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Abstract: Phlebotomine sand flies are vectors of several diseases of importance for public health, in-
cluding leishmaniosis, bartonellosis, and sand fly fevers. An entomological survey on blood-feeding
Diptera was conducted in June-November 2020-2021 to know the diversity of insect vectors in Mal-
lorca (Balearic Islands, Spain). Among the vectors collected, Phlebotornus (Larroussius) perfiliewi Parrot,
1930 was found being the first record of this species in Spain. Phlebotomus perfiliewi s.1. is one of the
main vectors of Leishmania infantum in the Mediterranean Basin and Central Asia. The identification
of this species was confirmed by both morphological features and DNA barcoding. Phylogenetic
analyses showed that the specimens captured were Ph. perfiliewi s.s. (99.85-100% homologues from
Italy and Algeria specimens), with a sequence divergence of 0.17%. The cytochrome ¢ oxidase subunit
I gene clearly separates the three species that make up the Ph. perfiliewi species complex. In addition,
we also provide a brief discussion about their identification remarks, phylogenetic relationships, and
vector status.

Keywords: Balearic Islands; barcoding; Mallorca; Phlebotominae; sand fly; taxonomy

1. Introduction

Phlebotomine sand flies (Diptera: Psychodidae: Phlebotominae) are blood-feeding
insects of major medical-veterinary significance as they are vectors of a large number
of pathogens to animals and humans, including protozoa, bacteria, and viruses [1]. The
parasitic protozoan Leishmania sp. (Kinetoplastida: Trypanosomatidae) is responsible for
two clinical major forms, cutaneous leishmaniosis and visceral leishmaniosis, which are
endemic in several countries of the European Union, including the Iberian Peninsula, as
well as the Balearic Islands [2]. In Europe, the geographic distribution of sand flies increased
considerably in the last years, spreading into new areas [3] and causing progressively more
autochthonous outbreaks of phlebotomine-borne diseases [4]. Therefore, studies on sand
flies are increasing attention along most European countries.

Twenty-two species of sand flies were described in Europe [5], thirteen of them are
present in Spain [6], and five in the Balearic Islands [7,8] [Phlebotomus perniciosus Newstead,
1911; Phlebotomus sergenti (Parrot, 1917); Phlebotomus papatasi (Scopoli, 1786); Sergentomyia
minuta (Rondani, 1843); and Phlebotomus ariasi (Tonnoir, 1921)]. Based on their geographical
distribution and abundance, Ph. perniciosus and S. minuta are the most widespread and
abundant species in the Spanish territory [6]. Regarding their vector status, Ph. ariasi,
Phlebotomus langeroni Nitzulescu, 1930, Phlebotomus mascittii Grassi, 1908, and primarily Ph.
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perniciosus are highlighted to be proven or suspected vectors of Leishmania infantum Nicolle,
1908 in Spain [6]. However, other sand fly species were also highlighted in other European
countries to be involved in the transmission of L. infantum, such as Ph. tobbii Adler, Theodor
and Lourie, 1930 and Ph. neglectus Tonnoir, 1921, as well as Phlebotomus papatasi (Scolopi,
1976) and Phlebotomus perfiliewi s.1. Parrot, 1930, which are also vectors of other Phlebovirus.
The latter two species were pointed out to be changing their distribution range [3].

The taxonomic status of Ph. perfiliewi s.l. still remains undefined and some discrepan-
cies were reported between morphological analysis and molecular markers [9]. Overall, at
least three specific or subspecific value names are proposed into the Ph. perfiliewi species
complex, depending on the authors: Phebotomus perfiliewi s.s. Parrot, 1930, Phlebotomus
galilaeus Theodor, 1958, and Phlebotomus transcaucasicus Perfiliev, 1937, the former being the
taxa that occurs in western Mediterranean regions.

The current study provides the finding of a new phlebotomine record from Spain, and
in particular in Mallorca, the largest island of the Balearic Islands.

