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ABSTRACT 

Sand flies (Diptera, Phlebotominae) are small biting insects and vectors of Leishmania spp. 

which cause medically and veterinary important disease – leishmaniasis. During the piercing 

of the host skin, sand fly females inject saliva to facilitate the blood feeding. The sand fly 

saliva is composed of many bioactive molecules which were shown to possess 

anti-inflammatory and anti-haemostatic functions. The saliva affects host’s immunity in the 

bite site and consequently enhances the survival and development of transmitted pathogens. 

Most of the studies focus on salivary proteins and enzymes of sand flies belonging to 

Phlebotomus and Lutzomyia genera, while salivary proteins from sand flies of the third genus 

Sergentomyia were neglected so far. In this thesis we focused on comparison of salivary 

proteins from two Phlebotomus species, namely Phlebotomus perniciosus and Phlebotomus 

orientalis, and Sergentomyia schwetzi. These sand fly species differ not only by the ecology 

and geographical distribution but also by host preferences. Both Phlebotomus species prefer 

large or medium-size mammals as the bloodmeal source, particularly rabbits, hares and dogs 

for P. perniciosus and cattle, goats, sheep and humans for P. orientalis. Contrarily, 

Sergentomyia sand flies are known for preferred feeding on reptiles but mammal biting 

behaviour was also reported. 

In the first part of this thesis we characterised main salivary proteins from S. schwetzi. 

Moreover, to reveal the adaptation on different hosts, we compared salivary proteins from two 

S. schwetzi lineages adapted to feeding either on geckos or on mice. To do so we used various 

studying approaches, particularly transcriptome sequencing, RNA-seq, proteome analysis by 

mass spectrometry and enzyme assays. We identified S. schwetzi homologues of all main sand 

fly salivary protein families. Interestingly, we detected secreted salivary ribonuclease, the 

enzyme previously found only in mosquitoes. The lineage comparison revealed higher 

hyaluronidase activity and higher expression of PpSP15-like protein in saliva of the lineage 

adapted to mice while the comparison of the proteome showed six proteins more abundant in 

saliva of lineage adapted to geckos. 

The second part of the thesis was focused on salivary yellow-related proteins (YRPs), 

which are known to bind host’s biogenic amines. We expressed P. perniciosus, P. orientalis 

and S. schwetzi YRPs in mammalian expression system and compared their amine-binding 

properties by microscale thermophoresis method and for P. perniciosus and P. orientalis also 

by in silico 3D structure modelling. Our analysis showed that each YRP homologue has 

different binding abilities. Importantly, we demonstrated that one YRP from each of both 
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Phlebotomus species, P. perniciosus and P. orientalis, had high binding affinity to serotonin, 

biogenic amine which affects host’s platelet aggregation and vasoconstriction. Contrarily, two 

YRP homologues from S. schwetzi do not possess binding function to any of the tested 

biogenic amines, suggesting their possible adaptation to reptile hosts. 

In the last part of this Ph.D. thesis we revealed utilisation of recombinant YRP from 

P. perniciosus (PpeSP03B) as universal marker of exposure for dogs, which can be used in 

various endemic sites across the western half of Mediterranean basin. 
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INTRODUCTION 

Saliva affects the blood uptake of all blood feeding arthropods, including sand flies. Its 

compounds and properties play a crucial role in successful blood feeding and moreover they 

also influence hosts’ immunity and potential pathogens which are transmitted by sand flies. 

This thesis is focused on three sand fly species, particularly Phlebotomus perniciosus, 

Phlebotomus orientalis and Sergentomyia schwetzi. Each of these three sand flies prefers 

different vertebrate hosts for blood feeding and differs in their ecology and geographical 

distribution. In order to highlight all the ecological differences possibly affecting the host 

preferences, in first part of the thesis the brief analysis of ecology (preferred habitats and 

seasonality) is discussed for all three species. The characterisation of sand fly salivary 

proteins with an emphasis to P. perniciosus and P. orientalis, including properties, their blood 

feeding functions and immunogenicity for hosts, is the main element of the second part of the 

thesis. 

AIMS OF THE STUDY 

The main aim of this thesis was to compare the salivary proteins and enzymes of 

Sergentomyia schwetzi with those found in Phlebotomus perniciosus and Phlebotomus 

orientalis, with special attention to their adaptation to different vertebrate hosts. Furthermore, 

the function of one salivary protein family, the yellow-related proteins, was compared 

between these sand fly species and its use as an exposure marker against P. perniciosus was 

verified for dogs. 

