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CASE I:

Signalment:
Adult female Norwegian Fjord horse (Equus
caballus)

History:

This horse was born near Hanover, Germany.
It was kept solely in northern Germany and
has never been abroad. It was presented to the
local veterinarian due to lameness. During the
clinical examination, the veterinarian detected
multiple cutaneous nodules. Two representa-
tive samples (elbow and periorbital skin) were
surgically excised, fixed in 10% formalin, and
submitted for histological examination.

Gross Pathology:

In both samples, the haired skin showed focal
alopecia, focal ulceration, and poorly demar-
cated lumps with a size of up to 1.2 cm in di-
ameter.

Laboratory Results:

Genome fragments of Leishmania sp. were de-
tected in the cytoplasm of multinucleated gi-
ant cells and macrophages using in situ hy-
bridization.

Microscopic Description:

Haired skin: The superficial and deep dermis
shows a multifocal to coalescing periadnexal
and a multinodular to coalescing severe in-
flammatory cell infiltrate consisting of myriad

Figure 1-1. Haired skin, horse. A submitted
section of skin contains coalescing inflamma-
tory nodules within the dermis. (HE, 5X)

macrophages admixed with low to moderate
numbers of plasma cells and lymphocytes, as
well as single eosinophilic granulocytes. Ran-
domly distributed throughout the whole le-
sion, there are multinucleated giant cells with
a size of up to 50 pm in diameter, containing
up to 10 predominantly peripherally located
nuclei (Langhans type). Occasionally in the
extracellular space, but predominantly and
frequently within the cytoplasm of macro-
phages, there are multiple protozoal structures
(amastigotes) with a diameter of 2 to 3 um of-
ten surrounded by a clear halo suggestive of a
clear parasitophorous vacuole. The round or-
ganisms are characterized by a clear cyto-
plasm and a single eccentric nucleus of ap-
proximately 1-2 pm diameter. Furthermore, in
the superficial dermis, fibroblastic connective
tissue is moderately hyperplastic. In addition,
low numbers of macrophages with brown-
black intracytoplasmic pigment are present in
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numbers of lymphocytes scattered throughout, often in aggregates. Macrophages contain multiple
round protozoal amastigotes within their cytoplasm. (HE, 381X)

the subepidermal tissue (pigmentary inconti-
nence). Occasionally, hair shafts and seba-
ceous glands are missing.

Contributor’s Morphologic Diagnosis:
Haired skin: Dermatitis, chronic, severe, fo-
cally extensive, periadnexal to diffuse, granu-
lomatous, with multinucleated giant cells
(Langhans type) and intrahistiocytic protozoal
amastigotes, equine.

Contributor’s Comment:

Leishmaniasis is a globally occurring infec-
tious disease in humans and animals caused by
obligate intracellular protozoan parasites of
the genus Leishmania. The disease is endemic
in Southern Europe, North Africa, South and
Central America, and Asia.' In Europe, it oc-
curs mainly in the Mediterranean region. Due
to increased travel activities with companion
animals, the number of animals infected with
Leishmania sp. in Northern Europe has in-
creased. Additionally, since the 1980s, the

sandflies that transmit leishmaniasis have in-
creasingly appeared in Northern Europe, espe-
cially in Germany, possibly due to climate
change."® This has initiated the discussion
about the occurrence of autochthonous cases
of leishmaniasis in Europe north of the Alps.’

Leishmania sp. require both arthropods and
vertebrates for their development. Sandflies
such as Phlebotomus sp. and Lutzomyia sp.
play an important role as vectors of Leishma-
nia sp. in Europe and South and Central Amer-
ica.! The amastigote form of Leishmania sp. is
found in the cells of the mononuclear phago-
cyte system of vertebrates, predominantly in
liver, spleen, bone marrow, and lymph nodes.
Occasionally, the organisms are detected in
other leukocytes, endothelial cells, fibroblasts,
and neoplastic cells.>!® After ingestion of
macrophages containing Leishmania amas-
tigotes by a female arthropod during a blood
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Figure 1-3. Haired skin, horse. Amastigotes are
characterized by a clear cytoplasm and a single
eccentric nucleus of approximately 1-2 um di-
ameter. (Photo courtesy of: Department of Pa-
thology, University of Veterinary Medicine,
Hannover, Buenteweg 17, 30559 Hannover,
Germany. http://www.tiho-hannover.de/ klin
iken-institute/institute/institut-fuer-patholo-

gie)(HE, 600X)

meal, the amastigotes are transformed into
promastigotes in the intestine and subse-
quently enter the biting mouthparts of the ar-
thropod.'>!® Transmission of the pathogen
through either mechanical vectors such as
bloodsucking insects and ticks or a direct and
vertical transmission has also been re-
ported.&-!118

There are more than 50 species of Leishmania
based on a complex classification scheme. The
species of Leishmania vary by region, and
different species are thought to cause different
disease manifestations.! Currently,three dif-
ferent Leishmania sp. have been confirmed to
cause cutaneous leishmaniasis in horses in Eu-
rope: Leishmania braziliensis, Leishmania si-
amenis, and Leishmania infantum.14

In animals and humans, leishmaniasis can
cause three different disease patterns: cutane-
ous leishmaniasis, mucocutaneous leishmani-
asis, and visceral leishmaniasis.!® Clinical

signs of equine cutaneous leishmaniasis are
usually less severe than in other host species
and the disease in equids is typically not life-
threatening. The most common lesions are sin-
gle or multiple papules or nodules character-
ized by hyperkeratosis with prominent scal-
ing, alopecia, depigmentation, and ulceration
in the areas where sand flies commonly feed,
including periorbital skin, muzzle, neck, pin-
nae, scrotum, and legs.!>!#

Histologically, a nodular to diffuse lympho-
histiocytic dermatitis is a consistent feature of
cutaneous leishmaniasis.!* The inflammation
mainlyvoccurs in one of the following three
patterns: granulomatous perifolliculitis, super-
ficial and deep perivascular dermatitis, or in-
terstitial dermatitis.!> However, the burden of
the protozoa may vary. This reflects the dy-
namics of the interaction between the host and
the pathogen. Moreover, the incubation time
of cutaneous leishmaniasis varies from several
months up to seven years.!> Spontaneous re-
gression and recurrence of cutaneous leish-
maniasis have been reported in cats and
horses. !’

