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Abstract In the past few years, the incidence of human
visceral leishmaniasis (HVL) has increased in many
districts of Fars Province, southwest of Iran, particularly,
among communities of nomadic tribes. Recent epidemio-
logical reports in Leishmania infantum endemic regions of
Iran indicate that more than 50–70% of seropositive dogs
are asymptomatic for Leishmania infection. Between 2004
and 2006, blood samples were collected from 110 domestic
dogs from nomadic and rural areas. Each of these samples
was tested for anti-Leishmania antibodies, in direct agglu-
tination tests (DATs), and for L. infantum kinetoplast
deoxyribonucleic acid (kDNA), in polymerase chain reac-
tion (PCR)-based assays. Of the 110 dogs, 5.5% (6/110)
were found seropositive and 23% (25/110) PCR-positive.
Four of the six seropositive (67%) and 22 of the 25 PCR-
positive (88%) were asymptomatic. The rate of infection in
dogs from nomadic communities was higher (27%) than
dogs from rural areas (18%). Since positivity in the PCR-
based assay indicated the presence of L. infantum amasti-
gotes in the peripheral blood of 23% of the subjects, it is
clear that these asymptomatic dogs (88%) are quite

common in the study areas and probably act as reservoirs
in the transmission of Leishmania parasites, to humans and
to other dogs, by sandflies. Moreover, our study showed
that application of PCR to buffy coat samples gave a better
estimate of the real rate of infection in asymptomatic dogs
than DAT.
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Introduction

Visceral leishmaniasis (VL) or kala-azar is a systemic
disease which is caused by Leishmania donovani complex.
It is estimated that the annual incidence of human visceral
leishmaniasis (HVL) cases worldwide is about 500,000
cases (World Health Organization 1998).

Visceral leishmaniasis in the countries of theMediterranean
basin and the Middle East including Iran is caused by
Leishmania infantum (Mohebali et al. 2005). In Iran, the
main endemic foci for VL are Fars and Bushehr Provinces, in
the southwest, the districts of Meshkin-shahr and Kaleybar in
the northwest and Qom Province in the center of Iran (Asgari
et al. 2006; Mohebali et al. 2001, 2005; Fakhar et al. 2004,
2006, 2008).

Commonly, domestic dogs (Canis familiaris) are the
most important domestic reservoir hosts for Mediterranean
visceral leishmaniasis (MVL; Mazloumi Gavgani et al.
2002). L. infantum infection in dogs ranged from 10% to
37% in the Mediterranean basin (Fisa et al. 1999; Sideris et
al. 1999; Mohebali et al. 2005). In Iran, canine visceral
leishmaniasis (CVL) is endemic in northwest, southwest,
and central parts, and the incidence varies between 4.5%
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and 18% (Edrissian et al. 1996; Mohebali et al. 2001, 2005;
Fakhar et al. 2004, 2006).

The majority of seropositive dogs are asymptomatic, but
others have cachexia, weight loss, enlargement of lymph
nodes, splenomegaly, skin and eye lesions, alopecia, renal
failure, hemorrhagic diarrhea, nose bleeding (epistaxis), and
abnormal nails (onychogryposis; Koutinas et al. 1999).
Recent epidemiological reports in endemic regions of CVL,
such as Iran, indicate that asymptomatic dog infections with
L. infantum occur in more than 50–70% of the seropositive
dogs in the field investigations (Mohebali et al. 2005;
Fakhar et al. 2006; Moshfe et al. 2008).

The Canidae families are main reservoir hosts because the
parasites multiply in macrophages in the skin and are readily
transferred by feeding sandflies (Ashford et al. 1998). In
addition, the wild carnivores, such as jackals and foxes, are
considered reservoir hosts in sylvatic cycle of MVL,
principally in sporadic areas of Iran (Mohebali et al. 2005).