The main objectives of thesis were: 

1. Characterise the salivary proteins and enzymes from Sergentomyia schwetzi saliva, 

compare their properties and function with their known homologues from Phlebotomus 

perniciosus and Phlebotomus orientalis with emphasis on their preferred hosts 

2. Compare biogenic amine-binding properties of the recombinant yellow-related 

proteins from Phlebotomus perniciosus, Phlebotomus orientalis and Sergentomyia 

schwetzi 

3. Study the antigenic properties of the Phlebotomus perniciosus yellow-related protein 

and its utilisation as a P. perniciosus-exposure marker in dogs  
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SUMMARY AND CONCLUSIONS 

The main aim of this thesis involved the characterization of the sialome of S. schwetzi and 

comparison with the sialomes of other Phlebotomus and Lutzomyia sand fly species. This was 

then followed by the investigation of the binding affinities of a major protein family (YRP) 

present in all sand fly species. The binding affinity of these YRP to biogenic amines was 

tested for both S. schwetzi and two other palearctic and medically-important sand fly species – 

P. orientalis and P. perniciosus. Finally, we studied also the immunogenic properties of the 

YRP of P. perniciosus, highlighting its use as a universal exposure marker in various endemic 

sites across the Mediterranean basin. The results of these objectives are summarized below. 

Sergentomyia salivary components have been neglected for a long time. There is only a 

single recent study on the enzymatic activities in S. schwetzi saliva (Volfova and Volf, 2018). 

Therefore, we performed a large transcriptomic, proteomic and enzymatic analysis of 

S. schwetzi saliva to address the differences with other Phlebotomus and Lutzomyia sand flies; 

the results are summarised in Polanska et al., (2020) published in PLoS One. 

The analysis of S. schwetzi transcriptome revealed proteins that belong to all main sand fly 

salivary protein families. Some proteins were found in multiple homologues compared to 

previously published sialomes (Coutinho-Abreu and Valenzuela, 2018; Polanska et al., 2020), 

possibly caused by sensitivity of the next generation sequencing (NGS) method used in our 

study (the Illumina platform). This NGS allows for a deeper sequencing and will therefore 

also include low copy transcripts and consequently render more and higher quality transcripts 

[reviewed in (Zhou et al., 2010)]. On the other hand, the higher number of homologues of 

salivary proteins can also naturally occur by gene conversion and multiplication, like it was 

observed for e.g. YRPs, D7-related proteins and Ag5r (Coutinho-Abreu and Valenzuela, 

2018). Most of the salivary proteins from S. schwetzi had more divergent amino acid 

sequences (23 – 50 % sequence identity) compared to Phlebotomus and Lutzomyia proteins 

(Polanska et al., 2020), with the Ag5r proteins and certain enzymes having the highest 

sequence identity (52 – 69 %). 

Phylogenetic analyses showed that most of the S. schwetzi proteins (i.e. YRPs, Ag5r, 

lufaxin, apyrase) create separate basal groups to other Phlebotomus and Lutzomyia proteins 

(Polanska et al., 2020), which is in accordance with the established sand fly phylogeny 

(Aransay et al., 2000). Apart from the OBPs and hyaluronidase, all S. schwetzi proteins 

inclined to paraphyly, most probably caused by gene conversion (Polanska et al., 2020). 
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In the S. schwetzi sialome we detected some homologues from protein families known 

previously as specific for Phlebotomus (pyrophosphatase, phospholipase A2, ParSP25-like 

protein, SP16-like protein) or Lutzomyia species (71 kDa salivary protein, protein with C-type 

lectin domain, 5’-nucleotidase) [reviewed in (Coutinho-Abreu and Valenzuela, 2018)]. The 

71 kDa salivary protein found in saliva of S. schwetzi is highly identical to those present in the 

sialomes of L. longipalpis, L. olmeca and L. ayacuchensis (going from 76.1 % up to 85.1 %) 

(Polanska et al., 2020). These 71 kDa salivary proteins are similar to the angiotensin 

converting enzyme (ACE) (Polanska et al., 2020; Valenzuela et al., 2004), responsible for 

hydrolysis of inflammatory or haemostatic peptides (angiotensin, bradykinin) [reviewed in 

(Gaddam et al., 2014)]. Besides these, also a partial transcript of secreted ribonuclease was 

found in S. schwetzi saliva, an enzyme previously found only in mosquito saliva (Calvo et al., 

2010; Ribeiro et al., 2007). 

