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Mycobacteriosis is a chronic disease of companion birds, usually caused
by infection with Mycobacterium avium-intracellulare complex. However,
birds are also susceptible to infection with M tuberculosis and M genavense,
which are recognized human pathogens [1–5]. For this reason, it is impor-
tant for veterinarians to be aware of the spectrum of clinical presentation
of mycobacteriosis in companion bird medicine. In this report the authors
present three cases of mycobacteriosis diagnosed in gang gang cockatoos
(Callocephalon fimbriatum), which highlight the possible clinical and patho-
logic manifestations of this disease, and discuss the methods available for
diagnosing mycobacteriosis in companion birds.

Case 1

The first bird was a mature female gang gang cockatoo of unknown age
with a chronic history of weight loss and bilaterally symmetric distal-wing
and nonpainful leg swellings. Gram- and Zhiel Nielson (ZN)–stained fecal
smears failed to demonstrate dysbacteriosis, fungi, or acid-fast bacteria.
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Wright’s-stained smears made from fine-needle aspirates of wing tumors
also failed to demonstrate an inflammatory process or bacteria. Radio-
graphic changes included widespread periosseous soft tissue proliferation
and osteolysis of the tibiotarsi, ulna, and radius (Fig. 1). Based on the radio-
graphic and cytologic findings, a presumptive diagnosis of disseminated
neoplasia was made, and the bird was euthanized because of ongoing ill
health. Pathologic examination confirmed a diagnosis of disseminated my-
cobacteriosis, mainly involving the distal long bones (Fig. 2) and lungs. His-
tologic examination demonstrated severe bone marrow hypoplasia and
replacement by myriad uniform macrophages with abundant intracytoplas-
mic ZN-positive bacterial rods. Formalin-fixed samples were processed for
polymerase chain reaction (PCR) testing for M avium and M genavense
DNA, but these results were negative.

Case 2

A 7-year-old breeding female gang gang cockatoo was presented with
a 3-month history of reduced exercise tolerance. The feces were deep green,
and it had a mild biliverdinuria. Physical examination was limited because
capture and restraint caused marked respiratory distress; however, the
bird regained perching strength within a few minutes when released into
a hospital cage. General anesthesia and radiography revealed a markedly
enlarged globular cardiac silhouette (Fig. 3). A regimen of intramuscular
doxycycline injections was commenced. Cardiac ultrasound examination
caused respiratory distress because of pressure during placement of the
transducer on the ventral abdomen, but it demonstrated marked pericardial
effusion. When repeated 2 weeks later, cardiac ultrasound examination re-
vealed the continuing presence of a marked pericardial effusion. Two days
later the bird died, and necropsy examination revealed a pale, mottled liver,

Fig. 1. Radiographic appearance of case 1, demonstrating widespread periosseous soft tissue

proliferation and osteolysis of the tibiotarsi, ulna, and radius (arrows), as well as an extensive

increase in periosteal radio-opacity (arrowheads).
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a massive pericardial effusion, and a firm, pale, nodular granuloma at the
base of the heart (Fig. 4), which contained abundant ZN-positive intracyto-
plasmic rods on cytologic and histologic examination.

Case 3

This bird was a male with a chronic history of weight loss. Many acid-
fast bacteria were found in ZN-stained fecal smears, and radiography

Fig. 2. Transverse and longitudinal cross-sections through a tibiotarsus from case 1, demon-

strating extensive nodular proliferation of pale tissue extending from the bone marrow space

(arrowheads). The residual cortices (C) and displaced muscle (M) are identified. The pale tissue

was composed of a uniform proliferation of acid-fast–laden macrophages.

