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ABSTRACT

Visceral leishmaniasis (VL) is a serious public health problem in Brazil and worldwide. Despite the euthanasia of dogs
serologically positive, such action has not solved the endemic in Brazil. A risk area for VL involves the presence of the
vector, the occurrence of canines and the record of human cases. The factors that have favored the persistence and
spread of VL in Brazil are related to the predatory action of man on the environment, to the migratory movements and
rural exodus, and a close coexistence of man and animals. Thus considering the epidemiological chain of VL, one fact
seems clear: we do not know yet the true extent of the participation of the dog in the infectious cycle of VL. The clinical
disease is an important indicator of the extent of the problem in an endemic area. The immunological events are com-
plex and involve resistance and susceptibility to canine visceral leishmaniasis (CVL). One aspect in CVL is that many
symptomatic dogs underwent xenodiagnosis not infect the vector. In such cases the pattern recognition receptors CD11b+,
TLR2+, and NO present higher values for dogs with results in immunohistochemistry of skin and xenodiagnosis nega-
tive (IMH /XENO") than dogs with immunohistochemistry in skin and xenodiagnosis positive (IMH/XENO"), sug-
gesting that innate immunity modulates the competence of the dog to infect the vector. The organic response in CVL
varies from individual to individual and within the same individual, with a strong evidence of being organ-specific.
Only 20% of asymptomatic dogs have parasites in the skin and 15% are able to recover from clinical signs and elimi-
nate the parasites spontaneously. In this review, we analyze the epidemiology of visceral leishmaniasis and clinical,
immunological and pathological conditions that can contribute to understanding the role of dogs in transmission of vis-

ceral leishmaniasis.
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1. Introduction

Canine visceral leishmaniasis (CVL) is a systemic dis-
ease caused by Leishmania (Leishmania) chagasi (Syn =
L. infantum) [1] on the American continent, with great
impact on public health in Brazil because it is so endemic
and dog is the most important reservoir of visceral
leishmaniasis in urban and periurban areas [2,3]. About
90% of cases of VL in the Americas occurring in Brazil.
Between 1990 and 2010, were notified by the Ministry of
Health, 64.953 cases of human VL [4]. It is estimated
that in each case human occur an average of at least 200
dogs previously infected [5,6].

The vectors of visceral leishmaniasis are Phlebotomine
females belonging to two main genera: Phlebotomus and
Lutzomyia. Lutzomyia longipalpis is the vector of
Leishmania (L.) chagasi in the Americas. Phlebotomus
are vectors of species that cause visceral leishmaniasis in
the Old World [7]. The biological cycle of Lutzomyia
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longipalpis includes four stages of development: egg,
larva, pupa and adult, occurring over a period of ap-
proximately 30 to 40 days of the egg stage until the adult
stage. The females have a longevity of 20 days and are
obligatory hematophagous, feeding on various species of
vertebrates [8]. The female infected while performing the
blood meal in the vertebrate host, including man and the
dog, release the infective forms (metacyclic stage) in the
dermis of the host where they are phagocytosed by
macrophages, differentiate into amastigotes and multiply
intensely, being driven by hematogenous and/or lym-
phatic route to other tissues rich in cells of the mononu-
clear phagocytic system as lymph nodes, liver, spleen
and bone marrow [9].

The infectious cycle of VL occurs in a wild environ-
ment and in an urban environment. In the sylvatic cycle,
foxes and marsupials are considered major reservoirs, but
in the urban cycle, domestic dogs are the main reservoir,
assuming importance in the epidemiology of the human
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VL [10,11]. The main clinical manifestations of CVL
consist of skin disease, enlargement of lymph nodes, eye
disease, pallor of mucous membranes, enlarged spleen,
cachexia, fever, nose bleeding (epistaxis), abnormal nails
(onychogryposis) [12].

The CVL is considered more important than the hu-
man disease, because the dogs infected has high parasitic
load on the skin, making them the main source of infec-
tion for the vectors [13]. However, despite the control
measures adopted by the Ministry of Health, which has
as its central action to eliminate serologically positive
dogs for VL, they are not effective in solving the en-
demic in the country [14].