In addition, we also studied differences between two lineages of this sand fly species. Both 

lineages of S. schwetzi had the same origin, but for more than thirty generations were adapted 

to different hosts for blood feeding. The first lineage fed on mice (a warm-blooded animal), 

and the second lineage fed on geckos (a cold-blooded animal), the latter being a more natural 

host for Sergentomyia sand flies. The distinctions were examined by various approaches: 

enzymatic assays were used to measure the activities of salivary apyrase and hyaluronidase, 

the RNA—seq method to measure mRNA expression levels and mass spectrometry to 

compare the proteome. 

A significantly higher hyaluronidase activity (30 % difference) was observed in the 

S. schwetzi lineage that was adapted to mice. However, this difference was not detected in the 

mRNA expression levels nor did this reflect in the protein abundance in the proteome. 

Interestingly, one hyaluronidase identified only as a partial transcript was significantly more 

abundant in the proteome of the gecko lineage. However, this hyaluronidase homologue 

might not possess the enzymatic activity (Polanska et al., 2020). We suggested that the higher 

hyaluronidase activity observed in the mice lineage could be caused by its adaptation to 

mammalian skin, which is thicker than a reptile’s one. The mouthparts of sand flies that feed 

on reptiles are shorter than those of mammal feeders (Lewis, 1987). A thicker mammalian 

skin might require more active hyaluronidase to increase the permeability of the skin and 

facilitate sand fly feeding. Degrading the ECM in the mammalian host by hyaluronidase may 

therefore decrease the tissue barrier for feeding.  

The PpSP15-like transcript was only detected at partial transcript length, but was 

significantly up-regulated in the S. schwetzi lineage that was adapted to mice. However, its 
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expression was low in saliva of both lineages, so its biological function in the S. schwetzi 

mice lineage saliva was dubious. All the other significantly up-regulated transcripts were also 

only at partial length and had low annotation support, which made it impossible to predict 

their function (Polanska et al., 2020). 

Mass spectrometry of both S. schwetzi lineages, identified a significant enrichment of the 

D7-related protein, hyaluronidase, a protein with C-type lectin domain and three YRPs in the 

lineage adapted to feed on geckos. A subsequent comparison of this protein enrichment using 

SDS-PAGE showed that only one protein band (between 40 and 42 kDa) was more apparent 

on the electrophoretogram of the gecko lineage. We cannot exclude the possibility that this 

band comprises more salivary proteins, however, most likely it corresponds YRPs, since 

YRPs are abundant proteins and three of them were enriched in the proteomic analysis of the 

gecko lineage (Polanska et al., 2020). 

Sand fly YRPs are one of the most abundant proteins in sand fly saliva and are known to 

bind biogenic amines in the vertebrate host (Xu et al., 2011). Eleven amino acids in their 

sequence are responsible for this binding, of which three create the direct hydrogen bonds 

with the amines (Xu et al., 2011). Among these amino acids the various substitutions occurred 

in sand flies’ YRPs (Sima et al., 2016). These together with variable hydrophobicity and the 

charge of the residues surrounding the entrance of the binding cavity could contribute to the 

different binding abilities of each YRP (Sima et al., 2016). 

In our study by Sumova et al., (2019), published in Insect Biochemistry and Molecular 

Biology, we confirmed these predicted differences in bioamine-binding ability of YRPs of 

P. perniciosus and P. orientalis. Five recombinant YRPs (two from P. perniciosus, two from 

P. orientalis and LJM11 from L. longipalpis) were prepared in human embryonic kidney cells 

and used for bioamine-binding assays measured by micro scale thermoforesis (MST). This 

novel method enables to detect the dissociation constants (Kd) of the YRP-bioamine bond. 

Our MST results were comparable with those obtained by isothermal titration calorimetry 

(ITC), previously used by Xu et al. (2011) to measure bioamine-binding abilities of 

L. longipalpis LJM11. 

According to their Kd the YRPs were divided into four groups: i) high affinity binders 

(Kd = 1.1 – 10 nM), ii) medium affinity binders (Kd = 10 – 1,000 nM), iii) low affinity 

binders (Kd = 1,000 – 10,000 nM) and iv) poor affinity binders (Kd ≤ 10,000 nM). 

