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Summary

. In this case report a 10 year old Freiberger mare with
i a Mycobacterium avium subsp. avium infection is pre- |
sented. This infection leads to a tuberculosis like dis-
. ease with granulomatous alterations particularly of the |
| intestines and lungs and is only sporadically reported |
in horses of Central Europe. Diarrhoea, mastitis and
| neck stiffness as well as dyspnoea and chronic cough '
i are more specific symptoms of the infection, while !
| weight loss, weakness and lethargy are nonspecific |
| signs. As these clinical signs can occur in many other |
. diseases, the diagnosis of mycobacterial infection is |
- difficult and consists of rectum or distal colon biopsies |
i and staining for acid-fast bacilli and bacteriological !
culture of granulomatous lesions. Classification of M.
. avium subsp. avium was achieved by PCR-RFLP. Even |
. though an infection with Mycobacterium avium subsp. '
. avium is rare, it belongs to the differential diagnosis of |
. granulomatous diseases. '

| Keywords: horse, Mycobacterium avium subsp. avium, |
| PCR, RFLP '

Introduction

Infections with M. avium subsp. avium in horses are very
rare and only occasionally seen in Central Europe. There
are no recent data about the prevalence of tuberculosis
in horses. An older publication (Anonymous, 1961) re-
fers to a prevalence of 0.3 % in slaughter horses in West
Germany in 1959 and in the Czech Republic from 1956
to 1958 a prevalence of 2.3 % has been reported (Krej-
ci, 1958). The risk of transmission of tuberculous infec-
tions caused by members of the M. avium complex from
horses to humans is very low; horses do not constitute
a reservoir host (Pavlik et al., 2004). The infection leads
to proliferative enteritis manly in the small intestine re-

Infektion einer 10-jdhrigen Freibergerstute mit
: Mycobacterium avium subspecies avium ’

' In diesem Bericht wird eine 10-jihrige Freiberger- |
| stute mit einer Mykobakterium avium subsp. avium |
. Infektion vorgestellt. Diese Infektion fithrt zu einer |
. tuberkuloseartigen Erkrankung mit granulomatésen |
{ Verinderungen insbesondere des Verdauungstraktes |
- und der Lunge und wird bei Pferden nur noch spo-
radisch in Zentraleuropa gesehen. Diarrhoe, Mastitis
. und Genicksteifheit sowie Dyspnoe und chronischer |
. Husten gehéren zu den organspezifischen Anzeichen, |
- wihrend Abmagerung, Schwiiche und Lethargie un- |
. spezifisch sind. Da diese Symptome auch durch andere |
. Krankheiten bedingt sein konnen, ist die Diagnose |
. einer Mykobakterieninfektion schwierig und bedarf |
i neben der Vorgeschichte und der klinischen Untersu- !
chung einer Biopsie des Rektums oder des distalen
| Colons sowie des kulturellen Nachweises von Myko- |
. bakterien aus dem granulomatés veranderten Gewebe. |
. Mittels PCR-RFLP Analyse, konnten bei der Freiberg- |
i erstute die Mykobakterienisolate aus Darm und Lunge !
genau klassifiziert werden. Obwohl eine Infektion mit
| Mykobakterien selten ist, darf sie bei granulomatésen |
. Erkrankungen als Differentialdiagnose nicht fehlen. |

- Schliisselworter: Mykobakterium avium subsp. avium, |
i PCR, RFLP, Pferd '

