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Can Pagoda Red staining be used for histopathological differentiation of canine 
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Abstract: Allergic dermatopathies are pruritic cutaneous diseases often considered as 

diagnostic challenges due to the clinical similarity among its different types. On 

histopathological examination, a pattern of perivascular infiltrate composed of mononuclear 

cells and neutrophils can be identified in the four types of allergies. The marked presence of 

eosinophils suggests the division of the diseases into groups with small and large numbers of 

these cells, wich may be clearly evidenced through stains such as Pagoda Red. The objective 

of this work was to histologically characterize and quantify the eosinophils in skin of animals 

with allergic dermatitis. Histological slides from cutaneous biopsies of dogs with a suggestive 

clinical history of allergic dermatitis were selected and subdivided in two experimental groups 

according to the presence of eosinophils: group 1, animals with suspected canine atopic 

dermatitis or contact dermatitis (with little or none eosinophils), and group 2, animals 

suspected of ectoparasites allergy or food allergy. Pagoda Red staining was used in order to 

quantify eosinophils with a significant value of p≤0.05. The most prevalent epidermal 

changes in both groups were acanthosis and orthokeratosis. Perivascular infiltrate was 

composed of neutrophils, plasma cells, monocytes, lymphocytes and eosinophils. Regarding 

the quantification of eosinophils, there was a significant difference between the groups (p = 

0.05). It was concluded that Pagoda Red staining allows quantification of eosinophils for 

differentiation of subtypes of allergic dermatitis in dogs, and may be used as an alternative 

easily accessible in the identification of eosinophils in canine allergic dermatitis. 
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Resumo: Dermatopatias alérgicas são doenças cutâneas pruriginosas, muitas vezes 

consideradas como desafios diagnósticos devido à similaridade clínica entre seus diferentes 

tipos. No exame histopatológico, um padrão de infiltrado perivascular composto por células 

mononucleares e neutrófilos pode ser identificado nos quatro tipos de alergias. A presença de 

eosinófilos sugere a divisão das doenças em grupos com pequenas e grandes quantidades 

dessas células, que podem ser claramente evidenciadas através de colorações como Pagoda 

Red. O objetivo deste trabalho foi caracterizar e quantificar histologicamente os eosinófilos 

na pele de animais com dermatite alérgica. Lâminas histológicas de biópsias cutâneas de cães 

com história clínica sugestiva de dermatite alérgica foram selecionadas e subdivididas em 

dois grupos experimentais de acordo com a presença de eosinófilos: grupo 1, animais com 

suspeita de dermatite atópica canina ou dermatite de contato (com pouco ou nenhum 

eosinófilo), e grupo 2, animais suspeitos de alergia a ectoparasitas ou alergia alimentar. A 

coloração Pagoda Red foi utilizada para quantificar eosinófilos com um valor significativo de 
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p≤0,05. As alterações epidérmicas mais prevalentes em ambos os grupos foram acantose e 

ortoqueratose. O infiltrado perivascular foi composto de neutrófilos, plasmócitos, monócitos, 

linfócitos e eosinófilos. Quanto à quantificação de eosinófilos, houve diferença significativa 

entre os grupos (p = 0,05). Concluiu-se que a coloração de Pagoda Red permite a 

quantificação de eosinófilos para a diferenciação de subtipos de dermatite alérgica em cães e 

pode ser usada como alternativa facilmente acessível na identificação de eosinófilos em 

dermatite alérgica canina. 
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Introduction 

Allergic dermatopathies consist of 

pruritic cutaneous diseases resulting from 

immunological reactions to different types 

of antigens. Allergopathies, comprising 

ectoparasites allergy (EA), canine atopic 

dermatitis (CAD), food allergy (FA) and 

contact dermatitis (CD) (TIZARD, 2014), 

although common in veterinary clinical 

routine, represent a diagnostic challenge, 

since they have similar signs, hindering 

clinical diagnosis (CARDOSO et al., 

2011). 

