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Between 2001 and 2004, 14 Austrian free-ranging red deer (Cervus elaphus
hippelaphus) infected by Mycobacterium avium species were observed. Eight of the cases were
from different geographical regions, and six originated from the same hunting area. The affected
animals had signs of diarrhea, severe weight loss, and emaciation. On post-mortem examination,
lymphadenitis associated with grossly enlarged mesenteric lymph nodes as well as multiple caseous
or purulent nodular lesions in the thickened wall of the intestines were present in all animals. In 10
cases M. avium subsp. avium and in four cases M. a. hominissuis were isolated. In three red deer,
a mixed infection with M. a. hominissuis and M. a. paratuberculosis was evident. Typing of M. a.
avium and M. a. hominissuis isolates was performed by polymerase chain reaction (PCR) detection
of insertion sequence IS901 and the virulence-associated macrophage-induced gene (mig),
inverted repeat (IR) typing (IS1245/IS1311), and random amplified polymorph DNA (RAPD)
analysis. While all M. a. avium and M. a. hominissuis contained the mig gene, IS901 was detected
only in M. a. avium. The prevalence of IS901-positive isolates correlated well with the geographic
location of affected animals. The IS901-containing isolates were shown to be genotypically closely
related, as they exhibit similar patterns in IR-typing and in RAPD analysis. In contrast, IS901negative isolates (M. a. hominissuis) displayed distinct profiles in both molecular systems.
Key words: Cervus elaphus hippelaphus, DNA fingerprinting, mycobacteriosis, Mycobacterium avium subsp. avium, Mycobacterium avium subsp. hominissuis, Mycobacterium avium
subsp. paratuberculosis, pathology, red deer.

ABSTRACT:

soil, water, dust, and air (Picardeau and
Vincent, 1996). Based on differences in
genotypic and growth characteristics,
pathogenicity, and host range, M. avium
species is subdivided into four subspecies,
namely, M. a. avium, M. a. hominissuis,
M. a. silvaticum, and M. a. paratuberculosis (Thorel, 1990; Mijs et al., 2002).
Several conventional and novel techniques for identification and typing of M.
avium isolates are available for epidemiologic studies. Serotyping was the first
method developed (Wolinsky and Schaeffer, 1973) followed by analyses of insertion
sequences (IS901, IS1245, IS1311) (Kunze
et al., 1992; Guerrero et al., 1995; Whittington et al., 1998). In addition, molecular approaches such as restriction fragment length polymorphism (RFLP)
analysis with IS1245 (van Soolingen et

