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Abstract

Background & objectives: In Portugal, Phlebotomus perniciosus and P. ariasi, (Subgenus
Larroussius; Diptera: Psychodidae) are the proven vectors of leishmaniasis caused by Leishmania
infantum. The Algarve Region in southern Portugal has been considered an endemic focus of
leishmaniasis since 1980s. The main objective of the present study was to validate a molecular
approach to detect Leishmania infection in phlebotomines based on DNA extraction from the
female sandfly whole body, minus genitalia, followed by PCR for application on epidemiological
surveys.

Methods: In Algarve Region, from early May until early November 2006, sandflies were captured
by CDC miniature light-traps. kDNA-PCR and ITS1-PCR were used to screen the presence of
Leishmania DNA in female sandflies after species identification by entomological keys.

Results: A total of 474 sandflies were collected in 108 biotopes. One female of P. perniciosus, the
predominant species, was found infected with L. infantum reflecting an overall infection rate of
0.47%.

Interpretation & conclusion: PCR associated with morphological characterization of the sandflies
will be a powerful epidemiological tool for the determination of the number of phlebotomines
infected with Leishmania spp in nature. In addition, the simultaneous occurrence of dogs and P.
perniciosus infected with L. infantum shows that Algarve continues to be an endemic focus of
canine leishmaniasis. Furthermore, as P. sergenti and P. papatasi which transmit L. tropica and L.
major, respectively were present, the future introduction of these two Leishmania species in southern
region of Portugal should not be neglected.
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Introduction

Leishmaniasis caused by Leishmania infantum is an
endemic zoonosis in the Mediterranean basin1. It is a
serious public health and veterinary problem. Dogs
are the major hosts for these parasites, and the main
reservoir of human visceral infection. Endemicity of
leishmaniasis is associated with the distribution and
abundance of phlebotomine sandfly vectors. In Por-

tugal, Phlebotomus perniciosus Newstead and P.
ariasi Tonnoir belonging to the subgenus Larroussius
(Diptera: Psychodidae) are the proven vectors of L.
infantum2. The Algarve Region in southern Portu-
gal was considered an endemic focus of human leish-
maniasis in the 1980s. Forty, three infantile cases of
visceral leishmaniasis were diagnosed in the Pediat-
ric Service at the Faro District Hospital between 1980
and 1988, most of them were from Loulé Municipal-
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ity3. In a canine leishmaniasis seroepidemiological
survey performed in Loulé in the 1990s, a preva-
lence of 7% was found4. However, in the last two
decades, visceral leishmaniasis in this region was only
notified in immunocompromised patients suggesting
that humans only develop this disease in particular
conditions, such as immunosuppression.

In 1979, Pires5 collected the first specimens of P.
perniciosus, P. ariasi and Sergentomyia minuta
Rondani in Algarve Region. Ten years later, Schrey
et al6 observed P. perniciosus infected with Leish-
mania promastigotes for the first time. In 1993,
Alves-Pires et al7 found one P. perniciosus female
infected with L. infantum.

The main objective of the present study was to vali-
date a molecular approach to detect Leishmania in-
fection in phlebotomines by DNA extraction from
the female sandfly whole body, minus genitalia, fol-
lowed by PCR for application on epidemiological
surveys.

Material & Methods

In Algarve Region, from early May until early No-
vember 2006, Centers for Disease Control and Pre-
vention (CDC) miniature light-traps were set out from
sunset to sunrise in 108 biotopes. Collections were
made in the counties of Lagos, Portimão and Silves,
in the southwest area of Algarve (‘Barlavento’) as
well as in Faro, Olhão, Loulé and São Brás de Alportel
from southeast area (‘Sotavento’) (Fig. 1). Collect-
ing places were in cottage houses with yard and gar-
den. Dogs, cats and poultry were present in all of
them. All CDC light-traps were placed outside the
houses. Sandflies collected were preserved in 70%
ethanol and sent to the laboratory of the Institute of
Tropical Medicine and Hygiene, Lisbon, 300 km away
from Algarve, and maintained at room temperature
(22–26°C) up to six months for further analysis. Geni-
talia of individual sandfly female and complete male
specimens were used for morphological identification
of the invertebrate host according to Pires5. After
species identification, the rest of the body from each

