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Abstract

Leishmaniases are a group of chronic systemic infectious diseases caused by intracellular protozoa of the genus
Leishmania. In the present study the authors aimed to investigate Leishmania spp-induced lesions mainly to detect the
presence of the parasite within the CNS and lymph nodes in dogs from the Araguaina region, Tocantins State, Northern
Brazil. Descriptive statistical analysis of variance and correlation were conducted, indicating that gross signs and visceral
lesions do not correlate positively. Therefore we conclude that the diagnosis cannot be based on macroscopic signs alone

presented by the infected dogs.
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Introduction

Leishmaniases are a group of chronic systemic
infectious diseases caused by intracellular protozoa of the
genus Leishmania. Reservoir hosts include domestic and
wild animals. They affect people and domestic and wild
animals and as zoonosis are a matter of great concern in
many areas of the world. The disease is endemic in many
South American countries (12), and the canine disease is
prevalent in many Brazilian areas (4; 7, 10) where infected
dogs act as reservoirs for people.

The infection is transmitted by members of the
genus Phlebotomus in the Old World and Lutzomya in the
New  World. Transmission occurs when the
hematophagous female sandfly first bites infected
individuals — usually in crepuscular and nocturnal hours-

and ingests infected macrophages; this vector harbors
promastigotes in their gut which are transmitted during a
blood meal to people, domestic or wild animals where the
amastigote form develops (8).

Leishmania spp are intracellular microorganisms
which, without the host’s efficient immune response,
multiply and migrate from lymphoid organs to other
organs inducing clinicopathological changes that may lead
to death of the host. Leishmania spp also survive by
modulating the host’s immune system when they either
promote immunosuppression or pro parasitism functions
(1). Thus, depending on the animal’s immune state, signs
of the disease could be observed after months or even
years post infections. Yet they may never be detected and
the animal might be an unsuspected infecting reservoir.
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A study compared parasitic Leishmania spp
density in dog’s skin, lymph nodes and viscera of
symptomatic and asymptomatic seropositive animals and
found no differences between them, with the skin being
the most parasitized organ, round the place of the bite
(13). The finding suggests that animals symptomatic and
asymptomatic can be permanent source of the infection.

In order to correlate facial skin lesions with
parasitic load in regional lymph nodes, a previous study
analyzed infected dogs with and without clinical signs. It
was observed that dogs with facial lesions had larger loads
in cervical lymph nodes than dogs without facial lesions,
although the latter harbored chronic skin inflammation
with macrophages infiltration, plasma cells and
lymphocytes, thus confirming the fact that apparently
normal skin may host the parasite (5).

The disease develops as a progressive chronic
illness 2 to 4 months or even 7 years after the infection (2)
characterized as chronic and debilitating (caquexia), with
skin lesions (hyperkeratosis, dry scaling dermatitis,
ulcerations and alopecia), generalized lymphadenomegaly,
hepatosplenomegaly and anemia (4, 23).

Regarding the prevalence of the parasites within
the central nervous system (CNS), the matter is not settled,
although neurological signs are not frequent. A previous

histopathological study in dogs revealed some
morphological changes associated with a chronic
meningeal inflammation with  Iymphoplasmocytic
infiltrate (23).

A previous study found similar changes in the
CNS, i.e. lymphoplasmocytic and histiocytic meningitis,
perivascular cuffing and gliotic foci in small numbers in
relation to the total number of seropositive animals. Only
30,76% from 39 samples showed changes, and the
presence of parasites was detected in only 5,12% from all
animals. This finding reveals the importance of
investigating the CNS involvement in leishmaniasis cases
(18).

There are many diagnostic methods for
leishmaniasis. None of them has, as yet, 100% sensitivity.
Clinical diagnosis encounters many difficulties in
detecting the disease, since one individual may manifest
specific and non specific signs of leishmaniasis (21). This
indicates the need to develop new diagnostic methods.

In the present study the authors aimed to correlate
Leishmania spp-induced lesions among lymph nodes,
viscera and the CNS, and to detect the presence of the
parasite within the CNS and lymph nodes in dogs from the
Araguaina region, Tocantins State, Northern Brazil.

Material and Methods
Samples
Tissue samples were collected from 23 dogs

euthanized at the Center for Zoonosis Control (CZC) of
Araguaina County, State of Tocantins, Brazil. Necropsies

of all dogs were performed to withdraw lymph nodes,
brain, kidney, spleen, liver, heart, lungs and skin samples.

