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Background: Morphological involvement of endocrine glands, such as the 
pituitary gland, remain uninvestigated in dogs with canine visceral leishmaniasis. 
Therefore, this study investigated the presence of amastigotes of Leishmania spp. 
and characterized inflammatory changes, highlighting the involvement of TCD3+ 
lymphocytes in different regions of the pituitary gland of dogs.

Methods: Samples were collected from 21 naturally infected dogs and 5 control, 
uninfected dogs. The different pituitary regions were analyzed in histological 
sections stained with hematoxylin and eosin (HE) under light microscopy. 
Inflammation was classified by intensity in a score from 0 to 3, absent (0), mild 
(1), moderate (2), and marked (3). The immunohistochemical (IHC) evaluation 
was performed in five high-power fields (hot spot) in a 40x objective of each 
region with manual counting (Image J1.52ª) of the TCD3+ lymphocytes and for 
amastigotes analyzed in 40x and 100x objectives. The Shapiro–Wilk test was used 
to assess the normality of the data. Differences between groups were determined 
by the Mann Whitney test. The correlation between variables was assessed by 
Sperman’s correlation test. p  <  0.05 were considered statistically significant.

Results: Amastigotes from the pituitary glands of two infected dogs were 
identified using IHC. The histopathological evaluation stained with hematoxylin 
and eosin showed greater intensity of inflammation in the pars distalis and pars 
intermedia regions of infected dogs. IHC for TCD3+ lymphocytes showed a higher 
median number of immunolabeled cells in pars nervosa in the infected group 
than in the control group (p  <  0.05); and expecting a variation in the distribution 
and number of these cells in naturally infected dogs, the median of the control 
group was considered a cut-off point, an increase in T lymphocytes (p  <  0.05) was 
also observed in the pars intermedia and pars distalis of an infected subgroup 
(n  =  10). A moderate significant correlation between the intensity of inflammation 
and the number of immunolabeled TCD3+ lymphocytes was established in the 
analyzed pituitary regions, characterizing the occurrence of hypophysitis.

Conclusion: These findings presuppose that inflammation and/or the parasite 
in the pituitary region can result in gland dysfunction, worsening the clinical 
condition of the patient and compromising the efficiency of treatment and 
prognosis.
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1. Introduction

The hypophysis, or pituitary gland, is a neuroendocrine organ 
responsible for the interface of communication between the 
hypothalamus and peripheral endocrine glands, whose regulation is 
essential for maintaining the homeostasis of organisms in 
physiological and pathological situations (1, 2). Therefore, systemic 
pathological changes can lead to dysregulation and dysfunction of the 
neuroendocrine system (1). The major pituitary disorders are of 
proliferative origin in dogs (3); however, inflammatory changes have 
also been reported in humans, with lymphocytic hypophysitis being 
the most common (4).

Hypophysitis is a chronic inflammatory disorder of primary or 
secondary origin that occurs in the pituitary gland. Primary 
hypophysitis is an autoimmune disorder of unknown etiology 
characterized by inflammation restricted to the pituitary gland, not 
associated with other systemic inflammatory disorders (4). Secondary 
hypophysitis is related to local inflammatory processes induced by 
tumors, cysts, or systemic processes, such as other autoimmune 
endocrinopathies, medication use, infectious diseases, and other 
conditions (4, 5).

Several studies have reported primary or secondary hypophysitis 
promoting endocrine or neurological disorders in dogs; however, 
many limitations and divergences exist in the studies because it is 
considered a sporadic condition with the presence of inflammatory 
infiltrate comprising CD3+ T lymphocytes (2, 3, 6–9). Hypophysitis 
related to bacterial, fungal, viral, or parasitic infectious processes has 
been poorly studied, although studies in dogs (2, 3), humans (10), and 
other animals (11) are available. The parasite Trypanosoma brucei and 
T. congolense have also been detected by molecular analysis in the 
brain and pituitary gland of sheep during experimental infection, 
which is associated with increased plasma cortisol and adrenal gland 
hyperplasia (11).

The circumventricular organs (CVOs) and choroid plexus can 
serve as entry routes for parasites and other pathogens to nervous 
tissue, as demonstrated by infections with the parasite Trypanosoma 
brucei (12). They are devoid of the blood–brain barrier (BBB) but have 
a blood-liquid barrier formed by occluder junctions between the 
epithelial cells of the choroid plexus and between the specialized 
tanycytes lining the ventricular cavities that line the CVOs (13). 
Neurohypophysis is classified as a CVO and is devoid of effective 
barriers because it has fenestrated vessels and is susceptible to 
exposure to circulatory components, such as cytokines, endotoxins, 
and pathogens, representing an access point that directly influences 
the central nervous system (CNS). Like other CVOs, neurohypophysis 
can initiate and modulate local inflammation (12, 14–16).

Leishmaniasis is a zoonotic disease that is distributed worldwide 
and affects domestic and wild animals (17). The parasite Leishmania 
infantum is the etiological agent of canine visceral leishmaniasis 
(CanL), listed as one of the most lethal and neglected tropical diseases 
globally (18, 19). Amastigotes systemically infect the host, causing 
chronic stimulation of the phagocytic mononuclear system and 
conferring an immune-mediated character to the pathogenesis of 
lesions (16), which is directly related to the clinical manifestations 
(20, 21).

Infected dogs may present with subclinical or systemic 
diseases, whose clinical signs often include anorexia, 
hepatosplenomegaly, lymphadenomegaly, and skin lesions (20). In 

addition, other organs and tissues, such as the thyroid gland (22), 
heart (23), liver, and kidneys (24), as well as the CNS (25), can 
be  affected. Studies on the pathogenesis of the neurological 
clinicopathological manifestations caused by L. infantum are 
limited. However, the main neurological pathological findings in 
these studies were inflammatory lesions and vascular 
complications (25).

To date, to the best of the authors’ knowledge, there are no studies 
regarding histopathological pituitary alterations in leishmaniasis; 
however, endocrine disorders of primary pituitary origin have already 
been reported in humans (26) and experimental models (27). The 
BBB is permeable in the pituitary region, and there are studies of 
nervous tissue involvement in dogs with CanL with a description of 
CD3+ T lymphocyte involvement (28–31). The aim of this study 
investigated the presence of Leishmania spp. amastigotes and CD3+ T 
lymphocytes in different regions of the pituitary gland of dogs 
with CanL.

