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Abstract. Since late 2003, an inflammatory disease of muscle and fascia has been diagnosed in
several ferrets at Northwest ZooPath, and this report describes the condition in 17 ferrets. It is a disease
of young ferrets, characterized by rapid onset of clinical signs, high fever, neutrophilic leukocytosis,
treatment failure, and death (or euthanasia). Gross lesions include atrophy of skeletal muscle; red and
white mottling and dilatation of the esophagus; and splenomegaly. Histologically, moderate to severe
suppurative to pyogranulomatous inflammation is in the skeletal muscle and the fascia at multiple sites,
including esophagus, heart, limbs, body wall, head, and lumbar regions. Myeloid hyperplasia of spleen
and/or bone marrow also is a prominent feature. Ultrastructural lesions include mitochondrial swelling,
intracellular edema, disruption of myofibrils and Z bands. Bacterial and viral cultures, electron
microscopy, immunohistochemistry, and polymerase chain reaction were negative for a variety of
infectious agents. The clinical presentation and distribution of lesions suggests that polymyositis in
domestic ferrets is likely a distinct entity. The etiopathogenesis if this condition is not known.

Key words: Electron microscopy; ferrets; histopathology; immunohistochemistry; myofasciitis;
PCR; polymyositis.

Spontaneous inflammatory polymyopathies are
well documented, especially in humans8,25 and
dogs.11,23 The most common myopathies occurring
in humans include polymyositis (PM), inclusion
body myositis (IBM), and dermatomyositis
(DM).8,25 Canine models of DM and PM also
exist.11,18,23 In addition, an immune-mediated form
of masticatory myositis occurs in dogs.11,34

Experimentally or iatrogenically induced inflam-
matory myopathies also occur in animals. Local-
ized myositis associated with the administration of
vaccines has been described in cattle.28 Lewis rats
serve as an animal model for polymyositis associ-
ated with the feeding of L-tryptophan.43 Experi-
mental autoimmune myositis is an autoimmune
disease induced in rabbits or guinea pigs after
immunization with muscle homgenates.43 Experi-
mental infection of mice with Coxsackievirus B 1
can cause T-cell-mediated polymyositis.43 Enceph-
alomyocarditis virus can also cause polymyositis in
adult mice under experimental condtions.43

The domestic ferret (Mustela putorius) is a pop-
ular house pet in the United States. During an

11-year span (1994–2005), Northwest ZooPath
(NZP) has received 2040 domestic ferret biopsy
or necropsy submissions, most were from pri-
vately owned pets. Since late 2003, a previously
unrecognized inflammatory disease process in-
volving muscle and fascia has been diagnosed
in several ferrets at NZP. This report describes
the clinicopathologic findings of this condition,
tentatively termed myofasciitis (MF), in 17
ferrets.

Materials and Methods

Animals

The ferrets used in this study were obtained by private
owners through the pet industry and were presented to
veterinary practitioners for initial diagnostic workup
and treatment when they became ill. For each animal, as
much information as possible was obtained regarding
the breeding facility and the vaccine history. Signalment,
husbandry and medical history, clinical signs, blood and
serum chemistry values, treatments, and manner of
death were also recorded. Necropsies of case Nos. 1–12
were performed at referring clinics and case Nos. 14–17
at NZP.
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Histopathology

Tissues obtained at necropsy were preserved in 10%
neutral buffered formalin, processed routinely, sectioned
at 5 mm, mounted on glass slides, and stained with
hematoxylin and eosin (HE). Select sections of affected
muscle from each ferret were also stained with Fite’s
acid fast, Warthin Starry, Brown and Brenn, Gomori’s
methylamine silver, and Gimenez techniques. Criteria
for inclusion in the study were evidence of suppurative
to pyogranulomatous myositis and fasciitis in esopha-
gus, heart, and at least 1 section of skeletal muscle from
leg or trunk regions. Lesions were graded based on the
degree of inflammation as mild for small focal lesions,
moderate if lesions were multifocal, and severe if lesions
were coalescing or diffuse.

Electron microscopy

Formalin-fixed esophageal skeletal muscle from case
No.1 was transferred to half strength Karnovsky’s
fixative,21 followed by 2 washes in 0.2 M sodium
cacodylate before postfixation in 2% osmium tetroxide
reduced with 2.5% potassium ferrocyanide.32 After
osmification, the tissue was dehydrated in a graded
ethanol series, was infiltrated, and subsequently was
embedded in Spurr’s epoxy resin.37 Thick sections were
cut, mounted on glass slides, and stained by toluidine
blue O for light microscopic preview. Thin sections were
mounted on 150-mesh copper grids, stained briefly with
6% methanolic uranyl acetate, followed by Reynold’s
lead citrate,30 and examined in a Zeiss 906E trans-
mission electron microscope (Zeiss Electron Microsco-
py, Thornwood, NY) at 60 kv accelerating voltage.

Immunohistochemistry

For immunohistochemical examination, deparaffi-
nized sections of inflamed muscles from case Nos. 1–8
were incubated with polyclonal goat-antibodies against
S. neurona (L. Mansfield, MSU, Lansing, MI), T.
gondii, and N. caninum (both from VMRD, Inc.
Pullman, WA) as previously described.35 After depar-
affinization, antigen retrieval was accomplished by
incubation of slides in antigen retrieval solution (Dako,
Carpinteria, CA) in a steamer (Black&Decker, Hamp-
stead, MD) for 20 minutes. Endogenous peroxidases
were blocked by using a 15-minute treatment with 3%
hydrogen peroxide. Slides were also stained with the
monoclonal antibody FCV3-70 (Custom Monoclonals
International, West Sacramento, CA), which reacts with
ferret coronavirus in paraffin embedded sections.41

Nonspecific immunoglobulin binding was blocked by
incubating the slides for 10 minutes in a protein-
blocking agent (Dako). The primary antibodies were
applied at a dilution of 1 : 100 and were allowed to react
for 30 minutes at room temperature. Sections were
stained in a Dako autostainer apparatus (Dako) after
a routine protocol.22 Briefly, a streptavidin-immunoper-
oxidase staining procedure (Dako) was used for
immunolabeling. The reaction was visualized by appli-
cation of the substrate-AEC chromogen AEC substrate

(Dako). Sections were counterstained with Mayer’s
hematoxylin. Positive immunohistochemical controls
included tissues that contained the different parasites
to which the appropriate antisera were added. For
negative controls the primary antibodies were replaced
with homologous nonimmune sera.

