
FIELD AND LABORATORY STUDIES ON NEW ASPECTS
 

OF EPIDEMIOLOGY OF LEISHMANIASIS
 

Final Report on Program Project No. DPE-5544-G-SS-6008-OO(CS-136)
 

- June 1986- - June 1990
 

Submitted by
 

Dr. Yosef ScL sin
 

The Department of Parasitology
 

The Hebrew University - Hadassah Medical School
 

Jerusalem, Israel
 



Addendum
 

It was noticed in the last moment that the last study was
 

erroneously not included in the report. A reprint was attached
 

to ach copy and the number of publications resulting from this
 

project is 10.
 



INTRODUCTION
 

The report summarizes the 9 published papers that resulted from tiie
 

cooperation between the Hebrew University of Jerusalem -nd the International
 

Center of Insect Physiology and Ecology, Nairobi, Kenya, in a project
 

supported by the United States Agency for International Development (see
 

list at the end). The responsible investigators were °r. M.J. Mutinga in
 

Kenya and Dr. Y. Schlein in Israel. The summar9 was divided into studies
 

carried out by the Israeli team (chapters 1 to 5), cooperative work (chapter
 

6), and studies from the Kenyan team (chapter 7). The approach and method in
 

the work described in chapter 7 are based on earlier work of the Israeli
 

team (Schlein and Warburg, 1986. J. Med. Ent. 23:1-15). The two resulting
 

manuscripts were summarized for the Sixteenth Annual Report, 1988, of ICIPE,
 

and this summary was 4ncluded in this report. It should be noted that the
 

order of authors in the joint Israeli-Kenyan publication was decided by
 

Dr. Mutinga.
 

We would like to take this opportunity to express the gratitude of both
 

the Kenyan and Israeli participants in the project, for the generous support
 

of the AID CDR.
 

SCIENTIFIC BACKGROUN-,
 

The subjects of this study are specific and scientists with a broad
 

knowledge of parasitology will not necessarily be acquainted with the 

problematics. Therefore, the summary was extended to include some of the 

background and previous results which are needed for a rational 

presentation. 

The adaptation of the Leishmania parasites to the sandfly is the basic
 

requirement for vector competence. This adaptation is rather strict and
 

in many cases the vectors exhibit various degrees of resistance to
 

infections with Leishmania strains of species other that the one they
 

transmit in nature. This was demonstrated in several experiments with
 

various sandflies and Leishmania species. In the field however, the vector
 

and the adapted pathogen occur together, the vector susceptibility is
 

probably a stable factor which does not cause fluctuations in ti.e incidence
 

of leishmaniasis.
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Another factor in vector competence which apparently tnfluences the
 

entire
epidemiology of leishmaniasis is the diet of the sandfly vector. The 


development of the Leishmania in the vector takes place in the gut and the
 

parasites are therefore permanently in a medium consisting of sandfly food
 

and digestive enzymes. Sandfly diet is determined by its behaviour in the
 

search for food and the local availability of sources. Thus, the only medium
 

of reliable quality for the Leishmania is the infective meal of blood taken
 

with the parasites from the reservoir animals. Subsequent blood meals or
 

sugar meals can vary in their composition and have different effects on the
 

parasites.
 

Accordingly, the main subject of our studies was the effect of sandfly
 

food, either blood or sugar meals, on the Leishmania parasites and the
 

potential of sandfly diet as a factor in the transmission of leishmaniasis.
 

1. Effects of blood meal on the vector potential of Phlebotomus papatasi.
 

The resistance of vectors unable to support the growth and transmission
 

of Leishmania other than the one they transmit naturally has been described
 

several times. However, there has only been one early study (Adler, 1938.
 

Harefuah, 14:1-6) which was aimed at investigating the phenomenon.
 

In the sandfly gut, the levels of proteaser ise after the ingestion of
 

blood and they couldbe effectors of Leishmania selection. We compared the
 

effects of the naturally transmitted L. major and of L. donovani, on the gut
 

enzymes of Phlebotomus papatasi, using gut homogenates of artificially
 

infected flies and uninfected controls as enzyme preparations. The digestion
 

of C 
14. 

labelled globin substrate by preparations from flies fed 24 hrs
 

earlier on serum containing L. major was about a third less that that of
 

controls, while that from flies infected with L. donovani was about one
 

third greater. When added to control homogenate, in vitro, promastigotes of
 

other species promoted proteolysis (Schlein and Romano, 1986. Exp.
 

Parasitol. 62:376-380). Similar preparations of flies fed on rabbit blood
 

were used in further experiments, in which the relative quantity if
 

trypsin-like enzymes was measured at different times after the infective
 

meal (Borovsky and Schlein, 1987).
 

The overall amount of the enzymes in L. major infections was reduced to
 

50% and 34% of the controls, 20 and 30 hrs post-feeding, and increased to
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184% at 52 hrs. The general levels measured for flies infected with
 

L. donovani did not vary considerably from the controls, however, the
 

gel-electrophoresis
quantities of different enzymes that were measured from 


by densitometry were different. The greater effect of L. majar leads to the
 

suggestion that the massive manipulation of gut enzymes by this species
 

vector.
represents its defence mechanism against enzymes of its To
 

was demonstrate that the
substantiate this assumption, it necessary to 


P. papatasi were harmful to L. donovani. This was
trypsin-like enzymes of 


confirmed by adding 1% soybean trypsin-inhibitot to infective meals, which
 

resulted, 3 days later, in 63% of the flies harbouring L. donovani compared
 

to 10% in the control.
 

