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CASE I:

Signalment:
4 years-old, female, goat (Capra hircus), un-
specified breed.

History:

The sample was submitted by a general prac-
titioner and little information is available re-
garding the clinical history. This goat was
pregnant and was one month away from par-
turition. Anorexia was reported.

Gross Pathology:

Kidneys are described by the practitioner as
pale and swollen, with irregular white foci.
Other reported findings are mesenteric lymph
nodes with a caseous and mineralized con-
tent. Only kidneys were submitted for histo-
pathological analysis.

Laboratory Results:
No findings reported.

Microscopic Description:
Almost all glomeruli are affected by one or
more of the following changes:

- Variable thickening of the glomerular
capsule with fibroblastic prolifera-
tion;

- Marked thickening of glomerular
basement membrane with moderate
increased in mesangial cellularity
(membranoproliferative  glomerulo-
nephritis);

- Adhesions between the glomerular
tufts and the capsule (glomerular syn-
echiae);

- Extraglomerular proliferation of spin-
dle cells admixed with fibrin around
glomerular tufts, resembling glomer-
ular crescents;

- Glomerular congestion and/or hemor-
rhages;

- Eosinophilic granular materiel (pro-
tein exudation) and/or hemorrhages
within the urinary space;

- Shrunken and fibrotic glomeruli
(global glomerulosclerosis).

These changes affect almost all glomeruli
(diffuse changes) and usually the entire glo-
merular tuft (global changes).

Figure 1-1. Kidney, goat. A single section of kidney is
submitted for examination. Tubular dilation and lu-
minal hypercellularity. (HE, 5X)



Figure 1-2. Kidney, goat. Glomeruli exhibit expansion of cap
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illary walls and mesangium, mesangial hpercellularity, sy-

nechiation, crescent formation, and marked periglomerular fibrosis. The surrounding interstitium is expanded by fibrosis,
tubules are mildly atrophic and there is interstitial lymphoplasmacytic inflammation. (HE, 364X)

Also affected are tubules showing a combi-
nation of changes: thickened basement mem-
brane; epithelial atrophy; tubular dilation
with eosinophilic protein casts, degenerate
neutrophils and/or eosinophilic granular de-
bris; mineralization of basement membranes,
especially in the medulla; rare crystals (likely
calcium oxalate crystals).

The interstitium is moderately expanded by
fibrosis and/or infiltration by lymphocytes
and plasma cells.

Contributor’s Morphologic Diagnoses:
Glomerulonephritis, membranoproliferative,
diffuse, global, marked, chronic, with global
glomerulosclerosis, lymphoplasmacytic in-
terstitial nephritis, tubular atrophy and tubu-
lar casts.

Contributor’s Comment:

The case is interesting as it shows a constel-
lation of renal elementary lesions. Glomeru-
lonephritides can be defined as primary glo-
merular diseases with secondary tubulointer-
stitial and vascular changes.> * In this case,
the proportion of affected glomeruli (more

than 50%), the proportion of the glomerular
tuft affected (entire glomerular tuft) and the
type of glomerular change (thickening of glo-
merular basement membrane with mesangial
proliferation) favor a diagnosis of diffuse,
global, membranoproliferative glomerulone-
phritis'. An interesting feature is the presence
of crescent-like structures around glomerular
tufts that are reminiscent of crescentic glo-
merulonephritis in humans. Such crescents
have been described in cases of glomerulone-
phritis in ruminants.? 3

Among glomerular diseases, glomerulone-
phritis is frequent in veterinary medicine and
are the subject of a rather complex nomencla-
ture, based on human renal pathology that
can be difficult to apply routinely to veteri-
nary pathology cases especially when addi-
tional techniques (immunofluorescence,
electron microscopy) are not available. The
exact cause is generally unknown but im-
mune-complex deposition secondary to in-
fections is a likely cause in most cases. In ru-
minants, Maedi-Visna virus and Bovine Viral
Diarrhea virus are suspected to initiate im-
mune-mediated glomerulonephritis.?



Flgure 1-3. Kidney, goat A perlodlc ac:d methenamme
silver stain demonstrates the excessive amount of base-
ment membrane within the mesangium, capillary walls
and Bowman'’s capsule crescents. (PAMS, 400X)

Despite showing marked renal changes of
glomeruli, tubules and interstitium, there was
no clinical sign or gross lesion suggestive of
renal failure in this animal. Clinically silent
glomerulonephritis appears to be common in
ruminants with the exception of the mem-
branoproliferative  glomerulonephritis  of
Finnish landrace sheep that is present at birth
and caused by deficiency in complement
component C3. Affected lambs die of renal
failure around 1-3 months.?