Canine atopic dermatitis is an 

inflammatory, pruritic, and chronic 

disease, which pathogenesis involves an 

abnormal immune response with high  

 

 

levels of IgE antibodies against allergens 

(type I hypersensitivity reaction), 

generating clinical signs such as erythema, 

itchiness and presence of opportunistic 

infections (HALLIWELL, 2006). Such 

immunopathogeny may also be observed 

in animals with FA and EA, sometimes by 

generating similar signs or even 

histopathological patterns. The first is 

defined as an immune-mediated reaction to 

antigens present in a particular diet or its 

additives, while the latter involves antigens 

contained in the saliva of flea and tick 

(MUKAI et al., 2002; WUERSCH et al., 

2006). Additionally, those processes may 

occur at any age and sex (NASCENTE et 

al., 2006). 
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Another important differential 

diagnosis in allergic dermatitis is contact 

dermatitis, where the pathogenesis 

involves the type I and IV hypersensitivity 

reactions, requiring prolonged contact with 

the antigen for clinical manifestations (HO 

et al., 2015). Some of the allergens most 

commonly involved in such dermatopathy 

are actually particles of plastic materials, 

vegetables, detergents, waxes and carpets 

(JONES & HORN, 2014). 

The clinical signs observed in 

allergies mainly include pruritic cutaneous 

lesions, erythema, macules, papules, 

alopecia, excoriations, hyperpigmentation, 

lichenification and crusts. Bacterial and 

fungal secondary infections can also be 

identified, aggravating the lesion 

(TIZARD, 2014). The definitive diagnosis 

is generally based on anamnesis, clinical 

signs and exclusion of other pruritic skin 

diseases (HENSEL et al., 2015). However, 

it can be hampered due to similarity in 

symptomatology, jeopardizing the conduct 

adopted by the veterinarian. 

On histopathological examination, 

a pattern of perivascular infiltrate 

composed of mononuclear cells and 

neutrophils can be identified in the four 

types of allergies. However, the marked 

presence of eosinophils suggests the 

division of these diseases in groups with 

small and large numbers of these cells 

(GROSS et al., 2005). This difference can 

be better evidenced by specific stains, such 

as Pagoda Red, a low-cost industrial dye, 

which major affinity is for eosinophils and 

mast cells when in organic tissues 

(BONETTI et. al., 2015). 

From the above, this study aims to 

characterize the skin of animals affected by 

the different types of allergic dermatitis 

and to quantify the presence of eosinophils 

in an attempt to contribute to a most 

accurate histopathological differentiation 

of allergies. 

 

Material and methods 

Ethical Aspects of Research 

 The present study was submitted 

and approved by the Ethics Committee for 

the Use of Animals (CEUA) of the 

Universidade Estadual do Ceará, under the 

number 4720715/2016. 

 The samples were collected from 

archives and their use had no implications 

in changes of the routine examination or 

involved procedures. Samples were kept 

anonymous, exceptionally when new 

information generated could directly 

benefit the animal itself. 

Experimental groups 

 Histological slides from cutaneous 

biopsies of dogs with a suggestive clinical 

history of allergy (single criterion of 

inclusion) were selected from the archives 

of a private diagnostic pathology 

laboratory between 2015/2016. Age, sex or 
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breed did not constitute inclusion or 

exclusion criteria for this experiment. 

 After case selection, the slides were 

revised in order to be allocated in two 

experimental groups, taking as a 

distinguishing criterion the presence of 

eosinophils: group 1 (n = 31), animals with 

suspected canine atopic dermatitis and 

contact dermatitis (with few or no 

eosinophils) and group 2 (n = 31), animals 

with  suspected   EA  or  FA  (with greater 

eosinophils presence). 

Histological analysis 

 The slides were analyzed by optical 

microscopy (Nikon Eclipse E200®), where 

each tissue was evaluated for the presence 

of epidermal and dermal morphological 

changes and the results were presented in a 

descriptive way. In the epidermis, there 

were proliferative and degenerative 

lesions. In the dermis, the evaluation was 

focused on perivascular infiltrates, 

identifying the cell types, so as to enable a 

suggestive diagnosis of allergy. 

Quantitative eosinophil analysis 

For quantitative evaluation of 

eosinophils, special staining of Pagoda 

Red (TRANI et al., 2008) was performed. 