2. Materials and methods

2.1. Ethics

All the procedures and methods used in this study were performed 
in accordance with the Committee on Ethics and Animal 
Experimentation of School of Veterinary Medicine, São Paulo State 
University, UNESP, Araçatuba, Brazil (FOA-0354-2021).

2.2. Animals

Twenty-six dogs (15 males and 11 females), aged between 1 and 
7 years, and varied breeds, came from the Veterinary Hospital of 
FMVA-UNESP and the Zoonoses Control Center of Araçatuba, State 
of São Paulo, Brazil.

2.3. Diagnosis of visceral leishmaniasis

The serological diagnosis was obtained by Enzyme-Linked 
Immunosorbent Assay (ELISA; cut-off >0.270) according to Lima 
et al. (32) and/or direct cytological investigation of popliteal lymph 
node aspirate (fine needle aspiration - FNA).

2.4. Experimental design

Twenty-one dogs that were naturally infected with Leishmania 
ssp. and not vaccinated or treated for CanL were included in the 
infected group (G1). These animals were euthanized following the 
LVC Surveillance and Control Manual of the Ministry of Health (33) 
and Resolution 1000/2012 of Conselho Federal de Medicina 
Veterinária (34), which guide and allows the euthanasia of dogs after 
the diagnosis was confirmed by parasitological examination and/or 
serological assay. Moreover, five uninfected dogs with no history of 
neurological impairment, whose euthanasia was performed “in 
extremis” after suffering severe trauma as a result of a car accident, 
were included in the control group (G2).
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2.5. Sample collection

Necropsies were performed after confirming the death of the 
animal. They were evaluated in the macroscopic examination, the 
absence or presence of changes to determine the clinical staging of the 
disease, according to Mancianti et al. (35) and described by Reis et al. 
(36) is available in Supplementary Table S1. According to the standard 
procedure, samples were collected from various organs, including the 
pituitary gland. After removal of the encephalon, the pituitary was 
accessed at the pituitary fossa and the base of the sphenoid bone and 
sella turcica were removed as a block with the gland. This block was 
fixed whole in 10% buffered formalin for 24–48 h. The gland was then 
separated and processed in individual cassettes. After paraffin 
embedding, the histological sections stained with HE were analyzed. 
The distinction of the anterior and posterior lobule at macroscopy, was 
sometime challenging. Because that, some samples had to 
be reincluded to correct the orientation of the histological sections. 
Only samples with all the three regions of pituitary was evaluated. All 
samples were fixed in 10% buffered formalin and processed for 
paraffin embedding. Histological sections (5 μm) were stained with 
hematoxylin and eosin (HE) and subjected to immunohistochemical 
staining (IHQ) (37).

2.6. Immunohistochemistry

Immunohistochemistry was performed to detect TCD3 
lymphocytes and search for amastigotes of Leishmania spp. using the 
primary antibodies listed in Table  1. We  used heterologous 
hyperimmune serum from mice experimentally infected with 
Leishmania (V.) shawi (strain 15,789) as the primary antibody for 
detecting Leishmania spp. (kindly provided by Prof. Dra. Márcia 
Dalastra Laurenti, Laboratory of Pathology of Infectious Diseases of 
the FMUSP), and anti-CD3 antibody (A0452, Dako) for T lymphocyte 
staining. Histological sections of lymphoid tissue (popliteal lymph 
node) from a dog positive for CanL, is shown in 
Supplementary Figure S1; and human tonsil for TCD3+ lymphocytes 
were used for positive control of the reactions.

For deparaffinization and hydration, the histological sections were 
subjected to consecutive 5-min baths in xylene I, II, and III, followed 
by hydration in alcohol at decreasing concentrations (100, 95, 70, and 

50%) and distilled water. To search for amastigotes, antigen retrieval 
was performed (Table 1), followed by three washes with phosphate-
buffered saline (PBS 1%, pH = 7.4). The peroxidase block was performed 
by immersing the sections in a solution of 50 mL of methanol, 50 mL of 
distilled water, and 2 mL of hydrogen peroxide for 30 min at ambient 
temperature (25°C). To detect TCD3+ lymphocytes, endogenous 
peroxidase was blocked, followed by antigen retrieval. After washing 
three times in PBS, the sections were incubated at ambient temperature 
(25°C) with a blocking buffer containing 3 g of powdered milk (Nestlé, 
Brazil) dissolved in 100 mL of buffered saline (pH 7.4) for 30 min at 
ambient temperature (25°C) to block nonspecific sites. The primary 
antibodies were diluted in PBS (pH = 7.2) + fetal bovine serum (1%). 
Standardized dilutions of the primary antibodies are listed in Table 1.

The primary antibodies were incubated with histological sections 
overnight for 12–14 h at 4°C in a humidity chamber. For the negative 
control, a diluent without a primary antibody was added. The slides were 
then incubated with peroxidase-conjugated secondary antibodies 
(EnVisionTM FLEX – HRP; Dako, K8010) for 45 min at ambient 
temperature (25°C). After three washes with PBS (pH = 7.4), they were 
incubated with a DAB substrate kit (K3468, Dako). After washing with 
tap water and counterstaining with Harris hematoxylin, the sections were 
dehydrated, diaphanized, and mounted with transparent resin (Entelan®) 
and glass coverslips. The raw data of the animals and the results of the 
tests and examinations evaluated are available in Supplementary Table S4.

2.7. Histopathological and 
immunohistochemical analysis

Histological sections of the pituitary gland stained with HE were 
observed under a light microscope (Olympus BX 50) to evaluate the 
presence of amastigote forms of Leishmania spp. and inflammatory 
cells in the regions of the pars nervosa, pars intermedia, and pars 
distalis. The quantification of inflammatory cells was performed by a 
semi-quantitative method, using a four-point scale (grade 0–3) 
modified by Grano et  al. (38), to represent the intensity of 
inflammation. The sections were evaluated by two observers who 
identified the presence and intensity of inflammation using the 
following scores, absent (0), mild (1), moderate (2), and marked (3) 
in each analyzed region.

Immunohistochemical evaluation of TCD3+ lymphocytes was 
performed using an Olympus BX 50 microscope coupled with a 
camera and computer. Images were captured from five high-power 
fields (HPF; hot spot) of the regions of pars intermedia, pars distalis, 
and pars nervosa, with a final magnification of ×400. For manual 
counting of immunolabeled cells with morphology consistent with 
that of lymphocytes, ImageJ 1.52 software was used, is shown in 
Supplementary Figure S2. Intravascular cell markings were excluded 
from the analysis. The investigation of amastigotes of Leishmania spp. 
immunolabeled was performed under light microscopy, using ×40 
and ×100 objectives and final magnification of ×400 and ×1,000 in all 
of the above regions.