Gross lesions evaluated

Onychogryphosis, lymphadenomegaly,
hepatomegaly, splenomegaly, skin lesions, and
conjunctivitis were evaluated in order to classify the dogs
as symptomatic, oligosymptomatic or asymptomatic. (20)

Findings were submitted to descriptive statistics.
Width and length of lymph nodes were measured with a
caliper ruler and the area was calculated applying the
ellipse formula (Area=JI.[width/2]. [length/2]).

Tukey test was used for variance analysis of
lymph nodes-parasitic load, and Spearman correlation to
evaluate putative correlation between data.

Histological methods

The collected samples were fixed in 10% neutral
formalin and routinely processed for paraffin embedding.
The organs, except the brain, were sliced in coronal
sections 1 cm thick and after fixation further sliced in
sections 2 mm thick prior to paraffin embedding.
Histological sections 3 um thick were cut from the
paraffin blocks and stained with Hematoxylin and Eosin.

Histological slides were scanned to detect the
agent and the induced lesions. The lesions were classified
according to the intensity as: absent (-), mild (+), moderate
(++), marked (+++).

Results and Discussion

Twenty three Leishmania spp-seropositive dogs
from the CZC (Araguaina county, TO) were necropsied
and samples collected. During necropsy, external as well
as internal features usually present in infected animals
were looked for, ie. onychogryphosis,
lymphadenomegaly, hepatomegaly, splenomegaly, skin
lesions and conjunctivitis.

Eighteen out of 23 dogs were symptomatic and
showed at least one of the gross lesions listed above. Nine
of them were classified as polysymptomatic with at least
three gross lesions, nine were oligosymptomatic, showing
between one and three gross lesions and five of the
animals were asymptomatic.

Gross lesions detected: onychogryphosis (12
dogs), lymphadenomegaly (8 dogs), hepatomegaly (11
dogs), splenomegaly (11 dogs), facial skin lesions (3
dogs), conjunctivitis (3 dogs) are summarized on Table 1.

Main changes detected in the collected samples
from the 23 infected dogs were related to the inflammation
induced by the agent as formerly reported by Mendonga &
Ramos (2011).

Splenic lesions were characterized by massive
macrophagic infiltration in 17 dogs; same change has been
reported by Xavier (2006). From the 17 dogs, in two the
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presence of the agent was conspicuous, in four
macrophages had a marked hemossiderin load, and three
had lost their follicular structure. Lung alterations were
edema (6 dogs), vascular congestion (11 dogs), and
lymphoplasmocytic and histiocytic bronchitis (4 dogs),
same changes described by LUVIZOTTO, (2006). Kidney

changes (9 dogs) were of lymphoplasmocytic and
histiocytic infiltrate; seven of those also had vascular
congestion. Leishmania spp-induced kidney lesions
frequently lead to renal failure, one of the major causes of
death in the disease (9).

Table 1. Gross lesions detected in 23 Leishmania spp-seropositive dogs

Grosslesions |1(2]|3[4|5]6(7|8(9|10|11|12]|13|14[15]|16|17(18[19[20(21(22(23
Onychogryphosis | X | X X X X XXX X|X|X[X
Lymphadenomegaly | X X XXX X X
Hepatomegaly X XX X X X | X X XXX
Splenomegaly | X X XX X|X|X X|X|X[X
Facial skin lesions X X | X
Conjunctivitis X X X

The liver was one of the more affected organs and
the lesions were those of lymphoplasmocytic and
histiocytic hepatitis (17 dogs), vascular congestion (20
dogs) and swollen cells (4 dogs). The majority of these
animals present granulomatous lesions. However,
mononuclear infiltrates are also a common finding (22).

Only few dogs had brain changes, all of which of
inflammatory nature: focal lymphoplasmocytic meningitis
and lymphocytes infiltration (4 dogs), lymphohistiocytic
meningitis (Figure 1) (2 dogs), and vascular congestion (5
dogs). In none of the sections the agent was detected. It
has been previously reported lymphocytic choroiditis and
meningitis, with the presence of the parasite (Leishmania
infantum [= L. chagasi] inside and outside macrophages
in dogs). In contrast, no parasite was detected in HE or
IHC histopathological examinations in this study.
Parasites were also not detected in other studies (17),
although high anti-Leishmania antibody titers were
detected, including in the cerebrospinal fluid. Pathological
reactions (leptomeningitis, satelitosis, neurophagitis and
dark neurons) were previously reported in the CNS of
dogs with leishmaniasis without neurological symptoms.
In patients with neurological signs, histopathological
alterations were more frequent and intense (11). This
condition is known as cerebral leishmaniasis (17). The
brain appears somehow protected in dogs infected with
Leishmania spp. It has been suggested that it is because of
the metalloproteases that take part in the blood brain
barrier (16).