All the experiments to investigate the fit between vector and pathogen
 

one host, the rabbit. However, there is
were carried out using the blood of 


evidence that the choice of host can also alter vector competence, as shown
 

by tne death of L. major in P. papatasi that fed on turkey before or after
 

the infective meal (Schlein et al., 1983. Acta Tropica, 40:65-70). Chicken
 

blood given 24 hrs following an infective meal of parasites in saline had a
 

similar effect and no parasites were observed in flies dissected 3 days
 

later. As with L. donovani, it appears that trypsin-like enzymes were
 

responsible for the vector's resistance, since the infection succeeded in
 

63% of the flies, when 1% soybean trypsin-inhibitor was added to the chicken
 

blood-meal (unpublished data). According to these results, it appears that
 

even the adaptation of L. major to P. papatasi is limited and it cannot cope
 

with the composition of trypsin-like enzymes elicited in this sandfly by
 

avian blood.
 

2. The development of sandfly forms of Leishmania in sucrose solutions.
 

We have previously shown that Phlebotomus papatasi that had been fed on
 

sucrose solution was capable to transmitting L. major. Since with this diet
 

their cycle it was of interest to
the parasites were able to complete 


observe the effect of sucrose based media on cultured parasites.
 

The dominant form of Leishmania in proteinaceous cultures is the
 

promastigote. In the sandfly the ingested amastigotes develop into elongate
 

g~ve rise to a great number of
promastigotes and in P. papatasi these 


infective promastigotes, paramastigotes, and aflagellates. Paramastigotes
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cultures and were considered
and aflagellates apear in small numbers in 


degenerate. In the sandfly the parasites develop first in medium of the
 

was
 
infective blood mcal and then 	in the subsequent sugar meals. This 

study 


development of the specific sandfly-forms of
 undertaken to -je whether 


to
 
Leishmania can be imitated by exposure of parasites reared 

in NNN medium 


The medium used was sucrose solution alone or in mixture
 
sucrose solution. 


were initially grown in NNN
 
with Ringer's salt solution. The parasites 


of sucrose cultures were taken at different stages of
 medium and starters 


In sucrose solutions L. major

the development of the NNN mother culture.-


to divide and multiply by 38-46%. Paramastigotes and aflagellates
continued 


NNN started
in sucrose medium compared to maximum 15% in
constituted 79% 


lost in sucrose solutions, but it was retained in a
 cultures. Motility was 


In the latter, the parasites

mixture of sucrose and Ringer's solutions. 


exhibited transformation as well as attachment to the substrate followed by
 

thickening of the flagellum. The thickening appeared similar to the
 

hemidesmosomes formed by attachment of the flagellum to the cuticle in the
 

of L. major in sucrose solution
gut of the vector. The transformation 


is apparently similar to the development in P. papatasi.
resembles, and 


It is difficult to study the Leishmania forms in the sandfly as the
 

infection of flies and harvesting of the parasites are complicated and the
 

sucrose
number of parasites obtained finally w3uld be limited. By growing in 


is possible to obtain greater numbers of parasites and to study
medium it 


the particular traits of the stages occurring in the sandfly vector.
 

by feeding on sprayed coloured sugar
3. MarkinE of Phlebotomus 	papatasi 


baits.
 

There is no information on the actual sources of natural sugar meals of
 

sandflies, except for the observation that in the laboratory P. papatasi
 

of honeydew (Schlein
feeds selectively from plants and on aphid secretion 


1986. J. Med. Ent. 23:1-15). This sandfly-plant interaction
and Warburg, 


suggested the possibility of marking the flies by feeding them on dyed-sugar
 

baits in the field, assuming that the sprayed baits would compete with
 

naturally available sources of food.
 

occurs in great numbers in the burrows of the sand-rat
P. papatasi 


Psammomys obesus in the endemic focus of leishmaniasi.s in the Jordan Valley.
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We sprayed sugar solution mixed with 1% food dye on plants in a limited area
 

around the rodent colonies and the flies were afterwards caught with CDC
 

light traps. The dye marked an average of 25.9%, 50% and 32.9% the
of 


P. papatasi caught respectively after the 1st, 3rd and 6st night following
 

spraying.
 

4. Dispersal of the Phlebotoius papatasi in the Jordan Valley.
 

cutaneous
The sandfly Phlebotomus papatasi is the main vector of 


where it enjoys a close ecological
leishmaniasis in the Jordan Valley, 


relationship with the main reservoir host of the disease, the burrow
 

Psammomys obesus. In recent years intensive agriculture
dwelling sand rat 

has changed the physical features of the Jordan Valley environment - the 

natural habitat is receding as more land is cultivated. Most agricultural
 

fields lie fallow during the summer months. Nevertheless, many sandflies are
 

to be found crossing them.
 

The dispersal of sandflies has been studied in the past, mainly with
 

the mark-release-recapture technique. The overall picture resulting from
 

these studies is that sandflies are generally sedentary, but they may travel
 

from 200 to 2,000 meters during a night.
 