2.8. Statistical analysis

The Shapiro–Wilk test was used to assess data normality. 
Differences between groups were determined using the 

TABLE 1 List of antibodies, concentrations, antigen retrieval methods, 
and chromogens used in immunohistochemistry reactions.

Target Antibody Dilution Antigen 
retrieval

Chromogen

T lymph Anti-CD3, 

(A0452, 

Dako)

1:100 Trypsin, pH 

7.8, 37°C 

for 30 min 

in the oven

DAB (K3468, 

Dako)

Leishmania 

spp.

HMS 1:1000 Citrate 

buffer pH 

6.0, 100°C 

for 30 min 

in the steam

DAB (K3468, 

Dako)

T lymph, T lymphocytes; Trypsin, (T-7409, SIGMA); DAB, 3,3′-diaminobezidine; HMS, 
hyperimmune mouse serum.
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Mann–Whitney test for non-parametric data. Spearman’s correlation 
test was used to correlate the inflammation score with clinical 
staging and mean TCD3+ lymphocyte count per region. Statistical 
significance was set at p < 0.05. All statistical analyses were 
performed using Prism software (v8.0.1, GraphPad, La Jolla, CA, 
United States).

3. Results

3.1. Immunohistochemical detection of 
Leishmania infantum

Immunodetection of Leishmania spp. in pituitary sections showed 
positive staining in 9.52% (2/21) of the samples. Typical amastigote 
forms were located in the cytoplasm of macrophages and interstitium 
of the pars intermedia of infected dogs (Figure 1).

3.2. Clinical staging

Among the dogs in the infected group, 52.38% were classified as 
symptomatic, presenting with at least three severe macroscopic lesions 
of the disease, such as diffuse cutaneous alterations (alopecia, ulcers, 
and furfuraceous dermatitis), ocular (blepharitis and 
keratoconjunctivitis), marked emaciation, and other clinical signs 
characteristic of CanL, such as lymphadenomegaly and 
onychogryphosis. Dogs were classified as asymptomatic, with no 
evident lesions, and oligosymptomatic, with skin lesions, slight weight 

loss and lymphadenomegaly, each representing 23.81% of the dogs 
(Supplementary Table S2).

3.3. Histopathological characterization

The infected animals (G1) showed an inflammatory infiltrate 
composed of lymphocytes, plasma cells, and rare macrophages in the 
pituitary regions evaluated (Figure  2; Supplementary Table S3). 
Mononuclear cells were observed in the pars intermedia of 11 animals 
(11/21), which was classified as discrete in 28.87% (6/21), moderate in 
14.29% (3/21), and accentuated in 9.52% (2/21). In pars distalis, the 
presence of inflammatory cells was observed in 13 animals (13/21), 
with discrete intensity in 28.57% (6/21) of the animals, moderate in 
23.80% (5/21), and accentuated in 9.52% (2/21). In the pars nervosa, 
inflammation was evident in nine animals (9/21), with discrete 
intensity in 33.33% (7/21) and moderate intensity in 9.52% (2/21) 
(Figure 3). The group of uninfected animals (G2) showed minimal 
changes, with the discrete presence of focal mononuclear cell clusters 
in the pars distalis in 40% (2/5) of the animals and 20% (1/5) in the 
pars intermedia. The pars nervosa showed no inflammation in 100% 
(5/5) of animals in the control group. There was no correlation 
between the clinical stage of leishmaniasis and inflammation score in 
any of the pituitary regions in the infected group (G1): pars nervosa 
(p = 0.8565), pars intermedia (p = 0.1986), and pars distalis (p = 0.8284).

Besides inflammation no changes such as hyperplasia was 
observed at adenohypophysis. And also in pars nervosa, a glial 
reaction (gliosis) was observed in 52.38% (11/21) of the dogs in the 
infected group.

FIGURE 1

Photomicrography of the pituitary gland of a dog infected with Leishmania spp. Immunohistochemistry for detection of amastigotes (arrows). Positive 
immunolabeling amastigotes in the cytoplasm of macrophages and free in pars intermedia (PI) of the adenohypophysis in the marginal area with pars 
nervosa (PN; hyperimmune mouse serum +3,3′-diaminobezidine- DAKO; scale bar  =  20  μm).
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3.4. Immunostaining for TCD3+ 
lymphocytes

Identification and quantification of immunolabeled TCD3+ 
lymphocytes were performed in all analyzed regions of the pituitary 
gland of infected (n = 21) and control (n = 5) dogs. The significant 

differences between groups was determined by region, with a 
significant difference between G1 and G2  in the pars nervosa 
(p = 0.0357) and no significant difference between G1 and G2 in the 
pars intermedia (p = 0.4935) and pars distalis (p = 0.4000; Figure 4).

Because these animals are naturally infected, observations in 
variations in the distribution and number of these cells among 
individuals are expected, considering that the time since infection is 
unknown. Furthermore, to homogenize the samples in relation to the 
number of CD3+ T lymphocytes found in the control animals, 
we determined the median number of CD3+ in the respective regions 
of the pituitary gland of the control dogs and established a cut-off. 
Therefore, we selected a subgroup of 10 animals within the infected 
animals that contained a number of CD3+ above the average of the 
control animals. This subpopulation of animals from group G1, when 
compared to G2, showed a significant difference compared to G2 in 
the number of TCD3+ lymphocytes observed in the pars intermedia 
(**p = 0.0070) and pars distalis (***p = 0.0007). Furthermore, in the 
pars nervosa of infected dogs, the difference between G1 and G2 was 
observed (*p = 0.0441), even with the removal of a single dog that had 
the highest number of TCD3+ cells (n = 20; Figure 5).

We performed a correlation test to evaluate if the intensity of 
inflammation was associated with the increase in TCD3+ lymphocytes. 
A correlation was found between these parameters in the three 
pituitary regions: pars nervosa (**p = 0.0033), pars intermedia 
(*p = 0.0223), and pars distalis (*p = 0.0154; Figure 6).

4. Discussion

Although CanL is recognized as a serious systemic disease, few 
studies have described its neurological involvement and complications, 
including pituitary involvement. We found diffuse inflammation with 
the presence of CD3+ T lymphocytes located mainly in the pars 
distalis. We also detected amastigotes of the parasite in the organs of 
two animals, which is relevant considering the tropism of the parasite 
for various organs and its ability to promote an organ-specific immune 
response. These findings suggest that immune response might 
promote disturbances in hormone production in the pituitary gland, 
and consequently in all its target organs, affecting the clinical 
condition of the animal or similar.