Not all infected animals become ill. In in-
fected animals, leishmania-specific and non-
specific polyclonal B-cell activation may oc-
cur, which can lead to deposition of immune
complexes and formation of autoantibodies
against erythrocytes, platelets, and nuclear an-
tigens. In diseased animals, a Th2-immune re-
sponse predominates. In contrast, a type IV
hypersensitivity reaction and a Thl-immune
response are found in asymptomatic carriers
or in animals after successful chemotherapy.'?

Due to the variety of possible lesions and the
various infectious and noninfectious
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Figure 1-4. Haired skin, horse. In-situ hybridi-
zation against Leishmania sp. (Photo courtesy
of: Department of Pathology, University of
Veterinary Medicine, Hannover, Buenteweg
17, 30559 Hannover, Germany.) (anti-Leish-
mania ISH.)

differential diagnoses, the diagnosis of leish-
maniasis requires direct cytologic or histolog-
ical identification of amastigotes in the cyto-
plasm of macrophages, best visible by Giemsa
staining.'® Furthermore, pathogen detection is
possible by immunohistological, culture, and
molecular (PCR and in situ-hybridization) de-
tection methods.>!? A positive serological test
indicates that an infection has occurred, but
does not imply that the parasite is still present
in the infected host.?

Contributing Institution:
Department of Pathology

University of Veterinary Medicine, Hannover
Buenteweg 17, 30559
Hannover, Germany.

JPC Diagnosis:

Haired skin: Dermatitis, granulomatous, mul-
tifocal to coalescing, severe, with numerous
intrahistiocytic amastigotes.

JPC Comment:

The contributor provides an excellent over-
view of leishmaniasis, a zoonotic disease most
consistently found in humans and dogs and

which has not historically been considered en-
demic in the United States. In recent decades,
cutaneous and visceral leishmaniasis has been
reported among certain canine breeds in the
United States and Canada, and cases of cuta-
neous leishmaniasis have been reported in
U.S. horses without a history of travel to en-
demic areas.'®!7

The first documented report of a domestically
acquired case of equine leishmaniasis occured
in a Morgan horse mare in Florida in 2011.%!6
As noted by the contributor, the canonical
mode of transmission of Leishmania sp. is via
the bite of sandflies from the genera Phleboto-
mus and Lutzomyia, and Florida is host to two
possible sand fly vectors, Lutzomyia shannoni
and Lutzomyia vexator."” Lutzomyia shannoni
is known to feed on both humans and other
mammals, and it has been experimentally
shown capable of infection with Leishmania
infantum when fed on infected dogs; however,
it 1s not known if the infective amastigote
forms develop within Lutzomyia shannoni."”
The search for a competent sandfly vector may
be superfluous, however, as recent research
has demonstrated that the species of Leishma-
nia isolated from infected Florida horses,
Leishmania martiniquensis, is likely transmit-
ted by Culicoides spp. biting midges.>*!” Due
to the presence of competent vectors in the
United States and a small but growing number
of confirmed cases of domestically-acquired
equine leishmaniasis, the American Associa-
tion of Equine Practitioners recently released
guidelines on the diagnosis and treatment of
the disease.*

Equine cutaneous leishmaniasis commonly
presents as solitary or multiple ulcerated nod-
ules on the head, pinnae, scrotum, legs, and
neck.!” To date, equine leishmaniasis has been
confined to the skin and the more serious and



potentially fatal visceral form of the disease
seen in dogs and humans has not been reported
in horses; most clinical equine cases spontane-
ously resolve in 3-6 months and the prognosis
is therefore generally good.*!”

This week’s conference was moderated by
Joint Pathology Center Director and eques-
trian enthusiast LTC(P) Sherri Daye. LTC(P)
Daye led conference participants in a discus-
sion of the differences among molecular diag-
nostic techniques such as in situ hybridization
and immunohistochemistry before moving to
differential diagnoses. Participants were even-
ly split between Histoplasma capsulatum and
Leishmania spp. as the likely etiologic agent
of this lesion, and significant conference dis-
cussion focused on how to differentiate be-
tween the two organisms when presented with
only an H&E section. Participants noted that
leishmaniasis typically presents with abundant
plasmacytic inflammation, which is absent in
this case. In addition, the clear capsule-like
rings surrounding the organisms are unusual
in leishmaniasis and further contributed to the
diagnostic confusion.

Though cutaneous leishmaniasis has not his-
torically been top of mind in the United States
and Northern Europe, the incidence of this dis-
ease is likely to increase as competent vectors,
driven by migratory movements of people and
animals and climate change, move into newly
favorable geographic niches.
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CASE II:

Signalment:
10-year-old, intact female Tennessee Walking
Horse (Equus caballus)

History:

The patient had a history of a mass in the nose
and troubled breathing. A mass was confirmed
on radiographs and via endoscopic examina-
tion.

