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The aim of this study was to investigate the role of Rhipicephalus sanguineus,
the brown dog tick, in the transmission of Leishmania infantum. To accomplish
this, we used 24 adult golden hamsters of both genders, and divided them
into two groups: a control group (n = 4) and an experimental group (n = 20).
The animals from the experimental group were infested with ticks obtained
from dogs naturally infected with L. infantum. Hamsters of the control group
were not infested and were maintained at the same conditions, as the infested
animals. After three months of observation, animals were euthanized and they
were posted to obtain samples of their blood, spleen, liver, lymph nodes, and
skin. These samples were then processed by histopathology, immunohistochemistry, and polymerase chain reaction (PCR). Fourteen hamsters (70%) of the
experimental group tested PCR-positive for L. infantum DNA in samples of buffy coat. The results of this study indicated that R. sanguineus ticks can transmit
some forms or parts of L. infantum to parasitized hamsters.
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RESUMO. O objetivo desse estudo foi investigar a
participação de Rhipicephalus sanguineus na transmissão da Leishmania infantum. Para isso, foram utilizados 24 hamsters adultos da linhagem Golden,
de ambos os sexos, os quais foram divididos em

dois grupos: controle (n = 4) e grupo experimental
(n = 20). Os animais do grupo experimental foram
infestados com carrapatos obtidos de cães naturalmente infectados por L. infantum. Os hamsters do
grupo controle não foram infestados e foram man-
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tidos sob as mesmas condições dos outros animais.
Após três meses de observação, os animais foram
submetidos à eutanásia e necropsia para obtenção
de amostras de sangue, 35 baço, fígado, linfonodos
e pele para histopatologia, imuno-histoquímica e
reação da polimerase em cadeia (PCR). Quatorze
hamsters (70%) do grupo experimental tiveram resultados positivos na PCR para detecção do DNA
de L. infantum em amostras de capa de leucócitos.
Os resultados obtidos nesse estudo sugerem que
carrapatos R. sanguineus podem transmitir algumas formas ou partes de L. infantum para hamsters
parasitados.
PALAVRAS-CHAVE. Leishmania infantum, hamster, carrapato, Rhipicephalus sanguineus, zoonose, saúde pública.

INTRODUCTION
Visceral leishmaniasis (VL) or kala-azar is a cosmopolitan zoonosis, affecting humans and domestic and wild animals. On the American continent,
the disease is caused by the protozoan species,
Leishmania infantum (=Leishmania chagasi) (Maurício
et al. 2000). Domestic dogs (Canis familiaris) play a
fundamental role in the maintenance of the disease
in endemic regions, acting as a domestic reservoir
and infection source for humans (Margonari et al.
2006, Werneck et al. 2006). Typically, transmission
of L. infantum to mammalian hosts requires the participation of phlebotomine sand flies, which in the
New World, belong to the species Lutzomyia longipalpis (Marcella & Gopegui 1998). However, studies
have shown disease transmission in the absence of
a biological vector, such as by blood transfusions
(Owens et al. 2001, De Freitas et al. 2006), vertical
transmission (Dubey et al. 2005), and sexual contact (Silva et al. 2009).
Ticks are vectors of a variety of important pathogens, such as blood parasites of genera Anaplasma, Babesia, Rickettsia and viruses (Jongejan &
Uilenberg 2004). The Brown dog tick, Rhipicephalus sanguineus, is a vector of important pathogens
with zoonotic implications (Dantas-Torres 2010b).
Initial investigations regarding the hypothesis that
ticks can act as vectors for parasites of the genus
Leishmania dates to the beginning of the twentieth
century. In 1930, Blanc and Caminopetros (1930)
demonstrated the ability of R. sanguineus to become infected with Leishmania and to transmit the infection to rodents after inoculating them with an
injection of crushed arthropods.
More recently, Coutinho et al. (2005) detected
the DNA of L. chagasi in R. sanguineus removed
from dogs with CVL (Canine Viceral Leishmania330

sis) through PCR analysis. These authors also infected 69 hamsters by oral and peritoneal inoculation
of mashed ticks originating from infected dogs. The
same results were confirmed by serological techniques, PCR, and direct examination of smears from
the spleen and liver. Additionally, Dantas-Torres
et al. (2010a) detected the presence of L. infantum
kDNA in the salivary glands of R. sanguineus removed from naturally infected dogs. When analyzed
together, these findings suggest that R. sanguineus
may play a role in the transmission of L. infantum
to other hosts. Despite these findings, the role of R.
sanguineus in the transmission of CVL is still unknown. This work aimed to investigate the ability
of R. sanguineus to transmit L. infantum to golden
hamsters (Mesocricetus auratus).

