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Abstract Paracoccidioidomycosis (PCM) is an

endemic disease of humans from Latin America that

is caused by Paracoccidioides brasiliensis and P.

lutzii, with most cases of PCM in domestic animals

being associated with P. brasiliensis. This study

presents the clinical, cytological, mycological, sero-

logical, and molecular findings associated with P.

brasiliensis in a dog from Southern Brazil. Fine needle

biopsies were collected from the skin and several

lymph nodes of a 5-year-old female Labrador dog that

had enlargement of most superficial lymph nodes.

Cytology of the skin and lymph nodes revealed

pyogranulomatous dermatitis and lymphadenitis asso-

ciated with fine-necked, budding fungal structures

consistent with the Paracoccidioides genus of organ-

isms; mycological culture derived from the lymph

node aspirate demonstrated similar budding struc-

tures. Serological assays using exoantigens obtained

from the fungal culture demonstrated that the fungal

organisms derived from the lymph node were anti-

genically similar to P. brasiliensis by immunodiffu-

sion and Western blot. A PCR assay, using the fungal
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Paraná, Brazil

L. G. Pretto-Giordano

Laboratory of Mycology, Department of Veterinary

Preventive Medicine, Universidade Estadual de Londrina,

Londrina, Paraná, Brazil
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culture as input, amplified a partial segment of the

internal transcribed spacer 1 and 2 regions of P.

brasiliensis; direct sequencing and phylogenetic anal-

yses confirmed the PCR product as P. brasiliensis. The

combined cytological, mycological, serological, and

molecular findings confirmed a diagnosis of fungal

dermatitis and lymphadenitis due to P. brasiliensis in

this dog. This case represents the third description of

clinical PCM in dogs and the first confirmation of

mycotic dermatitis associated with P. brasiliensis in

this species. The participation of dogs in the possible

dissemination of PCM is reviewed, and it is proposed

that dogs are probable accidental hosts in the epi-

demiological cycle associated with P. brasiliensis.

Keywords Canine paracoccidioidomycosis � Fungal
dermatitis � Cytological diagnosis � Epidemiology

Introduction

Paracoccidioidomycosis (PCM) is an endemic myco-

tic disease predominantly of humans in Latin America,

caused by members of the dimorphic fungi of the

Paracoccidioides complex [1, 2]. Molecular investi-

gations have demonstrated that PCM can be caused by

P. brasiliensis and P. lutzii [1, 3]. P. brasiliensis is

divided into four cryptic species (S1, PS2, PS3, and

PS4) and occurs in several Latin American countries

[2, 3], while P. lutzii is associated with infections in

human populations from the central, northern, and

southern regions of Brazil [1, 3] and Ecuador [3].

Moreover, the incidence of human PCM is more

elevated in south, southeast, and central-west Brazil

[4].

Although disease due to P. brasiliensis infection

occurs primarily in humans, within endemic areas

there is serological evidence of paracoccidioidomy-

cosis in several animal species; these include the dog

[5–7], cat [8], sheep [9], domestic chicken [10], cattle

[11], pig [12], wild monkeys [13], rabbit [14],

armadillo [15], horse [16, 17], and the goat [18].

Although the exact animal host of P. brasiliensis has

not been fully elucidated, the armadillo was consid-

ered a natural reservoir of P. brasiliensis [19], and

several studies [20–24] have since demonstrated the

occurrence of the Paracoccidioides complex in this

animal species.

However, the role of the dog in the epidemiological

cycle of P. brasiliensis remains obscure [25], even

though dogs experimentally infected withP. brasilien-

sis developed PCM[26, 27] or had an immune response

to this fungal organism [28], and there are serological

evidences of this fungal infection in dogs [5–7, 29–32].