Contributing Institution:

Ecole Nationale Vétérinaire d’ Alfort

Unité d’Histologie et d’Anatomie Patholo-
gique, BioPdle Alfort

Département des Sciences Biologiques et
Pharmaceutiques

7 avenue du Général De Gaulle

94704 Maisons Alfort Cedex

FRANCE

www.vet-alfort.fr

JPC Diagnosis:

1. Kidney: Glomerulonephritis, membranop-
roliferative, chronic, diffuse, severe with
crescent formation and periglomerular and
interstitial fibrosis.

2. Kidney: Tubular degeneration and necro-
sis, multifocal, moderate with numerous tub-
ular casts and intratubular crystals.

JPC Comment:

Immune complex deposition can cause dif-
ferent types of glomerular disease depending
on where they are deposited. In general, dep-
osition of immune complexes in the glomer-
ulus leads to complement activation, mem-
brane attack complex formation, mast cell
degranulation, and leukocyte chemotaxis.?
Activated monocytes and neutrophils cause
secondary enzymatic and oxidative damage
to podocytes, endothelial cells, and the
mesangium.’> Mesangial cells can also pro-
duce inflammatory mediators such as IL1 and
arachidonic acid metabolites, initiating in-
flammation and cause self-induced prolifera-
tion.? The end result is an amplifying loop of
inflammation and proliferation.

As the contributor mentions, electron mi-
croscopy and/or immunofluorescence are
necessary for confirming immune complex
deposition and differentiating it from other
conditions with similar histologic appear-
ances. Special stains such as silver stains (i.e.
Jones methenamine silver), PAS, and Mas-
son’s trichrome may be helpful for visualiz-
ing glomerular basement = membrane
changes.!

Deposition of immune complexes between
podocytes and the glomerular basement
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Flgure 1-4. Kldney, goat A Masson s trichrome demon-
strates collagen within the glomerular mesangium, ca-
pillary walls, crescents, and the surrounding interstit-
ium. (Masson’s trichrome, 400X)


http://www.vet-alfort.fr/

Figure 1-5. Kidney, goat. There is a variety of tubular
changes in the midst of interstitial fibrosis and lympho-
plasmacytic inflammation, to include ectasia, cellular
and protein casts, tubular epithelial degeneration, and
tubular atrophy with loss of visible lumina.

membrane leads to membranous glomerulo-
nephropathy.! Changes are minimal early in
the disease. Later in disease, glomerular
basement membranes are thickened, and in
advanced stages, there may be secondary glo-
merulosclerosis.! Remodeled glomerular
basement membrane features spikes and
holes which can be visualized with silver
stains such as JMS.!

Immune complex deposition on the luminal
surface of capillaries leads to membranopro-
liferative  glomerulonephritis.! Subsequent
endothelial hypertrophy, mesangial hypertro-
phy, and/or the presence of leukocytes which
characteristic hypercellularity of the endo-
capillary and mesangial compartments.' Glo-
merular basement membranes may be thick-
ened or duplicated, which JMS staining
demonstrates in this case.! Secondary
changes that may occur with membranopro-
liferative glomerulonephritis include glomer-
ular synechiae and crescents, as seen in this
case.!

Immune complex deposition within the
mesangium leads to mesangioproliferative
glomerulonephritis, and resulting hypercellu-
larity is limited to the mesangium.!

While low levels of calcium oxalate crystals
in the kidney may be an incidental finding in

any species, the moderator, Dr. Alicia Mo-
reau, and conference participants remarked
about the prevalence of crystals within the
section. Ruminants may ingest oxalates in
plants such as halogeton, greasewood, rhu-
barb, and sorrel/dock, or as a mycotoxin in
moldy feed.® In general, metabolism of oxa-
late in the rumen makes ruminants resistant
to formation of oxalate calculi, but both low
magnesium diet and low calcium diets can fa-
vor formation of oxalate urolithiasis.” Oxa-
late crystals form in renal vessels and tubules
and can cause obstruction, trauma, and necro-
sis of tubular epithelium, which conference
participants suspected in this case.’ Proximal
convoluted tubules are most susceptible to in-
jury due to their high metabolic activity.’
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CASE II:

Signalment:
9-year-old, spayed female, Welsh Corgi dog
(Canis lupus familiaris)

History:

The patient presented for lethargy, anorexia,
and labored breathing with 2 days duration.
On physical examination, the submandibular
lymph nodes were enlarged and the lungs
sounded harsh on auscultation. Radiographs
were unremarkable. The patient’s condition
worsened and the patient passed away over-
night.

Gross Pathology:

Necropsy was performed by the rDVM and
multiple fixed tissue samples were submitted
for diagnostic evaluation (necropsy-in-a-bot-
tle). Gross findings were not provided.