Figure 1. Brain cortex, mild lymphohistiocytic meningitis.
HE Stain, Objective: 10X.

No significant correlation was found among the
lesions described in all the organs investigated (e.g.,
higher degrees of hepatic lesions were not necessarily
accompanied by higher degrees of kidney lesions).

There was no correlation (0,1612; p=0,46)
between the number of parasites found within lymph
nodes and the degree of visceral lesions. Therefore,
asymptomatic dogs are a source of infection for the
sandfly vector and have a very important part in the
transmission of the disease (19).

When comparing the number of parasites in
lymph nodes with CNS lesions, there was a negative
correlation between them (-0,1705; p=0,43).
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Another lack of correlation was observed when
comparing the number of parasites with de size of the

corresponding infected submandibular, prescapular and
popliteal lymph nodes (Table 2).

Table 2. Correlation data between lymph node sectional area and the number of counted parasites.

Lymphnode Area mm” Number of protozoa Correlation P
Submandibular 0,6471 18,1695a 0.32732 0.1274
Prescapular 0,9608 14,9956ab 0.19328 0.3769
Popliteal 0,9067 9,0000b 0.01261 0.9545
Total 0,8382 14,0550 0.24111 0.2677

Tukey test among lymph nodes; P<0,05

When comparing the amount of visceral lesions
and CNS lesions, no correlation was found (0,0788;
p=0,7207). Thus an animal with many visceral lesions will
not necessarily have CNS lesions and vice versa. In fact,
CNS lesions were observed in only a few dogs (10/23),

suggesting that the system does not favor Leishmania spp
infection. Some previous investigations have pointed to
that fact (11). Also, brain lesions when present were mild
(Table 3).

Table 3. Intensity of brain lesions in Leishmania spp-seropositive dogs in Araguaina County, TO.
Change/ Animal L1 | L5 | L7 | L8 | L9 |L11 |L12 | L14 | L18 | L20
Lymphoplasmocytic meningitis + - - + - - - - - +
Lymphocytes infiltration - - + - + - - - + -
Lymphohistiocytic meningitis + - - - - - - + - -
Protozoa presence - - - - - - - - -
Vascular congestion - + - + - + + - + -

-: absent, +: mild, ++ moderate, +++: marked

There was neither correlation between gross
changes and intensity of histological lesions (0,2890;
p=0,1810) nor between gross changes and amount of
parasites within lymph nodes of all 23 dogs (0,1187;
p=0,5893). Those data demonstrate that each animal has a
peculiar form of reacting to Leishmania spp infection,
which may change according to the geographical region,
climate (3) and breed (20). Thus, a negative diagnosis
cannot be based solely on the absence of signs.

Mean of the amount of parasites per regional
lymph node (Giemsa stain) are summarized in Figure 4. It
is confirmed that the greatest load is found in cranial
lymph nodes (Figure 2 and 3). A previous study (5)
reported the differences between parasite load in cranial
lymph nodes due to differences in the regions drained by
these lymph nodes.
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Figure 2. Leishmania amastigotes in prescapular lymph
node. Giemsa Stain, Objective: 40X.
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This mechanism would also explain the
differences found in the present study due to the fact that
lymph nodes with higher parasite load are located near the
cranial region, where cutaneous lesions are more frequent
and abundant.
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Figure 3. Leishmania amastigotes in popliteal

lymphonode. Giemsa Stain, Objective: 40X.

The various forms of manifestation of the disease
may be related mainly to variations in the resistance of the
host, variations in the infectivity and antigenicity of
Leishmania infantum (= L. chagasi) (6), with changes in
the host immune response. Some dogs have predominantly
macrophages and lymphocytes inflammatory infiltrate,
and others only of mast cells (3).

Mean
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Figure 4. Mean of parasites in regional lymph nodes
(Error=2,6914)

Conclusions

From the changes detected in samples obtained
from 23 Leishmania spp-infected dogs, liver, spleen and
cranial lymph nodes were the most affected organs with
inflammatory lesions. Regarding lymph nodes, cranial
lymph nodes had higher parasite load when compared to
popliteal lymph nodes, indicating that the former would be
the most suitable for parasite search.