Thus, considering the various elements present in the
epidemiological chain of visceral leishmaniasis, one fact
seems clear: we do not know yet the true extent of the
participation of the dog in the infectious cycle of the vis-
ceral leishmaniasis.

In this review we do an analysis of the epidemiology
of visceral leishmaniasis and clinical, immunological and
pathological conditions that can contribute to under-
standing the role of dogs in transmission of visceral
leishmaniasis.

2. Epidemiological Aspects

Visceral leishmaniasis (VL) is endemic in Brazil and is
expanding rapidly [15,16]. The factors that have favored
the persistence and spread of the disease are related to
the predatory action of man on the environment, to the
conditions of environment and climate that favor the sur-
vival of the parasite and vector, to the migratory move-
ments and rural exodus into large urban centers, associ-
ated with poor health conditions, and a close coexistence
of man and animals [17,18].

In Northeastern Brazil, where 94% of cases are re-
corded, the disecase has an endemic-epidemic behavior,
with outbreaks being repeated approximately every 10
years [19]. This periodicity of the disease has been ex-
plained by both the accumulation of susceptible and by
the occurrence, often cyclic, of natural disasters, such as
drought (more frequent) and floods, which determine the
worsening of socio-economic conditions of migrant
populations [20].

The largest percentage of individuals who contract the
disease are those of low income who live in rural areas
and outskirts of urban centers, weakened by malnutrition,
the poor housing conditions and sanitation, where the
presence of wild animals in close relationship with man
is common [21,22].

The delineation of a risk area for VL involves: 1) the
presence of the vector (as an indicator of receptivity); 2)
the occurrence of canines (as an indicator of potential
risk) and 3) the record of human cases (as an indicator of
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an actual risk of transmission) [17].

Lutzomyia longipalpis is very adaptable to the period-
mestic environment. The highest concentration of sand-
flies occurs between 18 h (6 p.m.) and 22 h (10 p.m.)
peridomestically and between 20 h (8 p.m.) and 2 h (2
a.m.) intradomestically. It is more common peridomesti-
cally than intradomestically [23,24]. The highest fre-
quency rates are observed mainly in the rainy season
[25,26].

In Brazil, several mammals have been found to be in-
fected by Leishmania (L.) chagasi, canids like the fox
(Cerdocyon thous), the maned wolf (Chysocyon brachy-
urus), hoary zorro (Lycalopex vetulus) and bush dog
(Spheotos venaticus), and other mammals such as the
marsupial Didelphis albiventris and D. marsupialis, but
only the fox (Cerdocyon thous), considered a natural
reservoir of visceral leishmaniasis, appears to be impor-
tant as a link in the enzootic cycle for maintenance of the
disease [27-29].

In endemic areas such as Teresina city in Piaui, Brazil,
Foxes (Cerdocyon thous) naturally infected by L. chagasi
have been observed in dense residual forests, remnants of
palm grove forests, near orchards and peridomestically
on the outskirts of the city. These animals have presented
high titers of antibodies protecting against the saliva of
Lu. longipalpis, suggesting contact between the fox and
the VL vector. Serum samples from humans and dogs
living in the same area showed less reactivity against
vector saliva when compared to fox saliva. These find-
ings suggest that a natural focus of L. chagasi transmis-
sion exists, regardless of transmission between dogs and
humans. It appears that transmission of VL infection to
humans may partly originate from a sylvatic cycle and
not depend solely on the presence of infected dogs [10].