INTRODUCTION

The Mycobacterium avium complex
(MAC) comprises a group of related
mycobacteria (Mycobacterium avium, M.
intracellulare, and M. species X) that have
been recognized as opportunistic and
obligate pathogens of animals and humans. Within the MAC, M. avium are
considered a major human and veterinary
pathogen causing a variety of diseases
including avian tuberculosis and mycobacteriosis, tuberculosis-like disease in humans, disseminated infections in immunocompromised patients such as those with
HIV, lymphadenitis in humans and mammals, and paratuberculosis in ruminants.
Mycobacterium avium has been recovered
from different host species and body sites
as well as from the environment, including
724
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al., 1998) and IS901 (Dvorska et al., 2003)
were standardized. Inverted repeat (IR)
typing (Picardeau and Vincent, 1996) and
randomly amplified polymorphic DNA
(RAPD) analysis (Matsiota-Bernard et al.,
1997; Pillai et al., 2001) appear to be
suitable epidemiologic tools for studying
M. avium infection.
In red deer (Cervus elaphus hippelaphus), M. avium species infection occurs
only sporadically and is rarely transmissible (Thorel et al., 2001). Most reports
refer to wild ruminants kept in captivity
(Hime et al., 1971; De Lisle and Havill,
1985; Wards et al., 1991; Otter et al., 1995;
Rohonczy et al., 1996; Quigley et al., 1997;
Machackova et al., 2004; MachackovaKopecna et al., 2005); only a few cases
are reported in free-ranging red deer
(Hopkins and McDiarmid, 1964; Matthews et al., 1981; Clifton-Hadley and
Wilesmith, 1991; Pavlik et al., 2000a;
Machackova et al., 2004). In contrast to
infections with M. bovis, M. avium transmission is thought to occur only via the
oral pathway (De Lisle et al., 1995).
Therefore, the most common pathologic
and clinical findings of M. a. paratuberculosis infection in red deer involve the
gastrointestinal tract and associated lymph
nodes and are characterized by persistent
diarrhea and weight loss (Matthews et al.,
1981). Lesions caused by M. a. avium and
M. a. hominissius may be purulent,
caseous, or granulomatous; although systemic disease is usually uncommon
(Thorel et al., 2001), hematogenous
spread to the liver and lungs may occur
to produce miliary lesions and a terminal
septicemia (Griffin, 1988). However, the
isolation of M. avium from organs, lymph
nodes, and fecal samples from deer
without any clinical symptoms has been
reported (Matthews et al., 1981; De Lisle
and Havill, 1985; Quigley et al., 1997;
Machackova-Kopecna et al., 2005).
The aim of this study was to analyze
mycobacterial isolates and case and pathologic data from M. avium–infected red
deer from Austria during 2001–2004.
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MATERIALS AND METHODS

Between 2001 and 2004, 14 cases of
mycobacteriosis in free-ranging red deer were
observed. The affected animals, 13 adults of
different ages (five hinds, eight stags) and
one female fawn, had been shot by local
hunters because of poor physical condition
and clinical signs of diarrhea and severe
weight loss. Eight of the 14 were single
cases originating from different geographic
regions in Austria. Six of the cases originated
from two hunting areas with a high density of
red deer. These two hunting areas are located
in adjacent mountain valleys where animals
share common feeding places in winter
(Fig. 1).
Carcasses (without head) or various organs
or tissue samples with gross lesions were
submitted for post-mortem examination to
Austrian veterinary laboratories. For the histopathologic evaluation, formalin-fixed tissues
(from tuberculous lesions) were embedded in
paraffin, sectioned at 3–5 mm, and stained with
either hematoxylin and eosin or by the ZiehlNeelsen method for light microscopic examination.
Mycobacterium a. avium and M. a. hominissuis were isolated from gross lesions by
cultivation on Middlebrook 7H11 plates
supplemented with OADC enrichment.
Mycobacterium a. paratuberculosis was isolated on Harrold’s egg yolk medium with or
without 2 g/ml Mycobactin. Isolates were
phenotypically identified by biochemical tests
and growth characteristics as described
(Wayne and Kubica, 1986; Thorel et al.,
1990; Mijs et al., 2002). Growth of M. a.
paratuberculosis was confirmed by polymerase
chain reaction (PCR) amplification of IS900
(Vary et al., 1990; Cousins et al., 1999).
Mycobacterium a. avium and M. a. hominissuis isolates were stored in Middlebrook
7H9 broth at 280 C until used in further
studies.
For DNA extraction, single colonies of M. a.
avium and M. a. hominissuis were picked up
from agar plates and cultivated in 10 ml
Middlebrook 7H9 broth containing 1 mg Dcycloserine per ml. After overnight incubation
at 37 C, cells were harvested by centrifugation
(14,000 3 G, 20 min), washed twice with
sterile phosphate buffered saline (PBS), and
resuspended in 385 ml lysis buffer containing
20 mM Tris-HCl (pH 8.0), 1 mM ethylene
diamine tetraacetate (EDTA), 30 mM dithiothreitol, 0.5% sodium dodecyl sulfate (SDS),
and 0.4 mg proteinase K/ml. The mixture was
incubated with agitation overnight at 55 C.
DNA was isolated by cetyltrimethylammo-
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FIGURE 1.

