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Acta Tropica 35, 297-313 (1978)

Department of Zoology and Applied Entomology. Imperial College. London, England

Recent advances and outstanding problems in the biology
of phlebotomine sandflies

A review
R. KILLICK-KENDRICK

Summary

All aspects of the biology of sandflies suffer from a greater or lesser degree
of neglect which is explained partly by the special difficulties of studying these
small nocturnal flies in the field, and partly by the dearth of functional laborat-
ory colonies. With recent advances in colonization of vector species, rapid
progress 1s likely in the near future. Although the problems of rearing sandflies
are not yet solved. closed colonies of three species have recently been estab-
lished at new centres in Britain, France, the USA and Brazil.

The most important aspect of the biology of a sandfly is whether or not it is
a vector of leishmaniasis. The role as vectors of most of the 52 species or sub-
species of sandflies thought to transmit leishmaniasis to man requires confirma-
tion.

Genetics of sandflies 1s a most neglected field. but one which will probably
contribute more than any other new study to the solution of the outstanding
problems in the biology of sandflies and the transmission of leishmaniasis to
man.

Other aspects with outstanding problems include: 1. the physiology of
blood digestion: 2. the potential of sandflies to develop resistance to insecti-
cides: 3. the behaviour of sandflies in the field with special reference to (a)
dispersion, (b) sources of plant sugars taken by sandflies, (¢) factors which
stimulate sandflies to seek a bloodmeal, bite and engorge, and (d) the choice of
vertebrate hosts as revealed by bloodmeal analyses; 4. population dynamics
and ecology with special reference to autogeny, diapause, longevity and age
grading.

Key words: Phlebotomus; Lutzomyia; Leishmania; leishmaniasis; sandfly
biology.

Correspondence: Dr. R. Killick-Kendrick, Medical Research Council External Staff. Imperial
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Introduction

The selection by WHO of leishmaniasis as one of the diseases of the Special
Programme is leading to increasing interest in phlebotomine sandflies, the only
known vectors of the various forms of the leishmaniases. As with all large
groups of insects of economic importance, the initial work on sandflies was
mainly the description of new species and the systematics of the subfamily
(Phlebotominae) into which they are grouped. This phase of the work is not yet
complete: new species are still being discovered in the Neotropics, and the
classification 1s by no means stable (see Lewis et al., 1977). Attention is, never-
theless, being turned progressively towards the biology of sandflies partly
because, with sufficient background knowledge, leishmaniasis can be controlled
in some places by attacks on the vector, and partly because the evolution, beha-
viour and ecology of members of this undoubtedly old group of haematopha-
gous insects are of interest in their own right.

Knowledge of the biology of sandflies i1s fragmentary and is mainly based
on observations on one or other of the few better studied species. It is then
tempting to assume that the biology of less well known sandflies is the same, an
assumption fraught with error. The diversity of sandflies is, therefore, the back-
cloth against which generalizations made 1in the present paper must be viewed.

Two factors other than the problems of taxonomy which have contributed
to the comparative neglect of the study of the biology of sandflies are, firstly, the
difficulties of establishing truly functional colonies in the laboratory and,
secondly, the specialized techniques required to study these small nocturnal
insects in the field.

In considering the biology of the known or suspected vector species, special
attention should be paid to any facet which suggests specialization, e.g. strong
preference for a particular vertebrate as a source of blood: a preferred source of
sugar; or marked dependence on specialized larval-breeding or adult-resting
sites. New methods of reducing the numbers of a target species by changing the
habitat may then present themselves. Specialized species of sandflies dependent
on particular habitats or hosts are more vulnerable than less specialized species
which are generally widely distributed and flourish in diverse habitats.

Incrimination of vector species

From the medical point of view, the most important aspect of the biology
of a sandfly 1s whether or not it transmits leishmaniasis to man. In the control of
sandflies, the first step is to determine the target species, and the second is to
discover enough of its biology to mount an economical and effective attack.

In Tables 1 and 2 are listed 52 species or subspecies of sandflies known or
suspected to be vectors of leishmaniasis. Two of the most recently incriminated
species are Phlebotomus saheliin India (Kalra and Lewis, 1975) and Lutzomyia
umbratilis in Brazil (Lainson et al., 1976; Ward and Fraiha, 1978). In addition,
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overwhelming evidence of the role of Lu. flaviscutellata as the vector of Leish-
mania mexicana amazonensis in the Amazon Basin has been presented (Ward et
al., 1973, 1978), and experimental transmissions of Le. donovani chagasi by the
bite of Lu. longipalpis have removed any doubts of the part played by this fly in
the transmission of visceral leishmaniasis in Brazil (Lainson et al., 1977). In the
Old World, the strong epidemiological evidence of the role of P. ariasi as a
vector of Le. donovani infantum in southern France west of the Rhone (Rioux et
al., 1969) has been augmented by the demonstration of the complete life cycle
of the parasite in the fly (Rioux et al., in press).

Many of the vectors listed in the tables cannot unequivocably be said to
transmit leishmaniasis. In some instances, the sole evidence appears to be that a
suspect species 1s the most abundant man-biting sandfly in an endemic area, or
unidentified flagellates have been found in the gut of a wild-caught fly, and the
complete life cycle and transmission of Leishmania by bite has been demon-
strated for only a few sandfly-parasite combinations. There is. therefore. a need
to prove beyond reasonable doubt which of the suspected vectors are truly
responsible for transmission. For this, it should be shown that promastigotes
isolated from individual wild-caught flies are the same as those cultured from
man, and that isolates of local parasites will complete their development in the
suspected vector with migration of the parasites into the head and proboscis of
the fly. In the Old World, complete development in a fly is strong evidence of'its
capacity to transmit the parasite, but in the New World the full life cycle of
some species of Leishmania is easily demonstrable in sandflies which, because
of their distribution or ecology, are known not to be natural vectors (see Killick-
Kendrick, in press). In Latin America, therefore, lack of development in a fly 1s
evidence that it is unlikely to transmit a given parasite in nature, but full devel-
opment cannot be considered to be unquestionable proof of the role of a fly as a
vector. Similarly, whereas experimental transmission of an Old World species
of Leishmania by a local sandfly is strong evidence that the fly can transmit the
parasite in nature, in the New World the same weight cannot be given to similar
experimental results.