Moreover, reports of spontaneous cases of PCM in

dogs are scarce; two were described in female Dober-

man dogs, one, originated from the State of São Paulo,

had cervical lymphadenomegaly [33], and the other,

from the State of Paraná, was emaciated with lym-

phadenomegaly and hepatosplenomegaly [34]. This

study presents the clinical, cytological, mycological,

serological, and molecular findings associated with

PCM in a dog from Southern Brazil and examines the

existing evidence relative to the participation of dogs in

the development and maintenance of P. brasiliensis.

Materials and Methods

Clinical History

In late January 2015, a 5-year-old female Labrador

dog was attended at the Veterinary Teaching Hospital,

Universidade Estadual de Londrina (VTH-UEL),

Southern Brazil; this region is considered as having

an elevated risk for human PCM [4]. The owner

reported that the dog demonstrated apathy with

reduced appetite during the last 30 days prior to this

visit, and that there was fever within the last 24 h. In

addition, the owner indicated that this dog shared the

same accommodations and yard space with another

dog that was diagnosed with toxoplasmosis and

neosporosis by serology. A clinical evaluation

revealed hyperemic mucosa membranes and an

enlarged, 1 cm in diameter, soft nodule that was

adhered to the erythematous skin at the left side of the

upper lip. Serological and hematological evaluations

were solicited; meanwhile, the animal did not permit a

biopsy without sedation and the attending clinician

decided to await the laboratory findings. The dog was

serologically negative for Toxoplasma gondii and

Neospora caninum; hematological analyses revealed

normocytic normochromic non-regenerative anemia

and thrombocytopenia. Consequently, canine ehrli-

chiosis was suspected and the dog was placed on

medication that initiated with doxycycline (10 mg/kg,

oral, 12/12 h for 4 weeks) and imidocarb
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hydrochloride (5 mg/kg, subcutaneous, two adminis-

trations with 2 weeks interval).

However, 2 weeks later the dog returned to theVTH-

UEL without anorexia and apathy, but with a clinical

complaint of lameness of both pelvic members. At this

time, a clinical evaluation revealed hyperthermia

(39.7 �C), pain at both hip joints with enlargement of

most superficial lymph nodes (submandibular 3.5 cm

diameter; prescapular and popliteal, 2.5 cm diameter)

and a cutaneous nodule (1 9 2 9 7 cm) adjacent to the

fifth left mammary gland (Fig. 1a, b). Lymphoma,

mammary tumor, a possible infectious disease, and hip

dysplasia were included as differential diagnosis. Fine

needle biopsy aspirates of all enlarged lymph nodes and

the cutaneous mass close to the mammary gland were

collected and submitted for cytological evaluation; a

part of the submandibular lymph node aspirate was

submitted for microbiological evaluations.

Mycological Culture and Isolation

The sample from the fine needle aspirate derived from

the enlarged lymph node was plated in duplicate in

Sabouraud Dextrose Agar with and without chloram-

phenicol, and then incubated at 25 and 37 �C for

30 days. The micromorphological characteristics of

emerging colonies were observed with the lactophenol

cotton blue stain. Samples of the pure fungal colonies

were submitted for molecular confirmation and for the

preparation of exoantigen to be used in an immunod-

iffusion assay and Western blot.

Molecular Characterization of P. brasiliensis

Pure fungal DNA was extracted from fungal cultures

by using the commercial kit Qiagen DNeasy blood &

tissue kit (Qiagen Sample & Assay Technologies,

Hilden, Germany) and then subjected to a PCR assay

that targeted the internal transcribed spacer (ITS) 1

and 2 regions by using the universal ITS 1 and 2

primers [35]. Positive controls consisted of fungal

DNA from a previous study [36]. Nuclease-free water

(Invitrogen Corp., Carlsbad, CA, USA) was used as

negative controls in all PCR assays. All PCR products

were separated by electrophoresis in 2 % agarose gels,

stained with ethidium bromide, and examined under

ultraviolet light. The amplified PCR products were

then purified (illustra GFX PCR DNA and Gel Band

Purification Kit, GE Healthcare, Little Chalfont,

Buckinghamshire, UK) and submitted for direct

sequencing using the forward and reverse primers.

