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Abstract

Sand flies (Diptera: Psychodidae, Phlebotominae; Newstead, 1911) are widespread in
Europe, being particularly common in the Mediterranean region but rare north of the
Alps. Thus, Switzerland is an opportune place to investigate the sand fly fauna on both
sides of the Alpine crest, in southern sub-Mediterranean climate and northern oceanic
temperate climate. We reinvestigated the Swiss sand fly fauna with the aim to assess
changes in composition, altitudinal distribution, abundance and seasonality. Thirty-eight
sites were investigated with light traps and/or interception sticky traps in 4 years. Ninety
and 380 specimens were caught by light traps and sticky traps, respectively, at 15 collect-
ing sites. Four species were identified. Phlebotomus mascittii (Grassi, 1908), Phlebotomus
perniciosus (Newstead, 1911) and Sergentomyia minuta (Rondani, 1843) were confirmed
in Ticino, and P. mascittii for the first time in neighbouring Grisons. Also, Phlebotomus
neglectus (Tonnoir, 1921) is for the first time reported, though at a very low density com-
pared to P. perniciosus at the same site. Its presence in Ticino supports the northward
spread observed in Italy. Sand flies were detected north of the Alps at one site only,
endorsing a historical report. Overall, the low density of P. perniciosus and very low den-
sity of P. neglectus suggest that canine leishmaniosis may not be an important disease

risk in Switzerland.
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climate. Autochthonous cases of leishmaniosis in dogs or humans in

Switzerland have admittedly been reported but were not evidenced.

Phlebotomine sand flies are vectors mainly of protozoa (e.g., Leish-
mania spp.) but also bacteria (e.g., Bartonella spp.) and arboviruses
(phleboviruses; Depaquit et al., 2010).

Sand flies are widespread on the European continent with 21
reported species (Karakiilah et al., 2016). They are particularly com-
mon in the Mediterranean region but rare north of the Alps (Medlock
et al., 2014). Thus, Switzerland, which embraces both regions, is an
opportune place to investigate the sand fly fauna in southern sub-
Mediterranean temperate climate and northern oceanic temperate

Earlier investigations of Leishmania infantum Nicolle, 1908 antibodies
in dogs from southern Switzerland did not reveal infections (Deplazes
et al., 1995). More recently, a low seroprevalence was determined for
dogs from the same region but all had a travel history in endemic
regions (Olcer, 2017).

Sand flies are known to occur in Switzerland since 1911 when
two females of Phlebotomus mascittii (Grassi, 1908; mentioned under
the name Phlebotomus papatasi) were caught in Orbe, western canton
of Vaud (VD; Galli-Valerio & Rochaz de Jongh, 1912). Later, another
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individual of P. mascittii (also recorded as P. papatasi) was described
from Cassarate, southern canton of Ticino (TI; Vogel, 1931), and sand
flies collected at Ascona (TI) in 1944 were attributed to either Phlebo-
tomus perniciosus (Newstead, 1911) or Sergentomyia minuta (Rondani,
1843; under the name Phlebotomus parroti var. italicus;
Gaschen, 1945). In 1956, Gaschen confirmed the identity and the
occurrence of P. mascittii in VD, based on another individual collected
in La Rosiaz (Gaschen, 1956a). Besides, he also confirmed the identity
of S. minuta and its occurrence in Lugano (Tl; Gaschen, 1956b). Since
then, no additional species have been reported from Tl (Grimm
et al., 1993; Knechtli & Jenni, 1989), and no studies were implemen-
ted in other Swiss cantons. The recent mention of the presence of
sand flies in the northern Swiss region of Jura (Kasbari et al., 2012)
refers to the data described in this article.

