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CASE I:

Signalment:
8-year-old, castrated, male, Boxer dog (Canis
lupus familiaris)

History:

This Boxer dog presented with 1.5-week his-
tory of mild ataxia and chronic weight loss and
1 day of seizures and drastic mental decline
despite anticonvulsant therapy. He was dull,
mentally inappropriate, and non-ambulatory
tetraplegic, with persistent partial facial sei-
zures. The owners elected euthanasia.

Gross Pathology:

Filling and obstructing the left lateral ventricle
was a gray, gelatinous, semi-firm mass, ex-
tending caudally from the level of the hippo-
campus to the occipital lobe. A similar, 2 mm,

1-1. Brain, dog: Filling and obstructing the
left lateral ventricle was a gray, gelatinous,
semi-firm mass, extending caudally from the
level of the hippocampus to the occipital

1-2. Brain and spinal cord, dog: asection of cer-
ebrum through the left lateral ventricle to in-
clude the hippocampus, and a section of lum-
bar spinal cord is submitted for examination. An
encapsulated, infiltrative mass is present
within the left lateral ventricle and the menin-
ges overlying the neocortex. A similar mass is
present surrounding the spinal nerves in the
subarachnoid space of the section of lumbar
spinal cord. (HE 9X)

flattened, round, gray, gelatinous mass was
also noted along the ventral aspect of the me-
dulla oblongata. The cerebellum was caudally
displaced with coning.

Laboratory Results:
None available

Histopathic Description:

Spinal cord: Infiltrating and expanding the
leptomeninges, surrounding spinal nerve
roots, is an intradural, extramedullary, unen-
capsulated, poorly demarcated, densely cellu-
lar neoplasm composed of sheets of closely
packed polygonal cells, forming a honey-
comb pattern, on a scant fibrovascular stroma.



1-3. Spinal cord, dog: This section of cervical spi-
nal cord was provided to conference partici-
pants. (HE 13X)

Neoplastic cells have fairly distinct cell bor-
ders and moderate amounts of lightly staining
cytoplasm or perinuclear halo. Nuclei are
round, centrally located, and hyperchromatic
with an indistinct nucleolus. Anisocytosis and
anisokaryosis is moderate. There are 0 mitotic
figures in 10 hpf. There is minimal change in
the adjacent parenchyma.

Immunohistochemistry:

Immunohistochemistry for Olig2 showed dif-
fuse, strong, intranuclear immunoreactivity,
indicating oligodendroglial differentiation.
Immunohistochemistry for GFAP revealed
strong cytoplasmic expression within paren-
chymal astrocytes, but no expression was seen
in the neoplastic population (not shown).

Contributor’s Morphologic Diagnoses:
Spinal cord: Oligodendroglioma

Contributor’s Comment:

Oligodendrogliomas are common intracranial
neoplasms in mature dogs with brachyce-
phalic breeds overrepresented **¢. These neo-
plasms typically present as a solitary, gelati-
nous, gray-tan mass within white matter of the
frontal and temporal lobes of the cerebrum,

occurring less frequently in the brainstem and
spinal cord. Histologically, neoplastic oli-
godendroglial cells contain a lightly staining
cytoplasm forming sheets of closely packed
cells. Due to delayed post-fixation artifact, ne-
oplastic cells may exhibit a non-staining ap-
pearance, or perinuclear halo, creating the
classic fried egg or honeycomb pattern. Olig-
2 is a reliably expressed immunohistochemi-
cal marker for non-neoplastic and neoplastic
oligodendroglial cells, often used in combina-
tion with GFAP to rule out astrocytoma and E-
cadherin/CD34 for meningiomas®>. Other im-
munohistochemical markers have been uti-
lized in veterinary literature with mixed re-
sults including CNPase, doublecortin and vi-
mentin®>’.  This neoplasm uncommonly
breaks through the ependyma and disperses in
the central nervous system (CNS) by migrat-
ing via cerebrospinal fluid and seeding struc-
tures along its path®’~, This “metastatic” ca-
pability of oligodendrogliomas into distant
sites within the CNS is a well characterized,
but rarely reported, manifestation in humans.
This presentation of oligodendrogliomas in
dogs is similarly rare, and its recognition and
characterization has emerged only recently in
veterinary literature.

Atypical presentations of canine oligodendro-
gliomas that have been described include the
following: 1) multiple, concurrent oligoden-
drogliomas at distant sites within the central
nervous system, 2) primary intraventricular
oligodendroglioma, and 3) diffuse lep-
tomeningeal oligodendrogliomatosis'~~"7.
Brachycephalic breeds are overrepresented in
all of these cases and their clinical signs reflect
the volume and regions of the central nervous
system that is affected. There have been three
case reports of canine cerebral oligodendrogli-
omas arising within the ventricular system
with minimal parenchymal involvement, and
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1-4. Spinal cord, dog: Spinal roots are surrounded by an infiltrative neoplasm composed of glial cells
with abundant cleared cytoplasm with a “chicken-wire” appearance (HE 135X)

two reports of multifocal neoplastic infiltra-
tion with leptomeningeal extension. Oli-
godendrogliomatosis manifests as diffuse, in-
tradural, extramedullary neoplastic infiltration
with no primary parenchymal mass. Four
cases of canine oligodendrogliomatosis have
been reported.

Conference participants received only a sec-
tion of spinal cord with the neoplasm. Without
knowledge of a primary neoplasm noted
within the cerebrum, the intradural, extrame-
dullary location of oligodendroglioma in this
case may elicit a discussion and diagnosis of
primary leptomeningeal oligodendroglioma-
tosis. However, oligodendroglioma in this dog
was also noted within the brain, completely
obstructing the left lateral ventricle, and histo-
logically revealed continuous extension into
the 4 ventricle as well as infiltrating the sub-
arachnoid space along the ventral aspect of the
medulla oblongata, and continuing as an intra-
dural, extramedullary neoplasm throughout

the entire spinal cord tract. Although there was
minimal periventricular involvement in the
brain by neoplastic cells, suggesting a pre-
dominantly intraventricular growth pattern,
the tumor most likely metastasized from the
large primary mass in the brain into the lep-
tomeninges of the spinal cord. Recognition of
these atypical manifestations of oligodendro-
gliomas suggests that examination of the spi-
nal cord should routinely be performed to de-
termine the full extent of canine oligodendro-
gliomal spread, as this may be an underrecog-
nized disease manifestation.