female was used for molecular analysis. The female’s
body (minus genitalia) conserved in lysis buffer
[200 l from PCR kit (PCR-Template Preparation kit,
Roche Diagnostics GmbH, Germany)] was smashed
and incubated with the buffer and proteinase
K (40 l). The DNA was then extracted according
to the instructions of the manufacturer. The PCR
amplification for detection of L. infantum in P.
perniciosus and P. ariasi females was performed us-
ing specific primers for two molecular markers: in-
ternal transcribed spacer 1 (ITS1) of the ribosomal
operon of Leishmania8 and kinetoplastid minicircle
DNA (kDNA) sequence of L. donovani complex9.
Amplification of 314 base pair (bp) and 447 bp PCR
products were analyzed on 1.5% agarose gel stained
with ethidium bromide. The ITS1 primers were also
used to screen L. tropica DNA in P. sergenti (Par-
rot) females. A positive control (L. infantum and L.
tropica DNA) and a negative control without DNA
template were included.

PCR amplified product was sequenced on both
strands using kit BigDyeTerminator v1.1 Applied
Biosystem, ABI PRISM 3700 DNA Analyzer
(Stabvida® Sequence Service, Portugal). After puri-
fication the amplified PCR-ITS1 product was di-
gested with HaeIII8 and analyzed in 3% agarose gel.
To exclude the possibility of PCR inhibition and to
control the extraction procedure, ITS2 region from
phlebotomine genome was amplified by PCR using
primers based on conserved sequences of the 5.8 S

Fig. 1: Map of Algarve Region with the counties where
sandfly collections were made.
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and 28 S coding regions10. All extracted sandfly DNA
samples were amplified (459 bp) confirming that no
PCR inhibitors were present.

Results & Discussion

A total of 474 sandflies were collected between 14
May and 5 November 2006. The prevalence of spe-
cies was 90.51% for P. perniciosus, 6.33% for S.
minuta and 2.11% for P. sergenti. Few specimens of
P. ariasi (0.84%) and P. papatasi (0.21%) were also
collected (Table 1). The highest phlebotomine den-
sity was observed in July with collection of speci-
mens from all species (Table 2). Although the light-
traps were set out in November, only one P. ariasi
was collected in this month probably because of its
humidity preferences.

In one P. perniciosus female sample, collected in July

Table 1. Numbers of sandfly species collected in Algarve
Region, Portugal and their relative abundance (%)

Species Male Female Total       %

P. perniciosus 236 193 429 90.51

P. sergenti 4 6 10 2.11

P. ariasi 1 3 4 0.84

P. papatasi 1 0 1 0.21

S. minuta 19 11 30 6.33

Total 261 213 474 100

Table 2. Phlebotomine densities per hight trap in Algarve Region, Portugal, between May and November 2006

Species May Jun Jul Aug Sep Oct Nov

P. perniciosus 0.36 1.68 13.45 2.17 4.93 1.09 0

P. ariasi 0.09 0.05 0.05 0 0 0 1

P. sergenti 0 0.32 0.15 0.08 0 0 0

P. papatasi 0 0 0.05 0 0 0 0

S. minuta 0 0 1.05 0.25 0.33 0 0

Total* 0.45 2.05 14.75 2.5 5.26 1.09 1

*Sandfly density = Total number of sandflies/CDC light-trap (month).