Specific diagnostic techniques for canine leishmaniasis
include microscopy, culture, serology, polymerase chain
reaction (PCR), and xenodiagnosis. Canine leishmaniasis in
infected dogs may be asymptomatic and seronegative
(Molina et al. 1999), so detection of parasites by a
molecular method, such as PCR, may be useful to detection
of asymptomatic infections. In the past few years, there
were many reports of new HVL cases from most parts of
Fars Province that suggest that the incidence of HVL is
increasing in these areas especially among communities of
nomadic tribes. Dogs are very important in the life of these
communities and there is a close human–dog association.
The mean seroprevalence of HVL in Fars Province is 1.6%.
However, there is no data on prevalence of Leishmania
infection in dogs, as a main reservoir hosts, especially
among nomadic tribes. The aim of the present study was to
investigate the prevalence of asymptomatic and symptom-
atic domestic dogs (including rural and nomadic popula-
tion) infected with L. infantum in the province by using
direct agglutination tests (DATs) and PCR-based assays to
test blood samples from all infected subjects for the
evidence of recent or current infection.

Subjects and methods

Study area

Fars Province is located in the southwest of Iran and has
an area of about 53,000 miles (8% of Iran’s area) and is
located at 27°3′42″E longitude. It is mountainous with an
average elevation of 5,000 feet above sea level. The
climate is quite dusty and dry, with warm summers,
generally mild winters, and a great deal of sunshine
throughout the year. Three important nomadic tribes

including Qashqai, Arab, and Lur live in this province.
Nomadic tribes keep dogs which are important for herding
their animals. These tribes migrate regularly between
summering and wintering quarters. As they move about
300 km from the southeast to the east part (Fars Budget
and Planning Organization 2003) and back, they could play
a significant role in spreading the VL infection.

Blood sampling

Blood samples were collected from 110 domestic dogs (61
females and 49 males) from rural and nomadic areas in Fars
Province, as an endemic area of HVL, throughout 2004–
2006. Blood (2 ml) were collected in ethylenediaminetetra-
acetic acid (EDTA)-coated tubes. The blood was centri-
fuged at 1,000×g for 5 min, and plasma and buffy coat
(BC) were separated and stored at −20°C. Dog age was
determined by interviewing dog owners. Male dogs
constituted 69.7% of the sampled population and females
30.3%. No transmission of Trypanosama cruzi was reported
in dogs in the studied areas.

Serological test

The plasma samples from dogs were tested by DATs as
described by Harith et al. (1989). The plasma was diluted
1:160 for preliminary screening and the positive samples
were serially diluted up to 1:1,240 to obtain the real titer for
IgG antibody titration. The cutoff of DAT for CVL was
considered 1:320 titers. The highest titers at which
agglutination was still visible was reported.

Parasitological study

Nine of the suspected CVL-positive dogs were dissected
after obtaining owner consent. Impression smears were
provided from the spleen, liver, and bone marrow of these
dogs and then stained with Giemsa and examined under a
compound light microscope for the amastigote forms
(Leishman bodies). Samples from these tissues were also
inoculated into the Evans medium and incubated at 25°C
for 1–4 weeks with weekly subcultures (Evans 1989).
Samples were examined regularly to monitor the growth
and presence of contaminations.

DNA extraction

Total DNA was extracted from blood BC as described by
Motazedian et al. (2002). Briefly, 200 μl of BC was
homogenized with 200 μl lyses buffer [50 mM Tris–HCl
(pH 7.6), 1 mM EDTA, and 1% Tween 20] and 10 μl of
proteinase K solution (containing 19 mg of the enzyme/ml),
in a 1.5 ml microcentrifuge tube. The homogenate was then
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incubated at 37°C overnight before 200 μl of a phenol:
chloroform:isoamyl alcohol mixture was added. After being
shaken vigorously, the tube holding the mix was centri-
fuged (10,000×g for 10 min), and then the DNA in the
supernatant solution was precipitated with 400 μl cold, pure
ethanol, resuspended in 50 μl double-distilled water and
stored at 4°C until it could be tested.