Fig. 3. Radiographic appearance of case 2, demonstrating loss of the normal hourglass-shaped

cardiohepatic silhouette caused by an enlarged globular cardiac outline (arrowheads).
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demonstrated multifocal radiodense nodules in the lateral abdominal wall
on the right side and throughout the air sacs and visceral organs (Fig. 5).
A diagnosis of disseminated alimentary mycobacteriosis was made based
on the cytology and radiographic appearances, and the bird was euthanized.
Necropsy demonstrated multiple firm, coalescing, pale nodules throughout
the esophagus, air sacs, myocardium, abdominal musculature, liver, spleen,
and intestines. Impression smears of the cut surface of one of these nodules

Fig. 4. Postmortem appearance of the unopened (A) and opened (B) pericardial sac of case 2,

demonstrating marked pericardial effusion (circled) associated with an extensive pale, nodular

granuloma infiltrating the base of the heart (arrowheads). The apex of the heart (H) and left

lobe of the liver (L) are shown.

Fig. 5. Radiographic appearance of case 3, demonstrating a loss of the cardiohepatic silhouette

and a nodular increased radio-opacity of the body wall (arrow) and coelomic cavity caused by

extensive nodular granulomatous inflammation throughout the alimentary tract, abdominal

musculature, liver, and spleen.
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were stained with Gram’s, Wright’s, and ZN stains. Affected organs were
fixed in buffered formalin and processed in paraffin for routine histopathol-
ogy. Hematoxylin and eosin–stained sections demonstrated a severe multifo-
cal, nodular, granulomatous inflammation in the air sacs, abdominal wall,
esophagus, spleen, and intestines. A marked diffuse expansion of the lamina
propria by macrophages containing abundant acid-fast rods was observed
throughout the intestines.

Questionnaire

In an effort to determine whether cases of mycobacteriosis were overrep-
resented in gang gang cockatoos, a survey of avian veterinary practices was
facilitated using an on-line Web page questionnaire [6]. Australasian mem-
bers (n ¼ 8) of the Association of Avian Veterinarians participated in the
survey. A comparative analysis of the data was performed using c2 tests
for proportions using SigmaStat 4.0 (Systat Software Inc., Richmond, Cal-
ifornia). For the nine participating veterinary clinics, the total annual avian
case load of 18,528 patients (mean 2316 � 2388) included 29% cockatoo pa-
tients (n ¼ 5365, mean 671 � 325). Of the annual cockatoo case load, 1.77%
(n ¼ 95, mean 11.9 � 10.4) were gang gang cockatoos. The total incidence of
avian mycobacteriosis cases was six cases per year (0.03%), of which two
cases per year were in gang gang cockatoos. However, this result was not
statistically significant, because meaningful comparisons could not be
made between species groups owing to the low prevalence of total avian
cases and cases in cockatoos.

Discussion

Mycobacteria are opportunistic saprophytic organisms with a wide verte-
brate host range [7]. In birds, most organ systems can be affected by natural
or experimental infections [7,8]. The most likely route of infection is oral,
with colonization of the gastrointestinal tract and secondary dissemination
to other organs, but other primary sites of infection, including wound inva-
sion, are possible [7]. Isolation of M avium from fecal samples in wild birds
suggests that fecal shedding is common, with fecal samples from 19% of
wild pigeons found positive in one study for M avium by PCR [9], and as
many as 17.5% of tissue cultures from some species of wild birds found pos-
itive in a second study [10]. Human infection with M avium is rare, except in
immunocompromised patients. The source of such infections remains
unclear, with human isolates appearing distinct from avian isolates [11].

Avian mycobacteriosis, as the authors have demonstrated in the three
gang gang cockatoos described in this paper, can have variable clinical pre-
sentation in birds. The disease in case 1 was disseminated and involved
mainly the appendicular skeleton. Although occasional microscopic granu-
lomas were also present in some sections of the gut, ZN-stained smears of
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feces did not reveal acid-fast organisms, and this confounded the initial di-
agnostic investigation. Fine-needle aspirates of the wing tumors might have
proved diagnostically useful if they had been stained with ZN rather than
Wright’s stain. Even so, the final outcome for this bird might not have
been altered, because the lesions were severe and widespread. In this case
the primary antecedent event was most likely colonization of the respiratory
or alimentary tract, followed by local invasion and hematogenous dissemi-
nation to bones with marrow cavities.