An important data was obtained by comparing
the presence of macroscopic signs with the degree of
visceral lesions. It was possible to verify that animals with
high degree of visceral lesions did not show gross signs
and animals showing significant gross signs had a lower
degree of visceral lesion.

Gross signs and visceral lesions do not correlate
positively. Therefore, we conclude that leishmaniasis
diagnosis cannot be based on macroscopic signs alone
since they may not represent confirmative data of the
disease.

Acknowledgements

To Gilzelle da Luz, Liana Beezerra, Elis
Regina Negri for technical support. Mendonga C. C. was
awarded a CNPq fellowship.

References

1. AWASTHI, A. et al. Immune response to leishmania
infection. Indian J Med Res, v.119, n.6, p.238-258, 2004.

2. BANETH G.; Leishmaniases; pp. 685-698. IN: Greene CE,
Infectious Diseases of the Dog and Cat. Saunders Elsevier.
2006.

3. CALABRESE, K.S. CORTADA, V.M.C.L., DORVAL,
M.E.C. SOUZA LIMA, M.A.A. OSHIRO, E.T. SOUZA,
C.S.F. SILVA-ALMEIDA, M. CARVALHO, L.O.P.
GONCALVES, da COSTA, S.C. ABREU-SILVA, A.L.
Leishmania (Leishmania) infantum/chagasi:
Histopathological aspects of the skin in naturally infected
dogs in two endemic areas Experimental Parasitology 124,
253-257,2010

4. CIARAMELLA, P., OLIVA, G., DE LUNA, R., GRADONI,
L., AMBROSIO, R., CORTESE, L. SCALONE, A,
PERSECHINO, A., 1997. A retrospective clinical study of
canine leishmaniasis in 150 dogs naturally infected by
Leishmania infantum. Vet. Rec. 22, 539

5. COSTA, M.M.S., LIMAW.G., FIGUEIREDO, M.M.,
MICHALICK, M.SM., WL TAFURI, W.L., 2008.
Leishmania infantum: Um Estudo histopatologico e imuno-
histoquimica e sua correlagdo com lesdes de pele facial. Vet
Pathol 45:5, 2008.

6. DANTAS-TORRES, F.; Leishmania infantum versus
Leishmania chagasi: do not forget the law of priority; Mem.
Inst. Oswaldo Cruz, , Vol. 101(1): 117-118, 2006

7. FEITOSA, M. M., IKEDA, F. A., LUVIZOTTO, M. C. R.,
PERRI, S. H. V. Aspectos clinicos de caes com leishmaniose
visceral no municipio de Aragatuba — Sdo Paulo (Brasil).
Clinica Veterinaria, n.28, p.36-44, 2000.

8. FIGHERA, R. Leishmaniose em cdes. Acessado em
http://www.ufsm.br/lpv/aulas/ptg1010/leishmaniose.pdf,
fevereiro de 2012.

9. FRANCA-SILVA, J. C.; COSTA, R. T.; SIQUEIRA, A. M.;
MACHADO-COELHO, G. L. L. COSTA, C. A,
MAYRINK, W.; VIEIRA, E. P.; COSTA, J. S.; GENARO,
0.; NASCIMENTO, E. Epidemiology of canine visceral
leishmaniasis in the endemic area of Montes Claros

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br . All rights reserved 2007.

93



10.

11.

12.

13.

14.

15.

16.

Mendonga et al; Correlations among Visceral, Lymphatic and Central Nervous System
Lesions in Dogs Infected with Leishmania spp. Braz J Vet Pathol, 2013, 6(1), 89 - 94

Municipality, Minas Gerais state, Brazil.
Parasitology, v.111, p.161-173, 2003

GOMES, A. M. D.; LAURENTI, M. D.; FERRARO, G. C;
CAMARGO, M. H. B.; COSTA, D. C.; MACHADO, G. F;
PERRI, S. H. V.; MARCONDES, M.Subclinical Muscle
Injuries in Dogs Infected with Leishmania (Leishmania)
infantum chagasi; Braz J Vet Pathol; v.5, n.3, 24; 2012
IKEDA, F.A., LAURENTI, M.D., CORBETT, C.E.,
FEITOSA, M.M., MACHADO, G.F., PERRY, S.H.V., 2007.
Histological and immunohistochemical study ofthe central
nervous system of dogs naturally infected by Leishmania
(Leishmania) chagasi. Braz. J. Vet. Res. Anim. Sci. 44, 5—
11.