The increased risk of humans contracting VL is related
to malnutrition, to the presence of animals in homes,
vegetation and vacant lots near homes, proximity to
green areas (forests), poor conditions of urban infra-
structure. These factors proved relevant in the context of
epidemiological transmission of VL [30]. On the other
hand, the presence of the dog appears to increase the risk
of contracting VL, equivalent to 2.17 times compared
with individuals who do not have dogs. This estimate
becomes more worrying when we consider the number of
dogs per residence. Residents with a dog in their homes
have an increased risk of acquiring VL of 1.87 times,
while the owners of two dogs increased the risk by 3.36,
compared to people who do not have dogs. The increase-
ing risk trend in the presence of dogs confirms the im-
portance of this animal in the epidemiology of VL, either
as an attractive source of food for the vector, or by its
potential to serve as a reservoir of the parasite [11,31].
The association between human infection and the pres-
ence of dogs could also be verified by Vexenat et al.
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(1994) [32]. Another study found a relationship between
high prevalence of canine infection and high incidence of
human infection, associated with poor socio-economic
conditions in the endemic area of the municipality of
Teresina [14]. The responsible ownership of dogs is a
problem in the communities of the suburbs of large urban
centers, because the socio-economic difficulties do not
allow the creation of the dogs properly. Other important
aspects, intrinsic to the dog, which contribute to increase
the risk of contracting VL, are related to the belated rec-
ognition of the disease, the low sensitivity of diagnostic
tests and the delay between diagnosis and the euthanasia
of positive dogs (average of 80 to 180 days) [17].
Although urbanization of VL has been in progress for
over 25 years in Brazil, little is known about the deter-
minants of urban transmission. In urban areas, social
networks, population density, housing and the relation-
ship with the natural environment are more varied and
complex when compared to rural environments. Fur-
thermore, environmental and climate changes coexist.
Deforestation decreased the availability of animals serv-
ing as food sources for the sandfly vector in rural envi-
ronments. Dogs and humans became more attainable
alternatives. This may explain the invasion of Lu. Longi-
palpis in urban areas, increasing the transmission capac-
ity of L. chagasi. On the other hand investments in health
and education have been reduced, thus interrupting VL
control and causing to adapt of the vector to an environ-
ment modified by man. Studies relating to the vector
(genetic variants) are lacking. There are also new immu-
nosuppressive factors, such as HIV infection. Disease
control is difficult in large urban areas, where malnutri-
tion, housing and sanitation problems are present [10].
However, these issues are complex, because not al-
ways the occurrence of the disease is associated with the
presence of the dog, considered the main source of infec-
tion for human, and the systematic removal of these ani-
mals has not decreased the prevalence of human infec-
tion, and the indiscriminate euthanasia of dogs is a ques-
tionable procedure [33,34]. However a controlled inter-
vention study conducted to determine whether the elimi-
nation of seropositive dogs would decrease the incidence
and prevalence of visceral leishmaniasis in dogs and in
humans, suggest that the elimination of the majority of
seropositive dogs may affect the cumulative incidence of
seroconversion in dogs temporarily and may also dimin-
ish the incidence of human cases of visceral leishmani-
asis, although the transmission has continued after re-
moval of the dogs which suggests the presence of other
reservoirs [35]. The infectious cycle of visceral leishma-
niasis is complex and establishes itself, among other
elements, with the participation of the dog, which is the
main domestic reservoir of the parasite [7,8,35]. Thus,
one of three basic actions of the control program of vis-
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ceral leishmaniasis is centered on the massive elimina-
tion of dogs, usually based on results of serological tests,
which have neither a high sensitivity nor high specifici-
ties, without the necessary parasitological confirmation.

Given that the control measures currently adopted has
been successful, we suggest that such measures take into
account a clinical evaluation of the disease more accu-
rately as has been done in experimental studies [36,37],
carry out identification and control of animals of the sy-
nanthropic fauna, adopt more appropriate sanitation,
since areas with poor socioeconomic conditions, such as
Teresina, the capital of the state of Piaui in Brazil, have
been associated with an abundance of vectors in urban
areas and incidence of canine and human VL [22]. Sev-
eral studies on vaccination of dogs with leishmaniasis are
being conducted, but results are inconsistent and treat-
ment of dogs against visceral leishmaniasis is prohibited
by federal law in Brazil (Portaria Interministerial n°®
1.426/2008, da Secretaria de Vigilancia Sanitaria, do
Ministério da Saude).

