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ABSTRACT

The aim of this study was to incriminate the vector (s) of visceral leishmaniasis
in Northern Pakistan. Two contrasting disease foci were studied: Azad Jammu &
Kashmir (AJK) and Northern Areas (NA) through monthly sampling.

Studies on the systematics defined morphologically variable species of the
subgenera Phlebotomus (Larroussius) and P. (Adlerius). Morphological characters
of all the species belonging to these subgenera were intensively studied. The species
belonging to the subgenus Phlebotomus (Larroussius) were 1dentified as P.major,
P.keshishiani, P.kandeclakii burneyi and P.spA. and those belonging to subgenus
Adlerius as P hindustanicus and P.salangensis. Species belonging to other subgenera.
P (Phlebotomus) papatasi. P (Paraphlebtomus) sergenti and P (Paraphlcboromus)
alexandri were easily 1dentified.

The longitudinal entomological studies were carried out in Bagh district (Rehra
village) in AJK and Chilas district (Hudur village, 1200m and Thor village, 1700m)
in Northern Areas between April 1991 and November 1991 and in the same months
in 1992 Sampling was done using CDC-hight traps, sticky-paper traps and mouth

aspirators. In addition, a general survey was also undertaken at higher altitudes 1n

Northern Areas and AJK.
A total of 9656 Phleboromus sandtlhies were collected (8797 during the

longitudinal studies and 859 during the general survey). Nine species of Phlebotomus
were found, Phlebotomus (A) salangensis for the first ttme and a new species P.
(Larroussius) sp.A. The species composition and relative abundance of species differed
within and between the two areas. In Northern Areas P.paparasi (35.75%) followed
by P.sergenn (19%) were dominant at the lower altitude of Hudur wvillage but
P keshishiani (29.66%) was most abundant at the higher altitude of Thor willage,
whereas in AJK., P.hindustanicus (64.62%) was predominant

Species differed 1n their seasonal abundance. In Northern Areas P papatasi and
P sergenti showed peak activity in June and July and P.keshishiani in August In AJK
P.hindustanicus showed a clear peak 1n June preceding the monsoon. The activity was
found to be positively correlated with temperature in Northern Areas and negatively

correlated with rainfall in AJK.
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The dominant anthropophilic species included P.papatasi at lower altitudes
(Hudur village), P.keshishiani at higher altitudes (Thor village) in Northern Areas and
P.hindustanicus in AJK. Most biting occurred around midnight between 2200-2400
hours with a second peak between 0400-0600 hours in Northern Areas. None of the
sandflies were found biting human volunteers in AJK. Blood-meal analysis revealed
that the dominant species P.paparasi. P.sergenti, P keshishiani and P.hindustanicus
have a range of hosts mainly human, bovines and dogs. Monthly sampling with dog
baited traps also showed P.keshishiani and P.hindustanicus as the dominant species
attracted to the potential reservoir host (dog).

Females of P.keshishiani (754), P.salangensis (36), P.alcxandri (15) and
P hindustanicus (301) were dissected for natural infections with Leishmania
promastigotes and squash blots probed by Leishmania infantunm specific DNA probe
(LUCA D2 200 BP). Only P.hindustanicus was found to be naturally infected with
Leishmania infantum (parasites identified by DNA hybridization) in AJK. This species
1s the principal vector involved in the transmission of VL in AJK .

From ecological studies 1t 1s concluded that the transmission of wvisceral
leishmaniasis takes place at higher altitudes in Northern Areas and that P keshishiani

1S the vector.
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CHAPTER 1
INTRODUCTION
Phlebotomine sandflies (Order:Diptera; Sub-order:Nematocera; Family
Psychodidae) are small (3-5 mm), delicate, hairy flies with long slender legs. The
thorax 1s convex and wings are lanceolate and covered with hairs. When at rest the
wings are directed upwards in V fashion. At present 700 species of sandflies are

known both from the Old and the New World (Lane, 1993) but only about 70 species

are thought to be involved in disease transmission.

Phlebotomines are responsible for transmission of several human diseases,
namely, leishmaniasis, bartonellosts, and sandfly fever viruses in many countries of
the World. In terms of the geographical distribution and diversity of vectors the most
important disease transmitted by the bite of sandflies 1s leishmaniasis, which exists in
several forms (Lainson, 1982). The control of sandflies 1s an important part of the
prevention ot diseases and must be directed against those species that transmit the
disease. A knowledge of sandfly systematics, exact delimitation of species, and
information on their population biology 1s therefore important to understand disease

epidemiology and for devising necessary control measures.

1.1. THE LEISHMANIASES.

The Leishmaniases are a group of parasitic diseases caused by morphologically
similar parasites 1n the genus Leishmania (Order Kinetoplastida, Family
Trypanosomatidae) and transmitted by the bite of phlebotomine sandflies. Vector

species belong to the genus Phleboromus in the Old World and Lutzomyia in the New
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World.

The leishmaniases can be broadly separated into two categories on
epidemiological grounds: 1) Anthroponotic, with man as the main source of infection
and transmission occurring mainly in settied communities, or 2) Zoonotic, with
domestic or wild animals as the main source of infection. Clinically, the disease occurs
in several forms, ranging from simple cutaneous ulcers (e.g. caused by Leishmania
major) through disfiguring mucocutaneous form (caused by Leishmania brazilicnses)
to fatal visceral infection (caused by for example Leishmania donovani). Although
clinical manifestations in Man had been the principal criterion on which the disease
and 1ts epidemiology was studied, with the use of sophisticated biochemical methods
for 1dentifying the parasites 1t was found that ciinical criteria were not always reliable
predictors of the infecting parasite and now the key to studying the disease is the
accurate 1dentification of parasites. For example, dry cutaneous lesions in the Old
World were previously considered to be caused by Leishmania tropica but now 1t 1s
clear that similar lesions are also caused by Leishmania infantum and Lcishmania

major. To date some 21 species of Leishmania are known to be pathogenic to humans

1.1.1. Disease incidence.

Leishmaniasis has been considered to be a serious public health problem in
many countries of the world and can have an adverse economic and social impact. The
disease i1s documented to be currently prevalent in 82 countries (21 in the New World
and 61 in the Old World). The annual incidence 1s estimated at some 600 thousand

new clinical cases, officially reported, with a global prevalence of 12 million cases and

tJ
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a population at risk of approximately 350 millions (Desjeux, 1992). In an another
study by Ashford er al, (1992) visceral leishmaniasis is known to occur in 47
countries, with approximately 200 million people at risk, and 100,000 cases annually

Cutaneous leishmaniasis occurs in 61 countries, with almost 200 million at risk and

300,000 cases annually.

