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Avian Mycobacteriosis in Free-Living Raptors in
California: 6 Cases (1997–2001)

Lisa A. Tell, DVM, Dipl ABVP (Avian), Dipl ACZM, Shannon T. Ferrell, DVM, Dipl
ABVP (Avian), and Paul M. Gibbons, DVM, Dipl ABVP (Avian)

Abstract: Avian mycobacteriosis has been documented commonly in poultry, companion birds,
and birds in zoological collections or wildlife parks. However, reports in free-ranging raptors are
relatively rare. We describe 6 cases of mycobacteriosis in free-living raptors. Four red-tailed hawks
(Buteo jamaicensis), 1 red-shouldered hawk (Buteo lineatus), and 1 great horned owl (Bubo virgi-
nianus) were presented for examination after being found on the ground unable to fly. Common
clinical findings in these birds included coelomic distention or palpable coelomic mass, nonregen-
erative anemia, and leukocytosis characterized by heterophilia, monocytosis, and lymphopenia. Re-
sults of radiography, ultrasonography, coelomoscopy, and biopsy, in combination with acid-fast
staining of specimens obtained by biopsy or fine-needle aspiration, provided evidence of a pre-
sumptive diagnosis of mycobacteriosis. All birds were euthanatized (n 5 5) or died (n 5 1). At
necropsy, diffuse granulomas with intralesional acid-fast bacilli were present in all birds. Myco-
bacteriosis was confirmed by culture in 4 birds, and polymerase chain reaction testing confirmed
Mycobacterium avium in 3 of these 4 birds. On the basis of clinical and postmortem findings,
mycobacteriosis should be considered as a differential diagnosis in adult raptors that are found
debilitated and in poor body condition. Detection of acid-fast bacilli in biopsy or necropsy speci-
mens allows a presumptive diagnosis of mycobacteriosis; however, definitive diagnosis requires
mycobacterial culture or polymerase chain reaction analysis.

Introduction

Avian mycobacteriosis has a worldwide distri-
bution in poultry, companion and free-living birds,
and birds in zoological collections. Most cases are
caused either by an organism within the Mycobac-
terium avium complex or by Mycobacterium gen-
avense.1 Reports describing avian mycobacterial in-
fections have primarily involved birds in private
homes, zoological parks, wildlife reserves, game
farms, or small poultry flocks.1 Mycobacteriosis is
comparatively rare in nongregarious, free-living
birds such as raptors.

Several case reports describing the disease pre-
sentation of mycobacteriosis in 1 to 2 captive or
free-ranging raptors have been published.2–5 In this
report, we describe 6 cases of mycobacteriosis in
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free-living raptors found in California. These cases
illustrate the variability in clinical presentation and
the difficulty in definitively diagnosing the condi-
tion antemortem.

Case Summaries

Six free-living adult raptors were presented to the
University of California, Davis, Veterinary Medical
Teaching Hospital (VMTH) over a 4-year period
(1997–2001). All 6 birds were presented in the lat-
ter half of the year (4/6 cases presented in Novem-
ber or December). The species of the raptors were
red-tailed hawk (Buteo jamaicensis; n 5 4), red-
shouldered hawk (Buteo lineatus; n 5 1), and great
horned owl (Bubo virginianus; n 5 1). The sex of
each bird (female, n 5 5; male, n 5 1) was deter-
mined at necropsy. All birds were found on the
ground, apparently unable to fly, and were caught
by concerned citizens.

Clinical findings on physical examination were
poor body condition and marked to severe pectoral
muscle wasting in all birds. The body condition



31TELL ET AL—AVIAN MYCOBACTERIOSIS IN RAPTORS

score, graded on a scale from 1 (emaciated) to 9
(obese), was rated as 2–3 in the birds when body
condition score was recorded (n 5 4). Body weight
in the red-tailed hawks ranged from 0.724 to 1.050
kg; the red-shouldered hawk weighed 0.698 kg, and
the great horned owl weighed 0.943 kg.

The birds were quiet and weak on initial presen-
tation; 3 birds were minimally responsive or ob-
tunded. Five birds were clinically dehydrated (5%
dehydrated, n 5 1; 8%–10% dehydrated, n 5 4). In
2 birds, a coelomic mass was palpated caudal to the
keel. One of these birds (case 1) had moderate coe-
lomic distention, with a firm swelling that occupied
the entire space between the sternum and the pelvis.
The second bird (case 2) had a firm, smooth, 1.5-
cm-diameter mass that protruded past the keel edge
in the left cranial coelomic quadrant. Abnormal re-
spiratory sounds in the thoracic region were heard
when the coelom was auscultated in 2 birds (cases
1 and 4).

