8, even in endemic areas. In
recent years, molecular techniques such as PCR-
RFLP of the 18S rRNA gene®, KDNA-PCR?, fluores-
cent quantitative PCR® and mini exon PCR assay!’
are used to identify Leishmania infections both in
experimentally infected and field-captured phleboto-
mine sandflies, and could be a useful tool in epide-
miological studies and strategic planning for the con-
trol of human leishmaniasis. In addition, a real time
PCR can also be used to detect the sandfly infection
of Leishmania''.

Vector control measures

Best method to interrupt any vector-borne disease is
to reduce man-vector contact. Vector reduction may
also be a viable strategy for the control of leishmania-
sis. Although vector-reduction strategies are becom-
ing more prominent, most previous infection-control
strategies have focused on the vector. Vector-targeted
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strategies are particularly attractive, since the vecto-
rial capacity to transmit infectious diseases to humans
is related to vector density and in an exponential way,
to vector survival. In this case, a comprehensive plan
that included drainage of standing pools of water,
cutting of grass and brush, oiling of ponds and
swamps to kill larvae, and capture of sandflies will be
useful for substantial reduction in the cases of leish-
maniasis'?. The main sandfly vector control methods
are: chemical control, environmental management,
and biological control.

Chemical control

The main chemical control methods to combat sand-
flies are indoor residual spraying (IRS) of insecti-
cides, personal protection through application of re-
pellents/insecticides to skin or fabrics and the use of
insecticide-impregnated materials such as sheets,
veils, curtains and bednets. Another promising
chemical control method is the use of synthetic
pheromones to attract adult sandflies into traps, but
evidence is not yet available!.

Indoor residual spraying (IRS)

Indoor residual spraying is a simple and cost-effec-
tive method of controlling vector. It involves coating
the walls and other surfaces of a house, human as well
as animal dwellings and space-spraying with a
residual insecticide. Insecticides include products
such as organochlorines (DDT and dieldrin), organo-
phosphates (malathion), carbamates (propoxur) and
synythetic pyrethroids (permethrin and delta-
methrin). For several months, the insecticide will kill
all susceptible insects that come in contact with these
surfaces. IRS prevents VL transmission by decreas-
ing the sandfly survival, but it has no barrier effect.
Most intense transmission of L. donovani in the In-
dian subcontinent occurs during two periods: a pre-
winter peak in September—November and a post-
winter peak in March—May. During the rainy season
(monsoon) from June—September, the numbers of
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sandflies are low, in contrast to other insects. Timing
of spraying is important. The residual activity of the
insecticide must last through the periods of intense
VL transmission or the spraying has to be repeated.
To obtain a mass effect, i.e. protecting also persons
in houses which were not sprayed, IRS must be ap-
plied to >70% of households in that area. The Indian
Kala-azar Control Programme has applied the strat-
egy of two rounds of DDT spraying per year since
1991 keeping in mind the long incubation period of
kala-azar. Because the breeding sites of sandflies are
generally unknown, control measures that act specifi-
cally against sandfly larvae are not feasible. Reports
of insecticide-resistance refer to only three sandfly
species (P. papatasi, P. argentipes and S. shorttii)
against DDT in India, although there are reports of
DDT-tolerance by most of the sandfly species from
other countries'*.

Insecticide of choice: DDT still remains the insecti-
cide of choice because of its low cost, high efficacy,
long residual action and relative safety when used for
IRS. Dosage schedule of 1 or 2 g/m? or 100-200 mg/
ft> has been found to be quite effective; 5% emulsi-
fied suspension of DDT is the choice. DDT still be-
ing the choice insecticide is going to be used exten-
sively in the kala-azar control programme in India.
However, some workers have reported development
of tolerance in P. argentipes against DDT, therefore,
its sensitivity level needs to be taken into consider-
ation while formulating any control strategies. Devel-
opment of tolerance against DDT in P. argentipes has
been reported from Samstipur!®, Bakhtiyarpur!®,
Darbhanga (Assam, India), Vaishali and Muzaffarpur
districts (Bihar, India)'"!8. Thus, the magnitude of the
problem is well-recognized, warranting new ap-
proaches by developing more effective and feasible
control measures. Use of slow release formulation of
polyvinyl acetate-based malathion SRES may be fea-
sible proposition since this formulation is expected to
give desired effect for a longer time. Malathion
SRES, paint formulation has been tried against
triatomid bugs which proved to be very effective in
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control of Chagas disease in Brazil". On the basis of
house index and man hour density (MHD) of the
vector species, the study revealed the effectiveness of
malathion SRES, for 25-26 months. Oleveira-Filho
et al. **?! reported the polyvinyl acetate-based
suspension of malathion quite effective against
Lutzomyia longipalpis and gave estimated cost ratio
of 0.9 becoming cheaper than DDT due to its long re-
sidual effect. The effectiveness of spraying is not the
only issue of concern, other problems are the side
effects on human health and environment and their
sustainability. Several factors such as cost of the in-
secticides, the logistic constraints, low acceptance by
the community, low community participation and the
emergence of resistance affect the long-term effec-
tiveness and sustainability of these interventions.

