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Abstract 

 Onychogryphosis is one of the main clinical findings in dogs with visceral leishmaniasis (VL); however, 
research focusing on the subungual area of infected dogs is scarce. This study aims to assess the subungual 
area of dogs with VL that presented or not onychogryphosis by means of histopathological analyses and 
immunohistochemical studies (parasite burden). The third digit of the thoracic and pelvic limbs of Leishmania 
infantum naturally infected dogs was collected regardless of sex, breed or age. The animals were split into two 
groups, dogs with onychogryphosis (G1; n=7) and without onychogryphosis (G2; n=9). The digits were 
evaluated in four areas (dorsal epidermis/dermis, ventral epidermis/dermis, dorsal matrix/dermis and ventral 
matrix/dermis). All lesions observed (mononuclear inflammatory infiltrate, vacuolar degeneration of basal 
keratinocytes, dermoepidermal clefting and pigmentary incontinence) were present in both groups, being more 
severe in the digits of G1 group. Immunostaining of the amastigote forms of Leishmania infantum were 
observed in the different areas of the digit, with statistical difference between the dorsal epidermis/dermis area 
and the dorsal matrix/dermis of G1 group. In conclusion, the main histopathological alteration of the digit of 
dogs with VL is mononuclear inflammatory infiltrate and parasite burden, especially in cutaneous tissue adjacent 
to the nail matrix. This aspect can influence the onychogryphosis development, due to the presence of the 
parasite and by inflammatory mediators released in the nail microenvironment. 
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Introduction 

 Visceral leishmaniasis (VL) is an                       

anthropozoonosis broadly disseminated around the 

world, which affects human beings, dogs and wild 

animals [1] and whose etiologic agent in the American 

continent is the protozoan Leishmania infantum [2]. 

Mosquitos of the species Lutzomyia longipalpis and 

Lutzomyia cruzi are the vectors involved in disease 

transmission [3]. The kennel tick Rhipicephalus 

sanguineus may host the parasite, but its role in the 

transmission of the parasite is yet to be proven [4]. 

 The clinical signs of VL are varied, such as 

generalized lymphadenomegaly, progressive weight loss, 

splenomegaly, hepatomegaly, skin alterations, eye 

lesions, kidney diseases, neurological disorders, and 

onychogryphosis [5]. 

 Onychogryphosis is the excessive growth of 

nails, and is among the main clinical findings in                  

dogs with VL, being reported in the proportions of 

63.1% [6], 40% [7] and 55% [8]. Some authors 

correlate nail overgrowth to the presence of the parasite 

in the nail matrix [2]. In one study, a weak amplification 

of the parasite DNA was detected in the digit of a dog 

with VL [7]. However, the literature investigating 

onychogryphosis pathogens in dogs with VL is scarce.  

 Therefore, the aim of this study was to assess 

the subungual area of the thoracic and pelvic limbs of 

dogs with VL that presented or not onychogryphosis                

by means of histopathological analyses and                  

immunohistochemical studies. Concurrently, the severity 

of lesions in different sites of the subungual area was 

compared, and the findings were correlated with the 

presence of onychogryphosis and parasite load at the 

site. 

Material and Methods 

 The animals used in this study came from the 

Zoonoses Control Center of the city of Araçatuba           

(São Paulo, Brazil), an endemic region for VL. These 

dogs underwent euthanasia according to Brazilian 

legislation [9]. The third digit of the right thoracic and 

pelvic limbs of 16 (n=32) Leishmania infantum naturally 

infected dogs was collected. There was no preference in 

regards to sex, breed or age. The dogs were selected on 

the basis of serum testing (ELISA) or fine needle 

aspiration of the popliteal lymph node for parasite 

visualization. These animals were split into two groups, 

dogs with onychogryphosis (G1; n=7) and without 

onychogryphosis (G2; n=9).  

 Fragments of the digits were fixated in 10% 

formalin, tamponated phosphate (0.15 Molar), pH 7.2, 

for 48 hours. After fixed, the entire digits were 

decalcified in 10% nitric acid solution for 8 days. Next, a 

median sagittal section was performed on the digits with 

a microtome disposable blade (Figure 1). The digits 

were washed in running water for 15 minutes, in baking 

soda for two hours and again in running water for four 

hours. Subsequently, the tissues were dehydrated and 

processed until they were embedded in paraffin 

according to the routine histological technique. They 

were then cut in 5μm thick pieces and stained with 

hematoxylin and eosin (H&E), modified protocol by [10].  

 The digit histopathological findings were scored 

on a scale of 0-3 (0-absent, 1-mild, 2-moderate,                      

3-marked). Each area of the digit was scored: dorsal 

epidermis/dermis, dorsal matrix/dermis, ventral matrix/

dermis and ventral epidermis/dermis (ventral claw bed), 

as described by [7]. 