Recent observations on the life-cycles of several Leishmania species in
sandflies have confirmed and extended earlier findings (Killick-Kendrick et al.,
1974, 1977a, ¢, d: Molyneux et al., 1975, 1977; Lainson et al., 1977a, b; Ward et
al., 1978: Rioux et al., in press). These observations are reviewed in detail else-
where (Killick-Kendrick, in press) but the principal conclusions pertinent to the
incrimination of vectors are summarized here. Firstly. there is new evidence to
support the view that the life-cycles of all mammalian (and some saurian)
leishmaniae culminate in the migration of parasites to the proboscis of the fly
and that transmission takes place when these morphologically characteristic
forms are deposited in the skin as an infected fly engorges: an old idea that
transmission is by parasites regurgitated from the oesophageal valve no longer
seems tenable. Secondly, although the life-cycles of most species of Leishmania
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are complete within a single ovarian cycle of the fly, and parasites may therefore
be transmitted at the first bloodmeal after an infective feed, the development of
some (Le d. donovani and some strains of L. d. infantum) is not complete until
after the second bloodmeal: the full life cycles of these and possibly other para-
sites are not demonstrable in the laboratory if captive flies do not survive ovipo-
sition. Thirdly, parasites of the braziliensis group (sensu Lainson and Shaw,
1972) uniquely colonize the pylorus and ileum of the fly before spreading for-
wards to the oesophageal valve, pharynx, cibarium and mouthparts: in wild-
caught flies, therefore flagellated forms of Leishmania posterior to the midgut of
sandflies which feed on mammals may, on present evidence. be assumed to
belong to the braziliensis group. Fourthly, in the oesophagus, pharynx and
cibarium of the sandfly all species of mammalian Leishmania appear to be
small rounded, sessile flagellates (paramastigotes) which are not easily seen in
fresh preparations: infections in this site are strong evidence that a wild-caught
fly is a vector, and stained smears of pharynges thought possibly to be infected
should be prepared to confirm the presence of parasites.

Colonization

In the past eight years, considerable progress has been made in the colon-
1zation of sandflies. A distinction must be made between rearing sandflies for
only a few generations. and the establishment of a colony regularly producing
enough flies for experimental work. Most of the newly established colonies are
in the second category. They have proved invaluable in studies on the life-cycles
and transmission of leishmaniae but, with few exceptions (e.g. Johnson and
Hertig, 1961: Foster et al., 1970; Ward, 1974b; Chaniotis, 1974. 1975:
Gemetchu, 1976:; Ready, 1977). studies on the biology of colonized flies have
hardly begun.

The principal recent advances may be summarized as follows. Foster et al.
(1970) reported the successful colonization of P. longipes from Ethiopia and, in
the following year, Gemetchu (1971) showed the value of desiccated liver pow-
der as a food for the larvae of this sandfly; he later (1976) published full details
of his methods of maintaining a colony of P. longipes. Liver powder has been
found to be an ideal food for the larvae of some other colonized species, but is
not suitable for all (Killick-Kendrick, 1973: Ward and Killick-Kendrick, 1974).
Christensen (1972) in Panama, founded colonies of Lu. vespertilionis and Lu.
irinidadensis and described a new container for holding adult flies. In 1972,
Killick-Kendrick et al. (1972, 1977b) established a closed colony of Lu. longipal-
pis from Brazil in England which, eight years later, is in the 47th generation. No
signs of reduced vitality have been detected, and more than 1.000 flies are
readily produced each generation. Innovations which raised productivity in-
clude methods of maintaining gravid females, which improved numbers of eggs
laid, and the use of snap-top containers for the control of water in larval pots. A
line of this colony is now established in the Department of Tropical Medicine,
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Letterman Army Institute of Research, San Francisco, USA (Rutledge et al.,
1976a).

A highly productive colony of another strain of Lu. longipalpis from Brazil
was founded by Ward and Lainson at the Instituto Evandro Chagas, Belém,
Brazil (Ward. 1974a, b). More recently, Ward (1977) has, for the first time,
succeeded in colonizing Lu. flaviscutellata in the same Institute. In a study of
Lu. trapidoi in Panama, Chaniotis (1975) described modifications in methods of
culture which show promise in the colonization of other difficult sylvatic species.

New colonies of P. perniciosus have been bred at the Faculty of Medicine,
Montpellier, France: the addition of dried Daphnia to larval food composed of
soil, faeces and leaf litter was found to improve larval survival (Ready and
Croset, 1977). In Brazzaville, Trouillet (1976) is currently studying the coloniza-
tion of several African sandflies which can be reared by the methods used for
Lu. longipalpis.

Species of sandflies which have been bred in good numbers as closed
colonies for more than ten consecutive generations include: P. argentipes,
P. papatasi, Lu. longipalpis, Lu. sanguinaria, Lu. gomezi and Lu. flaviscutellata.
Others which could almost certainly be reared with similar success are: P. lon-
gipes, P. perniciosus, Lu. vespertilionis and Lu. trinidadensis. Unsuccessful at-
tempts have been made to found colonies of P. perfiliewi, P. ariasi, Sergento-
myia bedfordi, Lu. lainsoni and Lu. wellcomei (references in Killick-Kendrick et
al., 1977b).

Laboratory colonies of sandflies are labour intensive and, therefore, ex-
pensive. There is a need for mass-rearing methods which do not require daily
attention to larvae. The methods used by Ready and Croset (1977) to rear
P. perniciosus show that such developments are possible.

Some outstanding problems inhibiting progress may be solved by informa-
tion gathered in field studies. The principal difficulties are:

Death at oviposition. Death of colonized females at oviposition hampers
experiments in which transmission by bite is attempted, and reduces the pro-
ductivity of colonies.