Immunohistochemical evaluation of the pituitary gland of dogs 
with CanL revealed the presence of Leishmania spp. amastigotes in 
two animals. Owing to the small number of amastigotes in the 
pituitary tissue, parasite investigation was ineffective on HE-stained 
sections. However, using immunohistochemistry, immunolabeled 
amastigotes were observed within and outside the cytoplasm of 
macrophages in the pars intermedia region of the two dogs. This is the 
first study of amastigotes of Leishmania spp. in the pituitary gland of 
dogs, similar to the encephalon. Studies on the identification of 
amastigote forms of L. infantum in the choroid plexus and meninges 
of naturally infected dogs are limited (28, 29, 31, 39, 40).

Similar to the findings of studies performed on the brains of dogs 
with CanL, inflammation was not related to the presence of 
amastigotes in the tissue (30, 41–43). One hypothesis would be that 
chronic systemic inflammation resulting from L. infantum infection, 
with production of cytokines and chemokines, could alter barrier 
permeability (44–46). Also, the formation of immune-complexes 

FIGURE 2

Photomicrograph of the pituitary regions of the dogs (G1), 
demonstrating the distribution and intensity of inflammation 
composed of mononuclear cells (arrows). (A) Note the inflammatory 
cells with focal, perivascular distribution in the pars nervosa (PN), 
with moderate intensity. (B) Observe inflammatory cells intermingled 
with chromophilic, acidophilic, and basophilic cells with focal 
distribution and intensity in pars distalis (PD), and absence of 
inflammation in pars intermedia (PI). (C) Note the inflammation with 
focal and moderate distribution in the parenchyma in pars distalis 
(HE staining, bar  =  20  μm).
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resulting in vasculitis, should be considered, particularly in the case 
of the pituitary, which is a very vascularized organ and presents more 
permeable points (47, 48). However, the nervous tissue is also affected 

in dogs with CanL, with the activation of glial cells, which may 
be  directly related to the modulation of the local inflammatory 
response and alteration of barrier permeability (46).

In addition to amastigotes, we also observed the presence of an 
inflammatory infiltrate composed of mononuclear cells (e.g., 
lymphocytes, plasma cells, and macrophages). There was a moderate 
significant correlation between inflammation intensity and the 
number of TCD3+ lymphocytes in the analyzed pituitary regions, as 
demonstrated by immunohistochemical detection. An increased 
number of TCD3+ lymphocytes was observed in pars nervosa in the 
infected group. Some works referenced in the literature, as works 
performed by our group highlight the predominance of T 
lymphocytes (49, 50). Cytometry would be  the most appropriate 
method for the characterization and quantification of T lymphocyte 
phenotypes. However, the small size of the pituitary gland prevented 
the histological, immunohistochemical and flow 
cytometry evaluation.

Lymphocytes in the pituitary gland have been described in dogs 
with concomitant diseases, such as multicentric lymphoma, 
osteoarthritis, nodular hyperplasia in the pars distalis, and pituitary 
adenoma. The composite cellular response, with a predominance of 
TCD3+ cells, may characterize subclinical lymphocytic hypophysitis 
(9). In humans, the cause of lymphocytic hypophysitis remains 
unknown, but based on the nature of the inflammation, T lymphocytes 
are crucial for the development of the disease, and therefore the 
hypothesis is that this disorder is of immune-mediated origin (4, 
51–53). Immune-mediated lesions are reported in dogs with CanL, 
especially those seen in highly vascularized organs such as eyes and 
kidneys (47, 54, 55).

In the pituitary gland of dogs in this study, the highest 
inflammation intensity was observed in pars distalis and pars 
intermedia of the adenohypophysis. In humans with lymphocytic 
hypophysitis, adenohypophysis is the most affected area (50). The 
autoimmune process possibly targets specific pituitary cell subtypes, 
possibly causing damage to corticotrophic hormone (ACTH), FSH/
LH, or TSH-secreting cells in the adenohypophysis (52, 53, 56).

In humans, similar cases of lymphocytic hypophysitis have been 
observed, highlighting that these inflammatory cells in the pars distalis 
and pars nervosa should be  considered pathological (51, 57, 58). 
Furthermore, lymphocytic hypophysitis has been associated with 
hypopituitarism, secondary hypoadrenocorticism, and impaired 

FIGURE 3

Percentage (%) of infected dogs (G1) according to the intensity of mononuclear inflammatory cells observed in the pars distalis, pars intermedia, and 
pars nervosa.

FIGURE 4

(A,C,E) Photomicrograph representing the pars nervosa (PN), pars 
intermedia (PI), and pars distalis regions of the pituitary gland of a 
dog infected with Leishmania spp., immunohistochemistry for 
detection of CD3+ T lymphocytes revealed with DAB DAKO (scale 
bar  =  20  μm). (B,D,F) Dispersion graphs showing the number of 
TCD3+ lymphocytes in the pituitary regions of dogs in group G1 
(n  =  21) and G2 (control n  =  5). The horizontal lines represent the 
median and interquartile range values. (B) The number of TCD3+ 
cells was higher in the pars nervosa (*p  =  0.0357). (D,F) No difference 
in the pars intermedia (p  =  0.4935) and pars distalis (p  =  0.4000).

https://doi.org/10.3389/fvets.2023.1208919
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Frigerio et al. 10.3389/fvets.2023.1208919

Frontiers in Veterinary Science 07 frontiersin.org

ACTH and cortisol production (7). It is also considered a probable 
cause of sudden death in dogs (2, 3, 6, 9).

Unfortunately, as this study was performed on animals 
admitted for necropsy, we  were unable to perform hormonal 
measurements. Future investigations using a larger number of 
dogs and correlating the occurrence of hypophysitis with 
hormonal changes would be valuable to improve the significance 
of the results presented.

Plasmocytes have also been observed to be  involved in 
inflammation in the pituitary glands of dogs in this study. This cell 
type was observed by HE staining of pituitary tissue samples, and 
although the presence of plasma cells is described in cases of 
hypophysitis in humans, this number is apparently lower in dogs 
than in TCD3+ lymphocytes. These cells were not 
immunohistochemically characterized in our study. Similar to the 
evaluations performed in human hypophysitis, further studies are 
needed to understand the function of these cells in cases of 
lymphocytic hypophysitis (9, 56).

