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Abstract

Background: The aim of this study was to assess Leishmania infection in sand fly species from areas where
leishmaniasisis endemic. Thisisimportant for prediction of the risk and expansion of the disease.

Methods: In this cross-sectiona study we used a PCR-based method for detection of Leishmania minicircle DNA
within individual sand flies from Orzoieh, a new endemic leishmaniasis focus in southern Iran.

Results: We detected minicircle DNA in 6 of 92 (6.5%) Phlebotomus (Phlebotomus) papatasi collected indoor, while all
of previous microscopic examination of sand flies specimens was negative for Leishmania promastigotes in the region.
The species were identified as Leishmania (Leishmania) major by comparison of PCR products with aL. major positive
control. All the Leishmania-positive sand flies were confirmed as P. (P.) papatasi by using amorphological key of Iranian
sand flies.

Conclusion: Since PCR method isrelatively easy and can process a large number of samples, it will be a powerful tool
for the rapid identification of Leishmania species as well as monitoring the infection rate in sand fly populations in

areas of low endemicity of leishmaniasis.

Keywords: Leishmaniamagjor, Sand fly, Leishmaniasis, PCR, Iran

Introduction

The leishmaniases are distributed worldwide,
especialy in tropica and subtropica areas, and
affect at least 14 million people annually (1).
In many countries of the Mediterranean region,
Cutaneous Leishmaniasis (CL) is endemic and
considered as a major public-health problem
(2-2). Leishmania (L.) major, L. (L.) tropica
and L. (L.) aethiopica cause CL in the Old
World (3). Although the disease rarely causes
severe morbidity, the lesions may take several
months to heal and often leave ugly scars on the
face or other exposed skin. CL dueto L. tropica
(CLT) isavery old endemic disease in many
urban areas of Iran (4) whereas CL dueto L.
major (CLM) is prevalent in many rural areas
in 15 of 30 provincesin Iran (5).

The rate of naturally infected sand fliesin en-
demic areas and the correct identification of
the infecting Leishmania parasites in a deter-
mined phlebotomine species are of prime im-

portance in vectorid and epidemiologica stud-
ies of leishmaniasis (6). The infection of sand
flies with Leishmania promastigotes has usu-
ally been assessed by dissection of individual
sand flies under microscopy. For this purpose,
sand flies should be fresh and a procedure re-
quiring considerable skill and expertise is needed
for the dissection of these tiny insects. Further-
more, for the identification of the Leishmania
speciesinfecting sand flies, the isolation of para-
gtesin culturewithout bacterial and/or fungal con-
tamination is required for each dissected sand fly
sample and isolated parasites are required for
further zymodem (7), serodeme (8), schizodeme
(9), karyotype (10), or PCR anaysis (11). How-
ever, thisprocedure takes a relatively long time
to perform and is not suitable for the examina-
tion of alarge number of sand flies.

In the last decade, molecular methods have been
developed for identification of certain species
of Leishmania, either isolated from cultures or
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from patients (6) as well as in the detection of
the paragite in individual or pooled phlebotomine
specimens (12). The main advantages of these
methods are their sengitivity and specificity, in-
dependently of the number, stage and locdiza-
tion of the Leishmania in the digestive tract of
the vector (13). In the last few years, it has been
successfully applied to fidd studies on the vec-
torial competenceof phlebotominesandflies (14),
even in areas with low rates of infection (12).
Leishmania are members of the order Kineto-
plastidae which possess a massive, compact net-
work structure of DNA known as kinetoplast
DNA (kDNA). The kDNA presents within the
single mitochondrion of the organism and is
comprised of two main components, the maxicir-
cle and the minicircles, which are topologically
interlocked within the kDNA network (15).
The remarkable KDNA network has recently
emerged as an important tool in the classifica-
tion and identification of the organism (16). The
discovery of minicircle sequences unigue to spe-
cies (17) and their use as species-specific pro-
bes has been found to be a promising solution
to the problem of characterization of unknown
isolates (18). Combinations of several primers
within the conserved area of the KDNA minicir-
cle have been tested for their ability to increa-
se the sensitivity of the standard PCR.