 The determination of the parasite load in the 

different areas of the digit was made according to the 

immunohistochemical method modified by [11]. The 

tissues were deparaffinized in a dry oven at 60ºC for 

one hour and subsequently hydrated in solutions with 

decreasing concentrations of alcohol until being washed 

in distilled water. After, endogenous peroxidase blocking 

was performed with methanol solution (Synth) and 8% 

hydrogen peroxide (30 volumes, Synth) for 30 minutes 

at room temperature and protected from light. Blocking 

of nonspecific proteins was made with a commercial 

product (Protein Block, DakoCytomation, Code X0909), 

for 30 minutes in a humid chamber at room      

temperature. The serum of a VL-positive dog was used 

as the primary antibody at a 1:200 dilution, with two 

hours incubation at room temperature. The specimens 

were then incubated with the peroxidase-bound polymer 

complex (kit Advance HRP, DakoCytomation, Cód. 

K4068). Between each of the stages described the 

specimens were bathed in distilled water and in Tris HCl 

buffer solution, pH 7.4. For the reaction to be      

visualized, DAB chromogen (3,3'-diaminobenzidine – 
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Figure 1. Median sagittal section of the third thoracic digit of a dog with visceral leishmaniasis. Note the different 

areas of canine digit. (1) Flexor digitorum profundus muscle tendon, (2) Part of the third digit middle phalanx, 

(3) Extensor digitorum profundus muscle tendon, (4) Dorsal epidermis/dermis, (5) Dorsal matrix/dermis, (6) Nail 

wall, (7) Part of the third digit distal phalanx, (8) Ventral matrix/dermis, (9) Ventral epidermis/dermis (footpad). 
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DakoCytomation, code K3468-1) was used. The tissues 

were counterstained with Harris hematoxylin and the 

mounting medium was Entellan (Merck). The lymph 

node of a VL-positive dog was used as positive control. 

Negative control was done with antibody diluent 

(Dakocytomation, code S3022) to replace the primary 

antibody. 

 The density of parasitic cells per animal was 

determined with the selection of eight microscopic fields 

of the digits with an objective lens of 40x (area of 

0.19625 µm2) in a Nikon E200 microscope, Motic 2.5 

megapixels digital camera. Mean immunomarker values 

in the fields of both groups, G1 and G2, were compared; 

comparison was also made within each group for the 

different areas of the digits, and for each limb (thoracic 

and pelvic). 

 The mean parasite load per animal was 

evaluated in each group (G1 and G2) and in the 

different areas of the digit within each group. The 

resulting observations were subjected to variance 

analysis (ANOVA), using the SAS computer software 

(SAS 9.1, SAS Institute, Cary, NC, USA). The 

assumptions of normal distribution of the residuals and 

homogeneity of the variances were checked. To meet 

these assumptions, the data were transformed into 

log10 (G1 group) and square root (1/SQRT) for 

comparison between groups and also for the different 

areas of the digit (G2). The comparisons of the mean 

parasite were made using Tukey’s test (p<0.05). 

Comparison between the limbs (thoracic and pelvic) was 

made using the nonparametric Mann-Whitney test and 

the software GraphPad Prism (version 6.01) was used 

(P<0.05). 

Results 

 The main histopathological alterations (Table 1) 

in the four areas of the digit were mononuclear 

inflammatory infiltrate (Figure 2A) consisting of 

lymphocytes, plasmocytes and macrophages containing 

intracytoplasmic amastigotes of Leishmania infantum 

(Figure 2B); vacuolar degeneration of basal               

keratinocytes; dermoepidermal clefting (Figure 2C) and 

pigmentary incontinence (Figure 2D). 

 Immunohistochemical analysis identified 

cytoplasmic immunomarkers for amastigote forms of 

Leishmania infantum in the different areas of the digit 

(Figure 3).  

 Comparison between thoracic (p=0.739) and 

pelvic (p=0.450) limbs did not reveal a difference 

between the groups (Mann-Whitney test). Comparison 

between the groups 1 and 2, regarding each area, did 

not reveal significant differences (p=0.0538; Tukey’s 

test / Figure 4). In the comparisons of areas, for the G1 

group there were significant differences (p=0.0085, 

Tukey’s test / Figure 5) and for the G2 group did not 

showed significant differences (p=0.3709, Tukey’s test). 

In the G1 group, the dorsal epidermis/dermis and dorsal 

matrix/dermis showed significant differences in 

comparison to others digit areas (Figure 5). 

Discussion 

 Onychogryphosis in dogs may be related to 

bacterial, fungal or parasitic-induced alterations, trauma, 

systemic, proliferative and immunomediated               

diseases [12]. In addition, this nail disease may be 

associated with paronychia from different causes. 