Polymerase chain reaction assays

Formalin-fixed, paraffin-embedded samples of skele-
tal muscle from case Nos. 1–8 were processed for
detection of deoxyribonucleic acid (DNA) from Neo-
spora caninum and Toxoplasma gondii. Three sections,
20-m thick, from each sample were placed in sterile
microcentrifuge tubes. A 0.5% mixture of polyoxyethy-
lene-sorbitan monolaurate (Tween 20, Sigma Chemical
Co., St. Louis, MO) in DNase and RNase free
molecular biology grade water was added to each
microcentrifuge tube (200 ml per tube). The microcen-
trifuge tubes were then incubated at 100uC for
10 minutes, followed by centrifugation at 10,000 3 g
for 5 minutes at room temperature. The paraffin layer
that hardened above the aqueous phase was removed
with a sterile toothpick. DNA was extracted from the
tissue pellet by using components of the QIAmp DNA
Mini Kit following the protocol for paraffin-embedded
fixed tissues provided in the handbook for the kit
(Qiagen Inc., Valencia, CA). The extracted DNA was
eluted in 50 ml of DNase and RNase free water. The
polymerase chain reaction (PCR) primers used for
detection of DNA from Toxoplasma gondii were derived
from the 35-fold repetitive B1 gene.6,7 The sequences of
the primers were 59-AACGGGCGAGTAGCACCT-
GAGGAGA-39 and 59-TGGGTCTACGTCGATGG-
CATGACAAC-39. Those primers yield an amplicon of
115 base pairs. The PCR reaction mixture consisted of
2.5 ml of 103 PCR buffer (Qiagen); 0.2 mM each dATP,
dGTP, dCTP, and dTTP; 1.5 mM MgCl2, 0.3 pmol/ml
each primer; 0.625 units HotStar Taq polymerase
(Qiagen), and 5 ml sample DNA in a total reaction
volume of 25 ml. The reaction conditions were 1 cycle of
95uC for 15 minutes; 40 cycles of 95uC for 30 seconds,
65uC for 30 seconds, 72uC for 30 seconds; followed
by 1 cycle of 72uC for 5 minutes. Nested sets of
PCR primers were used for the detection of DNA
from Neospora caninum. The external set of primers
was 59-CCCAGTGCGTCCAATCCTGTAAC-39 and
59-CTCGCCAGTCAACCTACGTCTTCT-39.27 Those
primers yield an amplicon of 337 base pairs. The
internal set of primers was 59-GGATACGTGG-
TTTGTGGTTAG-39 and 59-CAGTCAACCTACGTC-
TTCTG-39 yield a product of 192 bases. The internal set
of primers was used in a nested PCR and in a separate
PCR, without using the external set of PCR primers.
The PCR reaction mixture consisted of 2.5 ml of 103
PCR buffer (Qiagen); 0.2 mM each dATP, dGTP,
dCTP, and dTTP; 1.5 mM MgCl2; 0.3 pmol/ml each
primer; 0.625 units HotStar Taq polymerase (Qiagen)
and 2 ml sample DNA in a total reaction volume of
25 ml. The reaction conditions were 1 cycle of 95uC for
15 minutes; 40 cycles of 95uC for 40 seconds, 62uC
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(55uC for the internal primers) for 40 seconds, 72uC for
40 seconds; followed by 1 cycle of 72 C for 5 minutes.
Positive controls for the PCRs for Toxoplasma gondii
and Neospora canis were DNA harvested from fresh and
formalin-fixed, paraffin-embedded tissue from sheep or
cattle infected with the organisms. Negative controls
were PCR reaction mixtures containing PCR primers
but not containing DNA template (no template control).

Cultures

Aerobic, anerobic, and viral cultures of pooled liver,
lung, and kidney were performed for case Nos. 14–17.
Fecal aerobic culture was performed for case No. 7.
Aerobic culture of lung was performed for case No. 13.
For viral culture, pooled tissue homogenates were
prepared in minimal essential medium (MEM) (10% w/
v), centrifuged, and inoculated onto preformed mono-
layers of Madin Darby Canine Kidney (MDCK) cells,
Crandell Feline Kidney (CrFK) cells, and Vero cells. The
cultures were observed daily for cytopathic effect and
passaged at weekly intervals for 3 consecutive weeks.

Results

Clinical data

Clinical data are summarized in Table 1. The
breeding facilities were known for 15 ferrets, and at
least 3 different facilities were represented; two
facilities were from the United States and one ferret
was a hybrid of European and New Zealand
origins. All ferrets had received at least 1 distemper
vaccine as a kit, and many had also received
booster distemper vaccines. Three different distem-
per vaccine products were used (Table 1), and 2
product (Fervac D, United Vaccines, Inc. Madison,
WI) was used in all of the study ferrets. case Nos. 3
and 16 received 1 booster dose each of Purevax
(Merial, Athans, GA), and Galaxy-D (Schering-
Plough Animal Health Co, Omaha, NE) was
administered as booster doses to ferret case
Nos. 8 and 14. Rabies vaccine (Imrab-3, Merial,
Athens, GA) was administered to 8 ferrets.

Signalment and history

Signalment, clinical signs, blood work, and
vaccine history for ferrets with MF are summarized
in Table 1. The ferrets ranged in age from 5 to
24 months of age and average age was 10 months.
Ten were males, 8 females, and all but 1 male and 2
females were neutered. Clinical signs included fever
(16); lethargy (14); recumbency, ataxia, posterior
paresis, or pain when moving (12); bruxism,
anorexia, or difficulty swallowing or drinking (6);
and abnormal stools (3). Blood work revealed mild
to marked leukocytosis, with mature neutrophilia
(17); and mild to moderate, usually nonregenera-
tive, anemia (11). Common serum abnormalities

included mild to moderate elevation of serum
alanine aminotransferase (6), mild hyperglycemia
(9), and mild hypoalbuminemia (8). Treatment was
attempted in 16 ferrets and included various
antibiotics, nonsteroidal anti-inflammatory drugs,
glucocorticoids, antipyretics, analgesics, interferon,
and cyclophosphamide. Treatment was ultimately
unsuccessful in all cases and the patients either died
(6) or were humanely euthanized (12).

Gross lesions

Distribution and severity of lesions are summa-
rized in Table 2. Necropsy at referring clinics
usually revealed no gross lesions, although red
and white mottling and dilatation of the esophagus,
and white streaks in the heart, diaphragm, and
intercostal muscles were seen in few ferrets. In case
Nos. 13–17 necropsied by one of the authors
(MMG), moderate to severe atrophy of muscle
was noted in the limbs and the lumbar region
(Fig. 1). Each of these ferrets had red-white
mottling of the esophagus along its entire length,
accompanied by mild atrophy of the tongue and
some hyperkeratosis along the dorsal mucosal
surface of the tongue (Fig. 2). The diaphragm also
was thin and semitransparent (Fig. 3). Splenomeg-
aly was observed in all of these ferrets (Fig. 4).

Histologic lesions

Histologic lesions are summarized in Table 2.
Moderate to severe suppurative to pyogranuloma-
tous inflammation was in the skeletal muscle and
the fascia of the esophagus (18), the heart (18), and
the muscles of the hind limbs or the lumbar region
(11), and in front limbs, head, sternum, and
abdominal wall of cases (case Nos. 13–17). In the
esophagus, the inflammation was circumferential
and primarily involved the muscular tunics but
sometimes extended into the submucosal and the
serosal tunics (Fig. 5). In case Nos. 13–17, in-
flammation extended the entire length of the
esophagus. Suppurative inflammation also was
seen in the smooth muscle tunics and associated
submucosa of the small intestine (1), stomach (3),
and urinary bladder (2).