LAISON, P., 1988. Ecological interactions in the
transmission of the leishmaniasis. Philos. Trans. R. Soc.
Lond., B. 321, 389.

LIMA, L.V.R., CARNEIRO L.A., CAMPOS, B.M.,,
CHAGAS E.J., LAURENTI M.D., CORBETT C.E,
LAISON,P., SILVEIRA F.T. Leishmaniose visceral canina
por Leishmania (L.) infantum chagasi na Amazonia Brasil:
comparacdo da densidade de parasitas da pele, linfonodos e
tecidos viscerais entre sintomaticos e assintomaticos, caes
soropositivos. Rev. Inst. Med. Trop. Séo Paulo, 52 (5): 259-
65,2010.

LOPEZ, R.; LUCENA, R.; NOVALES, M.; GINEL, P.J;
MARTIN, E.; MOLLEDAM. Circulating immune
complexes and renal function in canine leishmaniosis.
Journal of Veterinary Medicine, v.43, n. 1-10 p.469-474,
1996.

LUVIZOTTO, M.C.R. Alteragdes patologicas em animais
naturalmente infectados. In: 10 FORUM SOBRE
LEISHMANIOSE VISCERAL CANINA, 2006, Jaboticabal.
Anais do Forum de Leishmaniose Visceral canina. p.15-
22, 2006.

MACHADO, F.G.; MELO, D.G.; MORAES, C.O.; SOUZA,
SM.; MARCONDES,M.; PERRI, HV.S,;
VASCONCELOS, R.O. Differential alterations in the
activity of matrix metalloproteinases within the nervous
tissue of dogs in distinct manifestations of visceral
leishmaniasis. Veterinary Immunology and
Immunopathology 136 (2010) 340-345, 2010.

Veterinary

17.

18.

19.

20.

21.

22.

23.

24.

25.

MELO, G.D.; MARCONDES, M.; VASCONCELOS, R.O;
MACHADO, G.F. leukocyte entry into the CNS of
Leishmania chagasi naturally infected dogs. Vet. Parasitol.
162; p. 248-256; 2009

MENDONCA, C.C.; RAMOS, A.T. Implicagdes das lesdes
encontradas em linfonodos ¢ SNC em cdes com leishmania
em Araguaina-TO. In: VII Semindrio de Inicia¢do Cientifica
da UFT. Palmas- TO, 2011.

MOLINA, R., AMELA, C., NIETO, J., SAN-ANDRES, M.,
GONZALEZ, F., CASTILLO, J.A.,, LUCIENTES,
JLALVAR, J., 1994. Infectivity of dogs naturally infected
with Leishmania infantum to colonized Phlebotomus
perniciosus. American Journal Tropical Medical Hygiene
88, 491-493.

SIDERIS, V.; KARAGOUNI, E.; PAPADOPOULOU, G.;
GARIFALLOU, A.; DOTSIKA, E. Canine Visceral
Leishmaniasis in the great athens area, Greece. Parasite, v.
3, p. 125-130, 1996.

SILVA, F.S. Patologia e patogénese da leishmaniose visceral
canina. Revista Tropica — Ciéncias Agrarias e Biologicas
V.1, n. 1, p. 20, 2007.

TAFURI, W.L.; OLIVEIRA, M.R.; MELO, M.N.; TAFURI,
W.L. Canine visceral leishmaniasis: a remarkable
histopathological picture of one case reported from Brazil.
Veterinary Parasitology, 96: 203-212, 2001.

TRYPHONAS, L., ZAWIDZKA, Z., BERNARD, M.A,,
JANZEN, E.A., 1977. Visceral leishmaniasis in a dog:
clinical, hematological and pathological observations. Can.
J. Comp. Med. 41, 1.

VINUELAS, J.; GARCIA-ALONSO, M.; FERRANDO, L.;
NAVARRETE, I.; MOLANO, L; MIRON, C.; CARCELEN,
J.; ALONSO, C.; NIETO, C.G. Menigial leishmaniosis
induced by Leishmania infantum in naturally infected dogs.
Veterinary Parasitology, v.101, p.23-27, 2001.

XAVIER, S.C.; CHARELLI, IM.; LIMA, W.G;
GONCALVES, R.; TAFURI, W.L. Canine visceral
leishmaniasis: a remarkable histopathological picture of one
asymptomatic animalreported from Belo Horizonte, Minas
Gerais, Brazil. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, v.58, n.6, p.994-1000, dezembro
2006. 771-784

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br . All rights reserved 2007.

94



