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Abstract

This report presents the pathologic findings associated with disseminated infection due to Cladosporium halotolerans
in a dog that was simultaneously infected with canine adenovirus-1 (CAdV-1) and canine parvovirus-2 (CPV-2). A
12-year-old, mixed breed dog, with a clinical history of neurological manifestations was submitted for routine
autopsy due to poor prognosis. The principal pathologic findings were mycotic necrotizing nephritis, hepatitis, and
splenitis with embolic dissemination to the brain resulting in mycotic necrotizing meningoencephalitis, ventriculitis,
choroid plexitis, and obstructive hydrocephalus associated with intralesional and intravascular septate pigmented
fungi. PCR and sequencing of the ITS region of fungi revealed that the intralesional fungal organisms had 82%
nucleotide identity with members of the Cladosporium sphaerospermum complex of organisms. However, a PCR
assay and sequencing of the beta tubulin gene confirmed that the organism identified in this dog had 100%
nucleotide sequence identity with C. halotolerans. Using immunohistochemistry, intralesional antigens of CAdV-1
were identified within the epithelial cells of the liver and lungs; there was positive immunolabeling for CPV-2
antigens in degenerated cardiomyocytes. These findings confirmed the active participation of C. halotolerans in
the development of disseminated cladosporiosis in this dog and represent a rare occurrence of concomitant infection
with CAdV-1 and CPV-2.
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Introduction

Melanized fungal infections (MFI) are mycotic infectious dis-
eases caused by darkly pigmented or dematiaceous fungi [1,
2], that produce disease in human and animals [3, 4]. The
fungal disease pathogens associated with MFI include mem-
bers of the genera Capnodiales, Dothideales, Pleosporales,
Chaetothyriales, Microascales, Sordariales, and
Calosphaeriales [2, 3]. These pathogens produce several clin-
ical syndromes including cutaneous and deep localized infec-
tions, pulmonary, encephalitic, and disseminated diseases
[1-3], allergic infections [2, 3], and keratitis [1] in immuno-
competent and immunocompromised individuals [5]. Of these
syndromes, disseminated MFI is considered as uncommon in
human medicine [1, 3], with infections being predominant in
immunocompromised individuals [3], but persons without
any demonstratable immunodeficiency or risk factors have
also been infected [2, 6]. Although an extensive review of
disseminated MFI identified only 72 published cases [6], these
infections have increased over the years, especially in solid
organ transplants, particularly kidney transplants.

Reports of MFI described in veterinary medicine are
predominant in the dog [7-12], cat, [7, 13—16] and horse
[17-19], with sporadic reports in the sheep [20], and a
wide range of wildlife and aquatic animals [4, 21]. An
excellent review of MFI in animals can be consulted [4].
Infections due to pigmented fungi are considered as emerg-
ing opportunistic infectious diseases of animals [4], and the
predisposing factors contributing to these infections in an-
imals included ehrlichiosis [22], canine distemper virus,
CDV [7], parasitic infections [21], fluid accumulation
and altered flora of the infected uterus [19], environmental
pollution, environmental changes [23], and stress-related
conditions [4, 19, 23]. However, most reports of MFI in
domestic animals [8, 9, 11-13, 15-19, 24] did not describe
concomitant infections. This report describes the rare oc-
currence of disseminated cladosporiosis with simultaneous
infections due to canine adenovirus-1 (CAdV-1) and ca-
nine parvovirus-2 (CPV-2) in a dog.

Material and methods
Location, clinical history, and autopsy

In late May 2017, a 12-year-old, female, mixed-breed dog
with a clinical history of circular movement, muscular weak-
ness of the left thoracic limb, and hyporexia was seen at the
Veterinary Teaching Hospital, Universidade Estadual de
Londrina (VTH-UEL), Parand, Southern Brazil. This dog
was from the outskirts of the neighboring city of Cambé and
was maintained in a home with a yard space that contained a
small garden. Additionally, the dog lived approximately
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300 m from a grass turf producer. The dog was initially med-
icated with prednisolone (0.5 mg/kg, BID) and sent home;
1 week thereafter, the dog returned to the VTH-UEL with
improved clinical condition and the medication was main-
tained. Two samples of the cerebrospinal fluid (CSF) were
collected for laboratory analysis in an interval of 3 weeks:
the first during the initial visit (day 1) and the other 3 weeks
later (day 21). Additionally, a serum sample was collected at
day 1 for the serological detection of Toxoplasma gondii and
Neospora caninum. However, on the third visit 2 weeks later,
the condition of the dog worsened and deteriorated rapidly
thereafter; the serological assays were negative for both pro-
tozoan disease pathogens. Due to a poor prognosis, the owner
elected for euthanasia and a routine autopsy was solicited to
investigate the cause of the clinical disease.