Other abnormalities found during physical ex-
amination included pediculosis (n 5 3), dermal
plaques or wounds (n 5 3), drooping or inability to
fully extend one wing (n 5 3), ocular lesions of
presumed traumatic origin (n 5 2), melena (n 5 1),
and neurologic abnormalities suggestive of central
nervous system (CNS) involvement (n 5 1).

Initial treatment included crystalloid fluid therapy
(lactated Ringer’s solution) at 50 ml/kg SC q12h;
rest in a quiet, dark cage; and nutritional support
(forced or voluntary ingestion of skinned mice). In-
secticidal powder (Adams flea and tick dust II,
SmithKline Beecham Animal Health, Westchester,
PA, USA) was applied topically to the birds diag-
nosed with pediculosis. Initial diagnostic tests in-
cluded a complete blood count (CBC; n 5 6), plas-
ma biochemical profile (n 5 4), and whole-body
radiographs (n 5 5). In the dehydrated birds, blood
was collected for a CBC after the bird had received
fluid therapy.

The most common hematologic abnormalities on
initial presentation were mild to moderate anemia
(4/5) and moderate to marked leukocytosis (3/5)
(Table 1). The anemia was nonregenerative in 3 of
4 birds. The leukocytosis was primarily attributable
to mature heterophilia (3/5). Other common abnor-
malities included lymphopenia (5/5), monocytosis
(4/5), eosinophilia (4/5), band heterophilia (3/5),
and hyperfibrinogenemia (3/5).

Table 2 shows the serial hematologic findings of
1 bird (case 3) over a 37-day period. This bird pre-
sented 48 hours after accidental brodifacoum-based
rodenticide toxicosis. On the day of presentation,
the bird was transfused with whole blood (16 ml
administered by intraosseous catheter), and phyto-

nadione therapy (Phytonadione, Vedco, St Joseph,
MO, USA; 2 mg/kg IM once then PO q24h) was
initiated in response to the rodenticide poisoning.
The bird was clinically normal on examination on
day 9 after presentation, but by day 29 it had de-
veloped neurologic signs. Its clinical condition de-
teriorated despite therapy, and the bird was euthan-
atized on day 37. Anemia persisted despite the
blood transfusion, but metamyelocytes were present
in the peripheral blood only on day 1. Leukocytosis,
characterized by mature heterophilia, monocytosis,
eosinophilia, and eventually lymphopenia, were
present by day 9 after initial presentation and per-
sisted until euthanasia on day 37. The severity of
the leukocyte abnormalities paralleled the clinical
deterioration; a degenerative left shift and profound
lymphopenia were found on day 37.

All 4 birds for which plasma biochemical data
were available had abnormalities of total plasma
protein concentration (Table 3). Hypoproteinemia
(measured by the biuret method) was found in 3 of
4 birds; it was characterized by hypoalbuminemia
and hypoglobulinemia (2/3) or hypoalbuminemia
alone (1/3). Mild hyperproteinemia, attributable to
hyperglobulinemia, was found in 1 bird. Other plas-
ma biochemical abnormalities common to all 4
birds were limited to increases in the concentrations
of creatine kinase and lactate dehydrogenase. In 2
of 4 birds, aspartate aminotransferase (AST) con-
centration was high, and in 3 of 4 birds, hyper-
phosphatemia was present.

Plasma protein electrophoresis was performed in
3 cases (Table 4). The most consistent findings were
hypoalbuminemia (3/3) and a decrease in the beta
globulin fraction (2/3).

In 3 of 5 birds, organ enlargement or the presence
of abnormal soft tissue opacities were observed ra-
diographically. One bird (case 1) had a large, sym-
metrical soft tissue opacity in the coelom that was
presumed to be the liver. Another bird (case 2) had
evidence of hepatomegaly and a 1.5-cm-diameter
soft tissue mass caudal to the liver that displaced
the ventriculus dorsally; multiple smaller soft tissue
opacities were observed ventral to the kidneys.
Dense, focal, intramedullary opacities involving
nonpneumatic long bones were also found in that
bird (Fig 1). The other bird (case 4) had an increase
in soft tissue opacity in the lungs and cranial coe-
lomic air sacs and a mass effect in the dorsal lung
field.