2. Materials and Methods

As part of a project focused on the collection of blood-feeding arthropods, a multi-
trapping entomological survey was conducted in eight farms (Formatges Burguera: 39.366579
and 3.02172891, 3 masl; Son Ajaume nou: 39.6448596 and 2.65217317, 89 masl; Can Cosme:
39.5222862 and 3.10583271, 80 masl; Son Simao: 39.8173189 and 3.05957789, 14 masl; Ranxo
Ses Roques: 39.8331397 and 3.10518693, 3 masl; Centre Hipic Son Reus: 39.6377295 and
2.66639607, 76 masl; Sa Teulera: 39.5840583, 3.1387411, 69 masl; and Son Feliu: 39.5300347
and 3.0338470, 142 masl) in the island of Mallorca (Spain), between June and November
2020-2021. Two types of downdraft traps were located close to animal barns (composed
mostly of domestic animals such as pigs, rabbits, cows, sheep, equines, and dogs) in each
of the sampling sites. The first type was hand-made traps equipped with incandescent
light (12 V, 0.3 amps) as attractant. The second type was mini CDC traps (6 V, model 512;
Bioquip, Compton, CA, USA) with CO; as bait. Both traps operated on a weekly basis with
batteries and specimens were retained in collection cups with fine mesh in the bottom to
prevent from escaping. A subsample of the total 520 sand fly female collections (ca. 35%)
and all males (n = 841) were analyzed from the eight sampling sites. Head and terminal
segments of the abdomen of each female and male terminalia were dissected and mounted
on a microscope slide with Hoyer’s medium. The rest of the body was retained for molecu-
lar characterization. Morphological identification was based on features of the male and
genitalia, and pharyngeal armature of females, following the available phlebotomine sand
fly keys [10,11]. Diagnostic features of the specimens were photographed and measured
(mean £ SD) under a compound microscope (Carl Zeiss 37081, Jena, Germany, 40 X mag-
nification) coupled with a camera (AxioCam ICc 1), and the images were processed by
ZEN 2.3 lite software.

Four males and four females showing morphological features compatible with Ph.
perfiliewi s.1. were selected for molecular characterization of the barcoding region. The
DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) was used for genomic DNA ex-
traction of sand flies following the manufacturer’s instructions. Reactions were performed
using the universal DNA primers for polymerase chain reaction (PCR) amplification of a
658-bp fragment of the mitochondrial cytochrome ¢ oxidase subunit I (COI) gene: LCO1490:
5-GGTCAACAAATCATAAAGATATTGG-3" and HCO2198: 5'-TAAACTTCAGGGTGAC-
CAAAAAATCA-3' [12] following thermocycling conditions, agarose gel electrophoresis,
and PCR product purification methods described by Ruiz-Arrondo et al. [13]. In addition,
the four Ph. perfiliewi s.1. female specimens previously selected were also screened for
Leishmania sp. parasites following the procedures described elsewhere [14] with few modi-
fications. Amplicons of COI were sequenced in both directions in the Genomics Platform
of the CIBIR (La Rioja, Spain). The sequences were edited using Bioedit software 7.2 and
compared with sequences previously deposited in GenBank.
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Phylogenetic analyses were performed by constructing multiple alignments of nu-
cleotide sequences including eight high-quality amplicon-length sequences with 658 pb, to-
gether with individuals of Ph. perfiliewi s.1. (n = 19) from other countries retrieved from Gen-
Bank. These countries were selected to hold the three members of the Ph. perfiliewi species
complex: Ph. petfiliewi s.s., Ph. galilaleus, and Ph. transcaucasicus. In addition, one specimen
of Ph. perniciosus collected in the present study was included as the outgroup. These
analyses were constructed using MAFFT vs. 7 (https://malfft.cbrc.jp/alignment/server/,
accessed on 15 January 2023) and subsequently edited with GBlocks (http://molevol.
cmima.csic.es/castresana/Gblocks_server.html, accessed on 10 January 2023). The phy-
logenetic tree was built using the maximum likelihood (ML) method in IQ-tree v.2.2.0
(http:/ /www.igtree.org/, accessed on 10 January 2023). The best-fitting evolutionary
model was TPM2u + F + 1. Intraspecific and interspecific genetic divergences were cal-
culated based on the Tamura—Nei model in MEGA X [15]. Sequence similarity searches
were carried out through the Barcode of Life Data System (https://www.boldsystems.org/
index.php/IDS_OpenldEngine, accessed on 10 December 2022) and BLASTn (MegaBlast
option; https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 10 December 2022). Detailed
specimen records and sequence information of sand flies were submitted to the GenBank
public database under the following accession numbers: OP824886-OP824894.