Like other insects, sand flies may change their distribution and
abundance as a consequence of environmental and climatic changes.
In northern Italy, canine leishmaniosis has extended northwards, and
the sand fly species Phlebotomus perniciosus and Phlebotomus neglectus
(Tonnoir, 1921) have increased in density and expanded their
geographic range, with autochthonous foci suspected near the Swiss
border (Ferroglio et al., 2010; Maroli et al., 2008). North of the Alps
and during the last two decades, putative autochthonous human
and canine leishmaniosis cases have been described in France,
Germany and the Netherlands (Kasbari et al., 2012; Maroli
et al.,, 2008; Naucke et al., 2008), and new foci of P. mascittii have
been reported in Belgium, France and Germany (Depaquit et al., 2005;
Oerther et al., 2020). During the same period, this species also was
reported for the first time from Austria and Slovakia (Dvorak
et al.,, 2016; Naucke et al., 2011). Overall and at the European scale,
changes in the distribution of sand fly species were evidenced, and an
increasing risk of establishment of sand flies has been identified espe-
cially along the Atlantic Coast but also inland in parts of Austria,
Germany and Switzerland (Medlock et al., 2014).

In Switzerland, the most recent field studies date back to 1981-
1989 and encompassed only a few localities in Tl (Grimm et al., 1993;
Knechtli & Jenni, 1989). Therefore, between 2009 and 2016, 20 years
after the last studies, we reinvestigated the Swiss sand fly fauna with
the aims of (1) assessing changes in fauna composition, altitudinal dis-
tribution, abundance, seasonality and possible northward spread in Tl
(south of the Alps) and (2) investigating sand fly presence in other can-
tons both south and north of the Alps.

MATERIALS AND METHODS
Study areas
Ticino and neighbouring area of Grisons

Sand fly trapping was primarily performed in the cantons Ticino
(TI) and neighbouring Grisons (GR) in 2009, 2010, 2011 and 2016.
These areas, south of the Alps, benefit from a warm and temperate
climate influenced by the Mediterranean Sea (classified by the
Koppen-Geiger system as Cfa and Cfb; Beck et al, 2018), with
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winters being considerably milder than north of the Alps. The study
sites included the sites of former studies (Grimm et al., 1993;
Knechtli & Jenni, 1989) for comparative purposes, and further sites by
considering favourable environmental suitability for sand flies breed-
ing habitats, such as the presence of old barns, shelters and house
basements if possible with ground floors, stone walls, rocks and caves,
preferably sun exposed. Overall, eight places were chosen for the
trapping in 2009, seven in Tl and one in GR, from 245 to 860 m above
sea level (m a.s.l.). Twelve new places were added in 2010, while four
places from 2009 were omitted (Figure 1, Tables S1 and S2), with alti-
tudes reaching 1,010 m a.s.l. In 2011, two new sites were investi-
gated, and in 2016, seven sites among those previously investigated
were sampled again. At each site, trapping was performed at one or
more stations of a specific environment (e.g., stone wall, barn, base-
ment). The numbers and locations of sampling sites were selected
according to the specific aims of the annual studies and the temporal
fieldwork capacities. Generally, the environments of the places were
either hilly or mountainous.

Other cantons

Additional samplings were performed in more distant areas in GR and
eight other cantons, within (valleys) and north (Swiss plateau) to the
Alpine crest. These areas have a climate heavily influenced by
the Atlantic Ocean (classified as Cfb and Dfb; Beck et al., 2018). As
above, study sites were selected either according to previous findings
(VD; Galli-Valerio & Rochaz de Jongh, 1912; Gaschen, 1956a) for
comparative purposes, because of suspicion of Leishmania parasite
transmission (canton Zurich, ZH: ZHO3; Lobsiger et al., 2010), and by
considering favourable environment suitability for sand flies, at eight,
four and five sites in 2009, 2010 and 2011/2012, respectively
(Figure 1, Tables S1 and S2).