Contrast radiography of the gastrointestinal tract
was performed in cases 1 and 2. In both birds, it
helped to define the coelomic abnormalities seen on
survey radiographs (Fig 2). Coelomic ultrasonog-
raphy was also performed in cases 1 and 2. Hepa-
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Table 1. Results of the initial complete blood cell count of 6 free-living raptors in California that were diagnosed with
mycobacteriosis.

Indices and units
Reference

range

Casea

1 2

Red blood cells (RBC), 3
106/ml

2.2–3.1 1.71 1.86

Packed cell volume, % 38–47 20 34
RBC morphologyb A1, P1 A1, P1 A1
White blood cells, cells/ml 11 000–20 000 102 500 850 000
Metamyelocytes, cells/ml (%) 0 (0) 2050 (2) 0 (0)
Band heterophils, cells/ml (%) 0 (0) 10 250 (10) 3400 (4)
Mature heterophils,

cells/ml (%)
3850–13 200

(35–66)
68 675

(67)
69 700

(82)
Lymphocytes, cells/ml (%) 2090–10 000

(19–50)
1025
(1)

850
(1)

Monocytes, cells/ml (%) 0–600
(0–3)

17 425
(17)

4250
(5)

Eosinophils, cells/ml (%) 0–800
(0–4)

3075
(3)

6800
(8)

Basophils, cells/ml (%) — 0 (0) 0 (0)
Thrombocytes adequate adequate adequate
Fibrinogen, mg/dl 30–300 200 500

a Cases 1–4 are red-tailed hawks; case 5, red-shouldered hawk; case 6, great horned owl. 1 indicates slight; 11, moderate.
b A indicates anisocytosis; P, polychromasia.

tomegaly was confirmed, and numerous hypere-
choic masses within the hepatic parenchyma were
identified in both birds. Coelomoscopy, performed
in cases 2 and 3, revealed granulomatous or plaque-
like serosal lesions on various organs in both birds.

Magnetic resonance imaging (MRI) proved use-
ful in identifying and evaluating depth and extent
of lesion(s) in case 3 (antemortem diagnosis) and in
cases 1 and 2 (Fig 3; postmortem diagnosis). Mag-
netic resonance imaging was performed in case 3
after the bird developed progressive neurologic
signs. The principal abnormality before contrast ad-
ministration was a signal void ventral to the rostral
aspect of the cerebellar vermis (Fig 4a). Findings
after contrast administration (gadopentetate dime-
glumine, Berlex Laboratories, Wayne, NJ, USA; 1.4
ml/kg IV) were peripheral contrast enhancement of
the signal void ventral to the cerebellum and mul-
tiple areas of contrast enhancement in the surround-
ing parenchyma (Fig 4b).

Acid-fast staining of fecal smears was done in 2
birds; results were positive for acid-fast bacilli in
case 2 but negative in case 1. Liver samples, col-
lected by ultrasound-guided aspiration or by biopsy,
were positive for acid-fast bacilli in both birds.
Acid-fast bacilli were also identified in dermal le-
sions on the legs of the bird in case 1.

Other antemortem tests included tracheal lavage
(case 1) and bone marrow aspirate (case 2). Samples

were submitted for cytologic examination, acid-fast
staining, and bacterial and fungal culture. However,
analysis of these samples added minimal informa-
tion of diagnostic or prognostic value.

One bird (case 1) died during tracheal lavage; the
other 5 birds were euthanatized. One bird (case 2)
was euthanatized after acid-fast bacilli were found
in a liver biopsy sample. The other 4 birds were
euthanatized because their clinical conditions were
deteriorating despite supportive care.

In all birds, gross postmortem examination re-
vealed yellow-white to tan caseous nodules, ranging
in diameter from 1 mm to 3 cm. In 4 birds, lesions
were widely disseminated throughout the coelom,
involving the liver, spleen, gastrointestinal tract, and
lungs. In some cases, the air sacs, kidneys, ovaries,
mesentery, and heart were also affected. In 2 birds,
gross lesions were localized to either the pulmonary
parenchyma and air sacs (case 4) or the proventric-
ulus and ventriculus (case 5); however, more wide-
spread inflammation was observed histologically in
both birds.

Histopathologic examination revealed severe,
chronic, multifocal to coalescing granulomatous in-
flammation with intralesional acid-fast bacilli in the
liver (n 5 5), lung (n 5 4), bone marrow (n 5 4),
spleen (n 5 3), gastrointestinal tract (n 5 3), air
sacs (n 5 3), CNS (n 5 2), skin (n 5 1), pancreas
(n 5 1), mesentery (n 5 1), and great vessels (n 5
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Table 1. Extended.