Laboratory Results:

Results from a complete blood count, blood
chemistry, and T4 on the day of presentation
for clinical signs was provided by the rDVM.
The following abnormalities were noted:

Analyte Result Reference Units
Range
WBC 144 4.0-15.5 103/l
Neutro- | 12096 2060-10600 /uLL
phils (high)
Mono- 864 (high) 0-840 /uL
cytes
ALP 256 (high) 5-131 1U/L
BUN 187 (high) 6-31 mg/dL
Creatinine | 11.4 (high) | 0.5-1.6 mg/dL
Phospho- | 23.6 (high) | 2.5-6.0 mg/dL
rus
Glucose 65 (low) 70-138 mg/dL
Calcium 13.0 (high) | 8.9-11.4 mg/dL
Cor- 13.2
rected Ca
Magne- 3.3 (high) 1.5-2.5 mEq/L
sium
Sodium 143 139-154 mEg/L
Potassium | 7.2 (high) 3.6-5.5 mEg/L
Na/K ratio | 20 (low) 27-38
Amylase 1145 (high) | 290-1125 IU/L
Preci- 364 (high) | 24-140 U/L
sionPSL
T4 <0.5 (low) | 0.8-3.5 ug/dL

Microscopic Description:

Kidney: The glomeruli are markedly, dif-
fusely, and globally enlarged by pale,
smudgy to amorphous, faintly fibrillar, extra-
cellular eosinophilic material expanding the
mesangial matrix and obliterating the glo-
merular tufts. Glomerular capillaries are
compressed, and the glomerular architecture
is obscured by the extracellular deposits.
Bowman’s capsule is occasionally and mildly
thickened by similar material and rarely sur-
rounded by a few concentric thin bands of eo-
sinophilic fibrous connective tissue (fibro-
sis). Renal tubules are characterized by vari-
ous changes, including: 1) lumina distended
by clear space and lined by normal epithe-
lium, 2) lumina containing granular debris
and lined by markedly flattened (attenuated)
epithelium mixed with a few angular and hy-
pereosinophilic epithelial cells, 3) thinned tu-
bules lined by plump epithelial cells with an
open nucleus (regeneration), and 4) epithelial
cells that are mildly vacuolated and contain
numerous small eosinophilic protein drop-
lets. The interstitium is multifocally infil-
trated by small to modest numbers of lym-
phocytes and plasma cells. While less distinct
and severe, the medullary interstitium is
mildly expanded by similar eosinophilic ma-
terial described in the glomeruli.

Figure 2-1. Kidney and lung, dog. A section of kidney
and lung are submitted for examination. At this mag-
nification, glomeruli and enlarged and hypocellular,
and there is a focal area of mineralization within the
medulla. There are no discernable lesions in the lung at
this magnification. (HE 5X)
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Figure 2-2. Kldney, dog. Glomerull are markedly en-
larged and hypocellular (HE, 33X)

Lung: Alveolar and parenchymal vessels are
diffusely congested. The alveolar spaces are
often mildly expanded by clear space and
contain low numbers of extravasated erythro-
cytes and fine fibrillary material. In some ar-
eas, there is a very faint, thin blue and granu-
lar hue to the lining of the alveolar septa
(mineralization).

Special staining of the kidney with Congo
Red and the lung with von Kossa is per-
formed. Within the kidney, the glomeruli are
expanded by orange to red material that
rarely exhibits apple-green birefringence un-

Flgure 2 3, Kidney, dog. ngher mz;gmﬂcatlon of-glomen'lll

der polarized light. The presence of Con-
gophilic material expanding the glomeruli is
consistent with amyloid. Within the lung,
multifocally lining alveolar septa and par-
tially lining small-caliber parenchymal ves-
sels are thin linear bands of material that stain
black, consistent with mineral.

Contributor’s Morphologic Diagnoses:
Kidney: Severe glomerular amyloidosis with
mild renal tubular degeneration and atrophy,
and lymphoplasmacytic interstitial nephritis
with fibrosis

Lung: Acute pulmonary congestion with al-
veolar mineralization and damage

Contributor’s Comment:

Amyloidosis is a disease condition that re-
sults when amyloid, a proteinaceous material,
is deposited intercellularly in a variety of tis-
sues, including the kidneys.> Amyloid refers
to a group of insoluble, fibrillary proteins
with diverse origins but similar structures and
properties. '°

) 4

Glomerular caplllary Ioops and mesanglum are markedly ex-
panded by amyloid, effacing normal architecture. Parietal epithelium is markedly hypertrophic and Bowman’s capsule.
There is mild fibrosis of the cortical interstitium, tubular degeneration and atrophy, and small aggregates of lymphocytes
and plasma cells in the interstitium. (HE, 33X)