Inflammation primarily was within the perimy-
sium and the endomysium, and frequently extended
into surrounding fascia or adipose tissue. Inflam-
mation was composed predominantly of well-pre-
served neutrophils, with fewer macrophages, lym-
phocytes, and plasma cells (Fig. 6). Affected
myofibers appeared to be randomly distributed
within the fascicles; myofibers in affected areas
were often widely separated by sheets of inflam-
matory cells and occasionally were swollen, hyali-
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Table 1. Signalment, clinical signs, blood work and vaccine history for ferrets with myofasciitis.

Ferret Origin Age Sex* Clinical Signs Hemogram{

1 Marshall Farms 5 mo n/m Acutely moribund, recumbent, died Neut. leukocytosis (46,000); HCT,

32%

2 Marshall Farms 10 mo n/m 3 mo lethargy,

generalized paresis, fever,died

Neut. leukocytosis (36,300); HCT,

30%

3 Marshall Farms 12.5 mo n/f 5 days lethargy, fever,

tachycardia, murmur, euthanized

Neut. leukocytosis (16,800); HCT,

15.9%; thrombocytopenia

4 Marshall Farms 12 mo n/m 1 day fever, bruxism, vomiting, lethargy,

euthanized

Neut. leukocytosis, (8,900); HCT,

30%

5 Marshall Farms 10 mo n/m Abnormal stool, posterior paresis,

euthanized

Neut. leukocytosis, (29,000); HCT,

28.5%

6 M&P Farms 6 mo m Fever, pain, orange spots on skin,

posterior paresis, inappetence,

euthanized

Neut. leukocytosis (34,000); HCT,

29%

7 na 7 mo f Fever, lethargy, recumbency, pain,

euthanized

Neut. leukocytosis (14,500); HCT,

26.4%

8 Hybrid European

polecat 3 New

Zealand

2 yr n/m Fever, lethargy, anorexia, pain,

died

Neut. leukocytosis (24,500), HCT-

31%

9 Marshall Farms 11 mo m Lethargy, weakness, died Neut. leukocytosis (45,000); HCT, na

10 Marshall Farms 5 mo f Fever, lethargy posterior paresis,

euthanized

Normal leukogram (6,500); HCT,

35%

11 Marshall Farms 6 mo n/m Anorexia, lethargy, fever, reluctant

to drink, tachycardia, died

Neut. leukocytosis (16,700); HCT,

44%

12 Marshall Farms 6 mo n/f Lethargy, loose stools, seizures,

fever, died

Neut. leukocytosis (28,700); HCT,

25.1%

13 Marshall Farms 12 mo n/f Paresis, bruxism, pain, fever, serous nasal

discharge, tachycardia, wet breathing,

panting, tarry stools, euthanized

Neut. leukocytosis (20,000); HCT,

19%

14 Marshall Farms 10 mo n/f Fever, lethargy, hind limb pain,

euthanized

Leukocytosis (17,700) (57% neutros)

15 Marshall Farms 11 mo n/f Lethargy, fever, euthanized Leukocytosis (30,000), Diff na

16 Path Valley 9 mo n/f Lethargy, fever, ataxia, paresis

euthanized

Leukocytosis (19,100) (68% neutros);

HCT, 32%

17 Path Valley 6 mo n/m Lethargy anorexia, fever, posterior pain

and paresis, euthanized

Leukocytosis (79,500) (42% neutros);

HCT, 24.6%

*m 5 male; n/m 5 neutered male; f 5 female; n/f 5 neutered female.

{Neut. leukocytosis 5 neutrophilic leukocytosis; HCT 5 hematocrit; na 5 not available; neutros. 5 neutrophils; Diff na 5 differential not
available.

{El. CPK 5 elevated creatine kinase; AST 5 aspartate aminotransferase, ALT 5 alanine aminotransferase; alk phos 5 alkaline phosphatase;
T. bili 5 total bilirubin; GGT 5 gamma glutamyl transferase; CK 5 creatine kinase.

1 nd 5 not done; neg. 5 negative; ng 1 5 no growth aerobic culture; ng 2 5 no growth anerobic culture; ng 3 5 no growth viral culture.

|| Fervac-D, United Vaccines, Inc, Madison, WI; Purvax and Imrab-3, Merial, Duluth, GA; Galaxy D, Schering-Plough, Kenilworth, NJ; mu
5 manufacturer unknown.

#Mult. antibiotic 5 multiple antibiotics.
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Table 1. Extended.

Chemistries{ Cultures1 Vaccines|| Treatments#

El. CK, AST, ALT, T. bili nd Fervac-D no. 1 (kit) Mult. antibiotics

El. ALT, hyperglycemia nd Fervac-D no. 1 (kit) Mult. antibiotics, banamine, prelone,

dexamethazone, interferon

El. ALT, alk phos, GGT, T.

bili, hyperglycemia

Liver, lung, kidney,

Ralstonia sp. neg.

anarobic, viral

Fervac-D no. 1 (kit)

Purvax no. 2

Mult. antibiotics, banamine,

meloxicam, alpha interferon,

cyclophosphamide

Hypoalbuminemia nd Fervac-D no. 1 (kit) Mult. antibiotics, dexamethazone,

prednisolone

El. ALT nd Fervac-D no. 1 (kit), Mult. antibiotics, interferon

Hypoalbuminemia nd Fervac-D 33, Imrab-3

5.5 mo

Mult. antibiotics, rimadyl, digoxin,

interferon, transfusion

Hypoalbuminemia,

hyperglycemia

nd Fervac-D Mult. antibiotics, interferon

Hyperglycemia nd Fervac-D, Galaxy

D 33, Imrab-3;

boostered both at 1.5 yr

Mult. antibiotics, prednisolone,

cyclophosphamide

Hyperglycemia nd Fervac-D no. 1 (kit),

Imrab-3 boosters

Mult. antibiotics, buprenorph,

dexamethazone

Nd nd Fervac-D

4 mo, Imrab-3 4 mo

Mult. antibiotics, buprenorph,

meloxicam

Hyperglycemia,

hypoalbuminemia el. ALT,

lipase

nd Fervac-D no. 1 (kit)

booster 2 mo, Imrab-3

3 mo

Mult. antibiotics, dexamethazone

Hypoalbuminemia Light growth,

Bacillus sp. lung

Fervac-D 33 Imrab-3,

3 mo.

