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Abstract

Objective: Survey of Leishmania infantum chagasi in domestic and wild mammals in urban area and a Biological
Reserve in Natal, Rio Grande do Norte, Brazil.

Methods: Domestic and wild mammals were captured in Brazilian northeast Atlantic Rainforest, Rio Grande do
Norte state. Serological and parasitological studies were conducted; Leishmania isolates were positioned in
phylogeny based on small subunit rDNA (SSU rDNA) and glycosomal-3-phosphate dehydrogenase (gGAPDH) gene
sequences.

Results: Blood samples were collected from 138 wild and domestic mammals, comprising 66 dogs, 52 cats and
20 marsupials. Antibodies were found in 27 dogs (40.91%), two cats (3.85%) and one Didelphis albiventris (5%).
The cultures of popliteal lymph node aspirates were positive in nine dogs (13.64%) and from seven (10.61%) the
parasite was isolated and cryopreserved. All isolates were positioned in phylogeny based on SSU rDNA and
gGAPDH in the same branch with L. infantum chagasi.

Conclusions: The proximity of the forest fragment with humans and their domestic animals provide interference
in the health of wild animals. Measures to control the population of feral cats and environmental conservation should
be implemented due the importance of visceral leishmaniasis.

Keywords: Leishmania infantum chagasi; Serology; IFAT;
Phylogeny; Domestic animals; Wild mammals

Introduction
Visceral leishmaniasis (VL) is the most severe disease caused by

Leishmania organisms, and it is a serious public health problem [1].
The species causing visceral leishmaniasis belongs to the L. donovani
complex of the subgenus L. (Leishmania) including: L.(L.) donovani,
which causes anthroponotic visceral leishmaniasis in India,
Bangladesh, Nepal and Pakistan; L.(L.) infantum, responsible for
zoonotic leishmaniasis in the Mediterranean region (Europe and
Africa); and L.(L.) chagasi, which shows high genetic similarity with L.
(L.) infantum, and has been correlated with zoonotic leishmaniasis in
different countries of the Americas (New World) [2].

Although the domestic dog is the most important vertebrate host
and the main reservoir for human VL caused by Leishmania zoonotic
species [3], the finding of positive cats for VL [4,5] suggests that felids
may also have some role in the epidemiology of visceral leishmaniasis.

Furthermore, VL has been documented in several mammalian
species as canids [6-10], rodents [9,11], opossums of the genus
Didelphis [9,12] and bats [13]. The identification of infection in
wildlife has stimulated debate about a sylvatic L. infantum chagasi
transmission cycle operating independently or interacting with a

domestic cycle maintained by dogs [14]. Through the identification
and knowledge of the biology of natural reservoirs, more efficient
measures can be taken for prevention and control of leishmanioses.

In Brazil, Lutzomyia longipalpis and Lutzomyia cruzi are the sand
fly species described as main vectors of L. infantum chagasi [9,15]. The
Brazilian Northeast is a geopolitical region of great concern to present
the favorable weather conditions in the proliferation of mosquitoes
and disease transmission, as a long coastline that features high
temperatures and humid climate [16].

In this study, we conducted a survey of Leishmania infection among
small mammals and domestic animals in an urban area and from a
Biological Reserve, located in the municipality of Natal, State of Rio
Grande do Norte, throught serological, parasitological, and in vitro
isolation of Leishmania organisms, which were genetically
characterized by phylogenetic analysis relationships based on SSU
rDNA and gGAPDH genes.

Materials and Methods

Study area and blood samples
The biological Reserve “Parque da Cidade Dom Nivaldo Monte”

(64 ha), located in Natal municipality (5º 51' 3.63"S, 35º 13' 39.75"W) ,
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Rio Grande do Norte state and is a remnant of Atlantic Rainforest
surrounded by dune formations and resting (tropical moist broadleaf
forest). The local climate is tropical humid with annual temperature of
26ºC and annual rainfall of around 2500 mm, with a rainy season from
March to July. The Biological Reserve promotes the integration of two
neighborhoods areas with environmental and socioeconomic distinct
characteristics and the northern portion of Biological Reserve is
surrounded by clandestine occupations. One of the main problems of
this Reserve is the presence of a high number of abandoned domestic
cats.