Figure 2-1. Nasal turbinates, horse. There are
multiple firm to hard, cream-colored masses.
in the ventral nasal concha there was an oval
7cm x 4 cm x 2 cm mass with a linear cobble-
stone appearance in the rostral aspect of the
mass (Photo courtesy of: Tuskegee University,
College of Veterinary Medicine, Department
of Pathobiology, https://www.
tuskegee.edu/programs-courses/colleges-
schools/cvm)

Gross Pathology:

The carcass was in adequate body condition
(5.5/9). A mild creamy yellow viscous mucus-
like nasal discharge was present. Saggital sec-
tioning of the head revealed multiple firm to
hard cream-colored masses. In the ventral na-
sal concha there was an oval 7 cm x 4 cm x 2
cm mass with a linear cobblestone appearance
in the rostral aspect of the mass. Invading the
dorsal concha was another irregular multilob-
ulated mass, measuring 5.5 cm x4 cm x 5 cm,
which contained several tan to gray soft,
rounded cyst-like fluid-filled structures. The
left ethmoid turbinates contained a similar 5
cm X 5 cm mass.

On the surface of the right caudal lung lobe at
the caudal border, there was a 6.5 cm x 7 cm,
slightly elevated, cream-colored, gelatinous,
irregular, focally extensive area with short
thick projections. The surface of these projec-
tions had multifocal to coalescing pinpoint to
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Figure 2-2. Nasal turbinates, horse. The sam-
ple is from an oval 7 cm x 4 cm X 2 cm mass
with a linear cobblestone appearance. (Photo
courtesy of: Tuskegee University, College of
Veterinary Medicine, Department of Pathobi-

ology)

2 cm red foci, and cut section of this area re-
vealed two round, semi-firm, opaque yellow
nodules that extended 1 cm into the lung pa-
renchyma. Twelve centimeters cranially to the
aforementioned lesion there was another sim-
ilar (cream colored, gelatinous with pinpoint
red discolorations) area measuring 1 cm x 0.5
cm.

Microscopic Description:

Nasal turbinates: Infiltrating and effacing
>90% of the nasal turbinates are multifocal to
coalescing nodular foci of inflammation cen-
tered on myriad dematiaceous mycotic
agents.The inflammation consists of numer-
ous macrophages with Langhans and foreign
body type macrophages, numerous plasma
cells, fewer lymphocytes, and random aggre-
gates of neutrophils, which are surrounding
numerous round to oval, 30-60 um spherules
with a 2-3 um clear to brown stained capsule.
These structures are frequently filled with sev-
eral 3-6 um clear to lightly basophilic rounded
structures that are clustered together. The my-

cotic agents are frequently within multinucle-
ated giant cells. Rarely, the organisms form 5-
6 um septate hyphae which were observed
with Periodic Acid-Schiff (PAS) stain.

Contributor’s Morphologic Diagnosis:
Nasal cavity: Severe multifocal granuloma-
tous rhinitis with intralesional dematiaceous
fungi (Phaeohyphomycosis).

Contributor’s Comment:

On macroscopic examination it was thought
that the lesion in the nose was a neoplastic pro-
cess; however, histologic examination re-
vealed the presence of dematiaceous (pig-
mented) mycotic agents associated with a
granulomatous inflammatory process.

Dematiaceous fungi are naturally pigmented
molds whose hyphae and conidia contain mel-
anin.? They are ubiquitous and can be found in
soil, plants, and organic debris.>

Figure 2-3. Nasal turbinate, horse. There is loss
of normal turbinate architecture. The submu-
cosa is expanded and the lytic turbinate bone
is largely effaced by large areas of inflamma-
tion. (HE, 9X)



foreign body macrophages against a background of fibrosis and lytic turbinate bone. (HE, 190X)

Melanin is what gives the dematiaceous fungi
their pigmentation and it is believed to contrib-
ute to the organism’s ability to elude the host
immune response.>® Melanin contributes to
the evasion of the immune response by block-
ing the effects of hydrolytic enzymes on the
cell wall and scavenging free radicals released
by phagocytic cells during the oxidative
burst.® There are several clinical presentations
of dematiaceous molds, including eumy-
cetoma, chromoblastomycosis,and phaeohy-
phomycosis. Our case is an example of phaeo-
hyphomycosis.

Phaeohyphomycosis is an infection caused by
dematiaceous (pigmented) fungi which typi-
cally affects immunocompromised individu-
als, but can also affect those that are immuno-
competent.?’ Clinically, infections range from
superficial colonization to systemic abscess
formation and dissemination.® The fungi can
be unicellular as well as yeast-like, but the key
feature is the melanin pigment which distin-
guishes them from other fungi that may have

similar morphology.® There are many causes
of phaeohyphomycosis; the ones most com-
monly reported in equines are Alternaria sp.,
Dreschslera sp., and Curvularia sp.!

The presence of pigmentation on histopathol-
ogy warrants a diagnosis of phaeohyphomy-
cosis. In cases with dematiaceous fungi that
are poorly pigmented, Fontana-Masson can be
used to accentuate the melanin.®> As with other
mycotic agents, Periodic Acid-Schiff (PAS)
and Grocott-Gomori methenamine silver
(GMS) are common stains used to visualize
the agents. Culture as well as molecular anal-
ysis can also be used to further narrow the
identification down to the species level.®

Contributing Institution:

Tuskegee University

College of Veterinary Medicine
Department of Pathobiology,
https://www.tuskegee.edu/programs-
courses/colleges-schools/cvm
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Figure 2-5. Nasal turbmate, horse Plgmented
hyphae and large round “yeast-like cells” are
phagocytized by macrophages and multinucle-

ated foreign body macrophages. (HE, 381X)

JPC Diagnosis:

Nasal mucosa: Rhinitis, granulomatous, mul-
tifocal to coalescing, severe, with turbinate
bone lysis and numerous pigmented fungal
yeast-like cells and hyphae.