The obtained sequences were examined for quality

analysis of chromatogram readings by using the

PHRED software (http://asparagin.cenargen.embra

pa.br/phph); sequences were only accepted if base

quality was equal to or greater than 20. Consensus

sequences were then generated by the CAP3 program

(http://asparagin.cenargen.embrapa.br/cgi-bin/phph/

cap3.pl), after which the partial nucleotide sequences

were initially compared by the Basic Local Alignment

Search Tool (BLAST) program (http://www.ncbi.nlm.

nih.gov/BLAST) with similar sequences deposited in

GenBank. Phylogenetic tree and sequence alignments

based on the ITS 1 and 2 regions of P. brasiliensis

were then created by using MEGA 6 [37]; model

selection indicated the Jukes–Cantor model as being

the most appropriate for determination of the phylo-

genetic relationship with the maximum likelihood

method. The initial tree for the heuristic search was

obtained automatically by applying Neighbor-Join and

BioNJ algorithms to a matrix of pairwise distances

estimated using the maximum composite likelihood

approach and then selecting the topology with superior

log likelihood value. A sequence identity matrix was

then generated by using BioEdit software version 7.2.

[38], to identify possible differences between isolates

of the PCM complex.Microsporum canis was used as

the out-group to provide stability to the generated tree.

Preparation of P. brasiliensis Exoantigens

Exoantigen derived from the known P. brasiliensis

isolate (B-339) and from the fungal culture of this dog

(LLGS-1) was obtained as previously described [39].

Immunodiffusion Test

The reactivity between a serum sample from a human

patient diagnosed with paracoccidioidomycosis was

evaluated with the exoantigen derived from P.

brasiliensis isolates B-339 and LLGS1 as previously

described [7].

Western Blot

After electrophoresis of exoantigens from P. brasilien-

sis isolates B-339 and LLGS-1 in sodium dodecyl

sulfate–polyacrylamide gel, the proteins were
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transferred to the nitrocellulose membrane and blocked

with 5 % skim milk in PBS. The membrane was then

incubated with a serum sample (1:100 dilution) from a

human patient with paracoccidioidomycosis for 1 h at

room temperature and after washing and was incubated

with anti-human IgG-peroxidase conjugate for 1 h at

room temperature. The reaction was revealed with

substrate/chromogen solution (H2O2/diaminoben-

zidine) and stopped with distilled water.

Results

Cytological, Clinical, and Mycological Findings

The cytological evaluations of all lymph nodes were

similar, with discrete cytological difference, and

revealed pyogranulomatous lymphadenitis associated

with numerous budding, intracytoplasmic (within

macrophages and multinucleated giant cells) and extra-

cellular fungal cells consistent with the Paracoccid-

ioides complex of organisms [4, 40, 41]; similar

inflammatory reaction associated with intralesional

fungal structures was observed in the cutaneous sample,

resulting in a cytological diagnosis of fungal dermatitis

due to Paracoccidioides spp. These fungal organisms

varied between 10 and 20 lm in diameter were oval to

elongated in shape with a thickened cell wall. Budding

organisms consisted of two ormore yeast cells arranged

in chains. Further, there were numerous fungal organ-

isms that presented the classical ‘‘Mickey-Mouse head’’

pattern (one large centrally located fungi with two

offside smaller buds) and the ‘‘mariner pilot-wheel’’

morphology, formed by a mother cell surrounded by

several peripheral daughter yeasts (Fig. 1c–f).