1.1.2. Geographical distribution.

Leishmaniases occur in most tropical and sub-tropical parts of the world:
southern North America, most of South and Central America, the Mediterranean Basin,
East and North Africa, the Caspian hittoral, the Arabian peninsula, the Persian Gulf,
the Indian sub-continent, China and the southern Former Sowviet Union ( FSU).

In the Old World visceral leishmaniasis (VL) caused by Leishmania infantum
occurs sporadically from the Mediterranean area through the Middle East and Central
Asia to North China. It 1s usually associated with rocky areas and mainly affects
children. In contrast, the major VL focus 1n northeast India, Bangladesh and Nepal
involves young adults hiving on the plains and the causative agent 1s Leishmania
donovani. In East Africa two areas are affected, Kenya and Ethiopia, and the Southern
Sudan (Leishmania donovani)

Cutaneous leishmaniasis (CL) in the Old World is mainly found in anid-regions
and occurs 1in North Africa, the Mediterranean littoral, the Middle East to northwest

India, Central Asia, and East Africa (Lane, 1993).
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1.1.3. Reservoirs.

Important reservoirs of zoonotic cutaneous leishmaniasis in the Old World
include Rhombomys opimus (FSU, Iran, Northermn Afghanistan), Meriones libycus
(USSR), Psammomys obesus (Saudi Arabia, Libya and parts of Israel), 4nvicanthis
niloticus, Mastomys (=Praomys) erythrolecus, and Tatera gambiana (Afrotropical
region). Leishmania tropica 1s considered to be strictly anthroponotic as transmission
1s believed to occur only from man to man. In some countries however, dog (USSR,
Iran, Iraq and Afghanistan) and Rattus rattus (Iraq) have also been suspected to be the
reservolr hosts but this 1s still controversial, 1n subsequent studies several authors
failed to find Leishmania in these (Aljeboori and Evans, 1980) as well as many other
wild mammals (Bettint ef al., 1980; Pozio er al., 1982)

For Leishmania infantum the dog 1s the main domestic vertebrate host, although
in some areas of the Old World rodents (Ratrus rattus, R. norvegicus) and wild canids
(Vulpes vulpes, Nyctereutes procyonoides, Canis aureus, and Cats) have also been

incriminated or suspected as wild reservoirs (Ashford, 1977; Ashford and Bettini,

1987).

1.1.4. Vectors.

The vectors of leishmaniases in the Old and the New World have been
comprehensively reviewed (Young and Lawyer, 1987., Killick-Kendrick, 1990)
Briefly, species of Phlebotomus are vectors in the Old World and Lutzomyia in the

New Worid.

The relationship of Leishmania and sandflies is specific. It 1s manifested in
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differing susceptibilities of different species of sandflies to the particular species of
Leishmania. This is well evident from the fact that in the Old World the vectors of
Leishmania infantum are restricted to the subgenera Ph.(Larroussius) and possibly
Ph.(Adlerius), whereas those of Leishmania donovani are restricted to the subgenera
Ph.(Euphlebotomus), Ph.(Paraphlebotomus) and Ph.(Synphlebotomus). The hist of the
proven vectors of visceral leishmaniasis in the Old World i1s indeed a short one. The
only sandfly species which fulfil all the complex criteria of vector incrimination
(Killick-Kendrick, 1990) include P.ariasi, P.perniciosus and P.perfilicw: which
transmit Leishmania infantum and P.alexandri, P.argentipes and P.martini which
transmit Leishmania donovani. Each of these species has been studied in depth and
provides useful information for vector research in many other countries of the World.

Betore considering the detailed aspects ot sandfly biology 1t 1s pertinent to review

briefly the criteria of vector incrimination around which most of the sandfly studies

revolve.

1.1.4.1. Vector Incrimination.

Incrimination of a sandfly as a vector i1s difficult as many criteria have to be
satisfied before a species can be unambiguously incriminated, as discussed 1n depth

by Killick-Kendrick, (1990). Among the essential criteria are the demonstration 1) that
the fly 1s anthropophilic and 11) the repeated i1solation and identification of the same
species of Leishmania from the sandfly as found in patients. Additional supporting
observations inciude: 1) demonstration that the sandfly commonly feeds on reservoir(s)

host (s), 1) that it 1s present in the places where the Lcishmania and the disease 1t
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causes are found, 1i1) that it supports a flourishing development of the parasites, and
that the fly can transmit the parasites by bite.

Modern data on the basis of the above mentioned criteria has revealed 20
species of Phlebotominae which can be undoubtedly classed as the vectors of

Leishmania, 12 species belong to the genus Phlebotomus and 8 species and

subspecies, to the genus Lutzomyia.

1.1.5. Life cycle of Leishmania in the sandfly and vertebrate hosts.
The life cycle of Leishmania in both the vertebrate and invertebrate hosts has
been comprehensively reviewed (Molyneux and Killick-Kendrick, 1987). Brietly,

Leishmania has two forms in the life cycle; an amastigote in the reticuloendothelial

system of the vertebrate host and a promastigote in the gut of the sandfly vector.

a) Sandfly vector.