Losses of larvae. More work on larval habitats and food in the field would
help in improving methods of rearing larvae in the laboratory. Death of larvae
in colonies 1s a major source of loss.

Diapause of larvae or eggs. Holarctic sandflies with the exception of
P. papatasi have seldom been established as functional closed colonies largely
because of winter diapause as 4th instar larvae or, uncommonly in the Old
World, as eggs.

Engorgement of females. Females of some species cannot easily be per-
suaded to take bloodmeals in the laboratory. If the stimuli which trigger host-
finding, biting and engorgement were understood, it might become possible to
persuade reluctant females to engorge.
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Digestion of blood

Apart from observations on the formation and structure of the peritrophic
membrane (Feng, 1951: Gemetchu, 1974; Killick-Kendrick et al., 1974) and the
inactivation of complement of the bloodmeal in the midgut (Adler and Theo-
dor, 1926), no work has been done on the physiology of the digestion of blood
by the sandfly. Since the alimentary tract is the microhabitat of Leishmania in
the invertebrate host, the relationships between the parasite and the fly would
be better understood if more were known of the conditions in the gut of the flies
during the whole process of digestion.

There are several outstanding problems which may be illuminated by such
work. The stimuli which lead the parasites to migrate forwards towards the
proboscis of the fly are unknown, as are the reasons for the differing susceptibili-
ties to leishmaniae of sandflies; some appear to be totally insusceptible, while
others are susceptible to some species of parasites but not to others. The unique
but unexplained development of the braziliensis group in the pylorus (hindgut
triangle) of the fly (see Killick-Kendrick et al., 1977d: Lainson et al., 1977b) is
presumably related to the physiology of the gut and the metabolic requirements
of the parasites. Barnet and Suyemoto (1961) suggested that one factor which
might enhance the virulence of a strain of Leishmania may be the particular
species of sandfly transmitting it; if this is shown to be true, the explanation may
lie in differences in the physiology of different species of phlebotomines.

Susceptibility to insecticides

Ward (1977) warned that, although sandflies are known normally to be
highly susceptible to insecticides, prolonged contact might lead to the appear-
ance of resistance. He suggested that regular tests should be made on flies from
areas in which leishmaniasis is endemic.

In Brazil, Falcao (1963) found that Lu. longipalpis from Minas Gerais had
an LDy, 0f 0.55% to DDT and 0.24% to Dieldrin. In 1961, Fedder and Alekseev
(quoted by Perfil’ev, 1968) noted that different species of sandflies vary in sus-
ceptibility to DDT and BHC and that there was resistance of sandflies to chlori-
nated insecticides in some parts of the USSR; this was, however, uncommon
and of little importance in control.

In the light of these observations, there is a need to assess the potential of
sandflies to develop resistance which could cause problems in control cam-
paigns. It is especially important that tests should be made before and after flies
have been under known insecticide pressure.

Behaviour in the field

Many aspects of the behaviour of sandflies in the field are inadequately
studied. There is, in particular, a need to know more about the sylvatic Neotrop-
ical species, the control of which cannot feasibly be undertaken by means of
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msecticides. Five neglected aspects with outstanding problems are discussed
below.

Dispersion. From limited studies on a few species and the manner in which
sandflies are seen to move on short flights, it is known that sandflies seldom
travel great distances (Perfil’ev, 1968). Precise information is, however, lacking
for almost all known or suspected vectors and, most importantly, no work ap-
pears to have been done on dispersal by wind currents. An old report of a single
male specimen of P. perniciosus (the identity of which is not in doubt) on the
island of Jersey (Marett, 1923) suggests that sandflies can be dispersed by wind
(in this instance from the mainland of France).

Information on dispersal is of importance in control campaigns in which
the probability of re-infestation must be assessed. Similarly, in genetical studies,
it may be necessary to judge the degree of geographical isolation of two ap-
parently similar populations. Since sandflies are easily marked with fluorescent
powders (references in Killick-Kendrick et al., 1978) which probably persist for
life, there are no technical limitations on studies on movement. Attention must,
however, be paid to the type of terrain and to the meteorological conditions
during the period of observation.

Sugar feeding. As with other haematophagous dipterans. sandflies feed on
plant sugars (Lewis and Domoney, 1966). but neither the frequency with which
sugars are taken nor their sources are known. A possible source which has been
largely overlooked is honeydew of aphids or coccids (Killick-Kendrick, in
press). In preference trials in the laboratory, Chaniotis (1974) showed that Lu.
trapidoi takes fructose or sucrose in preference to other sugars and that survival
and engorgement of this species 1s greatly enhanced by the provision of sugar
(Chaniotis, 1975). Using a simple test devised for mosquitoes (Van Handel,
1972), it was recently demonstrated that almost all female P. ariasi collected
from dogs as the flies sought a bloodmeal contained demonstrable fructose
(Young et al., in press). Presumably the flies take sugar as a source of energy
before dispersing to seek blood. Ashford (1974) reported that some Ethiopian
species of sandflies appear to take plant juices by piercing the leaves of plants.
Observations by Ready (1977), however, suggest that sugars are probably sim-
ply sucked up, and not taken by piercing with the mouthparts.

The relevance of sugar taking by sandflies in the epidemiology of leishma-
niasis 1s twofold. Firstly, possible preferences by a sandfly for particular plants
may restrict its distribution, and thus the distribution of the parasite it trans-
mits. Secondly, the types of sugars and the frequency with which they are taken
by a particular species may be a factor in the insect’s ability to transmit leishma-
niasis. Promastigotes require carbohydrate for their development, and after the
bloodmeal is digested and passed, plant sugars may be essential for survival of
the parasites. The well-known finding by workers in India that letting sandflies
feed on raisins was the key to the successful transmission of Leishmania d.
donovani by the bite of experimentally infected P. argeniipes (see review by
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Killick-Kendrick, in press), suggests that plant sugars may influence the an-
terior migration of parasites to the head and proboscis of the vector.