Autopsy was done soon after death; tissues sections
from the brain, liver, lungs, kidneys, myocardium, spleen,
and small intestine were fixed by immersion in 10% buft-
ered formalin solution and routinely processed for histo-
pathologic evaluation with the hematoxylin and eosin
stain. Selected formalin-fixed paraffin-embedded (FFPE)
tissues sections of the lungs, brain, liver, myocardium,
and small intestine were processed for immunohistochem-
ical (IHC) analysis. Duplicate sections of these FFPE tis-
sues sections were used in histochemical staining tech-
niques to identify possible fungal and/or bacterial organ-
isms. These histochemical techniques included the Gomori
methenamine-silver (GMS) and Fontan-Masson (FM) for
fungal organisms, and the Gram stain for bacteria.
Additionally, sections of the cerebrum and kidney were
maintained at — 80 °C until used for molecular testing.

Molecular characterization of Cladosporium spp.

Fungal DNA was extracted from frozen sections of the cere-
brum and kidney by using the commercial kit Qiagen DNeasy
blood & tissue kit (Qiagen Sample & Assay Technologies,
Hilden, Germany) and then subjected to PCR assays that the
Internal Transcribed Spacer (ITS) 1 and 2 regions by using the
universal ITS 1 and 4 primers [25] and a partial fragment of
the beta-tubulin gene [26]. Positive controls consisted of fun-
gal DNA from a previous study [27]. 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. The obtained sequences
were examined with the PHRED software for quality analysis
by chromatogram readings and were accepted if the base qual-
ity was equal to or higher than 20. Consensus sequences were
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then obtained by using the CAP3 software. The obtained se-
quences from the PCR assays were compared by using the
Basic Local Alignment Search Tool (BLAST) program
(http://www.ncbi.nlm.nih.gov/BLAST) with similar
sequences deposited in GenBank and with the pairwise
sequence alignment software (http://www.westerdijkinstitute.
nl) of the CBS fungal collection.

Immunohistochemical detection of viral pathogens
of dogs

Selected FFPE tissue sections of the cerebrum, liver, lungs,
and myocardium were used in immunohistochemical
(IHC) assays designed to detect antigens of canine distem-
per virus (CDV; VMRD, WA, USA), canine adenovirus-1
(CAdV-1) and canine adenovirus -2 (VMRD, WA, USA),
and canine parvovirus-2 (CPV-2; VMRD, WA, USA) as
described [28]. Canine distemper was investigated since
this is the principal cause of neurological disease and mor-
tality in urban dogs from Brazil [29, 30]. Positive controls
consisted of FFPE tissues from previous studies known to

Fig. 1 Gross findings associated
with disseminated
phaeohyphomycosis in a mixed-
breed dog. Observe the black-
green accumulation within the
medullary and the white sub-
stance at the pelvic regions of the
left kidney (a) and the nodule at
the spleen (b). There are multifo-
cal to coalescing necrotic regions THI|
at the sectioned surface of the ’ ‘”“”
liver (c). Observe two green-black 21
areas at the frontal lobe of the ce-
rebrum (d). Transversal sections
of the brain demonstrating the
extension of the black-green ne-
crotic (N) regions, which extend-
ed from the left frontal lobe (e) to
the caudal part (f) of the brain (R,
right; L, left). There is mild dila-
tion of the left lateral ventricle
(Lv) due to the accumulation of
necrotic material; necrotic debris
was also observed in the third
ventricle (Tv). Scale in
centimeters

L

I
22 23

contain the antigens of these infectious disease pathogens
[27, 28, 31]; negative controls consisted of the diluent of
the primary antibodies which substituted each primary an-
tibody in the IHC assays. Positive and negative controls
were included in each IHC assay.