During the second clinical visit, a radiographical

evaluation revealed discrete bilateral hip dysplasia and

due to the confirmation of a Paracoccidioides genus-

induced infection by cytology, the therapy with

doxycycline and imidocarb hydrochloride was sus-

pended. The dog was then placed on a protocol that

consisted of itraconazole (10 mg/kg, oral, 12/12 h),

meloxicam (0.1 mg/kg, oral, daily for 3 days), and

tramadol (3 mg/kg, oral, 8/8 h for 7 days) and

returned for clinical evaluation 9 days later when

hyperthermia (39.8 �C), discrete dehydration, and

persistence of lymphadenopathy of superficial lymph

nodes were identified. At this time, the dog was

hospitalized at the VTH-UEL, doxycycline was

included in the clinical therapeutic protocol and the

animal remained as an inpatient for an additional

3 days after which she was released.

The dog was in and out of the VTH-UEL repeatedly

for clinical evaluation and associated therapy until late

June 2015, 5 months after the first visit, when

lymphadenopathy had regressed completely. Addi-

tional clinical conditions presented and resolved

(therapeutically and/or surgically) during this period

included anemia, intermittent anorexia, widespread

dermatitis, and purulent lymphadenitis of the right

submandibular node. Since then, this dog has been

visiting the VTH-UEL regularly as an out-patient and

has been receiving appropriate therapy based on the

clinical and laboratory findings presented when

examined. At the time of preparation of this manu-

script (almost 18 months after the initial visit), the dog

is alive, without enlarged lymph nodes, in good state

of health and maintained on oral administration of

itraconazole (10 mg/kg, 12/12 h). Further, due to

animal health concerns and the general wellbeing of

the dog, additional incisional biopsies were not taken

to evaluate the presence of fungal organisms.

Mycological culture yielded slow-growing, fine-

necked, multipolar budding fungal organisms that were

whitish, globose to ovoid in shape, 2–30 lm in diameter;

the Mickey Mouse head and ‘‘mariner pilot-wheel’’

morphological presentations were identified (Fig. 1g, h).

Molecular Characterization of Paracoccidioides

brasiliensis

The PCR assay amplified a partial 239-bp fragment of

the ITS1 and 2TS2 regions of the fungal culture derived

from the lymph node of this dog. The sequence from

bFig. 1 Clinical, cytological, and mycological findings associ-

ated with P. brasiliensis in a dog. Observe the enlarged lymph

nodes before therapy (a) and the absence of swelling after

therapy (b). Cytological demonstration of mycotic pyogranulo-

matous lymphadenitis (c, d): observe the intralesional fungal

organisms demonstrating the Mickey Mouse head pattern

(arrowhead) and within (arrow) a multinucleated giant cell

(MGN); several fugal organisms are also shown (arrowheads).

Cytology of mycotic pyogranulomatous dermatitis, with the

mariner wheel (e) and Mickey Mouse head (f) presentations of
the fungal pathogen. Mycological culture demonstration typical

budding characteristic associated with P. brasiliensis; observe

the forming of the marine wheel (g) and Mickey Mouse head

(g) patterns. c–f Giemsa stain. g, h lactophenol cotton blue stain.

Bars c–h 10 lm
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this study has been deposited in GenBank (accession #

KX417771) and was named P. brasiliensis isolate

LLGS1. The BLAST analysis revealed that the strain

identified during this investigation had 97–99 %

nucleotide sequence identity with similar isolates of

the Paracoccidioides complex of organisms deposited

in GenBank. However, the nucleotide identity matrix

(not shown) demonstrated that the isolate P. brasilien-

sis strain LLGS1 had 99 % similarity with several

strains (GenBank accession # AB304436.1; AB3044

34.1; AF322389.1; AB304448.1; and AF416745.1) of

P. brasiliensis. In addition, the sequence identity was

98 % with other isolates (AY618999.1; AY374339.1;

and EU870316.1) of P. brasiliensis, but with 97 %

identity with P. lutzii (KJ540979.1).

The generated phylogenetic tree revealed two

distinct clusters of the Paracoccidioides complex of

organisms: one formed by isolates of the P. brasilien-

sis group, and the other by P. lutzii; the isolate from

this study clustered with other strains of the P.

brasiliensis group deposited in GenBank. Further, all

members of the Paracoccidioides complex clustered

together, being distinct from Microsporum canis

(Fig. 2).