Spraying procedure: Spraying of DDT in the indoor
human dwellings including the roof structure should
be done. It should also cover animal shelters (espe-
cially cow-sheds) and other structures in peridome-
stic situations as sandflies have been recovered both
from human as well as animal dwellings. People liv-
ing in mixed dwellings are at the greatest risk of con-
tracting the disease. Special care should be taken to
spray into cracks/crevices in which sandflies seek
shelter. Before spraying, evaluation of technical
know-how among spraying personnel, spraying tech-
nique, stroke of spraying machines, handling of
pumps, total area of coverage by a given amount of
insecticide, efc. should be undertaken. DDT should
be mixed in the proportion of 3.3 pounds/3 gallons
(1.1 kg/15 L) resulting in a 5% suspension at the flow
rate of 750 ml/min and 45 mm distance from the tar-
get, using single nozzle. According to WHO recom-
mendation, 2 L of 5% water dispersible powder (3.3
pounds) DDT suspension sprayed at the rate of 100
mg/ft? should cover 1000 square feet®.

Entomological evidence: House spraying is reason-
ably effective against endophilic sandfly species such
as Lutzomyia verrucarum and Lu. peruensis, Lu.
longipalpis, Lu. ovallesi and Lu. intermedia in the
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New World?, and P. papatasi and P. sergenti in the
Old World?. In contrast, blanket house spraying
failed to reduce the abundance of exophilic sandflies
such as Lu. nuneztovari in Bolivia®, which have a
relatively low probability of contact with the treated
surfaces (walls and ceilings). P. argentipes, in the
Indian subcontinent, is endophilic. When in the early
1990s, in the VL-endemic states like Bihar and West
Bengal in India, a new vector control strategy was
introduced, based on two rounds of indoor residual
DDT spraying, entomological studies from that time
confirmed the reduction in vector abundance after
spraying. It is believed that, despite reports of resis-
tance, P. argentipes is still highly susceptible to DDT
in most of the endemic areas. In future, the choice of
insecticide will thus be important as susceptibility of
sandflies is likely to vary from one village to another
depending on its history of spraying and frequency of
sprays.

Epidemiological data: In the Peruvian Andes, the
incidence of susceptible householders acquiring
zoonotic CL was significantly reduced by 54% as a
result of spraying interior walls and ceilings with
lambda-cyhalothrin (25 mg/m?)%. In a trial with re-
sidual pyrethroid spraying with lambda-cyhalothrin
(30 mg/m?) in Afghanistan, the incidence of anthro-
ponotic CL was reduced by 59%?*. In Nepal, malaria
and VL used to be a serious public health problem
before the 1950s. Intensive DDT spraying undertaken
in the 1960s and 1970s to eradicate malaria appar-
ently was effective on VL. During the mid 1970s the
insecticide spraying programme was stopped. As of
1980 cases of VL reappeared, probably facilitated
by migration of people between Nepal and the
neighbouring Indian state of Bihar. In 1992 and the
following years, IRS programme policy consisted of
spraying all endemic districts with DDT, malathion
and lambda-cyhalothrin®. Nevertheless, Siraha dis-
trict in the south-east Nepal, which had received an-
nual residual insecticide spraying for over 10 years
(1991-2001) has been continuously and severely
affected by VL. The trends of disease incidence even
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show an increase in cases and in geographical
spread®.

