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Abstract

The objective of this study was to analyze morphological changes and parasite loads in the adrenal gland from 
45 dogs with visceral leishmaniasis (VL). The animals were from the Zoonosis Control Center of Araçatuba, state of São 
Paulo, which is an endemic region for the disease. These animals were euthanized due to positive diagnoses of VL. The 
dogs were classified into asymptomatic, oligosymptomatic and symptomatic groups. The parasite load was determined 
by immunohistochemistry, using VL-positive dog hyperimmune serum. Nine dogs showed an inflammatory infiltrate 
composed, predominantly, of plasma cells and macrophages. However, only eight dogs showed macrophages with 
amastigote forms of the parasite, immunolabeled in the cytoplasm. The medullary and reticular layers were the most 
affected areas, possibly due to a favorable microenvironment created by hormones in these regions. The density of 
parasites in the glandular tissue was not associated with clinical signs of VL (P > 0.05). However, the presence of the 
parasite was always associated with the presence of a granulomatous inflammatory infiltrate. This gland may not be an 
ideal place for the parasite’s multiplication, but the presence of injuries to the glandular tissue could influence the dog’s 
immune system, thus favoring the parasite’s survival in the host’s different organs.
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Resumo

O objetivo deste estudo foi analisar as alterações morfológicas e a carga parasitária da glândula adrenal de 45 cães 
com leishmaniose visceral (LV). Os animais eram provenientes do Centro de Controle de Zoonoses (CCZ) de Araçatuba 
(SP), região endêmica para a doença. Esses animais são submetidos à eutanásia, devido ao diagnóstico positivo para 
LV. Os cães foram classificados nos grupos assintomático, oligossintomático e sintomático. A determinação da carga 
parasitária foi feita por imuno-histoquímica, com utilização de soro hiperimune de cão positivo para LV. Em nove 
cães, verificou-se um infiltrado inflamatório, composto predominantemente por plasmócitos e macrófagos. Entretanto, 
apenas oito cães apresentaram macrófagos com formas amastigotas do parasito imunomarcadas em seu citoplasma. 
As camadas medular e reticulada foram as mais afetadas, possivelmente por um microambiente favorável criado pelos 
hormônios nestas regiões. A densidade de parasitos no tecido glandular não foi relacionada com os sinais clínicos 
de LV (P > 0,05). No entanto, a presença do parasito sempre esteve associada à presença de infiltrado inflamatório 
granulomatoso. Possivelmente, essa glândula não é um sítio ideal para a multiplicação do protozoário, mas a presença 
de injúrias no tecido glandular poderia influenciar o sistema imune do cão, favorecendo a sobrevivência do parasito nos 
diferentes órgãos do hospedeiro.
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Introduction

Visceral leishmaniasis (VL) is a very important zoonosis 
concerning public health, caused by the Leishmania (Leishmania) 
infantum chagasi protozoon. Brazil is the Latin American country 
that presents the highest number of human cases with the disease. 
In the state of São Paulo, since 1994, high incidence of VL cases has 
been reported among humans and in the canine population. The 
main control measure so far has been to euthanized seropositive 
dogs, but this method has not been effective in controlling the 
disease and there has not been a decrease in the number of human 
cases (BRASIL, 2006).

VL is transmitted among vertebrate hosts through the Lutzomyia 
longipalpis sand fly female’s sting, during its blood meal (PEREIRA, 
2000). In the domestic environment, dogs are considered to be 
the main reservoir of the protozoon that causes VL, which makes 
it more difficult to control the disease (BRASIL, 2006).

Leishmania sp. has the ability to escape from the immune 
system, due to its resistance to phagocytosis (VIRELLA, 2001). 
As a result, these parasites stimulate chronic inflammation, 
initially characterized by the presence of granulocytes, followed 
by the proliferation of macrophages, lymphocytes and natural 
killer cells (NK), which together form granulomas (VIRELLA; 
BIERER, 2001).

A variety of clinical signs have been described in dogs, and these 
animals can be characterized as asymptomatic or symptomatic, 
presentation of more advanced signs of the disease, such as skin 
lesions (ulcerations, desquamation and alopecia), progressive 
weight loss, onychogryphosis, hepatomegaly and splenomegaly, 
glomerulonephritis and hematological alterations (anemia, 
leucopenia and thrombocytopenia) (FEITOSA et al., 2000).