Sandtlies are pool feeders, having mouth parts adapted to cut the skin of the
vertebrate host (Lewis, 1978). The behaviour and life cycles of different species of
Leishmania 1n the sandfly are not uniform. When a sand fly feeds on the vertebrate
host the blood 1s sucked up into the midgut by the muscular movements of the

pharynx and cibarium. If the amastigotes are 1n the skin (dermis) or peripheral blood

they are taken up with the blood meal into the midgut.
The amastigotes are released from the macrophages when host cells are
ruptured duning the feeding process or broken by cibarial teeth (Lewis, 1975)

Involvement of cibarial teeth in the cell rupture for the release of parasites is however
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not evident in Lutzomyia longipalpis and therefore Molyneux and Killick-Kendrick
(1987) suggested that the rupture may occur when the swollen infected macrophages
are exposed to trauma during ingestion of blood meal. After they are released from the
cells the parasites then divide one or more time before transforming into promastigotes
(Killick-Kendrick, 1979, Lainson ef al,, 1987). The initial stages of development after
the ingestion of amastigotes in the blood meal have rarely been seen.

Shortly after engorgement, the blood meal is encased by a peritrophic
membrane secreted by the abdominal mid gut (Gemetchu, 1974) and the parasites are
confined by this membrane for the next 72 hours (Killick-Kendrick er al,, 1974). As
digestion proceeds, the membrane breaks up and free living promastigotes escape
either through the broken membrane or via the anterior end into the mid gut and either
attach to the mid gut wall by inserting the flagellum between the microvilhi (Killick-
Kendrick et al, 1974) or attaching by hemidesmosomes to cuticle in the hindgut.
Within the midgut a rapid multiplication of promastigotes takes place in the
suprapylarian species during the digestion of blood meal before the anterior movement
of parasites into the thoracic mid gut. The division of promastigotes in sandflies is
principally by binary fission (Molyneux and Killick-Kendrick, 1987; Walters et al.,
1989b).

Promastigotes of varying morphology are found in the thoracic and abdominal
mid guts and the stomodeal valve. Based on the varying morphology the terms
nectomonad (long and slender, electron-dense, attached promastigotes) and
haptomonads (broad, electron-lucid promastigotes with modified flagella capable of

producing electron dense plaques called hemidesmosomes inside the sheath associated
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with attachment to cuticular the intima of the stomodeal valve) were adopted (Killick-
Kendrnick et al,, 1974, Warburg et al., 1986., Lawyer et al., 1987, Walters et al,
1989a, b).

In the cuticular part of the foregut other than the mouth parts (oesophagus,
pharynx and cibarium), the commonest morphological form 1s the paramastigote which
differs from the promastigote by having the kinetoplast beside the nucleus.
Paramastigotes are round or oval in shape and much less motile than the
promastigotes. Like haptomonads they attach to the cuticular intima of the foregut of
the fly by the tip of the flagellum within which hemidesmosomes are formed (Killick-
Kendrick er al, 1977a, 1988; Walters 1989 a, b; Killick-Kendrick, 1990 = Perhaps the
greatest recent advances in the studies of Leishmania in the sandfly is the confirmation
of the production of so called metacyclic promastigotes, the sandfly forms which
already appear to be adapted for life in the vertebrate host (Sacks and Perkins, 1984,

1985). Stnking features separating metacyclic forms from others in the sandfly
are high motility, lack of attachment to sandfly tissue, and a small body size relative
to the long free flagellum (with a length about twice that of the body) (Killick-
Kendrick, 1990h).

Temperature seems to have a significant effect on the development of
Leishmania 1n sandtlies not only on the degree of infection, but also on the capacity
to migrate anteriorly and thus be transmitted efficiently (Killick-Kendrick 1979) The
speed of development increases at temperature above 10°C. Rioux er al, (1985)
studied the effect of temperature (10, 15, 20 and 25°C) on development of Leishmaniu

infantum in Phlebotomus ariasi and found that raising the temperature increased the
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proportion of sandflies infected and speeded up multiplication of the parasites. From
15°C upwards the attachment of parasites to the walls of the stomodeal valve appeared
to be encouraged.

The time require for the completion of the life cycle appears to vary with
species of Leishmania e.g. Leishmania infantum can develop in 6 days In
P.perniciosus, (Killick-Kendrick & Rioux, 1981) but take at least 14 days in P.ariasi.
and Leishmania mexicana species can develop fully and be transmitted by the bite of
an infected sandfly as early as 4 days after the infective blood meal (Ward ¢r a/,,

1977)

b) Vertebrate Host.

In the vertebrate host Leishmania exists in the amastigote form (without
flagellum). After the imtial infection of the mammal by metacyclic promastigotes from
the infective sandfly they are phagocytosed by the cells of reticuloendothelial system,

mainly macrophages where they are transformed into amastigotes within hours
(Molyneux and Killick-Kendrick, 1987). The precise duration from the time when the
promastigotes are inoculated and phagocytosed is evident from the study of Cheng ¢1
al., (1981). Using sandfly derived promastigotes they found that macrophages from
mouse peritoneal exudate became infected 4-8 hours after contact with promastigotes,
and amastigotes began to appear after 24 hours.

Within the susceptible macrophage, the amastigotes begin to divide by binary
fission which continues until a large number of parasites occupy the parasitophorous

vacuole and the cell eventually bursts. The liberated amastigotes are ingested by other
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macrophages, consequently resulting in the spread of infection within the mammalian
host. The infection however tends to be benign and inapparent in the major reservoir
species, but in others it can lead to destructive lesions of the skin, or pathological

changes in the internal organs which may prove fatal (notably man, dog and equine)

(Molyneux and Killick-Kendrick, 1987).