MATERIAL AND METHODS
Study location
The research was conducted in the Municipality of
Ilhéus, Bahia, Brazil (14°47′S; 39°02′ W). At this location,
previous entomological research did not detect L. longipalpis (Carvalho et al. 2010) and, as is currently known,
there is no cases of autochthonous CVL.
Tick collection
Non-gravid R. sanguineus females were manually
removed from symptomatic and serologically positive
dogs for CVL as confirmed by the enzyme linked immunosorbent assay (ELISA) and indirect immunofluorescence reaction (IFAT) tests. The ELISA and IFAT tests
were conducted at the Center for Control of Zoonosis
at Belo Horizonte in the State of Minas Gerais, Brazil,
an endemic region for CVL. After brown dog tick specimens were collected, they were identified morphologically and maintained in sealed containers until their
arrival at the experimental location. The experimental
golden hamsters were infested with these ticks within
three days after being obtained.
Experimental animals
To perform this study, 24 adult Golden hamsters
from both genders were used and they were provided
by the UESC Breeding and Maintenance Station for Laboratory Animals. The animals maintained in mini-isolators
in a controlled environment at 22° C under humane conditions and in accordance with the Ethical Principles in
Animal Experimentation. Each mini-isolator accommodated two animals. Hamsters received food and water
ad libitum during the experimental period.
This project was certified by the Committee for the
Ethical Use of Experimental Animals (CEUA/UESC) by
the protocol # 022/09. As an additional biosafety measure, throughout the experimental phase, the upper
part of each mini-isolator was sealed with fine mesh
and held in place by using double-faced, strong adhesive tape.
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Experimental groups
Hamsters were divided into two groups: a control
group and experimental group were consisted of 4
and 20 animais respectively. Each animal of the experimental group was infested with 3 to 5 non-engorged R.
sanguineus adult females. The ticks were placed on the
hamster’s dorsal region under a plastic cover to ensure
that they were not removed by the animal during the
study. The number of ticks used per animal was determined by taking into consideration the amount of blood
consumed per tick, such that the health hamster average
weight is of 120 g, so as not to be in danger. After three
days, the ticks were removed manually from the animals, and the groups of 3 to 5 ticks recovered from each
hamster were placed separately into Eppendorf tubes and
frozen at -20°C until DNA extraction. Hamsters in the
control group were not exposed to ticks, but remained
under the same environmental conditions as those of the
experimental animals.
Clinical status, euthanasia, and necropsies
Ticks were removed and hamsters remained for three
months being monitored and observed concerning the
emergence of clinical signs of L. infantum experimental infection consisted of weight loss, alopecia and skin lesions.
At the end of the observation period, animals were
sedated with an intraperitoneal injection of xylazine (10
mg/kg) and ketamine (100–200 mg/kg). Next, hamsters
were anesthetized with 3% sodium pentobarbital (80–
150 mg/kg, IP), and blood was sampled through cardiac