Histological sections of 5µm were bathed 

in xylene for 20 minutes and decreasing 

concentrations of alcohol and distilled 

water. Thereafter, the slides were 

immersed and a 1% solution of Red 

Pagoda, washed in distilled water and 

counterstained with hematoxylin-eosin for 

1 minute. Dehydration was carried out, and 

the slides were mounted conventionally. 

Histological samples of eosinophilic 

granuloma (known as an eosinophil-rich 

tissue) were used as a control staining. 

Quantitative analysis of eosinophils 

was performed under optical microscopy 

on a 100x objective, with 10 fields 

randomly displayed. 

Statistical analysis 

Data were presented as mean ± 

standard deviation for inferences and 

general observations. The difference 

between groups was accessed through 

Student's T test, considering the result with 

p≤0.05. 

Results 

A total of sixty-two cases of 

cutaneous biopsies of dogs with clinical 

suspect of allergy were selected: 31 with 

suspected CAD and CD (group 1) and 31 

with suspected EA and FA (group 2). 

The changes presented in the 

epidermis were acanthosis, orthokeratosis, 

parakeratosis and spongiosis (Figure 1), in 

varying degrees in groups 1 and 2. Table 1 

shows the absolute and percentage values 

of each change in each of the analyzed 

groups.
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Figure 1 – Skin – Epidermal changes in the skin of allergic animals. (A) Orthokeratosis; (B) 

Parakeratosis; (C) Spongiosis. (HE, 200x). 

The analysis of dermal alterations was restricted to the characterization of cellular 

infiltrate, whose absolute and percentage values are described in Table 1.  

Table 1 – Absolute and relative values of alterations and inflammatory infiltrates observed in epidermis and dermis of allergic animals. 

Epidermal Alterations 

Group 1 Group 2 

(n=31) (n=31) 

Acanthosis 25/31 (80,6%) 26/31 (83,8%) 

Orthokeratosis 14/31 (45,1%) 13/31 (41,9%) 

Parakeratosis 5/31 (16,1%) 6/31 (19,3%) 

Espongiosis 6/31 (19,3%) 6/31 (19,3%) 

Perivascular Inflammatory Infiltrate   

Neutrophils 8/31 (25,8%) 7/31 (22,5%) 

Plasma Cells 15/31 (48,3%) 22/31 (70,9%) 

Monocytes 27/31 (87%) 31/31 (100%) 

Eosinophils 15/31 (48,3%) 31/31 (100%) 

Lymphocytes 27/31 (87%) 31/31 (100%) 
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The distribution of the 

inflammatory infiltrate was perivascular, 

composed of neutrophils, plasma cells, 

monocytes, lymphocytes and eosinophils 

in both groups, demonstrating variation in 

degree among cell populations, which was 

clearly less intense in group 1 when 

compared to group 2 (Figure 2). 

Eosinophils were present in 48.3% of cases 

in group 1 and in 100% of cases in group 

2.

 

Figure 2 – Skin – Dermis of allergic animals evidencing perivascular inflammatory infiltrate 

composed of neutrophils, plasma cells, monocytes, lymphocytes and eosinophils, less intense 

in group 1 (A) and more intense in group 2 (B). (HE, 200x) 

The staining performed on both the 

control slides and each of the evaluated 

groups generated well-highlighted 

eosinophils with cytoplasm strongly 

stained from red to orange (Figure 3). 

There were no changes in color intensity 

between groups. 

 

Figure 3 – Skin – Eosinophils in inflammatory infiltrate evidenced by Pagoda Red staining. 

(A) Positive Control of dye; (B) Group 1; (C) Group 2. (PR, 200x, 400x, 400x) 

The quantitative evaluation of 

eosinophils through Pagoda Red staining is 

shown in Table 2. The first group 

presented a mean value of 5.73 ± 9.15 

cells, while the second showed a mean 

value of 13.54 ± 18.57 cells, with p = 0.05. 
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Table 2 – Mean values and standard deviation of the number of eosinophils quantified 

through Pagoda Red staining in allergic animals. 

Eosinophil quantification Group 1 (n=31) Group 2 (n=31) 

Mean ± SD 5,73 ± 9,15a 13,54 ± 18,57b 

             a-b indicate significant differences (P≤0,05). 