PCR assay

To detect dogs’ infection rate for Leishmania spp., the PCR
protocol that was previously described by Lachaud et al.
(2001) was used. In this step, primers RV1 (5-
CTTTTCTGGTCCCGCGGGTAGG-3) and RV2 (5-
CCACCTGGCCTATTTTACACCA-3) were used to ampli-
fy a fragment of 145 bp present on the highly multicopy
kinetoplast deoxyribonucleic acid (kDNA) minicircles.

The set of primers LIN-4 (forward: 5′-GGGGTTGG
TGTAAAATAGGG-3 ′ ) , L IN -17 ( r ev e r s e : 5 ′ -
TTTGAACGGGATTTCTG-3′) was used for species-
specific PCR to characterization of Leishmania species.
The same protocol that was described by Azizi et al. (2006)
was used in this study. The results were analyzed by SPSS
software using Chi-square test and a P value <0.05 was
considered statistically significant.

Results

Serological and parasitological screening

Using the DAT, the seroprevalence of specific anti-
Leishmania antibodies was 5.5%. The seropositivity rate
in dogs settled in nomadic and rural areas of Fars Province
were equal (Table 1). The rate of the infection among male
and female dogs was 6.5% and 4.1%, respectively, but no
statistically significant difference between them was ob-
served (P=0.35). The highest prevalence was observed in
1- to 5-year-old dog age group (6.4%), but this was not
statistically significant. Only 8.1% (9/110) had clinical
signs. All seropositive cases with a titer ≥1/320 belonged to
nomads. Clinical signs including alopecia, cachexia, skin
lesion, and weight loss were observed in two of the six
seropositive dogs (see Table 2).

Amastigotes (Leishman–Donovan bodies) of Leishmania
sp. were observed in the impression smears of the spleen,

liver, and bone marrow of two out of nine dogs that were
killed, both of which were seropositive. Only one isolate
out of samples from two dogs showed exponential growth
on Evans medium.

PCR screening

A number of 11/43 (26%) of dogs belonging to nomads and
14/67 (21%) of dogs from rural areas were PCR-positive
with the specific primers RV1 and RV2 (Fig. 1). The global
prevalence was 23% and the difference in prevalence
between dogs from nomadic groups and rural areas was
not significant (P=0.38; Table 1).

The highest prevalence (66.7%) was observed in dogs
over 5 years old, but this was not statistically significant.
However, the rate of infection in <1-year-old dogs (46.1%,
6/13) and 1- to 5-year-old dogs (18%, 17/94) had
statistically significant differences with others (P=0.03
and P=0.04, respectively). Only 12% (3/25) of the PCR-
positive had clinical signs. No statistically significant
differences were observed between PCR-positive dogs and
clinical signs (P=0.67; Table 2).

Using Evans medium for culture, the organism was
isolated from an animal and then PCR method was
performed to characterize the parasites, as described above.
Using species-specific PCR with LIN-4 and LIN-17
primers on BC and also isolated Leishmania parasite,
confirmed the parasites as L. infantum (Fig. 2).

Discussion

Our results showed 5.5% seroprevalence rate and a PCR-
positive rate of which 23% is markedly higher than that
detected by DAT. Since DAT was described as a simple and
suitable serodiagnostic test for large-scale screening of
CVL in dog populations (Harith et al. 1989; Edrissian et al.
1996), it was used in the present survey.