Recombinant proteins from both P. perniciosus (PpeSP03B) and P. orientalis (PorASP4) 

bound serotonin with a high affinity and histamine with a low affinity. Furthermore, PorASP4 

bound dopamine with a high affinity and catecholamines with medium affinity. The second 
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recombinant protein form P. orientalis, PorASP2, bound one of the catecholamines – 

octopamine – with high affinity, serotonin and dopamine with medium affinity, and histamine 

with poor affinity. For the other catecholamines (norepinephrine and epinephrine) no 

measurable binding was shown. The YRP PpeSP03 of P. perniciosus showed medium and 

low affinity binding to norepinephrine and octopamine, respectively, and poorly bound the 

other bioamines. We proposed that the amount of PpeSP03B and PorASP4 present in sand fly 

saliva, together with their high ability of binding to serotonin, is physiologically relevant to 

neutralize the natural serotonin function and might lead to an inhibition of vasoconstriction 

and platelet aggregation in the sand fly bite site and hence facilitate sand fly feeding (Sumova 

et al., 2019). 

A third study (Spitzova et al. 2020, published in Parasites & Vectors) used the MST to 

measure the binding affinity of YRPs of S. schwetzi and P. argentipes to serotonin and 

histamine. We expressed two recombinant YRPs from S. schwetzi (SschwYRP1 and 

SschwYRP2) and one from P. argentipes (PagSP04) in human embryonic kidney cell lines. 

P. argentipes YRP bound serotonin with a high affinity and histamine with a low affinity. 

Interestingly, both S. schwetzi YRPs did not bind any of these bioamines (Spitzova et al., 

2020). The inability to bind bioamines can be caused by amino acid changes in the binding 

cavity, as previously mentioned. The sequence analysis of S. schwetzi YRPs supported this 

hypothesis. Moreover, the S. schwetzi YRPs sequences also differ in length compared to 

YRPs of other sand fly species, which might affect their tertiary structure (Polanska et al., 

2020). 

Besides the physiological function (binding of hosts’ bioamines) the sand fly YRPs were 

shown to induce humoral immune response in the sand fly hosts. The antibodies against sand 

fly saliva (or single salivary protein) produced by repeatedly bitten host were shown to be 

sand fly species-specific and they reflect host’s exposure to sand fly bites. Therefore, some of 

the salivary proteins can be used as sand fly exposure markers [reviewed in (Lestinova et al., 

2017)]. 

The recombinant YRP (PpeSP03B) of P. perniciosus has previously been shown to be a 

good marker of exposure for dogs (Kostalova et al., 2015). In our study by Kostalova et al., 

(2017) published in Medical and Veterinary Entomology, we further investigated the 

potential of the PpeSP03B to be used as a marker of exposure across multiple foci of canine 

leishmaniasis in the Mediterranean basin. The protein sequence used for production of 

recombinant PpeSP03B was derived from mRNA isolated from saliva of P. perniciosus 

(laboratory colony originated in Spain). The blood sera were collected from dogs coming 
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from two different localities in Italy (Campania and Umbria) and one in Portugal (Lisbon). A 

positive correlation was observed in all studied localities between the canine antibody 

response against the P. perniciosus SGH and the recombinant PpeSP03B. Moreover, by 

performing an inhibition immunoblot we were able to show that the antigenic epitopes are 

highly similar for both the natural and recombinant PpeSP03B (Kostalova et al., 2017). Based 

on the results published in this study, the PpeSP03B was proposed as a universal exposure 

marker for dogs to P. perniciosus, which subsequently led to its usage in multiple follow-up 

studies (Burnham et al., 2020; Maia et al., 2020; Velez et al., 2018; Willen et al., 2018, 2019). 

 

To conclude, we characterised salivary proteins from S. schwetzi by various methods. The 

transcriptomic study revealed a presence of proteins belonging to the main sand fly salivary 

protein families, but their sequences showed a higher divergence compared to those from 

Phlebotomus and Lutzomyia. We identified a novel sand fly salivary enzyme – a secreted 

ribonuclease – which had not been described in sialomes of sand flies up to date. By 

comparing the enzymatic activities, mRNA expression and protein abundances from saliva of 

two S. schwetzi lineages adapted to feeding either on mice or gecko, we have tried to reveal 

the adaptation to hosts with different haemostasis and immunity. A higher hyaluronidase 

activity was detected in the lineage adapted to feeding on mice. As the exact functions of 

some salivary proteins remains elusive and more information about reptile haemostasis and 

immunity is lacking, it is challenging to explain the differences in mRNA expression levels 

and protein abundances. Interestingly, we showed that S. schwetzi YRPs do not bind serotonin 

nor histamine. Contrarily, a high binding affinity for serotonin was shown for the YRPs from 