Regarding to the wild animals, Pittfall and Sherman traps were used
for capture of small mammals in two campaigns in dry (October 2012)
and rainy (February 2013) seasons. The small mammals and were
caught were anesthetized (ketamine and xylazine), and blood samples
were collected through heart puncture. Animals were identified using
identification keys and original descriptions [17]. Some animal
specimens that could not be identified at species level during the field
collection were euthanized, fixed and deposited in Zoology
department of Pontifícia Universidade Católica de Minas Gerais.
Domestic cats present in the area were captured and blood samples
were collected.

In parallel to our field work, blood samples were collected from
dogs during field campaigns handled by the Zoonoses Control Center
(CCZ) of the municipality of Natal. All procedures with animals in the
present study were previously approved by the Animal Research
Committee of the Faculty of Veterinary Medicine of University of São
Paulo, and by the Brazilian Institute for the Environment and
Renewable Natural Resources (IBAMA).

Isolation of Leishmania
For isolation of Leishmania organisms, blood samples were

collected from wild and domestic animals, and popliteal lymph node

aspirates were obtained through fine-needle puncture from the dogs
and cats. The aspirates contents were inoculated into Vacutainer tubes
containing a biphasic medium consisting of 15% sheep red blood cells
as the solid phase (blood agar base), overlain by liquid LIT medium
supplemented with 20% Fetal Bovine Serum [18].The culture was
incubated at 28°C and grown in LIT medium for DNA
preparation.The isolates were cryopreserved in liquid nitrogen in the
Brazilian Trypanosomatid Collection (Coleção Brasileira de
Tripanossomatídeos, CBT), in the Department of Preventive
Veterinary Medicine and Animal Health, School of Veterinary
Medicine, University of São Paulo, Brazil.

Serological diagnosis of Leishmania infantum chagasi
Anti-Leishmania infantum chagasi antibodies were detected by

indirect fluorescent antibody test (IFAT), with a cutoff value of 1:40.
Promastigote forms of the L. infantum chagasi (CBT 96 strain) were
used as the antigen, as described by Ferrer et al. [19]. L. infantum
chagasi IFAT-positive sera were tested at twofold serial dilutions until
the last positive dilution, and rabbit anti-canine IgG conjugate (Sigma,
USA) was used in both tests. Positive and negative control sera were
added to each slide.

Molecular and phylogenetic analysis
The DNA from Leishmania cultures was extracted using the

phenol-chloroform method. DNA samples were subjected to the
conventional polymerase chain reaction (PCR) for trypanosome
barcoding on a fragment of approximately 900 base pairs (bp) of the
V7V8 SSU rDNA [18,20] and gGAPDH gene [21]. PCR products of
the expected size were purified and sequenced in an automated
sequencer (ABI Prism 310). The nucleotide sequences generated were
deposited in GenBank (Table 1).

Trypanosomatid

Species

CBTa Isolate codeb Host Geographic originc Acession numberd

Sequences

SSUrRNA gGAPDH

L. donovani 77 MHOM/ET/1967/
L82;HV3;LV9

Homo sapiens Ethiopia ET KF041801 FR799617

L. donovani 89 MHOM/ET/
1967/HU3

Homo sapiens Ethiopia ET KF041800 XM_003862962

L. infantum JCPM5 Europe M81430 FR796462/

XM_001467109

L. infantum Europe M81429

L. infantum chagasi 39 Canis lupus familiaris Pará BR KF041788 KF041818

L. infantum chagasi 40 Canis lupus familiaris Pará BR KF041789 KF041819

L. infantum chagasi 43 Canis lupus familiaris Pará BR KF041790 KF041820

L. infantum chagasi 105 Canis lupus familiaris Rio Grande do Norte BR KJ697707 KJ697700

L. infantum chagasi 106 Canis lupus familiaris Rio Grande do Norte BR KJ697708 KJ697701

L. infantum chagasi 107 Canis lupus familiaris Rio Grande do Norte BR KJ697709 KJ697702

L. infantum chagasi 108 Canis lupus familiaris Rio Grande do Norte BR KJ697710 KJ697703
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L. infantum chagasi 124 Canis lupus familiaris Rio Grande do Norte BR KJ697711 KJ697704