3. Results and Discussion

Thirty-seven specimens of Ph. perfiliewi s.l. (12 females and 25 males) captured by
suction traps, equipped either with light (n = 17) or with CO, (n = 20), were recorded
in two rural farms (Sa Teulera and Son Ajaume nou) of the island of Mallorca (Balearic
Islands) from mid-June to mid-July 2021. The analysis showed that only 4.8% (1 = 25) of the
total sand fly male collections corresponded with Ph. perfiliewi s.l. from Sa Teulera (n = 24)
and Son Ajaume nou (n = 1), respectively, and all the females of Ph. perfiliewi s.l. were
derived from Sa Teulera (1 = 12). So far, Ph. perfiliewi s.1. is distributed in the Mediterranean
Basin (from coast of France and Corsica to eastwards of Turkey and Ukraine) and North
Africa [16]. Therefore, the present finding represents the most westerly distribution of this
species in Europe, increasing the number of known phlebotomine sand fly species in Spain
to fourteen, and in the Balearic Archipelago to six.

Among the sand fly species cited in Europe, female Ph. perfiliewi s.1. can be misidenti-
fied with Ph. perniciosus, as both species share common morphological features. However,
various characters were proposed to separate both species attending to morphology. For
instance, females can be differentiated by the length and teeth of the pharyngeal armature
and features of the spermatheca (number of body segments, shape of the neck, and size of
bulges and ducts). In contrast, males are separated based on both the shape and colour of
the terminalia of the aedeagus [10,11].

The morphological analysis of the sand fly females captured in our study indicated
that the pharyngeal armature can be used as a reliable feature to discriminate both species
(Ph. perniciosus and Ph. petfiliewi s.1.). In Ph. perniciosus the pharyngeal armature usually oc-
cupies more than a quarter length of pharynx and teeth are arranged disorderly (Figure 1A),
whereas in Ph. perfiliewi s.l. the pharyngeal armature is smaller, and teeth end anteriorly in a
clear line of demarcation (Figure 1B). We found that the number of segments of the body of
the spermatheca is not a reliable morphological feature to separate both sand fly species, as
there is an overlap ranging from 9 to 12 in Ph. perniciosus (n = 10 specimens examined from
our study) and from 11 to 13 (n = 10 specimens examined) in Ph. perfiliewi s.1. (Figure 1C,D).
This remark was also noted by other authors [11]. The neck of the spermatheca is longer
(ca. 3/4 of the body of the spermatheca), more prominent, and thicker in Ph. perfiliewi s.l.
(spermatheca body: 48.3 & 3.4 um; neck: ca. 37.8 = 1.9 um length and 3.0 & 0.2 pm wide)
than in Ph. perniciosus (spermatheca body: 40.6 £ 3.0 um; neck: 24.6 £ 3.6 um length and
2.1 + 0.1 um wide), which usually measures close to 2/4 the length of the spermatheca
body. Bending next to the base of the neck is generally more apparent in Ph. perniciosus
than in Ph. perfiliewi (Figure 1(Eq,E;,F1,F5)). Ducts are not longer than three times (usually
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shorter) the length of a spermathecal body in Ph. perniciosus and about four times in Ph.
petfiliewi s.1. Males can be easily separated by the terminalia of the aedeagus (Figure 2). The
distal region of the aedeagus of Ph. perniciosus is bifid (fork-shaped, usually both ends are
asymmetric) (Figure 2A-C), whereas in Ph. perfiliewi s.1., the aedeagus extremity is rounded
(oar-shaped, usually having minuscules subapical denticles) (Figure 2B-D). The distal re-
gion of the aedeagus has a conspicuous colorless membrane (translucent) in Ph. perfiliewi s.1.,
whereas the aedeagus in Ph. perniciosus is completely dark or the subdistal region is lighter.
The measures of the Ph. perfiliewi aedeagus (length: 141.0 £ 5.2 pm; thickness: 13.2 £ 1.4 um;
transparent part: 41.1 &= 3.4 um) were similar to those reported by Depaquit [9], but overall,
slightly higher.