Assuming that samples trapped exiting borrows consist of both
 

dispersing and non-dispersing flies, whereas samples trapped over the fallow
 

fields would contain mainly dispersing flies, we compared them in order 
to
 

characterize the dispersing population. The parameters used for comparison
 

were proportions of males and females in the two populations, nutritional
 

status, and in the females - parity, ovarian4 development, insemination and
 

infection with Leishmania promastigotes.
 

In all the comparisons betweG.A flies caught over the bare field and
 

those exiting burrows, a significant difference was found. The ratio of
 

males to females in our laboratory colony and in numerous samples from
 

burrows does not deviate significantly from 1:1. In the bare field the
 

of the various samples, a consistently
females constituted 68.5-76% 


from expected 50%, which allows the conclusion
significant departure the 

that dispersal is mainly a female activity in P. papatasi 

Frcm the data presented in Table 1 it is apparent that gravid, blood 

fed females do not disperse: 26% of those exiting burrows were in stages 
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III-V of the gonotrophic cycle, as opposed to 11.6% of the dispersing ones.
 

The sugar feeding status of the blood fed females exiting and entering
 

burrows (Table 2) indicates that the main reason for their activity outside
 

burrows is sugar feeding, which explains the short duration and localization
 

of this activity. Biood fed females who test negative to anthrone are young
 

females who cake a blood meal in the burrows before taking a sugar meal, and
 

are compelled to exit the burrow during the digestion of the blood meal in
 

order to find a sugar meal.
 

On average 55.4% of the dispersing females were parous, as opposed to
 

39% of those exiting burrows, whirh indicates that the age of the dispersing
 

flies is higher, and that they ,ave already successfully completed one
 

gonotrophic cycle. The insemination rates of burrow vs. field caught females
 

points to burrows as the mating centers. Leishmania infections were found in
 

9% of exiting females, and 2.2% had no vestiges of bloci in their gut. In
 

the bare field 2.6% of the females were infected and had no blood in the
 

gut, and none were founi who had not completely digested the infective blcod
 

meal. Therefore, the proportion of host seeking infective flies in the
 

dispersing population is similar to thaL of flies exiting burrows. As
 

P. obesus is practically the only source of Leisk'nania in this region, and
 

these rodents (or their tracks) were never seen in the fallow fields, it ij
 

certain that Leishmania infected females dispersed away from their burrows.
 

It was found that in Turkemenisten the dispersal of P. caucasicus and
 

P. papatasi was limited V' the availability of burrows of the great gerbil
 

Rhombomys opimus and in the new world several species of Lutzomyia do not
 

cross bare, :irid clearings in the rain forest. It is possible that in the
 

Jordan Valley the abundance of h-iid, fertilized fallow fields enhances the
 

tendency of P. papatasi females to disperse, therefore increasing the risk
 

of infection. Several workers have suggested the creation of a cordon
 

sanitaire devoid of rodent burrows around human settlements in endemic
 

areas. This may be inadequate even if they are wider than the noctural
 

flight range of the vector, if suitable shelter (other than todent burrows)
 

may be found in them. The blood fed females exiting burrows in need of a
 

sugar meal are a more suitable target for control, in as much as the target
 

population (Leishmania infected females) presents itself in a well defined
 

area (near burrows) with a well defined appetitive behaviour - sugar
 

feeding.
 



-7­

5. 	Oviposition diapause and other factors affecting the egg-laying of
 

Phlebotomus papatasi in the laboratory
 

The maintenance of a sandfly colony is tedious and precarious as is
 

evident from the variety of methods described since the first successful
 

breeding of Phlebotomus papatasi by Wittingham & Rook (1922. Brit. Med. J.
 

3285:1144-1151). One of the main problems is the death of females before or
 

during oviposition and the ensuing loss of eggs and adults. Our initial
 

intention was to study the oviposition response of P. papatasi to stimuli in
 

the closed environment of the cages, however, during the work we encountered
 

the appearance of oviposition diapause, i.e., the retention of a very large
 

proportion of eggs by gravid females towards the winter. The phenomenon was
 

relevant, and the study was extended to include the observation on the 

influence of light on the diapiuse. 

In this study we have observed that the rate of oviposition by 

P. papatasi females is initially a seasonal phenomenon since egg retention
 

occurred at the onset of winter under standard insectary conditions.
 

Exposure of gravid females to various environmental stimuli demonstrated the
 

influence of such factors on the degree of oviposition.
 

Oviposition promoters.
 

Ovipusition of P. papatasi was increased to a highly significant extent
 

above control levels using two kinds of stimuli, availability of furrows or
 

serrations of "egg niches" in the plaster substrate of cages, and the
 

presence of aged cow manure (larval medium), or a combination of both these
 

factors. The greatest number of eggs, around 40/female/week, were obtained
 

in the presence of manure regardless of the structure of the plaster
 

(Table 3). Preference for furrowed surface of the oviposition substrate was
 

apparently a reaction of the roughened texture of the plaster of Paris
 

since, smooth depressions made while the plaster was soft, had no such
 

effect (unpublished data). A similar physical distinction between surfaces
 

occurs with mosquitoes; for example Aedes vaxans prefers laying among a
 

certain size of sand particles.
 

Increased oviposition did not cause highee fly mortality. This
 

indicates that the series that laid significantly more eggs than controls,
 

followiizg exposure to manure or furrowed plaster (Table 2), had a higher
 

survival rate at oviposition.
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Oviposition inhibitors.
 