Paronychia is an infection around the nail that may be 

presented as tumefaction, hyperemia, alopecia and 

ulcers at the site [13, 14]. In this study no dogs with 

onychogryphosis presented paronychia, which supports 

the report by [7]. 

 Among the histopathological findings at the 

subungual area of the dogs investigated in this study, 

chronic dermatitis was representative in the four digit 

areas of dogs with onychogryphosis, and a little less 

frequent in dogs without onychogryphosis. Some 

authors report that onychogryphosis seems to be related 

to a local inflammatory process [2]. In the G2 dogs 

(without onychogryphosis), the inflammatory process 

was also seen in the subungual area; these                    

animals, however, did not develop this nail                     

disease. [14] highlighted that onychogryphosis only 

becomes clinically evident after progression of the tissue 

injury for some time, and inflammatory response in the 

nail dermis. 

 The histopathology assessment of dogs with 

healthy nails made possible the observation of 

intranuclear vacuoles of basal cells [15]; this is different 

from the vacuolar degeneration of basal keratinocytes 

found in this study. The vacuolar degeneration of basal 

keratinocytes was more frequent and severe in animals 

of the G1 group (with onychogryphosis). This finding 
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Type of alteration Digit site 

G1 Group G2 Group 

Frequency (%) 
Severity 

(median) 
Frequency (%) 

Severity 

(median) 

II* 

DE/D 14/14 (100)  0-3 (2) 13/18 (72.2) 0-3 (2) 

DM/D 9/14 (64.2) 0-2 (1) 8/18 (44.4) 0-3 (0) 

VM/D 12/14 (85.7) 0-3 (1.5) 8/18 (44.4) 0-3 (1) 

VE/D 14/14 (100) 0-3 (1) 12/18 (66.6) 0-3 (1) 

VD** 

DE/D 9/14 (64.2) 0-2 (1) 6/18 (33.3) 0-2 (0) 

DM/D 5/14 (35.7) 0-3 (0) 6/18 (33.3) 0-2 (0) 

VM/D 6/14 (42.8) 0-2 (0) 7/18 (38.8) 0-2 (0) 

VE/D 8/14 (57.1) 0-3 (1) 7/18 (38.8) 0-3 (0) 

Clefting D/E† 

DE/D 3/14 (21.4) 0-1 (0) 4/18 (22.2) 0-3 (0) 

DM/D 9/14 (64.2) 0-3 (1.5) 7/18 (38.8) 0-3 (0) 

VM/D 6/14 (42.8) 0-3 (0.5) 5/18 (27.7) 0-2 (0) 

VE/D 3/14 (21.4) 0-3 (0) 5/18 (27.7) 0-3 (0) 

PI‡ 

  

DE/D 5/14 (35.7) 0-3 (0) 2/18 (11.1) 0-3 (0) 

DM/D 5/14 (35.7) 0-3 (0) 7/18 (38.8) 0-3 (0) 

VM/D 7/14 (50) 0-3 (1) 5/18 (27.7) 0-3 (0) 

VE/D 10/14 (71.4) 0-3 (1) 9/18 (50) 0-3 (0.5) 

Table 1. Main histopathological alterations found in the different sites of the subungual area of the            

thoracic and pelvic limb digits of dogs with visceral leishmaniasis. 

DE/D = Dorsal epidermis/dermis; DM/D = Dorsal matrix/dermis; VM/D = Ventral matrix/dermis; VE/D 

= Ventral epidermis/dermis. *II = Mononuclear inflammatory infiltrate; **VD = Vacuolar degeneration 

of basal keratinocytes; †Dermoepidermal clefting; ‡PI = pigmentary incontinence; G1 = dogs with               

onychogryphosis; G2 = dogs without onychogryphosis; 
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Figure 2. Photomicrographs of histopathological alterations in the different digit areas of dogs with visceral                

leishmaniasis. (A) Inflammatory infiltrate (*) diffusely dispersed in dorsal epidermis/dermis (bar=100µm). (B) In 

the same area, inflammatory infiltrate containing macrophages with Leishmania spp amastigotes (arrows and     

detail, bar=20µm). (C) Inflammatory infiltrate (*) and pigmentary incontinence (arrow) in the dorsal matrix/

dermis (bar=100µm). (D) Inflammatory infiltrate (*) and marked dermoepidermal clefting (arrow) in the ventral 

matrix/dermis (bar=100µm). Hematoxylin and Eosin. 
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Figure 3. Photomicrographs of Leishmania infantum amastigote immunomarkers in the digit of dogs with visceral 

leishmaniasis. (A) Note the detection of parasite in the macrophage cytoplasm in the dorsal epidermis/dermis (*; 

detail; bar=50µm). (B) Parasitized macrophages in the dorsal matrix/dermis (*; detail; bar=100µm). (C) Presence 

of parasite in the ventral matrix/dermis (*; detail; bar=100µm). (D) Infection with parasitized macrophages in 

ventral epidermis/dermis (footpad) (*; detail; bar=100µm). Peroxidase-bound polymer complex. 
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Figure 4. Parasite load means ascertained from the comparison between the groups of dogs with                           

onychogryphosis (G1) and without onychogryphosis (G2). Tukey’s test (p=0.0538). 