Geographic distribution of free-ranging red deer with M. avium mycobacteriosis in Austria.

nium bromide (CTAB) extraction as previously
described (Kaltenböck et al., 1997). Phenolchloroform extraction was followed by precipitation with 3 M sodium acetate and 96%
ethanol. The DNA was pelleted, washed with
70% ethanol, and resuspended in 50 ml of
distilled water.
DNA amplifications were performed with
a GeneAmp PCR system 2400 (Perkin-Elmer
Applied Biosystems, Branchburg, New Jersey,
USA) in a 50 ml reaction mixture containing
1 mM MgCl2, 1 mM of each dNTP, 5 ml of 10x
PCR buffer, 1 Unit of Taq DNA polymerase
(Promega, Mannheim, Germany), 20 pmol of
each primer, and 5 ml of template.
Primers and amplification conditions for
IS901 and macrophage-induced gene (mig)
PCR were used as reported (Kunze et al.,
1992; Beggs et al., 2000). For inverted repeat
(IR) typing, PCR conditions and selected
primers consisting of consensus sequences of
the imperfect inverted repeats of IS1245 and
IS1311 were used as described previously
(Picardeau and Vincent, 1996). Amplified
PCR products (10 ml) were analyzed by 2%
agarose gel electrophoresis and ethidium
bromide staining (Sigma, Vienna, Austria)
and visualized by UV transillumination.

Random amplified polymorphic DNA
(RAPD) analyses were performed by using
RAPD primers 1–6 of the RAPD Analysis
Primer Set and Ready-to-Go PCR beads
(Amersham Pharmacia Biotech, Piscataway,
New Jersey, USA ) according to the manufacturer’s instructions. In addition, RAPD
primers IS1245A (Matsiota-Bernard et al.,
1997) and OPE20 (Pillai et al., 2001) were
included in the analysis. The cycling conditions were as follows: initial denaturation at
95 C for 5 min and 40 cycles of 1 min at 94 C,
1 min at 36 C, and 2 min at 72 C followed by
a single 5-min extension at 72 C. Visualization
of amplicons were performed as described
above. To assess the reproducibility of the
method, all RAPD experiments were performed twice. Results from RAPD were
analyzed for the presence or absence of
DNA bands, but band-staining intensity was
not considered as a discriminatory factor.
RESULTS
Pathologic findings

At necropsy, all 14 carcasses had signs
of diarrhea, severe weight loss, and
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emaciation. Lymphadenitis associated
with enlarged intestinal lymph nodes was
present in all animals. In 11 cases,
numerous purulent, caseous, or granulomatous lesions of different sizes were
found in and on the thickened intestinal
wall, mainly of the ileum, cecum, and
anterior part of the colon. Lesions within
the mesenteric lymph nodes were variable
in size, ranging from 1 to 2 mm to large
space-occupying lesions up to 12 cm in
diameter that totally replaced the lymphoid tissue with an encapsulated necrotic
mass. In three individuals, lesions were
restricted to the intestinal tract, while all
other cases had multiple lesions in both
body cavities mainly affecting the lungs,
pleura, liver, and mediastinal lymph
nodes. Subcutaneous tuberculous abscesses were found in two of these cases, and
a clinically apparent, tuberculous polyarthritis was seen in one case; all were
infected by M. a. avium. One male animal
infected by M. a. avium showed multiple
tuberculous abscesses in the reproductive
organs, and the scrotum was thickened.
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The microscopic lesions in the intestinal
wall were multifocal granulomatous inflammatory lesions composed of central
areas of caseo-calcified necrosis surrounded by epithelioid cells, Langhanstype multinucleated giant cells, and lymphocytes. Large numbers of acid-fast
bacilli were demonstrated, especially in
these macrophage-like cells. In some
individuals, numerous giant cells could
be found, whereas only a few were present
in the tuberculous lesions of other animals.
Molecular typing

Results obtained by molecular typing of
MAC isolates are summarized in Table 1.
Mycobacterium a. avium and M. a.
hominissuis were recovered from affected
lymph nodes of 10 and four animals,
respectively. Three animals with M. a.
hominissuis infection also were infected
with M. a. paratuberculosis, as determined
by growth characteristics and IS900 PCR.
Although all M. a. avium and M. a.
hominissuis isolates contained the mig

TABLE 1. Phenotypic and genotypic characteristics of Mycobacterium avium avium and Mycobacterium
avium hominissuis isolated from free-ranging red deer.
No.