Contributing Institution:

Cummings School of Veterinary Medicine at
Tufts University
http://vet.tufts.edu/foster-hospital-small-ani-
mals/departments-and-services/pathology-
service/
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1-5. Cerebrum, dog. Neoplastic cells have mon-
omorphic open-faced nuclei which often pali-
sade. (This image was taken from the ventricle,
where the cellular preservation is better). (HE,
1390X)

which not only serves to simplify the classifi-
cation of astrocytomas and oligodendrogli-
omas in canine patients but also helps to bring
their classification more in line with the hu-
man literature, facilitating future incorpora-
tion of clinical outcomes and genomic data.
This new classification scheme reduces astro-
cytomas and oligodendrogliomas to low- ver-
sus high-grade tumors, and this article pre-
sents the criteria for reclassification of each. '°

Critical histologic criteria for the classifica-
tion of oligodendrogliomas as high-grade ver-
sus low-grade are reduced to:

JPC Diagnoses:
Lumbar spinal cord, subarachnoid space: Ol-
igodendrogliomatosis.

e necrosis (single-cell necrosis not con-
sidered),

e microvascular proliferation and pseu-

JPC Comment: dopalisading,

This week's moderator was LTC Curtis Cline,
a highly experienced Army veterinary
pathologist and graduate of the JPC's training
program (and previous WSC coordinator as a
second-year resident). Following completion
of his residency, he served in the Training Of-

o the overt presence of features of malig-
nancy (pleomorphism), and other evi-
dence of significant cellular atypia

 mitotic count per 2.37 mm? field."”
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case was submitted in 2016, the veterinary lit-
erature has added several excellent contribu-
tions to the classification and diagnosis of oli-
godendrogliomas in the dog.!%!1?

1-6. Ventricle, dog. Neoplastic cells demon-
strate strong nuclear immunoreactivity for
OLIG2 (anti OLIG2, 400X) (Photo courtesy of:
Cummings School of Veterinary Medicine at
Tufts University, http://vet.tufts.edu/foster-hos-

In 2018, the Comparative Brain Tumor Con-
sortium published a revised classification
scheme for the diagnosis of canine gliomas'’

pital-small-animals/departments-and-ser-
vices/pathology-service/)
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This neoplasm, both in the cerebral and spinal

cord locations, has a very traditional "oli-
godendroglioma-like"  appearance,  with
widely spaced cells, abundant clear cyto-
plasm, and monomorphic bland nuclei, giving
it a "chicken wire" appearance. In the ventric-
ular location, in spite of the low mitotic rate,
the neoplasm demonstrates evidence of micro-
vascular proliferation, a key criterion for the
diagnosis for high-grade oligodendroglioma.
According to this schema!®, a high grade tu-
mor is warranted in this case.

The contributor provides a concise review of
immunohistochemical markers used to differ-
entiate gliomas. A 2024 article by Rissi et al.
provides an outstanding review of these mark-
ers and other markers used to differentiate pri-
mary and secondary nervous system neo-
plasms in the dog and cat. Oligodendrocytes
typically stain strongly positive with the nu-
clear transcription factor OLIG2.'"

A confounding issue in using immunohisto-
chemistry to diagnose primitive central nerv-
ous system tumors is the common origin of
neurons, astrocytes, and glial cells from a sim-
ilar primitive neuroglial precursor. OLIG2 is
an excellent immunomarker to differentiate
neoplastic glial cells from primitive neural el-
ements. However, OLIG2 (despite a name that
would lead one to assume it is specific for oli-
godendroglia) will simultaneously stain the
nuclei of both astrocytes and oligodendrocytes
due to their common ancestry. For this reason,
it should always be paired with glial fibrillary
acidic protein, which stains astrocyte cyto-
plasm and processes but not those of their oli-
godendroglial counterparts.'%!? (In most cases
of glioma, even mixed gliomas), careful eval-
uation of the histology of these tumors on
H&E sections, coupled with Olig-2 and
GFAP, will provide a diagnosis and appropri-
ate grade in most cases.

1-7. Ventricle, dog. Neoplastic cells are im-
munonegative for glial fibrillary acidic protein
(anti-GFAP, 316X).

It should also be noted that time to fixation, as
well as time in fixation, may affect these
markers. OLIG2 appears more resistant to the
antigen cross-linking associated with longer
fixation periods, while other markers, includ-
ing GFAP, CNPase, and Ki-67, should be in-
terpreted cautiously. A lack of immunoreac-
tivity should not be interpreted as a negative
test for these markers without careful consid-
eration.

Other immunomarkers that may be more use-
ful in diagnosing oligodendrogliomas include
CNPase, which stains the cytoplasm of oli-
godendrogliomas. MAP2 immunoreactivity
may be tricky in some cases, as, like Olig-2,
this marker may stain both astrocytic neo-
plastic cells within astrocytomas and oli-
godendrogliomas; in oligodendrogliomas, im-
munolabeling is predominantly perinuclear
and cytoplasmic, whereas in astrocytomas, the
marker predominantly stains the cytoplasmic
processes.

Other less commonly used immunomarkers
include nuclear transcription factors SOX2
and SOX10, platelet-derived growth factor al-
pha, and neural/glial antigen 2. However,



more studies are required to establish more
rigid interpretive guidelines and their utility in
differentiating gliomas.''

The JPC diagnosis of “oligodendrogliomato-
sis” is based on the fact that the slide which
was provided to the conference participants
(and that described by the contributor above)
contained only a section of lumbar spinal cord.
The contributor did kindly provide a section
of diencephalon with the tumor within the
ventricle and meninges to answer questions
about the origin of the tumor, following the
expected discussion as to whether the spinal
cord lesion represented a metastatic oligoden-
droglioma or a focus of leptomeningeal oli-
godendrogliomatosis. Based on the slide pro-
vided to participants, the origin of this lesion
in the lumbar spinal cord cannot be defini-
tively identified; hence we prefer a diagnosis
of “oligodendrogliomatosis”.  Ultimately,
with all sections and the gross images of this
lesion considered, a diagnosis of metastatic ol-
igodendroglioma becomes appropriate.

Finally, for neuropathologists and budding
pathologists, the Davis Thompson Foundation
published the sixth edition of its series on the
Surgical Pathology of Tumors of Domestic
Animals in 2026, covering tumors of the nerv-
ous system.'? Authored by members of the
Comparative Pathology Tumor Board, this
volume aligns with the newest literature.!*! It
provides an outstanding, easy-to-read over-
view of primary and secondary neoplasms of
the central and peripheral nervous system,
their diagnostic features, biologic behavior,
and appropriate immunohistochemistry. It is
well worth the investment.
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CASE ITI:

Signalment:
One-month-old, male, European Shorthair cat
(Felis catus)

History:

The animal was handed over to a local animal
shelter with multiple open, oozing skin
wounds on several parts of the body. Treat-
ment with amoxicillin showed no improve-
ment. PCRs on feline herpes- and caliciviruses
were negative. As the disease progressed, cu-
taneous nodules with purulent exudation be-

gan to occur. The cat died spontaneously and

2-1. Lung, cat: Effacing normal architecture
there are multiple consolidated areas. (HE, 7X)
(Photo courtesy of: Department of Pathology,
University of Veterinary Medicine, Hannover,
http://www.tiho-hannover.de/kliniken-insti-
tute/institute/institut-fuer-pathologie/)

4
2-2. Lung, cat: Areas of consolidation are com-
posed of areas of lytic necrosis and mineraliza-
tion which at their periphery are infiltrated by

large numbers of macrophages. (HE, 281X)
(Photo courtesy of: Department of Pathology,
University of Veterinary Medicine, Hannover,
http://www.tiho-hannover.de/kliniken-insti-
tute/institute/institut-fuer-pathologie/)

at the same time littermates started to show
similar skin lesions.