Reduction of oviposition occurred when larvae or pupae were present in
 

the cage and when the flies were confined in a smaller volume. With larvae
 

present, oviposition dropped to about a half of the control rate of 15.0
 

eggs/fly/week. The effect ol larvae apparently diminished to some extent
 

during the experiments, as many died, pupated or were-cannibalized.
 

The effect of presence of pupae on oviposition was smaller and limited
 

in time, being significantly different from the control 6.2 vs. 11.0 eggs
 

only on the 4th day of the experiments (Table 3).
 

The reaction of flies to confinement in a volume smaller that that of
 

controls was similar whether they had a standard surface area or half of it
 

available for oviposition. In each case most of the oviposition occurred
 

until the third day (Fig. i) and the weekly total was only about 5
 

eggs/female whereas controls in larger cages produced 12.5 eggs/female/week.
 

As we have found that reduction of fecundity is an effect of the crowding of
 

gravid females, it is necessary to further investigate the optimum living
 

space required for P. papatasi adults in insectary cages.
 

In these experiments the reaction of flies to the various test
 

conditions was expressed in the degree of oviposition. Egg laying in nature
 

is preceded by a search for a suitable site. Larval strvival and maturation
 

of adults will be achieved in a breeding site that includes larval food,
 

humidity, physical protection and low larval density. Such factors would be
 

used as cues in the search behaviour guiding the selection. Hence,
 

experimental factors which stimulated or inhibited oviposition would under
 

natural conditions function primarily as attractants or repellents in the
 

search of a oviposition site.
 

Seasonal rate of oviposition.
 

Comparison of the control series during the months from April to
 

December demonstrated that oviposition of P. papatasi was subject to
 

seasonal variation, the average number of eggs per female between April and
 

mid-October ranged from 11.5 to 18.6 dropping to only 1.4 eggs/female/week
 

after mid-October. For this extreme reduction on the oviposition we suggest
 

the term oviposition-diapause.
 

These changes took place in a stock of P. papatasi maintained in
 

constant conditions of 280C temperature, high humidity and a summer
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photoperiod of 17:7 L.D. The rate of oviposition of P. papatasi in the
 

laboratory is thus evidently controlled by a circannual rhythm. It is
 

interesting to compare the abundance of P. papatasi in nature with the rate
 

of oviposition in the laboratory. It seems, that the increase of oviposition
 

in August (Fig. 2) gives rise to the build up of peak populations of rdults
 

in September-November (unpublished observations), whereas the decline of
 

oviposition in November precedes the winter disappearance of adult flies in
 

the Jordan Valley at about the end of December. The seasonal rhythm of
 

oviposition therefore seems to be an important factor in determining the
 

seasonal density of P. papatasi adult populations in the field.
 

Th. 	results demonstrate that oviposition diapause can be broken by
 

ultra violet light. UV in the sunlight that reaches the earth is of waves
 

longer than AD nm. Comparison of the UV averages of oviposition of
 

P. papatasi nstrate a good correlation (Fig. 2). Furthermore, between
 

October and Apri, there is no UV in the sunlight until 8.00 hrs and after
 

16.00 hrs. Thus, very little UV irradiation can reach P. papatasi adults
 

when they are active at dawn or dusk at the end of the sandfly season. It is
 

therefore tempting to suggest particular wave-lengths of UV light set the
 

cycle of oviposition-diapause of P. papatasi. This differs from the way that
 

photoperiod, in the form of day-length, governs winter diapause of many
 

organisms, for example the mosquito Culex pipiens in Israel.
 

Since this is, the first observation of oviposition diapause in
 

sandflies, it is not yet known whether it occurs in species other than
 

P. papatasi and whether this phenomenon is correlated to larval diapause.
 

Possibly UV light is the primary cue for both diapauses and this possibility
 

could be investigated in a species such as P. ariasi in which larval
 

diapause could not previously be interrupted.
 

6. 	Evaluation of food-dye marking in the study of sandfly behaviour in
 

Baringo district, Kenya
 

Evaluation of the food-dye marking method for the study of sandfly
 

behaviour was carried out in Baringo district, Kenya. This method was
 

developed by us and tried successfully in the Jordan Valley (see previous
 

chapter in the report).
 

Bait solution of sucrose and food-dye was sprayed on the vegetation
 

around an animal burrow which was the source of sandflies. The extent of
 



- 10 ­

marking and the distribution of coloured flies within a radius of 200 m was
 

monitored for 4 nights. The species caught were Sergentomyia clyde|,
 

S. schwetzi, S. antennatus, S. squamipleuris, S. bedfordi, S. africanus,
 

S. ingrami and S. affinis. Feeding on the bait marke1 68.9% of the flies
 

caught at burrow's entrance. The total number of flies caught at a distance
 

of 50, 100, 150 and 200 m exceeded the theoretical expectation. The varied
 

marking of species in the different locations was discussed in the paper.
 

The usual method for studying sandfly dispersal is based on the
 

application of dyes to captured flies, such marking interrupts the normal
 

behaviour of the sandflies and the recapture is usually low.
 

