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Tuberculosis is one of the most prevalent
zoonotic diseases worldwide and is caused by
Mycobacterium species, classified among the
Mycobacterium tuberculosis complex (MTC).
In several countries, tuberculosis has been
detected in wildlife species. In Austria,
wildlife tuberculosis is caused by Mycobacterium caprae, a species occurring mainly in
Europe. It can be found in red deer (Cervus
elaphus) in the western Austrian states of
Tyrol and Vorarlberg. In 2008, the prevalence
of M. caprae in red deer was reported to be up
to 23% (Schoepf et al. 2012; Fink et al. 2015).
Another member of the MTC found in
wildlife in Austria was Mycobacterium microti, found in a red deer in 2017 and in a fox in
2016. The degree of susceptibility and the
pathologic characteristics of tuberculosis in
red foxes are poorly researched. We provide a
unique description of a M. caprae infection in
a red fox.
In May 2018, the carcass of a hunted red
fox from the state of Vorarlberg (4789 0 N,
9849 0 E) was sent to the Institute for Veterinary Disease Control in Mödling (Austria) to
be tested for rabies and canine distemper
virus (CDV) because of a behavioral disorder.
Necropsy and routine histologic examination
of organs were performed. The fluorescent
antibody test on brain smears was used for
excluding rabies (OIE 2018), and immunohistochemistry (IHC) using the avidin-biotin-

peroxidase complex technique was used for
detection of the CDV antigen (primary
antibody: CDV/NP/Clone/3780). Ziehl-Neelsen staining, an acid-fast staining of the
affected organs, was conducted because the
macroscopic and histologic findings indicated
a mycobacterium infection. Cultivation of
lungs, kidneys, and intestine was performed
with the two MTC growth media: LöwensteinJensen with glycerin and PACT (polymyxin B,
amphotericin B, carbenicillin, and trimethoprim) and Stonebrink with pyruvate and
PACT (OIE 2009). Cultivation of liver and
spleen was not feasible because of autolysis. A
pooled organ sample (lungs, liver, spleen,
kidneys, brain, stomach, and urinary bladder)
was tested with two MTC-specific real-time
PCRs targeting the HELI and the IS1081
genes (Ringuet et al. 1999) and a modified
mycobacteria genus nested PCR based on the
hsp65 gene (Friedrich Löffler Institute 2015).
Region of difference 4 (RD4)-PCR (Domogalla et al. 2013) and the mycobacterial
interspersed repetitive unit typing (MIRU)
variable number tandem repeats (VNTR)
technique (Supply et al. 2006) were conducted for genotyping of the MTC. The extracted
DNA was also tested for CDV using the
modification of Scagliarini et al. (2007) and for
Toxoplasma gondii (LSI VetMAX, Thermo
Fisher Scientific, Vienna, Austria).
The fox was an adult male in poor body
condition. Despite severe auto- and heterolysis in the internal parenchymatous organs,
such as lungs, liver, spleen, and kidneys,
multifocal white miliary granulomas could be
detected. The spleen was moderately enlarged; the other organs did not show any
macroscopic changes. Histology revealed a
moderate granulomatous, partially purulent
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ABSTRACT: Mycobacterium caprae subtype Lechtal was detected in a red fox (Vulpes vulpes) shot
by a hunter in 2018 in the western part of Austria,
where, among wildlife, tuberculosis is known to
occur in red deer (Cervus elaphus). The red fox
showed a generalized (disseminated) manifestation of the disease and a multibacillary distribution of mycobacteria in the inner organs.
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pneumonia associated with numerous foamy
macrophages within the alveoli. A severe
multifocal granulomatous and purulent hepatitis accompanied by interstitial fibrosis was
present. The spleen showed moderate red
pulp hyperplasia with diffuse histiocytic infiltration. Severe multifocal granulomatous and
purulent nephritis with giant cell formation
and extensive parenchymatous necrosis were
found. No inclusion bodies, as frequently
found in CDV infections, could be seen.
Numerous acid-fast and rod-shaped bacilli
were demonstrated within the lesions of the
lungs, liver, spleen, and kidneys using ZiehlNeelsen staining (Fig. 1). Cultivation of tissue
from lungs and intestine revealed a mycobacteria-positive result, whereas tissue from
kidneys was negative. We detected MTC
DNA in the pooled organ sample by the two
MTC-specific real-time PCRs and the hsp65nested PCR method. The RD4-PCR from the
extracted DNA of the pooled organ sample
and the RD4-PCR and MIRU-VNTR from
positive bacterial cultures both identified M.
caprae of the subtype Lechtal. The red fox
tested negative for rabies by fluorescent

antibody test and for CDV by IHC, but
CDV virus was amplified by real-time PCR.
Toxoplasma gondii was not detected.
We detected M. caprae in a red fox hunted
in the Austrian state of Vorarlberg, a region
with a known presence of M. caprae in red
deer. The subtype Lechtal was identified,
which, in addition to subtypes Karwendel and
Allgäu, is one of the three subtypes of M.
caprae known in red deer in Austria (Domogalla et al. 2013). A total of 14 red deer tested
positive for subtype Lechtal in the same area
(4789 0 N, 9849 0 E) and in the same year 2018,
whereas subtypes Karwendel and Allgäu were
not detected. These results suggest an epidemiologic link between red deer and red foxes.
In Spain (Muñoz-Mendoza et al. 2013) and
France (Zanella et al. 2008; Michelet et al.
2018), Mycobacterium bovis has been detected in red foxes by molecular biologic techniques or cultivation. Findings of M. bovis
infections in red foxes from Spain (Millán et
al. 2008), Portugal (Matos et al. 2016), and
England (Delahay et al. 2007) are associated
with macroscopic or microscopic lesions. In
2009, we detected M. caprae in the lymph
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FIGURE 1. Tuberculosis in a red fox (Vulpes vulpes) shot by a hunter in 2018 in western Austria, showing
multifocal granulomatous pneumonia (*) without nodular and giant cell formation. H&E stain. Bar¼100 lm.
Inset: Numerous intralesional acid-fast bacilli. Ziehl-Neelsen stain. Bar¼50 lm.
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nodes of a red fox in Austria with no
macroscopic lesions indicative of tuberculosis.
A manifestation of the disease that was
comparable to the present case was described
in one red fox in Spain with a M. bovis
infection (Millán et al. 2008). A possible
reason for the disseminated manifestation,
which is an advanced stage of the tuberculosis
disease, in the present case and the case
described in Spain is their common characteristic. Both red foxes had a concurrent viral
infection, which is an immunosuppressive
factor and can support the progression of
the disease. In the case we described, but not
in the case from Spain, a stage of late
generalization of tuberculosis was also supported by the multibacillary intracellular
distribution of the mycobacteria, which is in
contrast to the characteristic M. caprae and
M. bovis paucibacillary distribution. In conclusion, we can say that red foxes are
susceptible to infection with M. caprae and a
disseminated manifestation of the disease.
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