puncture. Immediately thereafter, hamsters were euthanized with a lethal dose of 3% sodium pentobarbital
and they were posted. During the necropsy, hamsters
were evaluated for existing macroscopic changes, and
samples were taken from the liver, spleen, lymph nodes,
and skin for histopathological examination.
Histopathology and Immunohistochemistry
Tissue fragments were fixed in buffered 10% formalin for 24–48 h and they were processed by routine histological techniques for inclusion in paraffin. Histological
slides were made from cuts at a thickness of 4–5 µm and
stained with hematoxylin and eosin. The histological
cuts were then evaluated under optical microscopy to
determine the presence of lesions and structures compatible with amastigotes of Leishmania. Histological cuts
on silane treated glass plates were processed for immunodetection of amastigotes following the methodology
of Tafuri et al. (2004). Briefly, hyperimmune serum from
hamsters naturally infected with L. infantum was used as
a primary antibody. A detection system based on streptavidin-biotin-peroxidase (LSAB+ kit, Dako USA) was
used. The marking was developed with diaminobenzidine (DAB, Dako USA). For each test was used a histological cut from either the liver, spleen, or skin from a dog
naturally infected with L. infantum as a positive control
DNA extraction and PCR
The blood samples were centrifuged for 15 min
at 3400 rpm, and then 100μL were extracted from the
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buffy coat. Hamster tissue samples and groups of recovered ticks were combined and crushed in liquid
nitrogen. Afterward, the peripheral blood leukocytes
and 100μg of each tissue and group of ticks were processed for DNA extraction by using the Easy-DNA™
Kit (Invitrogen®) following the manufacturer’s recommendations. The final DNA concentration in each
sample was established by optical spectrophotometry
(optical density at 260nm).To detect the presence of
Leishmania in each DNA sample, we used the primers,
RV1:5′-CTTTTCTGGTCCCGCGGGTAGG-3′ and RV2:
5′-CCACCTGGCCTATTTTACACCA-3′,to amplify the
kDNA164 min circle region (Lachaud et al. 2002). To
perform the PCR, we used PCR Super Mix kit (Invitrogen®) with a volume of 17 μL of SuperMix, 2 μL (0.2μM)
of each primer, and4 μL (50 ng/μL) of DNA. The thermal cycling conditions were as follows: hold for 5 min
at 94°C, followed by 35 cycles of 1min at 94°C, 1 min at
59°C, 1 min at 72°C, and a final 10-min extension at 72°C
(Lachaud et al. 2002). The PCR products were visualized
by electrophoresis in a 2% agarose gel. DNA from a sample of L. chagasi (Strain MHOM/BR2000/170 Merivaldo)
was used as a positive control, and ultra-pure water was
used as a negative control. An ABI PRISM-3100 Genetic
Analyzer (Applied Biosystems) was used to sequence
the amplified PCR products. Each DNA model (45 ng)
was marked with 3.2pmol of the ECAN5 primer and 2
μL of BigDye Terminator v3.1 Ready Reaction Mix (BigDye Terminator v3.1 Cycle Sequencing Kit, Applied Biosystems) in a final volume of 10 μL. The marking reactions were performed in a GeneAmpPCR System 9700
(Applied Biosystems) with an initial denaturation phase
at 96°C for3 min followed by 25 cycles at 96°C for 10 s,
55°C for 5 s, and 60°C for 4 min. The program BLAST
(http://www.ncbi.nlm.nih.gov/BLAST.cgi) was used
for comparison and analysis of the obtained sequences.