L. infantum chagasi 125 Canis lupus familiaris Rio Grande do Norte BR KJ697712 KJ697705

L. infantum chagasi 126 Canis lupus familiaris Rio Grande do Norte BR KJ697713 KJ697706

Table 1: Trypanosomatid isolates, host, geographical origin and sequences of SSU rDNA and gGAPDH genes employed in the phylogenetic
analyses performed in this study.

The sequences obtained in this study were aligned with sequences
previously determined and available in GenBank (Table 2) using
ClustalX [22] and were adjusted manually using GeneDoc [23]. The
phylogenetic tree were constructed using maximum parsimony, as
implemented in PAUP version 4.0b10 [24] with 500 bootstrap
replicates. Bayesian analysis was performed using MrBayes v3.1.2 [25]
with 1,000,000 replicates. Trees were sampled every 100 generations
using chains, and 25% of the trees were discarded as burn-in, and the
remaining trees were used to calculate Bayesian posterior probability.
The GTR+I+G substituition model were used.

Animals examined Antibody

titer

Positive
samples (%)

Parasitological

Dogs

negative 39/66 (59) 1/66 (1.5)

40 15/66 (22) 4/66 (6.5)

80 6/66 (9.5) 2/66 (3)

160 4/66 (6.5) 1/66 (1.5)

320 1/66 (1.5) 1/66 (1.5)

640 1/66 (1.5)

Cats

negative 46/48 -

40 1/48 (2.1)

80 1/48 (2.1)

Marsupials

negative 19/20 -

320 1/20 (5)

Table 2: Sero-prevalence of Leishmania chagasi infection by ifat in
wild animals, dogs and cat from the Urban area and Atlantic
Rainforest fragment in northeast, Brazil.

Results
Blood samples were collected from 138 wild and domestic

mammals, comprising 66 dogs, 52 cats, and 20 marsupials (16
Didelphis albiventris and 4 Monodelphis domestica). Among the
canine sera tested by IFAT, 27 (40.91%) were serologically positive
with the following endpoint titers: 40 (55.55%); 80 (22.22%); 160
(14.83%) and 320 (7.4%). Among cats, only two (3.85%) were
considered serologically reactive to L. infantum chagasi, with endpoint

titers ranging from 40 to 80. Only one opossum, Didelphis albiventris
(5%), was seroreactive with the 320 endpoint titer.

Cultures that were inoculated with canine popliteal lymph node
aspirates were positive to nine dogs (13.64%); seven (10.61%) isolates
were established and cryopreserved. Cultures inoculated with feline
and wild animals samples were all negative.

Phylogenetic position based on concatenated V7V8 SSUrDNA and
gGAPDH genes segregated the L. donovani complex species and all
seven dogs isolates were in a single cluster (91% bootstrap/100%
posterior probability and 100% of similarity) in the same branch with
L. infantum chagasi from Brazil (Figure 1).

Figure 1: Dendogram based on concatenated SSU rDNA and
gGAPDH sequences on 14 Leishmania species of the L. donovani
complex, which was used for maximum parsimony and Bayesian
inferences with 1460 characters. Numbers at nodes are the support
values for the major branches (bootstrap/posterior probability; 500
replicates). The sequences obtained in this study are in bold.