Fig. 2: The biotope where the infected sandfly was collected.

in a cottage´s garden in Silves county (Fig. 2), Leish-
mania DNA was detected. Gene sequence of the
kDNA product was compared with the Leishmania
sequences available in the GeneBank showing a ho-
mology of about 98% with L. infantum. After HaeIII
digestion of ITS1 PCR product, the three character-
istic L. infantum restriction fragments (184 bp, 72
bp and 55 bp) were observed.
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The L. infantum detection in one female reflects an
overall infection rate of 0.47% (1/213) and an infec-
tion rate of P. perniciosus of 0.52% (1/193) in
Algarve Region. This result was similar to the infec-
tion rate of 0.35% obtained by Alves-Pires et al7 by
microscopic dissection of 287 P. perniciosus females
collected between June and October 1993. In both
studies, CDC light-traps were used for sandfly col-
lections. On the other hand, Schrey et al6 found a P.
perniciosus infection rate of about 5% between June
and August 1986 in Barlavento and Sotavento sub-
regions of Algarve. In their study, from a total of 29
P. perniciosus found infected, 22 were collected by
aspiration. The differences between results could have
been attributed to the active way of collection used
in the study, which have probably enhanced the pos-
sibility of getting Leishmania infected specimens.

In the present study, it was observed by microscopi-
cal observation that the infected sandfly was gravid
allowing us to hypothesize that it was not only a para-
site DNA carrier but a competent vector. Although
PCR only detects the number of positive specimens,
e.g. Leishmania carrier status of sandflies, it has sev-
eral advantages such as: (i) high sensitivity and speci-
ficity, (ii) can be used in ethanol-fixed sandflies, and
(iii) allows processing of a large number of speci-
mens with limited effort overcoming the laborious
dissection method. Since in this study on-site sandfly
dissection was not possible to be performed, the only
way of acquiring data on the Leishmania presence
in phlebotomine populations was to use ethanol pre-
served flies. It could be suggested that in the future
field studies conducted in areas where it is difficult
to perform sandfly dissection and identification, speci-
mens can be collected and preserved at room tem-
perature for months until morphological species iden-
tification and molecular analysis could be performed
in the laboratories. Nevertheless, molecular diagno-
sis in extensive studies would be complicated due to
its relative high cost (DNA extraction kit and Taq
polymerase), particularly when each sandfly female
is analyzed separately, as done in this study. To over-
come this economic issue, recent studies were car-
ried out by PCR analysis of sandfly pools. However,

the use of pools reduces the possibility of analyzing
important information at a household level, such as
the ecology of trap placement, since sandflies col-
lected in the field do not produce homogeneous
sample sizes11.

The simultaneous occurrence of dogs, 38 infected
out of 132 (data not showed), and P. perniciosus
infected with L. infantum in the Algarve Region
shows: (i) the zoophylic preferences of this sandfly
species, (ii) that the region continues to be an en-
demic focus for canine leishmaniasis, and (iii) the
potential transmission of infection to humans. The
gap between the number of human and canine leish-
maniasis cases observed in this region emphasizes
the fact that human leishmaniasis can be considered
accidental or an opportunistic infection. On the other
hand, climate changes would enhance the number of
days favourable for transmission of parasites, due to
higher density and activity of sandflies during a longer
period, which will increase the incidence of leishma-
niasis not only in animals but also in humans1.

In addition, our results reinforce that P. perniciosus
can be considered the principal vector of leishmania-
sis in this region not only due to the fact that it was
the only species found infected with L. infantum but
also to its high abundance and distribution. The de-
tection of an infected P. perniciosus in Silves means
that vectorial infection by L. infantum still occurs in
the southwest part of Algarve Region (Barlavento).
On the other hand, P. sergenti and P. papatasi, the
vectors of L. tropica and L. major, respectively have
also been identified in Algarve Region as well as in
other geographic areas of Portugal5. No L. tropica
DNA was amplified from P. sergenti specimens col-
lected in this study. Despite human cases of L. tropica
and L. major infections are not known to exist in
Portugal, L. major/L. infantum hybrids have already
been identified in autochthonous human leishmania-
sis cases12. The risk of potential introduction of these
new Leishmania species from travellers or immi-
grants from North Africa and from the Indian sub-
continent should not be neglected, since their vec-
tors exist in the country, emphasizing the need of
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going on with systematic epidemiologic surveys on
Leishmania reservoir hosts and vectors.

From this study it can be concluded that PCR for
Leishmania identification in the sandfly associated
with sandfly´s morphological characterization will be
a powerful tool for the knowledge of leishmaniasis
epidemiology and for the development and imple-
mentation of programmes to prevent and control this
neglected disease.
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