Mult. antibiotics, buprenorf,

meloxicam

Hyperglycemia,

hypoalbuminemia

ng 1, ng 2, ng 3,

skeletal muscle,

lung

Fervac-D, 31 (kit) Mult. antibiotics, acyclovir,

furosemide, tumil-k, carafate,

buprenorphine, pred, vitamin C,

multivitamin w/iron, banamine

Hyperglycemia, increased

CK

ng 1, ng 2 Fervac-D (no. 1) kit,

Galaxy D no. 2,

Imrab-3, Galaxy D

no. 3

Amoxicillin w/clavulanic acid; fluids

na Aerobic — normal flora/

contaminants, ng 2, ng 3

Fervac-D (no. 1) kit, no.

2 mu, rabies mu

None

Hyperglycemia ng 1, ng 2, ng 3 Fervac-D (#1) kit,

Purevax no. 2, Fervac-D

no. 3, Imrab-3, (given twice

accidentally)

Amoxicillin, enrofloxacin, tremadol,

cimetidine, famotidine, prednisone,

meloxicam, pet tinic, interferon,

acyclovir, oseltamivir, fluids,

goldenseal, pau d’ arco;

acupuncture

Hypoalbuminemia ng 1, ng 2, ng 3 Fervac-D no. 1 (kit) Enrofloxacin, amoxicillin, ampicillin,

metronidazole, Pepto-Bismol
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nized, fragmented, or had loss of cross-striation
detail. Inflammatory cells occasionally infiltrated
the sarcoplasm of the viable or degenerative
myofibers (Fig. 7). In lesions interpreted as chron-
ic, inflammation was often interspersed with areas
of myofiber atrophy and fibrosis (Fig. 8).
Small arteries, small veins, and capillaries in

inflamed foci occasionally had endothelial cell
hypertrophy, fibrinoid degeneration of the muscu-
lar tunics, neutrophil margination and trans-
migration, and associated perivascular edema or

fibrin deposition. Rarely, affected vessels contained
partially occlusive fibrin thrombi. Random neutro-
philic hepatitis (9), multifocal neutrophilic intersti-
tial pneumonia (7), suppurative mediastinitis (7),
and suppurative panniculitis (3) were also seen. The
mediastinal and subcutaneous lesions appeared to
represent an extension of inflammation from the
esophagus and the regional skeletal muscles, re-
spectively. Myeloid hyperplasia of spleen (15) and/
or bone marrow (6) was also seen. The hyperplasia
was primarily composed of myeloid precursors

Table 2. Distribution and severity of histologic lesions and concurrent disease processes in ferrets with myofasciitis.*

Ferret Esophagus Heart Skeletal Diaphragm Tongue Stomach Intestine Hepatitis{

1 +++ ++ to +++ ++ na na – – ++

2 +++ +++ na na na na Na na

3 +++ ++ +++ +++ na ++ to +++ ++ to +++ ++ to +++

4 +++ +++ +++ na +++ – – –

5 ++ to +++ ++ to +++ ++ to +++ na na na – –

6 +++ +++ +++ na na na Na –

7 +++ + ++ + na + – –

8 +++ + ++ na na na Na +

9 +++ ++ ++ to +++ na na na – ++

10 +++ +++ +++ na na – – +
11 +++ ++ ++ to +++ ++ +++ – – –

12 ++ to +++ + ++ to +++ na na – – ++

13 ++ to +++ + ++ to +++ ++ to +++ ++ to +++ – – –

14 ++ to +++ + to ++ ++ to +++ ++ to +++ – – – +

15 + + + + – – – +
16 +++ + +++ +++ +++ +++ – +
17 +++ + ++ to +++ + ++ – – –

* + 5 mild; ++ 5 moderate; +++ severe; – 5 tissue present but not affected; na 5 tissue not available.

{ Suppurative hepatitis.

{ spl 5 spleen; bm 5 bone marrow.

1 acute neutrophilic interstitial pneumonia.

|| lymphoplasmacytic enteritis, considered unrelated to the polymyositis.

#DIC 5 disseminated intravascular coagulation.
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with orderly maturation to a slight left shift
(Fig. 9). Additional histologic changes considered
secondary, incidental, or unrelated to the myositis,
were seen in few ferrets and are listed in Table 2.

Electron microscopy

Neutrophils and macrophages within the lesions
generally were well preserved and viable. Some
mild vacuolar change was noted in few neutrophils.
Macrophages rarely contained membrane bound
whirls of material interpreted as phagolysosomes
containing cellular debris. Blood vessels had

hypertrophied endothelial cells and some perivas-
cular edema or fibrinoid degeneration (Fig. 10).
Affected myofibers had mild to severe sarcoplasmic
and mitochondrial swelling, and disruption of
myofibrils by edema. Z bands were disrupted or
completed destroyed (Fig. 11). No infectious
agents were seen.

Immunohistochemistry

No immunohistochemical staining for Toxoplas-
ma gondii, Sarcocystis neurona, Neospora caninum,

Myeloid
Hyperplasia{ Pneumonia1

Other
Lesions

na + Enteritis,|| vasculitis/DIC,#
renal mineralization

+++ (bm) + DIC, peritonitis, synovitis,
mediastinitis

+++ (bm) na Splenitis, lymphadenitis,
vasculitis, peritonitis, biliary
cystadenoma, synovitis

+++ (spl) – Mineralization renal and
muscle

+++ (spl) na Enteritis, mediastinitis

+++ (spl) + Enteritis, islet hyperplasia,
hepatocellular vacuolar
change, ependymitis

+++ (spl) – Portal hepatitis, enteritis,
pulmonary congestion

+++ (spl) + Portal hepatitis, hepatic
lipidosis, renal tubular
necrosis

+++ (spl) – Mediastinitis, aspiration
pneumonia, enteritis

+++ (spl) + Urocystitis
+++ (spl) – Hepatic lipidosis, pulmonary

congestion, root gang-
lioneuritis, mediastinitis

+++ (spl, bm) na Centrilobular necrosis,
enteritis

+++ (spl) – Enteritis, renal infarct
+++ (spl) + Panniculitis, steatitis,

meningitis enteritis
+++ (spl, bm) – Rhabdomyolysis, enteritis
+++ (spl, bm) + Steatitis, mediastinitis

urocystitis
+++ (spl, bm) + Steatitis mediastinitis

urocystitis

Table 2. Extended.

Fig. 1. Hind limb, ferret, No. 14. Note severe
generalized atrophy of musculature of the hind limb of
ferret with polymyositis (left), compared with age
matched ferret that died of unrelated disease (right).

Fig. 2. Esophagus, ferret, No. 14. Note full length
mottling of the esophagus, shrinkage of the tongue and
lingual hyperkeratosis of ferret with polymyositis
(bottom) compared with age matched ferret that died
of unrelated disease (top).
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or feline or ferret coronavirus antigen, was detected
in the 8 ferrets examined. No background staining
was noted in the controls.