P. perniciosus and P. orientalis, possibly affecting the physiological condition of the host 

which facilitates sand fly blood feeding. Finally, we proved that the recombinant YRP of 

P. perniciosus, PpeSP03B, can be used as a universal canine marker of exposure to 

P. perniciosus bites in the western part of Mediterranean area. 
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Polanska N, Ishemgulova A, Volfova V, Flegontov P, Votypka J, Yurchenko V, Volf P 

(2020). Sergentomyia schwetzi: Salivary gland transcriptome, proteome and enzymatic 

activities in two lineages adapted to different blood sources. PLoS One;15(3):e0230537. 

doi:10.1371/journal.pone.0230537 

Abstract 

During the blood feeding, sand fly females inject saliva containing immunomodulatory and 

anti-haemostatic molecules into their vertebrate hosts. The saliva composition is 

species-specific, likely due to an adaptation to particular haemostatic pathways of their 

preferred host. Research on sand fly saliva is limited to the representatives of two best-studied 

genera, Phlebotomus and Lutzomyia. Although the members of the genus Sergentomyia are 

highly abundant in many areas in the Old World, their role in human disease transmission 

remains uncertain. Most Sergentomyia spp. preferentially attack various species of reptiles, 

but feeding on warm-blooded vertebrates, including humans and domestic animals, has been 

repeatedly described, especially for Sergentomyia schwetzi, of which salivary gland 

transcriptome and proteome is analyzed in the current study. 

Illumina RNA sequencing and de novo assembly of the reads and their annotation revealed 

17,293 sequences homologous to other arthropods’ proteins. In the sialome, all proteins 

typical for sand fly saliva were identified – antigen 5-related, lufaxin, yellow-related, 

PpSP15-like, D7-related, ParSP25-like, and silk proteins, as well as less frequent salivary 

proteins included 71kDa-like, ParSP80-like, SP16-like, and ParSP17-like proteins. Salivary 

enzymes include apyrase, hyaluronidase, endonuclease, amylase, lipase A2, adenosine 

deaminase, pyrophosphatase, 5’nucleotidase, and ribonuclease. Proteomics analysis of 

salivary glands identified 631 proteins, 81 of which are likely secreted into the saliva. 

We also compared two S. schwetzi lineages derived from the same origin. These lineages 

were adapted for over 40 generations for blood feeding either on mice (S-M) or geckos (S-G), 

two vertebrate hosts with different haemostatic mechanisms. Altogether, 20 and 40 annotated 

salivary transcripts were up-regulated in the S-M and S-G lineage, respectively. Proteomic 

comparison revealed ten salivary proteins more abundant in the lineage S-M, whereas 66 

salivary proteins were enriched in the lineage S-G. No difference between lineages was found 

for apyrase activity; contrarily the hyaluronidase activity was significantly higher in the 

lineage feeding on mice. 
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Sumova P, Sima M, Kalouskova B, Polanska N, Vanek O, Oliveira F, Valenzuela JG,  

Volf P (2019). Amine-binding properties of salivary yellow-related proteins in 

phlebotomine sand flies. Insect Biochemistry and Molecular Biology; 115:103245. 

doi:10.1016/j.ibmb.2019.103245 

Abstract 

The amine-binding properties of sand fly salivary yellow-related proteins (YRPs) were 

described only in Lutzomyia longipalpis sand flies. Here, we experimentally confirmed the 

kratagonist function of YRPs in the genus Phlebotomus. We utilized microscale 

thermophoresis technique to determine the amine-binding properties of YRPs in saliva 

of Phlebotomus perniciosus and P. orientalis, the Old-World vectors of visceral leishmaniases 

causative agents. Expressed and purified YRPs from three different sand fly species were 

tested for their interactions with various biogenic amines, including serotonin, histamine and 

catecholamines. Using the L. longipalpis YRP LJM11 as a control, we have demonstrated the 

comparability of the microscale thermophoresis method with conventional isothermal titration 

calorimetry described previously. By homology in silico modeling, we predicted the surface 

charge and both amino acids and hydrogen bonds of the amine-binding motifs to influence the 

binding affinities between closely related YRPs. All YRPs tested bound at least two biogenic 

amines, while the affinities differ both among and within species. Low affinity was observed 

for histamine. The salivary recombinant proteins rSP03B (P. perniciosus) and rPorASP4 