No relationship was observed between the clinical signs of CanL 
presented by the dogs following the clinical staging proposed by Reis 
et al. (35, 36) and the intensity of inflammation in the pituitary tissue. 
These data suggest that pituitary gland inflammation is not related to 
the clinical stage of CanL. Our findings corroborate those of other 
studies analyzing changes in the brain in animals with CanL, where 
there was no correlation between the clinical stage of the disease and 
the intensity of inflammation in the nervous tissue (30, 38, 41, 50). 
However, the dogs evaluated were naturally infected and, therefore, a 
heterogeneous group in relation to the infection stage, making it 
difficult to understand the evolution of inflammatory changes in the 
pituitary gland.

The anti-Leishmania immune response includes the production 
of various cytokines (24), such as TNF, which can regulate the 
endocrine system, thereby being able to inhibit the secretion of 
pituitary hormones such as TSH (59) and gonadotrophic 
hormone (60).

Studies of endocrine abnormalities in humans with visceral 
leishmaniasis, such as dysfunction in antidiuretic hormone (ADH) 
secretion and alterations in the hypothalamic–pituitary–adrenal, 
pituitary-thyroid, and pituitary-gonadal axes (26), have been 
reported; however, they require further investigation in dogs. 
We can infer that the occurrence of hypophysitis in CanL may also 
result in the production of cytokines that may have local or systemic 
action and may interfere directly or indirectly with the production 
of pituitary hormones and contribute to the positive or negative 
modulation of the host response to infection (26, 45, 59, 60). 
Further studies are needed to elucidate the mechanisms and 
pathogenesis of CanL in the pituitary gland and its consequences 
on the patient’s clinical condition. Possible mechanisms involved in 
the complication of neurological lesions in dogs are suggested, such 
as direct effect of the parasite, disease-related immune-mediated 
lesions, and vasculitis caused by indirect effects of leishmaniasis 
(25, 47).

This is the first study of the presence of Leishmania spp. 
amastigotes in the pituitary gland and hypophysitis in dogs infected 
with Leishmania spp. The presence of TCD3+ lymphocytes and/or 
parasites in the pituitary region presuppose dysfunction of the gland 
and possible worsening of the patient’s clinical status, compromising 
the efficiency of treatment and prognosis.

FIGURE 6

Dispersion graphs showing a moderate positive correlation between inflammation score and median TCD3+ lymphocyte count per pituitary region in 
the infected group (G1, n =  21) using Spearman’s test. (A) Pars nervosa (r  =  0.6110; **p  =  0.0033). (B) Pars intermedia (r  =  0.4957; *p  =  0.0223). (C) Pars 
distalis (r  =  0.5213; *p  =  0.0154).

FIGURE 5

Dispersion graphs showing the number of TCD3+ lymphocytes in the 
pituitary regions of G1 subpopulations. The horizontal lines represent 
the median and interquartile range values. (A) In the pars nervosa 
evaluation, the animal with the highest number of TCD3+ cells was 
removed from the infected dogs (G1; n  =  20), and when compared to 
the control group (G2; n  =  5), the statistical difference was 
maintained (* p  =  0.0441); (B,C) the pars intermedia and pars distalis 
evaluation resulted in a subpopulation of ten infected dogs (G1; 
n  =  10) with higher numbers of TCD3+ cells compared to the control 
group (G2; n  =  5) being selected. This subpopulation of dogs showed 
significantly increased TCD3+ cells, respectively (** p  =  0.0070) and 
(*** p  =  0.0007).

https://doi.org/10.3389/fvets.2023.1208919
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Frigerio et al. 10.3389/fvets.2023.1208919

Frontiers in Veterinary Science 08 frontiersin.org

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The animal studies were approved by Committee on Ethics and 
Animal Experimentation of School of Veterinary Medicine, São Paulo 
State University, UNESP, Araçatuba, Brazil (FOA-0354-2021). The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent was obtained 
from the owners for the participation of their animals in this study.

Author contributions

EF: project execution, data collection and curation, analysis of 
results, and writing the draft. CG: data collection and processing, 
critical revision of the text. GJ: proofreading and editing significant 
parts of the work. KM: data collection and processing, statistical 
analysis. GuM: statistical analysis and critical revision of the text. 
TW: critical revision of the text. GiM: coordination of the research 
activity planning and execution, acquisition of financial support. 
All authors contributed to the article and approved the 
submitted version.

Funding

This study was financed in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior, Brasil (CAPES), 
finance code 001.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1208919/
full#supplementary-material

References
 1. Perez-Castro C, Renner U, Haedo MR, Stalla GK, Arzt E. Cellular and molecular 

specificity of pituitary gland physiology. Physiol Rev. (2012) 92:1–38. doi: 10.1152/
physrev.00003.2011

 2. Polledo L, Grinwis GCM, Graham P, Dunning M, Baiker K. Pathological findings 
in the pituitary glands of dogs and cats. Vet Pathol. (2018) 55:880–8. doi: 
10.1177/0300985818784162

 3. Miller MA, Bruyette DS, Scott-Moncrieff JC, Owen TJ, Ramos-Vara JA, Weng HY, 
et al. Histopathologic findings in canine pituitary glands. Vet Pathol. (2018) 55:871–9. 
doi: 10.1177/0300985818766211

 4. Bellastella A, Bizzarro A, Coronella C, Bellastella G, Sinisi AA, De Bellis A. 
Lymphocytic hypophysitis: a rare or underestimated disease? Eur J Endocrinol. (2003) 
149:363–76. doi: 10.1530/eje.0.1490363

 5. Langlois F, Varlamov EV, Fleseriu M. Hypophysitis, the growing spectrum of a rare 
pituitary disease. J Clin Endocrinol Metab. (2022) 107:10–28. doi: 10.1210/clinem/
dgab672

 6. Adissu HA, Hamel-Jolette A, Foster RA. Lymphocytic adenohypophysitis and 
adrenalitis in a dog with adrenal and thyroid atrophy. Vet Pathol. (2010) 47:1082–5. doi: 
10.1177/0300985810382520

 7. Wolfesberger B, Fuchs-Baumgartinger A, Schwendenwein I, Zeugswetter F, Shibly 
S. Sudden death in a dog with lymphoplasmacytic hypophysitis. J Comp Pathol. (2011) 
145:231–4. doi: 10.1016/j.jcpa.2011.01.004