JPC Comment:

This case provides both an excellent example
of dematiaceous fungi and a reason to revisit
the various classifications of cutaneous fungal
infections, particularly in light of an excellent,
recently published review article on the sub-
ject.

In general, cutaneous infection with opportun-
istic fungi presents as nodules or masses in the
dermis and/or subcutis which may become ul-
cerated and develop draining tracts.’ Histolog-
ically, fungal lesions are typically character-
ized by pyogranulomatous or granulomatous
inflammation; some fungal infections may
have a significant eosinophilic component, de-
pending on species.’ Fungi generally grow as
hyphae in tissue and can be demonstrated by
PAS and GMS stains to highlight histomor-
phologic features useful in narrowing differ-
ential diagnoses.’

Infection with non-dermatophytic, non-dimor-
phic, nonpigmented saprophytic fungi that

grow as hyphae in tissue is referred to broadly
as hyalohyphomycosis. Note that Aspergillus
sp., fungi of the order Mucorales, and Conidi-
obolus spp and Basidiobolus spp, the agents of
entomophthoromycosis, while all nonpig-
mented hyphae-forming fungi, are typically
categorized separately from general hyalohy-
phomycosis.’

Phaeohyphomycosis refers to infection with
pigmented saprophytic fungi that grow as hy-
phae and yeast-like cells in tissue. The term
chromoblastomycosis is used for infection
with a subset of pigmented fungi that predom-
inately form large, round, thick-walled cells
with prominent septations, called sclerotic
bodies or Medlar bodies.> While small num-
bers of hyphae may be observed in chromo-
blastomycosis, sclerotic bodies are the pre-
dominant fungal form in the lesion.* Note that,
as in this case, phacohymphocosis may con-
tain yeast-like cells; these may be differenti-
ated from the sclerotic bodies of chrombolas-
tomycosis by their thinner walls, septations in
a single plane, and typical arrangement in
chains.’
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Figure 2- 6 Nasal turbmate, horse A PAS stam
demonstrates the fungal hyphae and yeast-
like cells within macrophages and multinucle-

ated foreign body macrophages. (PAS, 400X)




Agent Category

Description

Representative Species

White-grain eumycotic | e  Septate, nonpigmented hyphae e Pseudallescheria
mycetoma e Infrequent dichotomous branching boydii
e Frequent terminal cystic dilations e Pencillium dupontii
Black-grain eumycotic | e  Septate, pigmented hyphae Curvularia spp.
mycetoma e Infrequent dichotomous branching e Cladophialophora
e Frequent terminal cystic dilations bantiana
Hyalohyphomycosis e Septate hyphae with parallel walls and | e  Fusarium spp.
occasional acute-angle branching e Scedosporium spp.
Phaeohyphomycosis e Pigmented hyphae, +/- branching o Alternaria spp.
e Yeast-like cells o Curvularia spp.
e Fontana-Masson may highlight melanin | @  Bipolaris spp.
Chromoblastomycosis | e Pigmented sclerotic bodies with trans- | e  Cladophialophora
verse and longitudinal septation bantiana
e Curvularia spp.
Entomophthoromycosis | e  Sparsely septate hyphae Conidiobolus spp.
e Nonparallel walls, rare irregular e Basidiobolus spp.

branching, terminal bulbous dilations
Eosinophilic sleeve around hyphae

Table 2-1. Selected organisms causing dermal to subcutaneous fungal infections in animals.

Adapted from Hoffman, et al. Vet Pathol. 2023;60(6):814.3

It is unknown what factors cause a particular
fungus to cause phaeohyphomycosis versus
chromoblastomycosis, though most cases of
chromoblastomycosis in veterinary medicine
have been described in amphibians and
horses.?

Separate from the categorization of pigmented
vs. non-pigmented fungi is the clinical presen-
tation referred to as mycetoma. A mycetoma
is a dermal and/or subcutaneous nodule with
three typical features: swelling, an exudate
containing grossly apparent grains or gran-
ules that represent large aggregates of the in-
fectious agent, and a draining tract.> Myceto-
mas are divided into those caused by bacteria
(termed actinomycotic mycetomas) or fungi
(eumycotic mycetomas). Eumycotic myceto-
mas may be further subdivided into black-
grain eumycotic mycetomas and white-grain
eumycotic mycetoma, depending on whether
they are caused by pigmented or non-pig-
mented fungi, respectively.’ Confusingly,

eumycotic mycetoma is a morphologic classi-
fication that is not based on the inciting organ-
ism, so the same fungal species that may cause
hyalohyphomycosis or phaeohyphomycosis
may alternatively cause eumycotic myceto-
mas if tissue grains are present.® Common rep-
resentative species of each of the categories
discussed above are presented in Table 2-1.