Inthis study the set of LINR4, LIN17, and LIN
19 developed by Aransay et a. (14) and Parvizi
et a. (19) was successfully used in a semi-nested
PCR assay that was carried out in two amplifi-
cation steps to assess the sengtivity of PCR inthe
detection of Leishmania parasites in individual
sand flies naturally infected from three villages
of Orzoieh county, Baft district, Kerman Province,
south of Iran which was a new endemic focus
with afew hundred leishmaniasis cases annualy.

Materials and Methods

Sand fly collection

In this cross-sectional study, sand flies were
caught in three villages of Shahmaran, Dow-
lat-Abad and Vakil-Abad from Orzoieh County,
Baft, Kerman Province, Iran (Fig. 1) where CL
Is prevalent. Sample collections were carried
out in September 2005, during the main sea-
sonal activity of adult sand flies and leishma-
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niasis transmission peak in the region either us-
ing sticky papers (castor oil coated white papers,
21x30 cm) or aspirator. The traps were set over-
night at indoor places such bed rooms, stables,
and ware houses, as well as entrances of ger-
bil burrows. Specimens were stored in 96%
ethanol and kept in -20° C before dissection.
Dissection was carried out with sterilize micro-
needles and slide mounted in Pouri solution.
Identification of female sand flies was based
on internal morphological characters of the
head and abdominal terminalia (20).

DNA extraction

DNA was extracted using the method of Ish-
Horowize with minor modification (19). Ex-
traction was carried out by grinding of individ-
ual sand fliesin amicrotube using glass pestle
and followed by addition of 100 pl of grinding
mix [500 pl 10X grinding Buffer (0.1M Tris-
HCl pH:7.5, 0.6M NaCl, 0.1M EDTA), 250
pl 20X spermine/spermidine (3mM spermine,
3mM spermidine), 2.5 ml sucrose 10%, sterile
water to 5 ml], and 10 pl SDS mix [1.8 ml 2X
SDS Buffer (0.8 M TrissHCI pH:9, 0.27 M
EDTA), 2.5 ml sucrose, 600 pul SDS 10%, 17
pl Diethylpyrocarbonate] and incubation for
30-120 min in water bath. Then adding 30 pl
8M Potassium acetate and putting on ice for
45-120 min, centrifuged for 3 min, and super-
natant was transported to a new microtube. The
test samples were stored overnight at -20 °C
by addition of 350 pl ethanol 96%. The samples
were centrifuged for 30 min at 13000 rpm. The
DNA pellet was resuspended in 15 pl of TE
(20 mM TrisHCI pH 8.0, 1 mM EDTA). Three
microliters were used to estimate the DNA con-
centration and purity at 280 and 260 nm in a
spectrophotometer, then discarded. The remain-
ing 12 pl were stored at -20 °C until use.

DNA amplification

A portion of minicircle DNA was amplified by
hot start PCR in a Thermocycler (perssonel Ep-
pendorf). The set of primers forward LINR4: 5-
GGGGTTGGT GTAAAATAG GG-3), LIN17
(first-stepreverse 5-TTT GAACGGGAT TTC
TG-3) and LIN19 (second-step reverse: 5-CAG
AAC GCC CCT ACC CG-3) was used for a
semi-nested PCR that was carried out in two
amplification steps, both in the same tube (14).
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The first-step amplification reaction was carried
outinatotal of 10l containing 1uM 10X Buffer,
1.5 mM MgCl2, 200 pM of each dNTP, 1uM
primer LINR4, 0.2 uM primer LIN17, 1 unit
Taq polymerase and 1.5 pl of target DNA ex-
tracted from individual wild-caught sand flies.
The mixture was incubated in the thermocycler
(0.2 ml block) at 94° C for 5 min followed by
17 cycles, each conssting of 30sat 94° C, 30 s
at 52° Cand 30 sat 72° C. After the last cycle,
the extension was continued for afurther 10 min
then held a 4° C. The second-step amplifica-
tion was then carried out following the addi-
tion of 90 pl of buffer containing MgCl2, dNTPs
and Taqg polymerase (as described for the first
step), and primer LINIO (final concentration 1
pUM) for 33 cycles (94° C for 30s, 58° C for
30s and 72° C for 1 min). DNA of reference
strain of L. major (MRHO/IR/75/ER) and DNA
of mae sand fly were used as positive and nega-
tive controls respectively. 15 pl of each PCR
products were resolved in 5 pl loading buffer
and then electrophoresed in a 1.5% agarose
LE gel (6.4 cm x 10.0 cm) in TBE buffer
(0.089 M Tris-HCI, 0.089 M boric acid, 0.02
M EDTA) containing 0.75% ethidium bromide)
and visudized under ultraviolet tranglluminator.
Leishmania infections were identified by com-
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parison of PCR products of specimens with the
reference strains and molecular weight markers.

