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Abstract.

From July 1989 to October 1998, 9/37 (24%) adult captive tiger quolls (Dasyurus maculatus)

were diagnosed with atypical mycobacterial infection involving the subcutis and skin. Females were more often
affected than males (seven females, two males). Grossly, lesions presented as focal thickenings, plagues, and
abscesses within the subcutis, often with fistulous tracts. The subcutis and skin overlying cervical and thoracic
regions were the primary sites of infection. Cytology of subcutaneous impression smears from all nine affected
tiger quolls revealed pyogranulomatous inflammation admixed with several acid-fast bacilli. Histologically, all
tiger quolls had nodular to diffuse pyogranulomatous panniculitis and cellulitis. Small numbers of acid-fast
bacilli were noted histologically in 7/9 (78%) animals. Skin cultures from seven tiger quolls were positive for
one or more different Runyon group 1V mycobacteria. The disease described in these tiger quolls is similar to
subcutaneous atypical mycobacteriosis of humans and domestic animals.
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The tiger quoll (Dasyurus maculatus) is a member
of the family Dasyuridae, carnivorous marsupials in-
digenous to the Australian continent and adjacent is-
lands. Because of the diminishing numbers of this spe-
cies in the wild, a breeding program was established
in 1984 at the US National Zoological Park’s Conser-
vation and Research Center (CRC). In 1989, an adult
female tiger quoll presented with a subcutaneous ab-
scess from which a Runyon group 1V mycobacterium
was isolated. During the next 9 years, eight additional
tiger quolls were diagnosed with similar atypical my-
cobacterial infections that involved the subcutis. Here,
we describe the clinical and pathologic findings in ti-
ger quolls afflicted with atypical mycobacteria infec-
tion of the subcutis and skin.

Materials and M ethods
Study population

In 1984, a breeding program was established at the CRC
(Front Royal, VA) based on two pairs of wild-caught tiger
quolls. The majority of tiger quolls were maintained at the
CRC, and a small number were kept on exhibit at the Na-
tional Zoological Park (Washington, DC). Their diet con-
sisted of Toronto Feline Diet (Milliken Wholesale Meat, To-
ronto, ON, Canada) supplemented with apple biscuits, live
and dead mice (2-3 times/week), thawed fish (once weekly),
and a multivitamin supplement. Tiger quolls were housed
singly except when males were introduced into the females
enclosures for breeding encounters. Animals were housed in
large indoor enclosures, either 3.1 X 6.2 X 3.4 mor 6.2 X

Atypical mycobacteriosis; cellulitis; group IV mycobacteria; panniculitis; skin; tiger quolls.

6.2 X 3.4 m, with access to outdoor cages of equal size. The
flooring substrate was composed of pine bark, solite, and
peat Moss.

From 1989 to 1998, the collection had a total of 37 adult
tiger quolls. During this 9-year period, skin biopsies and
necropsies were preformed on nine tiger quolls with similar
cutaneous disease. Table 1 contains information on gender,
age, and lesion distribution for these nine animals. Six of
the nine tiger quolls were born in captivity at the CRC, and
three were from the original wild-caught group. The affected
population included seven female and two male tiger quolls,
ranging from 2.5 to 5.4 years of age at the time of diagnosis
(mean = 4.2 years, median = 4.6 years).

Histopathology

Samples of skin were collected either as biopsies or during
postmortem examination. Tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin, sectioned at 5.0
wm, and stained with hematoxylin and eosin (HE). For vi-
sualization of mycobacteria in tissue sections, Kinyoun stain
was used according to a previously published protocol.?

Micrabiology

For mycobacterial culturing, samples of skin, lymph node,
and thoracic abscess were plated onto blood agar and Low-
enstein-Jensen medium (Becton Dickinson, Cockeysville,
MD) and incubated at 35 C and 7% CO, for up to 1 week.
Mycobacterial isolates were identified by high-performance
liquid chromatography and conventional methods (MRL
Reference Laboratory, Cypress, CA).
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Table 1. Gender, age, and distribution of lesions for nine tiger quolls with subcutaneous atypical mycobacteriosis.

Animal No. Gender Age (years)* Distribution of Lesion(s)

1 F 3.75 Subcutis and skin, right/left lateral neck; axillary
lymph node

2 F 2.8 Subcutis and skin, dorsal neck, dorsal/ventral thorax,
dorsal lumbar, dorsal pelvis, lateral abdomen; in-
tercostal muscles; costal pleura

3 F 54 Subcutis and skin, ventral neck, left lateral thorax,
ventral abdomen

4 F 4.75 Subcutis and skin, right lateral/ventral thorax, right
axilla

5 M 25 Subcutis, right axilla

6 F 52 Subcutis and skin, dorsal neck

7 F 4.3 Subcutis, ventral and right/left neck, right/left axilla;
axillary, submandibular lymph nodes

8 M 4.6 Subcutis, dorsal neck, dorsal thorax

9 F 47 Subcutis and skin, right lateral neck

* At time of initial diagnosis.