Three of the most prominent forms of amy-
loidosis in animals include reactive, immuno-
globulin-derived, and familial amyloidosis.
The most common form of amyloidosis is re-
active systemic amyloidosis, also called sec-
ondary amyloidosis. It results from AA-amy-
loid being derived from serum amyloid A
(SAA), an acute-phase lipoprotein. AA-amy-
loidosis is often associated with chronic in-
flammatory disease, persistent infections, or
neoplasia. Immunoglobulin-derived amyloi-
dosis, also called primary amyloidosis, is the
most common form in humans but less com-
mon in domestic animals. It involves AL-am-
yloid, which is derived from immunoglobulin
light chains. *!° Familial amyloidosis is an-
other form of amyloidosis that is most com-
monly seen in Shar Pei dogs and Abyssinian
cats.’

Amyloidosis occurs when there is misfolding
of the progenitor protein. '° Amyloid proteins
are arranged in a B-pleated sheet structure.
This renders amyloid insoluble and resistant
to proteolysis, allowing it to permanently ac-
cumulate in tissues.’” In the case of AA-amy-
loidosis, increased SAA due to inflammation
coupled with a defect in SAA degradation re-
sult in the accumulation of misfolded protein
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Figure 2-4. Kidney, dog. Glomerular amyloid demon-
strates marked congophilia. (Unfortunately, the un-
stained sections submitted to JPC were too thin to
demonstrate birefringence when stained with Congo
Red.) (Congo Red, 200X) (Photo courtesy of: University
of lllinois at Urbana-Champaign, Veterinary Diagnostic
Laboratory, http://vetmed.illinois.edu/vet-re-
sources/veterinary-diagnostic-laboratory/)

fibrils. ' Amyloid damages tissues by caus-
ing pressure atrophy to adjacent cells. * The
most common site of amyloid accumulation
in dogs is the kidney where it usually affects
glomeruli.” Amyloid is often also deposited
in the liver, spleen, lymph nodes, and adrenal
glands. 1

Gross changes associated with renal amyloi-
dosis include mild renomegaly, pallor, and a
waxy consistency. > Microscopically, amy-
loid is deposited extracellularly.!* In the kid-
neys, these deposits are within the mesangial
area of the glomerulus.® This results in ex-
pansion of the mesangium, compressing the
adjacent capillary loop.* As amyloid accumu-
lates, the glomeruli become enlarged and ho-
mogeneous in appearance.’ In the case of fa-
milial amyloidosis in Shar Pei dogs, amyloid
often accumulates in the renal medullary in-
terstitium.’ In order to differentiate amyloid
from other extracellular deposits, Congo red
stain is used. Congo red stains amyloid de-
posits orange to red with apple-green bire-
fringence under polarized light.'°

As renal amyloidosis is irreversible, it often
leads to chronic kidney failure. In this case,
the dog’s serum biochemistry profile indi-
cated severe azotemia, consistent with kidney
disease. Additional biochemical findings in
this case that are likely attributed to chronic
renal failure include hyperkalemia and hyper-
phosphatemia. Other clinicopathologic ab-
normalities of renal failure that were either
not reported or normal in this case included
non-regenerative anemia and metabolic aci-
dosis. Importantly, results of a urinalysis
were not provided in this case and so pro-
teinuria, a hallmark of renal amyloidosis, in
addition to other common urinalysis findings
seen with chronic renal disease cannot be ex-
cluded.

A common finding associated with chronic
kidney failure and renal azotemia is alveolar
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i?;;ure 2-5, ;éidney, dtio;. Alveolar septa are multifocally
expanded by deeply basophilic crystalline mineral, ma-
ture collagen, and small amounts of edema. There is
patchy type Il pneumocyte hyperplasia and increased
numbers of alveolar macrophages. (HE, 273X)
mineralization within the lungs.® Often called
uremic pneumonopathy, mineralization oc-
curs within the pulmonary interstitium, spe-
cifically the smooth muscle and connective
tissue fibers of alveolar septa, veins, and
bronchioles.?> Although uremic mineraliza-
tion can be multisystemic, mineral deposition
often occurs in sites affected by degenerative
or necrotic tissue damage. Due to this charac-
teristic and since uremic mineralization can
occur regardless of serum calcium concentra-
tion, it is most consistent with dystrophic
mineralization, as opposed to metastatic min-
eralization.! Other alveolar changes associ-
ated with mineralization include pulmonary
edema and histiocytosis. Dogs with mineral-
ization of alveoli may or may not exhibit clin-
ical signs of respiratory disease.’