In India, there is no definite control programme for
kala-azar but control was only as a by-product of
antimalaria activities. Under the National Malaria
Control Programme (NMCP) in 1953 and later Na-
tional Malaria Eradication Programme (NMEP) now
National Vector Borne Disease Control Programme
(NVBDCP), DDT was extensively used. The DDT
spray operation reduced the sandfly population to the
very low levels resulting in interruption of kala-azar
transmission and virtual elimination of the disease.
Spraying of residual insecticide was withdrawn un-
der NMEP in phased manner from different areas
from 1962. In 1970s, kala-azar cases started being
reported from Bihar signaling a simmering out-
break !¢, Kala-azar incidence recorded an increasing
trend after resurgence till 1992. However, during
1990-91 planning commission approved a centrally
sponsored Kala-azar Control Scheme which was
implemented in both the endemic states, namely
Bihar and West Bengal. After the implementation of
this scheme, kala-azar cases showed a sharp decline
from 1993 and continued till 1999. However, since
2000 the number of cases significantly increased
again, which raises doubts on the continued effective-
ness of the vector control strategy. Other explanations
may be increased incidence of treatment failure or
resistance to antimonials and the emergence of HIV-
co-infections.

Feasibility, cost and acceptability

In the last decade, VL epidemiological data indicate
that the impact of IRS in the Indian-Nepalese VL
endemic region decreased. Several factors might
contribute to this: (i) the timing and the number of
rounds of insecticide spraying may not have been
optimal to control P. argentipes; (ii) long gaps be-
tween two rounds and the short residual effect of the
insecticides may have allowed the vector to increase
its numbers and in this way resistance may have de-
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veloped; (iii) ‘Patchy’ geographical coverage of
spraying; (iv) community-related factors, such as
poor user acceptance and low community participa-
tion during the spraying campaigns; (v) programme-
related issues, such as cuts in public spending, lack
of trained manpower, managerial problems, corrup-
tion and mismanagement of the stocks of insecticide
product including its diversion to the black market for
agricultural purposes?. The effectiveness of these
spraying programmes is not the only issue for con-
cern but their side effects are also important on health
and environment, and their potential for sustaina-
bility, which depends on the cost of the insecticides
and their application, in addition to the above men-
tioned factors.

Biochemical analyses of insecticide resistance

Sandflies have also developed resistance to the
chemicals, mainly to DDT and in some cases to
malathion and pyrethroids. Any proposed interven-
tion aimed specifically at sandfly populations must
then assess extent resistance, in order to design an
effective control programme. Moreover, it is impor-
tant to determine the biochemical and molecular basis
of any such resistance, since alterations in one group
of resistance-associated enzymes may confer cross-
resistance to other classes of insecticide. By examin-
ing the involvement of various resistance mecha-
nisms using standard biochemical assays for monitor-
ing insecticide resistance, the potential effectiveness
of alternative insecticides can be predicted. Some of
the resistance-associated enzymes are cytochrome
p450 mono-oxygenases and glutathione-s-trans-
ferases (GST), acetylcholinesterase (AChE), non-
specific carboxylesterases, sodium channels and the
y-aminobutyric acid (GABA) type A receptor. The
majorities of these resistance-associated esterases are
not membrane-bound and can be readily measured
without the need to solubilize them with a detergent.
Insensitive AChE confers resistance to both organo-
phosphorus (OP) and carbamate insecticides which
is caused by one or more point mutations within the
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ace gene(s). Malathion resistance can also be con-
ferred by malathion-specific carboxylesterases alone
or in combination with elevated esterases. Mutations
in the voltage-gated sodium channel confer resistance
to DDT and to pyrethroids, whilst an alteration in the
GABA receptor confers resistance to cyclodienes
(e.g. dieldrin) and to phenyl-pyrazoles such as
fipronil®’.