Gross Pathology:

At necropsy, multiple, extensive, erosive to
predominantly ulcerative, partly proliferative
skin lesions on the frontal, ventral, and lateral
surfaces of the trunk and limbs as well as the
inner surfaces of the nostrils and auricles were
present. The superficial cervical and popliteal
lymph nodes were moderately enlarged. The
lung parenchyma showed multifocal firm
white-gray foci.

Laboratory Results:

A PCR on affected skin and lung tissue sam-
ples for Orthopoxvirus was positive. Immuno-
histochemical staining of lung tissue and skin
for Orthopoxvirus antigen (mouse monoclonal
aOrthopox 5B1, German Armed Forces, Mu-
nich) was positive.

Microscopic Description:

In the lung there are multifocal to coalescing
consolidated areas with loss of the organotyp-
ical architecture. These areas measure up to
2.8 mm in diameter and are composed of kar-
yorrhectic, -lytic and —pyknotic cells and ho-
mogeneous eosinophilic cellular debris (lytic

7



necrosis). Necrotic foci contain moderate to
large numbers of predominantly degenerated
neutrophils, fewer macrophages, lympho-
cytes, plasma cells and occasional multinucle-
ated giant cells. Central areas of the necrotic
foci multifocally show mild mineralization of
cellular debris (Fig. 2-2). Numerous macro-
phages and degenerated cells within the af-
fected areas contain up to 10 um large, cyto-
plasmic, bright eosinophilic viral inclusion
bodies (A-type inclusions, Downie bodies,
Fig. 2-3). Occasionally small eosinophilic,
perinuclear inclusion bodies were visible (B-
type inclusions, Guarnieris bodies, Fig. 2-3).
Adjacent alveolar spaces contain moderate
numbers of neutrophils and macrophages ad-
mixed with fibrin and homogeneous proteina-
ceous fluid. Bronchiolar lumina are filled mul-
tifocally with moderate amounts of cellular
debris and degenerated immune cells. The ep-
ithelium of bronchi, bronchioles, and terminal
bronchioles show varying degrees of necrosis
and squamous metaplasia.
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2-3. Lung, cat: Numerous macrophages and de-
generated cells within the affected areas contain
up to 10 um large, cytoplasmic, bright eosinophi-
lic viralinclusion bodies (A-type inclusions, Dow-
nie bodies, black arrowheads). Occasionally
small eosinophilic, perinuclear inclusion bodies
were visible (B-type inclusions, Guarnieris bo-
dies, White arrowheads). (HE, 400X) (Photo cour-
tesy of: Department of Pathology, University of
Veterinary Medicine, Hannover, http://www.tiho-
hannover.de/kliniken-institute/institute/institut-
fuer-pathologie/)

2-4. Lung, cat: Immunohistochemical staining
of lung tissue for orthopoxvirus antigen
(mouse monoclonal aOrthopox 5B1, German
Armed Forces, Munich) is positive. (anti-
aOrthopox 5B1, 7X) (Photo courtesy of: Depart-
ment of Pathology, University of Veterinary Me-
dicine, Hannover, http://www.tiho-hanno-
ver.de/kliniken-institute/institute/institut-
fuer-pathologie/)

Contributor’s Morphologic Diagnoses:
Lung, pneumonia, necrosuppurative, lympho-
histiocytic and plasmacytic, multifocal to coa-
lescing, severe, subacute with numerous eo-
sinophilic, cytoplasmic viral inclusion bodies,
feline.

Contributor’s Comment:

Orthopoxvirus (OPV) infections in domestic
cats manifest as cutaneous and generalized
forms of disease.!™!%!3 Gross lesions, histo-
pathological and immunohistochemical (Fig.
2-4 and 2-5) as well as molecular findings are
consistent with a generalized OPV infection as
described previously by Schulze et al.
(2007).1 As in the case presented here the af-
fected animal exhibited generalized skin le-
sions and severe viral pneumonia.'?

OPV infections of domestic cats, first de-
scribed in 1978, are mainly caused by mem-
bers of the genus Cowpox virus (OPXV) and
are usually restricted to the skin. »!%!® Initial
infection is thought to occur during hunting or
subsequent feeding on rodent reservoir spe-
cies such as rats, bank voles and wood
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2-5. Lung, cat: Immunohistochemical staining
of lung tissue and skin for vaccinia virus anti-
gen was positive. (anti-VACV, 7X) (Photo cour-
tesy of: National Institute of Allergy and Infec-
tious Disease)

mice.'%!31% Affected animals develop a pri-
mary skin lesion usually in exposed areas such
as head, neck, forelimbs, or paws'® Typical le-
sions develop from pink or red colored mac-
ules to papules and fluid filled vesicles that
further develop to pustules. The typical pox
virus lesion is thereafter formed upon eruption
of the pustule by a raised hemorrhagic ulcer.'”’
The epitheliotropic virus replicates in infected
cells initiating leukocyte infiltration and epi-
dermal hyperplasia resulting in lesion for-
mation.! Secondary cutaneous lesions develop
during the viremic phase 1-3 weeks post infec-
tion, characterized by multiple ulcerating,
rarely vesicular papules. Amelioration of le-
sions, usually occurring after 2-3 weeks, is
thereafter characterized by thick gray crusts.
Most animals recover within 5 weeks.'”

Unlike other DNA viruses, OPVs replicate in
the cytoplasm of infected cells. For several
OPVs, two types of inclusion bodies can be
differentiated.” B-type inclusions, also called
“Guarnieris bodies,” represent juxtanuclear
viral factories responsible for poxvirus DNA
replication, intermediate and late gene tran-
scription, protein synthesis, and assembly of
virions. All poxviruses form B-type inclusions
and manifest as small, round to oval, slightly
basophilic perinuclear inclusions.®?®!T A-

type inclusions, also known as “Downie bod-
ies,” are only formed by certain strains of the
species Cowpox virus, Ectromelia virus,
Fowlpox virus, Canarypox virus, Raccoonpox
virus, and Volepox virus. They are made up of
large quantities of mature virions embedded in
a cytoplasmic matrix of A-type inclusion pro-
tein. They are thought to increase virion sta-
bility after cell lysis.®® Histologically, they are
characterized by one or multiple large, aci-
dophilic cytoplasmic inclusions.'!