The animals that are considered to be susceptible to this 
infection are the ones that present lesions in their organs of great 
severity and density caused by parasites, including the skin. 
They also present variations in their cytokine profile in response 
to the parasite, with predominance of a Th2 type response and 
humoral immunity, which has little effectiveness in controlling 
the protozoon (GINN et al., 2007).

The most frequent histopathological finding among dogs with 
VL is chronic inflammation of organs such as skin, liver, kidneys, 
lymph nodes and adrenal glands, among others. Macrophages 
predominate and, in some cases, contain amastigote forms of 
the parasite (LONGSTAFFE; GUY, 1985; LIMA et al., 2004; 
GIUNCHETTI et al., 2008; MOREIRA et al., 2010).

The adrenal glands are composed of two endocrinal glands that 
are embryologically and functionally independent, divided into 
cortical and medullary layers (CARLTON; McGAVIN, 1998). The 
adrenal cortex is composed of steroid-secreting cells and is divided 
into three layers: the glomerulosa, fasciculata and reticularis zones 
(HIB; FIORI, 2003). The glomerulosa zone is formed by cells that 
secrete mineralocorticoids, such as aldosterone. The fasciculata 
zone is responsible for secretion of glucocorticoids (cortisol) and 
gonadocorticoids. Finally, the reticularis zone is formed by cells that 
secrete gonadocorticoids, estrogen and progesterone. The medullary 
adrenal layer is formed by chromaffin cells (pheochromocytes), 
which produce catecholamines, epinephrine and norepinephrine, 

and are responsible for increasing or maintaining blood pressure 
(BANKS, 1992).

The adrenal gland has an essential role in the organism’s response 
to immune stress, since it is practically the exclusive source of 
corticosteroids in the organism (DAVIES; MACKENZIE, 2003). 
There is evidence that suggest that inflammatory messengers 
influence the release of stress hormones by the adrenal gland. Agents 
that cause systemic inflammation activate an intrinsic circuit for 
inflammatory regulation, which can influence the adrenal gland’s 
response to immune stress (ENGSTRÖM et al., 2008).

Infections in the adrenal gland can cause tissue damage, directly 
or indirectly, as well as alterations to its endocrine function. 
The direct damage occurs through microbes’ multiplication and 
local production of toxins, while the indirect damage is caused 
by alterations to immunological regulation and regulation of the 
endocrine mediators (BOSWORTH, 1979). Different experimental 
infection models have shown that imbalance in the hypothalamic-
pituitary-adrenal axis (HPA) impairs the host from having an 
adequate immune-endocrine response, which can influence its 
susceptibility to diseases (RUIZ et al., 2003).

Adrenal infections have great relevance, but they are not 
identified in an effective manner during clinical examinations 
on animals. This gland can be infected by a great number 
of pathogenic agents, such as fungi, viruses, parasites and 
bacteria (ARLT; ALLOLIO, 2003). Among these, there have 
been reports on Microsporidia spp. (TOSONI et al., 2002), 
Paracoccidioides brasiliensis (PEREIRA et al., 2006) and Leishmania 
sp. (SCHNUR et al., 1973; GIBSON-CORLEY et al., 2008). 
Pumarola et al. (1991) and Toplu and Aydogan (2011) described 
necrotizing vasculitis in several organs of dogs with VL, including 
the adrenal gland. Ferrer et al. (1998) and Tafuri et al. (2001) 
reported that infection by Leishmania sp. in the adrenal gland 
was not easily diagnosed, due to the small number of parasites 
present in the organ. Hofman et al. (2000) reported occurrences 
of infection in the adrenal gland of humans, caused by Leishmania 
sp., among HIV-positive individuals.

Some variants, such as tropism due to pathogenic agents, gland 
anatomy and the individual’s immune state, contribute towards 
the progression and establishment of adrenal gland dysfunction. 
In order for an individual to manifest clinical signs that indicate 
adrenal disorders, it is necessary for 80 to 90% of the gland to 
be affected in humans (PAOLO JR; NOSANCHUK, 2006).

There are few reports on the infectious processes and 
inflammatory response of the adrenal gland. The scientific articles 
that discuss canine visceral leishmaniasis just quote the adrenal 
gland as a secondary target organ, but no eloquent description 
of the main lesions or their pathogenesis is found (GIBSON-
CORLEY et al., 2008). The objective of the present study was to 
analyze the main morphological alterations of the adrenal gland 
and to quantify the parasite load among dogs with VL.