Results

A total of 172 female sand flies from Orzoieh
region were collected. They comprised three
phlebotomine species of P. (P.) papatasi, Ser-
gentomyia (Sintonius) clydei and S. (Parroto-
myia) baghdadis. Details of the collected sam-
ples are outlined in Fig. 1. Among the P. (P.)
papatasi sand flies collected indoors 40% were
unfed, 8.6% gravid, 15.2% semi gravid, and
33.3% blood fed. P. (P.) papatasi with more
than 77% was the most dominant species in
both indoor and rodent burrow sites.
Leishmania DNA was found in 6 out of 92
(6.5%) specimens and only in P. (P.) papatasi
species. There was no Leishmania infection in
other sand flies species. The visualized obtained
bands in the infected specimens were similar
to the standard strain of L. major, which was
equal to 650 bp (Fig. 2). All of the infected sand
flies had been collected from indoor places and
somewereeither gravid or empty indicating there
was enough time for the parasites to develop and
to transform to promastigote, the infective form,
which in turn by bite could be transmitted to a
new host.
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Fig. 1: Map of the area study and the position of three selected villages (stars) from Orzoieh region, Baft, Kerman
Province, south of Iran
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Fig. 2: Semi nested PCR amplification of Leishmania DNA with primers LINR4, LIN17, and LIN19 within sand flies
speciesmens of Orzoieh, Baft, Kerman province, Iran. 1: DNA size marker (VI: Roche Germany), 2 (top): positive
control (L. major strain MRHO/IR/75/ER), 3 (top) negative control (DNA of male sand fly), number 4 and 5 from top
row and 3, 5, 7, and 9 from down row: infected P. (P.) papatasi with Leishmania DNA, 10: negative controls

Discussion

Information and knowledge on ecology and epi-
demiology of leishmaniasisis very important for
control of the disease. This knowledge could
be focused on identification of reservoir host(s)
as well as identification and detection of the
parasite and vector(s).

Thisisthe first report on naturally infected P.
(P.) papatasi sand flies with L. major in the
region. Support for true parasite species iden-
tification came from previous epidemiological
study using RAPD-PCR method that showed
human infection with L. major parasite in the
region (5).

In this study, P. (P.) papatasi was the main
dominant species in both indoor and rodent
burrow places. The fact that P. papatasi fe-
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males were found indoors, whether gravid or
with empty abdomen, suggest aconsiderable vec-
torid capacity of this speciesin transmission of
Leishmania to humans. These findings are in
agreement with the direct effects of population
dengty and anthropophilic behavior of a given
species in vector incrimination of arthropod vec-
tor borne diseases. It can be concluded that L.
major is the cause of and P. papatasi is the
primary vector of CL in Orzoieh. It is noticeable
that P. papatasi is the main proven vector of
CL inlran (21).

The present study reveded the high sensitivity
of the PCR technique for detection of Leish-
mania parasites infecting sand flies in an
hypoendemic area. A previous study in the re-
gion, using a microscopy method, could not
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detect and identify any parasites in 149 tested
vector samples (5). 1soenzyme detection method
could provide the gold-standard characters for
identifying species and reference strain of Leish-
mania, but this method has disadvantages due
to, firstly, requiring the culture of large num-
ber of parasites and, secondly, primary iso-
lates can easily become contaminated or in a
mixed infection only the strain that grows fast
in laboratory conditionsisyielded.

In contrast, molecular biology techniques such
as PCR have resulted advantageous showing
greater sengitivity, specificity, versatility and speed
for the processing of large sample numbers (22-
24). The applicability of molecular techniques
(PCR) for detection and identification of Leish-
mania within sand flies by kDNA amplifica-
tion currently iswidely used by many research-
ersin different leishmaniasis foci (19, 25-26).
As afinal conclusion, the results of this study
in combination with further studies could be
used in epidemiological surveys and leishma-
niasis control programs in the region.
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