Host-finding and feeding stimuli. The stimuli which attract sandflies to a
vertebrate host. trigger biting and lead to engorgement have not been well
studied, although a few incidental observations point the way to new work. In
persuading Lu. longipalpis to engorge on tiny lesions on hamsters infected with
Le. b. braziliensis, it was found that flies could be “conditioned” to take a blood-
meal by narcotizing them with CO,, removing them at once from the gas and
permitting them to recover in the dark (Killick-Kendrick et al., 1977c¢). Flies left
for more than several minutes in CO, became over-stimulated and seldom took
blood. Chaniotis (1975) reported that female Lu. trapidoi would rarely engorge
in the laboratory unless they had been previously provided with a sugar solu-
tion.

Ready (1977) showed that, unexpectedly. the addition of ATP to fluids
taken by Lu. longipalpis through a chick membrane appeared not to enhance
engorgement.

Bloodmeal analvses. In spite of the comparatively small size of the blood-
meal taken by sandflies, it is possible to identify bloodmeals and thus determine
the range of possible reservoir hosts on which a population feeds, and to show
degrees of anthropophily (e.g. Tesh et al.. 1951, 1952: Zivkovi¢ et al.. 1971). An
outstanding example of such work was recently published in which 1t was shown
that P. argentipes in India which, until recently, appeared to have been largely
controlled by spraying against mosquitoes, had re-acquired man-biting habits
(Das et al., 1976). It was correctly predicted that this could lead to a new epi-
demic of kala azar.

The preferred hosts of only few known or suspected vectors have been
studied by bloodmeal analyses, and more work is needed. A recently published
latex agglutination method for the identification of the small bloodmeals of
Culicoides (Boorman et al., 1977) may be of use with sandflies.

Oviposition and larval breeding sites. Information on the behaviour of sand-
flies at oviposition would be invaluable in attempts to keep females alive after
laying eggs in the laboratory and thus forge models of transmission by bite. a
valuable technique to challenge laboratory animals or human volunteers given
experimental vaccines or prophylactic drugs.

In the laboratory, most gravid females lay eggs and die either as they lay or
shortly afterwards. In nature, where more than one gonotrophic cycle is consid-
ered normal (Dolmatova, 1942), it is possible that eggs are laid one by one over
a comparatively wide area: this is suggested by an incidental observation by
Foster et al. (1970) who found that survival at oviposition and the numbers of
eggs laid by P. longipes were improved when gravid females were held in a large
holding cage (1 X2 m” in size).

Natural larval breeding sites are in damp soil, humus or leaf litter. Precise
information on the exact places is, however, inadequate and any possibility of
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controlling sandflies by destroying their larvae can rarely be considered. In
recent work on the forest flies of Panama, in which soil emergence traps were
used, larval breeding sites were demonstrated of 13 species, 10 of which were
previously unknown. In this habitat, it was concluded that control measures
aimed at larvae were not feasible (Rutledge and Ellenwood, 1975a, b, ¢). In
other instances, however, alterations in the habitat which change larval breed-
ing sites (e.g. drainage or selected felling of trees) might be found to reduce the
population of sandflies.

Population dynamics and ecology

Long-term studies on the population dynamics of a vector species are of
inestimable value in planning a control strategy. The number of annual genera-
tions and population peaks (when transmission of leishmaniasis 1s most prob-
able) determine the most effective time to mount an attack.

Following classical work in the USSR, and stimulated by the concept of
landscape epidemiology (Pavlovsky. 1966), Rioux et al. (1969) undertook a
penetrating study of the ecology of sandflies in France west of the Rhone. A
wide variety of the techniques used in observations on the dynamics of sandfly
populations are described in detail in their monograph. Other notable contribu-
tions during the past ten years were by Disney (1968) and Williams (1970) in
Belize: by Shaw and Lainson (1972), Shaw et al. (1972), Ward et al. (1973) and
Lainson et al. (1973) in Brazil; and Rutledge et al. (1976b) in Panama.

Four of the more neglected facets of studies on population dynamics and
ecology are discussed below.

Autogeny. Although perhaps less common than in mosquitoes, autogeny in
sandflies has been reported for some species (e.g. Johnson, 1961: Schmidt, 1965)
and suspected for others (Lewis et al. 1970); an ability to produce eggs without a
bloodmeal is of obvious importance in population dynamics (Lewis, 1971). The
frequency of autogeny in species established in the laboratory should always be
observed and attempts be made to breed autogenous lines similar to a colony of
Lu. gomezi selected by Johnson (1961). This would provide material for further
study.

Diapause. In temperate countries, sandflies overwinter as eggs or larvae.
Similarly, diapause of one or other of these stages is probably the means by
which many tropical sandflies survive periods of drought or heavy rain (Ward
and Killick-Kendrick, 1974). Johnson and Hertig (1961), working with labora-
‘tory colonies of Panamanian sandflies, believed that lack of water was a possible
reason for quiescence of larvae, but their observations are best interpreted as
arrested development rather than as true diapause which would not be imme-
diately reversible by the provision of water. Ready (personal communication)
has recently concluded a short study of diapause of P. ariasi and P. perniciosus
undertaken at the Faculty of Medicine, Montpellier, in which, in addition to
temperature, the photoperiod experienced by adult females was found to be an
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important factor in initiating diapause of 4th instar larvae developing from
their eggs. No similar studies have been undertaken with other species.

Longevity of adult sandflies. The longevity of sandflies probably varies from
species to species. Although death at oviposition is invariable in the laboratory.
it is obviously not usual for vector species (Dolmatova, 1942) which must feed at
least a second time to transmit an infection. There are no data on the age struc-
ture of populations of sandflies in nature, and the life expectancy of sandflies
cannot, therefore, be calculated.