1.2. SYSTEMATICS AND BIOLOGY OF PHLEBOTOMINE SANDFLIES.

1.2.1. Brief history of sandfly systematics.
The first Phlebotomine sandfly was described by Bonanni (1691) in Rome,

Italy, and nearly 100 years later Scopoli (1786), first described the first member of this

group of Diptera as papatasi. The genus of the sandflies Phlebotomus was established

by Rondani & Berte 1840

The comprehensive study of sandflies began in 1906, with the description of
Phlebotomus duboscqgi a new species from East Africa (Neveu-Lemaire, 1906). By
1910 a further 15 species of sandflies were known (Annandale, 1910). At this time
Newstead (1911) placed the then known sandfly species into the Family Psychodidae,
Sub-family Phlebotominae and Genus Phlebotomus, sub-dividing the last into groups
with erect hairs (Type species-Phlebotomus papatasi) and recumbent hairs (Type
species-Phlebotomus minutus).

The history of sandfly systematics can be separated into two periods according
to the type of characters used to differentiate and classify species (Theodor 1948,
Perfil'ev 1968). Briefly in the first period the taxa were distinguished according to

external structures with particular emphasis on measurements and ratios. Thus
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Newstead (1911) divided four Maltese species into two groups whose abdominal
tergites had either recumbent or erect setae, and the classification of Franca & Parrot
(1921) was based on the structure of the male genitalia, and on wing venation indices
and other external measurements, which became known as Phlebotometry’. The
second period followed the publication of Adler & Theoder (1926). Instead of
phlebotometery, characteristics of the inner structure were used as a basis for the
discrimination of females, namely those of structure of the spermathecae, the buccal
cavity (or cibarium) and the pharynx in several Old World species. A detailed review
on both the above mentioned periods is comprehensively covered by Perfil'ev (1968).

Morphological characters have been extensively employed to distinguish many
species of sandflies. One noticeable advancement 1n this context 1s the more recent use
of scanning and transmission electron microscopy in morphological studies which have
significantly contributed to our understanding of the functional role of certain
structures and some have been used taxonomically e.g. mouth part sensilla have been
studied extensively by Lewis (1975) with light microscopy. These sensilla have been
used taxonomically by Davidson (1986) and Lewis and Dyce (1984). Detailed
examination of some traditional characters has also provided a useful tool for
identification of closely related species. For example Léger, et al., (1983) employed
the basal section of spermathecal ducts for distinguishing females of Mediterranean
species of the sub genus P. (Larroussius).

Perhaps one of the outstanding achievements in the systematics of sandflies is

the recent advancements made at biochemical and molecular level (for review see

Lane, 1985, Ward, 1990). The introduction of such techniques as isoenzyme

11
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electrophoresis, analysis of cuticular hydrocarbons, semiochemical identifications, and
DNA probes, though still in a preliminary stage, will no doubt contribute substantially
in the future to the taxonomy (including genetics) of Phlebotomine sandflies at both
the specific and infra-specific level. From the control point of view this 1s an
important aspect of sandfly biology and disease epidemiology.

The classification of the genus Phlebotomus and of the subfamily
Phlebotominae has been discussed in depth by Abonnenc (1972), Fairchild (1955),

Lewis et al, (1977), Theodor (1948; 1958), Artemiev (1980) Parrot (1951),and others.

Taxonomists have suggested several systems of the classification of sandflies, but
uniformity has not been achieved and therefore the higher classification of sandflies
1s still 1n controversy and there is no universally accepted system (Lane, 1993). Some

authorities considered sandflies to be a separate family (e.g. Abonnenc & Leger, 1976,
Lewis, 1973 ; Perfil'ev, 1966) mainly following Rohdendorf (1964), but most retain
sub-family status within the Psychodidae (Fairchild, 1955; Lewis, 1978, 1982;
Theodor, 1958). In a publication Lewis er al, (1977) proposed a stable

classification of the phlebotomine sandflies which 1s mainly the modification of

Theodor's system (Theodor, 1948) based on practical criteria; with the Phlebotominae
composed of five genera: Warileya (2 sub-genera); Phlebotomus (10 sub-genera):
Sergentomyia (7 sub-genera), Brumptomyia and Lutzomyia (26 sub-generic taxa with

19 species unplaced). This approach has been generally accepted in the literature.

1.2.2. Biology of phlebotomine sandflies

The main interest to study the biology of phlebotomine sandflies is

12
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due to their ability to transmit leishmaniasis and certain viruses to humans. The
fundamental aim is to incriminate the vector species, and to determine their
distribution, population dynamics and behaviour in the field. Such information
provides useful estimates regarding disease transmission and is of inestimable value

for devising successful control strategies especially, where vector control needs to be

undertaken. The biology of phlebotomine sandflies have been a subject of several

excellent reviews (Lewis, 1971, 1974; Ward, 1985; 1990, Killick-Kendrick, 1978,

1979; Lane, 1993). Some of the key aspects of sandfly biology in general as well as

in relation to disease epidemiology will be briefly outlined here:

1.2.2.1 Some key aspects of sandfly biology.

a) Colonization.

Many important aspects of sandfly biology has been the outcome of successful
colonization (for review see Killick-Kendnick et a/.. 1991) One of the most remarkable
achievements has been understanding the life cycle of Leishmania in these insects
(Killick-Kendrick er al,, 1974; Molyneux er al,, 1975) and transmission mechanisms.

Also, 1t has provided reasonable details on the immature stages which are difficult to

obtain in nature.

b) Life history and breeding sites.

Based on information gathered from laboratory rearing of various species of

sandflies, the female lays between 30-70 (Lane 1993) and some times up to hundred

eggs (Ward, 1985) i1n a single oviposition but the average is usually 40 eggs. The eggs
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are laid singly and are elliptical in shape with distinct patterns as observed by SEM

(Ward & Ready, 1975; Zimmerman er al., 1977; Lane & El Sawaf, 1986: Endris er al., 1987

Fausto er al., 1992). These patterns have also been used successfully in some studies for

differentiating between morpologically indistinct females. There are four larval instars
which actively feed on rich organic detritus and larval development takes 30-60 days
dependent upon species, prevailing temperature and food supplies. The pupa is inactive
and 1s characterized by the retention of the larval skin. After 7-10 days, the pupa
darkens and the newly formed adult emerges. The period from oviposition to adult
eclosion 1s 20 to 40 days, but up to several months in diapausing species. During
periods of adverse climate such as prolonged cold periods, some species undergo
diapause as fourth instar larvae (e.g P.ariasi in the Mediterranean Basin and
P.longipes at high altitudes in East Africa).