Generalized infection with pneumonia repre-
sents a rare disease manifestation in domestic
felids and is mainly seen in immunocompro-
mised individuals or in association with sys-
temic corticosteroid treatment.*!*!1%!13 Previ-
ous reports include underlying infections with
feline leukaemia virus, feline immunodefi-
ciency virus (FIV), feline panleukopenia virus
and feline herpesvirus.>!® While OPV-in-
duced pneumonia in juvenile cats seems
mostly to occur in combination with wide-
spread skin lesions, infection in older domes-
tic cats or wild felids can occur in absence of
typical secondary skin lesions.>*!%!3

Although human infections are overall rare,
multiple transmission events from cats or rats
to their handlers have been reported.>!*-!> Hu-
man infection is characterized by typical cuta-
neous lesions like those described above. As
in cats, lesions are mainly restricted to the
hands and face of infected individuals, but
generalized, even fatal, disease can develop in
immunocompromised persons.>!*

Contributing Institution:

Department of Pathology,

University of Veterinary Medicine, Hannover
Buenteweg 17,

30559 Hannover, Germany.
http://www.tiho-hannover.de/kliniken-insti-
tute/institute/institut-fuer-pathologie/
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JPC Diagnoses:

Lung: Pneumonia, necrotizing, subacute,
multifocal, marked with syncytia and numer-
ous intracytoplasmic viral inclusions.

JPC Comment:
The contributor provides an excellent, in-

depth review of cowpox infection in felids, the
species that, in the last decade, has become the
most prominent source of zoonotic infections,
particularly in Europe, where this infection is
considered endemic. Rodents, rather than cat-
tle, are the reservoir host for this poorly named
virus and are the obvious source of feline in-
fections (and likely many infections in zoo an-
imals and few infections in cattle and hu-
mans). Cowpox infection has also been docu-
mented in large felids, anteaters, mongooses,
rhinoceroses, alpacas, okapis, elephants, and
cotton-top tamarins.'® Coxpox isolates from
these various species have been grouped into
numerous genotypes which vary significantly
in their pathogenicity.'®

As mentioned by the contributor, orthopox-
viruses include cowpox, variola virus (the
causative agent of smallpox), and vaccinia vi-
rus, which has been used for immunization
since the 19th century, when Edmund Jenner
first used it to vaccinate against smallpox. The
actual identity of the virus used by Jenner (or
perhaps his mentor, Dr. James Fuster, another
bit of historical controversy) is unclear, a sev-
eral possibilities exist for the true identify of
the pocks on the hands of milkmaid Sarah
Nelms, as there is no way that Jenner could
definitively identify the causative agent. At
that time, the pocks could also result from a
range of other diseases, to include bovine pap-
ular stomatitis, pseudo-cowpox or para-vac-
cinia (“milker's nodules)”, herpes mammillitis

and papillomatosis, not to mention variola vi-
rus itself (the causative agent of smallpox.)!’
It is likely that Jenner believed that he was ac-
tually using the agent of horsepox, a disease
that was occasionally transferred from horses
to cattle by farm workers. Interestingly,
horsepox is a disease that does not exist today
(the last natural case was seen in 1976 in
Mongolia), but over the centuries, it likely
evolved into what we call “vaccinia virus” to-
day.!”

While not “extinct” like horsepox, clinical
cowpox in cattle is now extremely rare, but oc-
curs sporadically in enzootic areas (Europe
and Russia). Cowpox virus produces lesions
on the teats and the contiguous parts of the ud-
der of cows, and is spread through herds by the
process of milking.'®

Vaccinia virus, in addition to being the or-
thopoxvirus most closely related to cowpox, is
also the most closely studied orthopoxvirus.
Because orthopoxvirus structural proteins are
highly conserved, immunization with VACV
provides cross-protection against variola and
other orthopoxviruses, such as monkeypox.
(This close antigenic relationship is crudely
demonstrated in Fig. 2-6, in which an anti-vac-

ALY
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2-6. Lung, cat. Areas of inflammation stain
strongly positive for variolavirus, a closely re-
lated virus to cowpox. (Anti-VACV, 7X)
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cinia immunomarker was applied to the sec-
tion in this case). But the utility of vaccinia
virus extends well beyond its antigenic simi-
larity and its role for hundreds of years as a
vaccination proxy for smallpox. As signifi-
cant disease is rarely seen with vaccinia inoc-
ulation (life-threatening infections are limited
to approximately 1-2 individuals per million),
it is also widely used in recombinant vaccines
in humans carrying immunizing antigens of
influenza, hepatitis B, rabies, herpes virus,
HIV, among others. It has also been used to
develop an oral vaccine against rabies for
wildlife.

A few comments on the morphologic diagnosis in
this case are likely appropriate. Based solely on
histologic evaluation of the slide, it is very difficult
to classify this particular pneumonia. The patho-
genesis of the cowpox lesion is typical of an inter-
stitial pneumonia, however, the multinodular ap-
pearance of the neoplasm in the submitted sections
and the lack of diffuse interstitial thickening
within the excellent sampling of this lung made di-
agnosis of an interstitial pneumonia difficult. In
addition, the largest nodule in these sections sur-
rounds a large airway. Because of the difficulties
that classification presents in this particular H&E
section, JPC staff has chosen discretion over valor
and simply classified this case as "pneumonia”.

Another interesting feature of this disease which
made it into the morphologic diagnosis, is the pres-
ence of virally infected syncytia. This is an uncom-
mon feature of most poxviral infections, but is well
documented in cowpox. A previous case of cuta-
neous cowpox inacat (WSC 2018, Conf 11, Case
2) also demonstrates syncytial cell formation.
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CASE II1:

Signalment:

2 years-old, Nelore, Bos Indicus.

History:

In the last 2 years several cattle in this farm
developed a wasting syndrome and locomotor
difficulties with kneeling posture.

Gross Pathology:

Affected cow showed cachexia. The arteries,
mainly the aorta, had diffusely rigid walls and
were variably thickened. Their walls were ex-
panded by extensive, coalescing, irregular,
variably sized, gritty (mineralized) intramural
plaques and nodules. These changes were
most notable from the luminal (endothelial)

surface. The aortic semilunar valves were
moderately thickened, irregular, and lacked
their normal elasticity due to mineralization.