3. Clinical Aspects

In endemic areas, CVL is highly prevalent, affecting
about 60% to 80% of the population of dogs, but it is
accompanied by a low rate of clinical disease [38,39].
Thus, there are two populations of infected dogs: one that
is clearly susceptible and another that is clearly resistant.
These two populations respond clinically, immunologi-
cally and pathologically different to the infection with
Leishmania (Leishmania) chagasi.

CVL is clinically classified as follows: asymptomatic
dogs, consisting of animals serologically and parasi-
tologically positive but no clinical signs suggestive of the
disease; oligosymptomatic dogs, those who are serologi-
cally and parasitologically positive and have a maximum
of three clinical signs of the disease whatever they are,
and symptomatic or polissintomaticos dogs, those sero-
logically and parasitologically positive with more than
three characteristic clinical signs of the disease [40].
However, this classification is somewhat empirical, be-
cause it does not take into account the pathophysiological
and immunological parameters of the infected dogs and
therefore should be further defined.

The susceptible population presents a dynamic spec-
trum of manifestations ranging from sub clinical disease
to a thoroughly manifest disease, accounting for one-
third of infected animals [41]. After infection with
Leishmania parasite persists throughout the life of the
dog. The disease has an incubation period ranging from 3
months to 7 years [36,37,42]. After installation of clinical
disease (symptomatic dogs) dogs can survive for months
to years [36]. This population of dogs present the most
frequent manifestations: onicogriphosis (83.3%), skin
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lesions (83.3%), conjunctivitis (75%), local or general-
ized lymphadenopathy (66.6%), and weight loss (58.3%)
[43]. On the other hand, 60% - 80% of many animals that
have contact with the parasite, as demonstrated by the
presence of anti-Leishmania antibodies or specific im-
mune response mediated by cell or by the detecting of
the parasite DNA by the polymerase chain reaction, do
not show any clinical manifestations of the disease
[37,38,44]. An experimental study revealed that nine
dogs of 21 infected remained healthy for a period of 5
years of follow-up [44]. However, case of immunosup-
pression such as disease can lead to activation of latent
infection. In this context it is noteworthy that canine vis-
ceral leishmaniasis is very similar to human visceral
leishmaniasis and reproduces clinical, immunological
and pathological manifestations similar as weight loss,
fever, anemia, diarrhea, hyperproteinemia with hyper-
gammaglobulinemia, polyclonal activation of B cells,
specific and nonspecific antibody production, culminat-
ing in the formation of high levels of anti-Leishmania
antibodies and circulating immune complexes that are
not protective, protective response conferred by T cells,
splenomegaly, hepatomegaly, lymphadenopathy, glome-
rulonephritis [12].

The clinical examination is a rapid diagnosis, but for
canine visceral leishmaniasis, is difficult to perform in
endemic area, because the disease is similar to many
others and the existence of a large number of asympto-
matic and oligosymptomatic dogs are limitations to the
application of this criterion [9]. On the other hand, has
been observed that dogs showing clinical signs of oni-
cogriphosis, skin lesions, conjunctivitis, local or general-
ized lymphadenopathy, and weight loss, should be con-
sidered for the diagnosis of canine VL. However, in a
group of 35 dogs previously studied by us two from 16
animals presenting one or two symptoms were parasi-
tologically negative. Therefore we suggest that only one
or two of these symptoms are not sufficient, but three of
them allow us to consider the animal as suspect, and five
as strongly suggestive of VL [43].

Thus, it appears that clinical disease is an important
indicator of the extent of the problem in an endemic area,
because most dogs that are exposed and infected do not
manifest the disease.

4. Immunological Aspects

The CVL is immunologically mediated and seems to
develop according to the anergic model, inducing sup-
pression of T cells, polyclonal activation of B cells, spe-
cific and nonspecific antibody production, culminating in
the formation of high levels of anti-Leishmania antibody-
ies and circulating immune complexes [42,46].