Information on the larval breeding sites is still obscure. Important reviews in
this context are those of Hanson (1961), Bettini (1989) and Killick-Kendrick (1987b)
In nature larvae are generally found in damp soil, humus or leat litter, the forest floor

in tropical forests, rodent burrows in deserts, soils in animal pens and dens, caves and

presumably in termite hills and cracks under rocks.

c) Feeding habits.

Most sandflies are crepuscular and nocturnal 1n their biting habits. Both sexes

feed on sugars but only females feed on blood

Sugars are an important nutrient source of sandflies (Killick-Kendrick, 1978)

and 1t enhances the chances of an infected fly transmitting Leishmania (Smith, ¢r al
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1941; Swaminath, et al, 1942; Shortt, 1945; Killick-Kendrick, 1979, 1980) The
presence of glucose, fructose, and sucrose has been detected in the crops of both the
Old and New World sandflies (Lewis & Domoney, 1966; Killick-Kendrick, 1979,
Young et al., 1980). In nature sugars are obtained either from aphid honey dew e.g.
by P.ariasi (Killick-Kendrick & Killick-Kendrick, 1987) or by piercing stems and
leaves of different plants e.g. by P.papatasi (Ashford, 1974; Schlein <t al-y  1984:
Dinesh & Dhiman, 1990).

Only females suck blood, using nutrients for ovarian development and
subsequent oviposition. Most of the sandflies are gonotrophically concordant (ovaries
develop with the digestion of a single blood meal). Autogenous females are however
an exception e.g. P. papatasi, they do not require a blood meal for egg maturation
Feeding takes place on the exposed parts of the host and sandflies feed by creating a
small pool and injecting a potent vasodilacting peptide into the wound (Riberio ef al.,
1989). Blood 1s taken directly into the midgut. Liquids taken by other means (e.g

sugars) are directed first to the crop for sterilization and then to the mid-gut (Schlein

ef al., 1986).

Oviposition takes place 4-5 days after the blood meal. The highest parous rates
occur towards the end of the sandfly season, when incidently, sandfly infection rates
are at their highest and transmission most intense. Unfortunately it 1s not easy to
determine with accuracy how many times an adult female has laid eggs. The residual
secretions 1n the accessory glands have been used for differentiating between parous
and nulliparous females but are not very reliable. At present the established method

for searching for follicular relics in the ovarioles still needs to be developed (Ready
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et al., 1984)

d) Mating, dispersal and longevity.

Mating behaviour in sandflies is less well studied than in many other insects.
The general observation is that male sandflies are strongly attracted to a host and mate
with blood seeking females. This phenomenon has been observed in Lutzomyia vexator
occidentalis (Chaniotis, 1967) and Lutzomyia longipalpis (Ward, 1986; Santos er al,
1991). Recently Lane er al., (1990) observing mating behaviour of P.argentipcs 1n
nature, found swarms of males on the host forming a mating lek 1n which individuals
are spaced regularly and there 1s a considerable competition for positton manifested

by continuous jostiing whenever a new individual arrives in the array. Pheromones

(Ward, er al., 1986) and sound communication by male sandflies (Ward er a/,

1988) to attract females for courtship and mating are also evident.

Knowledge of the dispersal of vector species 1s of epitdemiological significance

as 1t determines the degree of contact between the vector and its mammalian host
Little 1s known of their long range movements, although they can fly up to 2.2 km.
(Killick-Kendrick, er al., 1984) over a period of few days in open habitats
Epidemiologically, an extremely important aspect of sandfly biology is their
longevity in nature, which has been little studied. The only information available is
for P.ariasi and P.argentipes. Mark-release-recapture studies have shown that P.ariasi
infected with Leishmania infantum can survive in nature for 29 days, which could
allow 3-4 gonotrophic cycles (Killick-Kendrnick, 1978). The only study on the life

expectancy of phlebotomine sandflies 1s that of Dye ¢r al., (1987) They calculated
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mean life expectancy for P.ariasi as 1.54 (SE 0.04) ovarian cycles 1n nature.

1.2.2.2. Essential aspects of sandfly biology in relation to disease epidemiology.
Sandfly biology in relation to disease transmission has been discussed in depth
by Lewis and Ward (1987). Briefly, to understand the epidemiological cycles and the

development of control strategies it is essential to acquire information on population

densities, biting rates, anthropophilic habits (food preferences), natural infections and

host-vector contact. These aspects are briefly discussed as below:

a) Seasonal changes in sandfly densities.

Studies on seasonal changes in sandfly densities are of vital importance for
determining the most effective time to implement control measures (Killick-Kendrick,
1978; Lewis & Ward, 1987) and also 1n incriminating a vector by determining the

possible and most likely period of disease transmission.

The changes i1n population densities of phlebotomine sandflies have been
widely studied in different geographical regions. Generally in temperate zones such
changes are associated with temperature and sandfly adults are present only in the
summer (Lewis, 1974). Here transmission may be most intense at the end of the
season when the maximum number of sandflies are parous (Guilvard ef al., 1980)
Most species in temperate regions have one generation per year, and consequently a
single peak of activity and transmission, but the same species can have two or three
generations per year in a climatically more favourable areas. In tropical regions, flies

can flourish 1n the wet or drv season throughout the year (Lewis, 1974) but the
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seasonal changes have generally been associated with rainfall (Ward er al,, 1973).
Several anthropophilic species can be present in any one area, each with its own
annual cycle of activity and potential for parasite transmission.