Antemortem diagnosis of mycobacterial infections in birds can be difficult.
Culture is considered the gold standard but is often slow [7]. Other methods
commonly employed include ZN staining and PCR of feces or tissues from
lesions. These methods may be less sensitive than culture. In one study, quail
were experimentally infected withMavium. In comparison with culture, fecal
ZN stains exhibited a 7.2% sensitivity and PCRa 20.3% sensitivity. In tissues,
ZN stains exhibited 82.6% sensitivity and PCR 100% sensitivity [12].

As in the cases presented here, confirmation of avian mycobacteriosis
may be easily made by histology or cytology. By contrast with the case of
tuberculosis in many mammalians, granulomas typically contain large num-
bers of acid-fast–laden macrophages [13]. The appearance of negatively
stained bacilli in Diff Quick (Lab Aids Pty, Narrabeen, Australia), Wright’s,
or Gram-stained impression smears is a strong indication for performing
acid-fast staining, but such characteristics may be overlooked when myco-
bacteriosis is not suspected. Nevertheless, it is wise routinely to make several
smears of lesions to permit the use of a range of stains.

Primary respiratory tract mycobacteriosis is a recognized disease syn-
drome [14,15] and was considered a major differential diagnosis for the pri-
mary presenting signs in case 2. However, radiographs and ultrasound
examination proved useful for identifying cardiac rather than respiratory
dysfunction. The primary lesion causing clinical signs in case 2 was nodular
granulomatous pericarditis and myocarditis that caused severe hydroperi-
cardium and cardiac tamponade, although pressure on the syrinx may
also have contributed to cardiorespiratory dysfunction.

Most cases of avian mycobacteriosis probably pose little zoonotic risk to
pet owners, because they are commonly caused by infection with M avium.
However, birds are also susceptible to infection with M tuberculosis [4] and
M genavense [2,3], which are pathogens of humans [4,5] and other mammals
[1]. Hence the cause should be confirmed in all cases of avian mycobacter-
iosis, especially when the disease occurs in companion birds that may be
in close contact with humans. Long-term shedding of organisms and
exposure to other pets or owners should be assumed, because affected birds,
in general and in the cases presented here, commonly mask clinical signs of
severe, chronic disease.

It may be difficult to identify the Mycobacterium species involved once
a diagnosis of mycobacteriosis has been made. Culture of mycobacteria is
not always successful [3] and takes a long time to obtain, because of the
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slow growth of Mycobacterium spp in vitro and overgrowth contamination
with other bacteria. However, suitable fresh or frozen samples collected for
this purpose may also be used in PCR tests for specific mycobacterium spe-
cies [16,17]. As probably occurred in the cases reported here, formalin fixa-
tion can interfere with PCR assays performed on paraffinized sections;
hence a negative PCR test should be interpreted with care. The collection
of some nonfixed tissue, as well as formalin-fixed samples from suspected
granulomatous lesions, should be a routine procedure when investigating
live or necropsy cases.

Gang gang cockatoos are a vulnerable, highly specialized, mostly arbo-
real species with a restricted range along the mountainous southeast coast
of Australia, where they prefer to inhabit heavily timbered, mature native
eucalyptus forests and woodlands. Data from the Atlas of Australian Birds
indicate that the species has declined dramatically within New South Wales,
and disease threats such as psittacine beak and feather disease (PBFD) have
been identified [18]. Anecdotal clinical evidence suggests that the species
may be more susceptible to viral and bacterial pathogens. For example,
PBFD-affected wild gang gang cockatoos have a greatly reduced short-
term survival rate compared with other, less specialized cockatoo species.
In other companion animal species, certain breeds may be more susceptible
to mycobacterial infections than others [19]. Although the authors’ small
survey of avian veterinary hospitals failed to demonstrate statistically signif-
icant overrepresentation of mycobacteriosis in gang gang cockatoos, it indi-
cates a need to improve our understanding of the immune function of the
species.
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