(P. orientalis) showed high-affinity binding of serotonin, suggesting their capability to 

facilitate inhibition of the blood vessel contraction and platelet aggregation. 
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Spitzova T, Sumova P, Volfova V, Polanska N, Poctova L, Volf P (2020). Interactions 

between host biogenic amines and sand fly salivary yellow-related proteins. Parasites & 

Vectors;13(1):237. doi:10.1186/s13071-020-04105-2 

Abstract  

Background: During blood feeding, sand flies inoculate salivary proteins that interact with the 

host haemostatic system. The blocking of biogenic amines such as serotonin and histamine 

helps to limit vasodilatation and clot formation, and thus enables the insect to finish the 

blood-feeding process. In sand flies, an amine-binding ability is known only for the 

yellow-related proteins of Phlebotomus and Lutzomyia vectors, but not yet for members of the 

genus Sergentomyia. 

Methods: The ability of Phlebotomus argentipes and Sergentomyia schwetzi recombinant 

yellow-related salivary proteins to bind histamine and serotonin was measured by microscale 

thermophoresis. Both sand fly species were also fed through a chicken-skin membrane on 

blood mixed with histamine or serotonin in order to check the effects of biogenic amines on 

sand fly fitness. Additionally, fecundity and mortality were compared in two groups of 

P. argentipes females fed on repeatedly-bitten and naive hamsters, respectively. 

Results: The P. argentipes recombinant yellow-related protein PagSP04 showed high binding 

affinity to serotonin and low affinity to histamine. No binding activity was detected for two 

yellow-related proteins of S. schwetzi. Elevated concentrations of serotonin significantly 

reduced the amount of eggs laid by P. argentipes when compared to the control. The 

fecundity of S. schwetzi and the mortality of both sand fly species were not impaired after the 

experimental membrane feeding. Additionally, there were no differences in oviposition or 

mortality between P. argentipes females fed on immunized or naive hamsters. 

Conclusions: Our results suggest that in natural conditions sand flies are able to cope with 

biogenic amines or anti-saliva antibodies without any influence on their fitness. The serotonin 

binding by salivary yellow-related proteins may play an important role in Phlebotomus 

species feeding on mammalian hosts, but not in S. schwetzi, which is adapted to reptiles. 
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Kostalova T, Lestinova T, Maia C, Sumova P, Vlkova M, Willen L, Polanska N, Fiorentino 

E, Scalone A, Oliva G, Veronesi F, Cristóvão JM, Courtenay O, Campino L, Gradoni L, 

Gramiccia M, Volf P (2017). The recombinant protein rSP03B is a valid antigen for 

screening dog exposure to Phlebotomus perniciosus across foci of canine leishmaniasis. 

Medical and Veterinary Entomology.;31(1):88‐93. 

doi:10.1111/mve.12192 

 

Abstract 

The frequency of sandfly–host contacts can be measured by host antibody levels against 

sandfly salivary proteins. Recombinant salivary proteins are suggested to represent a valid 

replacement for salivary gland homogenate (SGH); however, it is necessary to prove that such 

antigens are recognized by antibodies against various populations of the same species. 

Phlebotomus perniciosus (Diptera: Psychodidae) is the main vector of Leishmania infantum 

(Trypanosomatida: Trypanosomatidae) in southwest Europe and is widespread from Portugal 

to Italy. In this study, sera were sampled from naturally exposed dogs from distant regions, 

including Campania (southern Italy), Umbria (central Italy) and the metropolitan Lisbon 

region (Portugal), where P. perniciosus is the unique or principal vector species. Sera were 

screened for anti-P. perniciosus antibodies using SGH and 43-kDa yellow-related 

recombinant protein (rSP03B). A robust correlation between antibodies recognizing SGHand 

rSP03B was detected in all regions, suggesting substantial antigenic cross-reactivity among 

different P. perniciosus populations. No significant differences in this relationship were 

detected between regions. Moreover, rSP03B and the native yellow-related protein were 

shown to share similar antigenic epitopes, as canine immunoglobulin G (IgG) binding to the 

native protein was inhibited by pre-incubation with the recombinant form. These findings 

suggest that rSP03B should be regarded as a universal marker of sandfly exposure throughout 

the geographical distribution of P. perniciosus. 
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