Analysis of P. brasiliensis exoantigens

by Immunodiffusion Assay and Western Blot

The analysis of the reactivity of a serum sample from a

patient with paracoccidioidomycosis with exoantigens

from P. brasiliensis B-339 and LLGS1 by

immunodiffusion assay showed a pattern of complete

identity, indicating that both exoantigens are antigeni-

cally identical (Fig. 3a). Further, the Western blot

analysis revealed that the P. brasiliensis LLGS1

isolate produced gp43 antigen, as observed with the

P. brasiliensis reference strain B-339 (Fig. 3b).

Discussion

The combined results of the cytological, serological,

and molecular investigations confirmed the fungal

agent associated with lymphadenopathy in this dog as

P. brasiliensis and represent only the third sponta-

neous case of PCM in dogs; two cases were previously

described [33, 34]. The cytological findings of the

lymph nodes and the skin from this dog are consistent

with a diagnosis of the Paracoccidioides genus of

organisms [4, 40–42]; mycological culture of the

lymph node aspirate confirmed the cytological diag-

nosis, while the serological (immunodiffusion and

Western blot) and molecular investigations (PCR with

subsequent sequencing and phylogenetic analysis)

were fundamental to effectively characterize this

fungal pathogen as P. brasiliensis [1, 3, 41].

Cutaneous dermatitis associated with P. brasilien-

sis, as observed in the skin biopsy from this dog, was

not previously described in canine PCM; other lesions

already associated with canine PCM include fungal

pneumonia, hepatitis, splenitis [26], and epididymitis

[32]. However, these pathological alterations were

Fig. 2 Phylogenetic tree

based on the ITS 1 and 2

regions of selected strains of

the Paracoccidioides

complex of organisms

generated by MEGA 7. The

tree was constructed by the

maximum likelihood

method, based on 1000

bootstrapped data sets;

distances values were

calculated by using the

Jukes–Cantor parameter

model. The GenBank

accession numbers of the

sequences used are given;

the isolate derived from this

study is highlighted (black

dot)
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observed in experimentally induced cases of canine

PCM; alternatively, spontaneous cutaneous manifes-

tations of PCM in humans are frequently described

[3, 4, 40, 43].

The severe lymphadenopathy and the associated

findings observed in this dog were also described in

the other two spontaneous cases [33, 34] of canine

PCM. However, in an experimental study done by our

group with four puppies [26], lymphadenopathy was

not identified. In addition, 41 dogs that were eutha-

nized during a serological investigation did not

demonstrate lymphadenopathy or histological evi-

dence of P. brasiliensis [5]. A striking difference in the

possible pathogenesis of canine PCM cannot be

underscored: All previous cases of spontaneous canine

PCM with lymphadenopathy were diagnosed in adult

dogs, while puppies experimental infected with P.

brasiliensis did not develop this clinical manifestation

and some of these died. This might suggest that there is

a possible age-related susceptibility associated with

canine PCM [26], where puppies are more susceptible,

due to the immature immunological system, to

develop fatal PCM resulting in organ dissemination,

while older dogs are more resistant, developed an

adequate immune response resulting in clinical PCM

that is restricted to superficial lymph nodes. We have

also demonstrated that older dogs that were seropos-

itive to P. brasiliensis did not demonstrate clinical or

histopathological manifestation of PCM [6]. However,

age did not influence the serological occurrence of P.

brasiliensis in dogs in an epidemiological study done

in Rio Grande do Sul, Southern Brazil [29], but there

was no mention of clinical manifestation of PCM in

that study population. Further, dogs that were inocu-

lated via the testicles demonstrated localized testicular

lesions with spontaneous regression [32], but clinical

manifestations of PCM were not described. Collec-

tively, these results might indicate that dogs in a

general manner are somewhat resistant to infection by

P. brasiliensis, considering the few spontaneous cases

in dogs that have been published even in areas where

the disease is endemic in human populations. How-

ever, additional cases of canine PCM are needed to

fully understand the role of dogs in the epidemiology

of P. brasiliensis.