Results

Gross, cytological, histopathologic, and histochemical
findings

The principal gross findings were observed in the kidneys,
lungs, liver, spleen, and brain. Significant gross renal lesions
included marked accumulation of a black-green material at the
medullar region and a whitish substance at the pelvis of the
left kidney (Fig. 1a); while there was a focal dark-green nod-
ule (0.3 cm in diameter) at the cortical-medullary junction of
the right kidney. There were two greenish nodules (0.8 cm in
diameter) at the spleen (Fig. 1b) that extended into the sec-
tioned surface. Several similar colored areas were observed at
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the capsular and sectioned (Fig. 1¢) surfaces of the liver. There
was marked flattening of the gyri with narrowing of sulci and
two green-black regions were observed at the left frontal lobe
of the cerebrum (Fig. 1d). The sectioned surface of the cere-
brum revealed severe cerebral necrosis that extended from the
frontal lobe to the caudal part of brain (Fig. le, f). Cerebral
necrosis was predominant at the left side of the cerebrum,
increased in extension and severity as the cerebrum was sec-
tioned caudally and affected both the white and gray matter.
Moreover, there was mild dilation of the left lateral ventricle
due to the accumulation of darkened necrotic material, which
also obstructed the third ventricle. Cerebral edema was

Fig. 2 Cytological and
histopathologic findings
associated with disseminated
phaeohyphomycosis in a mixed-
breed dog. Cytological smear
from the splenic nodule revealed a
septate fungal organism (a).
Observe large accumulations of
pigmented fungi (arrows) at the
medullar region of the kidney
admixed with cellular debris (b,
¢). There is massive hepatic ne-
crosis (d) associated with
intralesional-pigmented septate
fungal hyphae (e). Observe severe
cortical necrosis of the cerebrum
(f) associated with intralesional
pigmented septate fungal hyphae
(g), and invasive vasculitis and
thrombosis associated with
intervascular accumulations of
pigmented fungal hyphae (black
arrows) within the severely
destroyed wall (red arrows) of the
vessel (h). Panoptic stain, a; he-
matoxylin and eosin stain, b—h.
Bar, a, 20 um; b, ¢, e, f, and g,
50 um; d and f-h, 500 pm
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observed adjacent to the necrotic zones. The cerebellum was
not affected; a transverse section through the head did not
reveal any lesion at the nasal cavity.

Cytological analysis revealed branching septate hyphae
from smears of the lesions of the liver and the nodules of
the spleen (Fig. 2a). Histopathology revealed severe exten-
sive renal cortical necrosis associated with intralesional
accumulations of septate pigmented hyphae (Fig. 2b, c).
Fungal hyphae demonstrated fine budding with diameter
varying between 2.1 and 3 um. There was massive hepatic
necrosis (Fig. 2d, ¢) that affected most of the hepatic pa-
renchyma associated with intralesional septate pigmented
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fungi. Two principal lesions were observed at the cerebral
cortex: severe extensive cortical necrosis and multifocal
meningoencephalitis (Fig. 2f, g); in both lesions there were
severe vasculitis and mycotic thrombosis associated with
intralesional fungal hyphae (Fig. 2h); mycotic thrombosis
was also observed in the kidney and liver.

Moreover, severe mycotic ventriculitis (Fig. 3a, b) was
identified due to the intraventricular accumulations of myriads
of pigmented septate fungal hyphae admixed with tissue de-
bris, fibrin, and either accumulations of degenerated neutro-
phils or macrophages, or mixtures of both cells at the left
lateral ventricle and third ventricles. Consequently, there was

