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INTRODUCTION

Sand flies (Diptera: Phlebotominae) are tiny insects that can be found in tropical and
subtropical regions. Female sand flies require bloodfeeding for the production of eggs. Two
sand fly genera, Lutzomyia and Phlebotomus, transmit protozoan parasites of the genus
Leishmania and are therefore of considerable importance for public health. Apart from
transmitting Leishmania upon feeding, an infected sand fly female delivers sand fly saliva and
parasite-derived promastigote secretory gel into host dermis. Both compounds were shown to
promote Leishmania infectivity. Once in the vertebrate host, Leishmania parasites are taken
up by phagocytic cells. Macrophages are the target cells for intracellular replication;
eventually, parasite multiplication in host tissue together with immunopathological processes
causes leishmaniasis. The clinical presentation varies from mild cutaneous affection to
visceral disease leading to death if untreated. Currently, leishmaniases are endemic in 88
countries, with estimated 12 million people infected and 2 million new cases considered to
occur annually. In my thesis, I focused on the Leishmania transmission-enhancing and
antigenic properties of sand fly saliva.

Sand fly saliva was reported to have multiple enzymatic properties. In our laboratory,
hyaluronidase activity was detected in salivary glands of several sand fly species. Hyaluronan
(HA) is a glycosaminoglycan abundant in connective tissues. Under inflammatory conditions
low molecular weight HA fragments are generated locally which may affect gene expression
and motility of immune cells. Therefore, we were keen to investigate whether sand fly
salivary hyaluronidase activity is capable of such modulation of local immune milieu at the
inoculation site that would result in enhanced Leishmania infection establishment. A model of
intradermal coinjection of L. major and hyaluronidase was used to evaluate the effect of the
enzyme presence on the infection.

The capacity of salivary components of bloodfeeding insects to elicit hypersensitivity
reactions in susceptible individuals is notorious. However, for the purposes of clinical and
veterinary medicine the antigenic properties of insect saliva are beneficial in a sense. First, it
was shown that animals previously exposed to insect bites or individual salivary components
are partially protected against subsequent disease transmission. Leishmaniasis is by far the
most intensively studied vector-borne disease in this respect and sand fly salivary proteins
may hold promise as future vaccine components. Second, anti-saliva antibodies were
suggested as markers of host exposure to vector insect species. Research on this topic is easier
to translate into practice than current vaccine studies: such markers would be readily useful
for evaluating the effectiveness of anti-vector campaigns. However, two points to be
addressed are the identity and cross-reactivity of salivary antigens eliciting the antibody
response, and the time course of antibody production. Having such information at hand would
help greatly in development anti-saliva antibody detection kits for the field.

It was shown in previous work of our laboratory that immune response to sand fly
salivary antigens is sand fly species-specific. Although much effort was put into analyzing
salivary repertoire of Lutzomyia longipalpis, the widespread New World vector of visceral
leishmaniasis, and Phlebotomus papatasi, one of the most important vectors of Old World
cutaneous leishmaniasis, it is clear that salivary composition and properties of other vectors of
leishmaniases have to be determined as well. Leishmania tropica is the causative agent of Old
World cutaneous leishmaniases, although viscerotropic cases have also been described. As
results from our laboratory have elucidated the life cycle of L. tropica in Israeli foci of
cutaneous leishmaniases and identified both P. sergenti and P. arabicus as local vectors of the
disease, we sought to characterize salivary composition of Phlebotomus arabicus to
complement our previous work on this vector.



OBJECTIVES

My study was aimed at enzymatic and antigenic properties of sand fly saliva. I was
interested in the role of salivary hyaluronidase in Leishmania transmission. In certain aspects,
I focused specifically on sand fly species Lutzomyia longipalpis and Phlebotomus (Adlerius)
arabicus, vectors of visceral and cutaneous leishmaniases, respectively. I studied the salivary
antigens of these species and the immune response in animals exposed to sand fly bites. So
far, nothing is known about the composition of saliva in any Adlerius species and our colony
of P. arabicus is at present the only laboratory colony of subgenus Adlerius in the world.
Therefore I sought to characterize salivary components of this species.