The present method can be used for several purposes in the study of
 

sandfly behaviour feeding and dispersal. It could also be used for the
 

assessment of control agents that will be added to the sprayed solution. The
 

influence on caught flies can be observed back in the laboratory, using
 

unmarked flies as controls. It is also possible to study the behaviour of
 

populations since the marking can continue for a long period. Two major
 

problems in the c demiology of visceral leishmaniasis in Kenya are the
 

identification of the reservoir animals and the location of the sources of
 

infection. Monitoring the behavior of sandflies with the method may help to
 

solve these problems and elucidate other aspects in the behaviour of vector
 

sandflies.
 

7. Ability of the sandfly S. ingrami to feed on plant juices.
 

The diet of sandflies is likely to affect the development of
 

Leishmania, the causative agent of leishmaniasis which they carry, and thus
 

influence the transmission and distribution of the disease. Plant sugars are
 

part of the diet of sandflies, and it is suspected that many species obtain
 

sugars directly from plants. We therefore investigated the ability of
 

S. ingrami to feed on various species of plants. A total of 4,838 female and
 

3,509 male, teneral, laboratory-reared sandflies 1-2 days old were caged in
 

a number of replicates and offered shoots of a total of 46 plant species,
 

both indigenous and exotic, belonging to 21 families of Kenyan plants. The
 

tests lasted for 16 hours at 25±1lC and 90% r.h. Control sandflies were kept
 

under the same conditions, but were not offered plants. The sandflies were
 

then dissected and tested for the presence of sugars using the Anthrone
 



test. The feeding performance of the sandflies was measured by the
 

percentage feeding rate (PFR):
 

PFR = 100 (b+c+d) / a+b+c+d
 

where a = number of sandflies which failed to feed, b = number of fed
 

sandflies with faint blue staining intensity, c = number of fed sandflies
 

with intermediate blue staining intensity, and d = number of fed sandflies
 

with deep blue staining intensity in the Anthrone test. A statistical
 

analysis was carried out and significance was determined at the 5% level.
 

There was no overall significant difference between the sexes when
 

comparisons were made on the combined plant families. Among the families
 

most preferred (with mean PFR±s.e.) were: Musaceae (21.3±2.8), Araceae
 

(5.3±0.4), Compositae (5.1±0.1), Umbelliferae (4.5±0.5), Myrtaceae
 

(4.6±0.1), while the least preferred were Camelineae (0.7±0.1) and Alliaceae
 

(0.1±0.04). The control sandflies were all negative in the Anthrone test.
 

The data were also examined for species preferences within families.
 

For example in the Compositar., Bidens pilosa (86.8±4.3) and Galinsoga
 

parviflora (78.0±2.1) were the most preferred, compared to Chrysanthemum
 

coccineum (2.0±0.2) which was the least preferred. Similarity in feeding
 

preference by male and female sandflies was confirmed, for instance, for the
 

following species (with mean PFR values for female and male, respectively,
 

in parenthesis): Asystasia schimperi (31.2 and 30.2), Bidens pilosa (67.1
 

and 70.3), Conyza floribunda (20.0 and 22.1), Veronia lasiopus (36.2 and
 

38.2), Ficus natalensis (19.2 and 19.9), Neonotonia wightii (33.1 and 33.6),
 

Lycopersicon esculentum (5.0 and 5.0) and Solanum incanum (2.0 and 2.0).
 

Detailed chemical analysis of the host plants will be needed to
 

elucidate the feeding performance of S. ingra i and other sandflies. This is
 

essential if we are to understand the influence of sandfly diet on the
 

transmission of Leishmania.
 

http:0.1�0.04
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TABLE 1. Ovarian development, parity and insemination in female Ppapalasitrapped while exiling 
from burrows or dispersing. 

Trap 
Sim 

Percentage of total in each physiological category*, 
1-Il; +; P I-l; -; P I-I; +; N 1-Il; -; N ill-V; + IIl-V; -

n 

Fallow field 10.8 54.7 19.5 4.3 2.1 8.6 92 
6 57.7 18.3 6 6 6 66 

12 32 28 8 12 8 50 
4.1.5 18.5 22.2 7.4 0 7.4 64 
8 .12 48 4 4 4 62 

R±SD 16.2±2.9 39.2±3.8 27.1±3.5 5.9±1.8 4.8±1.7 6.8±2 334 

Burrows 34.2 8.5 31.4 2.8 17.4 5.7 70 
18.1 18.1 31.8 4.5 27.5 0 44 
27.2 5.5 38.8 0 19.4 8.3 71 
40.7 3.7 29.6 0 18.5 .' 7.4 54 

.±SD 30.1±4.1 8.9±2.5 33.2±4.2 1.8±1.2 20.7±3.6 5.3±1.9 239 

1-V indicate stages of ovarian development; + or - indicate insemination; P-parous; N-nulliparous; 
n, number collected per trap site. 

TABLE 2. Fructose in guts of bloodied and non­
bloodfed female Phlehorooms papalusi exiting or 
entering sand rat burrows. 

Behaviour BIloodfcd 	 No. Positive (%) 
examincd (±Si)) 

Exiling + 	 52 38., ±4.2 
burrows -	 46 78.2±5.7 

Entering + 	 49 93.81:3.9 
burrows -	 48 81.2±6.8 

TABLE.3. Average l-week oviposition of P.papatasifemales on substrates with 
different treatments (April--October). 