sembling paratuberculosis of cattles. If the large intestine
is affected, the appearance is like tuberculous ulcerations
(Dungworth, 1993). Miliary granuloma formations are
found after haematogenous dissemination in the lungs,
liver, spleen and serosa (Peel, 1983). Skin affection and
abortion are other findings described (Sevilla et al., 1995;
Helie and Higgins, 1996). Clinical signs in horses depend
on the organs affected. Anorexia, weight loss, stiff gait,
weakness and lethargy as well as tachycardia and dys-
pnoea are frequently found. Other signs described are
diarrhoea, mastitis, subcutaneous oedema, pyrexia, and
chronic cough of a terminal lung-affection (Peel, 1983;
Beech and Sweeney, 1991). Reported laboratory changes
include anaemia, leukocytosis, hypoalbuminemia and in-
creased activity of all liver enzymes.
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Due to the diversity of clinical signs as well as to low sen-
sitivities and specificities of the available diagnostic tests,
diagnosis of equine M. avium complex or M. tuberculo-
sis complex infection is difficult (Muser and Nassal,1962;
Konyha and Kreier, 1971). Recommended tests to con-
firm diagnosis in case of suspected intestinal tuberculosis
are rectum and distal colon biopsies (Pearson and Hei-
del, 1998), with microscopy for acid-fast bacilli (Ziehl-
Neelsen staining) and culturing the microbacterial agent.
In tuberculous lesions, mycobacteria are sometimes de-
tected after chemical staining, and granulomatous reac-
tions with epitheloid cells, giant cells, lymphocytes and
fibroblasts are present (Rooney and Robertson, 1996).
For exact classification of species of the M. avium com-
plex a panel of molecular biology techniques like genetic
sequencing and phylogenetic analysis, restriction frag-
ment length polymorphism (RFLP) analysis and inser-
tion element investigations can be used (Dvorska et al.,
2003; Tortoli et al. 2004).

Case history
Clinical findings

A 10 year old Freiberger mare was presented to the equine
hospital of the University of Zurich. She had a history of
inappetence, fever and dyspnoea, with no response to
trimethoprim-sulfomethoxazol (25mg/kg SID; Vétoqui-
nol AG, Ittigen, Switzerland) and flunixin meglumine
(1.1mg/kg SID; Berna Veterindrprodukte AG, Switzer-
land). A blood analysis revealed anaemia 28 % (30—50 %),
lymphopenia 0.4x103/pl (1.5—4.0¥103/pl), leucopenia
4.3%103 /ul (5—10%103 /pl) and hypoalbuminemia 23.1 g/1
(25-54¢/1). Blood tests for Babesia caballi, Theileria equi
and Anaplasma phagocytophilum were negative as well as
the parasitological examination of the faeces.

At the time of presentation at the clinic the mare moved
in a stiff manner, had a stretched position of the neck and
dyspnoea. Her body surface was moist and cold. The body
condition was good, but weight loss had been reported. The
heart and respiratory rate were 88bpm and 64bpm, respec-
tively, and the rectal temperature was 38.1 °C. The oral mu-
cous membranes were slightly pale, with a normal capillary
refill time. Increased respiratory sounds were audible by
lung auscultation and thorax-percussion was painful.
Endoscopically an increased amount of mucus in the tra-
chea and a small amount of mucus in the left guttural
pouch were visible. Pulmonary ultrasonographic exami-
nation showed a slightly roughened pleural surface with
some comet-tail artefacts without an increased amount
of pleural fluid.

Laboratory findings

No abnormalities were found on rectal examination and
nasogastric intubation, but the peritoneal fluid was red-
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dish in colour, slightly cloudy with a total solids concen-
tration of 86g/l and a leukocyte count of 68’000 cells/
pl. Its cytological analysis revealed mainly degenerated
leukocytes without bacteria. In haematology erythrocyte
sedimentation rate 190 mm/15min (0—15mm/15min),
total solids concentration 86g/l (60—70g/l) and plasma
fibrinogen concentration 12g/l (1-5g/l) were increased.
Mild hyperglycemia 6.5 mmol/I (4.5-5.9 mmol/l), hyper-
proteinemia 80g/l (57—70g/1), hypoalbuminemia 21g/l
(25-34g/1), a moderate elevation of BUN 25.5mg/dl
(9.8 mg/dl-19.6 mg/dl), and a severe elevation of the cre-
atinine concentration 385umol/l (82—147 pmol/l) were
evident in blood chemistry. All liver enzymes’ activities
were slightly increased: ALP 759 U/1 (81-183 U/l), GLDH
33.6U/1 (0.5-2.2U/1), GGT 59U/ (6-31U/1), SDH
36.1U/1 (0.1-7.6U/l) and LDH 873U/l (369-822U/1).
Serum electrolyte concentrations differed only slightly
from standard values.