Participants discussed the yeast-like cells pre-
sent throughout the section and considered a
diagnosis of chromoblastomycosis given the
prominence of the yeast-like cells on H&E
section; however, PAS staining revealed nu-
merous hyphae and participants noted that the
yeast-like cells are frequently arranged in
chains, making phaeohyphomycosis the ap-
propriate diagnosis. Participants also dis-
cussed the arrangement and character of the
bone present in section, particularly the ar-
rangement of the bone fragments perpendicu-
lar to the nasal mucosa. Participants felt that
the bony fragments represent periosteal new

10



(e HRENN P e S RN O 7 e §
2R R AN R, fup
Figure 2-7. Nasal turbinate, horse. A silver
stain demonstrates the fungal hyphae and
yeast-like cells within macrophages and multi-
nucleated foreign body macrophages.

(Grocott’s methenamine silver, 400X)

bone growth rather than lysed turbinates,
which be oriented parallel to the mucosal sur-
face. Participants felt that the turbinates have
been destroyed completely by this inflamma-
tory process, leaving behind only remodeling
woven bone. The morphologic diagnosis re-
tains the emphasis on bony lysis, though, in
the examined section, we are left with only its
aftermath to appreciate.
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CASE 1L

Signalment:
19-year-old, Polo mare (Equus caballus)

History:

This 19-year-old Polo mare presented with a
recent history of coughing and exercise intol-
erance.

Gross Pathology:

On endoscopy, several irregular, broad, pe-
dunculated, polypoid lesions were detected at
the laryngeal aditus and aryepiglottic folds.
The masses were mottled cream to red-brown
and slightly granular.

Figure 3-1. Larynx, horse. Endoscopy of the
polypoid masses at the laryngeal aditus and
aryepiglottic folds. (Photo courtesy of: Henry
Tremaine, B&W Equine Vets, https://www.b
wequinevets.co.uk/183/henry-tremaine-eq-
uine-vet-gloucester/)
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Figure 3-2. Larynx, horse. The laryngeal mu-
cosa is markedly hyperplastic and thrown into
numerous and deep folds. (HE, 12X)

Microscopic Description:

At low magnification, raised polypoid prolif-
erations of loose fibrovascular tissue covered
by an intact, mildly hyperplastic, non-keratin-
izing stratified squamous epithelium expand
the mucosa and submucosa. Numerous spher-
ical structures of varying size are randomly
distributed throughout the lamina propria and
submucosa, and are occasionally present
within the laryngeal epithelium. These spheri-
cal structures represent sporangia in different
stages of development. Sporangia are also pre-
sent within submucosal glands that are dilated
and are sometimes surrounded by deposits of
amorphous eosinophilic material.

Small juvenile, immature sporangia (tropho-
cytes) measure 10-100 um, have a thick unila-
mellar, eosinophilic wall, and a single central
round nucleus surrounded by granular ampho-
philic cytoplasm. Intermediate sporangia are
characterized by the loss of the central single
nucleus, a size of up to 300 um, and the pres-
ence of numerous punctate eosinophilic gran-
ules. With progressing maturation, nuclei be-
come more discrete 1-4 pym ovoid structures
(prophase nuclei) and intermediate sporangia
exhibit a mixture of punctate granules and
small eosinophilic ovoid structures.*

Mature sporangia are spherical and
100-400 um in diameter with a bilamellar,
outer eosinophilic and inner amphophilic wall.

The mature endospores are 10 pm, eosino-
philic to basophilic, ovoid to round structures
with a cell wall and single nucleus. Often a
centripetal or centrifugal zone of small round
eosinophilic structures (germinative zone) and
mature endospores is present within the ma-
ture sporangia. Multifocally, the mature spo-
rangia are ruptured or release endospores
through their operculum (pore). Rupture of
sporangia is accompanied by infiltration of
large numbers of neutrophils and fewer mac-
rophages.

Moderate numbers of lymphocytes and
plasma cells and fewer neutrophils are multi-
focally present within the stroma of the lamina
propria and the submucosa. Multifocally,
small numbers of neutrophils migrate into the
overlying mucosal epithelium (exocytosis).

Figure 3-3. Larynx, horse. The polypoid prolifer-
ation of loose connective tissue of the laryngeal
mucosa on subgross magnification. Multiple spo-
rangia at different stages of development are pre-
sent within the submucosa. The mass is covered
by a hyperplastic epithelium (HE, 20X)(Photo
courtesy of: Department of Veterinary Medicine,
The Queen's Veterinary School Hospital, Univer-
sity of Cambridge, Cambridge CB3 0ES, UK.
https://www.vet. cam.ac.uk)
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Figure 3-4. Larynx, horse. Juvenile sporangia
(trophocytes) measuring ~50 um, with a thick
unilamellar, eosinophilic wall (black arrow), a
single central round nucleus surrounded by
amphophilic granular material (cytoplasm, as-
terisk). Lymphocytes and plasma cells infil-
trate the connective tissue (white arrow) (HE,
400X)(Photo courtesy of: Department of Vet-
erinary Medicine, The Queen's Veterinary
School Hospital, University of Cambridge.
Cambridge CB3 OES, UK)

A thin layer of coagulative necrosis (cautery
artefact) is present around the margins and is
often associated with mild multifocal oedema
and haemorrhage. In some of the sections ex-
amined, sporangia are detected very close to
the areas of cautery.

Contributor’s Morphologic Diagnosis:
Laryngitis, proliferative, lymphocytic, pla-
smacytic, neutrophilic, and histiocytic, multi-
focal to coalescing, moderate, chronic, with
intralesional juvenile and mature sporangia
consistent with Rhinosporidium seeberi.