Sampling methods

Overall, 38 sites were investigated with light traps (LTs) and/or inter-
ception sticky traps (STs) between early July and September of each
year (Table S2). The LTs (New Standard Miniature Light Traps; John
W. Hock Company, Gainesville, USA) were run overnight once a
week, for one or two successive nights. The integrated photosensor
allowed an automatic switch on of the light before sunset and a
switch off after sunrise. The traps were adapted to collect the caught
insects directly in 70% ethanol. About 10-20 STs (white paper
80 g/mz, 20 x 20 cm, impregnated with castor oil; Sigma-Aldrich,
Buchs, Switzerland) were placed per site, depending on the avail-
ability of suitable places, and collected usually after seven nights
(minimum 4, maximum 22 nights). The LTs were hung in or nearby
old barns and stables or cellars with non-paved flooring, in and out-
side poultry houses or nearby caves, rocks and stone piles or walls,
while the STs were fixed with wood sticks vertically above the
ground or in drain holes or crevices of stone walls (Figure S1). For
small holes, the STs were cut into two pieces.
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FIGURE 1 Sampling sites investigated for sand flies in Switzerland, 2009-2016. White dots: sand flies not detected; Squares: sand flies
detected; Blue: Phlebotomus mascittii; Red: Phlebotomus perniciosus; Green: Phlebotomus neglectus; Yellow: Sergentomyia minuta. Swiss cantons:
AG, Aargau; BE, Bern; BL, Basel-Landschaft; GR, Grisons; SO, Solothurn; SZ, Schwyz; Tl, Ticino; VD, Vaud; VS, Valais; ZH, Zirich. Map source:

Federal Office of Topography Swisstopo.

Sand fly identification

In the laboratory, the flies sticking on the STs were counted, and the
sand flies were gently removed under a magnifying glass with the aid
of forceps and absolute ethanol and then stored in 70% ethanol. The
LT collections were inspected under a binocular microscope; the
insects were counted, and sand flies were extracted and stored in
70% ethanol before further processing. Male specimens were
mounted on slides for morphological identification; some females
were similarly processed, while others were handled for molecular
identification. For this, specimens were dissected under a binocular
microscope to separate the head and the male genitalia or the female
spermathecae from the rest of the body. To be mounted on slides, at
least the head and the genitalia/spermathecae were lightened in
potassium hydroxide (10%) and washed and dehydrated in several
ethanol concentrations (from 70% to absolute). Then they were
placed between the slide and the cover slide in Euparal balsam
(Chroma, Minster, Germany). A fraction of the specimens was identi-
fied by matrix-assisted laser desorption/ionization time of flight mass
spectrometry (MALDI-TOF MS) as described before (Mathis
et al., 2015), whereas another fraction (whole specimen or only the
thorax and abdomen from dissected specimen) was submitted to DNA

isolation, amplification of the mitochondrial cytochrome oxidase

subunit | gene (COI) and sequencing as described elsewhere (Mathis
et al., 2015). The morphological identification was performed based
on available identification keys (Dantas-Torres et al., 2014; Fauran
et al.,, 1998; Gatt et al., 2009; Rioux et al., 1969).

Data analysis

To allow a comparison of sand fly density between the different
places and with other studies, the relative abundances were calculated
for each place and species. Abundance of data are given in terms of
density, as the number of sand flies collected divided by the sampling
effort (Medlock et al., 2018; Muiioz et al., 2021). The sampling effort
is the number of trapping nights multiplied by the trap area (m?) for
ST (=STN) and by the number of traps for LT (=LTN). Impregnated
papers are usually used for a period from one to seven nights (Maroli
et al, 2008; Munoz et al, 2021; Risueno et al, 2017; Rossi
et al., 2008). In our study, because of travel constraints, we chose to
routinely run STs for seven nights. In the Swiss context, we observed
that most of the papers were still sticky after seven nights and har-
boured many insects. However, when STs were placed for more than
seven nights, we did consider a sticky period of (the first) seven nights

only for density calculations.