Diagnosis and treatment

Due to the horse’s bad general condition and the fin-
dings of the abdominocentesis, the increased heart rate
and the missing response on pain reliever, the horse had
to undergo an exploratory laparatomy. Intraoperative
findings included multifocal tuberculous lesions in the
serosa of the dorsal colon and the small intestine and
on the facies abdominalis of the diaphragm. Biopsies of
these alterations were taken and granulomatous inflam-
mation was found on histology. Bacteria were not found
but a bacterial infection was suspected. Diffuse, round,
white areas on the liver surface were interpreted as worm
granules. The caecum was clotted to the left abdominal
wall and one part of the mesentery did adhere to the di-

Figure 1 A and B: Right lateral radiographs of the thorax.
A: caudoventral projection, B: caudodorsal projection. Note
the severe miliary to nodular interstitial lung pattern. The
pulmonary vessels, the caudal vena cava (dorsal contour in-
dicated by arrow heads) and the caudal contour of the car-
diac silhouette (arrows) are barely visible. The gas (*) within
the peritoneal cavity outlining the diaphragm (open arrows)
is due to the abdominal surgery performed one day before.
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aphragm. During surgery the adhesions were separated
and part of the mesentery was resected. During recovery
from anaesthesia the horse developed a pulmonary oe-
dema and had to be treated with furosemide (0.5 mg/kg;
Veterinaria AG, Ziirich, Switzerland) and dexamethaso-
ne (0.04mgkg; Veterinaria AG, Switzerland). Aftercare
consisted of cefquinome (0.04 mg/45 kg BID; Veterinaria
AG, Switzerland), flunixin meglumine (1.1 mg/kg BID;
Berna Veterindrprodukte AG, Bern) and dalteparinum
natricum (12501U/kg SID; Pfizer, Ziirich). Oxygen was
administrated intranasally at a rate of 81/min becau-
se of persisting dyspnoea, tachycardia and low paO2
89.3mmHg (90—100 mmHg).

One and two days after surgery, lateral radiographs of
the right thorax were taken (craniodorsal, caudodorsal
and caudoventral view; Fig. 1A and B). On both days the
opacity of the lung was severely increased and showed a
diffuse miliary to nodular interstitial pattern. Therefore,
a vasculitis probably due to a toxic condition, miliary me-
tastases or a granulomatous pneumonia were more likely
diagnosed. Additionally, an ultrasonographic follow-up
examination of the lung was performed. The amount of
comet-tail artefacts increased bilaterally as compared to
the preoperative examination and a slight amount of an-
echogenic pleural fluid was visible in the right hemitho-
rax. These findings were consistent with a mild pleuritis
with mild pleural effusion. The mare was euthanized be-
cause of her poor condition.

Necropsy and bacteriological findings

On necropsy a severe, multifocal, necrotisizing pneumo-
nia (Fig. 2—4) with associated necrotisizing lymphangitis
of the pulmonary lymph nodes was seen. Furthermore, a
severe multifocal, chronically active granulomatous and
necrotisizing intramural and serosal inflammation in the
small intestine and cranial parts of the large intestine was
found. A severe, chronic multifocally mixed cellular he-
patitis with extended fibrosis and a severe diffuse chronic
lymphoplasmacellular villous serositis of the facies abdo-
minalis of the diaphragm were recognized, both typical
for ascarid larval passage.

Figure 2: Lung lobes were
heavy, dark red and con-
tained countless miliary,
grey to white, dense nodules
of up to 5 mm in diameter
visible through the capsule
and scattered throughout
the parenchyma.

Figure 3: Multiple focal areas of acute necrosis, extensive
haemorrhage and alveolar oedema in the lung HE.

Figure 4: Left side: Extensive hyperemia and alveolar oedema
with infiltration of inflammatory cells in the alveoli (mainly
macrophages) HE.

Right side: Necrosis consisting of degenerated neutrophilic
granulocytes, macrophages and cellular debris, surrounded
by a thin layer of fibrous tissue infiltrated by lymphocytes
and plasma cells.