3-1. Skeletal muscle, ox. Skeletal muscles
demonstrate opaque and roughened plaques of
mineralization and fibrosis. (Photo courtesy of:
Universidade Federal de Mato Grosso, La-
boratoério de Patologia Veterinaria,
https://www.ufmt.br/ufmt/site/)
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3-2. Heart with aorta, ox: The aortic wall is thick-

ened and rigid due to subendothelial mineraliza-
tion, which extends to the aortic valve. T (Photo
courtesy of: Universidade Federal de Mato
Grosso, Laboratério de Patologia Veterinaria,
https://www.ufmt.br/ufmt/site/)

The lung lobes failed to collapse and showed
inelastic areas with a pumice stone-like ap-
pearance. Other lesions included kidneys with
whitish areas in the cortex and medulla, calci-
fied tendons and ligaments, Skeletal muscles
had opaque and rough plaques of mineraliza-
tion

Laboratory Results:
None available

Microscopic Description:

At areas of thickening the aorta wall, there are
extensive mineral deposits in the intima which
extends to the media disrupting the elastic
lamina. Extensive multifocal mineral deposits
thicken the perimysium of skeletal muscle. In
these areas, the vessels show mineralization of
the intima.

Contributor’s Morphologic Diagnoses:
Aorta, tunica intima and media: mineraliza-
tion, diffuse and severe

Skeletal muscle: perimysium: mineralization,
multifocal and severe

Contributor’s Comment:

Enzootic calcinosis refers to a group of dis-
eases characterized by extensive mineral dep-
osition in soft tissues, induced by ingestion of
calcinogenic compounds present in certain
toxic plants. Of the calcinogenic plants known
to cause this condition, Solanum glaucophy!-
lum (S. malacoxylon), a perennial shrub native
to South America, is one of the most exten-
sively studied. Enzootic calcinosis induced by
this plant causes considerable economic losses
to the livestock industry. Other plants are
well-recognized causes of Enzootic calcinosis
worldwide, including Solanum torvum, S.
esuriale, S. verbascifolium, Nierembergia ve-
itchii, N. rivularis, Cestrum diurnum, Trise-
tum flavescens, Stenotaphrum secundatum.
All of these plants are within the Solanaceae
family* "3, except for T. flavescens* and possi-
bly S. secundatum', which is a grass in the
family Poaceae. Animals in several parts of
the world develop calcinosis from consuming
specific toxic plants. The disease has been
found in many countries and are responsible
for great financial loss in livestock. Cattle,
sheep, goats, horses and pigs develop calcino-
sis and the disease receives different denomi-
nation depending on the country (Table 1)°.
As can be seen, in spite of the knowledge de-
veloped, some cases of calcinosis remain
without a known cause in Israel, India, Nige-
ria® and Brazil’. The slides submitted to this
case study are from a bovive that was grazing
in a Cerrado area where S. glaucophyllum and
N. veitchii do not occurs”.

Calcinogenic plants contain one or more ste-
roidal glycosides that are biologically active
analogues of vitamin Ds3. Hydrolytic enzymes
in intestinal, ruminal or other tissues or in the
bacterial flora can cleave the sugar residue
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Table 1 - Geographic localization, affected animal species

plant involved in calcinosis calcinosis in domestic animals

Geographic Animal affected Plant involved Sickness name
localization
Argentina Cattle, sheep 5. malacoxyion Enteque seco
Figs, horses 5. malacoxyion Spontaneous 5.
malacoxylon
poisoning
Erazil Cattle 5. malacoxyion Espichamento
sheep N weitchiy Calcinosis
Cattle/Sheep/Goat  Unidentified Enzootic calcinosis
Uruguay Cattle 5. malacoxyion Calcinosis
sheep N rivudlaris
USA (Florida) Cattle, horzes C. divrnum C. diurnum
poisoning
USA (Hawaiil Cattle, goats C. divrnum and Maalehu disease
5. rorvum
Jamaica Cattle, goats 5. secundatum Manchester
wasting disease
Cuba Cattle C. divrnum C. diurnum
intoxication
Mew Guinza Cattle 5. forvum Calcinosis
Australia Sheep 5. esuriale Humpy back
South Africa sheep 5. verbascifolivm Calcinosis
Israesl sheep, goats Unidentified Vitamin D
intoxication
India Sheep Unidentified FPlant intoxication
Migeria Buffalo Unidentified Calcinosis
circumscripta
Austria Cattle T. favescens Weidekrankheit
Horse T. favescens Kalzinoss
Germany Cattle T. favescens Enzootizche
kalzinose
Switzerland Cattle, goats T. flavescens Enzootizche

kalzinose

Adapted from Mello 2003

and
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3-3. Aorta and skeletal muscle. At subgross
maghnification, the subendothelial region of the
aorta (top) is expanded by mineral. There are ser-
piginous bands of mineral and fibrosis within the
section of skeletal muscle (bottom). (HE, 10X)

fragment, in most cases 1,25(OH)2Ds. This
excess of vitamin D hormone stimulates a cal-
cium-binding protein synthesis and calcium
and phosphate absorption, producing hyper-
calcemia and/or hyperphosphatemia. The hy-
percalcemic state depress PTH secretion and
stimulates calcitonin secretion from the C
cells of the thyroid. The formation of endoge-
nous 1,25(0OH)2D; is inhibited because of the
hypoparathyroidism, hypercalcemia, and/or
hyperphosphatemia. The hypercalcitonism
coupled with the hypercalcemia and hyper-
phosphatemia results in osteopetrosis. The ex-
cessively absorbed mineral cannot be physio-
logically accommodated, and the deposition in
soft tissues results in calcinosis. It is suggested
that 1,25(OH)2Ds induces cellular differentia-
tion and the synthesis of a calcifiable matrix.
Calcium salts are deposited in soft tissues, in-
cluding the aorta, heart, kidney, tendons and
ligaments®¢:10:12.13,

Calcinogenic plants intoxication produces
rapid wasting and marked elevations of the
calcium and phosphate levels in the blood.

The patterns of these elevations of blood elec-
trolytes as well as the soft tissue mineraliza-
tion are comparable to those produced by in-
toxication by vitamin D. The typical wasting
syndrome is seen clinically when animals are
forced to eat large quantities of the leaves. The
animals develop kyphosis with contraction of
the tendons and ligaments, resulting in an ina-
bility to completely to straighten their front
limbs and to a complete kneeling posture..
Contraction of the abdominal aponeurosis
gives a unique tucked-up line to the abdomen,
resulting in affected animals having a race-
horse-like appearance. Many animals develop
severe vascular and pulmonary disease as a re-
sult of irregular or occasional exposure to the
plant because of mineralization and ossifica-
tion of interalveolar septa in the lung adult an-
imals are most commonly affected, usually
producing progressive debility. The earliest
signs are those of stiffness and wasting. There
is subtle progression to permanent lameness
resulting from contraction of the tendons. At
this stage, affected animals often are excitable,
tire easily if made to exercise, and may show
signs of acute cardiac insufficiency. If they are
removed from affected areas, the stiffness, and
deformity are not lessened, but the wasting is
stopped, and the animals gain weight if good
pasture is available'->*>7!1,