Contributing Institution:

University of Illinois at Urbana-Champaign,
Veterinary Diagnostic Laboratory
http://vetmed.illinois.edu/vet-resources/vet-
erinary-diagnostic-laboratory/

JPC Diagnosis:

1. Kidney: Amyloidosis, glomerular, global,
diffuse, severe, with tubular degeneration,
proteinosis, and chronic lymphocytic intersti-
tial nephritis.

2. Lung: Mineralization, subpleural, septal,
and vascular, multifocal, moderate.

JPC Comment:

The contributor provides an excellent and
succinct comment in this classic condition.
Amyloidosis is a subject of frequent research
due to its prevalence, diverse presentations,
and varied composition in multiple species,
including humans. Differentiating the type of
amyloid being deposited is critical for under-
standing the pathogenesis. Traditionally,
light-chain amyloidosis (AL) has been differ-
entiated from AA using special stains: AL re-
tains congophilia when pretreated with potas-
sium permanganate, while AA loses
congphilia.’ An additional method to identify
AL is immunohistochemical staining for
kappa and lambda light chains.’ Recently, la-
ser microdissection-liquid chromatography-
tandem mass spectrometry (LMD-MS) has
been used to identify the amyloid precursor
proteins in humans, and a study in dogs and
cats identified immunoglobulin light chains
in 17 of 17 extramedullary plasma cell tu-
mors with amyloid deposition.’ In the same
study, only 12 of 17 cases showed potassium
permanganate resistant congophilia, and light
chains were only detected in 6 of 17 cases.’
This study demonstrated that LMD-MS may
be more sensitive than traditional methods
for identifying light-chain amyloidosis.’

Amyloid signature proteins (ASPs) are pro-
teins that are deposited with amyloid fibrils
and are likely involved in the pathogenesis of
amyloidosis.® ASPs studied in man include
serum amyloid P component, which protects
amyloid fibrils from proteolysis, and various
apolipoproteins, including ApoE, which af-
fects the stability and deposition of beta-am-
yloid.® ASPs have yet to be studied thor-
oughly in veterinary species. Recently, im-
munohistochemistry and LMD-MS were
used to investigate which ASPs are present in
three types of amyloidosis in cats; ApoE was
identified using both methods in 16 of 16
cases, while SAP was not identified in any
cases.® In the previously mentioned study of


http://vetmed.illinois.edu/vet-resources/veterinary-diagnostic-laboratory/
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extramedullary plasma cell tumors, IHC ap-
peared to be more sensitive than LMD-MS,
which only identified ASPs in 10 of 15 dogs.’
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CASE I1II:

Signalment:
3-month-old castrated male Angus Cross
(Bos taurus) bovine.

History:

6 out of 30 calves showed acute clinical signs
including: bruxism, rapid breathing, dehydra-
tion, difficulty rising, and difficulty passing
manure. All animals were normothermic
(99.5-99.9 F). The herd was pastured in a na-
tive grass meadow with oak trees. The area
recently received 3 feet of snow, during
which the herd sheltered under the oak trees.
The submitted animal died shortly after being
tubed with fluids. The referring veterinarian
submitted kidney, liver and ruminal contents
to the diagnostic laboratory for evaluation.

Laboratory Results:

Gallic acid was strongly positive in the sub-
mitted rumen contents, confirming exposure
to gallotannins.

Microscopic Description:

Kidney: Approximately 30% of the cortical
tubular epithelium is necrotic, characterized
by loss of cellular detail, rounding of cell bor-
ders, separation from the basement mem-
brane, pyknotic nuclei and cytoplasmic hy-
pereosinophilia. Affected tubules are often
expanded by brightly eosinophilic granular



Figure 3-1. Kidney, calf. A wedge-shaped section of kid-
ney is submitted for examination. (HE, 5X)

casts composed of cellular debris and mild
amounts of hemorrhage. Occasionally the
tubular epithelium is attenuated, mildly vac-
uolated (degeneration), or hypertrophied with
moderate anisokaryosis and rare mitotic fig-
ures (regeneration). Few Bowman’s spaces
and tubules contain high protein fluid. Multi-
focally the interstitium is expanded by mild
fibrosis with infiltration by small aggregates
of lymphocytes and plasma cells with fewer
neutrophils. The tunica media of large and
medium-caliber vessels are mildly vacuo-
lated.

Contributor’s Morphologic Diagnoses:
Kidney: Moderate acute/subacute multifocal
cortical tubular necrosis.