Materials and Methods

Forty-five VL serological positive dogs, from the Zoonosis 
Control Center of Araçatuba, state of São Paulo, which is an 
endemic area for VL, were euthanized and used in the study. 
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They were classified as symptomatic (29 dogs), oligosymptomatic 
(seven dogs) and asymptomatic (nine dogs) (BRASIL, 2006). 
The adrenal glands were collected during the necropsy, fixed in 
a solution of 10% formol, buffered with phosphates (pH 7.2), 
and were processed through embedding in paraffin and staining 
with hematoxylin and eosin.

The parasite load was determined by means of the 
immunohistochemical technique, on paraffin-embedded sections, 
using hyperimmune serum from a VL-positive dog, in accordance 
with the protocol described by Tafuri et al. (2004), and modified 
by Moreira et al. (2013), at a dilution of 1:1000. In order to 
determine the density of cells immunolabeled for the parasite, 
parasitized macrophages were counted in five fields with a 40x 
objective lens, therefore, obtaining a mean per animal. The data 
was analyzed through the Kruskal-Wallis statistical test and the 
groups were compared by the Dunn’s multiple comparison test 
(P < 0.05), using the GraphPad Prism software (version 4.0, 2003).

Results

Out of a total of 45 analyzed dogs, eight presented macrophages 
immunolabeled with amastigote forms of Leishmania infantum 
chagasi in their cytoplasm: six dogs were symptomatic (with 
71,9±23,9 mean and standard deviation of the immunolabled 
cells), one oligosymptomatic (mean 5,6) and one asymptomatic 
(mean 0,2); all of them with inflammatory infiltrate composed 
of plasmocytes and macrophages. In the groups of asymptomatic, 
oligosymptomatic and symptomatic dogs, respectively, there were 
one, one and six dogs with immunolabeled parasites in the adrenal 
gland. There was not a significant statistical difference in the 
density of parasitized macrophages (P > 0.05) among the groups 
of dogs. In 20 dogs, the predominant inflammatory infiltrate in 
the adrenal gland was composed of plasmocytes and macrophages. 
However, six of these dogs (all of them symptomatic) presented the 
granulomatous inflammation commonly observed in VL (Figure 1). 
The cortical and medullary layers were affected. The reticularis and 
medullary zones and/or the transition between them or between 
the reticularis and fasciculata zones, were the preferred locations 
for inflammation and localization of the parasite. Occasionally, 
only the fasciculata layer was involved. The animals with negative 
immunolabeling for Leishmania spp. also presented inflammatory 
infiltrate in the adrenal gland. The inflammatory infiltrate in these 
cases was of mild intensity, characterized by rare leukocytes in the 
cortical’s interstices or medullary layers.

Discussion

The animals studied, both with and without clinical signs of 
VL, showed involvement of the adrenal gland, with detection of 
inflammation and the protozoon Leishmania sp.

In the present study, the areas most affected by inflammation 
or by the parasite were the reticularis and the medullary layers, 
which were possibly more favorable for the parasite. Carvalho et al. 
(2008) reported inflammation in these same layers, but they did 
not observe parasites in the adrenal glands of mice experimentally 
infected with L. amazonensis. Toplu and Aydogan (2011) also 

observed the parasite in the medullary layer and, less frequently, 
in the cortical layer of 22.7% of the 22 dogs evaluated. Some 
authors have suggested that high local concentration of anti-
inflammatory steroids in the adrenal cortex, such as cortisol, 
suppresses the local cell-mediated immune response, thus allowing 
the progressive multiplication of certain pathogenic microorganisms 
(JUBB et al., 2007; CARLTON; McGAVIN, 1998), as described 
for Histoplasma capsulatum in the adrenal gland’s fasciculata layer 
Highland et al. (2011).