There is reason to suppose that infections of some species of Leishmania
may be pathogenic to sandflies and thus shorten their life (Molyneux et al.,
1977), although only one comparison of the longevity of infected and uninfect-
ed flies appears to have been made in the laboratory (Alekseev et al., 1975). In
mark-release-recapture studies of P. ariasi in the south of France (Rioux et al.,
in press), it was recently found that sandflies infected with Le. d. infantum can
survive in nature for at least 29 days: this period represents 3 or 4 gonotrophic
cycles depending upon the ambient temperature. The longevity of uninfected
P. ariasi in nature i1s not known.

Alekseev (in Perfil’ev, 1966) suggested that infections of Leishmania may
actually benefit sandflies, but more recent work suggests the contrary. From
field observations, Ashford et al. (1973) believed that Le. aethiopica was patho-
genic to P. longipes. Molyneux et al. (1977) postulated that leptomonads may
penetrate the midgut epithelium. and thus damage the sandfly. In ultrastruc-
tural studies on Le. b. braziliensis in a Brazilian vector, Lutzomyia wellcomel,
Killick-Kendrick et al. (1977a) found promastigotes in the gut cells of the fly
and noted that the cells appeared damaged. Double infections of two species of
Leishmania, one mammalian and one saurian, were found by Alekseev et al.
(1975) to kill artificially fed P. papatasi and Sergentomyia murgabiensis; in
particular, each of these flies seemed most adversely affected by the parasite not
normally transmitted by it in nature.

There are several accounts of the behaviour of infected sandflies at a poten-
tially infecting feed which show that, when heavily infected, flies appear to find
it difficult to engorge, and tend to probe many times before either taking a small
meal or not feeding at all. This behaviour perhaps explains occasional clusters
of Le. tropica lesions of the same size which are presumed to be the result of one
infected fly probing several times. Killick-Kendrick et al. (1977¢) postulated
that parasites obscuring the cibarial sensilla interfere with full engorgement.
Multiple probing by such an inhibited fly could increase the number of times
parasites were transmitted.

In any attempt to create a mathematical model of the epidemiology of
leishmaniasis, it 1s essential to know the life expectancy of sandflies, particularly
those which are carrying leishmaniae, and to determine the number of gono-
trophic cycles. Differences between various combinations of fly and parasite can
confidently be predicted.
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Age grading. There is no reliable rapid method of estimating the age and
parous state of sandflies. Dissection of ovaries 1s difficult and slow, and 1s of little
practical value when dissecting large numbers of wild-caught flies in searches
for natural infections of Leishmania. In practice, therefore, it is not possible to
determine the proportion of infected parous flies.

Recognition of parous flies by the presence or absence of granules in the
accessory glands is said to be possible with some species (references in Chaniotis
and Anderson, 1967; see also Lewis et al., 1970), but doubt is cast on the
reliability of this method by laboratory studies on P. longipes (Foster et al.,
1970), Lu. longipalpis (Ward, 1974a) and sandflies of northern California
(Chaniotis and Anderson, 1967).

Ashford (1974) noted that in 0.7% saline parous flies tended to sink, and
nulliparous flies to float. This method may be useful and should be further
investigated.

Genelics

The genetics of sandflies is a neglected subject. Studies were presumably
delayed by a dearth of laboratory colonies. White and Killick-Kendrick (1975)
demonstrated giant polytene chromosomes in the salivary glands of 4th instar
larvae of Lu. longipalpis and, although the chromosomes were fragile, it was
concluded that their patterning was differentiated well enough to be of use
cytotaxonomically. Ward and Killick-Kendrick (in White and Killick-Kendrick,
1975) crossbred two lines of Brazilian Lu. longipalpis, one from a peridomestic
habitat in N.E. Brazil and the other from a cave in Minas Gerais, Brazil, and
found they were reproductively compatible and therefore probably conspecific.

Of all aspects of the biology of sandflies a study of their genetics is the most
likely to produce results of widespread significance. There may be sibling spe-
cies varying in their roles as vectors, or there may be differing susceptibilities to
Leishmania between different populations of the same species. Differences in
behaviour of apparently the same species in different parts of its distribution
sometimes suggest why leishmaniasis 1s absent from some places where a
known vector is prevalent. P. argentipes, the vector of kala azar in India, 1s
abundant in Sr1 Lanka where the disease is absent. In the latter country the fly is
not anthropophilic. Interestingly, minor morphological differences of the two
populations have been noted (Lewis and Killick-Kendrick, 1973), and a geneti-
cal analysis would clearly be revealing. Other widespread species which are
known to inhabit differing habitats in various parts of a wide geographical
range (e.g. Lu. longipalpis, P. papatasi) should be similarly examined.

A study of the genetics of sandflies 1s likely to throw light on all aspects of
the biology of sandflies, including differences in host preferences and breeding
sites, vector potential, choice of resting places, ease of colonization, and suscep-
tibility to insecticides — all subjects with outstanding problems.

309



Acknowledgments. 1 acknowledge with thanks financial support from the Medical Research

Council, London: INSERM. Paris: and WHO, Geneva. — This review 1s a revised version of a
working paper presented at the first meeting of the WHO Scientific Working Group on Leish-
maniasis.

1

2

6

12

13

20

Adler S. Theodor O.: The mouthparts, alimentary tract and salivary apparatus of the female in
Phlebotomues papatasi. Ann. trop. Med. Parasit. 20, 109-142 (1926).

Alekseev N. A, Safjanova V. M., Karapetian A. B.: On the viability of sandflies (Diptera.
Psychodidae. Phlebotominae) after infection with promastigotes of different species of Leish-
mania. Parazitologiya 9, 271-277 (1975). (In Russian.)

Ashford R, W.: Sandflies (Diptera: phlebotomidae) from Ethiopia: taxonomic and biological
notes. J. med. Ent. //, 605-616 (1974).

Ashford R. W., Bray M. A., Hutchinson M. P., Bray R. S.: The epidemiology of cutancous
leishmaniasis in Ethiopia. Trans roy. Soc. trop. Med. Hyg. 67, 568-601 (1973).