RESULTS
During the observation period, none of the hamsters presented clinical signals consistent with
VL. A microscopical evaluation of the HE-stained
tissues did not show pathological alterations.
Structures, compatible with amastigotes of Leishmania, were not visualized in the histological cuts
stained by the immunohistochemistry technique.
The PCR performed using DNA extracted from peripheral blood leukocytes showed positive results
in 70% (14/20) of the animals from the experimental group (Table 1). No PCR performed using DNA
extracted from hamster tissue samples was positive
for L. infantum. All examinations made in the control group hamsters were negative. The positive
samples of peripheral blood leukocytes sequenced,
and the results showed a satisfactory classification, revealing 92 and 99% similarity when compared to those stored in GenBank (Accession No’s:
EU370899.1; EU370893.1;203 EU370898.1).
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Table 1. Detection of Leishmania infantum DNA in hamsters
experimentally infested with Rhipicephalus sanguineus collected
from naturally infected dogs.
Variables
		

Animalsa
Control
Infested

Clinical signs
PCR of blood samples
Histopathological changes
a

0/4
0/4
0/4

0/20
14/20
0/20

Positive samples per group of animals

DISCUSSION
The success and progression of infection by the
genus Leishmania in animal models depend not only
on the host but also on a combination of other factors,
such as the inoculated species, strain virulence, nature of the inoculating agent, amount of parasites, and
form of inoculation (Moreno & Alvar 2002). Hamsters of the golden lineage are susceptible to a variety
of intracellular pathogens, and therefore, constitute
an excellent model for the study of a series of human
infectious diseases, as they are one of the first animal models used for the study of VL (Garg & Dube
2006). This model is being widely used in research
involving VL (Goto et al. 1987, Paciello et al. 2010)
because the clinical and pathological characteristics
of the disease in these animals are similar to those in
humans (Melby et al. 2001). The role of R. sanguineus
in the transmission of Leishmania is still unknown
to the scientific community. Recently, some studies
have attempted to clarify the role of these ticks in
the epidemiology of canine VL (Coutinho et al. 2005,
Dantas-Torres et al. 2010a, Dantas-Torres et al. 2011,
Campos & Costa 2014), and suggest that Leishmania
parasites may remain alive within ticks even after the
nymph to adult molt (Colombo et al. 2011). Recently,
for the first time, the presence of kDNA of L. infantum
was detected in the salivary glands of R. sanguineus
removed from dogs naturally infected with Leishmania, by using the PCR technique (Dantas-Torres et al.
2011). During feeding by R. sanguineus, the ticks inoculate the host with a huge quantity of substances
from their salivary glands (Dantas-Torres 2008). The
results of the present study show the presence of L.
infantum DNA in the blood of 14 of the 20 hamsters
born and bred in confinement and infested with ticks positive for L. infantum. The similarity between
the analyzed sequences, when compared to those in
GenBank, varied between 92 and 99%. Homology
values lower than 99% may be because of sequencing errors since the PCR products were not purified. These results corroborate with those from PCR
amplification, confirming the parasite’s presence in
the blood of the animals.
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Our results demonstrate the possibility that the
dog brown ticks R. sanguineus can transmited L.
infantum to animals; however, we did not directly
observe the parasite in the host and there were no
clinical signs consistent with the disease in the hamsters studied. In addition, at present, there is no
method to determine whether transmission of L.
infantum occurred or the presence was because of
the inoculated fragments of the parasite or dead
parasites. Although it has been confirmed that the
most probable mode of transmission of VL is by
L. longipalpis, alternative forms of transmission
may have a relevant role in the dissemination of
this disease and should be considered in the development of control strategies. In this particular
case, it is believed that the probable transmission
of L. infantum by R. sanguineus may have widespread epidemiological implications since these
ticks are widely distributed due to their ability to
adapt and also due to the cosmopolitan distribution of their host, the domestic dog (Dantas-Torres
2010b). In the present study, we detected L. infantum DNA in 6 of 13 (46%) of the recovered groups
of ticks. Dantas-Torres et al. (2010a) detected L.
infantum DNA in 12.3% of the ticks analyzed, while Coutinho et al. (2005) found the same in 15.4%
of the arthropods evaluated. The percentages of
infection are high, especially when one considers
the infection rates in phlebotomines in endemic
areas, which are usually lower, ranging between 0.25% and 3.9% (Paiva et al. 2006, Soares et al.
2010, Michalsky et al. 2011). Despite the fact that
R. sanguineus are species-specific (for dogs), there
are countless reports in the literature of tick parasitism in humans (Dantas-Torres et al. 2006, Louly et al. 2006). Dantas-Torres (2010b) reports that
when exposed to high temperatures, these arthropods attach to and feed faster on humans. These
observations suggest that, if the hypothesis of vectorial competence is confirmed, R. sanguineus may
also have importance in the transmission of VL to
humans.
If the vectorial competence of R. sanguineus in
the transmission of L. infantum is verified, it will
have a substantial impact on strategies for the control of this disease. Besides the traditionally recommended measures, such as control of the main
phlebotomine vector and elimination of infected
dogs, the control of ticks may also become an important strategy in the control of canine and human VL. The inspection and elimination of ticks on
dogs will limit the introduction of L. infantum into
disease free areas.
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CONCLUSIONS
In conclusion, our results demonstrate that R.
sanguineus can transmit some forms or parts of L.
infantum; however, further studies are needed to
determine whether these forms are capable of inducing VL and whether the cycle of the parasite
remains continuous in newly infected hosts. Confirmation of this will have a huge impact on the
epidemiology of VL with implications for the strategies employed in controlling the disease.
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