Figure 5. Parasite load means ascertained from the comparison between the different digit areas of animals with 

onychogryphosis (G1), that showed significant differences between digit areas (p=0.0085). Tukey’s test. DE/D = 

dorsal epidermis/dermis; DM/D = dorsal matrix / dermis; VM/D = ventral matrix / dermis; VE/D = ventral 

epidermis / dermis. 
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was different than the finding of [7], who found the 

same alteration in 50% of the animals they had 

investigated, regardless of the presence of       

onychogryphosis. This alteration is a consequence of 

lysis of basal keratinocytes, which are accountable for 

skin hemostasis. These vacuolized cells may cause a 

fissure between epidermis and dermis [16]. 

 Dermo epidermal clefting was more frequent in 

animals of the G1 group, particularly in the dorsal 

matrix/dermis and (64.2%) and ventral matrix/dermis 

(42.8%). [15] have also observed this alteration in 

healthy dogs, being 40% in the dorsal matrix/dermis 

and 15% in the ventral matrix/dermis, which was 

attributed to processing artifacts. The sample 

decalcification time of these authors and also of the 

authors of this study was similar (eight days).              

However, [7] had used a longer decalcification time (40 

days) to decrease artifacts of the specimen cuts and 

found alteration frequency similar to the one of our 

study. This suggests that this alteration may occur in 

canine VL cases due to weakening of the dermoepider

mal junction from the inflammatory process. 

 The highest frequency of pigmentary 

incontinence was in animals of the G1 group,                        

while [7] have observed it in VL dogs with or without 

onychogryphosis. [17] have also observed this alteration 

in exfoliative dermatitis of VL dogs. For [16] pigmentary 

incontinence is due to a non-specific inflammatory 

lesion, and is seen in diseases that damage basal cells or 

melanocytes, such as systemic lupus erythematosus. 

Hence, this abnormality can be observed in VL 

inflammatory response. 

 Immunomarking of Leishmania infantum 

amastigotes was evident in the four regions of the digit, 

particularly in the dorsal epidermis/dermis, followed by 

ventral epidermis/dermis, ventral matrix/dermis and 

dorsal matrix/dermis. Comparison between the digit 

areas of the G1 group showed high means for dorsal 

epidermis/dermis and this area was statistical significant 

to dorsal matrix/dermis. These differences may suggest 

that the dorsal epidermis/dermis is an easy access area 

for the insect vector, which results in a higher parasite 

load.  

 In this study, the immunohistochemical analyses 

demonstrated Leishmania infantum amastigote forms in 

the subungual area of VL dogs. For [18], the 

decalcification process, even if for a short period of time 

(two days), leads to protein denaturation and possible 

immunohistochemical technique failure. [7] impute the 

failure of H&E and immunohistochemical analyses in 

their studies to the protracted decalcification process (40 

days). Notwithstanding, the authors were able to amplify 

the DNA weak bands of Leishmania spp. (PCR) in the 

subungual area of VL dogs. These authors, however, did 

not inform the fixation time, sample size and the 

decalcifying agents. Both studies have used formic acid 

as a decalcifying agent, while this study used nitric acid 

and baking soda as a neutralizing agent of the reaction. 

It is thus suggested that immunomarking flaws of other 

studies is related to differences in the decalcification 

protocol. 

 In summary, the histopathological lesions and 

presence of the parasite were more pronounced in the 

dorsal epidermis/dermis and the ventral epidermis/

dermis regions. The nail matrix had discrete alterations 

and a lower parasitic load when compared to the other 

areas of the canine digit. Possibly, the presence of the 

inflammatory mediators released in the cutaneous tissue 

adjacent to the nail matrix, in response to the presence 

of the parasite, may have influenced the exaggerated 

growth of the nail in the group of dogs with ony

chogryphosis (G1). 

Conclusion 

 Chronic inflammatory infiltrate was the main 

histopathological finding of the subungual area of VL 

dogs. The dorsal epidermis/dermis region was the most 

affected in the dogs with onychogryphosis. This nail 

disease does not seem to be associated only with the 

parasite, but also with the inflammatory microenviron

ment of the adjacent cutaneous tissue, which may 

contribute to the development of onychogryphosis due 

to the release of inflammatory mediators. 
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