Polymerase chain reaction

The PCR assay for DNA from Toxoplasma
gondii was positive in skeletal muscle from 3 of 8
ferrets, and results from positive and negative
control reactions were as expected (data not
shown). The PCR assays for DNA from Neospora
caninum, either as nested or as separate assays, did
not produce any amplicons from any of the tissue
samples from ferrets (data not shown). The PCR
assays (nested and separate) for Neospora caninum

Fig. 3. Diaphragm, ferret, No. 14. Note diffuse
thinning of the diaphragm and few white linear foci
(bottom), compared to age matched ferret that died of
unrelated disease (top).

Fig. 4. Spleen, ferret, No. 14. Note tan discolor-
ation of spleen in ferret with myositis (top), compared
with purple-red spleen of old ferret that died of
unrelated disease (bottom). Both spleens are enlarged
to approximately 10 times normal size. Bar 5 1 cm.

Fig. 6. Esophagus, ferret, No. 14. Note severe
inflammation in the muscular tunic, with a loss of
myofibers and disorganization of remaining fibers.
Inflammation is predominantly neutrophils. HE.

Fig. 5. Esophagus, ferret, No. 18. Note severe
circumferential inflammation in the muscular, submu-
cosal, and serosal tunics, and sparing of the mucosal
surface in this Subgross photomicrograph. HE.
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produced amplicons of the expected size from the
positive controls, by using fresh tissue. By using
formalin-fixed, paraffin-embedded tissue, only the
internal set of PCR primers produced an amplicon
of expected size from positive control tissue.

Cultures

Aerobic culture of pooled liver, kidney, and lung
from case No. 3 revealed Ralstonia sp. bacteria.
Anerobic and viral culture of pooled liver, kidney,
and lung from this ferret revealed no growth.
Aerobic culture of feces from case No. 7 revealed
no growth of known pathogenic bacteria. Aerobic
culture of lung from case No. 12 revealed light
growth of Bacillus sp. Aerobic and anerobic
bacterial cultures and viral cultures of pooled
skeletal muscle, liver, and lung from case
Nos. 13–17 revealed no growth. Pooled tissue
homogenates for viral culture have been negative
to date on CrFK and Vero cells. Passages are
continuing on MDCK cells and will the subject of
further investigation.

Discussion

Myofasciitis in ferrets is a relentlessly progressive
fatal disease in spite of the use of a variety of
antibacterial, antiviral, antifungal, and anti-inflam-
matory or immunomodulating drugs. It appears to
be a disease of young adult animals, characterized
by rapid onset of clinical signs, high fever,
neutrophilic leukocytosis, treatment failure and
death (or euthanasia). Because the condition is
disseminated and muscle is the predominant target
tissue of the inflammatory process, the terms

‘‘polymyositis’’ or disseminated idiopathic myositis
have also been used for this condition; however,
inflammation also is seen in the fascia around
muscle bundles and in adjacent adipose tissue of
some animals, so MF seems a more appropriate
morphologic term. Also, the use of the term
‘‘polymyositis’’ may cause confusion with the
human PM, which is a distinctly different in-
flammatory condition.

Antemortem diagnosis of MF is based on the
presence of suppurative to pyogranulomatous
inflammation within biopsy samples of muscle
fascicles, in conjunction with clinical signs of
weakness, muscle atrophy or lethargy, unrespon-
sive fever, neutrophilic leukocytosis, and failure to
respond to various treatments. Serum chemistries
do not appear to be a very useful aid in establishing
an antemortem diagnosis. The alanine aminotrans-
ferase (ALT) was mildly elevated in few ferrets,
possibly because of hepatic or muscle damage,3 but
this was not a consistent finding and was seen in
some ferrets that did not have hepatic lesions. Also,
some ferrets had hepatic lesions and no elevation in
ALT, suggesting that elevation of this enzyme was
not specific for hepatitis in these ferrets. Perhaps
the most interesting and enigmatic serum chemistry
observation is the absence of an elevation in
creatine kinase (CK) or aspartate aminotransferase
(AST), generally considered indicators of muscle
damage.3 The cause for this is not known, but
unlike the known myopathies in other species,
elevated CK or AST do not appear to be useful
screening tools for polymyositis in ferrets; para-
doxically, a lack of elevation in muscle enzymes in

Fig. 7. Biceps femoris muscle, ferret, No. 16. Note
inflammation is in the endomysium. Extension of
inflammation into the myofiber is not present in the
image and was only rarely observed in the study. HE.

Fig. 8. Biceps femoris muscle, ferret, No. 14. Note
extensive endomyseal and perimyseal fibrosis, disorga-
nization, and variability in size and shape of myofibers.
A small focus of inflammation is also present. HE.
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conjunction with other clinical and laboratory
values may be helpful in establishing an antemor-
tem diagnosis. It is considered possible that the CK
and AST are not significantly altered because,
depending on the stage of the disease, muscle is
mostly displaced by inflammation or atrophied
rather than necrotic.

Ferrets with MF present with a variety of
ambulatory problems, primarily recognized clini-
cally in the hind limbs. Some of the ferrets also
present with various alimentary tract problems.
All muscle groups appear to be involved in
the inflammatory process, including alimentary
smooth muscle, and it seems likely that the clinical
signs in these animals are specifically from the pain

Fig. 9. Spleen, ferret, No. 14. Fig. 9a. Note that the red pulp was infiltrated by large numbers of myeloid
precursors with a slight left shift in the ferret with myositis. Fig. 9b. Spleen of an old ferret that did not have
polymyositis was enlarged primarily from congestion and hematopoiesis, representing all cell lines with orderly
maturation. HE.

Fig. 10. Esophagus, ferret, No. 1. Note edema and
fibrinoid degeneration in the wall of venule (v), and
predominant infiltrate of neutrophils with fewer lym-
phocytes in the endomysium. Early Z band lesions in
myofiber (upper right) are barely visible at this
magnification. Uranyl acetate and lead citrate.

Fig. 11. Esophagus, ferret, No. 1 Note edema
separating myofibrils (e), mitochondrial vacuolar swell-
ing (small arrow), and destruction of z bands (large
arrow). Uranyl acetate and lead citrate.
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and the dysfunction that accompany the inflam-
mation in this condition. Although some ferrets
were described as ataxic, this disease does not
appear to primarily target the nervous system, and
the ataxia described clinically was likely because of
muscle dysfunction.
The distinct clinical presentation and the distri-

bution of histologic lesions, particularly in the
esophagus, suggest that this is likely a single
distinct entity. The authors are not aware of any
other reported pathologic condition characterized
by suppurative to pyogranulomatous MF, with
a propensity for severe diffuse circumferential
involvement of the entire length esophagus and
propose that the esophageal lesion described in this
report may be unique. Megaesophagus has been
described in ferrets but is generally a disease of
older animals, and, although inflammation is
a minor component of megaesophagus in some
cases, the distribution and cellular constituents of
the inflammatory response differ from those of
ferrets with MF.4 In addition, ferrets with MF do
not have dilatation of the esophageal lumen.
Esophagitis is a component of DM and PM in
humans, but the esophagus does not appear to be
as severely affected in these disorders as in the
ferret condition, and the inflammatory cell infil-
trates of these conditions differ from those of
ferrets with MF.13,25,38