Year

Sex/age

185
268
277
50,511
58,264
58,763
2,534
5,325
9,992
127
8,464
438

2001
2001
2001
2001
2001
2001
2004
2001
2001
2003
2001
2002

Female/12a
Male/8a
Female/2a
Female/1a
Male/12a
Female/4a
Female/2a
Male/11a
Male/2a
Male/5a
Female/7a
Female/3a

18

2002

Male/1a

126

2002

Male/3a

a

Species

Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red
Red

deer
deer
deer
deer
deer
deer
deer
deer
deer
deer
deer
deer

Location

Salzburg
Salzburg
Salzburg
Salzburg
Salzburg
Salzburg
Salzburg
Carinthia
Carinthia
Carinthia
Tyrol
Tyrol

M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
Red deer Lower Austria M.
M.
Red deer Styria
M.
M.

Phenotype

a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.
a.

avium
avium
avium
avium
avium
avium
avium
avium
avium
avium
hominissuis
hominissuis
paratuberculosis
hominissuis
paratuberculosis
hominissuis
paratuberculosis

IS901 5 Insertion sequence 901.

b

mig 5 macrophage-induced gene.

c

IR/RAPD 5 Inverted repeat/Random amplified polymorphic DNA analysis.

d

ND 5 not determined.
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IS901a

migb

IR/RAPDc

+
+
+
+
+
+
+
+
+
+
2
2
NDd
2
ND
2
ND

+
+
+
+
+
+
+
+
+
+
+
+
ND
+
ND
+
ND

A1
A2
A3
A3
A1
A1
A1
A3
A3
A3
B
C
ND
D
ND
E
ND
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gene, IS901 was detected only in M. a.
avium isolates. Fingerprint (RAPD) patterns of M. a. avium and M. a. hominissuis
isolates were evaluated using the criteria
established by Gillespie et al. (1997). In
our study only primer 1245A consistently
provided a set of unique and well-defined
polymorphic DNA fragments. Mycobacterium a. avium isolates were shown to be
genotypically closely related (cluster A), as
they exhibit similar but not identical
banding patterns in RAPD analysis. Cluster A was composed of three groups (A1,
A2, A3). In contrast, M. a. hominissuis
isolates displayed distinct profiles in
RAPD analysis (B-E) (Table 1). Molecular
typing of M. a. avium and M. a. hominissuis isolates by RAPD was confirmed
by IR typing, although the latter method
was shown to be less discriminating and
did not show any grouping (A1, A2, and
A3) within cluster A.
DISCUSSION

The pathologic findings in our report
are similar to those described by Griffin
(1988) and Hime et al. (1971). Special
attention should be drawn to the enlarged
intestinal lymph nodes, which supports
the hypothesis of oral infection (De Lisle
et al., 1995). Quigly et al. (1997) observed
that M. a. avium is predominantly isolated
from lesions in the retropharyngeal lymph
nodes, but in our study heads from
infected animals were not available for
post-mortem examination. In a majority of
our cases, we observed generalized mycobacteriosis with caseonecrotic granulomatous lesions in multiple lymph nodes and
organs. These pathologic findings differ
from those reported in red deer infected
with M. bovis, which primarily involved
putrid abscesses in lymph nodes (Lugton
et al., 1998), and M. a. paratuberculosis,
where pathognomic lesions were associated with the intestine. Mycobacterium a.
hominissuis and M. a. paratuberculosis
were concurrently isolated from lymph
nodes of three animals (Table 1), prevent-