Numerous studies have been carried out to observe seasonal fluctuations in
sandflies 1n various countries of the World. In the Oriental region phlebotomine
sandflies are most abundant before or immediately after the monsoon usually with two
peaks of abundance in a year representing two generations (Lewis, 1978; Srinivasan
& Panicker, 1992a; Dhanda ef al.,, 1983; Dhanda & Modi, 1971; Mitra, 1956; Napier
& Smith, 1926).

In Mediterranean areas adult sandfly activity coincides with the season when
people seek relaxation in rural areas. Phlebotomus perniciosus 1s considered as the
vector of visceral leishmaniasis caused by Leishmania infantum in many territories of
the Mediterranean area, being distributed throughout the western mediterranean. The
annual fluctuation density of this fly in Tunisia (Croset, er al,, 1970); Algeria (Parrot,
el al., 1933); USSR (Petrisceva, 1962); and Italy (Biocca, er al, 1977, Marol &
Bettini, 1977) shows two main peaks, one in June and anotherin September which
suggest the existence of two generations. On the contrary, in southern France the
density trend of P.ariasi and P.perniciosus 1s monophasic (Rioux & Golvan, 1969)
being attributed to the short warm season.

In central Asia the sandfly season begins when the average day temperature
reaches 18-20°C. It varies according to altitude and latitude and may last 10 weeks
(June-August) with one generation, or 8 months (April-November) with three

generations. In some places there are two peaks of abundance corresponding to two
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generations (Lewis, 1974). In north and north-east China adult sandfly activity 1s in
the mid or later half of June (Zahar, 1980) whereas in north-west China, most similar
to northern Pakistan, the peak activity 1s in the mid or later half of July with a
unimodal curve.

In most part of Saudi Arabia phlebotomine sandflies are scarce or absent from
late November or early December till the end of January to February or even early
March except in the low lands where sandflies occur throughout the year (Buttiker &
Lewis, 1983). In lowland areas the seasonal distribution has been observed to be
bimodal whereas in the highlands it 1s unimodal (Al Zahrani er al., Unpublished). More or
less the same situation is found in other middle eastern countries such as Iraq (Abul-
Hab & Baghdadi, 1972; Abul-Hab & Mehdi, 1970); Jordan (Kamhawi, 1989); Egypt

(Beeret al., 1986) and Iran (Nadim, €t al, 1977).

b) Host vector contact.

The ability to identify natural hosts of blood-sucking insects is an integral part
of many ecological investigations, and 1t is of paramount importance In
epidemiological studies especially when insects are of medical or veterinary
importance (Service et al, 1986). Feeding habits of sandflies are important to
determine the degree of anthropophily and zoophily in the disease foci (Killick-
Kendrick, 1978) which gives important information regarding preterred hosts and also
point to a possible reservoir host (Bray, 1982).

Knowledge regarding the host range of sandflies is rather limited (Lewis, 1974,

Killick-Kendrick, 1978; Mutinga ef al., 1984, 1990, WHO, 1990). Like other
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haematophagus insects, sandflies feed on a wide variety of hosts. Some feed primarily
on cold blooded animals, while others prefer mammals and/or birds. In general,
females of the genus Phlebotomus feed on mammals and birds and those of

Sergentomyia on reptiles and amphibians (Lewis 1974). Several peridomestic and
mammal feeding sandflies (e.g. P.papatasi, P.sergenti and Lutzomyia longipalpis) also

feed on poultry.

Various methods have been used to determine the feeding habits of sandflies.

These include human biting catches, blood meal analysis and animal baited catches.

1) Human biting catches.
This 1s the classic method by which human biting of sandflies and other blood

sucking 1nsects has been measured (Hoogstraal & Heyneman, 1969; Gomez et al.,

1990). In practice human biting catches are obtained by quantifying the number of

vector species biting exposed skin per unit time. However because of the risk of
acquiring infections during biting, landing catches are generally preferred. The method
however, provides accurate information on host vector contact and the time when
humans are at maximum risk of acquiring infections. Studies carried out in different
countries e.g Italy (Maroli et al., 1984); France (Brooks, 1985); Ethiopia (Foster er al.
1972, Ashford, 1974, Gebre-Michael, 1992); India (Snivinivasan and Panicker, 1992b);
Irag (Abul-Hab er al,, 1988) and Egypt (El Said ef al., 1986) showed different peaks
of biting activity of various sandfly species at certain hours of night suggesting the

degree of human vector contact as well as the time when humans were at maximum

risk of acquiring infections.
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11)) Blood-meal analysis.

This 1s another important method for studying the feeding habits of sandflies
and 1n determining the preferred host. Identification of blood meals have mainly
involved the use of immunological methods, recently reviewed by Pant, et al., 1987
Until recently, the blood-meals of sandflies were mainly analyzed using the Precipitin
rnng test and to a limited extent by counter current immuno-electrophoresis. The
former method was however found to be of limited value for i1dentification of blood
meals 1n sandflies due to the small size of the blood-meal (Guy, er a/. 1984)
Alternatively, enzyme linked immunosorbant assay (ELISA) was adopted and found
to be more practical for the i1dentification of blood meals because of its higher

specificity (Burkot er al, 1981). This method has been successfully used for the
identification of blood meals in Culicoides (Blackwell er al, 1994) and also
phlebotomine sandflies (Ngumbi ef al., 1992).

Blood meal analysis of various sandflies species has provided useful
information on the anthropophilic and zoophilic index of these species, which 1s an
important observation from the epidemiology point of view. An outstanding exampie
of such a work was a publication from India (Das er al.,, 1976) which showed that
P.argentipes which appeared to have been largely controlled by spraying against
mosquitoes, had re-acquired man biting habits. On the bas: s of which it was correctly
predicted that this could lead to new epidemic of Kala-azar.