Figure 5: Necrotic areas in the lung with numerous long,
slender, acid-fast bacteria. Ziehl-Neelsen (Inset: Auramin
stain, fluorescence microscopy).
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Microscopically, abundant acid-fast bacilli were detected
in Ziehl-Neelsen- and Auramin- stained smears (Fig. 5)
from granulomatous pulmonary lesions. Samples from
these lesions were processed and inoculated onto Loe-
wenstein-Jensen agar slants (Enclit, Oelzschau, Germany)
and Middlebrook 7H9 agar according to standards (OIE,
2004) and yielded luxuriant growth of smooth, opaque
colonies of acid-fast bacilli. The slowly, for more than 7
days growing isolate (Shinnik and Good, 1994) was clas-
sified as M. avium by PCR-coupled DNA sequence ana-
lysis of the 5’ part of the mycobacterial 16S rRNA gene
(Boddinghaus et al., 1990). By PCR-RFLP analysis of the
B-subunit of the RNA polymerase gene (rpoB), the iso-
late was identified as M. avium subsp. avium (Kim et al.,
2001). No bacteria were found in the abdominal lesions.

Discussion

This case report describes the clinical, laboratory and
pathological findings of a horse with a severe activated
chronic necrotisizing pneumonia and granulomatous
lesions in the intestinal serosa due to M. avium subsp.
avium infection. The reduced defecation and the severe
changes in the abdominal fluid were somewhat mislea-
ding and complicated the diagnosis. The horse was taken
to exploratory laparatomy during which biopsies of the
intestinal serosal lesions were taken indicating granulo-
matous inflammation. However, the radiological findings
and the changes in the haematology were indicative of a
generalized infectious disease. Final diagnosis was not evi-
dent until the bacteriological culture of lung tissue post
mortem showed a growth of M. avium complex, identi-
fied as M. avium subsp. avium. The necrotisizing pulmo-
nary lesions were histologically far more acute than the
granulomatous intestinal inflammation. This led to the
conclusion that the mycobacterial infection originated
in the intestine and subsequently spread via bloodstream
into the lung.

This case demonstrates the diagnostic challenge of an
infection with M. avium complex and shows the clini-
cal signs in a horse with a generalized infection of this
pathogen. The severity of clinical signs and the extent of
pathologic lesions illustrate the poor prognosis of horses
affected with M. avium.

Acknowledgements

The authors would like to thank Dr. P. Ossent and Dr. C.
Schwarzwald for reviewing the manuscript.

References

Anonymous: Tuberkulose und Fleischvergifter bei Schlacht-
tieren. Fleischwirtschaft. Steigler, 1961, 13: 127.

Schweiz. Arch. Tierheilk.
© 2009 by Verlag Hans Huber, Hogrefe AG, Bern

Beech J., Sweeney C. R.: Infections caused by bacteria, mycoplas-
mas, parasites and funigi. In: Equine Respiratory Disorders. Ed.
J. Beech, Lea and Febiger, Philadelphia, 1991, 181-207.

Boeddinghaus B., Rogall T., Flohr T, Blocker H. Bottger, E. C.:
Detection and identification of mycobacteria by amplification
of rRNA. J. Clin. Microbiol. 1990, 28: 1751—-1759.

Buergelt C. D., Green S. L., Mayhew 1. G., Wilson ]. H., Meritt A.
M.: Avian mycobacteriosis in three horses. Cornell Vet. 1988, 78:
365—380.

Cimprich R. E.: Equine granulomatous enteritis. Vet. Pathol.
1974, 11: 535-547.

Dungworth D. L.: The Respiratory System. In: Pathology of Do-
mestic Animals. Ed. K.V.E. Jubb, P. C. Kennedy, N. Palmer. 4" ed.
Vol. 2. Ac. Press, San Diego,1993, 648 —649.

Dvorska L., Bull T. ]., Bartos M., Matlova L., Svastova P., Weston R.
T., Kintr J., Parmova I, Van Soolingen D., Pavlik I.: A standardised
restriction fragment length polymorphism (RFLP) method for
typing Mycobacterium avium isolates links IS901 with virulence
for birds. J. Microbiol. Methods. 2003, 55: 11-27.

Helie P, Higgins R.: Mycobacterium avium complex abortion in
a mare. J. Vet. Diag. Invet. 1996, 8: 257—-258.

Kim B. J., Lee K. H., Park B. N., Kim S. J., Bai G. H., Kim S.
J., Kook Y. H.: Differentiation of mycobacterial species by PCR-
restriction analysis of DNA (342 base pairs) of the polymerase
gene (rpoB). J. Clin. Microbiol. 2001, 39: 2102—-2109.