The main objectives of this thesis were as follows:

e to assess the effect of hyaluronidase coinoculation on the size of lesions in BALB/c
mice infected with Leishmania major

e to determine whether hyaluronidase coinoculation affects the numbers of parasites in
lymph nodes draining the site of infection with L. major

e to describe the long-term kinetics of anti-saliva antibody response in dogs
experimentally exposed to Lutzomyia longipalpis females

e to detect and characterize salivary antigens of L. longipalpis reacting with antibodies
of dogs repeatedly bitten by this sand fly

e to prepare and annotate a cDNA library from P. arabicus salivary glands

e to characterize the number and approximate molecular weight of P. arabicus salivary
antigens reacting with antibodies of mice exposed to P. arabicus.



SUMMARY OF RESULTS

The thesis sums up the results of three projects I was involved in during my PhD
study. Specifically, I adressed the putative effect of sand fly salivary hyaluronidase on
transmission and establishment of Leishmania infection. The second project was dealing with
the kinetics of anti-saliva antibody response in dogs exposed to Lutzomyia longipalpis sand
flies and with the characterization of salivary antigens recognized by these dogs. Finally, I
constructed and annotated a ¢cDNA library from Phlebotomus arabicus and characterized
P. arabicus salivary antigens reacting with antibodies of mice exposed to this sand fly
species. The results of the projects are briefly outlined here.

We detected hyaluronidase activity in saliva of various bloodsucking Diptera,
including sand flies. In coinoculation experiments with BALB/c mice we proved a positive
correlation between the size of the cutaneous lesion caused by Leishmania major and the
presence of hyaluronidase in the infective inoculum. In hyaluronidase-coinoculated mice, the
lesions were significantly larger from week 3 post infection (infection dose 10° parasites) or
week 4 (infection dose 10%). On the other hand, hyaluronidase did not affect early
visceralization of L. major at 24 hrs post infection. Thus, we demonstrated that hyaluronidase
promotes Leishmania establishment in murine skin and we hypothesize that
immunomodulatory effects of hyaluronan fragments generated at infection site are responsible
for the effect. We suggest that hyaluronidase is one of the factors responsible for infection-
enhancing ability of saliva in New World and Old World sand flies alike.

We studied the antibody response in dogs experimentally exposed to Lutzomyia
longipalpis females to find out whether the level of specific anti-saliva antibodies reflects the
intensity of exposure. Dogs experimentally exposed to feeding of L. longipalpis sand flies
developed specific anti-saliva IgG and IgE antibodies and their sera recognized up to six
salivary protein bands in L. longipalpis salivary gland lysate. The levels of anti-saliva IgG,
IgG1 and IgG2 were related to numbers of fed L. longipalpis females and elevated antibody
levels in bitten animals were found throughout the study. Differences in the strength of
antibody response between high-exposed and low-exposed dogs were detected as late as 29
weeks after the last exposure. In contrast, specific IgE response developed in some dogs only
and no correlation was observed between its level and the intensity of exposure. Therefore,
anti-saliva IgG was found as a useful marker of exposure of dogs to sand flies. Moreover,
anti-saliva IgG persists long enough to allow monitoring of canine exposure to sand flies even
in regions which show marked fluctuations in numbers of sand flies throughout the year.

A cDNA library was constructed from salivary glands of Phlebotomus arabicus
females. From this cDNA library, we sequenced 985 randomly selected clones from which
395 clusters of related sequences were obtained. The most abundant transcripts were those
coding for putative secretory proteins; 74 clusters were generated from these sequences, with
an average number of 7,65 sequences per cluster. Members of 21 different families were
found among putative secretory proteins; most of these proteins have known homologs in
other sand fly species. The most abundantly represented families were SP15-like proteins,
27 kDa-like proteins, D7-related proteins, yellow-related proteins, PpSP32-like proteins,
antigen 5-related proteins, 34 kDa-like proteins, and the apyrases. Sequences coding for
putative secreted enzymes were also found in the cDNA library, including hyaluronidase,
endonuclease, pyrophosphatase, amylase and trehalase. Eight to ten antigens reacting with
sera of mice exposed to P. arabicus feeding were detected using different serum samples. In
addition, we confirmed our previous findings that the antibody response to sand fly salivary
antigens is species-specific. Sera from mice bitten by P. arabicus specifically recognized
antigens of P. arabicus and not those of P. papatasi.
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