9SUDIT SUOWIWO)) dANLAI) d[qesridde ay) Aq pauIoA0s are s2[oNIR () 25N JO SA[NI 10§ AIRIqIT AUIUQ AJ[IA\ UO (SUONIPUOD-PUB-SULIA}/WO0d KA[IM  KTRIqI[auT[uo//:sdny) SUoOnIpuo)) pue sWwd [, 9yl 23S *[£707/80/67] uo K1eiqr aurjuQ A[IA ‘9duRL] dueIyo0)) Aq (069 [ @AWY/ [ [ [°(1/10p/wiod Kajim Kreiqijautjuo-speumnolsai//:sdny woiy papeofumod ‘0 ‘S167S9E T



Medical and Veterinary
Entomology

m Male

B Female

LT ST

FIGURE 2 Effect of trap type on sex ratio for all sand fly species
captured in Switzerland, 2009-2016. The sex ratio significantly differs
between the trapping methods (generalised linear model [GLM],

df = 134, p < 0.001). LT, light trap; ST, sticky trap; total n = 470.

Statistics

The effect of trap type and trap site (barn, poultry house, stable, etc.),
collection week and altitude (independent variables) on the sex ratio
(dependent binary variable) of the collected sand flies was investi-
gated with a generalised linear model (GLM) with binomial distribu-
tion, logit link function and dispersion estimated. The sex ratio was
expressed in the GLM as the fraction of female sand flies in a trap
divided by the total number of sand flies in the trap.

The effect of trapping site, trap type, collection week and altitude
(independent variables) on the collection of the three most abundant
species (count as the dependent variable; P. mascittii, P. perniciosus
and S. minuta) was investigated with a GLM with negative binomial
distribution with log link and dispersion estimated. Data were
weighted for sampling effort by the number of collection nights.

Effects as well as their two-way interactions were fitted in the
different GLMs, and nonsignificant factors were removed. Models
were compared by the corrected Akaike's information criterion.
p-values below 0.05 were considered significant. All statistical
analyses were performed using SPSS® statistics software, version
27 (IBM Corp., Armonk, NY, USA).

RESULTS

Trapping method and effort and numbers of sand flies
caught

Overall, 188 LT- and 563.02 m? of ST-trapping nights were performed
in Switzerland in 2009, 2010, 2011/2012 and 2016 (Tables S3 and
S4). According to the sampling objective (see Introduction), the trap-

ping efforts varied. It was globally more intense in Tl and neighbouring
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GR, and in particular at 17 sites (16 in Tl, 1 in GR), with averages of
10 weeks of sampling and 20 m? of ST-trapping nights per site. At the
other sites, sampling was performed usually for 1 week (3 weeks at
ZHO01 and ZHO2) with an average of less than 4.3 m? of ST-trapping
nights per site.

A total of 470 sand fly specimens were caught, 90 and 380 by
LTs and STs, respectively (Figure 2). After correction for the number
of collection nights, the type of trap only influenced the number of
collected S. minuta, the species being more frequently caught in STs
and not the other species (GLM, df = 589, p < 0.001, Tables S3 and
S4). The sex ratio of the sand flies collected with the LTs was signifi-
cantly different from the sex ratio of sand flies caught with STs (GLM,
df = 134, p < 0.001, Figure 2). While the sex ratio with the LTs did
not differ from a 50:50 distribution (95% confidence interval [Cl; 0.45,
0.71], GLM), the STs caught more males (95% CI [0.18, 0.30], GLM).
The trapping site also had a significant effect on the sex ratio (GLM,
df = 126, p < 0.001, Table S5). More males were caught in barns
(building for keeping equipment), barn basements and garden shelters
(shed for keeping gardening equipment), while more females were
caught near stone walls (95% Cl, GLM, Table S5). No effect of collec-
tion week or altitude on the sex ratio was found (GLM, p = 0.674 and
p = 0.059, respectively, Table S5).

Sand fly fauna

Phlebotomine sand flies were collected at 15 of the 38 sites (Table 1)
and during every year but 2011 (when only some sites, north of the
Alps, were sampled). The 470 specimens collected belonged to four
species: P. (Transphlebotomus) mascittii, P. (Larroussius) perniciosus,
P. (Lar.) neglectus and S. (Sergentomyia) minuta.