Treatment Day 	 Eiperinent Control P 
(plaster with (plain plaster) 
treatment) 

' Mean SE Mean SE 

Furrows present, 1 1.6 0.87 0.9 0.45 NS 
cow manure absent 2 2.5 0.93 1.6 0.72 NS 

3 5.2 1.84 2.9 0.57 NS 
4 8.4 3.39 3.5 0.64 NS 
5 15.1 4.77 5.3 0.38 <0.05 
6 19.8 3.66 6.7 1.08 <0.005 
7 29.6 1.38 	 10.2 1.96 <0.001 

Cowmanure present, I 16.9 4.4 7.1 2.58 NS 
furrows absent 2 20.3 3.3 7.7 2.62 <0.02 

3 25.8 4.0 9.5 2.04 <0.01 
4 27.9 3.47 	 10.2 1.81 <0.002 
5 33.9 4.9 	 11.4 1.9 <0.005 
6 36.8 5.39 	 14.2 3.54 <0.01 
7 39.7 3.63 	 28.6 5.31 <0.02 

Cow manure and I 12.0 3.47 7.2 3.00 NS 
furrows both present 2 19.0 4.77 8.0 2.98 NS 

3 25.7 5.1 8.9 2.85 <0.05 
4 29.8 4.31 9.0 2.81 <0.01 
5 34.4 4.37 9.4 2.82 <0.005 
6 39.1 3.04 13.5 4.6 <0.002 
7 1119 2.44 20.9 6.33 <0.01 

SE=standard error; NS-not significant. 
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TABLE 4. Average l-wcck ovipositon of P.papatasi females in presence of third­
fourth stage larvae or pupae compared to control females in the absence of Imma. 
ture stages (April-Octob.r). 

Day 	 Experiment Control p 

Treatment Mean SE Mean SE 

Larvae I 0.4 0.3 0.2 0.14 NS 
2 0.5 0.3 1.0 0.46 NS 
3 0.6 0.31 3.4 0.74 <0.01 
4 0.9 0.31 6.5 1.8 <0.01 
5 1.4 0.52 9.1 2.11 <0.01 
6 4.3 2.5 12.3 3.37 NS 
7 7.7 4.05 15.0 4.73 NS 

Pupae 1 2.4 1.26 5.6 2.55 NS 
2 3.4 1.21 6.0 2.61 NS 
3 5.0 1.19 8.7 1.87 NS 
4 6.1 1.04 11.0 1.56 <0.05 
5 9.2 1.09 12.8 1.72 NS 
6 	 14.2 1.89 17.0 3.33 NS 
7 	 16.7 2.29 2!.8 5.39 NS 

SE = standard error; NS - not significant. 
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Released glycoconjugate of indigenous Leishmania majorenhances survival 
of a foreign L. majorin Phlebotomuspapatasi 

Y. Schlein', L. F. Schnur and R. L. Jacobson Department of Parasitology,HadassahMfedicalSchool, P.O. 
Box 1172, 91010 Jerusalem, Israel 

Abstract 29±l1C and relative humidity of 80%. 
The effect of Leishmania glycoconiugate in the Leishmania strains and glvcoconjugares. The para­

victor was investigated using Phlebotomus papatast sites used were L. major LRC-L137 (MHOMII.J67/ 
artificially infected with a Leishmania major strain that Jericho II), a human isolate from the Jordan Valley, 
this vector does not transmit in nature. Glvcoconiu- and an isolate of L. major LRC-L119 (MTAT/KE!00/ 
gate of the vector-specific strain of L. major was added T4) from Tatera nigricauda in Kenya (HEIscH et al., 
to the infective meals of some flygroups and the 1959). Glycoconjugates of L. major LRC-L137 and 
soccess of infections with or without this substance Indian L. donovani (MHOM/IN/54/LRC-L52) were 
was compared 4 d later. In the absence of glycoconju- purified from spent culture media according to a 
gate the parasites survived in 15'6% of the flies, while modification by SCHNUR (1982) of the method of 
the addition of 0-5 mg/ml and 2 mg/ml raised the SLUTZKY etal.(1979). Before being dissolved inthe 

34
rate of infection to -3o and 63'0% respectively, blood meal, the glycoconjugates were sterilized dry in 
Undigested blood was found in the stomach of 7"8% glass vials, immersed in boiling water for I . 
of the infected whereas following meals with Experimental procedure. Experimental fly groupsflies. 

parasites and 2 mg 'ml glycoconiugate it was present consisted of 1-5 days old females that were mem­
in 37% of the flies. The results demonstrated that this , on meals as described by.e-fed sterile infective 6
glvcoconiugate increased the viability of the parasites 01.IILEIN etal. (1983). The meals contained 10/ml 
in the unsuitablT vector and delayed digestion of the late logarithmic-phase promastigotes in rabbit blood 
infective meals. In a parallel experiment the glyco- inactivated at 56°C for 30 min. Purified glycoconiu­
conjugate of L. donovani did not affect the survival of gate was added to some infective meils in quantities of 
the parasites. 0'5 or 2'0 mg/ml. The calculated number of parasites 

in a fly's meal was between 100 and 200 promastigotes 
Introduction and the quantity of glycoconjugate was 0'5-1 pg per 