Contributor’s Comment:

The history, histologic lesion, and presence
of gallic acid in the rumen are diagnostic for
oak toxicosis. Multiple species are poten-
tially susceptible to oak toxicosis including:
cattle, sheep, goats, llamas, moose, rabbits,
horses, and pigeons.* > &% 12 17- 19 Qugpected
oak toxicosis has been reported in one dog.?
Tannins leached from oak leaves that fall into
aquatic habitats are known to be toxic to

some tadpole species.'? Pigs appear to be re-
sistant as ingestion increases production of
tannin-binding salivary proteins.!”

Cattle are the most susceptible and most com-
monly reported species. Cattle develop acute
tubular necrosis after ingestion of blossoms,
buds, leaves, stems or acorns from oak shrubs
and trees (Quercus spp) which grow world-
wide with case reports in North America,
Brazil, Spain, Israel and Africa.® !4 15 18,20
Consumption of large quantities of young
oak leaves typically occurs in the spring and
ingestion of bark or green acorns occurs in
the fall. Toxic levels vary between plant spe-
cies, plant component, and stage of plant ma-
turity.! The toxicity of the leaf decreases with
maturity, while the opposite occurs with the
acorns which are most toxic when mature and
freshly fallen.!® Cattle frequently forage oak
components without issue if the oak products
represent less than 50% of their diet, there-
fore feed restriction plays a crucial role, as in
this case with snow coverage removing avail-
ability of the herd’s regular pasture diet.® Oak
is also not considered to be generally palata-
ble, reinforcing the importance of other feed
availability to avoid toxicosis. The toxic sub-
stances are metabolites of tannins which are
believed to include: tannic acid, gallic acid
and pyrogallol.>> Toxicosis is dose-depend-
ent and the exact mechanism of renal tubular
damage is unknown. The binding of tannins
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Flgure 3-2. Kidney, calf: Due to the numerous and dl-
verse tubular changes, there is loss of normal tubular
architecture in the cortex. There is multifocal intersti-
tial hemorrhage and a cluster of tubules containing
granular protein casts (lower right). (HE, 228X)
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to endothelial cells results in widespread en-
dothelial damage and can lead to perirenal
edema, hydrothorax, ascites and dissemi-
nated intravascular coagulation.’

Clinical signs occur 3-7 days after ingestion
and mortality can be as high as 80%.2° Clini-
cal signs related to endothelial damage and
renal failure are typical and can include pol-
yuria, polydipsia, hematuria, dehydration and
sternal edema. Animals may also experience
abdominal pain, mucoid to hemorrhagic diar-
rhea, tenesmus, icterus, rumen stasis, ano-
rexia and depression. Malformed calves and
abortions have been reported in cows that
consume acorns during the second trimester
of pregnancy.'! Clinical pathology findings
may include increased BUN and creatinine
concentrations, proteinuria, glucosuria, hy-
perbilirubinuria, hyperphosphatemia, hy-
pocalcemia, and hyposthenuria. Other find-
ings reported include elevated AST, GGT,
CK, and lactate dehydrogenase, hypoalbu-
minemia, hypocalcemia and hypopro-
teinemia 2 5 6 14 16,20

? P .
o ERia 7 S e Sy

lumina are filled with granular casts. (HE, 560X)
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Figure 3-3. Kidney, calf. There is multifocal necrosis and loss of tubular epithelium lining proximal convoluted tubules

Typical gross findings include swollen, pale
kidneys with pinpoint hemorrhages on the
capsular and cortical surfaces, perirenal
edema and hemorrhage, hydrothorax, ascites,
and alimentary tract ulceration. Histopatho-
logical findings within the kidney are charac-
terized by acute proximal tubular necrosis
with casts and intratubular hemorrhage.
Chronic cases develop chronic interstitial ne-
phritis with fibrosis, atrophy, thinned cortex
and a finely pitted surface. %> & 14.15. 16,20

The diagnosis of oak poisoning is typically
based on clinical and gross findings, provided
history and histopathological examination of
the kidneys. Commercial diagnostic testing
for tannin metabolites is available for confir-
mation. Additional differentials for acute tub-
ular necrosis in cattle include: pigweed (4m-
aranthus spp) toxicity, aminoglycoside anti-
biotic toxicity, oxalate poisoning, urolithia-
sis, heavy metal exposure, and ochratoxico-
sis, yet tubular necrosis with intratubular
hemorrhage distinguishes this nephrotoxicity
from most other causes.’

e AR e
. Tubular
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I.-'lgure 3-4. Kidney, clf In additional to necrotic tubules (top center), there are Iss dramatlc changes including numerous
regenerating tubular epithelial cells with mildly basophilic cytoplasm and open-faced nuclei, and mildly hypercellular glomeruli.