Cytology

Imprints and smears of subcutaneous lesions were air
dried and stained with Wright's stain and modified Kinyoun
acid-fast stain according to a previously published protocol .t

Results
Clinical findings

The cutaneous lesions presented as single to multi-
ple thickened areas of skin of various sizes that were
sometimes hyperemic and partially alopecic (Fig. 1).
The subcutis was multifocally thickened with gray-tan
plaques that contained variable amounts of thick, moist
to dry, tan-yellow purulent material (Fig. 2). Multifo-

cally, the subcutaneous tissue was edematous and
hemorrhagic. The subcutaneous lesions sometimes
presented as small draining abscesses or fistuloustracts
that communicated with the surface of the skin. The
distribution of the lesions was primarily along the dor-
sal, lateral, and ventral aspects of the neck and thorax
(Table 1). Lesions were occasionally evident in the ax-
illary region and rarely in the lumbar, abdominal, or
pelvic regions. Two tiger quolls had enlargement of
regional lymph nodes (two had enlarged axillary and
one had enlarged submandibular lymph nodes). One
tiger quoll had suppurative tracts that extended from
the dermis and subcutis deep into the underlying in-

Fig. 1. Skin; tiger quoll. Gross appearance of thickened skin with alopecia from atiger quoll with subcutaneous atypical
mycobacteriosis. Bar = 5.0 cm.
Fig. 2. Skin; tiger quoll. Cross section of skin and subcutis from a tiger quoll with subcutaneous atypical mycobacte-
riosis. Subcutis is edematous and hemorrhagic (arrows) and contains exudative plaques that extend into the dermis (arrow-
head). Bar = 5.0 cm.
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phils, and multinucleated giant cells (arrowhead). HE. Bar = 60 pm.

Fig. 4. Subcutis; tiger quoll. Multifocal, clear, lipid vacuoles are surrounded by pyogranulomatous inflammation within
the subcutis. A few small filamentous, extracellular bacteria (arrow) are within vacuoles. HE. Bar = 30 pm. Inset: Higher
magnification of a few extracellular filamentous acid-fast bacilli within a vacuole. Kinyoun stain. Bar = 10 pm.

tercostal skeletal musculature and communicated with
an abscess adhered to the costal pleura.

Two tiger quolls were euthanatized following chron-
ic subcutaneous atypical mycobacteriosis that was un-
responsive to treatment. One tiger quoll died during
the skin biopsy procedure. One tiger quoll died from
spread of subcutaneous mycobacterial infection into
the thoracic cavity. The remaining five tiger quolls
died or were euthanatized because of other conditions
unrelated to the mycobacteriosis.

Cytology

Impression smears of subcutaneous abscesses and
plaques were made for all nine tiger quolls. Serial cu-
taneous smears were examined during the course of
the disease for severa tiger quolls. In al cases, there
was an inflammatory cell population characterized by
neutrophils, histiocytes, and few epithelioid macro-
phages, Langhans giant cells, lymphocytes, and plas-
ma cells. Several extracellular beaded to filamentous
acid-fast bacilli (AFB) were noted cytologicaly in all
nine tiger quolls.

Histopathologic findings

Histologic lesions in the subcutis were similar in al
nine tiger quolls. The predominant lesion was nodular
to diffuse pyogranulomatous panniculitis and cellulitis.
The inflammatory infiltrate was characterized by his-
tiocytes, neutrophils, epithelioid macrophages, lym-
phocytes, plasma cells, and few Langhans giant cells
and mast cells combined with fibrous connective tissue
(Fig. 3). Multifocally within the pyogranulomatous in-
flammation were regions of necrosis, mineralization,

and hemorrhage of various sizes. The inflammatory
infiltrate expanded and effaced normal subcutaneous
adipose tissue. In six animals, the inflammation ex-
tended into the dermis, forming fistulous tracts. The
overlying epidermis was ulcerated in four animals.
One tiger quoll (No. 2) had an extension of the pyo-
granulomatous inflammation into the underlying inter-
costal skeletal musculature and costal pleura, and an-
other tiger quoll had involvement of dermal sebaceous
glands. In two tiger quolls (Nos. 1, 7), there were neu-
trophils, histiocytes, and few epithelioid macrophages
within subcapsular and medullary sinusoids of region-
a axillary (two animals) and submandibular (one an-
imal) lymph nodes. In 7/9 (78%) tiger quolls, few ag-
gregates of extracellular beaded to filamentous AFB
were evident within large, clear lipid vacuoles embed-
ded within the pyogranulomatous inflammation (Fig.
4). In two tiger quolls (Nos. 1, 9), AFB were not dem-
onstrated histologically but were demonstrated by cy-
tology of abscess exudate, and atypical mycobacteria
were cultured from respective skin samples.