Casea

3 4 5 6

0.70 2.85 2.58 1.25

9 26 44 17
A1 A1, P1 A1, P1 A1, P1

16 500 33 000 14 000 5000
660 (4), toxic1 0 (0) 0 (0) 0 (0)

1815 (11), toxic1 1320 (4), toxic11 0 (0) 0 (0)
12 540 (76) 27 060 (82), toxic11 83 540 (61) 4250 (85), toxic1

825 (5) 1320 (4) 560 (4) 350 (7)

165 (1) 1650 (5) 2240 (16) 300 (6)

495 (3) 1650 (5) 2380 (17) 0 (0)

0 (0) 0 (0) 280 (2) 100 (2)
adequate adequate adequate adequate

200 400 300 500

1). Gross or microscopic evidence of internal par-
asitism was also found in 5 birds.

In 4 birds, samples from grossly abnormal tissues
or infiltrative lesions were submitted for mycobac-
terial culture. Results of all cultures were positive,
providing a definitive diagnosis of mycobacteriosis
in these 4 cases. In 3 of these cases, polymerase
chain reaction (PCR) testing confirmed that the or-
ganisms belonged to the Mycobacterium avium
complex.

Discussion

This case series highlights the variability in man-
ifestation and the difficulty associated with defini-
tive antemortem diagnosis of mycobacteriosis in
free-living raptors. Several similarities in clinical
presentation, laboratory data, diagnostic imaging,
and postmortem findings were nonetheless apparent.

Five of the 6 birds were hawks. It appears that
hawks may be particularly prone to mycobacterio-
sis; however, these data more likely reflect the prev-
alence of red-tailed hawks in Northern California.
In a recent survey, red-tailed hawks were the second
most common raptorial species presented to the Cal-
ifornia Raptor Center for rehabilitation. Barn owls
(Tyto alba) were the most common species pre-
sented.8

All birds in this case series were in poor body
condition. Emaciation is a common finding in free-
living raptors during their first year of life and may

be attributed to suboptimal hunting skills.9 How-
ever, antemortem and postmortem test results from
birds in this case series confirmed the presence of
systemic disease (and, in some cases, concurrent
parasitism), and emaciation in these birds was most
likely the result of chronic illness. Therefore, my-
cobacteriosis should be included in the list of dif-
ferential diagnoses for adult raptors that are found
debilitated and in poor body condition.

The extent and severity of the lesions in several
of these free-living birds were unexpected. Even
though organisms within the M. avium complex are
ubiquitous, free-living birds would not likely be ex-
posed to large numbers of mycobacteria. Therefore,
these findings suggest either exposure to large num-
bers of mycobacteria or a particularly virulent
strain, immunosuppression, or a combination of
these factors. Exposure to large numbers of myco-
bacteria depends on the prevalence of pathogenic
mycobacteria in a bird’s environment or food source
(ie, small mammals and birds on which raptors
prey). The possibility of immunosuppression opens
up a broader array of risk factors, including star-
vation, parasitism,10,11 other systemic diseases, and
anthropogenic factors such as degradation or loss of
habitat and the use of pesticides and other toxins in
the region.12

Three of 6 birds had coelomic abnormalities (a
palpable coelomic mass or increased respiratory
sounds on auscultation) on physical examination. In
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Table 2. Results of serial hematologic tests done over a 37-day period in a red-tailed hawk (case 3) that was diagnosed
with mycobacteriosis.

Indices and units
Reference

range Day 1

Red blood cells (RBC), 3106/ml 2.2–3.1 0.7
Packed cell volume (PCV), % 38–47 9
RBC morphologya A1, P1 A1
White blood cells (WBC), cells/ml 11 000–20 000 16 500
Metamyelocytes, cells/ml (%) 0 (0) 660 (4), toxic1
Band heterophils, cells/ml (%) 0 (0) 1815 (11), toxic1
Mature heterophils, cells/ml (%) 3850–13 200

(35–66)
12 540

(76)
Lymphocytes, cells/ml (%) 2090–10 000

(19–50)
825
(5)

Monocytes, cells/ml (%) 0–600
(0–3)

165
(1)

Eosinophils, cells/ml (%) 0–800
(0–4)

495
(3)

Basophils, cells/ml (%) — 0 (0)
Thrombocytes adequate adequate
Fibrinogen, mg/dl 30–300 200

a A indicates anisocytosis; P, polychromasia; 1, slight; 11, moderate.

a fourth bird, plaquelike lesions were found in the
coelomic cavity during coelomoscopy. Because avi-
an mycobacterial infections typically involve the
liver, spleen, and gastrointestinal tract, the presence
of coelomic abnormalities should increase the sus-
picion of mycobacteriosis.1 When the lungs and air
sacs are involved, careful auscultation can reveal
abnormal respiratory sounds, as was found in 2
birds in this case series.