A

Figure 1. Morphometric characters used to discriminate females of Ph. perniciosus (A,C,E) and Ph.
perfiliewi s.1. (B,D,F). (A,B) = pharynx) and (C,D) = spermatheca and ((E1,Ez) and (F1,F;)) = two
different examples of spermatheca necks (arrows).
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Figure 2. Aedeagus (male genitalia) of Ph. perniciosus (A,C) and Ph. perfiliewi s.1. (B,D). Detail of the
aedeagus tips (arrows).

The sand flies studied here were confirmed molecularly as Ph. perfiliewi s.1., showing
99.85-100% identity (query cover of 100%) with homologues from Italy (accession number:
KY646194) and Algeria (KJ481177) (Figure 3). The collected Ph. perfiliewi s.l. specimens
clustered together with the sequences of Ph. perfiliewi s.1. from Italy and Algeria and one
individual from Jordan.

Individuals of Ph. perfiliewi s.. from other countries (Turkey, Azerbaijan, Greece,
Israel, and Jordan) were grouped in a different clade, which is further divided into two
subclades (Figure 3). The ML tree showed that Ph. perfiliewi s.1. sequences grouped in three
clades, each clade consisting of one of the three species forming the Ph. perfiliewi species
complex. Our results are in agreement with those reported by other authors based on
morphological features and both Cytochrome b (Cyt b) and internal transcribed ribosomal
spacer 2 (ITS2) genes [9,17,18]. The sequences from Spain, Italy, Algeria, and one from
Jordan correspond to Ph. perfiliewi s.s., which is a species well-distributed from North
Africa to Crimea, including the western Mediterranean. Thus, phylogenetic analyses based
on the COI gene showed congruent results on the known geographic distribution of the
three species of the Ph. perfiliewi s.1. It is interesting to note that Depaquit et al. [9] observed
that Ph. perfiliewi s.s. was closer to Ph. galilaeus than Ph. transcaucasicus based on the Cyt
b gene, which slightly differs from our ML-tree results, where Ph. transcaucasicus was
closer to Ph. galilaeus than Ph. perfiliewi s.s. In contrast, the above-mentioned authors
obtained incongruent phylogenetic hypotheses based on the Cytb and ITS2 genes [9]. A
priori, the COI gene could offer a clearer resolution than the two aforementioned genetic
markers, but a greater number of sequences from more diverse origins would be needed
for further conclusions.
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KF483665 Ph. perfiliewi Israel
98/98 F 1 OP169335 Ph. pertiliewi Jordan

R OP169334 P pertiliewi Jordan
KYS564182 Ph. transcaucasicus Azerbaijan
KY564181 Ph. transcaucasicus Azerbaijan
KYS564180 Ph. transcaucasicus Azerbaijan
ONO093839 Ph. pertiliewi Turkey
ONO093838 Ph. perfiliewi Turkey
ONO093837 Ph. pertiliewi Turkey

99/94
99/100

98/98 KUS519505 Ph. pertiliewi Greece
KUS519508 Ph. pertiliewi Greece
KUS19507 Ph. pertiliewi Greece
pen K 1481175 Ph. perfiliewi Ttaly

I— KJ481177 Ph. pertiliewi Algeria
91/99 OP824891 Ph. pertiliewi Spain

4 OP824890 Ph. perfiliewi Spain

OP824893 Ph. perfiliewi Spain

OP824892 Ph. perfiliewi Spain
KJ1481081 Ph. pertiliew: Algeria
KY646194 Ph. pertiliewi Ttaly
MG948469 Ph. pertiliewi Italy
OP824889 Ph. perfiliewi Spain
OP824888 Ph. perfiliewi Spain
OP824887 Ph. perfiliewi Spain
OP824894 Ph. perfiliewi Spain
KJ1481080 Ph. pertiliewi Algeria
OP169332 Ph. pertiliewi Jordan

OP824886 Ph. perniciosus Spain
0.007

Figure 3. Maximum likelihood phylogenetic tree based on COI sequences in Ph. perfiliewi s.l. At specific
branches, the first and second values separated by “/” indicate the topological branch support for the
ML analysis (aLRT/bootstrap), with values > 75% defining high stability. Red colour = cluster 1, Ph.
galilaeus; yellow colour = cluster 2, Ph. transcaucasicus; and violet colour = cluster 3, Ph. perfiliewi s.s.