Barnet H. C., Suyemoto W.: Field studies on sandfly fever and kala-azar in Pakistan, in Iran and
in Baltistan (Little Tibet) Kashmir. Trans N.Y. Acad. Sci.. Series 2. 23, 609-617 (1961).
Boorman J.. Mellor P. S.. Boreham P. F. L., Hewett R. S.: A latex agglutination test for the
identification of blood-meals of Culicoides (Diptera: Ceratopogonidae). Bull. ent. Res. 67, 305-
311 (1977).

Carnevali M., Scorza I. V.: Infeccion experimental de Lutzomyia townsendi (Ortiz, 1959) con
una cepa venezolana de Leishmania braziliensis. Bol. Direcc. Malariol. y San Amb. 76, 333-343
(1977).

Chaniotis B. N.: Sugar-feeding behavior of Lurzomyia trapidoi (Diptera: Psychodidae) under
experimental conditions. J. med. Ent. 7/, 73-79 (1974).

Chaniotis B. N.: A new method for rearing Lurzomyia rapidei (Diptera: Psychodidae). with
observations on its development and behavior in the laboratory. J. med. Ent. /2, 183-188 (1975).
Chaniotis B. N., Anderson J. A.: Age structure. population dynamics and vector potential of
Phlebotomus in Northern California. Part 1. Distinguishing parous from nulliparous flies. J.
med. Ent. 4, 251-254 (1967).

Chaniotis B. N., Correa M. A.. Tesh R. B., Johnson K. M.: Horizontal and vertical movements
of phlebotomine sandflies in a Panamanian forest. J. med. Ent. 7/, 369-375 (1974).
Christensen H. A.: Colonization of Lutzomyia trinidadensis and L. vespertilionis (Diptera: Psy-
chodidae). Ann. ent. Soc. Amer. 65, 683686 (1972).

Das S., Boreham P. F. L., Bhattacharya N. C.. Sen Gupta P. C.: Prevalence and blood meal
sources of Phlebotomus argentipes in West Bengal in 1972-73. Indian J. med. Res. 64, 1307-1313
(1976).

Disney R. H. L.: Observations on a zoonosis: leishmaniasis in British Honduras. J. appl. Ecol. 5,
[-59 (1968).

Dolmatova. A. V.: Life cycle of Phlebotomus papatasi (Scopoli). Med. Parazit. (Mosk.) /17, 32-70
(1942). (In Russian.)

Falcdo A. R.: Susceptibilidade ao DDT e ao Dieldrin de uma populagio nomal de Phlebotomus
longipalpis de Minas Gerais, Brasil. Rev. bras. Malar. /5, 411-415 (1963).

Feng L. C.: The role of the peritrophic membrane in Leishmania and trypanosome infections of
sandflies. Peking nat. Hist. Bull. 79, 327-334 (1951).

Foster W. A, Tesfa-Yohannes R. M., Tesfai Tacle: Studies on leishmaniasis in Ethiopia. II.
Laboratory culture and biology of Phlebotomus longipes (Diptera: Psychodidae), Ann. trop.
Med. Parasit. 64, 403-409 (1970).

Gemetchu T.: Liver and yeast as larval diets in colonization of a sandfly (Phlebotomus longipes).
Trans roy. Soc. trop. Med. Hyg. 63. 682-684 (1971).

Gemetchu T.: The morphology and fine structure of the midgut and peritrophic membrane of
the adult female. Phleboromus longipes Parrot and Martin (Diptera: Psychodidae). Ann. trop.
Med. Parasit. 68, 111-124 (1974).

310



21

22

23

24

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Gemetchu T.: The biology of a laboratory colony of Phlebotomus longipes Parrot and Martin
(Diptera: Psychodidae). J. med. Ent. /2. 661671 (1976).

Johnson P. T.: Autogeny in Panamanian Phlebotomus sandflies. Ann. ent. Soc. Amer. 54, 116—
118 (1961).

Johnson P. T., Hertig M.: The rearing of Phlebotomus sandflies (Diptera: Psychodidae). II.
Development and behaviour of Panamanian sandflies in laboratory culture. Ann. ent. Soc.
Amer. 54, 764-T776 (1961).

Kalra N. L., Lewis D. J.: The identity of the probable vector of Leishmania tropica among
rodents in India. Trans. roy. Soc. trop. Med. Hyg. 69, 522 (1975).

Killick-Kendrick R.: Colonization of sandflies (abstract). Proc. 9th Int. Congr. Trop. Med.
Malar. Athens, Oct. 14-21, 1973, vol. 1, p. 144.

Killick-Kendrick R.: Biology of Leishmania in phlebotomine sandflies. In: Biclogy of Kineto-
plastida, vol. II (ed. by W. H. R. Lumsden and D. A. Evans). Academic Press, London/New
York (in press).

Killick-Kendrick R., Lainson R., Leaney A. J., Ward R. D., Shaw J. J.: Promastigotes of L. b.
braziliensis in the gut wall of a natural vector, Psychodopygus wellcomei. Trans. roy. Soc. trop.
Med. Hyg. 7. 381 (1977a).

Killick-Kendrick R., Leaney A. J., Ready P. D.: A laboratory culture of Lutzomyia longipalpis.
Trans. roy. Soc. trop. Med. Hyg. 67, 434 (1973).

Killick-Kendrick R.. Leaney A.J., Ready P. D.: The establishment, maintenance and productiv-
ity of a laboratory colony of Lutzomyia longipalpis (Diptera: Psychodidae). J. med. Ent. /3, 429-
440 (1977b).

Killick-Kendrick R., Leaney A. J., Ready P. D.. Molyneux D. H.: Leishmania in phlebotomid
sandflies. IV. The transmission of Leishmania mexicana amazonensis to hamsters by the bite of
experimentally infected Lutzomyia longipalpis. Proc. roy. Soc. B 196, 105-115 (1977¢).
Killick-Kendrick R.. Leaney A. J., Rioux J. A., Turner D. P., Young C. J., Lanotte G.: Marking
sandflies with fluorescent powders. Symp. Proc. Med. Ent. Symp., p. 132. Roy. Soc. trop. Med.
Hyg.. London 1978.