Anemia, heterophilia, and monocytosis are typi-
cal of disseminated mycobacteriosis in other avian
species1,13 and are often considered hallmarks of the
disease. However, laboratory findings in the birds
we describe reflect the variability in specific he-
matologic abnormalities with stage of disease, con-
current illness, and perhaps species of bird.

Leukocytosis was found on initial presentation in
3 of 5 birds. In 2 of these birds, the white blood
cell (WBC) count was high (.80 000 cells/ml),
which is typical of birds with advanced mycobac-
teriosis.1,13 Case 3 had a normal WBC count on ini-
tial presentation, but leukocytosis developed within
9 days of presentation and persisted until euthanasia
on day 37. Thus, moderate to marked leukocytosis
ultimately was found in 4 of 6 birds. The findings
in case 3 illustrate that repeat or serial CBCs can
be useful in birds suspected of having mycobacte-
riosis but whose initial hemograms are inconclusive.

Of the 2 raptors with advanced mycobacteriosis
that did not have leukocytosis, one (case 5) had a
normal WBC count and the other (case 6) was leu-

kopenic (Table 1). In case 5, mycobacterial lesions
were confined to the ventriculus and proventriculus.
Gram-negative bacterial sepsis might have compli-
cated the picture in case 6: Escherichia coli and
Klebsiella pneumoniae were cultured from the
spleen at necropsy. The toxic appearance of the het-
erophils on the WBC count supports this possibility.

Band heterophils were a relatively common find-
ing on initial presentation in this case series. How-
ever, band cells were inconsistently found in serial
WBC counts from case 3, and they were not present
in the bird in which mycobacterial lesions were lo-
calized to the proventriculus and ventriculus (case
5) nor in the bird with leukopenia and possible sep-
sis (case 6). The absence of band heterophils in a
single blood sample, therefore, does not rule out a
severe or disseminated infection.

Moderate to marked monocytosis was one of the
most consistent abnormalities found on the WBC
count, being present in 4 of 6 birds on initial pre-
sentation and in a fifth bird (case 3) within 9 days
of presentation. In case 3, the monocyte count in-
creased as the disease progressed. Thus, moderate
to marked monocytosis, with or without heterophi-
lia and leukocytosis, should prompt clinical suspi-
cion of mycobacteriosis in debilitated adult raptors.

Lymphopenia was the most consistent hemato-
logic finding and was present in all birds on initial
presentation. The lymphopenia was marked (,850
cells/ml) in 4 of 6 birds. In case 3, lymphopenia
persisted throughout the 37-day observation period,
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Table 2. Extended.

Day 4 Day 9 Day 29 Day 37

1.1 1.9 2.7 1.9
18 30 34 33

A1, P11 A11, P11 A1, P1 A1
12 800 30 500 63 000 45 000
0 (0) 0 (0) 0 (0) 0 (0)

256 (2) 0 (0) 0 (0) 450 (1), toxic1
10 240 (80) 18 910 (62) 45 360 (72) 34 650 (77), toxic1

1152 (9) 8235 (27) 1260 (2) 0 (0)

384 (3) 1830 (6) 12 600 (20) 9000 (20)

768 (6) 915 (3) 3780 (6) 900 (2)

0 (0) 610 (2) 0 (0) 0 (0)
adequate adequate adequate adequate

200 100 400 200

Table 3. Results of the plasma biochemical profile on initial presentation of 4 free-living raptorsa in California that
were diagnosed with mycobacteriosis.