In our study, the sequence divergence was 0.17% for Spanish Ph. perfliewi s.s. and
2.9% for the other Ph. perfiliewi s.1. sequences retrieved from GenBank. When the sequences
of the individuals were separated according to their geographical origin in the three species
of the Ph. perfiliewi species s.1., the intraspecific divergence was 0.18% for Ph. perfiliewi s.s.,
1.6% for Ph. galilaeus, and 1.4% for Ph. transcaucasicus (Table 1). The interspecific divergence
varied between 3.7% and 4.5% among the three species of the Ph. perfiliewi s.l. and was
higher than 7.0% when compared with Ph. perniciosus (Table 1).

Table 1. Interspecific (between groups) pairwise Tamura—Nei model genetic divergence based on
COI gene in the three Ph. perfiliewi species of the Perfiliewi complex and Ph. perniciosus.

e Ph. Ph. Ph.
Ph. perfiliewi s.s. . ) ..
galilaeus transcaucasicus perniciosus
Ph. perfiliewi s.s.
Ph. galilaeus 0.038
Ph. transcaucasicus 0.037 0.045
Ph. perniciosus 0.073 0.081 0.083

In Europe, the main species involved in the transmission of leishmaniosis disease are
Ph. perniciosus, Ph. ariasi, Ph. papatasi, and Ph. perfiliewi s.1. [19]. Phebotomus perfiliewi s.l. is
considered a vector with an important role in the transmission dynamics of L. infantum
in the Mediterranean Basin and in Central Asia [16]. Its vector role for L. infantum was
recorded several times, particularly in Italy and Iran, but also as a proven or suspected
vector of visceral leishmaniosis in Albania, Algeria, Croatia, Greece, Israel, Malta, Morocco,
Palestine, Republic of Macedonia, Romania, Tunisia, Turkey, and Hungary [1,16,20-24].
In our study, the four specimens of Ph. perfiliewi s.1. individually analyzed for Leishmania
parasites resulted negative, and therefore, its vector role in the Balearic Islands needs
further research.

In countries such as Italy, Phlebotomus perfiliewi s.s. was overcome in abundance to Ph.
perniciosus, particularly in rural areas along the central, south, and north Italy, where it plays
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a major role in the leishmaniosis sylvatic cycle, with wildlife acting as reservoirs rather than
dogs [25-27]. In addition, Ph. perfiliewi s.s. was also related to the potential transmission of
the Toscana virus (TOSV) and other phleboviruses [28,29], as well as Trypanosoma theileri
Laveran, 1902 in 2016 in Italy [30]. Other species of the Perfiliewi complex, such as Ph.
transcaucasicus, are also dominant in Iran, where it is a proven vector of L. infantum and
Leishmania donovani Laveran and Mensil, 1903 [22,31,32].

In the Balearic Islands, leishmaniosis is considered a regionally endemic disease, with
an overall rate of human leishmaniosis of ca. 0.7-3.5 cases per year/100,000 inhabitants,
and the prevalence of canine leishmaniosis can reach 45% in some areas of the island [7,33].
The collections of Ph. perfiliewi s.s. obtained in the current study were in June-July, which is
considered the peak of abundance in several Mediterranean countries [34].

4. Conclusions

The combination of identification by morphology and DNA barcoding is of great value
in epidemiological studies, as it provides accurate species identification to separate Ph.
petfiliewi s.1. from Ph. perniciosus, as well as to differentiates within the members of the
Perfiliewi complex. Phlebotomus petfiliewi s.s. is cited here for the first time in Spain and
the Balearic Islands, being the most westerly citation of this species in the Mediterranean
Basin. This species was associated with farms and was captured either in light or in CO,
traps. Its epidemiological role remains unknown due to the low number of specimens
analyzed in this study for the presence of L. infantum; however, based on its proven role in
the transmission of Leishmania parasites and arboviruses in the Mediterranean Basin, the
risk of leishmaniosis transmission exists all over the island.

Further entomological surveys should be conducted to identify the presence of this
species in mainland Spain due to its potential role as a vector of diseases with interest for
animal and public health. The authors suggest rechecking the material of sand flies previ-
ously collected through the Mediterranean coastline of Spain, as it might be possible that
female specimens were misidentified with Ph. perniciosus due to their closely morphological
features. In addition, it would be interesting to deepen whether this species only occurs in
restricted areas located in rural areas of Mallorca, or perhaps it was recently introduced.
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