Most of the specimens were identified by morphology, 38 by barcod-
ing (2009: n = 8, 2010: n = 26; 2016: n = 4) and 35 by MALDI-TOF MS
(2016). Obtained sequences are available at GenBank under the accession
numbers 0Q238828-0Q238844 (P. mascittii), 0OQ248080-0Q248085
(P. neglectus), 0Q223299-0Q223300 (P. perniciosus) and OQ238860-
0Q238867 (S. minuta).

Male specimens represented 71.5% of the catches. The species
P. mascittii was found at all 15 positive sites and was the most numer-
ous species with 306 specimens (65.1%). It was the only species found
outside TI, in neighbouring GR (GRO1, Figure S1E) but also north of
the Alps in VD (VDO1, Figure S1H). The species S. minuta was col-
lected at five sites (n = 97; 20.6%) and P. perniciosus at nine sites
(n = 57; 12.1%). The less abundant species P. neglectus was found at a
single site (TISO1, Figure S1A,B; n = 10; 2.1%), which is one of the

southernmost sites investigated in Tl (Figure 1).

Sand fly habitat

There were differences between the sand fly species and the type of

habitat where they were mostly collected (Figures 3 and S2). The type
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FIGURE 3 Types of sites harbouring sand flies in Ticino and neighbouring area of Grisons, 2009-2016.

of habitat had a significant effect on the number of P. mascittii,
P. perniciosus and S. minuta caught (GLM, df = 589, all p < 0.001).
Phlebotomus mascittii was found mainly in barn basements, barns and
garden shelters (almost 90% of the specimens). The species was
collected significantly more often in barn basements than in all
other types of habitats (GLM, df = 589, p < 0.001). The trappings
near stone walls caught significantly lower P. mascittii than at all
other habitats (GLM, df = 589, p < 0.05) except at poultry houses
(GLM, df = 589, p = 0.106). By comparing GLM back-transformed
means (Figure S2), P. perniciosus was caught significantly more
often in house basements than all other types of habitats (GLM,
df = 589, p < 0.01). For S. minuta, unused stables revealed the
highest number of specimens (GLM, df = 589, p < 0.002), and poul-
try houses were second. At this habitat, significantly more
P. perniciosus were caught than at the other habitats (GLM,
df = 589, p < 0.001) except for the unused stables (GLM, df = 589,
p < 0.002). Phlebotomus neglectus, detected in small numbers at a

single site and therefore not included in the statistical analysis, was
mainly collected in a poultry house (70%, Figure 3).

Species’ horizontal and vertical distribution

Altitude significantly influenced the trap catches and was included
in the GLMs for all species (GLM, df = 589, p < 0.001, Figure 4).
Phlebotomus mascittii was the most widespread species, occurring
north (VS01) and south of the Alps (Figure 1). In Tl and neighbour-
ing GR, the species was detected at 14 sites, including the north-
ernmost one (T120) and the two at the highest altitude (TI14 and
TI20, 660 and 715 m a.s.l., respectively). It occurred through the
250-750 m a.s.l. elevation range. Phlebotomus perniciosus and S.
minuta were reported from seven and five sites, respectively, dis-
tributed over southern TI, through the 250-600 m a.s.l. elevation
range. The single site positive for P. neglectus was located in the
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FIGURE 4 Numbers of sand fly specimens caught according to
elevation in Ticino and neighbouring area of Grisons, 2009-2016.
Red: Phlebotomus mascittii; Green: Phlebotomus neglectus; Violet:
Phlebotomus perniciosus; Blue: Sergentomyia minuta. Numbers of
specimens are grouped within 50 m altitude intervals. Altitude
significantly influenced the trap catches and for all species
(generalised linear model [GLM], df = 589, p < 0.001).

very south, at 580 m a.s.l. No sand flies were detected at the six
sites located in the 750-1050 m a.s.l. elevation range (TI07, TI09,
TI11, TI112, TI13 and TI16).