ing a clear association of pathologic
findings. However, mixed infections with
M. a. avium and M. a. paratuberculosis in
red deer without pathognomic lesions of
either have been reported recently from
the Czech Republic (Machackova-Kopecna et al., 2005).
A variety of molecular methods were
used to characterize and analyze the
relatedness of M. a. avium and M. a.
hominissuis isolates. Detection of mig was
performed because it is the only wellcharacterized virulence factor currently
identified in M. a. avium. The specific
role of this gene has not been elucidated,
but it has been associated with enhanced
growth of organisms residing inside
macrophages (Plum et al., 1997). The
mig gene also has been reported to be
specific for M. a. avium, which suggests
that its detection may provide a simple
and useful way of differentiating M. a.
avium from other mycobacteria (Beggs et
al., 2000). However, the mig gene can also
be detected in M. a. hominissuis isolates.
Relatedness of M. a. avium and M. a.
hominissuis isolates was established by IR
typing and RAPD analysis. For IR typing,
it has been shown that the selection of
primers for the repetitive elements IS1245
and IS1311, which display high-level
homologies, increased the number of
potential priming sites. Consequently,
banding patterns varied, as there were
differences in the copy number of IS
between strains (Picardeau and Vincent,
1996). In our study, IR typing was shown
to be less discriminating compared to
RAPD analysis, which suggests a low
number of IS present in tested M. a.
avium isolates. This is in agreement with
previous studies proposing the reservation
of the designation M. a. avium for birdtype strains with characteristic three-band
IS1245 RFLP patterns (Mijs et al., 2002).
Infection of free-ranging red deer by birdtype strains (M. a. avium) is supported by
the occurrence of the IS901 element in all
tested M. a. avium isolates. Previous
studies have indicated that IS901-positive
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strains are most frequently isolated from
birds and that IS901 is present in only
a low percentage of environmental and
human/porcine strains (M. hominissuis;
Pavlik et al., 2000b).
Despite the obvious low copy number
of IS1245 in M. a. avium isolates, only
primer IS1245A originating from a primer
set amplifying IS1245 in high-stringency
conditions provided well-defined polymorphic DNA fragments. This might be
explained by amplification of interinsertional regions, but given the low annealing
temperature, it may have resulted from
nonspecific hybridization. Mycobacterium
a. hominissuis isolated from red deer
exhibited polymorphic banding patterns
in RAPD, which suggests that infections
were not clonal in origin. In contrast, some
of the M. a. avium isolates displayed
identical patterns, indicating that these
isolates possibly originate from the same
environmental or host reservoir, or from
the same infected individual. This is
supported by the fact that isolates with
identical or similar profiles were isolated
from individuals originating from the same
or contiguous geographic areas. In these
areas, transmission and infection may
occur during winter when high deer
concentrations exist on few feeding sites.
Although most reports on M. a. avium
mycobacteriosis refer to red deer held in
captivity (De Lisle et al., 1995; Quigley et
al., 1997; Machackova-Kopecna et al.,
2005), high level of crowding at feeding
sites might also produce ideal conditions
for transmission and maintenance of the
disease.
In our cases, we have not identified
a specific infectious source, but fecal
contamination of feeding sites by birds
should be considered (Nie et al., 1982;
Hejlicek et al., 1994). Mycobacterium a.
avium infections in red deer have not
been reported previously in Austria; the
reasons for the occurrence of these recent
clinical cases are unknown. As M. a. avium
has been isolated from tuberculosis lesions
and lymph nodes of red deer without any
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gross lesions (Machackova-Kopecna et al.,
2005), it is likely that M. a. avium
infections in free-ranging Austrian red
deer might be underdiagnosed. Hunters
in the affected areas as well as in regions
supposed to be free from tuberculosis
should be trained to recognize suspicious
lesions.
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