Indices and unitsb

Reference
range Case 1 Case 2 Case 3 Case 6

Uric acid, mg/dl
Calcium, mg/dl
Phosphorus, mg/dl
Glucose, mg/dl
Total protein, g/dl
Albumin, g/dl

6–18
8–13
2–4

222–388
3–5

1.0–2.5

9.6
7.9
6.0

236
2.8
0.5

2.3
11.5
3.7

312
5.1
1.0

7.3
7.0
6.7

364
1.5
0.7

14.0
7.2
6.0

301
0.8
0.2

Globulins, g/dl
AST, IU/L
CK, IU/L
LDH, IU/L
Cholesterol, mg/dl
BUN, mg/dl
Bile acids, mmol/L

2–3
110–392
220–490
230–398

,100

2.3
327

3575
658
137

6
15

4.1
439

4818
540
166

2
12

0.8
388

23 817
655
109

2
—

0.6
513

17 424
1771

35
6
—

a Cases 1–3, red-tailed hawks; case 6, great horned owl.
b AST indicates aspartate aminotransferase; CK, creatine kinase; LDH, lactate dehydrogenase; and BUN, blood urea nitrogen.

with the exception of the sample collected on day
9. By day 37, the peripheral lymphocyte count was
zero. Lymphopenia might thus be another indicator
of mycobacteriosis in raptors; however, a normal
lymphocyte count does not preclude a diagnosis of
disseminated mycobacteriosis.

Eosinophilia was another common finding in
these birds. Without exception, eosinophilia was
concurrent with monocytosis, although the signifi-
cance of this finding is unknown. Thrombocyte
numbers were reported as ‘‘adequate’’ on peripheral
blood smears in all 6 birds. Unfortunately, quanti-

tative thrombocyte counts were not performed.
Thrombocytosis has been reported in birds with my-
cobacteriosis, although its prevalence can vary with
avian species (eg, 50% in fowl but only 6% in
cranes14).

Hyperfibrinogenemia was an inconsistent finding
in this case series. Because fibrinogen is an acute-
phase inflammatory marker, abnormalities will de-
pend on the stage of the disease. In addition, ab-
normalities in fibrinogen in birds with mycobacte-
rial infections can depend on the avian species (eg,
62% in fowl but 100% in cranes14).
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Table 4. Results of plasma protein electrophoresis for 3 free-living red-tailed hawks in California with mycobacteriosis.

Analyte
Reference

range Case 1 Case 2

Case 3

Day 2 Day 29

Total protein, g/dl
A:Ga

Albumin, g/dl

4.6 6 1.0
1.2 6 0.3
2.2 6 0.5

2.0
0.25
0.27

4.0
0.43
1.20

2.0
0.71
0.71

5.0
0.84
2.28

Globulins, g/dl
Alpha 1
Alpha 2
Beta
Gamma

0.29 6 0.2
0.66 6 0.1
0.77 6 0.3
0.48 6 0.4

0.04
0.28
1.00
0.29

0.07
1.05
0.36
1.31

0.02
0.39
0.61
0.15

0.17
1.22
0.79
0.54

a A:G is the albumin/globulin ratio.

Figure 1. Radiographic image (ventrodorsal projection) of a red-tailed hawk (case 2) that presented debilitated and
unable to fly. Focal, intramedullary mineral opacities are visible in the right humerus and both distal ulnas (white arrows).

Thus, the most consistent and diagnostically use-
ful hematologic abnormalities in raptors with my-
cobacteriosis appear to be monocytosis, leukocyto-
sis/heterophilia, lymphopenia, and mild to moderate
nonregenerative anemia. When present, band het-
erophils, metamyelocytes, and hyperfibrinogenemia
could indicate a poor prognosis.

Plasma biochemical values were less useful than
CBC results for determining the nature and severity
of a bird’s condition. Although 5 birds were sub-
sequently found to have severe, chronic, multifocal
to coalescing granulomatous inflammation involv-
ing the liver, only 2 of 4 birds tested had high con-
centrations of AST on initial presentation.

Hypoproteinemia, primarily caused by hypoal-
buminemia, was present in 3 of 4 birds for which
data were available. In birds with advanced myco-

bacteriosis, hypoalbuminemia probably results from
gastrointestinal loss and decreased hepatic produc-
tion1; however, this finding is nonspecific. Plasma
globulin levels were unpredictable, being normal in
1 bird, high in 1 bird, and low in 2 birds. Increases
in beta- or gamma-globulin fractions have been re-
ported in birds with mycobacteriosis.7,15 However,
specific abnormalities in the globulin fraction were
inconsistent in this case series.