3-4. Aorta, ox: High magnification of the subendot-
helial mineral (top) with marked fibrosis of the ar-
terial wall, which surrounds and separates atrop-
hic smooth muscle cells. (HE, 56X)
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Necropsy examination reveals widespread
mineralization of tissues, particularly the
aorta, heart, and lungs, often with areas of os-
sification. Frequently major arteries including
the thoracic aorta, and pulmonary arteries has
mineralized irregular plates in the endothelial
surface that were inelastic, firm, and thick-
ened. Soft tissue calcification can also be ob-
served on Skeletal muscles, heart, lungs, and
kidneys!24579.11,

The main histological findings include cal-
cium deposits in soft tissues like degenerated
and mineralized elastic fibers of intima and
media of the vessels, degeneration, necrosis
and calcification of Skeletal and cardiac mus-
cle fibers. The kidneys can show severe min-
eralization of the arteries and the interstit-

ium2,4,5,7-9,1 1 )

Contributing Institution:

Universidade Federal de Mato Grosso,
Faculdade de Medicina Veterinaria, Hospital
Veterinario, Laboratério de  Patologia
Veterinaria,

https://www.ufmt.br/ufmt/site/

3-5. Skeletal muscle, ox: High magnification of
linear foci of fibrosis and mineralization with at-
rophy of the adjacent myocytes (HE, 589X)

JPC Diagnoses:

1. Skeletal muscle: Mineralization, chronic,
multifocal to coalescing, severe, with fibrosis
and myocyte degeneration, necrosis, atrophy,
and loss.

2. Aorta: Mineralization, chronic, multifocal
to coalescing, severe, with myxomatous de-
generation, fibrosis, and smooth muscle hy-
pertrophy, hyperplasia, and disarray.

JPC Comment:

The contributor provides an outstanding re-
view of enzootic calcinosis due to Vitamin D
analog-containing plants.

A review of other causes of soft tissue miner-
alization is likely useful at this point. There
are five basic mechanisms of soft tissue min-
eralization: dystrophic, metastatic, idiopathic,
iatrogenic, and calciphylaxis.

Dystrophic calcification is the most common
form of tissue mineralization. Dystrophic cal-
cification results from mineral deposition in
injured and dead cells. This form of minerali-
zation results from both intracellular and ex-
tracellular events. Cellular damage leads to
calcium influx into the cell, where it is initially
sequestered within mitochondria.  Another
event preceding dystrophic mineralization is
the release of phosphate-binding proteins
within the cell.'* Cellular damage progresses;
irreversible mitochondrial damage results in
the release of calcium within the cytoplasm,
which, bound with phosphate, results in the
formation of crystalline mineral. Extracellular
factors which influence the rate and extent of
dystrophic mineralization include ischemia
and chronic inflammation. Inflammatory me-
diators such as tumor necrosis factor, interleu-
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kin-1 beta, and IL-6 also contribute to dys-
trophic mineralization.'* Serum calcium and
phosphorus levels are within normal limits.

Metastatic calcification is a systemic manifes-
tation of abnormal calcium and phosphorus
levels in the blood. When the calcium-phos-
phorus product exceeds 70 mg/dL, metastatic
calcification will occur. Tissues where this
process typically occurs are those that experi-
ence rapid changes in pH and have high levels
of carbonic anhydrase. These include the kid-
ney, lung, gastric mucosa, and subpleural in-
tercostal musculature. In the kidney and lung,
mineralization is concentrated in the basement
membranes of vessels and the alveolar septa.
In the gastric mucosa, the middle stripe of the
gastric fundus is typically affected. This form
of calcification may resolve with correction of
the abnormal levels of calcium and phospho-
rus (if possible — a common cause is chronic
renal failure, which is not truly correctable).
Metastatic calcification of the lung (inappro-
priately named ‘“uremic pneumonitis”) is
likely the most life-threatening form of meta-
static calcification, as it is exceedingly diffi-
cult to transfer oxygen across a mineralized al-
veolar septum and vascular basement mem-
brane.

Idiopathic calcification, as the name suggests,
results from deposition of calcium salts in the
presence of normal calcium and phosphorus
levels and in the absence of tissue damage. A
common example of idiopathic calcification
in dogs is calcinosis cutis, in which dermal
collagen is mineralized in animals with hyper-
cortisolism. Less common forms include var-
ious types of tumoral calcinosis, which is also
most common in dogs.
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3-6. Aorta and skeletal muscle: AMasson’s
trichrome demonstrates the fibrosis within

the aortic wall and skeletal muscle, which ac-
companies the mineralization. (Masson’s tri-
chrome, 9X)

Iatrogenic calcification, as the name implies,
is that which is often seen in animals being
treated with calcium- or phosphorus-contain-
ing substances. One of the more common
causes of this is seen in animals that are treated
with intravenous administration of calcium
gluconate used in the management of eclamp-
sia, cardiac dysrhythmia due to hyperkalemia,
and hypoparathyroidism.

Finally, today’s case is an excellent example
of the fifth cause of tissue mineralization, cal-
ciphylaxis. Calciphylaxis is the term used for
systemic calcification in animals that are sen-
sitized by ingestion or administration of so-
called calciphylaxis-inducing agents (to in-
clude vitamin D analogs, as seen in this case,
or parathyroid hormone) and subsequently ex-
posed to a challenge substance such as trauma,
iron, or aluminum.'®

The changes noted in the aorta are difficult to
sort out based solely on an HE section. A
Movat’s trichrome is extremely helpful in de-
generative changes affecting arteries, and is a
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must in this case. As this stain provides dif-
ferential staining of smooth muscle, collagen,
and elastin, it is excellent for differentiating
and characterizing these common components
of degenerating arteries. On the H&E section
in this case, areas of proliferating ground sub-
stance and collagen are extremely difficult to
differentiate, and application of Movat's pen-
tachrome allowed for trainees to properly
identify degenerative changes in the aorta.
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CASE IV:

Signalment:
Adult, male, Sprague-Dawley (CD) rat (Rat-

tus norvegicus)

History:

A week after arrival from the vendor, the rat
had EEG telemetry implantation surgery. The
rat was found by the research team quiet, alert,
and responsive; cold to the touch; and slightly
dehydrated approximately two weeks post-
surgery. A veterinary evaluation revealed a
decreased body temperature (32°C). Heat sup-
port & subcutaneous fluids were provided.
The rat was found dead in cage later that day.
A necropsy was performed due to the unex-
pected death.

Gross Pathology:

This 364 g, male CD rat is in optimum body
condition with adequate subcutaneous and
visceral adipose, 3/5 BCS, a mildly distended
abdomen, eyes mildly sunken, mild dehydra-
tion, and in fresh condition. The top of the
head was shaved with partial regrowth and a
healed linear midline incision. There was il-
legible writing on the dorsal aspect of the tail.