Fig. 3 Histopathologic and
histochemical findings associated
with mycotic ventriculitis and
choroid plexitis in a mixed-breed
dog. Mycotic ventriculitis: ob-
serve the dilated lateral ventricle
(V) and severe accumulations of
pigmented fungal septate hyphae
(a); closer view showing the
myriad of pigmented hyphae
admixed with neutrophils and
macrophages (b). Mycotic necro-
tizing choroid plexitis: there is
severe necrosis of the stroma and
ependymal cells of the choroid
plexus (CP) within the lateral
ventricle (V) of the brain (a).
Closer view of the choroid plexus
demonstrating a mycotic throm-
bosis at the stroma (S) of the
choroid plexus; observe intravas-
cular fungal hyphae (black ar-
rows) within the stroma and a
capillary (white arrows) of the
choroid plexus (d). There is de-
struction of the ependymal mem-
brane (Ep) and accumulations of
fungal hyphae within a capillary
(¢) and the stroma of the choroid
plexus (e). There are pigmented
fungal organisms (black arrows)
within the necrotic wall of the
ependymal membrane (f), and
within a microabscesses (g), and
hemorrhage of the cerebrum (h).
Hematoxylin and eosin stain, a—
d, f~h; Gomori methenamine-
silver histochemical stain, e. Bar,
a, ¢, 200 um; b, d, e, g, and h,
50 um; £, 20 um

obstructive mycotic hydrocephalus of the lateral ventricle.
The ependymocytes lining the ventricles and the choroid plex-
us (CP) were severely affected, being either necrotic or
degenerated; in some areas, pigmented fungal hyphae
transfixed the disrupted ependymal membrane of the CP and
ventricles. Furthermore, there was severe mycotic necrotizing
choroid plexitis and mycotic thrombosis of capillaries associ-
ated with intralesional septate pigmented fungi within the stro-
ma of the CP at the lateral and third ventricles (Fig. 3c, e).
Several capillaries within the CP were slugged with
pigmented fungal hyphae, admixed with neutrophils, tissue
debris, and red blood cells. In addition, there was
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marginalization of leukocytes across the damaged capillary
wall within the CP and destruction of the ependymal layer
with intraluminal accumulations of pigmented fungal organ-
isms (Fig. 3f). At the neuropil adjacent to the ventricles, there
were severe accumulations of septate brown-colored fungal
hyphae, foci of mycotic vasculitis and thrombosis particularly
affecting small vessels, microabscesses due to the accumula-
tions of neutrophils with intralesional fungal hyphae (Fig. 3g),
cerebral hemorrhage with intralesional septate pigmented fun-
gal hyphae (Fig. 3h), and tissue pallor. Moreover, accumula-
tions of septate pigmented fungal hyphae were observed at the
neuropil distant from the ventricles.

Fig. 4 Histochemical,
cytological, and
immunohistochemical findings of
disseminated
phaeohyphomycosis in a dog with
simultaneous infections by canine
adenovirus-1 (CAdV-1) and ca-
nine parvovirus-2 (CPV-2).
Observe intralesional accumula-
tions of septate fungal hyphae in
the liver (a), kidney (b), and the
cerebral cortex (c). There is vas-
cular invasion of septate hyphae
(black arrows) within the dam-
aged vein (white arrow) of the
cerebral cortex (d). Cytological
evaluation of the cerebrospinal
fluid revealing elevated number
of fungal organisms (e).
Immunohistochemical identifica-
tion of antigens of CAdV-1
(arrows) within epithelial cells of
mixed glands of the lungs (f) and
epithelial cells of bile ducts within
the liver (g). There is positive
immunolabeling for antigens of
CPV-2 (arrows) within
degenerated cardiomyocytes of
the myocardium (h). Gomori
methenamine-silver histochemi-
cal stain, a—d; panoptic stain, e;
immunoperoxidase counter-
stained with hematoxylin, f-h.
Bar, a—d, f-h, 50 um; e, 10 um
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All hyphae within the tissues evaluated demonstrated sim-
ilar morphological characteristic as those observed in the kid-
ney. In other regions of the liver, distant form the massive
necrotic zones, there were foci of hepatocellular necrosis and
paracentral areas of dilated hepatocytes suggestive of
intracytoplasmic accumulations of glycogen. Other significant
pathologic lesions were necrotizing bronchiolitis; rare, small
nodules in the lung containing intralesional septate pigmented
hyphae and foci of mild degeneration of cardiomyocytes.

The GMS histochemical stain easily identified intralesional
fungal hyphae within the liver (Fig. 3a), kidney (Fig. 4b),
brain (Fig. 4c), lung, and spleen of this dog; loose
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conidiophores (3—4.7 um in diameter) were observed forming
chain-like structures and there was clear confirmation of vas-
cular invasion by septate fungal hyphae in the cerebral cortex
(Fig. 4d), kidney, and liver. Bacteria were not identified by the
Gram stain in any of the tissues evaluated.