Killick-Kendrick R., Molyneux D. H., Ashford R. W.: Leishmania in phlebotomid sandflies. 1.
Modifications of the flagellum associated with attachment to the mid-gut and oesophageal valve
of the sandfly. Proc. roy. Soc. B /87, 409-419 (1974).

Killick-Kendrick R., Molyneux D. H., Hommel M., Leaney A. J.. Robertson E. S.: Leishmania
in phlebotomid sandflies. V. The nature and significance of infections of the pylorus and ileum
of the sandfly by leishmaniae of the braziliensis complex. Proc. roy. Soc. B /98, 191-199 (1977d).
Lainson R.. Shaw J. J.: Leishmaniasis of the New World: taxonomic problems. Brit. med. Bull.
28, 44-48 (1972).

Lainson R., Shaw J. J.: Epidemiological considerations of the leishmanias with particular
reference to the New World. In: Ecology and physiology of parasites (ed. by A. M. Fallis). p. 21—
57. Holger. London 1971.

Lainson R.. Shaw J. J., Ward R. D., Fraiha H.: Leishmaniasis in Brazil: IX. Considerations on
the Leishmania braziliensis complex: Importance of sandflies of the genus Psvchodopygus (Man-
gabeira) in the transmission of L. braziliensis braziliensis in North Brazil. Trans. roy. Soc. trop.
Med. Hyg. 67, 184-196 (1973).

Lainson R., Ward R. D., Shaw J. J.: Cutaneous leishmaniasis in North Brazil: Lutzomyia
anduzei as a major vector. Trans. roy. Soc. trop. Med. Hyg. 70, 171-172 (1976).

Lainson R.. Ward R. D.. Shaw J. J.: Experimental transmission of Leishmania chagasi, causative
agent of neotropical visceral leishmaniasis, by the sandfly, Lurzomyia longipalpis. Nature
(Lond.) 266, 628-630 (1977a).

Lainson R.. Ward R. D.. Shaw I. J.. Leishmania in phlebotomid sandflies. VI. Importance of
hindgut development in distinguishing between parasites of the Leishmania mexicana and L.
braziliensis complexes. Proc. roy. Soc. B /99, 309-320 (1977b).

Lainson R.. Shaw J. I.: The role of animals in the epidemiology of South American leishmania-

Acta Tropica 1978 3 l 1



41
42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

sis. In: Biology of Kinetoplastida, vol. 2 (ed. by W. H. R, Lumsden and D. A. Evans). Academic
Press. London/New York (in press).

Lewis D. J.: Phlebotomid sandflies. Bull. Wid Hlth Org. 44, 535-551 (1971).

Lewis D. I.: The biology of Phlebotomidae in relation to leishmaniasis. Ann. Rev. Ent, /9, 363—
384 (1974).

Lewis D. J., Domoney C. R.: Sugar meals in Phlebotominae and Simuliidae. Proc. roy. ent. Soc.
Lond. A 4/, 175-179 (1966).

Lewis D. J., Killick-Kendrick R.: Some phlebotomid sandflies and other Diptera of Malaysia
and Sri Lanka. Trans. roy. Soc. trop. Med. Hyg. 67, 4-5 (1973).

Lewis D. J., Lainson R.. Shaw J. J.: Determination of parous rates in Phlebotomine sandflies
with special reference to Amazonian species. Bull, ent. Res. 60, 209-219 (1970).

Lewis D. J., Young D. G., Fairchild G. B., Minter D. M.: Proposals for a stable classification of
the Phlebotomine sandflies (Diptera: Psychodidae). Syst. Ent. 2, 319-332 (1977).

Marett P. J.: A note on the capture of a Phlebotomus perniciosus & in Jersey, C.1. Trans. roy. Soc.
trop. Med. Hyg. 17, 267 (1923).

Molyneux D. H., Killick-Kendrick R., Ashford R. W.: Leishmaniu in phlebotomid sandflies. I11.
The ultrastructure of Leishmania mexicana amazonensis in Lutzomyia longipalpis. Proc. roy. Soc.
B 790, 341-357 (1975).

Molyneux D. H., Lewis D. H., Killick-Kendrick R.: Aspects of the microecology of Leishmania.
In: Ecologie des leishmanioses. Coll. int. CNRS No. 239, p. 31-44 (1977).

Pavlovsky E. M.: Natural nidality of transmissible disease (ed. by N. D. Levine). University of
[llinois Press, Urbana 1966.

Perfilev P. P.: Fauna of the U.S.S.R. Diptera, vol. I11, No. 2. Phlebotomidae (sandflies). Acade-
my of Sciences of the U.S.S.R., new series No. 93. English translation from Russian, Israel
Program for Scientific Translations, Jerusalem 1968.

Ready P. D.: The feeding habits of laboratory-bred Lutzomyvia longipalpis (Diptera: Psychodi-
dae). J. med. Ent. /4, 545-552 (1977).

Ready P. D., Croset H.: Rearing methods for two sandfly species (Diptera: Phlebotomidae)
from the “Midi”, France. Trans. roy. Soc. trop. Med. Hyg. 7/, 384 (1977).

Rioux J.-A., Golvan Y. J., Croset H., Tour S., Houin R., Abonnenc E.. Petitdidier M., Vollahrdt
Y., Dedet J. P.. Albaret J. L., Lanotte G., Quilici M.: Epidemiologie des leishmaniases dans le
sud de la France. Monographie INSERM., N°© 37_ 233 p. Paris 1969.

Rioux J.-A,, Killick-Kendrick R., Leaney A. J.. Turner D. P.. Young C. J., Lanotte G.: Ecology
of leishmaniasis in the south of France. Mark-release-recapture of Phlebotomus ariasi infected
with Leishmania donovani infantum. (In press.)

Rutledge L. C., Ellenwood D. A.: Production of phlebotomine sandflies on the open forest floor
in Panama: the species complement. Environmental Ent. 4, 71-77 (1975a).