4-1. Urinary bladder and penile root, rat: A section
of urinary bladder and adherent prostate (top
right) and pelvic urethra and pubic bone is
submitted for examination. (HE, 7X)

A telemetry device was present in the left
flank with wires running cranially through the
subcutis to the head and there was fibrous tis-
sue in the subcutis surrounding the telemetry
device. There was a foul odor on opening the
abdominal cavity. Within the abdominal cav-
ity there was approximately 5-6 mL of cloudy
yellow fluid and small amounts of fibrin and
few adhesions between the mesentery and vis-
cera (primarily the kidneys and urinary blad-
der) throughout the abdomen. On the
outer/lateral surface of both kidneys there
were multifocal 0.5-1.5 mm white-yellow
foci. On the caudal and medial surface there
were fibrous adhesions. On cut section, the
pelvis of the left kidney was mildly dilated and
there was a small amount of white purulent
material present. The urinary bladder was
empty, and the serosal surface was irregu-
lar/rough with multifocal areas of dark red dis-
coloration and few foci of adherent fibrin.
There was a firm adhesion between the mes-
entery and the apex of the bladder and one
small indented irregular area that may repre-
sent a site of rupture. The spleen was diffusely
dark and mildly enlarged. The oral cavity was
empty. Within the stomach there was an abun-
dant amount of normal ingesta, in the small in-
testine and cecum there was a moderate
amount of normal digesta, and within the co-
lon there were rare formed fecal pellets. There
was mild congestion along the transverse and
longitudinal cerebral fissures. There were
four small EEG screws placed through the
dorsal skull with acrylic on surface of screw.
All other organs observed — NSGL.

Laboratory Results:
Culture results from abdominal fluid indicate
strong growth of Proteus mirabilis.

Cytologic analysis of the fluid from the abdo-
men showed many degenerate and nondegen-
erate neutrophils, few macrophages, few
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rhomboid crystals, small amounts of debris,
and moderate numbers of intracellular (within
neutrophils) and extracellular coccobacilli on
a thick, pale eosinophilic background.

Microscopic Description:

Urinary bladder and prostate: There is ulcera-
tion of the bladder mucosa, marked thickening
of the serosal surface with fibrosis, and
marked fibrosis surrounding the prostate
glands. There is submucosal infiltration of
neutrophilic inflammation in the ulcerated
area of the bladder and filling the bladder lu-
men. Neutrophils fill the lumen of one gland
in the prostate and extend into the surrounding
stroma.

Pelvic urethra (note pubic bone): The lumen
is ectatic and expanded and filled by a dark eo-
sinophilic coagulum. The coagulum is tightly
associated with the attenuated epithelium;
there are a few enmeshed neutrophils in the
coagulum and there is edema in the submu-
cosa.

Contributor’s Morphologic Diagnoses:

1. Kidney, right and left: Pyelonephritis, neu-
trophilic, acute on chronic, multifocal to fo-
cally extensive, marked with tubular necrosis
(infarction), hemorrhage, pelvic erosion/ul-
ceration and fibrosis, many gram-negative
colonies of large rod-shaped bacteria and min-
eralization.

2. Ureter, left: Erosion, acute, multifocal,
mild.

3. Urinary bladder: Cystitis, transmural, neu-
trophilic and mononuclear, acute on chronic,
diffuse, marked with ulceration, fibrosis and
mineralization, and moderate numbers of indi-
vidual and small colonies of gram-negative
rods, both intra and extra cellular, predomi-
nantly in the exudative debris in the lumen and
fewer, predominantly extracellular gram-pos-
itive cocci.

4. Prostate: Prostatitis, pyogranulomatous and
mononuclear, chronic, focally extensive,

marked with severe fibrosis and atrophy, and
moderate numbers of individual and small col-

4-2. Urinary bladder, rat: There is transmural
necrosis, suppurative inflammation, and
mineralization within the wall of the urinary
bladder. (HE, 83X)

onies of gram-negative rods, both intra and ex-
tra cellular, predominantly in the exudative
debris in the lumen and fewer, predominantly
extracellular gram-positive cocci..

5. Pelvic urethra: Coagulum, adherent, sub-
acute, diffuse, marked with fully occlusive,
with urethral ectasia, bacterial colonies, low
numbers of neutrophils and epithelial attenua-
tion.

6. Penis: Mucosal hyperplasia, chronic, multi-
focal, moderate with luminal coagulum.

Contributor’s Comment:

The cause of death in this rat is related to ure-
thral obstruction followed by ascending uri-
nary tract infection, pyelonephritis and urinary
bladder rupture. The coagulum fully ob-
structed and expanded the urethral lumen, and
in many locations appeared adhered to the mu-
cosa. It was present across multiple transverse
sections spanning both the pelvic and penile
urethra, indicating its extensive nature. The
severe degree of infection in the kidneys and
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inflammation within the glands and adjacent
stroma of the prostate gland. (HE, 286X)

prostate, along with fibrosis in the renal pelvis,
prostate and urinary bladder, indicates chro-
nicity, suggesting this was an ongoing and se-
vere condition which spread throughout the
urogenital system. Infection in the kidneys
was bilateral and characterized by the pres-
ence of many bands of neutrophils radiating
throughout the cortex as well as abundant tub-
ular necrosis and many colonies of gram-neg-
ative rod-shaped bacteria.

Proteus mirabilis (Order: Enterobacterales;
Family: Morganellaceae) is a gram-negative
bacillus bacteria often associated with urinary
tract infection in human patients with long
term urethral catheterization. Rats and mice
have been used to study this agent as a cause
of urinary tract infections' ' The urinary blad-
der likely ruptured secondary to mechanical
pressure from obstruction, but ongoing infec-
tion may have weakened the urinary bladder
wall. Urinary obstruction in male rats second-
ary to urethral coagulum from secondary sex
gland secretions is not an uncommon occur-
rence but is more commonly documented in
mice. It does not always progress to urinary
bladder rupture and ascending infection, de-
pending on the completeness of obstruction
and therapeutic intervention. In some cases,

obstruction may resolve spontaneously, par-
ticularly if partial, but is often fatal if the ure-
thra is fully obstructed. Certain anesthetic
protocols, drugs, and decreased ability to
groom have been documented as risk factors~.
A second bacteria (gram-positive) was identi-
fied within the urinary bladder and prostate via
tissue Gram stain, but this agent was not cul-
tured from the abdominal fluid sample.

Proteus mirabilis is found in soil, water, and
sewage, but is also a commensal in human and
animal gastrointestinal tracts. It is well known
for its urease activity, swarming motility
across culture plates in a “bull’s eye pattern”,
and biofilm formation. The enzymatic urease
production breaks down urea into ammonia
which alkalizes urine and promotes urinary
calculi formation (typically struvite or apa-
tite). The swimming and swarming motility is
flagella mediated. Fimbriae and other adhe-
sins play a significant role in catheter biofilm
formation. Other virulence factors include
various cytotoxins such as hemolysin®.