Species’ abundance and seasonality

In Tl and neighbouring GR, the overall density reached 0.76 sand fly/
LT/night and 0.66 sand fly/STm?/night. The 2-week period in which
the sand flies were collected had a significant effect on P. mascittii
and P. perniciosus (GLM, p < 0.001, Figure 5). The highest sand fly
density observed by LTs was reported from TIO3 in week 27 (1 LTN,
07-08 July 2010) with 9 sand fly/LT/night, including five P. mascittii
and four P. perniciosus, while the highest density observed by STs was
determined from GRO1 in week 30 (13.33 m? of ST for seven trapping
nights, 22-27 July 2009) with 2.22 sand fly/STm?/night (all P. mascit-
tii; Tables S3 and S4). All trappings were performed within weeks
26 and 35 (end of June to early September), and highest densities
were observed in weeks 28-29 for all species except S. minuta, which
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FIGURE 5 Overall numbers of sand fly specimens caught in
Ticino and neighbouring area of Grisons within 2-week periods, end
of June to early September, all years 2009-2016, all trapping
methods. Red: Phlebotomus mascittii; Green: Phlebotomus neglectus;
Violet: Phlebotomus perniciosus; Blue: Sergentomyia minuta; Black: all
species. The 2-week period in which the sand flies were collected had
a significant effect on P. mascittii and P. perniciosus (generalised linear
model [GLM], p < 0.001).

showed the highest densities in weeks 34-35 (in 2010 only, but at
two sites; Figure 5).

DISCUSSION

We investigated the presence and abundance of sand flies at various
sites in Switzerland, between 2009 and 2016. We demonstrated the
persistence of P. mascittii, P. perniciosus and S. minuta in Tl, and we
report for the first time the presence of P. mascittii in neighbouring
GR. In TI, we found a lower density of sand flies compared to a previ-
ous study (Knechtli & Jenni, 1989), in particular when assessed with
ST. Our study vyielded overall sand fly/STm?/night means between
0.02 and 2.73 compared to 0.83-84.26 sand fIy/STmz/night in 1981.
Also, LT catches were lower, though only slightly (0.76 sand fly/LT/
night as compared to 0.80 or 1.20 sand fly/LT/night in 1982 or 1983,
respectively). Lower densities were found, compared to 1981, for
P. perniciosus and S. minuta (0.04-0.27 vs. 1.04-12.50 and 0.03-0.82
vs. 0.93-75.93 sand fIy/STmz/night, respectively) but not for
P. mascittii (0.03-4.13 vs. 0.83-3.33 sand fly/STm?/night). The appar-
ent decrease of P. perniciosus density contradicts the increase
reported in neighbouring Italy (Maroli et al., 2008). The overall density
of sand flies in Tl is also much lower than what can be found in Medi-
terranean countries, for example, in Spain where a mean of 3.1 sand
fly/STm?/night was found for a sampling effort of 1471 m? trap
nights and 7.2 sand fly/LT/night for 67 LT nights in a Spanish peri-
urban residential area (Murcia; Mufioz et al., 2021). Our study reveals
the occurrence of P. perniciosus and S. minuta up to 595 m a.s.l., while
P. mascittii was found up to 755 m a.s.l.; sand flies were not detected
at higher sites, which is consistent with other findings at similar lati-
tudes (Kniha et al., 2021; Rioux et al., 1967).
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We also report for the first time the presence of P. neglectus in Tl
in 2009 at a site located close to the Italian border (Meride). Its den-
sity was low (0.02 sand fly/STm?/night) compared to P. perniciosus at
the same site (0.18 sand fly/STm?/night). Its presence in Tl supports
the northward spread observed in Italy (Biocca et al., 1977; Maroli
et al., 2008). We record its occurrence at a site located 580 m a.s.l.,
while it was found at a maximum of 330 m a.s.l. in Piedmont, Italy
(Maroli et al., 2002). We also report sand flies at more northern places
within TI (P. mascittii at Faido, site TI20, 715 m a.s.l.) compared to pre-
vious studies. However, as this site was not surveyed in the past, and
considering the observed low densities, it is not possible to conclude
for a northward spread or expanding local sand fly populations, except
for P. neglectus.