Rutledge L. C., Ellenwood D. A.: Production of phlebotomine sandflies on the open forest floor
in Panama: hydrologic and physiographic relations. Environmental Ent. 4, 78-82 (1975b).
Rutledge L. C., Ellenwood D. A.: Production of phlebotomine sandflies on the open forest floor
in Panama: phytologic and edaphic relations. Environmental Ent. 4, 83-89 (1975c).

Rutledge L. C., Piper G. N., Moussa M. A.: Initiation of a neotropical sand fly culture in the U.S.
Mosquito News 36, 200-202 (1976a).

Rutledge L. C., Walton B. C., Ellenwood D. A., Correa M. A.: A transect study of sand fly
populations in Panama (Diptera, Psychodidae). Environmental Ent. 5, 1149-1154 (1976b).
Schmidt M. L.: Autogenic development of Phlebotomus papatasi (Scopoli) from Egypt. J. med.
Ent. 7, 356 (1965).

Shaw J. J., Lainson R.: Leishmaniasis in Brazil: VI. Observations on the seasonal variations of
Lutzomyia flaviscutellata in different types of forest and its relationship to enzootic rodent leish-
maniasis (Leishmania mexicana amazonensis). Trans. roy. Soc. trop. Med. Hyg. 66, 709-717
(1972).

Shaw J. J., Lainson R., Ward R. D.: Leishmaniasis in Brazil: VII. Further observations on the

312



64

65

66

67
68

69

70

71

72

73

74

75

76

77

78

79

80

feeding habaits of Lutzomyvia flaviscutellata (Mangabeira) with particular reference to its biting
habits at different heights. Trans. roy. Soc. trop. Med. Hyg. 66, 718-723 (1972).

Tesh R. B., Chaniotis B. N., Aronson M. D.. Johnson K. M.: Natural host preferences of Pan-
amanian phlebotomine sandflies as determined by precipitin test. Amer. J. trop. Med. Hyg. 20,
150-156 (1971).

Tesh R. B., Chaniotis B. N, Carrera B. R., Johnson K. M.: Further studies on the natural host
preferences of Panamanian phlebotomine sandflies. Amer. J. Epidem. 95, 88-93 (1972).
Trouillet J.: Sergentomyia (Grassomyia) ghesquierei Parrot, 1929 (Diptera, Phlebotomidae).
Etude morphologique des stades préimaginaux et notes bioécologiques. Cah. ORSTOM sér.
Ent. méd. et Parasit. /4. 347-356 (1976).

Van Handel E.: The detection of nectar in mosquitoes. Mosquito News 32, 458 (1972).

Ward R. D.: Granule formation in the accessory glands of a laboratory strain of Lu. longipalpis
(Diptera: phlebotomidae) from Ceara State. Brazil. Trans. roy. Soc. trop. Med. Hyg. 68, 171
(1974a).

Ward R. D.: Studies on the adult and immature stages of some phlebotomid sandflies (Diptera:
phlebotomidae) in Northern Brazil. Ph.D. thesis. University of London, 1974b.

Ward R. D.: New World leishmaniasis: a review of the epidemiological changes in the last three
decades. Proc. 15th int. Congr. Ent., August 19-27, 1976, p. 505-522. Washington, D.C. 1977.
Ward R. D.: The colonization of Lutzomyia flaviscurellata (Diptera: Psychodidae), a vector of
Leishmania mexicana amazonensis in Brazil. J. med. Ent. /4, 469-476 (1977).

Ward R. D., Fratha H.: Lurzomyia umbrarilis, a new species of sand fly from Brazil (Diptera:
Psychodidace). J. med. Ent. 74, 313-317 (1977).

Ward R. D.. Killick-Kendrick R.: Field and laboratory observations on Psychodopygus lainsoni
Fraiha & Ward and other sandflies (Diptera, Phlebotomidae) from the Transamazdnica high-
way, Para State, Brazil. Bull. ent. Res. 64, 213-221 (1974).

Ward R. D., Lainson R.. Shaw J. J.: Further evidence of the role of Lutzomyia flaviscutellata
(Mangabeira) as the vector of Leishmania mexicana amazonensis in Brazil. Trans. roy. Soc. trop.
Med. Hyg. 67, 608-609 (1973).

Ward R. D., Lainson R., Shaw J. J.: Experimental transmission of Leishmania mexicana ama-
zonensis Lainson & Shaw, between hamsters by the bite of Lutzomyia flaviscutellata (Mangabei-
ra). Trans. roy. Soc. trop. Med. Hyg. 77 (in press).

Ward R. D., Shaw J. J., Lainson R., Fraiha H.: Leishmaniasis in Brazil: VIII. Observations on
the phlebotomine fauna of an area highly endemic for cutaneous leishmaniasis, in the Serra dos
Carajas, Para State. Trans. roy. Soc. trop. Med. Hyg. 67, 174—183 (1973).

White G. B., Killick-Kendrick R.: Polytene chromosomes of the sandfly Lurzomyia longipaipis
and the cytogenetics of Psychodidae in relation to other Diptera. J. Ent. A 50, 187-197 (1975).
Williams P.: Phlebotomine sandflies and leishmaniasis in British Honduras (Belize). Trans. roy.
Soc. trop. Med. Hyg. 64, 317-364 (1970).

Young C. J., Turner D. P., Killick-Kendrick R.. Rioux J.-A., Leaney A. J.: The demonstration of
fructose in wild-caught Phlebotomus ariasi (Diptera: Psychodidae). Trans. roy. Soc. trop. Med.
Hyg. 71 (in press).

Zivkovi¢ V., Movsesijan M., Miscevi¢ Z.. Borojevi¢ D.: Detection of the origin of blood meals in
sandflies (Diptera, Psychodidae). Acta vet. (Beogr.) 27, 129-134 (1971).

313






	Recent advances and outstanding problems in the biology of phlebotomine sandflies : a review