Cytokine receptors are widely expressed in several tissues, 
including the central nervous system. Pro-inflammatory cytokines 
(IL-1, IL-6 and TNF-α) can influence a complex inflammatory 
response, thereby stimulating activity of the HPA axis and causing 
increased production of the corticotropin-releasing hormone 
(CRH) by the hypothalamus (TURNBULL; RIVIER, 1999). 
This induces the hypophysis to synthesize the adrenocorticotropic 
hormone (ACTH) and the adrenal glands to produce steroids, 

Figure 1. Photomicrograph of the adrenal gland of a dog that was 
symptomatic for visceral leishmaniasis. (A) Presence of granulomatous 
inflammation (*) in the cortical-medullary transition, composed by 
parasitized macrophages (hematoxylin and eosin; objective lens 40x). 
(B) Immunolabeling of amastigote forms of Leishmania spp. parasites 
in macrophages of the infiltrate that was present in the same region 
(streptavidin-peroxidase complex; objective lens 40x).
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glucocorticoids, dehydroepiandrosterone (DHEA) and its sulfate 
ester (DHEAS) (SCHNEIDER et al., 1998). Some cytokines are 
capable of stimulating the HPA axis, thus increasing the plasma levels 
of glucocorticoids, as well as other adrenal steroids, such as DHEA 
(PÉREZ et al., 2009), which has an important immunomodulatory 
effect. While glucocorticoids contribute towards controlling 
excessive inflammatory processes and favor a Th2 response, DHEA 
stimulates a Th1 response, through stimulation of the activated 
T cells to produce IL-2 (HADDAD et al., 2002). In canine VL 
cases, some authors have reported an imbalance between the 
Th1 and Th2 responses (BARBIÉRI, 2006). Therefore, among 
animals with advanced disease, the predominant Th2 cytokine 
profile could contribute towards imbalance of the HPA axis, 
and the steroids produced by the adrenal gland could contribute 
towards the ineffective response that these animals presented when 
confronted with the parasite. Corrêa-de-Santana et al. (2006) 
observed, among rats experimentally infected with Trypanosoma 
cruzi, that the parasite modulates the hypothalamus-hypophysis-
adrenal axis, acting directly or indirectly, thereby interfering with 
the axis’ homeostasis. The adrenal gland of these rats presented 
infiltration of macrophages and lymphocytes.

Among the dogs of the present study, the predominant 
leukocytes in the inflammatory infiltrate were plasmocytes and 
macrophages. There are no reports in the literature that suggest 
that the action of the glucocorticoids produced in the adrenal 
gland can affect the immune response, thus destroying circulating 
lymphocytes and inhibiting their mitosis in lymphoid organs 
(JUNQUEIRA; CARNEIRO, 2008). Immunosuppression in dogs 
with VL has been correlated with apoptosis or production of anti-
inflammatory cytokines (CORRÊA et al., 2007; MOREIRA et al., 
2010, 2013). This may be directly related to adrenal gland infection 
(PAOLO JR; NOSANCHUK, 2006).

In other organs of the dogs studied, such as the popliteal 
lymph node, the parasite load was high among the symptomatic 
dogs (MOREIRA et al., 2010). However, it was not possible to 
observe any significant differences in the adrenal gland within the 
groups of infected dogs. This gland was possibly not the preferred 
organ for parasite multiplication, as seen in the spleen, lymph 
nodes, skin or bone marrow (unpublished data). However, once 
affected it could influence the immune system’s activity, through 
the action of its glucocorticoid hormones. Moreover, the parasite 
possesses proven immune evasion mechanisms. These parasite 
and host mechanisms could act concomitantly and hinder the 
activation of cellular immune response and, thus, favor systemic 
survival of the protozoon Leishmania spp.

Endocrine adrenal activity influences other systems of the 
organism, as well as the immune system. Mineralocorticoids act 
on kidneys, stomach and sweat glands. These locations stimulate 
sodium absorption and can increase the systemic concentration of 
potassium (JUNQUEIRA; CARNEIRO, 2008). Renal insufficiency 
is one of the main findings in dogs with VL chronic evolution 
(COSTA et al., 2003). Interference by mineralocorticoids could 
aggravate the clinical condition of these animals, through the 
increase of circulating potassium level and, therefore, could cause 
severe heart problems.

Conclusions

Under the conditions of the present study, it was possible to 
conclude that the adrenal gland can be affected by infection caused 
by the Leishmania parasite, regardless of the clinical stage of VL. 
The most affected adrenal gland layers were the reticularis and, to 
a smaller extent, the medullary. The parasite’s presence was always 
related to the presence of granulomatous inflammation in these 
locations. There were no statistical differences in adrenal parasite 
load between groups. 
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