In more distant areas of GR and other Swiss cantons, sand flies
were only detected in VD endorsing the historical report of
P. mascittii at Orbe (Galli-Valerio & Rochaz de Jongh, 1912) but not
of the same species at La Rosiaz (Gaschen, 1956a). Not a single sand
fly was found at the location of the suspected autochthonous bovine
Leishmania infection (Lobsiger et al., 2010) in northern Switzerland,
although the local environment also did not seem suitable for sand
flies (ZHO3, 850-900 m a.s.l.). However, this case of infection was
due to L. (Mundinia) martiniquensis (= L. siamensis), which is suggested
to be vectored by biting midges (Diptera: Ceratopogonidae; Becvar
et al., 2021). The sampling effort performed in VD was slightly higher
than the mean effort (5.40 vs. 4.24 STN) but lower than for some
other locations (e.g., 12.60 STN at ZH02), suggesting the absence of
sand flies at these places or presence at very low densities. The den-
sity of P. mascittii observed in VD (0.42 sand fly/STm?/night) was
lower than the average density observed at positive sites in Tl (0.54
sand fly/STm?/night). Despite the fact that the species is considered
strongly attracted by LTs (Depaquit et al., 2005), our traps remained
negative in VD (but two trap nights only), while LTs were successfully
used to detect the species in Styria, Austria, in 2018-2019 (up to 0.90
sand fly/LT/night) and in southwest Germany (up to 0.30 sand fly/LT/
night; Oerther et al., 2020). The species was detected in Northern
France, Belgium and Germany in the last two decades (Depaquit
et al., 2005; Naucke et al., 2008; Oerther et al., 2020).

Phlebotomus perniciosus originating from Tl was a successful lab-
oratory vector for L. infantum (Knechtli & Jenni, 1990), and
P. neglectus is considered as an important vector of Leishmania para-
sites in Southeast Europe and Anatolia (Trajer, 2021), while
P. mascittii is not considered as an efficient vector (Maroli
et al,, 2013; Ready, 2010). However, single cases of assumed autoch-
thonous leishmaniosis have been reported north of the Alps (Maroli
et al., 2008; Naucke et al, 2008), suggesting the occurrence of
P. perniciosus at these latitudes, sufficient vectorial capacity of
P. mascittii populations or existence of nonvector associated trans-
mission. In a recent investigation (2016-2017) of 545 dogs from TI,
seroprevalence for L. infantum was 2.9%, but all positive dogs had a
travel history in endemic regions (Olcer, 2017). This seroprevalence
is similar to recent observations in neighbouring Italy (2.6% and
3.6%, animals from nine pre-Alpine or seven pre-Apennine/Po val-
ley territories, respectively, 2003-2005; Maroli et al., 2008).
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However, dog seroprevalences were considerably higher in a panel of
published studies from ltaly (39.8%, 377 studies, 1971-2006; Franco
et al, 2011) and also from France (17.8%; 169 studies, 1971-2006).
Overall, the low density of P. perniciosus and very low density of
P. neglectus suggest that canine leishmaniosis may not be an important
disease risk in Switzerland.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-
ing Information section at the end of this article.

Figure S1. Examples of sampling sites for sand flies, Switzerland,
2009-2016. (A, B) Open barn at Meride, canton Ticino (site TIO1E:
Phlebotomus neglectus, Phlebotomus mascittii), with a light trap (A) and
interception sticky traps (B); (C, D) Cellar openings/windows at Sessa,
Canton Ticino, with interception traps (site TIO2B: Phlebotomus mas-
cittii, Phlebotomus perniciosus); (E) Old barn at Gaggiole, canton Ticino,
with a light trap (site TIO3A: Phlebotomus mascittii, Phlebotomus perni-
ciosus, Sergentomyia minuta); (F) Stone wall at Biasca, Canton Ticino,
with interception sticky traps in the holes (site TIO4C: Phlebotomus
mascittii); (G) Old barn at Verdabbio, canton Grisons, with interception
sticky traps (site GRO1e: Phlebotomus mascittii); (H) Stone walls at
Montcherand, canton Vaud, north to the Alps, with interception sticky
traps (site VDO1: Phlebotomus mascittii).