Discussion
Visceral leishmaniasis occurs in most countries of Latin America,

where nearly 90% of the cases in Brazil, especially in Northeast region
of the country. This region is of great concern for presenting favorable
weather conditions for the proliferation of vectors. The most
populated areas are located in the coastal region with humid climate
and high temperatures favoring the vector species, Lutzomyia
longipalpis and Lutzomyia cruzi.

Visceral leishmaniasis in the Americas is caused by the species L.
infantum chagasi that is phylogenetically distinct from other species of
the L. donovani complex [18]. Recent study showed that the V7V8
SSU rDNA region segregated all species of the genus Leishmania and
can be used for barcode as in other genera of trypanosomatids. In
Brazil, others species of Leishmania was able to cause visceral
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pathologies such as L. braziliensis. The identification or differentiation
of circulating species in the area is important to take preventive
measures and control of these parasites.The isolates in this study were
placed in phylogenies and taxonomically confirmed as L. infantum
chagasi.

Entomological surveys conducted in the metropolitan region of
Natal demonstrated the predominance of L. longipalpis in urban and
peridomestic region [26]. Domestic dogs are an important source of
infection for vector in an urban environment and are usually
associated with the occurrence of human cases [27,28].

The presence of high rates of seropositivity in dogs found in this
study highlights the epidemiological scenario of the study area,
indicating high exposure of dogs to Leishmania-infected sand flies.
This scenario could be related to the expanding urban environment,
which could results in higher exposure of humans to visceral
leishmaniasis in such region [12].

Usually, cats are naturally infected by the same Leishmania species
that affect dogs and humans in tropical and subtropical areas
worldwide [29]. In the present study, 3,85% of the sampled cats were
seroreactive for Leishmania infantum chagasi, corroborating previous
reports in other endemic regions of Brazil [30,31].

The serologic response of Leishmania-infected cats is usually
considered less specific than it is in dogs, probably by the lack of a
standardized IFAT for serological evaluation of anti-Leishmania spp.
Antibodies in cats; there is no universally accepted antibody titer cut-
off value that corresponds to active infection. Cut-off titers validated
for dogs are frequently applied for cats, but the immune response
could be different among cats and dogs. This context, there might have
frequent failures to diagnose feline leishmaniasis [32]. Como melhorar
o diagnostic em gatos.

Unrestrained domestic cats are usually vagile, as they can actively
hunter in forests and could act as a link between domestic and wild
environment, disseminating the parasite because cats can be bitten by
the local vector (L. longipalpis), as corroborated by numerous reports
of skin lesions with Leishmania-amastigotes forms presence [4,33,34].

The search for leishmaniasis in opossum is justified by reports of
natural infection of this animal in different regions of Brazil [12,35,36].
Previous studies showed that the presence of opossum (Didelphis
marsupialis) was an important risk factor for the transmission of
leishmaniasis, since opossum populations usually have high infection
rates in urban endemic area, suggesting that this species may act as a
natural link between domestic and sylvatic Leishmania life cycles,
especially because opossums and dogs can inhabit the same
environment [37,38]. Moreover, opossum infection by L. infantum
chagasi has been associated with human VL in some areas [36].

The presence of opossums serologically reactive to L. infantum
chagasi in the present study, suggests that the opossum population of
the Biological Reserve may act as a reservoir for Leishmania parasites,
thereby corroborating the hypothesis that D. albiventris is one of the
links of domestic and sylvatic transmission.

The Parque da Cidade Dom Nivaldo Monte Biological Reserve has a
large population of stray cats and wild animals, especially opossums,
which are inserted in the epidemiological chain of visceral
leishmaniasis. The close relationship between pets and wild animals
can, in addition, providing increased competition for wild and
anthropogenic habitats, resulting in transmission of diseases from one
group to the other [39].

The proximity of the forest fragment to humans and domestic
animal populations may have important one-health implications, with
relevance sanitary consequences for either domestic and wild animals,
and humans. Because the study area is a public park frequently visited
by humans, mainly tourists, measures to control the population of cats
and environmental conservation measures should be implemented
because of the importance of visceral leishmaniasis.
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