Recent research on the role of Leishmania glyco- fly in one series and 2-4 jig in the second. After 
conjugates has concentrated on the interactions of the feeding, the engorged females were separated, main­
parasites with the vertebrate host. The main sug- tained for 4 d on 20% sucrose solution and water, and 
gested functions were the facilitation of attachment then dissected. The gut of each female was examined, 
and entry of the parasites into host cells (HANDI.AN & using a phase contrast microscope. The location of 
GODING. 1985; l-IANDMAN etal., 1986; PUENTES et parasites in the gut was observed and their number 
al.,1988) and protection of amastigotes against wsas estimated. The results were statistically analysed 
enzymatic activity in the phagolysosome (EL-ON et using Fisher's exact test (ZAR, 1984). 
al., 1980; EILA.St etal., 1985; MNIEL'Y & TURCO. 
1987; BUCIIssULI.L-R-RoUILLER & MAUEIt., 1987). 
However, glyoconjugates are produced and released Results 
inabundance by promastigotes (SCtIR etal.,1972), The initial observation was that the susceptibility of 
the form occurring in the sandflv. This suggests that 1'. papatasito strain LRC-LI 19 was low. Only 15'6,6 
the glycoconjugates have a role in the development of of the flies that ingested parasites retained the 
the parasites in the vector. This study investigated the infection for 4 d (Table). In addition the infections 
possibility of the glycoconjugate of a vector-specific did not develop as in a normal vector, but remained 
strain ofLeishmania affecting the survival ofpromasti- limited to the abdominal midgut. Parallel experiments 
gotes in the arthropod host. with the strain LRC-L137, which occurs naturally in 

The major cell surface glycoconjugate of L. donova- P. papatasi, produced infections in 86% (142/165) of 
ni (KING etal., 1987) and L. major (MCCONVI.LL et the flies. 
al., 1987) was defined as lipophosphoglycan. We used The presence of 2 mg/ml L. donovani glycoconju­
the released carbohvhdrate-rich glycoconugate gate in the infective meals did not improve the 
purified from spent culture mncdium (excreted factor: viability of strain LRC-LI19, the parasites being 
SLUTZKY etal., 1979), assuming that the substance found, mostly in low numbers, in 177% of the flies 
detached from the parasites affects the ambient (Table). 
conditions in the sandfly gut. This molecule probably The survival of strain LRC-L119 in the sandflies 
comprises only the distal components of the mem- was enhanced when the glycoconjugate of strain 
brane-anchored glycoconjugaic (TuRco, 1988). LRC-L 137 was added to the infective meals. Addition 

of 0-5 mg/ml raised the proportion of infected 
Materials and Methods females to 343% and 2 mg/ml raised it to 63-0%. The 

SandfIv stock. The Ph'lbotomuspapatesi were from a difference between controls and each of these series 
colony founded and restocked annually with flies from was statistically significant (P<0-001). The improve­
the Jordan Valley. The colons is maintained at ment of survival was mainly expressed by an increase 

_ _- _in the number of flies with heavier infections (level
 
Author for correspondence. Ill, Table).
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or with.foUowins infective mealswith 

ofPhleobotomiui paptssi 

Table. Survival rate 

out glyoconupte of the vector.spceific L. major LRC-L137
 

in pgoups
of Leishmani$maior LRC-L119 pIomastigtles 

Glycoconiugate: 
source & quantity 

None 

L. donova LRC.L522 mg, 


0'5rgil
L. majorLRC-L137 

L. majorLRC-L137 

Number of sandflies 

No. of 
replicates 

6 

Total 

192(100%) 

With blood 
in gut 

15 (7'8%) 

With fectron lver 
1 II 

13 (6'8%) 10 (5'2%) 

Ill 

7 (3-6%) 

Totldno. 
infected 

30(15 
" 
6%) 

2 % (100%) 9 .9.4%) l0(104%) 4 (4-2%) 3 (31%)10ra*%* 17(17'7%)4(3-) 

2 70(100%) 7(10"0%) 8 (11-4%) 6 (8,6%) 10 (143%) 24 (34 

3 54(100.) 20(37.0)'" 8 (14-8%) 9 (167%)" 17 (31i5%'""34 (63"0%)'" 

I gl.>100.'Estitated numbers of parasites: 1, <10; II, 10-100; 
than that for LRC.LI19 without glycoconuga'C (lishers enact tell): "l'<00l;"'p<000I.

"Resuli significantly greater 

The ingestion of glycoconiUgate also caused a delay 
as indicated by the

in the digestion of blood meals, 
which this 	 process was not

number of 	 flies in 
was observed in only

completed. Undigested blood 
78% of the flies that had infective meals with 

with no addition,of strain LRC-LI19parasites 
compared to 370% of the flies fed an infective meal of 

with 2 mg/ml LRC-L137 glyco-
LRC-LI19 mixed 

difference was statistically highlyconjugate. This 
significant (P<0-001). 

Discussion LeishmaitiaThere is a close association between 
and the sandflies 

are closelyspecies and their specific vectors, 
transmit similar leishmanial strainsthat 1935).related (KILLICK-KENDRICK. 

LRC-L119 is a strain of L. major (CHANCE et al., 
its isocnzyme profile is

1978; ScIINUR, 1984), and 
LRC-L137 (LE BLANCQ e'identical to that of strain 

1986), which is transmitted by P. papatas.in the
al., 

Jordan Valley, the region of origin of the experimental 

flies. Moreover, promastigotes of strain LRC-L119 do 
glycoconiugatenot release serologically evident 


(SCiINUR & ZUCKERMAN, 
 1977; SCHNUR, 1982). 