PCR has high sensitivity and specificity (100%) for
large-scale epidemiological field studies (Moreira et al.
2007), so it was used in this survey to detect asymptomatic
and symptomatic canine leishmaniasis. It is also useful to
complement the serological results (Maia et al. 2009). Only
a weakly positive correlation was found between the
seropositivity and PCR-positive (3 out of 28). These
finding were the same as other studies. In Greece, 22 out

Area No. of subjects PCR-positive DAT titer ≥1/320

Nomadic areas 55 15 (27%) 3 (5.5%)

Rural areas 55 10 (18%) 3 (5.5%)

Both 110 25 (23%) 6 (5.5%)

Table 1 The numbers of CVL
cases from Fars Province found
seropositive in the DAT and
PCR-positive for the kinetoplast
DNA of Leishmania infantum
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of 67 were concordant (Solano-Gallego et al. 2001). In
another study, similar to our study, PCR was found positive
in 46/73 (63%), whereas immunofluorescence antibody test
only in 9/73 (12.3%) of the dogs (Leontides et al. 2002).

In this study, the rate of infection in male dogs was close
to that in female dogs by PCR and serology method.
Similar results were found by Sideris et al. (1999) in Greece
and Mohebali et al. (2005) in Iran. In our study, using PCR

Clinical signs No. of subjects PCR-positive DAT titer ≥1/320

Presented clinical signs 9 3 (33%) 2 (22%)

Alopecia 6 1 2

Cachexia 2 – 2

Skin Lesion 4 2 2

Weight Loss 3 3 2

Lack of clinical signs 101 22(21%) 4 (3.9%)

Both 110 25(23%) 6 (5.5%)

Table 2 The correlation of
clinical signs, DAT, and PCR
findings in studied dogs from
Fars Province

Fig. 2 1.5% agarose gel electrophoresis of PCR products from buffy
coat DNA of dogs. Lanes 1 and 2 DNA amplification of cases, lane 3
negative control, lane 4 standard Leishmania infantum (720 bp), lane
5 standard L. major (680 bp), lane 6 standard Leishmania tropica
(760 bp), and lane 7 marker

1 2 3 4 5 6 7 8 9

Fig. 1 1.5% agarose gel electrophoresis of PCR products from buffy
coat DNA of dogs. Lane 1 Standard marker, lanes 2 and 3 negative
samples, lane 4 negative control, lane 5 standard Leishmania infantum
(145 bp), lanes 6, 7, 8, and 9 positive dogs
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method the rate of infection in <1-year-old dogs (46.1%)
was higher than other age groups, whereas no significant
differences between age groups were observed by serology.
The high frequency of PCR positives in the young dogs
might be due to greater susceptibility to infection or may to
vertical transmission.

In our study, 88% (22/25) of PCR-positive and 67% (4/
6) seropositive subjects were asymptomatic. Since the
majority of PCR-positive dogs were asymptomatic, indi-
cating the presence of L. infantum amastigotes in the
peripheral blood of the subjects, it clear that these
asymptomatic dogs (22/110, 20%) are comparatively
common in the study areas and may act as reservoir hosts
in the transmission of L. infantum, to humans and to other
dogs, by sandflies.

Moreira et al. (2007) showed that 5.4% of dogs without
clinical symptoms can act as a reservoir. Moreover, Solano-
Gallego et al. (2001) reported more than 50% (15 out of 26)
of seropositive dogs were asymptomatic on clinical exam-
ination. Surprisingly, Guarga et al. (2000) showed that
healthy skin of infected dogs is more attractive to sandflies.
As the disease progress and skin status declines, the
attraction of the female sandfly to the skin decreases.
Consequently, this behavior of female sandflies can give
good reason for the increase of the risk of infection in
asymptomatic dogs in CVL endemic areas.

In a recent study of the role of asymptomatic dogs
infected with L. infantum in an endemic focus of Iran by
Moshfe et al. (2009), the concordance between DAT and
PCR in symptomatic and asymptomatic dogs was 53.8%
and 17%, respectively. Consequently, DAT is not suitable to
detect all dogs with asymptomatic L. infantum infections,
but it can help to confirm diagnosis of symptomatic
infected dogs. DAT is a simple, valid, and cost-effective
test that can be recommended for seroprevalence surveys of
symptomatic CVL in endemic areas. Our results in this case
are consistent with previous studies that were carried out in
other endemic regions of Iran (Edrissian et al. 1996;
Mohebali et al. 2005; Moshfe et al. 2009).