Diagnostic imaging (radiography, ultrasonogra-
phy, and coelomoscopy) proved useful in medically
evaluating these birds. Organ enlargement or the
presence of abnormal soft tissue opacities were ev-
ident radiographically in several birds. Mycobacte-
rial lesions in birds generally do not mineralize,
even in advanced stages, so radiographic findings
are generally limited to organ enlargement and ab-
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Figure 2. Radiographic images from a gastrointestinal contrast study (lateral [A] and ventrodorsal [B] projections) of
an adult red-tailed hawk (case 1) with hepatomegaly resulting from mycobacteriosis. On the lateral projection, the
ventriculus is dorsally displaced by a soft tissue mass.
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Figure 3. Sagittal T1-weighted magnetic resonance image of a red-tailed hawk (case 3) with hepatic granulomas (thick
white arrow) and a coelomic granuloma (thin white arrow) ventral to the ventriculus caused by mycobacteriosis.

Figure 4. Sagittal T1-weighted magnetic resonance images of the cranium of a red-tailed hawk (case 3) with myco-
bacteriosis before (a) and after (b) contrast administration. A small cystic mass (arrows) is present at the rostral aspect
of the cerebellar vermis. Peripheral contrast enhancement of the mass and cerebellar parenchyma surrounding the mass
is seen after contrast administration (b).
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normal soft tissue opacities.1 As was found in 2
birds in this series, radiographs can be unremark-
able, even in birds with advanced mycobacteriosis.

Ultrasonography revealed abnormalities in hepat-
ic size and architecture and facilitated needle-guid-
ed biopsy, allowing a presumptive diagnosis of my-
cobacteriosis to be made in 1 case. Coelomoscopy
allowed direct visualization of infiltrative lesions in
the coelomic cavity that were suggestive of myco-
bacteriosis. An added benefit of coelomoscopy is
that it allows direct sampling of the lesions for cy-
tologic or histopathologic examination and acid-fast
staining. A potential drawback, however, is the risk
of general anesthesia and the invasion of the coelom
in a severely debilitated bird.

Magnetic resonance was a useful imaging tool in
case 3 when the bird developed progressive neuro-
logic signs. It allowed brain lesions that might not
have been detected otherwise to be identified and
characterized. For academic interest, MRI was per-
formed immediately after death in 2 other birds. It
accurately identified and characterized all lesions
subsequently found at necropsy. Thus, MRI has
considerable potential for antemortem diagnosis of
mycobacteriosis in birds. Unfortunately, the cost
and limited availability of MRI make it impractical
for most wildlife rehabilitation centers. In addition,
MRI studies require general anesthesia, which can
carry considerable risk in severely debilitated birds.

Fecal acid-fast staining was helpful in only 1 of
2 birds on which it was performed. Even in birds
with intestinal mycobacteriosis, results of acid-fast
staining of a single fecal sample can be negative.16

Therefore, absence of acid-fast bacilli in a single
fecal sample should not be used to rule out myco-
bacteriosis. Early diagnosis of this disease remains
challenging because, in most cases, mycobacteria
are shed inconsistently and in low numbers in the
feces until the disease is advanced.16

Necropsy results revealed granulomatous lesions
in all 6 birds. Although such lesions are highly sug-
gestive of mycobacteriosis, particularly when pres-
ent in the liver, spleen, gastrointestinal tract, or
lungs, samples of the lesions should be submitted
for acid-fast staining, mycobacterial culture, PCR
testing, or a combination of these tests. Demonstra-
tion of acid-fast bacilli on impression smears or on
histologic sections of such lesions allows a pre-
sumptive diagnosis of mycobacteriosis. However,
definitive diagnosis currently requires culture or
PCR testing.1

In this case series, granulomatous lesions were
found in the bone marrow of 4 birds in which the
bone marrow was examined and sampled at necrop-
sy. Sykes4 also reported bone marrow involvement

in a red-tailed hawk with disseminated mycobacte-
riosis. Thus, granulomatous myelitis appears to be
a potential feature of mycobacteriosis in raptors.
Granulomatous lesions involving the CNS were
found in 2 birds in this case series. Although this
lesion is unusual, at least 3 other reports describe
CNS involvement in raptors with mycobacterio-
sis.2,4,5 Therefore, mycobacteriosis should be consid-
ered in any raptor presenting with, or developing,
signs of CNS dysfunction.

Treatment and control of mycobacteriosis have
been reviewed.1,17 In this case series, specific treat-
ment for mycobacteriosis was not undertaken in any
birds where mycobacteriosis was suspected or con-
firmed. This decision was made based on the poor
prognosis for cure, zoonotic concerns, and the po-
tential for creating antimicrobial-resistant strains of
mycobacteria. Furthermore, treatment of these wild
birds would have required a protracted period of
captivity in isolation, frequent handling, and con-
siderable expense.