The immunological events related to the resistance and
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susceptibility to the CVL are not well defined, but they
appear to be mediated by T cells [45,46-49]. Specific
cellular immunity is observed in asymptomatic dogs
naturally infected with Leishmania infantum [44,50]. A
longitudinal experimental study on CVL has indicated a
mixed Thl and Th2 response in which the control of the
replication of the parasite, progression of the disease or
cure, is determined by the balance between these two
dichotomous patterns [51]. On the other hand, some
studies show that the protective response in dogs appears
to be related to the cellular immunity associated with the
activation of Thl cells producing IFN-y, IL-2, TNF-¢,
and antigen-specific IgG-2. The macrophages activated
by the Thl (IFN-y) response present an increased pro-
duction of reactive oxygen and nitrogen, via NADPH
oxidase and nitric oxide synthase (iNOS), relating to the
elimination of intracellular forms of Leishmania, as well
as the activation of CDS8 + T cells that are also related to
the resolution of the disease. These responses are re-
flected by the absence of clinical signs, by the low levels
of anti-Leishmania antibodies, by the low parasite load
and by the presence of a strong lymphoproliferative re-
sponse or response to a delayed-type hypersensitivity
(DTH) to Leishmania antigen in the skin [52-55]. The
relationship between resistance to disease and cellular
immunity was demonstrated by the inverse correlation
between the percentage of CD4/TcRaf cells and the rate
of infection of Phlebotomus perniciosus females [56].
The authors suggest that the percentage of T helper cells
present in peripheral blood of a dog should be considered
a good parameter for evaluating the potential of infection
for the vector, giving thus an idea of their epidemiologi-
cal risk.

Furthermore, in an active disease the animals are in-
capable of developing an effective cellular immune re-
sponse. In this case, a potent humoral response occurs, a
specific immunosuppression against the parasite and the
manifestation of a variety of clinical signs, whose sever-
ity is related to the parasite load in different organs and
tissues [52,57,58]. The pattern of cytokines observed in
this condition is a mixed Th1/Th2 response [53,59].

A study on the quantification of cytokine expression
by real-time PCR (qRT-PCR) established that high levels
of IFN-y are expressed by mononuclear cells from the
peripheral blood of asymptomatic dogs after in vitro
stimulation with Leishmania antigen, compared to poly-
symptomatic animals and uninfected control dogs. IFN-y
has been shown to be a mediator of resistance to the
parasites because of its ability to induce killing of the
parasite by macrophages [60].

One aspect that draws attention in the course of the
CVL is that many symptomatic dogs underwent xenodi-
agnosis not infect the vector. This fact seems to be due
infection mediating by the innate immune system. In this

AID



The Dog as a Risk Factor in Transmission of Visceral Leishmaniasis: A Review 41

sense, an experiment performed with peripheral blood of
48 naturally infected dogs revealed that the standard
recognition receptors CD11b+, TLR2+, and NO present
higher values for dogs with results in immunohisto-
chemistry of skin and xenodiagnosis negative (IMH /
XENO") than dogs with immunohistochemistry in skin
and xenodiagnosis positive (IMH'/XENO"), suggesting
that innate immunity is important in modulating the
competence of the dog with VL to infect the vector [61].

5. Pathological Aspects

The pathology of CVL shows that resistant animals ex-
hibit low parasite burden and reduced inflammatory re-
sponse, making it difficult to find parasites in the skin
and in organs of the mononuclear phagocyte system
[39,43]. However, the organic response to parasite varies
from individual to individual and the same individual
showed evidence of being specific organ [62].

The dog’s skin is the first organ to be infected by the
vector and the presence of parasites gives the dog the
condition of an important reservoir of Leishmania
(Leishmania) chagasi, allowing easy transmission of the
parasite to the vector [33,63,64]. This aspect has served
as a justification for the indiscriminate euthanasia of dogs
over the years, although the Organizacion Panamericana
de la Salud and the Organizacion Mundial de la Salud
recognize that animals are of great sentimental, economic,
zootechnical and practical values, and therefore they
should not be indiscriminately killed [17].