Micrabiologic findings

Seven tiger quolls were positive for group 1V my-
cobacteria by aerobic culture. Table 2 contains a list
of the species of mycobacterium isolated. Mycobac-
terium smegmatis, M. fortuitum, M. chitae, and a type
IV (not identified) mycobacterium collectively were
cultured from seven skin samples. One tiger quoll (No.
3) was positive by culture for both M. fortuitum and
M. smegmatis. M. fortuitum was cultured from an ax-
illary lymph node from one tiger quoll (No. 7), and
M. smegmatis was cultured from a thoracic abscess
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Table 2. Mycaobacterium species isolated from seven
tiger quolls with subcutaneous atypical mycobacteriosis.

Isolate No. Tiger Quolls
Mycobacterium chitae 1
Mycobacterium smegmatis 3
Mycobacterium fortuitum 3
Type IV mycobacterium 1

from another tiger quoll (No. 2). Attempts to isolate
group 1V mycobacterium from two tiger quolls (Nos.
5, 8) were unsuccessful.

Treatment

Eight tiger quolls were treated empiricaly for atyp-
ical mycobacterial infection of the subcutis and skin.
The duration of treatment varied from several weeks
to >4 months. Antimicrobial agents used were ami-
kacin (Fort Dodge Laboratories, Fort Dodge, 1A), en-
rofloxacin (Bayer Corp., Shawnee Mission, KS), ceph-
aexin (Teva Pharmaceuticals, Sellersville, PA), cip-
rofloxacin (Bayer Corp.), chloramphenicol (Sanofi,
Overland Park, KS), rifabutin (Pharmacia and Upjohn
Corp., Kalamazoo, M1), and rifampin (Hoechst Marion
Roussel, Kansas City, MO) at appropriate dosages. In
a mgjority of cases, affected areas were surgically de-
brided prior to antibiotic therapy. Some animals re-
sponded temporarily to therapy, but most were refrac-
tory to treatment. In addition, several tiger quolls had
recurrence of atypical mycobacterial infection in new
cutaneous locations. Only two tiger quolls (Nos. 6, 9)
that responded to treatment had apparent resolution of
skin lesions until their death; however, skin from pre-
viously affected areas from one of these tiger quolls
(No. 9) was lost to follow-up examination.

Discussion

From 1989 to 1998, 24% of captive adult tiger
guollsin the National Zoologica Park collection were
diagnosed with atypical mycobacterial infection that
involved primarily the subcutis and overlying dermis.
This condition was the most commonly diagnosed dis-
ease in the collection. The disease had a similar clin-
ical presentation in al nine tiger quolls, with thickened
areas of skin and subcutis primarily aong the neck and
thorax. Histologic lesions were similar in all tiger
quolls and consisted of pyogranulomatous panniculitis
and cellulitis. One or more different species of Runyon
group IV mycobacteria were cultured from the skin of
seven tiger quolls. The disease in these tiger quollsis
similar to subcutaneous atypical mycobacteriosis
(SAM) in other animals and humans.33

In humans, cutaneous infection with rapidly grow-
ing (atypical) mycobacteriais usually an opportunistic
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disease, particularly in patients that are immunocom-
promised.? Humans cases of chronic cutaneous ab-
scessation due to atypical mycobacteria have been as-
sociated with previous traumato the skin.® Cutaneous
infections with atypical mycobacteria in humans can
also be nosocomial and have been associated with con-
taminated water in medical devices.® Mycobacterium
abscessus was isolated from a series of patients who
developed skin abscesses at injection sites.’® Infection
of surgical sites by rapidly growing mycobacteria has
been reported in patients following cardiac surgery,
liposuction, augmentation mammoplasty, and facial
cosmetic procedures.514.26.30-32

SAM is most commonly reported in domestic felids
and rarely in dogs and other animals.891317.19.29.34-37 |{
is caused by infection with one or more different Run-
yon group IV mycobacteria. M. fortuitum, M. smeg-
matis, M. chelonei, M. thermoresistible, and M. phlei
have been associated with SAM in domestic felids.
Infection in cats mainly resides within the subcutis and
skin and rarely spreads systemically.>?” The same ap-
pears to be true in tiger qualls; in only one tiger quoll
(No. 2) did infection spread beyond the subcutis and
skin and deep into the thoracic wall, and in another
two tiger quolls (Nos. 1, 7) infection extended to re-
giona lymph node(s).