Konyha L. D., Kreier J. P.: The significance of tuberculin tests in
the horse. Am. Rev. Respir. Dis. 1971, 103: 91—99.

Krejci ].: Tuberculosis in horses (in Czech). Veterinarstvi, 1958,
8: 464 —467.

Mair T. S., Taylor F. G. R., Gibbs C., Lucke V. M.: Generalised
avian tuberculosis in a horse. Equ. Vet. J. 1986, 18: 226—230.

Muser R., Nassal J.: Tuberculosis, tuberculin reaction and myco-
bacteria in horse. Rindertub. und Bruc. 1962, 11: 118—126.

OIE, Office International des Epizooties: Bovine tuberculosis. In:
Manual of Diagnostic Tests and Vaccines for Terrestrial Animals.
2004, Part 2, Section 2.3., Chapter 2.3.3. available under: http://
www.oie.int/eng/normes/mmanual/A_00054.htmII.

Pavlik 1., Bartl J., Parmova 1., Havelkova M., Kubin M., Bazant
J.: Occurrence of bovine tuberculosis in animals and humans
in the Czech Republic in the years 1969 to 1996. Vet. Med. 1998,
221-231.

Pavlik 1., Svastova P, Bartl ]., Dvorska L., Rychlik I.: Relation-
ship between IS901 in the Mycobacterium avium complex



Schweiz. Arch. Tierheilk.
© 2009 by Verlag Hans Huber, Hogrefe AG, Bern

T.Ryhner et al,, Band 151, Heft 9, September 2009, 443—447

Infection with Mycobacterium avium in a Freiberger mare

strains isolated from birds, animals, humans and environment
and virulence for poultry. Clin. Diagn. Lab. Immunol. 2000a, 7:
212-217.

Pavlik 1, Jahn P, Dvorska L., Bartos M., Novotny L., Halouzka
R.: Mycobacterial infections in horses: a review of the literature.
Vet. Med. Czech 2004, 49: 427 —440.

Pearson E. G., Heidel ]. R.: Colonic and rectal biopsy as a di-
agnostic aid in horses. Comp. Cont. Educ. Pract. Vet. 1998, 20:
1354-1359.

Peel J. E.: Tuberculosis. In: Current Therapy in Equine Medi-
cine. Ed. N.E. Robinson. W.B. Saunders Company, Philadelphia,
1983:29-31.

Rooney R. ], Robertson J. L.: Respiratory system. In: Rooney R.J.,
Robertson J. L. (Eds.), Equine Pathology. Iowa State University
Press, Ames, 1996: 42 —43.

Sevilla H. C., Cabanas A. L., Miranda 1. Y., de Aluja A. S.: Mi-
cobacteriosis cutanea en mulas y burros. Vet. Mex. 1995, 26:
283-285.

Shinnick T. M., Good R. C.: Mycobacterial taxonomy. Europ. J.
Clin. Microbiol. Infect. Dis. 1994, 13: 884—901.

Tortoli E., Rindi L., Garcia M. ., Chiaradonna P, Dei R., Gar-
zelli C., Kroppenstedt R. M., Lari N., Mattei R., Mariottini A.,
Mazzarelli G., Murcia M. 1., Nanetti A., Piccoli P, Scaraparo C. :

Proposal to elevate the genetic variant MAC-A, included in
Mycobacterium avium complex, to species rank as Mycobacte-
rium chimaera sp. nov. Intern. J. Syst. Evol. Microbiol. 2004, 54:
1277-1285.

Verge J., Senthille F.: Nouvelles acquisitions sur I'étiologie de la
tuberculose des équides. Bullt. d. ’Acad. Vet. France 1942, 15:
229-231.

Wester J.: Klinische Beobachtung tiber Tuberkulose bei Pferden.
Dtsch. Tierdrztl. Wochenzeit. 1921, 29: 595—602 and 614—-618.

Wolinsky E., Schaefer W. B.: Proposed numbering scheme for
mycobacterial serotypes by agglutination. Internat. J. Syst. Bac-
teriol. 1973, 23: 182—183.

Corresponding author

T. Ryhner

Tulpenweg 109
CH-3098 Koniz

E-Mail: tryhner@gmx.ch
Tel.: + 4176 331 53 11

Received: 19 January 2009
Accepted: 4 April 2009