The preferred hosts of only a few known or suspected vectors of leishmaniasis
have been studied using blood meal 1dentifications. The notable contributions 1n the

Old World have been from India (Mukopadhyay er a/., 1987, Dhanda & Modi, 1971,
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Pand ya er al, 1972, 1985; Namita, e al.,1991: Gosh er al., 1990), Egypt (El-Sawat
et al, 1989); France (Guy, ef al, 1984) and Kenya (Mutinga er al.. 1990, Ngumbi

et al., 1992).

11) Animal baited traps.

Apart from blood meal analysis, observations to discover which anthropophilic
sandfly species feed on animal reservoir hosts have also been made with animal baited
traps e.g. Disney traps and Tent traps (Killick-Kendrick, 1988). Host preference studies
using animal baited traps have been successfully used by several workers (Johnson,
et al., 1993; Quinnell, ef al.,, 1992; Mutinga er al., 1986; Christensen & Herrer, 1980;
Killick-Kendrick et al,, 1977; Rioux & Golvan, 1969; Shaw & Lainson, 1968; Quate,
1964) to determine preferred mammalian hosts of the known and suspected vectors

both in the Old and the New World.

¢) Natural Leishmania infections.

Repeated 1solation of Leishmania indistinguishable from those causing human
disease from anthropophilic sandflies not only provides strong evidence for
incriminating vector species (Killick-Kendrick, 1990) but also serves as a basis for
estimating the risk of infection at a given time and place (Young and Lawyer, 1987)
The 1deal method 1s to dissect large numbers of females for the presence of
Leishmania promastigotes, which should be cultured and later 1dentified by 1soenzyme
electrophoresis. Attempts to culture promastigotes especially in the field are not always

successful. Alternatively, part of the infected midgut can be squashed on to nvion

tJ
tJ



Chapter 1

membrane for later identification using Leishmania species specific DNA probes.
Currently, the latter method does not provide evidence on whether the promastigotes

were the same as i1solated from man or reservoir host to the same resolution that

iIsoenzyme electrophoresis does..

1.3. METHODS OF SANDFLY CONTROL.

The control of phlebotomine sandflies and leishmaniasis has been discussed
recently (Lane, 1991; Ward, 1985., Vioukov, 1987; WHO, 1988., Lane ,1993).

In view of the diversity of phlebotomine biology there 1s no one method of
control either applicable or attainable in the different foci throughout the world. A
comprehensive understanding of the transmission cycle i1s therefore essential before the
feasibility and cost effectiveness of a control strategy can be assessed. Most examples
of successful vector control are in places where the vector i1s endophilic and
peridomestic.

The principal method used for the control of sandflies i1s the application of

Insecticides, sometimes 1in conjunction with environmental management. Due to the

limited knowledge of larval breeding sites, control 1s Iimited to attacking the adults.

1.3.1. Insecticides.

Insecticide control of adult sandflies i1s only practicable where peridomestic
transmission occurs i1n discrete and well populated communities. Thus, in cases where
the disease 1s an anthroponosis or a peridomestic zoonosts, direct attack on sandflies

by means of residual insecticides spraying of houses, barns and stables has proven
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effective. This type of activity can be appreciated in the results obtained from
antimalarial programmes that have greatly reduced visceral leishmaniasis (Kala-azar),
oriental sore (L.tropica) and sandfly fever in India, Italy, Greece, USSR and Israel
(Safjanova, 1971; Hertig, 1949; Tesh & Papaevangelou, 1977). Indoor residual
spraying is a simple and cost effective method of controlling the endophilic vectors
and can have a long lasting effect, depending on the insecticide, the surface treated,
the dosage and the method of application (WHO, 1990). The most widely used
insecticide against sandflies has been DDT. The role of spraying DDT against
P.argentipes in Bihar, N.E India i1s well documented (Saf'janova er al., 1962, Pandya,
1983) particularly 1n relation to the epidemic of Kala-azar due to the cessation of
antimalarial activities (Thakur, 1984). Similar beneficial effects of house spraying
against mosquitoes have been claimed from Iran (Nadim & Amini, 1970 and Rashti
& Nadim, 1975), Greece (Tesh & Papaevangelou, 1977), Pakistan, Tunisia and Israel
(Young & Lewis, 1977). In addition to DDT, other insecticides such as BHC, dieldrin,
malathion, acetoxon, and more recently synthetic pyrethroid e.g deltamathrin are also
being used for sandfly control. Recommended doses for the application of DDT and
Malathion are 1 or 2 g/m.sq and HCH 1is apphied at 0.5g/m.sq (WHO, 1990).
Information on susceptibility of sandflies to various insecticides is limited. The only
report of sandfly resistance to DDT has been from N.E. India where P.papatasi

survived exposure to 4% DDT in WHO test kits (Kaul er al., 1978; Joshi er al,

1979).

Where sandflies are exophilic, or bite away from human habitation insecticide

control 1s often not viable. Attempts to control non-pertdomestic sandflies by spraying
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the resting sites have not been encouraging as for example efforts made to control
P.orientalis in Sudan (Tumner ef al,, 1965) and Lutzomyia in Panama (Chaniotis et al,
1982), and Brazil (Ready ef al,, 1985) were not successful. The use of insecticides to
control sandflies by spraying their resting and breeding sites in conjunction with
reservoir control though claimed to be more effective does not always seem to be
ideal. Thus in Central Asia although the focus of Zoonotic Cutaneous Leishmaniasis
(ZCL) in Turkmenia (Latyshev and Kryukova, 1941) was successfully eliminated
(incidence rate dropped from 70-0.4%) by treating all burrows of the great gerbil with
chloropicrine the main resting and breeding sites of the vector, yet similar measures
carried out in other foci of ZCL in Turkmenia were not as successful (Saf'janova er
al.,, 1962). Attempts to control the same sandfly/reservoir association in Iran using
DDT dust in rodent burrows and poisoned bait to kill gerbils within a 300 metres

radius of villages were also unsuccessful in reducing the incidence of disease (Seyedi

Rashti and Nadim, 1973).