Hence, the vector-parasite combination studied was 
show the effect of artificiallypresumably suitable to 

the vector.added glycoconiugate in 
that P. papatasiThe initial experiments showed 

by strain LRC-LI19, as 
was refractory to infection 

156% of the flies,
these parasites survived in only 

ofaddition of 	 the glycoconiugateHowever, the 
LRC-L137 to the artificial meas caused a dose-

dependent increase in the proportion of viable LRC-

LI 19 infections in the sandflics. Evidently the glyco-

conjugate of the Leiihmania naturally transmitted by 

P. papatasi conferred protection on a parasite strain 

that does not normally develop in this vector, 
produce various glycoconju-Leishmania 	strains 

indicated by their interaction with immune 
gates, as 

is the basis for the scrotype
rabbit sera, 	 which 

the (SCIINUR etal., 1972).
classification of genus 
Further differences within the serotype groups have 

been demonstrated with monoclonal antibodies 
etal., 1988). This heterogeneity of the

(JACOBSON 
glycoconjugates may reflect functional adaptations of 

Leishmania to the conditions in their vector sandfies. 

To test the 	assumption that glycoconjugates are 
we used the substance released by L.

vector-specific 
donovarn. P. papatasi is unsuitable for the develop-

ment of L. donovani, as is evident from the low rate of 

with a
infection in 	 flies fed on hamsters infected 

3.9%: ADLER, 1947) and the
Sudanese strain (2/51, 

rate (4/82, 488%) observed in flies
similar infection 

fed 2X 106/mi parasites (Schlein, unpub­
artificially 
lished data). In accord with these observations, in our 

experiments the presence of L. donovani glycoconju­
did promote the 

gate in the infective meals not 
survival of LRC-Lll9 parasites. 

By comparing the activity of the 2 glycoconjugates 
we demonstrated the vector-specific function of the 

substance shed by LRC-L137 promastigotes. Furth­
lack of activity of the L. donovani ermore, the 


glycoconiugate in P. papatasi is apparently the reason
 

for the failure of this species of Leishmania to infect
 

this vector. Th, cforc glyzoconjugates apparently
 

facilitate the establishment of Leishmaniainfections in
 

the specific vectors.
 
The resistance of sandfly vectors to various species 

be overcome by increasing the
of Leishmania can 

wasnumber of 	parasites ingested. This observed 
P. papatasi with artificial meals

following feeding 
of amastigotesconcentrationscontaining different 

(ADLER &THEODOR, 1930, 1931) or promastigotes of 
& THEODOR, 1927), L. 

L. infantum (see ADLER 
ADLER & THEODOR, 1939) and L.

chagasi (see 
1947). It may be that the

donovani (see ADLER, 
are only partially effective in an

glycoconiugates 
inappropriate vector, and in these experiments their 

function was cumulatively enhanced by the increase 

in the number of parasites introduced into the flies. 
to the promotion of infections, the

In addition 
a delay intheof LRC-L137 causedglycoconiugate 

digestion of the blood meal. The death of Leishrtania 
vector is apparentlyparasites in an inappropriate 

caused by the level of proteolytic enzyLncs secreted for 

the digestion of the infective meal, as indicated by the 

increased survival of L. donovani promastigotes in P. 

paparasi. that had been fed soybean trypsin inhibitor 
Live parasites of L.

(BoROVSKY & SCHLEIN, 1987). 
major (LRC.L137), or crude extract of glycoconiugate 

from used culture medium, reduced proteclytic activ­

ity in the gut of P. papatasi, whereas this type of 

preparation from L. donovani or its live promastigotes 

had an opposite effect (SCIHLEIN & ROMANO, 1986). 

This evidence and our present observations suggest 

that the function of the Leishmania glycoconiugate in 

the vector involves modulation of proteolytic en­

zymes. All the phenomena described in these studies 

were induced by either a high number of parasites or a 

large quantity of experimental material. Vector sand­
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flies ingest only a small numbel of amastigotes the CurrentStaus and New Strategiesfor Control,NA TO­(KILLICK-KENDRICK, 1979), which transform to ASI seres A, vol. 163, Hart, D. T. (editoc). New York &promastigotes and multiply. The normal secretion of London: Plenmn Press, pp. 401-408.proteolytic enzymes in P. papatan, as inhaematophagous Diptera, i other Killick-Kendrick, R. (199). Biology of Leishmania ininduced by the ingestion phlebotomine sandflies. In: Biology of Kinetoplastida,Lumsden, W. H. R. & Evans, D. A. (editors). Londonofa blood meal, and their quantity increases gradually & New York: Academic Press, pp. 396-449.to a maximum at 30 h (BOROVSKY & SCtILEIN, 1987). Killick-Kendrick, R. (1985). Some epidemiological con-Ilence the parasites taken in with the blood meal are sequences of the evolutionary fit between leishmaniacinitially not exposed to these enzymes. It is possible and their phlrobotomine vectors. Bulletin de la Societd dethat the rapidly growing numbers of promastigotes Pathologe Exotque, 78, 747-755.a:e cumulatively sufficient to influence the concurrent King, D. L., Chang, Y. D. & Turco, S. 1. (1987). Celldigestive processes in the Lecs/snsania-specific vector, surface lipophosphoilycan of Leshmania donovani. 
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