Splenomegaly is a common but nonspecific
feature of MF in ferrets. The spleen in affected
ferrets is enlarged because of a nearly homoge-
neous infiltrate of myeloid precursor cells in the red
pulp. Maturation of these cells generally is orderly.
Myeloid hyperplasia also is seen in the bone
marrow, and this likely is a compensatory response
for the tissue inflammation in these animals.
Splenomegaly also is seen frequently in old
ferrets,19 and, in most of these animals, it is because
of a combination of congestion and extramedullary
hematopoietic in the red pulp, rather than a com-
pensatory response for anemia or inflammation.
Aside from the microscopic differences, the spleens
differ in gross appearance as well: the spleens of old
ferrets typically are dark red to purple, spongy, and
ooze much blood on cut surface, whereas the
spleens of ferrets with MF are tan and firm, and do
not ooze much blood on cut surface.
The febrile nature of the disease, leukocytosis

(often marked), suppurative inflammatory features
of the muscle lesions, and endotoxin-like affects on
vessels suggest a bacterial etiology;5 however, the
uniform failure of treated patients to respond to
a broad variety of antibiotics and the inability to
detect bacteria in histologic sections of treated and

untreated ferrets suggested that bacterial infection
was not likely. Although bacterial cultures were not
obtained for all ferrets in this study, a failure to
isolate significant bacterial pathogens from some of
these animals also suggested that bacterial infection
was not the cause. Pyomyositis or tropical pyo-
myositis is a human condition characterized by
suppurative inflammation in a number of different
skeletal muscle groups and has some morphologic
features similar to MF.1,12 Pyomyositis has been
associated with infection by Staphylococcus aureus
and has been linked to a number of underlying viral
conditions, including human immunodeficiency
virus. 1,12 Pyomyositis typically responds to antibi-
otic therapy.1,12 The absence of infectious agents
and the lack of response to treatment distinguish
MF from pyomyositis of humans. It is likely that
the leukocytosis is compensatory for the inflam-
mation in the muscles. The fever is likely from
mediators associated with the inflammatory pro-
cess. The lesions in vessel walls may be because of
complement or antibody deposition, as has been
described for other myopathies.11,25

Viruses have been associated with myositis in
humans12 and mice.43 Although ferret cell lines
were not available, viral culture was attempted in 4
ferrets, by using pooled skeletal muscle, lung, and
liver; however, pooled tissue homogenates for viral
culture have been negative to date on CrFK and
Vero cells. No viral inclusions were seen in
histologic sections, and no viral particles were seen
by electron microscopy. The sometimes pyogranu-
lomatous nature of the infiltrate and the occasional
vascular degeneration seen in this condition vague-
ly resemble feline infectious peritonitis,2 an immune
complex disorder of felids mediated by a variant of
feline enteric coronavirus. An enteric coronavirus
has been implicated as a cause of enteritis in the
domestic ferret,41 and enteritis was seen in some of
the study ferrets. For these reasons, immunohisto-
chemistry was performed to screen for feline and
ferret coronavirus antigen in the lesions, but no
antigen was detected. Based on our findings, it
seems unlikely that coronavirus infection is a factor
in the development of MF. Passages are continuing
on MDCK cells and will the subject of further
investigation.

Protozoan agents such as Toxoplasma gondii,
Neospora caninum, and Sarcocystis spp. can cause
myositis in a number of different mammalian
species20; however, no protozoa were seen histo-
logically in any of the animals, and immunohisto-
chemistry was negative for T. gondii, N. caninum,
and S. neurona in the 8 ferrets that were tested for
these agents. DNA to Toxoplasma gondii was
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detected in 3 of 8 ferrets that were tested by PCR.
Ferrets can contract clinical toxoplasmosis,39 but,
generally, organisms are easy to detect histologi-
cally, and lesions are not similar in morphology or
distribution to those of MF. The positive DNA
tests in this study may have been because of
subclinical infection or laboratory contamination.
It seems unlikely that T. gondii infection is the
cause of MF. At 337 base pairs, the expected
amplicon for N. caninum may have been too large
to detect readily in formalin-fixed tissue. Failure to
detect DNA from Neospora caninum in the
formalin-fixed, paraffin-embedded tissue from the
ferrets may indicate that the tissue was free of that
organism or may reflect a technical problem
attributable to the size of the expected amplicons.
At 337 base pairs and 192 base pairs, the expected
amplicons for Neospora caninum may have been
too large to readily detect the target DNA in
formalin-fixed tissue.
Although rare, a heritable predisposition has

been documented for some forms of myositis in
humans16 and in dogs.18 No controlled breeding
trials have been conducted for ferrets, but a herita-
ble basis for MF seems unlikely as affected ferrets
are from different breeding facilities, and the
disease has been seen in both the USA and in
The Netherlands (NJS, personal communication).
An acquired immune mediated process is a pos-

sible cause for MF. Noninfectious immune-medi-
ated polymyopathies are well documented. The
myopathies occurring in humans include PM, DM,
and inclusion body myositis.8,25 Canine examples
of DM and PM also have been documented.11,18

Polymyositis is the most common of the human
myopathies, and its generalized distribution and
symptoms closely parallel those of polymyositis in
ferrets. The human form of PM is caused by the
development of antinuclear and anticytoplasmic
antibodies such as antibyosyn and antimyoglobin
antibody. The condition may be associated with
a variety of autoimmune diseases, connective tissue
diseases, or viral infections. Humans with PM have
weakness of the shoulders and pelvic girdle, muscle
pain, and dysphagia. Inflammation is within the
fascicles, as seen with MF; however, inflammation
is predominantly nonsuppurative, primarily T
lymphocytes and macrophages, and this differs
considerably from the suppurative to pyogranulo-
matous infiltrate seen in MF. Also, the CK is
typically elevated in humans with PM but is not
elevated in affected ferrets. Dermatomyositis in-
volves skin and muscle and is characterized by
perivascular infiltrates of CD4 + T lymphocytes
and B lymphocytes associated with endothelial cell

injury because of immunoglobulin and comple-
ment deposition in the vessel walls, with sub-
sequent ischemic damage to the periphery of the
muscle bundles and structures of the integument.8

Although some vascular damage is seen in MF, the
cell type and distribution of the inflammatory
infiltrate and the nature of the muscle lesion in
DM differ considerably from those of MF. In-
clusion body myositis is a disease of older human
patients, has a male predominance, clinical signs
like PM, and is a predominantly T-lymphocyte
inflammatory lesion of the endomysium and within
necrotic myofibers. Affected myofibers have gran-
ular basophilic inclusions distributed around the
edge of slit-like vacuoles in the sarcoplasm.8,25

Aside from the difference in inflammatory cell
type, affected ferrets do not appear to have a sex
predilection, and inclusions are not seen in the
myofibers.