Intralesional branching septate hyphae were more readily
visualized with the FM histochemical stain relative to the
GMS and HE stains; with this technique, hyphae were stained
brown and easily identified within sections of the brain, liver,
and kidney. These septate hyphae were observed within areas
of cerebral necrosis (Fig. 5a, b) and invasive fungal vasculitis
(Fig. 5¢), and more readily appreciated with this histochemi-
cal. Additionally, myriads of intralesional fungal hyphae were
identified within the sections of the affected liver (Fig. 5d—f),
and in invasive fungal hepatitis (Fig. 5f).

Clinical laboratory findings

Clinical evaluation of the CSF of the dog collected during the
first visit (day 1) revealed marked increased in the protein
concentration (124.9 mg/dL; physiological range, 10-27 mg/

Fig. 5 Histochemical
identification of intralesional
septate fungal organisms in a dog
with disseminated cladosporiosis.
Observe intralesional pigmented
fungi (black arrows) in the brain
(a, b), and within an artery of the
cerebrum (¢). There are numerous
accumulations of intralesional
fungi in the parenchyma (black
arrows) and within (white arrows)
the affected central lobular vein
(CLV) of the liver. Closer ap-
proximation (e and f) to demon-
strate the intralesional fungal or-
ganisms within the liver. Fontana-
Masson stain; bar, a, d, 200 pum;
b, f, 20 um; ¢, e, 50 pm

dL) with severe neutrophilic (23/mm?; physiological range,
rare) and monocytic (38/mm?; physiological range, 0—6/
mm®) pleocytosis; bacteria and other infectious agents were
not identified (Table 1). However, at day 21, there were sig-
nificant increases in the protein content (5.2x threshold in-
crease), and in neutrophilic (4.9x threshold increase) and
monocytic (10x threshold increase) pleocytosis. Large accu-
mulations of budding fungal organisms (Fig. 4e) admixed
with foamy macrophages were observed in the CSF at day
21, but bacteria were not identified. These fungal structures
were rounded to elliptical, varied from 2.9 to 5 um in diame-
ter, demonstrated fine-necked budding, and formed short
chain-like structures.

Immunohistochemical detection of antigens
of CAdV-1 and CPV-2

Antigens of CAdV-1 were observed within the epithelial cells
of the mixed glands adjacent to pulmonary bronchi (Fig. 4f)
and within epithelial cells of bile ducts of the liver (Fig. 4g)
within areas of hepatocellular necrosis. Moreover, there was
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Table 1 Physical and biological

characteristics of the analysis of Physical and biological properties Day 1 Day 21 Reference values
the cerebrospinal fluid during an
interval of 21 days Color Colorless Colorless Colorless
Aspect Limpid Slightly turbid Limpid
Density 1006 1012 1004-1006
Glycose (mg/dL) 51 45 60-80% (serum)
Protein (mg/dL) 124.9 650.1 10-27
Red blood cells (/mm?>) 1 1 0
Nucleated cells (/mm?>) 69 507 3-6
Neutrophils (/mm?>) 23 112 Rare
Lymphocytes (/mm?>) 8 0 0-6
Monocytes (/mm®) 38 395 0-6
Bacteria Absent Absent Absent

positive immunolabeling for antigens of CPV-2 in
degenerated cardiomyocytes (Fig. 4h). Antigens of CDV and
CAdV-2 were not identified in any of the tissues evaluated.

Molecular identification of Cladosporium complex
of organisms

The ITS primers amplified the desired partial fragments (417
base pairs, bp) of the ITS 1 and 2 regions of fungi. Blast
analyses revealed that the sequences derived from this study
demonstrated 82% nucleotide identity with several members
of'the Cladosporium sphaerospermum complex of organisms,
including Cladosporium sp. strain RKSG471 (MH491831.1),
Cladosporium sphaerospermum isolate HB (MH481610.1),
Cladosporium sphaerospermum isolate 201805257-1
(MH424453.1), and Cladosporium sphaerospermum strain
WLS5-1A (MF422149.1). Additionally, the CBS pairwise
alignment revealed that the sequence from this study had
81.1% similarity with the Cladosporium sp. isolates
(SH216250.07; FU AY 699677 and SH216250.07; FU
KUS579979) deposited in the CBS database.