 8. Meij BP, Voorhout G, Gerritsen RJ, Grinwis GCM, Ijzer J. Lymphocytic hypophysitis 
in a dog with diabetes insipidus. J Comp Pathol. (2012) 147:503–7. doi: 10.1016/j.
jcpa.2012.04.006

 9. Blomqvist MA, Ley C, Karlsson HK, Hanson JM. Presence of CD3+ and CD79a+ 
lymphocytes in the pituitary gland of dogs at post-mortem examination. J Comp Pathol. 
(2020) 176:116–21. doi: 10.1016/j.jcpa.2020.02.010

 10. Ben Abid F, Abukhattab M, Karim H, Agab M, Al-Bozom I, Ibrahim WH. Primary 
pituitary tuberculosis revisited. Am J Case Rep. (2017) 18:391–4. doi: 10.12659/
AJCR.903233

 11. Anyogu DC, Shoyinka SVO, Ihedioha JI. Brain and pituitary-adrenal lesions of 
Trypanosoma brucei brucei and Trypanosoma congolense infections in the west African 
dwarf rams: is trypanotolerance overrated? Vet Pathol. (2022) 59:773–81. doi: 
10.1177/03009858221100432

 12. Bentivoglio M, Kristensson K, Rottenberg ME. Circumventricular organs and 
parasite neurotropism: neglected gates to the brain? Front Immunol. (2018) 9:2877. doi: 
10.3389/fimmu.2018.02877

 13. Duvernoy HM, Risold PY. The circumventricular organs: an atlas of comparative 
anatomy and vascularization. Brain Res Rev. (2007) 56:119–47. doi: 10.1016/j.
brainresrev.2007.06.002

 14. Kaur C, Ling EA. The circumventricular organs. Histol Histopathol. (2017) 
32:879–92. doi: 10.14670/HH-11-881

 15. Mastorakos P, McGavern D. The anatomy and immunology of vasculature in the 
central nervous system. Sci Immunol. (2019) 4:1–15. doi: 10.1126/sciimmunol.aav0492

 16. Taylor MA, Coop RL, Wall RL In: MA Taylor, RL Coop and RL Wall, editors. 
Veterinary parasitology. Parasites of dogs and cats: Parasites of the liver. 3rd ed. Publishing: 
Blackwell (2007). 980–3.

 17. Desjeux P. Human leishmaniases: epidemiology and public health aspects. World 
Health Stat Q. (1992) 45:267–75.

 18. World Health Organization. Control of the leishmaniases. World Health Organ 
Tech Rep Ser. (2010) 949:22–6.

 19. Maurício IL, Stothard JR, Miles MA. The strange case of Leishmania chagasi. 
Parasitol Today. (2000) 16:188–9. doi: 10.1016/S0169-4758(00)01637-9

 20. Baneth G. Leishmaniases In: CE Greene, editor. Infectious Diseases of the Dog and 
Cat. 3rd ed. St. Louis: Elsevier Saunders (2006). 686–98.

 21. Tizard IR. Linfócitos T auxiliares e sua resposta aos antígenos: O receptor de 
antígeno do linfócito T In: IR Tizard, editor. Imunologia Veterinária. 9th ed. Rio de 
Janeiro: Elsevier Ltd (2014). 304–33.

 22. Cortese L, Oliva G, Ciaramella P, Persechino A, Restucci B. Primary 
hypothyroidism associated with leishmaniasis in a dog. J Am Anim Hosp Assoc. (1999) 
35:487–92. doi: 10.5326/15473317-35-6-487

 23. Rosa FA, Leite JHA, Braga ET, Moreira PRR, Baltazar FH, Biondo AW, et al. 
Cardiac lesions in 30 dogs naturally infected with Leishmania infantum Chagasi. Vet 
Pathol. (2014) 51:603–6. doi: 10.1177/0300985813493914

 24. Baneth G, Koutinas AF, Solano-Gallego L, Bourdeau P, Ferrer L. Canine 
leishmaniosis - new concepts and insights on an expanding zoonosis: part one. Trends 
Parasitol. (2008) 24:324–30. doi: 10.1016/j.pt.2008.04.001

https://doi.org/10.3389/fvets.2023.1208919
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2023.1208919/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2023.1208919/full#supplementary-material
https://doi.org/10.1152/physrev.00003.2011
https://doi.org/10.1152/physrev.00003.2011
https://doi.org/10.1177/0300985818784162
https://doi.org/10.1177/0300985818766211
https://doi.org/10.1530/eje.0.1490363
https://doi.org/10.1210/clinem/dgab672
https://doi.org/10.1210/clinem/dgab672
https://doi.org/10.1177/0300985810382520
https://doi.org/10.1016/j.jcpa.2011.01.004
https://doi.org/10.1016/j.jcpa.2012.04.006
https://doi.org/10.1016/j.jcpa.2012.04.006
https://doi.org/10.1016/j.jcpa.2020.02.010
https://doi.org/10.12659/AJCR.903233
https://doi.org/10.12659/AJCR.903233
https://doi.org/10.1177/03009858221100432
https://doi.org/10.3389/fimmu.2018.02877
https://doi.org/10.1016/j.brainresrev.2007.06.002
https://doi.org/10.1016/j.brainresrev.2007.06.002
https://doi.org/10.14670/HH-11-881
https://doi.org/10.1126/sciimmunol.aav0492
https://doi.org/10.1016/S0169-4758(00)01637-9
https://doi.org/10.5326/15473317-35-6-487
https://doi.org/10.1177/0300985813493914
https://doi.org/10.1016/j.pt.2008.04.001


Frigerio et al. 10.3389/fvets.2023.1208919

Frontiers in Veterinary Science 09 frontiersin.org

 25. Giannuzzi AP, Ricciardi M, De Simone A, Gernone F. Neurological manifestations 
in dogs naturally infected by Leishmania infantum: descriptions of 10 cases and a review 
of the literature. J Small Anim Pract. (2017) 58:125–38. doi: 10.1111/jsap.12650

 26. Verde FA, Verde FA, Neto AS, Almeida PC, Verde EM. Hormonal disturbances in 
visceral leishmaniasis (kala-azar). Am J Trop Med Hyg. (2011) 84:668–73. doi: 10.4269/
ajtmh.2011.09-0171

 27. Barros-Gonçalves TD, Saavedra AF, Silva-Couto L, Ribeiro-Romão RP, Bezerra-
Paiva M, Gomes-Silva A, et al. Increased levels of cortisol are associated with the severity 
of experimental visceral leishmaniasis in a Leishmania (L.) infantumhamster model. 
PLoS Negl Trop Dis. (2021) 15:e0009987. doi: 10.1371/journal.pntd.0009987