Nevertheless, clinical cases of canine PCM in

Brazil, and probably Latin America, might not be

adequately identified because of a lack of diagnosis in

veterinary services, especially those that are distant

from urban centers and/or not located within veteri-

nary teaching hospitals. Another issue that cannot be

overlooked and must be highlighted is the submission

and conditioning of suitable samples for laboratory

diagnosis, which would definitely affect the expected

result. Consequently, canine PCM might be under-

diagnosed within the epidemiological regions with

elevated indices of human PCM.

Alternatively, it cannot be ignored that PCM might

not be a disease of dogs in Brazil, and probably Latin

America, and that this species might not be threatened

or seriously affected by P. brasiliensis, as is the case of

human PCM [2–4, 40]. This theory can be justified and

Fig. 3 Demonstration of

the antigenic relationship of

the isolate (LLGS1)

identified during this

investigation by

immunodiffusion (a) and
Western blot (b), with the

known serum of a human

patient diagnosed with

paracoccidioidomycosis

(PCM) and the reference

strain (B-339) of P.

brasiliensis
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appreciated if the following are considered: (1) the

relatively few cases of canine PCM diagnosed with

regards to the large volume of canine submissions for

necropsy and/or histopathology evaluated annually by

veterinary pathologists throughout Latin America, and

(2) the frustrated attempts to reproduce this disease in

dogs [26]. Further, the pathologists involved in this

study had no problem with the cytological identifica-

tion of the fungal organisms and confirmed the

diagnosis by molecular and serological assays. There-

fore, the identification of canine PCM should not be a

diagnostic challenge to trained veterinary patholo-

gists, since the organism is readily identified in routine

histological and/or cytological preparations [42], even

though these are not highly sensitive diagnostic

methods [44]. Collectively, the proposed theory and

the reduced number of cases of PCM identified in dogs

would then, at least in part, explain the paucity of cases

of canine PCM; therefore, dogs might simply be the

incidental (dead-end or accidental) hosts in the

epidemiological cycle of this organism and be resis-

tant [5] to the development of clinical disease

associated with P. brasiliensis, even though they can

be serologically reactive. Further, the possibility of

canine PCM being transmitted to other dogs and

humans has never been documented; in the case herein

described, as was well as in the other two descriptions

of canine PCM [33, 34], other dogs and humans were

in contact with the animals that developed the disease,

but these were asymptomatic. Moreover, transmission

of PCM between an infected individual to contact

persons was never demonstrated [4].

During this investigation, the dog was administered

a therapeutic protocol that consisted of itraconazole

(10 mg/kg, 12/12 h) and other supportive therapy,

which resulted in reduction in lymph node enlarge-

ment after a period of 5 months; this fungal drug was

also efficient in the therapy of another case of canine

PCM [34]; both of these dogs recovered after therapy.

However, the use of ketoconazole in canine PCM

controlled the clinical manifestations but resulted in

remission after 18 months, with subsequent euthana-

sia [33]. Therefore, when PCM is suspected in dogs,

the treatment of choice seems to be itraconazole; this

is also the preferred drug for human PCM [4].

In conclusion, P. brasiliensis was identified by a

combination of cytological, mycological, serological,

and molecular diagnostic techniques in a dog that had

lymphadenopathy. This case represents the third

confirmation of clinical PCM in dogs. The role of

dogs in the maintenance of P. brasiliensis is poorly

understood. However, this specie of domestic animal

seems to be resistant to infection by this fungal

pathogen or might be a terminal or accidental host that

does not easily demonstrate clinical manifestation of

PCM even when there is serological evidence of the

disease agent.
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