Figure S2. Statistical representation of the types of habitats harbour-
ing sand flies, all sites, Switzerland, 2009-2016. The distribution over
the different sites was based on the back-transformed means of the
generalised linear model with the effect of altitude (all species), collec-
tion week (Phlebotomus mascittii and Phlebotomus perniciosus) and trap
type included (Sergentomyia minuta). Because of the low number of
specimens caught, Phlebotomus neglectus was not included in the sta-
tistical analysis.

Table S1. Characteristics of sampling sites and stations investigated
for sand flies in Switzerland, 2009-2016. Swiss cantons: AG, Aargau;
BE, Bern; BL, Basel-Landschaft; GR, Grisons; SO, Solothurn; SZ,
Schwyz; Tl, Ticino; VD, Vaud; VS, Valais; ZH, Zirich.
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Table S2. Sand fly sampling effort performed per method and year in
Switzerland, 2009-2016. LTN: number of trapping nights multiplied
by the number of light traps; STN: number of trapping nights multi-
plied by the sticky trap area (m?); w: week. Swiss cantons: AG, Aargau;
BE, Bern; BL, Basel-Landschaft; GR, Grisons; SO, Solothurn; SZ,
Schwyz; T, Ticino; VD, Vaud; VS, Valais; ZH, ZUrich.

Table S3. Sand fly sampling effort performed with light traps in
Switzerland, 2009-2016, and results in sand fly numbers and density
by species. Swiss cantons: AG, Aargau; BL, Basel-Landschaft; GR, Gri-
sons; Tl, Ticino; VS, Valais; ZH, Zirich.

Table S4. Sand fly sampling effort performed with sticky traps in
Switzerland, 2009-2016, and results in sand fly numbers and density
by species. Swiss cantons: AG, Aargau; BE, Bern; BL, Basel-Land-
schaft; GR, Grisons; SO, Solothurn; SZ, Schwyz; Tl, Ticino; VD, Vaud;
ZH, Zurich.

Table S5. Sex ratio generalised linear model (GLM) effects overview
and back-transformed estimates for the different types of trapping
sites. No effect of collection week or altitude on the sex ratio was
found and therefore not included in the model (GLM, p = 0.674 and
p = 0.059, respectively).

How to cite this article: Schaffner, F., Silaghi, C., Verhulst,
N.O., Depaquit, J. & Mathis, A. (2023) The Phlebotomine sand
fly fauna of Switzerland revisited. Medical and Veterinary
Entomology, 1-10. Available from: https://doi.org/10.1111/
mve.12690

9SUDIT SUOWIWO)) dANLAI) d[qesridde ay) Aq pauIoA0s are s2[oNIR () 25N JO SA[NI 10§ AIRIqIT AUIUQ AJ[IA\ UO (SUONIPUOD-PUB-SULIA}/WO0d KA[IM  KTRIqI[auT[uo//:sdny) SUoOnIpuo)) pue sWwd [, 9yl 23S *[£707/80/67] uo K1eiqr aurjuQ A[IA ‘9duRL] dueIyo0)) Aq (069 [ @AWY/ [ [ [°(1/10p/wiod Kajim Kreiqijautjuo-speumnolsai//:sdny woiy papeofumod ‘0 ‘S167S9E T



	The Phlebotomine sand fly fauna of Switzerland revisited
	INTRODUCTION
	MATERIALS AND METHODS
	Study areas
	Ticino and neighbouring area of Grisons
	Other cantons

	Sampling methods
	Sand fly identification
	Data analysis
	Statistics

	RESULTS
	Trapping method and effort and numbers of sand flies caught
	Sand fly fauna
	Sand fly habitat
	Species' horizontal and vertical distribution
	Species' abundance and seasonality

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