Mycobacteriosis should be considered when adult
raptors are found debilitated and in poor body con-
dition for no apparent reason. Coelomic abnormal-
ities on physical examination or diagnostic imaging
should increase the suspicion of mycobacteriosis.
Mild to moderate, nonregenerative anemia and
moderate to marked heterophilia, monocytosis, and
lymphopenia, usually with moderate to marked leu-
kocytosis, can be expected late in the course of the
disease. The most useful antemortem diagnostic
tests at this time are radiography, ultrasonography,
coelomoscopy, and biopsy or fine-needle aspiration
with acid-fast staining. Granulomatous lesions are
highly suggestive of mycobacteriosis. Detection of
acid-fast bacilli in antemortem or necropsy speci-
mens allows for a presumptive diagnosis of myco-
bacteriosis, but definitive diagnosis requires myco-
bacterial culture or PCR testing.

References

1. Tell LA, Woods L, Cromie RL. Mycobacteriosis in
birds. Rev Sci Tech Off Int Epiz. 2001;20:180–203.

2. Lumeij JT, Dorrestein GM, Stam JWE. Observations
on tuberculosis in raptors. In: Cooper JE, Greenwood
AG, eds. Recent Advances in the Study of Raptor
Diseases. London, England: Chiron Publications Ltd;
1980:137–139.

3. Pereboom WD. Tuberculose bij een havik [abstract].
Tijdschr Diergeneesk. 1980;105:561–563.

4. Sykes GP. Tuberculosis in a red-tailed hawk (Buteo
jamaicensis). J Wildl Dis. 1982;18:495–499.

5. Lairmore M, Spraker T, Jones R. Two cases of tu-
berculosis in raptors in Colorado. J Wildl Dis. 1985;
21:54–57.



40 JOURNAL OF AVIAN MEDICINE AND SURGERY

6. Joseph V. Raptor hematology and chemistry evalua-
tion. In: Reavill DR, ed. Veterinary Clinics of North
America Exotic Animal Practice. Vol 2. Philadelphia,
PA: WB Saunders; 1999:689–699.

7. Tatum LM, Zaias J, Mealey BK, et al. Protein elec-
trophoresis as a diagnostic and prognostic tool in rap-
tor medicine. J Zoo Wildl Med. 2000;31:497–502.

8. Morishita TY, Fullerton AT, Lowenstine LJ, et al.
Morbidity and mortality in free-living raptorial birds
of northern California: a retrospective study, 1983–
1984. J Avian Med Surg. 1998;12:78–81.

9. Morishita TY, Pyone PA, Brooks DL. A survey of
diseases of raptorial birds. J Avian Med Surg. 1997;
11:77–92.

10. Cawthorn RJ. Cyst-forming coccidia of raptors: sig-
nificant pathogens or not? In: Redig PT, Cooper JE,
Remple JD, et al, eds. Raptor Biomedicine. Minne-
apolis: University of Minnesota Press; 1993:14–19.

11. Smith SA. Diagnosis and treatment of helminths in
birds of prey. In: Redig PT, Cooper JE, Remple JD,
et al, eds. Raptor Biomedicine. Minneapolis: Univer-
sity of Minnesota Press; 1993:21–27.

12. Porter SL. Pesticide poisoning in birds of prey. In:

Redig PT, Cooper JE, Remple JD, et al, eds. Raptor
Biomedicine. Minneapolis: University of Minnesota
Press; 1993:239–245.

13. Tell LA, Woods L, Foley J, et al. A model of avian
mycobacteriosis: clinical and histopathologic findings
in Japanese quail (Coturnix coturnix japonica) intra-
venously inoculated with Mycobacterium avium. Avi-
an Dis. 2003;47:433–443.

14. Hawkey C, Kock RA, Henderson GM, et al. Hae-
matological changes in domestic fowl (Gallus gallus)
and cranes (Gruiformes) with Mycobacterium avium
infection. Avian Pathol. 1990;19:223–234.

15. Cray C, Tatum LM. Applications of protein electro-
phoresis in avian diagnostics. J Avian Med Surg.
1998;12:4–10.

16. Tell LA, Foley J, Needham ML, et al. Diagnosis of
mycobacteriosis: comparison of culture, acid-fast
stains, and polymerase chain reaction for the identi-
fication of Mycobacterium avium in experimentally
inoculated Japanese quail (Coturnix coturnix japon-
ica). Avian Dis. 2003;47:444–452.

17. VanderHeyden N. New strategies in the treatment of
avian mycobacteriosis. Semin Avian Exotic Pet Med.
1997;6:25–33.