 28. Grano FG, Silva JEDS, de MGD, Machado GF. Leishmania hide-and-seek: parasite 
amastigotes in the choroid plexus of a dog with neurological signs in an endemic municipality 
in Brazil. Vet Parasitol Reg Stud Reports. (2019) 17:100291. doi: 10.1016/j.vprsr.2019.100291

 29. Márquez M, Pedregosa JR, López J, Marco-Salazar P, Fondevila D, Pumarola M. 
Leishmania amastigotes in the central nervous system of a naturally infected dog. J Vet 
Diagn Investig. (2013) 25:142–6. doi: 10.1177/1040638712466728

 30. Melo GD, Marcondes M, Vasconcelos RO, Machado GF. Leukocyte entry into the 
CNS of Leishmania chagasi naturally infected dogs. Vet Parasitol. (2009) 162:248–56. 
doi: 10.1016/j.vetpar.2009.03.002

 31. Oliveira V. Ocorrência de Leishmania infantum em Sistema Nervoso Central de 
Cães Naturalmente Infectados: Lesões Associadas e Isolamento Parasitológico de 
Tecidos e Líquor; (2016). Available at: https://www.arca.fiocruz.br/handle/icict/25391 
(Accessed July 13, 2022).

 32. Lima VMF, Gonçalves ME, Ikeda FA, Luvizotto MCR, Feitosa MM. Anti-
Leishmania antibodies in cerebrospinal fluid from dogs with visceral leishmaniasis. Braz 
J Med Biol Res. (2003) 36:485–9. doi: 10.1590/S0100-879X2003000400010

 33. Brasil. Manual de Vigilância e Controle da Leishmaniose Visceral. 1st ed. 5rpt ed. 
Brasília: Ministério da Saúde (2014). 120, il p.

 34. Conselho Federal de Medicina Veterinária, in CFMV. Resolução no 1000, De 11 de 
Maio de 2012 – Dispõe Sobre Procedimentos e Métodos de Eutanásia em Outras 
Providências, pp.  1–9; (2012). Available at: http://ts.cfmv.gov.br/manual/arquivos/
resolucao/1000.pdf. (Accessed September 03, 2022).

 35. Mancianti F, Gramiccia M, Gradoni L, Pieri S. Studies on canine leishmaniasis 
control. 1. Evolution of infection of different clinical forms of canine leishmaniasis 
following antimonial treatment. Trans R Soc Trop Med Hyg. (1988) 82:566–7. doi: 
10.1016/0035-9203(88)90510-X

 36. Reis AB, Martins-Filho OA, Teixeira-Carvalho A, Giunchetti RC, Carneiro CM, 
Mayrink W, et al. Systemic and compartmentalized immune response in canine visceral 
leishmaniasis. Vet Immunol Immunopathol. (2009) 128:87–95. doi: 10.1016/j.
vetimm.2008.10.307

 37. Carson FL, Hladik C. Histotechnology – A Self-Instructional Text. 3rd ed. Chicago: 
American Society of Consultant Pharmacists Press (2009).

 38. Grano FG, Silva JE DS, Melo GD, de Souza MS, VMF L, Machado GF. Toll-like 
receptors and cytokines in the brain and in spleen of dogs with visceral leishmaniosis. 
Vet Parasitol. (2018) 253:30–8. doi: 10.1016/j.vetpar.2018.02.030

 39. Macau WL, Cortez de Sá J, da Silva APC, Rocha AL, Mondêgo-Oliveira R, de 
Andrade FHE, et al. Main lesions in the central nervous system of dogs due to Leishmania 
infantum infection. BMC Vet Res. (2017) 13:255. doi: 10.1186/s12917-017-1174-5

 40. Font A, Mascort J, Altimira J, Closa JM, Vilafranca M. Acute paraplegia associated 
with vasculitis in a dog with leishmaniasis. J Small Anim Pract. (2004) 45:199–201. doi: 
10.1111/j.1748-5827.2004.tb00224.x

 41. Ikeda FA, Laurenti MD, Corbett CE, Feitosa MM, Machado GF, Perri SHV. 
Histological and immunohistochemical study of the central nervous system of dogs 
naturally infected by Leishmania (Leishmania) chagasi. Braz J Vet Res Anim Sci. (2007) 
44:5–11. doi: 10.11606/issn.1678-4456.bjvras.2007.26653

 42. Santarém N, Silvestre R, Tavares J, Silva M, Cabral S, Maciel J, et al. Immune 
response regulation by Leishmania secreted and nonsecreted antigens. J Biomed 
Biotechnol. (2007) 2007:85154. doi: 10.1155/2007/85154

 43. Revest M, Donaghy L, Cabillic F, Guiguen C, Gangneux JP. Comparison of the 
immunomodulatory effects of L. donovani and L. major excreted-secreted antigens, 
particulate and soluble extracts and viable parasites on human dendritic cells. Vaccine. 
(2008) 26:6119–23. doi: 10.1016/j.vaccine.2008.09.005

 44. Koutinas AF, Koutinas CK. Pathologic mechanisms underlying the clinical 
findings in Canine leishmaniosis due to Leishmania infantum/chagasi. Vet Pathol. (2014) 
51:527–38. doi: 10.1177/0300985814521248

 45. Melo GD, Seraguci TF, Schweigert A, Silva JES, Grano FG, Peiró JR, et al. Pro-
inflammatory cytokines predominate in the brains of dogs with visceral leishmaniasis: 
a natural model of neuroinflammation during systemic parasitic infection. Vet Parasitol. 
(2013) 192:57–66. doi: 10.1016/j.vetpar.2012.11.002

 46. Melo GD, Machado GF. Glial reactivity in dogs with visceral leishmaniasis: 
correlation with T lymphocyte infiltration and with cerebrospinal fluid anti-Leishmania 
antibody titres. Cell Tissue Res. (2011) 346:293–304. doi: 10.1007/s00441-011-1290-7

 47. Pumarola M, Brevik L, Badiola J, Vargas A, Domingo M, Ferrer L. Canine 
leishmaniasis associated with systemic vasculitis in two dogs. J Comp Pathol. (1991) 
105:279–86. doi: 10.1016/s0021-9975(08)80196-x

 48. Amar AP, Weiss MH. Pituitary anatomy and physiology. Neurosurg Clin N Am. 
(2003) 14:11–23, v. doi: 10.1016/s1042-3680(02)00017-7

 49. Alexandre-Pires G, de Brito MT, Algueró C, Martins C, Rodrigues OR, da Fonseca 
IP, et al. Canine leishmaniasis. Immunophenotypic profile of leukocytes in different 
compartments of symptomatic, asymptomatic and treated dogs. Vet Immunol 
Immunopathol. (2010) 137:275–83. doi: 10.1016/j.vetimm.2010.06.007

 50. Melo GD, Machado GF. Choroid plexus involvement in dogs with spontaneous 
visceral leishmaniasis: a histopathological investigation. Braz J Vet Pathol. (2009) 
2:69–74.