(HE, 350X)

Contributing Institution:

Veterinary Diagnostic Laboratory, Colorado
State University Fort Collins, CO, USA
http://csu-cvmbs.colos-
tate.edu/vdl/Pages/default.asp

JPC Diagnosis:

Kidney: Tubular degeneration, necrosis, and
regeneration, diffuse, with intratubular gran-
ular casts, hemorrhage, and proteinosis.

JPC Comment:

This is a classic case of oak toxicosis. In ad-
dition to exogenous toxins so thoroughly de-
scribed by the contributor, acute tubular in-
jury (ATI) can also be caused by endogenous
toxins.” Massive release of hemoglobin or
myoglobin from hemolysis or rhabdomyoly-
sis can cause pigmentary nephrosis. Tubular
injury in these cases may stem from the toxic
effects of pigments and secondary factors,
such as anemia.’ Bile is also nephrotoxic in
domestic animals.® In humans, hepatic cir-
rhosis causes systemic hypotension and renal
hypoperfusion which lead to tubular injury,

and bile pigments build up in tubular epithe-
lium and form bile casts in tubules.’

Acute tubular injury also occurs as part of re-
nal cortical necrosis; in this condition, all cor-
tical structures, including glomeruli, are dam-
aged. Differentials for renal cortical necrosis
include hypoperfusion, ischemia, endotoxe-
mia, disseminated intravascular coagulation,
and certain gastrointestinal disease.’ In some
cases, distinguishing ATI and renal cortical
necrosis may be difficult as edema may de-
crease perfusion and cause concurrent ische-
mia.’

The ability to recover from ATI is dependent
on preservation of basement membranes.’
Jones periodic methenamine silver staining
and other stains can provide valuable prog-
nostic information in biopsy cases.
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CASE 1V:

Signalment:
A 1.6 year-old, female, domestic short hair,
cat (Felis catus)

History:
Acute death with no prior clinical signs.

Gross Pathology:

This is the body of a 4.5 kg, reportedly 1.6
year-old female domestic short hair with a
body condition score 6/9 and minimal autol-
ysis. The apex of the heart is slightly rounded.
Multiple coronary vessels, especially those in
the paraconal groove, are segmentally thick-
ened. There are multiple irregular, depressed
areas scattered on the renal cortical surfaces
(chronic infarctions/tubulointerstitial nephri-
tis). On section, arcuate renal vessels appear
up to 3mm thick. There are no other signifi-
cant findings.

Laboratory Results:
Special stains Result
GMS staining Negative
PAS staining Negative
Acid-fast staining Negative

Microscopic Description:

Kidney: Multiple small to large sized arteries
are circumferentially obliterated, partially to
completely occluded and markedly expanded
by a moderately cellular proliferation of spin-
dle shaped cells (presumptive smooth muscle

cells and fibroblasts cells) within the tunica
intima and media admixed with the pale ba-
sophilic extracellular matrix. Occasionally,
there are also foci of myointimal necrosis.
Multiple dense lymphoid aggregations sur-
round within the tunica adventitia of these af-
fected vessels, and there are moderate lym-
phocytic, histiocytic and neutrophilic infil-
trates transmurally. Multifocally, the endo-
thelial lining of the vessels is plump reactive,
infrequently sloughed off from the basement
membranes, and lost. The vascular lumens
also contain numerous lymphocytes, plasma
cells, and infrequent basophilic karyorrhectic
debris. Multifocally, the inflammatory reac-
tions that surrounded the vessels extent to the
renal interstitial spaces. Multifocally, there is
a well-delineated regional infarction involv-
ing the renal cortex to the renal medulla.

Contributor’s Morphologic Diagnoses:
Kidney: Severe, multifocal, chronic, ne-
crotizing and pyogranulomatous vasculitis

Contributor’s Comment:

Histopathology has confirmed severe multi-
systemic vascular disease that is most pro-
nounced in the kidney, heart and a mesenteric
artery. Our primary differential is a ster-

Figure 4-1. Kidney, cat. A wedge-shaped section of kid-
ney is submitted for examination. There is marked in-
crease in the size of the arcuate arteries at the cortico-
medullary junction. (HE, 5X)
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tunica intima, media, and adventitia. (HE, 53X

ile/immune mediated arteritis, perhaps re-
sembling polyarteritis nodosa (syn. juvenile
polyarteritis) as seen in other species (ie.
dogs, cynomolgus macaques, human, rat,
others).