However, the beta-tubulin PCR amplified a 388 bp frag-
ment of the beta-tubulin gene from frozen tissue fragments of
the brain and kidney of this dog. BLAST analysis revealed
that the sequence derived from this study had 100% nucleo-
tide sequence identity with examples isolates of
Cladosporium halotolerans (EF101422.1; KT253236.1) de-
posited in GenBank. Furthermore, the sequences derived from
this study are deposited in GenBank (ITS, Accession #
MH667606; Beta-tubulin, MK533454).

Discussion
The histopathologic findings of pigmented septate hyphae

in several organs of this dog support a diagnosis of dissem-
inated MFI, since confirmation of MFI is based on the
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histological identification of pigmented/dematiaceous
intralesional hyphae [4, 32]. Moreover, most of the lesions
observed in this dog were previously identified in other
domestic animals with MFI [10, 11, 14, 15, 19].
Confirmation that the dematiaceous mold involved in this
case is part of the Cladosporium complex of organisms
was achieved due to PCR assay with direct sequencing
resulting in elevated nucleotide identity with known mem-
bers of the C. sphaerospermum species complex; this
methodology is recommended to effectively characterize
the type of pigmented fungi associated with the develop-
ment of MFI [1, 4, 6]. However, despite this similarity, we
were unable to determine the exact species of
Cladosporium associated with the disseminated disease in
this dog. Nevertheless, the best match during the BLAST
and CBS analyses suggested that the intralesional fungal
hyphae associated with the disseminated disease are part of
the C. sphaerospermum complex of organisms. However,
the beta-tubulin PCR indicated that the isolate derived
from this study had 100% nucleotide sequence identity
with C. halotolerans. Consequently, the molecular investi-
gation confirmed that this dog was infected by
C. halotolerans. The molecular identification of
Cladosporium organisms can be difficult considering that
new members of this genus are continually identified in
association with infectious disease of humans and animals
[33]. A study done in the USA revealed that 40% (37/92)
of filed isolates were identified only at the genus level by a
combination of several target genes [34]; these authors
suggested that the unidentified isolates could have been
unclassified/new linages of Cladosporium, considering
that there are 169 species that are considered as true mem-
bers of the Cladosporium complex of organisms [35]. In
this case, a complete molecular characterization was only
achieved after the utilization of a PCR assay that targeted a
specific gene. Consequently, several genes must be
targeted to effectively identify the species of
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Cladosporium involved in the development of disease in
domestic animals.

The mixed pleocytosis (neutrophilic and monocytic) ob-
served during the evaluation of the CSF of this animal is
frequently identified in dogs with neurological manifestations
of cryptococcosis [36], and sporadically in other disease such
as canine blastomycosis [37]. Nevertheless, pleocytosis due to
mycotic infections in domestic animals may not be frequently
diagnosed. A similar scenario seems to occur in human med-
icine, since a retrospective study that evaluated 1,058 CSF
samples only identified fungal pleocytosis in seven of these
[38]. Additionally, fungal organisms were only identified dur-
ing the second evaluation of the CSF; mycotic invasion of the
CSF in dogs were described in infections due to Xylohypha
bantiana [22] and Blastomyces dermatitidis [37]. However, it
seems as if though most fungal organisms other than members
of the Cryptococcus complex are not commonly observed
during the CSF analysis of domestic animals [36, 39]. We
believe that in this case, the absence of fungal organisms dur-
ing the first evaluation of the CSF was probably because the
infection with associated cerebral necrosis was initially local-
ized at the frontal lobe; in humans, cerebral cladosporiosis
predominantly affects the frontal lobe [40—42]. We theorize
that infection spread rapidly to the caudal portions of the ce-
rebrum resulting in mycotic meningoencephalitis with vascu-
litis and thrombosis, mycotic obstructive ventriculitis and hy-
drocephalus, considering the anatomical features of the ven-
tricular system [43]; mycotic thrombosis as occurred in this
dog is a prominent feature of Cladosporium-associated brain
disease in humans [41]. Impairment to the ventricular system
then facilitated the accumulation and consequent identifica-
tion of fungal organisms within the CSF 21 days after the
onset of cerebral disease. Alternatively, it was proposed that
in cryptococcal encephalitis fungal proliferation occurs pre-
dominantly in the neuropil and not the CSF, and the elevated
accumulations of cryptococcal organisms in the CSF may be
associated with the spill over effect from cryptococcal menin-
gitis and encephalitis [43]; consequently, this mechanism may
explain the elevated concentration of fungal organisms in the
CSF of this dog, due to the anatomical connections of the
ventricular system of the brain [43]. Supporting evidence for
the delay in fugal identification in the CSF can be associated
with the significant increase in the threshold of pleocytosis
and protein concentration during the 21 day period; since el-
evation in CSF protein concentration is associated with severe
inflammation and destruction of the neuropil [39], as observed
in this dog. Moreover, obstructive hydrocephalus is frequently
fatal and results in rapid deterioration of the clinical status of
the affected animal [36], as occurred in the case herein de-
scribed, and is a frequent manifestation of human encephalitic
cladosporiosis [41].