 51. Caturegli P, Newschaffer C, Olivi A, Pomper MG, Burger PC, Rose NR. 
Autoimmune hypophysitis. Endocr Rev. (2005) 26:599–614. doi: 10.1210/er.2004-0011

 52. Falorni A, Minarelli V, Bartoloni E, Alunno A, Gerli R. Diagnosis and classification 
of autoimmune hypophysitis. Autoimmun Rev. (2014) 13:412–6. doi: 10.1016/j.
autrev.2014.01.021

 53. Grau-Roma L, Peckham R, Paton J, Stahel A, de Brot S. Occurrence of primary 
lymphocytic hypophysitis in two horses and presence of scattered T-lymphocytes in the 
normal equine pituitary gland. J Vet Diagn Investig. (2017) 29:115–21. doi: 
10.1177/1040638716676292

 54. García-Alonso M, Blanco A, Reina D, Serrano FJ, Alonso C, Nieto CG. 
Immunopathology of the uveitis in canine leishmaniasis. Parasite Immunol. (1996) 
18:617–23. doi: 10.1046/j.1365-3024.1996.d01-39.x

 55. El Goulli AF, Zribi L, Sanhaji R, Chabchoub A, Bouratbine A, Gharbi M, et al. 
Study of ocular manifestations and humoral immune response in eyes of dogs with 
leishmaniasis. Vet Med Sci. (2023) 9:625–37. doi: 10.1002/vms3.982

 56. Fehn M, Sommer C, Lüdecke DK, Plockinger U, Saeger W. Lymphocytic 
hypophysitis: light and electron microscopic findings and correlation to clinical 
appearance. Endocr Pathol. (1998) 9:71–8. doi: 10.1007/BF02739954

 57. Milligan SA, Katz MS, Craven PC, Strandberg DA, Russell IJ, Becker RA. 
Toxoplasmosis presenting as panhypopituitarism in a patient with the acquired 
immune deficiency syndrome. Am J Med. (1984) 77:760–4. doi: 
10.1016/0002-9343(84)90381-4

 58. Gubbi S, Hannah-Shmouni F, Verbalis JG, Koch CA. Hypophysitis: an update on 
the novel forms, diagnosis and management of disorders of pituitary inflammation. 
Best Pract Res Clin Endocrinol Metab. (2019) 33:101371. doi: 10.1016/j.
beem.2019.101371

 59. Pang XP, Hershman JM, Mirell CJ, Pekary AE. Impairment of hypothalamic-
pituitary-thyroid function in rats treated with human recombinant tumor necrosis 
factor-α (cachectin). Endocrinology. (1989) 125:76–84. doi: 10.1210/endo-125-1-76

 60. Walton PE, Cronin MJ. Tumor necrosis factor-α inhibits growth hormone 
secretion from cultured anterior pituitary cells. Endocrinology. (1989) 125:925–9. doi: 
10.1210/endo-125-2-925

https://doi.org/10.3389/fvets.2023.1208919
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/jsap.12650
https://doi.org/10.4269/ajtmh.2011.09-0171
https://doi.org/10.4269/ajtmh.2011.09-0171
https://doi.org/10.1371/journal.pntd.0009987
https://doi.org/10.1016/j.vprsr.2019.100291
https://doi.org/10.1177/1040638712466728
https://doi.org/10.1016/j.vetpar.2009.03.002
https://www.arca.fiocruz.br/handle/icict/25391
https://doi.org/10.1590/S0100-879X2003000400010
http://ts.cfmv.gov.br/manual/arquivos/resolucao/1000.pdf
http://ts.cfmv.gov.br/manual/arquivos/resolucao/1000.pdf
https://doi.org/10.1016/0035-9203(88)90510-X
https://doi.org/10.1016/j.vetimm.2008.10.307
https://doi.org/10.1016/j.vetimm.2008.10.307
https://doi.org/10.1016/j.vetpar.2018.02.030
https://doi.org/10.1186/s12917-017-1174-5
https://doi.org/10.1111/j.1748-5827.2004.tb00224.x
https://doi.org/10.11606/issn.1678-4456.bjvras.2007.26653
https://doi.org/10.1155/2007/85154
https://doi.org/10.1016/j.vaccine.2008.09.005
https://doi.org/10.1177/0300985814521248
https://doi.org/10.1016/j.vetpar.2012.11.002
https://doi.org/10.1007/s00441-011-1290-7
https://doi.org/10.1016/s0021-9975(08)80196-x
https://doi.org/10.1016/s1042-3680(02)00017-7
https://doi.org/10.1016/j.vetimm.2010.06.007
https://doi.org/10.1210/er.2004-0011
https://doi.org/10.1016/j.autrev.2014.01.021
https://doi.org/10.1016/j.autrev.2014.01.021
https://doi.org/10.1177/1040638716676292
https://doi.org/10.1046/j.1365-3024.1996.d01-39.x
https://doi.org/10.1002/vms3.982
https://doi.org/10.1007/BF02739954
https://doi.org/10.1016/0002-9343(84)90381-4
https://doi.org/10.1016/j.beem.2019.101371
https://doi.org/10.1016/j.beem.2019.101371
https://doi.org/10.1210/endo-125-1-76
https://doi.org/10.1210/endo-125-2-925

	Lymphocytic hypophysitis in dogs infected with Leishmania spp.
	1. Introduction
	2. Materials and methods
	2.1. Ethics
	2.2. Animals
	2.3. Diagnosis of visceral leishmaniasis
	2.4. Experimental design
	2.5. Sample collection
	2.6. Immunohistochemistry
	2.7. Histopathological and immunohistochemical analysis
	2.8. Statistical analysis

	3. Results
	3.1. Immunohistochemical detection of Leishmania infantum
	3.2. Clinical staging
	3.3. Histopathological characterization
	3.4. Immunostaining for TCD3+ lymphocytes

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