For MF to be an acquired condition, then all
affected ferrets would have to be exposed to
a substance at some time after birth that pre-
cipitated the inflammatory event. Adverse reac-
tions to vaccine constituents are common, and can
be because of an immune-mediated event directed
at a killed or modified infectious agent, adjuvant,
residual materials, or contaminants.26,36 The only
known commonality among all of the ferrets of this
report is the administration of at least 1 dose of
a commercial canine distemper vaccine licensed for
use in ferrets (Fervac-D). Ferrets seem prone to
developing adverse reactions, particularly anaphy-
laxis, after administration of this vaccine.15 Various
forms of vaccine-related myositis are seen in
humans,9,10,17,26,29,31,40,42 but no form of myositis or
fasciitis has not been described as an adverse affect
of distemper vaccination in ferrets.15 A consider-
able interval exists between the documented time of
vaccine administration and the onset of clinical
signs for some of these ferrets. If a vaccine is
involved, then it is possible that there is a delayed
mechanism in the development of the disease or
that the disease exists subclinically up to a point,
then progresses rapidly after initial clinical signs
develop. It is interesting to note that one of the
authors (NJS) inadvertently reproduced a disease
identical to the cases of this report in an entire
group of ferrets administered an experimental
castration vaccine that contained an aluminium
adjuvant.33 Myopathies associated with adminis-
tration of aluminium adjuvant vaccines have been
shown to have aluminium hydroxide deposits in the
foci of muscle damage.14 Although conclusions that
incriminate vaccines cannot be drawn from these
preliminary studies, it may be prudent to further
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investigate the role of vaccines in the development
of MF.
A number of different molecular alterations

occur in the inflammatory myopathies of humans.
Interleukin (IL) 1a, IL-1b, and Transforming
Growth Factor (TGF) b1-3 are dominant cytokines
expressed in muscle tissue of patients with in-
flammatory myopathies.24 There does not appear
to be a qualitative difference in the cytokine
expression patterns of PM, IBM, and DM. The
predominant IL-1a expression in the blood vessels
indicates an importance of endothelial cells in the
inflammatory process.24 Immunohistochemistry or
reverse-transcriptase PCR has shown that muscle
fibers in the inflammatory myopathies express
various cytoplasmic and surface molecules that
are not detectable in normal fibers. These mole-
cules, likely induced by locally secreted cytokines,
include histocompatibility antigen (HLA) class 1
antigens, heat-shock proteins, and adhesion mole-
cules. Immunohistochemistry has demonstrated
fiber type specific autoantibodies in dogs with
inflammatory myopathies.34 Identifying molecular
alterations in the lesions of MF may be helpful in
defining its pathogenesis.
In summary, MF in ferrets is an idiopathic

disease characterized by suppurative to pyogranu-
lomatous myositis and fasciitis affecting skeletal,
smooth, and cardiac muscle, and associated fascia
in multiple locations. The extensive suppurative
esophagitis appears to be unique to this condition.
The disease affects young adults of both sexes and
has distinct clinical features, although biopsy of
muscle is needed for definitive diagnosis. The
disease appears to be uniformly fatal, and the lack
of response to various treatments is not under-
stood. Future studies regarding the pathogenesis of
MF should include characterization of molecular
events in muscle lesions, and a search for possible
infectious or vaccine-related mechanisms of im-
mune mediated disease.

Acknowledgements

The authors thank the editors, 2 anonymous
reviewers, and Dr. Diane Shelton for critical review of
this manuscript. We thank the international Ferret
Congress, Northwest ZooPath and Dr. Katrina Ramsell
for funding, and the owners who donated their pets for
this study. We also thank the following for submission
of cases: Affordable Pet Clinic, Nampa, ID; All
Creatures Pet Hospital, Springfield, MO; All Pet
Complex, Boise, ID; Amanda Animal Hospital, Spen-
cerville, OH; Bird and Exotic Pet Hospital, Midvale,
UT; Brantley and Jordan Animal Hospital, Macon, GA;
Chadwell Animal Hospital, Abingdon, MD; Essex
Animal Hospital, Bloomfield, New Jersey; Lititz Veter-

inary Clinic, Lititz, PA; Midwest Bird and Exotic
Animal Hospital, Westchester, IL; Ocean State Veteri-
nary Specialists, East Greenwich, Rhode Island; Ruther-
ford Animal Hospital, Rutherford, NJ; Somers Animal
Hospital, Somers, New York; South Wilton Veterinary
Clinic, Wilton, CT; Tennessee Valley Veterinary Clinic,
Tuscumbia, AL. We also thank the following for data
retrieval: Jamie Kinion, Christie Buie and Hannah
Thompson-Garner. Special thanks to Christie Buie for
photo editing.

References

1 Ansaloni L: Tropical pyomyositis. World J Surg
20:613–617, 1996

2 Barker IK: The peritoneum and retroperitoneum. In:
Pathology of Domestic Animals, ed. Jubb KVF,
Kennedy PC, and Palmer N, 4th ed., pp. 438–441.
Academic Press, San Diego, CA, 1993

3 Bender SH: Muscle. In: Duncan & Prasse’s Veter-
inary Laboratory Medicine Clinical Pathology, ed.
Latimer KS, Mahaffey EA, and Prasse KW, 4th ed.,
pp. 260–261. Iowa State University Press, Ames, IA,
2003

4 Blanco MC, Fox JG, Rosenthal K, Hillyer EV,
Quesenberry KE, Murphy JC: Megaesophagus in
nine ferrets. J Am Vet Med Assoc 205:444–447, 1994

5 Bochsler PN, Slauson DO: Inflammation and repair
of tissue. In: Mechanisms of Disease, ed. Slauson
DO and Cooper BJ, 3rd ed., pp. 140–245. Mosby, St.
Louis, MO, 2002

6 Bretagne S, Costa JM, Vidaud M, Tran Van Nhieu
J, Fleury-Fitch J: Detection of Toxoplasma gondii
by competitive DNA amplification of bronchiolar
lavage samples. J Infect Dis 168:1585–1588, 1993

7 Burg JL, Grover CM, Pouletti P, Boothroyd JC:
Direct and sensitive detection of a pathogenic pro-
tozoan, Toxoplasma gondii, by polymerase chain
reaction. J Clin Microbiol 27:1787–1792, 1989

8 Cherin P: Inflammatory myopathies. Acta Clin Belg
59:290–299, 2004

9 Cotterill JA, Shapiro H: Dermatomyositis after
immunisation. Lancet II:1158–1159, 1978

10 Ehrengut W: Dermatomyositis and vaccination.
Lancet I:1040–1041, 1978

11 Evans J, Levesque D, Shelton GD: Canine in-
flammatory myopathies: a clinicopathologic review
of 200 cases. J Vet Intern Med 18:679–691, 2004

12 Fox LP, Geyer AS, Grossman ME: Pyomyositis.
J Am Acad Dermatol 5:308–314, 2004

13 Fuster M, Negredo E, Cadafalch J, Domingo P, Illa
I, Clave P: HIV-associated polymyositis with life-
threatening myocardial and esophageal involvement.
Arch Intern Med 159:1012, 1999