Although we have not identified other cases of mycotic
ventriculitis associated with the Cladosporium complex of

organisms in domestic animals, human cerebral
cladosporiosis is a rare disease with predilection for the frontal
lobe resulting in meningitis, ventriculitis, and obstructive hy-
drocephalus [41]. Nevertheless, mycotic ventriculitis in do-
mestic animals was associated with infections due to
B. dermatitidis in the dog [36, 37, 44] and Cryptococcus
neoformans v. grubii in ruminants, [45, 46] which were con-
firmed by diagnostic imaging [37] and routine autopsy with
histopathologic evaluations [44-46]. Blastomycosis
ventriculitis in dogs is considered as the manifestation of a
systemic disease [36], with associated lesions occurring in
the lungs, pituitary gland, and lymph nodes [44].
Additionally, in both cases of cryptococcal ventriculitis, there
were disseminated involvement at several anatomical regions
of'the brain [45, 46], with associated pulmonary disease in one
of these ruminants [46]. In the case herein described,
cladosporiosis was systemic. Although there are few cases
of mycotic ventriculitis in domestic animals, initial evidence
suggests that this lesion may be part of a systemic disease.
Another interesting finding during this study was mycotic
choroid plexitis with vasculitis and thrombosis associated
with disseminated infection due to intralesional
C. halotolerans. Although similar descriptions of mycotic
choroid plexitis were not located in the veterinary literature,
vasculitis was described in previous cases of MFI in domestic
animals [9, 11, 20, 47]. The choroid plexuses are formed by
epithelial cells, are located within the four ventricles of the
brain, and have as their primary function the production of
CSF [48]; therefore, accumulations of fungal organisms with-
in the CSF is dependent on the integrity of the ependymal cells
of the CP. Even though fungal choroid plexitis was associated
with infection due to Cryptococcus organisms in humans [49,
50], the participation of the blood-CSF barrier (BCSFB),
formed by the epithelial cells of the CP, in the dissemination
of fungal organisms to the brain was considered insignificant
[48]. Alternatively, destruction to the blood-brain barrier
(BBB) is more frequently associated with invasion of fungal
organisms to the brain [48]. However, during this study, there
was multifocal mycotic thrombosis and vasculitis of capil-
laries within the CP and destruction of the ependymal layer
due to intralesional fungal hyphae, so the participation of the
BCSFB in the dissemination of fungal organisms in this case
cannot be totally disregarded; vasculitis and thrombosis were
also described in human cryptococcal choroid plexitis [49].
The exact route of infection in this dog remains obscure,
since pulmonary involvement was minimal, and lesions were
not observed at the nasal cavity. This suggests that infection
did not occur via inhalation, which is one of the main forms of
contamination by pigmented molds [3]. Inhalation would
have been the more likely form of entry in this case, consid-
ering that the dog inhabited a yard space, lived within the
proximity of a grass turf dealer, and that Cladosporium mem-
bers are environmental contaminants [35]. Additionally,
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C. halotolerans was previously identified from several human
body tissues, the skin of a marine mammal [34], as well from a
saline solution [33], and was one of the most frequent fungal
organisms identified within damp buildings [51].
Nevertheless, we believe that the lesions observed in this
dog were primarily renal and hepatic, with subsequent en-
cephalitic dissemination after destruction of the BBB [48§],
and possibly to a lesser extent the BCSFB. Lesions to both
blood barriers were easily identified due to mycotic thrombo-
sis and vasculitis of the neuropil and the CP, confirming an
invasive fungal infection [52]. Non-pulmonary involvement,
as herein described, was reported in other cases of MFI in
domestic animals [7-11, 53]. Additionally, several reports of
MEFTI in domestic animals [8—10], have suggested hematoge-
nous dissemination to the brain after renal colonization as the
probable form of encephalitic involvement, and may have
occurred in the case under discussion. Subcutaneous invasion
due to trauma is another principal via of infection in MFT [3],
but no history of trauma was reported by the owner of this dog
and traumatic lesions were not observed during autopsy.
However, cutaneous invasion seem to be the primary form
of contamination in cases of human cerebral cladosporiosis
[41] and MFT of animals [23].