Insecticide impregnated bednets

Insecticide-treated bednets (ITNs) are one of the most
effective methods of reducing man-vector contact in
intra and peridomiciliary transmission of vector-
borne diseases. The principle of ITNs is to act as
‘baited traps’ with the odour of the sleeper as bait,
alongside a deterrent and repellent effect. The effec-
tiveness of untreated bednets as a tool for prevention
of parasite transmission depends on mesh size,
behaviour of the vector in terms of biting habits, and
on sleeping habits. Phlebotomus argentipes sandflies
live in and around houses and biting occurs at night,
mainly during 2100-0100 hrs peaking at 2300-2400
hrs. Bednets could thus be a useful tool in VL control,
however, in order to be physically sandfly-proof
bednets need to have a finer mesh (>200 holes/inch?)
than those used against malaria mosquitoes. In east-
ern Sudan, where another sandfly P. orientalis, trans-
mits VL, the mean total number of bites/man/night
was investigated with human volunteers, staying
either under an impregnated bednet (156 mesh,
lambda-cyhalothrin 10 mg/m?), an untreated bednet
or without a bednet. Sandfly biting was zero for per-
sons using impregnated bednets, but was also signifi-
cantly reduced for persons staying under untreated
bednets (6.92 + 2.71 bites/man/night) while persons
without bednets was bitten many times (32 + 8.3
bites/man/night)?®. In most studies, the insecticides
used were synthetic pyrethroids (permethrin, delta-
methrin, lambda-cyhalothrin), which combine the
properties of low to moderate mammalian toxicity,
low volatility and high insecticidal activity?. Insec-
ticide-treated nets combine the individual protection
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of a bednet with the effect of insecticide. Due to the
deterrent and repellent effect of the insecticide, mesh
size does not matter as long as the insecticide remains
active. As with residual spraying, vector abundance
inside houses is expected to be reduced, giving rela-
tive protection to people inside the room but outside
the net. In terms of acceptability, ITNs theoretically
have the advantage that less insecticide is used and
that the household exerts control over its application,
thus depending less on the performance of a top-
down planned disease control programme.

Entomological evidence: Studies carried out in
Italy®®3!, Burkina Faso*, Sudan®?, Kenya**%, Af-
ghanistan?, Iran3®, Syria®"*, Turkey?’, Bolivia*,
Colombia*' and Venezuela** showed that insecticide-
treated materials have high degrees of toxicity on
contact with sandflies. Insecticide resistance of P.
argentipes against pyrethroids has been reported in
Pondicherry, India®. In contrast, the repellent effect
of insecticide-treated materials does not seem to be
systematic. While curtains treated with permethrin
reduced indoor density of P. duboscqgi and
Sergentomyia spp in Burkina Faso and of P.
perfiliewi in Italy. P. papatasi indoor density in
Khartoum did not differ between rooms with and
without permethrin curtains. In field studies in Iran3®,
Syria* and Turkey™, the presence of deltamethrin (25
mg/m?) in bednets and curtains seemed to have no
effect indoors and outdoors, on the density of P.
papatasi or P. sergenti. However, caution needs to be
taken in the interpretation of the results, sticky traps
may not be the best technique to evaluate repellence
and results may be affected by the design of houses,
e.g. in Syria, bedrooms are large with high ceilings,
meaning that sandflies have plenty of space in which
to escape when repelled by the insecticide. As with
IRS, epidemiological rather than entomological data
should provide the strongest indication as to the ef-
ficacy of bednets on transmission.

Epidemiological evidence: There are some studies
(trials and retrospective analyses)** that looked spe-
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cifically at the impact of ITNs on the incidence of CL,
and two on VL. In Afghanistan®* (ACL transmitted
by P. sergenti), a household study in Kabul compared
permethrin-treated bednets with two other treatments
(house spraying and impregnated bedsheets). There
was a marked reduction on CL incidence, from 7.2 to
2.4% showing 65% protective efficacy, while in the
arm of sprayed houses, the incidence was 4.4%. In
Iran, bednets impregnated with deltamethrin reduced
incidence of ACL with 60% in Bam, while 97%
reduction was reported in Shiraz and Sedeh with
permethrin-treated long-lasting bednets (Olyset
Net)*. In Isfahan, the incidence of zoonotic CL (P.
papatasi) dropped to zero with deltamethrin-treated
bednets plus curtains and in Mashad, the incidence of
ACL (P. sergenti) dropped from 3.3 to 0.69%. In
Turkey, deltamethrin-treated bednets reduced ACL
incidence from 1.87 to 0.035% in Yenice and from
2.3 to 1.32% in Seruc, while incidence increased in
control areas and areas provided with non-impreg-
nated bednets®’. Finally, in Syria the CL incidence
dropped from 5.1% (103/2035) to 3.1% (59/1910)
(p < 0.05), compared to control villages which
showed an increase instead®®. This was confirmed a
few years later by a matched cluster randomized trial
in 10 other villages, showing a protective efficacy of
about 85%?.