Dogs (C. familiaris) are considered to be the principal
reservoir host for MVL (Mohebali et al. 2005; Mazloumi
Gavgani et al. 2002). Baldi et al. (2004) reported a close
relation between HVL and CVL. The results of a previous
study in Iran (Mazloumi Gavgani et al. 2002) showed that
seroprevalence of children was significantly higher in
villages with larger dog populations. However, the rate of
the anti-leishmanial antibody in dogs from the northwest
areas (Mazloumi Gavgani et al. 2002), central part (Fakhar
et al. 2004), and different parts of Iran (Mohebali et al.
2005) was reported 43.3%, 22.8%, 25%, and 14.2%,
respectively. In an earlier study (Edrissian et al. 1993), the
rate of infection among dogs from endemic districts of Fars
Province was 41.6%. As shown, the prevalence is markedly

below the values detected in dogs from other parts. It is also
below that of other countries such as Greece (Sideris et al.
1999) and Spain (Fisa et al. 1999) which were 37% and
10.2%, respectively.

Moreover, Oliva et al. (2006) showed that the sensitivity
of serologic and parasitological techniques is lower than
nested PCR although it increased over time. Our results
also showed PCR on BC from blood to be more sensitive
than DAT.

Lachaud et al. (2001) compared advantages of whole
blood (WB) with BC samples in PCR method. The use of
WB is easier than that of BC, particularly in field studies,
but the latter yield a greater sensitivity because Leishmania
parasites are obligate intracellular parasite of peripheral
blood mononuclear cells and are therefore more concen-
trated in the BC. They also described that the methods
using kDNA minicircle primers, such as RV1 and RV2, has
been shown to be both highly sensitive and specific; it has
detected the parasite in 100% of symptomatic and asymp-
tomatic seropositive dogs with sensitivity equal to 0.0001
parasite ml−1 blood. As a whole, PCR is more sensitive in
detecting the early stages of established infection and
transient and self-limiting infections, whereas a reliable
serological technique is more efficient in detecting ad-
vanced stages of infection, both in symptomatic and
asymptomatic dogs, although some positive cases may
convert to being seronegative during the course of infection
(Gradoni 2002).

In conclusion, asymptomatic dogs as well as symp-
tomatic ones, have an important role in the maintenance
of L. infantum infection and most likely the concern of
domestic cycle of the CVL in the MVL endemic areas.
Moreover, PCR using BC samples is a valuable tool to
detect the actual rate of infection in asymptomatic dogs
that often have low or undetectable levels of IgG anti-
bodies to Leishmania in endemic areas. In comparison, the
results of the DAT revealed far fewer positives, if the
results of the PCR are assumed to have indicated all the
current infections. The main finding of our study demon-
strated high prevalence of infection in nomadic dogs
(27%). These animals could contribute to the distribution
of infection among other dogs and represent a potential
risk for human health as well. Nomadic tribes move from
South to North in spring and from North to South in
autumn. They pass through cities and villages and have
thus played an important role in the wide geographical
distribution of VL in this province. It was shown that
infected dogs play an important role in spreading disease
in nonendemic foci of Italy with suitable conditions (Baldi
et al. 2004).

There were no facilities to follow up the dogs so we
cannot compare our result with other studies. Given the
above observations, control of the dog reservoir and
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sandflies vectors, education of environmental health per-
sonnel, and well-established methods of diagnosis are
required to prevent human infection. We suggest that for
prevention of VL, nomadic tribes must be settled in village
homes instead of tents where they have more exposure to
environmental risk factors and fewer facilities. The surveil-
lance of the disease in dogs and humans population can be
monitored by clinical and serological approaches in health
centers of the districts.
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