During the blood meal Lutzomyia longipalpis promas-
tigotes inoculated into the skin of the host. The presence
of the parasite causes changes in the epidermis charac-
terized as acanthosis, hyperkeratosis and a dermal in-
flammatory reaction predominantly histiolymphoplas-
mocytic diffuse or focal periadnexal, perivascular, and
granulomatous [65-67]. There is a correlation between
the intensity of the inflammatory infiltrate and the para-
site load. Have been observed that when few parasites
are present, the inflammatory infiltrate consists mainly of
lymphocytes and macrophages, but in the presence of
many parasites in the dermis, the infiltrate is also com-
prised of lymphocytes and monomorphic macrophages,
as well as a larger quantity of polymorphonuclear neu-
trophils (PMNs) [43]. The parasite load, measured by
immunohistochemistry, is higher in the ear and ungueal
region [43,68]. The sensitivity of PCR is higher (82.76%)
than immunohistochemistry (62.07%) and than H-E
(44.83%) to detect the parasite [65].

Histochemical techniques revealed that animals with
an intense inflammatory infiltrate in the skin, show a
predominance of type III collagen (reticular fibers) and a
lesser proportion of type I collagen (connective tissue
proper), revealing profound structural changes in colla-
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genous components of the extracellular matrix of the skin
[69]. It is likely that the leishmania use the collagen fi-
bers to evade the immune response and migrate to other
organs of the host [70,71]. The assessment of the epi-
dermal immunocompetence in canine visceral leishma-
niasis showed that in cases of alopecia dermatitis,
Langerhans cells and positive keratinocytes for MHC 11
are associated with T cell infiltration of medium intensity,
without significant numbers of parasites. On the contrary,
in the absence of antigen-presenting cells in the epider-
mis, as observed in nodular lesions, an intense infiltrate
of macrophages and parasites in the dermis occurs. Ul-
cerative lesions show an intermediate pattern of inflame-
mation. These results suggest that dogs with alopecia
dermatitis develop an effective control of the infection
[72]. The alteration of the extracellular skin matrix is
higher in symptomatic than in asymptomatic dogs. Fi-
bronectin and laminin are present in greater intensity in
symptomatic than in asymptomatic dogs [73].

While about 60% to 80% of all dogs with amastigotes
do not show any clinical signs of disease, only 20% of
these animals have parasites in the skin and 15% are able
to recover from clinical signs and eliminate the parasites
spontaneously [51,74]. Thus, in the scope of the epide-
miology of VL, the parasites of the skin and hence the
ability to infect the vector, has been the subject of intense
research in recent years, but the results of these studies
are still conflicting. In Ceara state, Brazil, among as-
ymptomatic dogs, only 8% with amastigotes in the skin
were found by molecular method while in Piaui state
over 30% were parasitized [31,75]. A report of the histo-
logical picture in tissues of a naturally-infected asymp-
tomatic dog showed marked inflammatory changes and
the presence of many amastigotes in ear, nose and abdo-
men [65].

A study by xenodiagnosis showed that dogs with
clinical manifestations for VL were four times more in-
fective to the vector than oligosymptomatic and asymp-
tomatic dogs. Leishmania DNA was detected in 100% of
skin samples from symptomatic and oligosymptomatic
dogs and to a lesser extent (66.7%) in asymptomatic dogs.
The rate of infectivity was determined as 33.3% (2/6),
16.7% (1/6) and 83.3% (5/6) for asymptomatic, oligo-
symptomatic and symptomatic dogs, respectively [76]. It
should be noted that the correlation between the presence
of symptoms and infectivity to the vector varies in dif-
ferent geographic regions. It is likely that this variation is
influenced by the number of infected animals and vectors
in a particular region, as well as the vector competence to
transmit the infection. The severity of the disease is
manifested by the clinical condition of the dog and this
depends on the host-parasite interactions that differ be-
tween regions, because the environmental conditions are
different. Even symptomatic dogs present levels of infec-
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tivity for different vector, which is dependent on the
immune status of the animal, with a relevant role for in-
nate immunity [61]. A study in Spain showed no correla-
tion, while in Colombia and in Brazil, a positive correla-
tion between the presence of symptoms and infectivity to
the vector has been shown [64,77,78].