In 1995, inhabitants of Galabat province (Gaderef
state) using bednets impregnated with lambda-
cyhalothrin insecticide had a significantly lower in-
cidence of VL, caused by P. orientalis, from 12.4 to
1.6%*. The ratio of clinical to sub-clinical infections
of L. donovani changed from 7:1 in the non-interven-
tion village to 1:3 in the intervention villages. A sec-
ond evaluation report from Sudan demonstrated a
significant reduction of VL by 59% using ITNs*
(small mesh deltamethrin 25 mg/m? bednets) during
an epidemic of VL in 1999-2001. There is no evi-
dence on the impact of ITNs on VL incidence in
south-east Asia, while ITNs are increasingly being
promoted and supplied in the fight against malaria
worldwide. In India, Bangladesh and Nepal this has
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been largely limited to those areas that are high-pri-
ority in terms of malaria transmission. These areas do
not overlap with those with high kala-azar attack
rates. Therefore, so far little evidence is available
about potential implications of ITNs in regions where
both diseases are co-endemic?.

Feasibility, cost and acceptability: Till now, no stud-
ies measured the cost and cost-effectiveness of im-
pregnated bednets in the prevention of leishmaniasis.
The cost of intervention of long-lasting insecticidal
nets (LLIN) has been calculated for malaria pro-
grammes. Assuming three years duration and a stan-
dard cost of 5 US$ per LLIN, the average annual
economic cost per ITN distributed in five different
African countries varied from 3.47 to 7.64 US$*.
Acceptability studies, conducted in Africa and Latin-
America have shown that people generally accept
nets on the basis of their effectiveness in reduction of
the nuisance of the mosquitoes rather than as a device
to prevent disease and preventive behaviour. In hot
weather, bednets with fine mesh have been described
as unpleasant to use as they are poorly ventilated. By
the repellent effect of insecticide coated on or in the
fabric, a wider mesh can be used overcoming this
problem.

Data on ITN use in Bihar, India are not available, but
data from Nepal and Bangladesh showed that bednet
acceptability is unlikely to be a major concern. No-
tably, in three VL endemic districts of Nepal, an age
and gender matched VL case-control study found that
more than 70% of the 105 controls reported the regu-
lar use of (untreated) bednets*’, and a random survey
of 1800 households in six endemic districts found that
76% of households owned at least one (untreated)
bednet, while 47% of households reported that all
householders used a bednet. In a community study in
a highly affected district in Bangladesh, 86% of the
population reported sleeping under a bednet and 91%
lived in a house that owned at least one net*. Never-
theless, the main weakness of an ITN strategy is that,
contrary to IRS, its use depends on the individual
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decision beyond the control of the programme deliv-
ering the tool. There is need to propose culturally
sensitive and appropriate recommendations for VL
prevention. Any ITN strategy should take into ac-
count the factors that motivate a family to acquire and
appropriately use bednets. Trials in malaria control
have shown that, in order to achieve a mass or com-
munity effect in addition to the personal protection,
a high percent of coverage of the community is
needed. This suggests that free or heavily subsidized
provision of treated nets, comparable to a house
spraying campaign, is likely to be more cost-effective
than trying to market nets to poor, rural populations.

As is the case for all vector control methods, the
challenge is to maintain the effort after its initial suc-
cess. In Syria, after showing the high efficacy of ITNs
in preventing ACL, a second study evaluating the
impact of interruption on ITN intervention showed a
return to pre-intervention prevalence within 1-2
years. Long-lasting insecticidal nets (LLINs) are a
major step forwards, as yearly re-impregnation is not
necessary, but they also have a limited life span and
will eventually need to be replaced.