Contributor’s Comment:

Rhinosporidium seeberi is a eukaryotic, hy-
drophilic organism from the Mesomycetozoa
clade (DRIP clade) that also includes several
fish pathogens such as Dermocystidium
spp.! 118 Its exact phylogenetic classification is

unclear, with some discussion as to whether it
should be grouped differently. The organism
is generally found in stagnant waters and is the
causative agent of rhinosporidiosis in hu-
mans.'!” In addition, rhinosporidiosis has
been described in multiple other species, in-
cluding cats, horses, cattle, buffaloes, dogs,
mules, swans, and wild fowls.>!'*!7 Rhino-
sporidiosis is endemic in India, Sri-Lanka, in
parts of the Americas, and Africa.'>!%!7 In
horses, in addition to endemic areas, cases
have also been recorded in countries tradition-
ally free of rhinosporidiosis. Those cases have
mostly been restricted to imported animals,
such as four polo ponies that were imported
from Argentina to the United Kingdom.*!%!7
However, the potential for the disease to in-
habit traditionally non-endemic areas was
highlighted by a recent report from Europe. In
that case, a Belgian warmblood horse, born in
Belgium, that had never left the country, was
diagnosed with rhinosporidiosis.!> The source
of infection remained unclear; however, as
this organism is not contagious, the case sug-
gests that the organism was present in the en-
vironment in Belgium.'®

Due to difficulties with in vitro culturing of
this organism, the life cycle of Rhinosporid-
ium seeberi is still not fully understood.'® It is
believed that the infective stage is the mature
endospore which enters the host through dam-
aged epithelium of mucous membranes,
mostly of the nose.!®!® In the host tissue the
endospore develops into a juvenile sporan-
gium (trophocyte) with a single central nu-
cleus. Subsequent reproduction takes place in
intermediate sporangia via sole synchronized
nuclear division. Cytokinesis occurs only once
shortly before the formation of the mature spo-
rangium. >'* Furthermore, it is suggested that
mature sporangia are capable of additional “de
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Figure 3-5. Larynx, horse. Intermediate spo-
rangia in the lumen of a submucosal gland sur-
rounded by eosinophilic material. At this stage
of development sporangia measure up to
300 um and contain numerous punctate eo-
sinophilic granules or discrete 1-4 um ovoid
structures (prophase nuclei, black arrows).
(HE, 200X)(Photo courtesy of: Department of
Veterinary Medicine, The Queen's Veterinary
School Hospital, University of Cambridge.
Cambridge CB3 OES, UK)

novo” production of mature, cell-walled endo-
spores.’

Based on the finding that only a few humans
out of the many bathing in contaminated water
become infected with Rhinosporidium
seeberi, an individual host susceptibility has
been suggested. The susceptibility is assumed
to correlated to the presence of certain blood
groups, but this relation has not be confirmed.?

Rhinosporidiosis most often localises in mu-
cous membranes of the head region, with the
nostrils and conjunctivae most commonly af-
fected.!° In humans, infection of the throat,
eye, ear, oropharynx, larynx, trachea, bronchi,
and genitourinary tract are also described.”!¢
Infected tissues develop single to multiple,
pink, multilobular, broad-based, granuloma-
tous, pedunculated, non-infiltrative masses.
The affected mucosa is often red with stippled,

pinpoint white granules (mature sporangia)
that give the mass a mulberry-like or straw-
berry-like appearance.’ The masses are slow
growing and generally painless; however, irri-
tation due to the presence of the masses can
lead to sneezing, discharge, and when ob-
structing airways, may result in respiratory
distress.>®

In this horse, multiple polypoid masses were
detected around the laryngeal aditus and at the
aryepiglottic folds, resulting in coughing and
exercise intolerance. The localisation in the
laryngeal mucosa is rather unusual in horses.
To our knowledge, two cases of equine laryn-
geal rhinosporidiosis have been described so
far. In both of these cases, the masses were
centred around the larynx, were surgical ex-
cised, and recurred.*!> So far, half a year after
surgical excision, no recurrence was observed
in this horse.

Rhinosporidiosis remains an uncommon in-
fection that can be diagnostically challenging.
The diagnosis of equine rhinosporidiosis is
based on clinical history, characteristic mac-
roscopic and histopathologic appearance, and
potentially, confirmatory polymerase chain
reaction.*!>!5 Treatment of choice is surgical
excision with broad, clear margins and elec-
trocauterization or cryotherapy of adjacent tis-
sues*>!3 In humans, additional administration
of dapsone is used to prevent maturation.!”
Recurrence was reported to occur in 11% of
human cases and is due to spreading of mature
endospores.'®!? In addition, due to a long in-
cubation period reported to be at least 10
months in one pony, clinically inapparent ani-
mals may be transported from endemic areas
and might shed the organism.!'? Given the long
incubation period, increased international
movement of animals, and climate change,
rhinosporidiosis has the potential to be an
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Figure 3-6. Larynx, horse. Mature sporangia
have a bilamellar wall, are 100-400 um in di-
ameter. A zone of small round eosinophilic
structures (germinative zone, white arrow)
and mature endospores (black arrow) is pre-
sent within the mature sporangia. The mature
sporangia release endospores through their
pore. The rupture of sporangia causes infiltra-
tion of large numbers of neutrophils (arrow-
head). A juvenile sporangium is present in the
connective tissue. (asterisk, HE, 200X)

emerging disease and to become endemic in
areas that have traditionally been free of rhi-
nosporidiosis.

Contributing Institution:

Department of Veterinary Medicine

The Queen's Veterinary School Hospital
University of Cambridge.

Cambridge CB3 OES, UK.
https://www.vet.cam.ac.uk

JPC Diagnosis:

Larynx: Laryngitis, proliferative, chronic-ac-
tive, diffuse, moderate, with numerous juve-
nile and mature sporangia and endospores.