In cats, lesions due to infection with atypical my-
cobacteria are usually within the dorsal lumbosacral or
ventral abdominal and inguinal regions.1%2°3436 Typi-
cally, the clinical presentation is firm, plaquelike,
warm, and sometimes painful swellings within the sub-
cutis and skin. Draining fistulous tracts frequently are
associated with the masses.®* The distribution of the
skin infection in the tiger quolls was different from
that in domestic cats in that it was concentrated pri-
marily in the dorsolateral cervical and thoracic re-
gions. Only one tiger quoll had lesions along the ven-
tral abdomen. However, the clinical presentation and
gross lesions of infection in tiger quolls were similar
to that seen in domestic cats.

Histologically, SAM in cats manifests as nodular to
diffuse pyogranulomatous panniculitis and dermatitis.
The inflammation can extend into the superficial der-
mis and subjacent skeletal muscle. Usually, within the
pyogranulomatous inflammation there are smooth-bor-
dered extracellular lipid vacuoles that contain fine fil-
amentous to beaded extracellular AFB.?* The histolog-
ic lesionsin the tiger quolls of this study were identical
to those described in cats diagnosed with SAM. AFB
were not observed histologicaly in two animals, but
al tiger quolls were positive for AFB by cytology. It
appears that cytology is a more sensitive method than
histology for detecting AFB in tiger quolls with SAM.

An apparent association exists between cutaneous
trauma and SAM in domestic cats.’® In one study, all
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cats infected with atypical mycobacteria had previous-
ly sustained traumato the skin via bite wounds or road
accidents.®® Similar cutaneous injuries have been de-
scribed in dogs with atypical mycobacterial infections
of the skin.*®* A delay of months to years can occur
between the initial skin injury and clinical presenta-
tion. Tiger quolls reportedly have protracted breeding
that sometimes involves the infliction of bite wounds
by males into the females’ necks.”1%2 Approximately
3 months after copulation, females dig nests in the
substrate, which they frequent until parturition. Be-
cause group 1V mycobacteria are saprophytes found
typicaly as soil and water contaminants,** the sub-
strate used in the tiger quoll enclosures was suspected
as a source of infection. Open skin wounds acquired
during mating may have become infected via contam-
inated substrate. However, repeated attempts to culture
atypical mycobacteria from the substrate were unsuc-
cessful. Also, not all cases could be easily described
by this scenario. Long intervals from the time of bite
wounds to clinical presentation were observed in tiger
quolls with SAM; some of these intervals were >2
years. One female and both male tiger quolls had no
recorded history of cutaneous injury; however, unno-
ticed skin trauma cannot be discounted in these cases.

Marsupials are more susceptible to mycobacterial
infections than are eutherian mammals.*>?* Most case
reports of mycobacteriosis in marsupias are from cap-
tive populations. The prevalence and susceptibility of
wild brushtail possums (Trichosurus vulpecula) to My-
cobacterium bovis infection is well documented,*623
but the prevalence of atypical mycobacteriosisin wild
marsupials is currently unknown. The role of effective
cell-mediated immunity (CMI) in the clearance of my-
cobacteriais well known. Lymphocyte proliferative as-
says revealed that primary systemic infections with M.
avium complex were associated with lowered cellular
immune reactivity in Matschie's tree kangaroos (Den-
drolagus matschiei) when compared with eutherian
mammals.?® Using the same lymphocyte proliferative
assays, similar depressed cellular immune reactivity
was noted in tiger quolls (unpublished data), possibly
making them more susceptible to developing myco-
bacterial infections. Some cats infected with atypical
mycobacteria have difficulty eliciting an effective CMI
response, and severa of these cats are concurrently
infected with feline immunodeficiency virus.’6?? The
roles of a possible retrovirus, genetic factors (i.e., ab-
normal breeding coefficient), or physiological stress as
causes for possible depressed CMI in these tiger quolls
are currently unknown.

Antibiotic and surgical treatment of cats infected
subcutaneously with atypical mycobacteria is usually
unsuccessful.** Surgical resection of mycobacterial
skin lesions usually results in wound dehiscence and
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possible occurrence of new lesions.'” However, there
are a few reported cases of remission in cats with or
without treatment.8272° Most (75%) tiger quolls treat-
ed for SAM failed to respond to any type of antimi-
crobial or surgical therapy. Two of eight tiger quolls
treated for atypical mycobacteriosis had apparent clin-
ical resolution of infection.

Tiger quolls are particularly susceptible to atypical
mycobacterial infections, which manifest primarily as
pyogranulomatous panniculitis. Diagnosisis best made
by histopathology and cytology combined with my-
cobacterial culture of skin lesions. The substrate likely
served as a source of infection, and mycobacteria may
well have entered the skin through cutaneous wounds
acquired during mating interactions. The delay in onset
of clinical signs can sometimes be very long, and not
al tiger quolls had historic evidence of cutaneous trau-
ma. Atypical mycobacteria infection is an important
differential diagnosis for pyogranulomatous skin dis-
ease in captive tiger quolls.
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