Environmental control

The principle behind the environmental control is to
manage the environment to make it unsuitable for
breeding of sandfly. In 1980, Vyokov in USSR suc-
cessfully controlled leishmaniasis by destroying ro-
dent burrows®. In technological control of sandflies,
the walls of the resting sites can be plastered filling
all the cracks and crevices by mud and lime, and the
breeding of sandflies can be stopped. Lime has a
powerful water absorbing capacity which makes it
unsuitable for the sandfly breeding. In an experiment,
Dhiman successfully controlled 70% population of P.
papatasi by constructing cement skirting of 9" ver-
tically on the wall and 9" horizontally on the floor*.
A study in Bihar®! found immature stages of P.
argentipes mainly in human dwellings, while another
study® found most positive samples inside
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cattlesheds, some in mixed dwellings and none in
houses without cattle. An environmental manage-
ment strategy, making in-house breeding of the
sandflies impossible by filling cracks and crevices in
walls by mud and lime, was implemented in Bihar.
This reduced sandfly density, but cracks and crevices
reappeared within seven months.

In epidemiological studies in Nepal*’ and in Bangla-
desh*?, the proximity of cattle has been identified as
a protective factor (cattle as preferred blood source).
No evidence was found on environmental interven-
tions tackling the proximity of cattle.

Biological control

Very scanty information is available on the biologi-
cal control of sandfly. In laboratory studies, infecting
sandflies with different organisms such as nema-
todes, bacilli viruses and fungi characteristically kill
pre-adult and adult sandflies. De Barjac et al>* first
time demonstrated the role of Bacillus thuringiensis
var. israelensis in the control of larvae of P. papatasi
and Lu. longipalpis. Robert et al® successfully used
Bacillus sphaericus in the control of P. martini in
Kenya. They also observed inhibitory effect of B.
sphaericus on hatching of eggs of P. duboscqi. As the
application of biolarvicides in the field condition is
difficult due to diverse breeding habitat of sandfly,
their practical application appears to be of limited use
in the control of VL.

Some plants, such as Solanum jasminoides, Ricinus
communis, or Bougainvillea glabra, are toxic for
adult sandflies. Certain plants (Capparis spinosa,
Ricinus communis, Solanum luteum) used as sources
of sugar by sandflies are toxic to L. major, and these
are able to kill sandflies. Planting these (Bougainvil-
lea glabra, Ricinus communis, Solanum jasminoides)
in barrier zones might, therefore, provide a low-cost,
sustainable alternative to insecticide use in the con-
trol of sandflies and leishmaniasis®®. Certain plant
extracts used by Amazonian Indians to kill fish
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are highly toxic to Lu. longipalpis, such as dried leaf
extracts of Antonia ovata (Loganiaceae) and Derris
amazonica (Papillionaceae) killing 80 and 100% of
female sandflies, respectively®®. These plants could,
therefore, represent a readily available alternative to
commercial insecticides for sandfly control but this
approach requires further evaluation.

Prophylactic methods: These include self protection
by use of mosquito nets and of repellents. Use of nets
for sandflies of approximately 36-42 mesh would
definitely prevent from its biting. N,N-diethyl-meta-
toluamide (DEET) is quite effective against Lu.
longipalpis. Essential lemon oil also gave good
results with 70% protection. Soap solution containing
20% DEET and 0.5% permethrin is effective against
Lu. longipalpis, its effect lasted for 4 h. Sharma and
Dhiman found that concentration of 2% neem oil
mixed in coconut or mustard oil provided 100%
protection against P. argentipes throughout the night
in the field conditions¥’. Application of mustard oil
alone exposed to the uncovered areas acts as repellent
against P. argentipes’’. Recently, it was found that
0.1% allethrin (in coil) and 1.6% prallethrin in liquid
form can give maximum protection against the bite
of P. argentipes"®.

Role of community participation in sandfly
control

Health education for control of leishmaniasis is of
great importance. Simple eradication of all possible
resting sites of vector within a locality by the popu-
lation itself can result in a significant reduction of
disease incidence. Like other communicable diseases
of public health importance, general and broad basic
knowledge about leishmaniasis should be widely
disseminated!?.