Discussion 

Allergic dermatitis is an 

inflammatory and pruritic disease, due to 

hypersensitivity reactions to various 

antigens (TIZARD, 2014). The clinical 

diagnosis is based on exclusion of different 

skin diseases from the history, clinical and 

laboratory findings. Allergenic and 

histopathological tests are also used 

routinely to support clinical suspicion 

(HENSEL et al., 2015). However, due to 

the similarity between histopathological 

patterns, its use becomes limited as a 

definitive diagnosis (CARLOTTI et al., 

1990). 

The histopathological lesions 

associated with CAD involve epidermal 

and dermal alterations. In epidermis, the 

most common findings involve 

parakeratotic and orthokeratotic 

hyperkeratosis, acanthosis, spongiosis and 

hypermelanosis. In dermis, there is 

presence of lymphocytes, monocytes,  

dendritic cells and eosinophils in 

perivascular areas (OLIVRY & HILL, 

2001). These lesion patterns can also be 

seen in CD, making it difficult to 

differentiate it from CAD (NESBITT & 

SCHMITZ, 1977; SAINT-MEZARD et al., 

2004; LACHAPELLE & MAROT, 2006; 

NOSBAUM et al., 2009). 

In the present study, the groups 

were divided according to the 

characteristics of the inflammatory 

infiltrate, where group 1 was composed of 

animals whose infiltrate contained little or 

no eosinophils. This infiltrate is 

compatible with the histopathological 

description of CAD and CD (OLIVRY & 

HILL, 2001; LACHAPELLE & MAROT, 

2006). The eosinophils were visualized in 

48.3% of the cases, but the intensity of the 

infiltrate was slight, and quantitatively 

confirmed by the Red Pagoda dye. 

Epidermal findings were similar to those 

previously   described  (OLIVRY & HILL, 
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2001; LACHAPELLE & MAROT, 2006). 

Acanthosis and orthokeratosis were the 

most prevalent alterations. 

The epidermal and dermal 

histopathological findings of animals with 

EA or FA resemble those of the previous 

group, however, with a higher intensity of 

the infiltrate with greater presence of 

eosinophils (group 2), highlighting them as 

the main difference between the groups I 

and II. 

Pagoda Red is a dye used in the 

textile industry, but in organic tissues it 

allows the observation of eosinophils and 

mast cells (TRANI et al., 2008). The 

differentiation  between  these  cell types is 

performed through nuclear morphology. 

There are no reports in the literature about 

its use in allergic dermatitis in dogs. 

Furthermore, in this study, the dye was 

used to quantify eosinophils in canine 

allergic dermatopathies, with a significant 

difference between groups I and II, adding 

a new histopathological feature to the 

diagnosis of these diseases.  

High numbers of eosinophils are 

common in type I hypersensitivity. These 

cells are attracted by stimuli from the mast 

cells and at the lesion site can act as 

effector cells of the allergic response 

(TIZARD, 2014). Eosinophils are 

granulocytes originated from bone 

marrow, and released into bloodstream in a 

phenotypically mature state, being capable 

of undergo tissue activation and 

chemotaxis in response to appropriate 

stimuli, by releasing IL-5 and eotaxin 

(HOGAN et al., 2008). 

 

Although the immunopathogeny of 

allergic diseases involves the type I 

hypersensitivity reaction, it was noted that 

in group I, eosinophils were not strongly 

present in the infiltrate. This fact may be 

related to the difference in cellular 

mediators involved, affecting chemotaxis 

and eosinophilic function. It is also 

emphasized that atopic dermatitis is 

characterized by chronicity, where 

repeated allergic crises could influence the 

synthesis and secretion of different 

mediators of the immune response. 

However, studies using other biomarkers 

are needed in order to elucidate the actual 

participation of these cells in canine atopic 

dermatitis and contact dermatitis. 

Conclusion 

The Pagoda Red staining allows the 

quantification of eosinophils for the 

differentiation of subtypes of allergic 

dermatitis in dogs and can be used as an 

alternative easily accessible to identify 

eosinophils in canine allergic dermatitis. It 

is important to highlight that the better 

identification of eosinophils contributes to 

a better histopathological characterization, 

allowing the formation of subgroups with 

high and low numbers of these cells, which 
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may influence the investigation of the 

factors triggering allergies in dogs, 

together with their prompt diagnosis. 
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