Contributing Institution:

Comparative Pathology Department, Re-
search Support Division, U.S. Army Medical
Research Institute of Chemical Defense
https://usamricd.health.mil/

JPC Diagnoses:

1. Urinary bladder: Ciystitis, necrotizing and
suppurative, chronic, transmural, severe, with
mineralization.

2. Prostate: Prostatitis, necrotizing and sup-
purative, chronic, multifocal to coalescing, se-
vere.

3. Peritoneum: Peritonitis, necrotizing and
suppurative, chronic, focally extensive, se-
vere.
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4. Pelvic urethra: Seminal plug, chronic,
with diffuse mild neutrophilic urethritis.

JPC Comment:

The contributor provides a concise review of
urethral obstruction and Proteus mirabilis in-
fection in laboratory rodents. A more detailed
review of some of the aspects of Proteus spp.
ability to cause disease is likely in order.

As the contributor mentioned, the main portal
of entry for Proteus mirabilis is the urinary
tract, as it is a well-known cause of UTIs and
catheter-associated urinary tract infections in
humans. It is typically the initial colonist of
newly introduced urinary catheters, rapidly
forming biofilms which are often polymicro-
bial. Providencia stuartii is a common micro-
bial partner in catheter-associated urinary tract
infections.

Proteus mirabilis benefits from its ability to
change its mobility based on the medium in
which it finds itself. In a liquid environment,
the bacteria “swim”, while on a solid surface,
such as the transitional epithelium or the uri-
nary tract, or a urinary catheter, the bacilli
“swarm”, forming large mobile rafts of ba-
cilli.* This ability, discovered in 1885 by the
German pathologist Gustav Hauser, led him to
name the bacterium Proteus, after the shape-
shifting demigod of Greek mythology.* Both
methods of movement are facilitated by fla-
gella; “swimmer” bacilli possess several perit-
richous flagella, but the evolution to a
swarmer-type bacterium on agar plates results
in the development of literally hundreds to
thousands of flagella.!

Flagella production is “first and foremost”
when it comes to the virulence factors pro-
duced by Proteus mirabilis. “Foremost” in that
non-flagella-producing strains are non-patho-

genic, and “first” in that the additional viru-
lence factors are produced only after the de-
velopment of flagella and the assumption of
the swarmer morphology.

P. mirabilis also possesses several other viru-
lence factors, including fimbriae, urease,
ZapA, iron and zinc scavengers, and multiple
types of fimbriae, which make it a potent path-
ogen of the urinary tract. The bacilli’s ability
to adhere to epithelium and the surfaces of
catheters is mediated by up to 17 different fim-
briae.!

Urease is a nickel-based metalloproteinase
that splits urea into ammonia and carbon diox-
ide, which increases pH."* The presence of
other uropathogenic co-infective bacteria en-
hances the production of urease by P. mirabi-
lis. Urease increases the potential for bacterial
proliferation and bacteremia, enhances the de-
structive effects of the inflammatory response,
and facilitates urolith formation. Stone for-
mation is likely an evolutionary adaptation of
the bacterium, and it may sequester itself and
proliferate within stones, evading the host’s
immune response.” Another unfortunate ex-
pression of urolithiasis is the fact that 50% of
humans with long-term catheterization (>28
days) will experience catheter obstruction by
crystalline deposits.’

4-4. Pelvic urethra, rat: A brightly eosinophilic
coagulum occludes the pelvic urethral lumen.
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Another interesting virulence factor of P. mi-
rabilis is an IgA-degrading proteinase known
as ZapA, which degrades IgA, the main muco-
sal-associated immunity factor of the mucosal
tract. This metalloproteinase is produced dur-
ing the bacterium’s transition from “swim-
mer” to “swarmer” as it colonizes the solid
surface of the urinary tract, where IgA is lo-
cated.’

Another important flagella-driven activity of
P. mirabilis is its ability to invade cells. Mu-
rine studies have demonstrated that within 30
minutes of inoculation, bacteria are present
within urothelial cells. They may also infil-
trate and live intracellularly within renal tubu-
lar epithelium in ascending infections (alt-
hough this facet is less well developed than in
other urinary pathogens, such as uropatho-
genic E. coli, which establishes intracellular
“communities” of bacilli).> This intracellular
niche not only protects them from the body's
immune system, but may also provide a resi-
dent population that contributes to infection
chronicity.® In addition to flagella, P. mirabi-
lis utilizes the AipA autotransporter for inter-
nalization into bladder cells. If simple inter-
nalization is not enough, P. mirabilis can lyse
bladder epithelial cells using a combination of
the Proteus toxic agglutinin (Pta) and a hemo-
lysin.’

The submitted slide in this case was a busy de-
scriptive exercise for conference participants,
which included two separate tissues with dif-
ferent pathogenesis. The conference modera-
tor, who was also the contributor of this case,
did not submit the kidney, which had a very
significant pyelonephritis.

The presence of a seminal plug in the pelvic
urethra and its relationship to the cystitis,
prostatitis, and pyelonephritis is unclear. Con-
ference participants ultimately agreed that the

plug was most likely an agonal event, as the
chronicity of the inflammatory response in the
lower and upper urinary tract likely exceeds
the expected lifespan of an animal with ure-
thral obstruction.

References:

1. Jessica N Schaffer, Melanie M Pearson.
Proteus mirabilis and Urinary Tract Infec-
tions. Microbiol Spectr. 2015
Oct;3(5):10.1128/microbiolspec.

2. Sara Wells, Chris Trower, Tertius A
Hough, Michelle Stewart, Michael T
Cheeseman. Urethral obstruction by semi-
nal coagulum is associated with me-
detomidine-ketamine anesthesia in male
mice on C57BL/6J and mixed genetic
backgrounds. ] Am Assoc Lab Anim Sci.
2009 May;48(3):296-9.

3. Chelsie E. Armbruster, Harry L. T.
Mobley, Melanie M. Pearson. Pathogene-
sis of Proteus mirabilis Infection. EcoSal
Plus 2018: 10.1128.

4. Jones B, Young R, Mahenthiralingam E,
Stickler D. Ultrastructure of Proteus mira-
bilis swarmer cell rafts and role of swarm-
ing in catheter-associated urinary tract in-
fection. Infect Immun. 2004; 72 (7):3491-
3950.

5. Coker C, Poore CA, Li X,
Mobley HLT. Pathogenesis of Proteus mi-

rabilis urinary tract infection. Microbes
Infect. 2000; 2(12):1497-1505.

23



	WEDNESDAY SLIDE
	CONFERENCE 2026-2027