The spleen of naturally infected dogs by L. chagasi
exhibit several markers of susceptibility to visceral
leishmaniasis, including active parasitism, higher fre-
quencies of generalized white pulp atrophy, an absence
of germinal centers and a lack of definition of white pulp
compartments associated with splenic architecture dis-
ruption, which is characterized by disorganization of
normal lymphoid tissue, loss of normal spleen leucocyte
diversity via replacement of leucocytes by plasma cells,
and eventual atrophy of the lymphoid tissue [79]. In this
sense it has been observed that the highest parasitism in
spleen of infected dogs is associated with an increased
expression of complement receptor 3 (CR3), indicating a
possible role of CR3 positive cells in the maintenance of
tissue parasitism [80]. A study in progress conducted by
our group, have revealed that the clinical manifestations
of CVL progress with the intensity of the changes in
spleen including a higher number of granulomas and
Russell bodies in dogs with two, three, four, and five
symptoms compared to the dogs with only one symptom
and the asymptomatic dogs (F. A. L. Costa: Unpublished
Data). Research on the architecture of the spleen in dogs
with VL has revealed that both the frequency of clinical
manifestations and the densities of CD79a+ B lympho-
cytes and proliferating (Ki-67+) cells, the average num-
bers of CD79a+ B cells, T cells, S100+ DCs and prolif-
erating cells were lower in dogs with disorganized
splenic lymphoid tissue than in those of dogs with or-
ganized splenic tissue. These changes were associated
with reduced expression of the cytokine CXCL13 that
participates in the organization of lymphoid follicles
through migration of B cell to the follicles [81]. These
splenic markers may be important in the identification of
dogs that represent the greatest risk of transmission of
VL.

The lesion in the liver contribute to various clinicopa-
thological changes, such as hypoalbuminemia, increased
levels of transaminases (ALT, AST) and total protein
[55], but rarely reaches the stage of liver failure [82]. The
characteristic resistance of the liver in Leishmania infec-
tion is quite complex and it is known that the interaction
between the Kupffer cells and CD8+ T cells within
granulomas has important implications for the identifica-
tion of novel antigens vaccine candidates that may serve
as new model of immuno-therapeutic intervention [83].
The liver show a greater number of intralobular granu-
lomas in asymptomatic compared to symptomatic ani-
mals [51]. Hyperplasia and hypertrophy of Kupffer cells
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and granulomas are changes with a high incidence. Inju-
ries such as congestion of the sinusoidal capillaries, in-
flammatory cells in the portal space and in the capsule,
and degeneration are present in a varying degree. Posi-
tive hepatic cells for the expression of CR3 are associ-
ated with a lower tissue parasitism, suggesting that these
cells in liver have a protective role in the immune re-
sponse in CVL [80].

In lymph nodes, it can be observed a thickening of the
capsule due to the infiltration of mononuclear cells,
mainly macrophages, follicular hyperplasia, hyperplasia
and hypertrophy of cells of the sinus and medullary cords,
with amastigotes within macrophages [81]. These changes
are often responsible for the enlargement of the lymph
node [84] with a humoral and cellular immune response
related to the evolution of the infection [52]. There are
few studies showing cell profiles in lymph nodes of dogs
with VL, but the main change immuno- phenotypic is an
increased frequency of T lymphocytes, particularly
CD8+ T cells, an increased expression of MCH-II by
lymphocytes and a decrease in the levels of CD21+ B
cells. In a study in progress we have observed that deple-
tion of follicles and of cells of the paracortical area are
more evident changes in symptomatic than in asympto-
matic dogs, and hyperplasia of follicles is higher in as-
ymptomatic dogs. The cell hyperplasia of the me- dullary
sinus is higher in symptomatic when compared with the
asymptomatic dogs (F. A. L. Costa: Unpub- lished Data).
The popliteal lymph node is an organ easily accessible
and thus can help to identify cell populations in dogs that
represent an increased risk of transmission of VL. Stud-
ies conducted by our group showed that among sympto-
matic dogs xenodiagnosis was positive only when lym-
phadenopathy and/or splenomegly were present. These
conditions were probably due to a higher level of para-
sitemia in the skin which facilitated the transmission to
the insect [43].