1.3.2. Ecological control.

An efficient means of control is the exploitation of the habitat concomitantly

rendering 1t inhospitable to the sandfly. This type of intervention has been widely used

in natural foci of ZCL 1n the Central Asian deserts. Successful control of sandflies has
been achieved by eradicating their predominant habitats, the burrows of great gerbil
(Rhombomys opimus) either by ploughing up the burrows as in Uzbekistan (Faizulin,

1980) or by crushing them with heavy machinery as in Turkmenia (Ustimenko er al,

1979., Zhogolev et al, 1979). Other environmental management measures include
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removal of rubble and garbage, blocking crevices in walls, deforestation and
urbanization. The methods are claimed to be relatively simple and economical. Their
use, however requires a thorough preliminary survey, precise mapping of all sandfly

breeding and resting sites and several follow-up evaluations of control.

1.3.3. Personal protection.

Personal protection measures include the use of repellents and bednets. A
limited number of field studies have been carried out on the efficacy of these methods
against sandflies. Bednets such as those used against mosquitoes do not provide
complete protection as they can be easily penetrated by the sandtlies; fine bed nets
therefore have to be used and they are uncomfortable to sieep under in tropical
chimates (Lane, 1993). Impregnated clothing 1s not always effective, for example, the
trials carried out in Panama showed that permethrin impregnated jackets failed to
provide protection against four species of Lutzomyia sandflies (Schreck et al., 1982)
The use of permethrin-impregnated nets and curtains however seemsto be successful
in certain places in providing protection against endophilic sandflies (Maroli & Lane,
1989, Majont et al, 1989; Maroli & Majori, 1991).

Repellents like Diethyltoluamide, Chlorodiethylbenzamide, Dimethyl Phthalate
when applied to the skin can provide partial protection against the sandfly bites for
only a limited time (Safjanova, 1963; Schmidt & Schmidt, 1969) as they are

frequently lost through perspiration, specially during manual labour. The efficacy of

these compounds in tropical and humid areas 1s therefore doubtful.
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1.3.4. Biological and Genetic control.

The biological control of sandflies involving the use of pathogens or predators

is still in its infancy and needs to be explored further before such an approach can be

practically used.

In conclusion, current methods of interrupting the transmission through vector
control are inadequate and need to be developed further. The development of
biological and especially genetic techniques and their application in conjunction with
the already established methods would be of great significance for future vector
control and the interruption of disease transmission. Under the present circumstances
however, 1t seems that a combination of two methods is the most important for sandfly
control at present: (1) a chemical method with an auxiliary ecological procedure to
control anthroponotic and visceral zoonosis leishmaniasis and (1) and ecological

method with the auxihiary use of chemicals to control Zoonotic leishmaniasis, at least

in the Old World.

14. LEISHMANIASIS IN THE ISLAMIC REPUBLIC OF PAKISTAN AND
NEIGHBOURING COUNTRIES.

1.4.1. LEISHMANIASIS IN THE ISLAMIC REPUBLIC OF PAKISTAN.

Three types of leishmaniasis are found in Pakistan. Zoonotic cutaneous
leishmaniasis 1s mainly prevalent in the south-western region, anthroponotic cutaneous

leishmaniasis in the central region and visceral leishmaniasis in the north-eastern

rcgion. The last form 1s mainly cndemic in the two administrative districts. Northern Arcas

and Azad Jammu & Kashmir (Figure 1.1). The discasce status up to 1986 has becn
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reviewed by Munir er al,, (1989).

14.1.1. VISCERAL LEISHMANIASIS.

Visceral leishmaniasis was first reported in Pakistan from Baltistan by Ahmed
et al. (1960). In 1962, Ahmed and Bumey, published detailed accounts of their
investigations in this area. According to the authors most of the cases came from
Kuru, Gwadi and Keris villages situated in the Khapulu valley along the river Shyok
at altitudes between 2300 and 2600 metres above sea level. A total of 23 patients were
diagnosed clinically and on the basis of parasitological and serological findings
Serology was done using the complement fixation test and the aldehyde test. Most of
the cases were children between 4-6 years age group.

As a result of the above survey intensive control measures were undertaken,
involving DDT spraying and mass treatment of cases. The follow up study in 1964 did
not reveal any cases. In 1974 new disease foct were discovered in the Kharmang
valley and a total of 25 cases were recorded which were diagnosed on clinical,
parasitological and serological (complement fixation test and indirect fluorescent
antibody technique) grounds. The subsequent survey in 1975 revealed only 2 cases
from Perkuta (Mehdiabad) and Ghasing in the Kharmong valley (Burney er al.,, 1979)
In 1979 once again an extensive survey of all Baltistan was undertaken and

seroepidemiological assessments made but no cases were found (Burney ¢r al, 1981)

Based on this survey i1t was thought that the disease had been eliminated, but the
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Figure 1.1

Geographical distribution of Leishmaniasis in
Pakistan and AJK
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picture changed when fresh cases of VL started appearing again in the early nineteen
eighties, not only from Baltistan but also from Azad Jammu & Kashmir, an area
previously not known to be endemic. As a response further studies were carried out.

Saleem et al, (1986) published a record of 15 cases of VL diagnosed at the

Armed Forces Institute of Pathology, Army Medical College, and the Military Hospital
at Rawalpindi, between 1983-85. Nine cases were from Azad Jammu & Kashmir, two
from Chilas, one from Abbottabad (NWFP) and three from Rawalpindi. All cases
except one were children under 10 years of age. Diagnosis was confirmed on bone
marrow examination. The subsequent seroepidemiological studies carried out by Rab
et al., (1989) in 280 children residing in the endemic villages of Azad Jammu &
Kashmir however did not reveal a significant level of antibodies (/FAT ritre 1:40).
These authors also cultured parasites from a bone marrow biopsy obtained from one
male patient (2 years old) from Murree (Rawalpindi) admitted in a hospital at
Islamabad and the parasites were typed by 1soenzyme characterizatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>