14 Gherardi RK, Authier FJ: Aluminum inclusion
macrophagic myofasciitis: a recently identified con-
dition. Immunol Allergy Clin North Am 23:699–712,
2003

15 Greenacre CB: Incidence of adverse events in ferrets
vaccinated with distemper or rabies vaccine: 143

Vet Pathol 44:1, 2007 Myofasciitis in the Domestic Ferret 37

 by guest on September 21, 2015vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


cases (1995–2001). J Am Vet Med Assoc 223:
663–665, 2003

16 Guis S, Mattei JP, Nicoli F, Pellissier JF, Kaplanski
G, Figarella-Branger D, Manez GC, Antipoff GM,
Roudier J: Identical twins with macrophagic myo-
fasciitis: genetic susceptibility and triggering by
aluminic vaccine adjuvants? Arthritis Rheum 47:
543–545, 2002

17 Hanissian AS, Martinez AJ, Jabbour JT, Duenas
DA: Vasculitis and myositis secondary to rubella
vaccination. Arch Neurol 28:202–204, 1973

18 Hargis AM, Haupt KH, Hegreberg GA, Prieur DJ,
Moore MP: Familial canine dermatomyositis. Initial
characterization of the cutaneous and muscular
lesions. Am J Pathol 116:234–244, 1984

19 Hillyer EV: Cardiovascular diseases. In: Ferrets,
Rabbits, and Rodents, Clinical Medicine and Sur-
gery, ed. Hillyer EV and Quesenberry KE, pp. 72–
73. WB Saunders, Philadelphia, PA, 1997

20 Hulland TJ: Muscle and tendon. In: Pathology of
Domestic Animals, ed. Jubb KVF, Kennedy PC, and
Palmer N, 4th ed., pp. 256–261. Academic Press, San
Diego, CA, 1993

21 Karnovsky MJ: A formaldehyde-glutaraldehyde
fixative of high osmolarity for use in electron
microscopy. J Cell Biol 27:137A, 1965 [Abstract]

22 Kiupel M, Simmons HA, Fitzgerald SD, Wise A,
Sikarskie JG, Cooley TM, Hollamby SR, Maes R:
West Nile Virus infection in Eastern Fox Squirrels
(Sciurus niger). Vet Pathol 40:703–707, 2003

23 Lewis RM: Immune-mediated muscle disease. Vet
Clin North Am Small Anim Pract 24:703–710, 1994

24 Lundberg I, Ulfgren AK, Nyberg P, Andersson U,
Klareskog L: Cytokine production in muscle tissue
of patients with idiopathic inflammatory myopa-
thies. Arthritis Rheum 40:865–874, 1997

25 Mantegazza R, Bernasconi P, Confalonieri P,
Cornelio F: Inflammatory myopathies and systemic
disorders: a review of immunopathogenetic mechan-
isms and clinical features. J Neurol 244:277–287,
1997

26 Meyer EK: Vaccine-associated adverse events. Vet
Clin North Am Small Anim Pract 31:493–514, vi,
2001

27 Müller N, Zimmermann V, Hentrich B, Gottstein B:
Diagnosis of Neospora caninum and Toxoplasma
gondii infection by PCR and DNA hybridization
Immunoassay. J Clin Microbiol 34:2850–2852, 1996

28 O’Toole D, McAllister MM, Griggs K: Iatrogenic
compressive lumbar myelopathy and radiculopathy
in adult cattle following injection of an adjuvanted
bacterin into loin muscle: histopathology and
ultrastructure. J Vet Diagn Invest 7:237–244, 1995

29 Ramirez-Rivera J, Vega-Cruz AM, Jaume-Anselmi
F: Polymyositis: rare complication of hepatitis B

vaccination. An unusual cause of toxic shock
syndrome. Bol Asoc Med P R 95:13–16, 2003

30 Reynolds ES: The use of lead citrate at high pH as
an electron-opaque stain in electron microscopy.
J Cell Biol 17:208–212, 1963

31 Rose C, Viget N, Copin MC, Decoster A,
Galy-Eyraud C, Mahieu M: Severe and tran-
sient acute myositis after mumps vaccination (Im-
ovax-Oreillons). Therapie 51:87, 1996 [Article in
French]

32 Russell LD, Burquet S: Ultrastructure of Leydig
cells as revealed by secondary tissue treatment
with a ferrocyanide:osmium mixture. Tissue Cell
9:752–766, 1977

33 Schoemaker NJ, Lumeij JT, Rijnberk A: Current
and future alternatives to surgical neutering in
ferrets to prevent hyperadrenocorticism. Vet Med
100:484–496, 2005

34 Shelton GD, Cardinet GH 3rd, Bandman E,
Cuddon P: Fiber type-specific autoantibodies in
a dog with eosinophilic myositis. Muscle Nerve
8:783–790, 1985

35 Soldati S, Kiupel M, Wise A, Maes R, Botteron C,
Robert N: Meningoencephalomyelitis caused by
Neospora caninum in a Juvenile Fallow Deer (Dama
dama). J Vet Med A 51:280–283, 2004

36 Song BJ, Katial RK: Update on side effects from
common vaccines. Curr Allergy Asthma Rep
4:447–453, 2004

37 Spurr AR: A low-viscosity epoxy resin embedding
medium for electron microscopy. J Ultrastruct Res
26:31–43, 1969

38 Thompson JW: Spontaneous perforation of
the esophagus as a manifestation of derma-
tomyositis. Ann Otol Rhinol Laryngol 93:464–467,
1984

39 Thornton RN, Cook TG: A congenital Toxoplasma-
like disease in ferrets (Mustela putorius furo).
N Z Vet J 34:31–33, 1986

40 Thurairajan G, Hope-Ross MW, Situnayake RD,
Murray PI: Polyarthropathy, orbital myositis and
posterior scleritis: an unusual adverse reaction
to influenza vaccine. Br J Rheumatol 36:120–123,
1997

41 Williams B, Kiupel M, West K, Raymond JT, Grant
CK, Glickmann LT: Coronavirus associated enzo-
otic catarrhal enteritis (ECE) in ferrets (Mustela
putorius furo): a review of 120 cases (1993–1998) J
Am Vet Med Assoc 217:526–530, 2000

42 Winkelmann RK: Influenza vaccine and dermato-
myositis. Lancet II:495, 1982

43 Ytterberg SR: Animal models of myopathy. Curr
Opin Rheumatol 3:934–940, 1991

Request reprints from Dr. Michael Garner, 654 West Main, Monroe, WA 98272. E-mail: zoopath@aol.com.

38 Garner, Ramsell, Schoemaker, Sidor, Nordhausen, Bolin, Evermann, and Kiupel Vet Pathol 44:1, 2007

 by guest on September 21, 2015vet.sagepub.comDownloaded from 

http://vet.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