The kidney is an organ often affected in the course of
CVL. We conducted a study with 55 naturally infected
dogs and verified the presence of glomerulonephritis in
100% and interstitial nephritis in 78.2%, both in symp-
tomatic and asymptomatic dogs. The changes were re-
lated to the presence of Leishmania antigen. Biochemical
analyzes performed on serum and urine of 11 dogs
showed changes in renal function in six dogs. These
changes were observed only in dogs who had concomi-
tant interstitial nephritis and glomerulonephritis [85].
Renal involvement in canine visceral leishmaniasis is
considered a frequent cause of death of animals [86].
Dogs with severe renal impairment are those with the
disease in its full form, so are those with greater power to
infect the vector. The kidney responds to infection with
activation of humoral and cellular immune system and is
not related to resistance and susceptibility to disease, as
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observed in the systemic response, but rather with the
mechanism of renal injury, as observable in the neph-
ropathy in general [87-90].

Furthermore, it has been suggested that a genetic pre-
disposition to susceptibility and resistance to CVL occurs
[12]. Two genes have been implicated in susceptibility to
CanL: DLA (dog leukocyte antigen)-RB1°01502 allele in
dogs in Brazil [91] and haplotypes of canine Slcllal
gene in Spain [92].

Thus, the dog is a risk factor for transmission of VL
because it presents high susceptibility, constituting the
main reservoir of the parasite. Moreover, the close rela-
tionship between man and dog living in the same space,
the intense parasitism of the dog’s skin, the difficulty of
clinical diagnosis, the similarity with other diseases, and
the existence of asymptomatic dogs, give the dog this
condition.

6. Final Thoughts

The dog represents an important link in the infectious
cycle of VL. The parasitism of the skin allows the trans-
mission of infection in the presence of the vector. How-
ever the dog response against the infection varies of ani-
mal to animal and between groups of animals that present
variable susceptibility to the disease. Thus, it is right to
devote priority attention to the dog, especially in endemic
areas for VL. However, besides the dog there are many
other elements involved in the infectious cycle of the
disease, such as wild animals, animals of the synan-
thropic fauna, poor sanitation, which contribute to the
advancement of the disease, as is happening in Brazil and
around the world where the disease is present. The prior-
ity attention to the dog should take into account the pecu-
liarities of the populations of dogs exposed to the in-
fected vector and the different responses of the dog to the
infection, to avoid an indiscriminate and inhumane action
of elimination of dogs. Every day, many dogs that are not
involved in the transmission of VL are euthanized. It
needs to be taken into account that many infected ani-
mals do not pose a risk or pose a low epidemiological
risk in the transmission of the infection because the skin
does not present parasites. An aspect of the relationship

between canine and human infection should be examined:

Why in endemic areas for VL, which also have high rates
of infection in dogs, few people are infected in absolute
numbers? Those who fall ill, are usually the poor, mar-
ginalized on the peripheries of urban centers, where con-
ditions of poor sanitation, a key factor in the spread of
disease, determine precarious living conditions that at-
tacks citizenship of these populations. Thus, the program
to control the disease in Brazil, coordinated by the Min-
istry of Health, should encourage the development of
new methods of work and research, which characterize

Copyright © 2012 SciRes.

better dogs that represent a real risk of transmission, that
are consistent with the expectation of society that, in
most cases, refuse to surrender their animals to be eutha-
nized.
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