During this investigation, there were concomitant infec-
tions with CAdV-1 and CPV-2 due to consistent pathologic
alterations associated with the intralesional identification of
antigens of these disease agents in tissues of this dog, thereby
resulting in triple infections. We have frequently diagnosed
concomitant infections in puppies [27, 28, 31]; in one study,
a puppy was infected by five infectious disease pathogens
[31], while in another investigation four puppies were simul-
taneously infected by four pathogens [28]. Concomitant infec-
tions in puppies occur probably due to the immature immuno-
logical system of these animals, so the advanced age of this
dog might have contributed towards the occurrence of the
simultaneous infections in this case. Although the viral path-
ogens identified in this adult dog are not recognized as classi-
cal immunosuppressive agents, CPV-2 produces lymphopenia
and subsequent immunosuppression in dogs [54], and may
have contributed to the development of MFI in this animal
and should be considered as a possible risk factor for the
occurrence of MFI; additional risk factors were identified in
animals with MFI [7, 19, 21, 22]. It must be highlighted that
CDV is a well-known immunosuppressive agent of dogs, but
lesions or antigens of CDV were not identified in any tissue
evaluated. Alternatively, risk factors [42] or pre-existing de-
bilitating conditions [40] were not identified in most human
patients with cerebral cladosporiosis; encephalitic MFI occurs
predominantly in immunocompetent individuals [3, 5].
Additionally, a review of published cases of human cerebral
MFI revealed that 51.5% (52/101) of these had no associated
risk factor [5]. Therefore, the advanced age of the dog coupled
with the immunosuppressive effects of CPV-2 [54] may have
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contributed towards the development of the triple infections
observed in this animal. Moreover, the melanin that is
contained in the wall of all pigmented fungi can act as viru-
lence factor in the development of MFI particularly in immu-
nocompetent individuals [2, 3, 5], by evading the immune
system of the affected host [5], and may be another key issue
to explain the surgence of the multiple diseases in this dog.

Additionally, intralesional pigmented fungal hyphae were
more easily identified with the FM staining technique when
compared with the GMS histochemical stain and the routine
HE technique. The FM stain is recommended for the identifi-
cation of pigmented fungal organisms, since this technique
identifies melanin that is contained within the wall of
dematiaceous fungi and imparts a characteristic black to
brown color to the intralesional fungal hyphae [2, 32, 55]. In
this case, fungal hyphae were visualized by the HE and GMS
methods and in association with the related molecular results
would have been adequate to obtain a diagnosis of dissemi-
nated dematiaceous infection [32]. However, in the absence of
molecular confirmation, the FM stain must be used to effi-
ciently identify pigmented fungi, since melanin is also within
the wall of additional fungal organisms such as Aspergillus
spp. [2], Mucorales spp., and Trichosporon spp. [2, 32], and
consequently can result in inaccurate histopathologic
interpretations.

In conclusion, this paper describes the pathologic findings
associated with disseminated cladosporiosis in a dog
coinfected with CAdV-1 and CPV-2. The via of contamination
and consequent development of canine cladosporiosis remains
obscure, but the pathologic findings suggest hepatic and renal
colonization with subsequent haematogenous encephalitic
dissemination via mycotic thromboembolism.
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