JPC Comment:
The contributor provides an excellent, thor-
ough summary of Rhinosporidium seeberi in-

fection, a classic disease with a classic, virtu-
ally unmistakable histological appearance. As
the contributor notes, the laryngeal location is
uncommon; the more typical presentation of
rhinosporidiosis is a soft, pink unilateral
fleshy polyp, usually in the nose of a dog.°

While the gross appearance of R. seeberi may
be confused for a variety of inflammatory or
neoplastic conditions, particularly when found
in an unusual location, once under the micro-
scope, R. seeberi sporangia are not histologic
wallflowers, but are large, striking, and dis-
tinctive. The juvenile sporangia are 15-75um
in diameter, have a unilamellar, PAS-positive
wall, and a single nucleus.® The real stars,
however, are the mature sporangia, which can
grow to an astonishing 100-400 pum, have a
PAS-positive bilamellar wall, and contain
myriad 5-10 um endospores. The presence of
these eye-catching sporangia in the histologic
section of a nasal polyp is essentially pathog-
nomonic for rhinosporidiosis.

R. seeberi belongs to a class of organisms
aptly termed endosporulators. Other en-
dosporulators of veterinary importance in-
clude Coccidioides immitis, Coccidioides po-
sadasii, Prototheca sp., Chlorella sp., and Ba-
trachochytrium dendrobatidis. Of these, only
Coccidioides is of a size and morphology that
could be confused with R. seeberi. Immature
Coccidioides spherules, the analogue to the R.
seeberi sporangia, are approximately 10-20
um in diameter and grow into mature spher-
ules of up to 200 pm in diameter filled with
numerous 2-5um endospores.®

Participants struggled with tissue identifica-
tion with this slide, with most defaulting to na-
sal mucosa based on the typical location. Con-
ference discussion focused largely on the mor-
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phologic diagnosis and how to capture the sig-
nificant, mixed inflammatory component of
the lesion. Some participant felt strongly that
the morphologic diagnosis should emphasize
the extensive lymphohistiocytic and plasma-
cytic character of the lesion, while others ar-
gued that the significant neutrophilic infiltrate
should also be included. In the end, partici-
pants decided that “chronic-active” implied
the existnence of both a neutrophilic (active)
component and a lymphohistiocytic compo-
nent with marked hyperplasia of the mucosa (a
chronic change) and preferred the pared down
diagnosis given above.
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CASE IV:

Signalment:

3-year-old, Thoroughbred filly (Equus ca-
ballus)

History:
Found dead in stall.

Figure 4-1. Kidney, horse. The kidney has
raised white foci of inflammation on the cap-
sular surface surrounded by red halos. (Photo
courtesy of California Animal Health and Food
Safety Laboratory San Bernardino Branch,
https://cahfs.vetmed.ucdavis.edu/)

Figure 4-2. Kidney, horse. On cut section, the
cortex has focal randomly scattered areas of
suppurative inflammation surrounded by
hemorrhage. (Photo courtesy of California An-
imal Health and Food Safety Laboratory San
Bernardino Branch)

Gross Pathology:
Both kidneys have numerous pinpoint raised,
tan foci with a red halo scattered throughout
the renal cortices.

Laboratory Results:

Aerobic culture, kidney: Actinobacillus sp.,
mixed flora (Actinobacillus sp. were also iso-
lated from the liver and lung).

DNA sequence analysis: DNA sequencing of
a ~600 bp region of the 16S rRNA gene iden-
tified the isolate as most closely related to Ac-
tinobacillus equuli ssp. equuli.

Microscopic Description:

Within the renal cortical interstitium, there are
randomly scattered, unencapsulated aggre-
gates of neutrophils (measuring up to 3 mm in
diameter), often with a central region of necro-
sis or hemorrhage, that efface the tubular and
glomerular architecture. In some areas, these
aggregates of neutrophils appear to be cen-
tered on glomeruli or blood vessels. There are
aggregates of intra- and extravascular cocco-
bacilli associated with these neutrophilic infil-
trates. Glomeruli have similar bacteria and fi-
brin in the capillaries. There is also mild tubu-
lar degeneration. Coccobacilli are gram-nega-
tive.
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Figure 4-3. Kidney, horse. There are randomly
scattered foci of inflammation within the cor-
tex and medulla. (HE, 6X)

Contributor’s Morphologic Diagnosis:
Kidney: Nephritis, embolic-suppurative, mul-
tifocal, with intra- and extravascular Gram-
negative coccobacilli.

Contributor’s Comment:

Actinobacillus spp. (Family: Pasteurellaceae)
are pleomorphic, non-motile, non-spore form-
ing, gram-negative, rod-shaped bacteria char-
acterized by their ability to grow on Mac-
Conkey agar, produce B-galactosidase, and
ferment carbohydrates without the production
of gas.® There are a number of Actinobacillus
species of significance within veterinary med-
icine, including A. lignieresii (causative agent
of wooden tongue in cattle), A. pleuropneu-
moniae (causative agent of porcine contagious
pleuropneumonia in pigs), 4. suis (cause of
septicemia in pigs), A. capsulatus (cause of
joint disease in rabbits), and A. seminis (cause
of epididymitis in rams).® As with many path-
ogenic bacteria within the family Pasteurel-
laceae, Actinobacillus often produce repeats-
in-toxin (RTX) toxins, which are typically he-
molytic and cytotoxic.’