Remote sensing

In the absence of any suitable ‘epidemic prediction
tool’, it is very difficult to forewarn or predict epi-
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demic outbreak of the disease. With increasing acces-
sibility to new technologies, viz. remote sensing and
geographical information system (GIS), it has be-
come possible to monitor land-use features on earth’s
surface over various time intervals to develop meth-
ods for rapid stratification of high susceptive areas
and for the design of remedial measures. Satellite
remote sensing has been successfully used in the
identification of high risk areas for malaria. It is used
for identifying and mapping of P. argentipes distri-
bution for early prediction of disease with the help of
satellite remote sensing in integration with GIS®%,
It shows a significant correlation of vector density
with variables like temperature, humidity, settlement,
crop areas, moist fallow, dry fallow, minimum nor-
malized digitized vegetation index (NDVI) and stan-
dard deviation of NDVI. It gave detailed mapping of
sandfly density in both endemic and non-endemic
sites. It can be used for the distribution and prediction
of vector density in other endemic areas of Bihar.
Cross et al*® on the basis of NDVI values have advo-
cated the low and high probability of P. papatasi
zone. In another study, Miranda et a/*in Brazil dem-
onstrated strong co-relation between CL infection
and creek and relevant vegetation.

Role of pheromones

Pheromones are chemical substances which help in
attracting the insects at a particular site for mating.
This property of pheromones is yet to be exploited in
the control of vector of leishmaniasis. Some workers
have started efforts to explore the role of synthetic
pheromones as a potential sandfly control strategy'>.

Conclusion

Kala-azar or VL has been continuing unabated in
India for over a century and now considered one of
the major health problems in the eastern states mainly
Bihar, West Bengal and Uttar Pradesh. Our review
shows that IRS with insecticides has been virtually
the only strategy for leishmaniasis vector control used
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in the Indian subcontinent so far. While there is clear
evidence on the effect of IRS on vector abundance,
past experience in the region and elsewhere has dem-
onstrated the difficulties in its implementation, lead-
ing to poor results and emerging resistance to DDT.
Nevertheless, DDT remains the insecticide of choice,
but in order to achieve optimal outcomes, meticulous
planning, good training, supervision, co-ordination
and management will be needed to avoid the pitfalls
of the past, and this means heavy logistics and high
costs. In some places, alternatives of DDT will be
required. When implemented correctly, however,
IRS has the potential to effectively protect the whole
community.

The principle of an ITN combines the effect of indi-
vidual protection and insect-killing activity while a
strong repellent effect could possibly enlarge its ef-
ficacy by reducing indoor and peri-domestic vector
density. ITNs, therefore, have the potential to achieve
individual protection for VL and users are not depen-
dent on a top-down, government-led intervention.
The new LLINs make yearly re-impregnation no
longer necessary. The use of other insecticide-treated
materials such as curtains or wall cloths is highly
dependent on the repellent effect on the vector in-
volved. However, there is scarcity of data on the ef-
fect of ITNs and other insecticide-treated materials on
P. argentipes in the Indian subcontinent, and their
impact on disease incidence, is not guaranteed. Given
the existing difficulties in diagnosis and treatment
(human reservoir including asymptomatic infections)
and the absence of any vaccine, vector control of P.
argentipes is one of the key strategies in the fight to
eliminate VL from the Indian subcontinent. LLINs
may be a valuable alternative to the IRS strategy
currently in use, in order to maximize the benefits that
can be obtained by vector control. One community
trial to test the effectiveness of LLIN on leishmania-
sis infection is currently underway in this region and
its results are eagerly awaited.

Application of satellite remote sensing, insecticide-
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impregnated bednets and synthetic pheromones traps
are other exciting areas which require attention.
Health education about the habitat and breeding of
vector species may go a long way in the vector con-
trol. As we enter the post-genomic era for many of the
pathogens, vectors, and reservoirs of human vector-
borne diseases, we are gaining a new understanding
of genome-genome intersections that are critical to
the maintenance of infectious cycles. The availabil-
ity of new molecular tools such as small interfering
RNA (siRNA) and micro-arrays is allowing scientists
to rapidly identify and test promising new candidates
for disease-interruption strategies. These strategies
offer great hope that targeting specific interactions
between a pathogen and either its vector or its reser-
voir host may lead to new approaches that can reduce
human disease with minimal disturbance of the deli-
cate ecosystems in which these pathogens persist.
Vigorous research efforts need to be done to develop
the larvicide for successful elimination of the vector.
More research on alternative vector control methods
are needed to achieve long-lasting results in the fight
against kala-azar.
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