Polyarteritis nodosa (PAN) is a systemic ne-
crotizing vasculitis mainly involving small-
and medium-sized muscular arteries of vis-
ceral organs.!!" 12 The pathogenesis of PAN is
still poorly understood.!!? In human, PAN
has been associated with some virus infec-
tions including hepatitis B and C viruses, hu-
man immunodeficiency virus, parvovirus
B19 and hairy cell leukemia.>® An immune-
mediated vasculopathy is highly suggestive
due to the infiltrates of histiocytes and CD4+
T lymphocytes within the vascular walls.> In
veterinary medicine, most cases of PAN have
not been associated with infectious agents.
However, there are some reports described in
many species including blue foxes associated
with encephalitozoonosis, in sheep infected
with ovine herpesvirus 2 and a streptococcal
infection has been suspected in pigs.”®’

Figure4-2. -Kldey, ary cat. There is transmural t lckmg o the wall of an arcuate artery with marked expansion of the

PAN has been recently reported in a cat and
in our case, the histopathological findings
and gross findings resemble to recently de-
scribed in the cat which includes systemic ne-
crotizing vasculitis involved the small, me-
dium and large arteries of the heart, kidneys,
mesentery.!! In addition to the recent report,
our case demonstrates intense neutrophilic
infiltration of the vascular walls.!!

w7 A 7 P g A LR
Figure 4-3. Kidney, artery, cat. Higher magnification of
the artery in 4-2. There is partial occlusion of the lumen,
and at left, pink proteinaceous extruded protein just be-
neath the remnant endothelium. There is no visible
lamina intima, with thickening of the tunica intima by
maloriented infiltrating smooth muscle, abundant
ground substance, few fibroblasts and collagen and nu-
merous inflammatory cells. The tunica media and ad-
ventitia is markedly expanded by fibrosis and inflam-
matory cells. (HE, 193X)

15



o, é i
Flgure 4-4. Kidney, artery, cat A Masson s trlchrome
demonstrates the amount of collagen in the wall of the
artery (which should be minimal in the normal state).
(Masson’s trichrome, 200X)

Some other diagnostic considerations are dis-
cussed below. Perhaps the best recognized
vasculopathy in the cat is feline infectious
peritonitis. Although we have not definitively
excluded this pathogen, we suggest that the
histologic picture is not entirely typical of
this syndrome (ie. morphologic pathology,
distribution of lesions). Another possibility
might be severe systemic hypertension, but
we note that some organs typically affected
by hypertension are not involved (ie. menin-

ges, eye).

Contributing Institution:

Oregon State University Magruder Hall Rm.
134 700 SW 30th Street Corvallis, OR 97331
https://vetmed.oregonstate.edu/diagnostic

JPC Diagnosis:

Kidney: Arteritis, proliferative and necrotiz-
ing, chronic, diffuse, severe, with cortical in-
farcts.

JPC Comment:

While relatively uncommon in cats, systemic
necrotizing vasculitis is a common back-
ground lesion in laboratory species, specifi-
cally mice, rats, beagle dogs, and Gottingen
minipigs.** In mice, polyarteritis can affect
multiple organ systems and tends to occur in
strains predisposed to autoimmune diseases,

such as MRL and NZB strains. In the kid-
neys, it can cause segmental infarction, simi-
lar to what was seen in this case.! Other or-
gans that may be infected include the tongue,
pancreas, mesentery, and heart.! Polyarteritis
may also affect medium sized vessels around
the inner and middle ear, causing vestibular
signs.! Polyarteritis nodosa is a chronic pro-
gressive disease of rats and occurs more com-
monly in rats that are older, male, or Sprague
Dawley or spontaneous hypertensive
strains.!* Many organ systems can be af-
fected, including the mesentery, kidneys, and
testis; however, the lung is spared."* In bea-
gles, polyarteritis occurs in small to medium
caliber arteries of the leptomeninges, cranial
mediastinum, and heart and is characterized
by lymphoplasmacytic and histiocytic in-
flammation with fibrinoid necrosis and pos-
sible hemorrhage.>* Previously known as
beagle pain syndrome for the primary breed
affected, this condition is now referred to as
steroid responsive meningitis-arteritis and is
known to affect other medium and large
breeds as well.>* Affected animals have fever
and severe spinal pain.”> Spontaneous poly-
arteritis also occurs occasionally in Gottingen
minipigs, most commonly in small to me-
dium caliber vessels in a single or multiple
organs. Affected sites include the heart, re-
productive tract (epididymis, oviduct,
vagina), kidney, rectum, stomach, urinary
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Flgure 4-5., Kidney, artery, cat. The internal and exter-
nal elastic lamina are not visible on a Movat’s penta-
chrome. (Movat, 200X)
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bladder, and spinal cord.* An important dif-
ferential to consider in laboratory species
used in pre-clinical drug safety studies is
drug-induced vasculopathy, which may be
induced by vasodilators (minoxidil, endo-
thelin receptor antagonists), bronchodilators
(phosphodiesterase inhibitors), and immuno-
modulatory agents (hydrocortisone, betame-
thasone).*
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