In horses, Actinobacillus are common com-
mensals and can be isolated from the gastroin-
testinal, respiratory, and urogenital tracts of
healthy animals.* Actinobacillus spp. isolated
from horses include: 4. equuli ssp. equuli, A.
equuli ssp. haemolyticus, A. arthritidis, A. lig-
nieresii, A. suis, and A. pleuropneumoniae. Of
these, A. equuli ssp. equuli and A. equuli ssp.
haemolyticus are isolated most frequently
from horses. These subspecies are differenti-
ated based on the presence or absence of an
RTX toxin, A. equuli toxin (or Agx), encoded
on the agx gene.>®

Actinobacillus equuli ssp. equuli is typically
carried in the oral cavity and alimentary tract
of juvenile and adult horses and is primarily
associated with septicemia in neonatal foals
(often referred to as “sleepy foal disease”).*®
There are also reports of 4. equuli-associated
peritonitis and septicemia in adult horses, with
gross and microscopic lesions similar to those
described in foals.*”” Predisposing factors for
“sleepy foal disease” include failure of passive
transfer and concurrent bacterial/viral infec-
tions.*

Figure 4-4. Kidney, horse. Glomerular capillar-
ies contain colonies of coccobacilli. (HE, 317X)
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Flgure 4 5, Kldney, horsé Coccobacﬂll w'|th|n
glomerular capillaries are gram-negative.
(Gram, 400X)

Similarly, actinobacillosis in adult horses can
be associated with stress (such as shipping)
and concurrent bacterial/viral infections; there
is, however, evidence that 4. equuli can act as
a primary pathogen in horses in the absence of
stress/concurrent disease.*

Typical light microscopic findings of 4. equuli
infection include: suppurative embolic nephri-
tis, suppurative embolic pneumonia, multifo-
cal suppurative hepatitis, lymphoid necrosis,
suppurative oomphalitis, and suppurative me-
ningoencephalitis. 4. equuli is zoonotic with
sporadic reports of disease in people.!

Contributing Institution:
California Animal Health and Food Safety

Laboratory (San Bernardino Branch)
https://cahfs.vetmed.ucdavis.edu/

JPC Diagnoses:
Kidney: Nephritis, suppurative, embolic, with
numerous large colonies of bacilli.

JPC Comment:

This case is an excellent example of suppura-
tive embolic nephritis, in which septic emboli
lodge in glomerular and peritubular capillaries
and produce variably sized abscesses, primar-
ily in the renal cortex.? In horses, Actinbacillus

equuli is the most common cause of embolic
suppurative nephritis, generally seen in neona-
tal foals after acquiring the infection in uetero,
during parturition, or shortly after birth via the
umbilicus.?

As the contributor notes, there are two subspe-
cies of A. equuli that differ based on the pres-
ence of absence of an RTX toxin. 4. equuli
subspecies haemolyticus produces Agx, an
RTX toxin similar to the leukotoxins and he-
molysins produced by related Pasteurellaceae
such as Mannheimia haemolytica, A. pleuro-
pneumonia, A. suis, and hemolytic E. coli.*
The Agx toxin is highly cytolytic to equine
erythrocytes and lymphocytes, and has less
virulent lytic activity against the same cells in

pigs.

The vast majority of A. equuli septicemia
cases are cause by 4. equuli subspecies equuli,
which does not produce the Agx toxin, indi-
cating that other virulence factors likely play
the key roles in neonatal septicemic actinoba-
cillosis.*

Flgure 4-6. Kidney, horse Glomerular caplllar-
ies contain colonies of coccobacilli. (HE, 317X)
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Figure 4-7. Kidney, horse. Rupture of Bow-
man’s capsule allows extension of suppurative
inflammation into the surrounding interstit-

ium. (HE, 244X)

Like any self-respecting gram-negative bacte-
rium, A. equuli subspecies equuli is armed
with endotoxin which, upon the destruction of
the bacterium, damages endothelium and
causes the vasculitis and bacterial emboli that
are characteristic of septicemic actinobacillo-
sis.* As illustrated in this case, a particular
quirk of equine actinbacillosis is the presence
of large bacterial colonies present in affected
vessels, unlike other gram-negative bacteria
which do not form such obvious intravascular
aggregates.* This has led to speculation that A.
equuli subspecies equuli may express an adhe-
sion for endothelium. Unfortunately, other
than the well-characterized Agx toxin present
in A. equuli subspecies haemolyticus, little is
definitively known about the virulence factors
that enable the spectacular lesions of equine
actinobacillosis.*

Conference discussion focused initially on the
age of the animal since, as noted above, A.
equuli embolic nephritis is typically a disease
of neonatal foals. The moderator noted reports
of this presentation in non-stressed, non-im-
munocompromised adult animals and re-
minded residents to think broadly about differ-
ential diagnoses, even when the signalment
isn’t a perfect fit. The moderator led confer-
ence participants in a discussion other famous

Actinobacillus  species of veterinary im-
portance, including the species noted above by
the contributor. Finally, participants discussed
the presence of bacterial colonies within glo-
meruli and whether this would constitute glo-
merulonephritis. Participants felt that, since
the pathogeneses behind the established cate-
gories of glomerulonephritis (membranopro-
liferative, membranous, etc.) did not pertain to
a suppurative embolic nephritis, the term glo-
merulonephritis was inappropriate. Glomeru-
litis would be a more appropriate term; how-
ever, since suppurative inflammation was pre-
sent within the glomeruli, tubules, and inter-
stitium, the preferred morphologic diagnosis
is the all-inclusive term “nephritis.”
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