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Intra-abdominal Mycobacterium tuberculosis Infection in a Dog
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4-year-old, 30.6-kg castrated male mixed-breed
dog was referred for evaluation of acute diarrhea,
inappetence, weight loss, and lethargy. The dog had
otherwise been healthy since being adopted from a
Greek animal shelter 18 months before presentation.
The only other household pet was its clinically healthy
littermate. On examination, the dog was lethargic,
hyperthermic (102.4°F), had a body condition score of
3/9, and was moderately painful upon palpation of the
cranial abdomen.

Abnormal hematologic findings included a moderate
leukocytosis (19.3 x 10°/L; reference range [RR], 5.5—
13.7 x 10°/L) with neutrophilia (15.6 x 10°/L; RR,
2.8-8.7 x 10°/L) and a mild microcytic nonregenera-
tive anemia (PCV, 35%; RR, 39-56%). Serum bio-
chemistry  profile  results disclosed  moderate
hyperglobulinemia (56.4 g/L; RR, 22.9-35.6 g/L), hyp-
oalbuminemia (19.9 g/L; RR, 29.6-37.0 g/L), and
moderately increased alkaline phosphatase activity
(169 U/L; RR, 0-130 U/L). Urinalysis was unremark-
able.

Results of serologic assays for anti-Leishmania infan-
tum antibody and Dirofilaria immitis antigen were neg-
ative. Fecal flotation was negative. Thoracic
radiographs were within normal limits, but abdominal
radiographs showed marked loss of detail in the cra-
nial abdomen caudal to the stomach with a mass effect
causing caudal intestinal displacement.

Ultrasonographic examination of the abdomen
(Fig 1) identified an elongated, well-defined, multilobu-
lar, mixed echoic mass 5 cm in length within the cra-
nial to midabdomen caudal to the pyloric antrum and
porta hepatis, surrounded by hyperechoic mesentery
and including the portal vein as well as parts of the
mesenteric vein. Multifocal hypo- to anechoic areas
and hyperechoic foci with acoustic shadowing were
noted. The surrounding mesenteric fat had mildly
increased echogenicity. The stomach and pancreas
were normal. Multiple hypoechoic nodules of varying

From the Small Animal Clinic, Internal Medicine, Justus-
Liebig University of Giessen, Giessen, Germany  (Engelmann,
Neiger),; and Small Animal Clinic, Diagnostic Imaging, Justus-
Liebig  University of Giessen, Giessen, Germany (Ondreka,
Michalik).

Corresponding author: N Engelmann, Res. ACVIM-CA, Small
Animal Clinic, Internal Medicine, Justus-Liebig University of
Giessen, Frankfurterstr. 12, 35392 Giessen, Germany,
e-mail: nina_engelmann(@hotmail.com

Submitted March 30, 2013; Revised January 11, 2014,
Accepted February 19, 2014.

Copyright © 2014 by the American College of Veterinary Internal
Medicine

DOT: 10.1111]jvim.12347

Abbreviations:

CT computed tomography

size were visible throughout the parenchyma of all
liver lobes. Based on the ultrasonographic findings, the
most likely origin of the abdominal mass was thought
to be mesenteric and hepatic lymph nodes. A multicen-
tric neoplastic process or granulomatous disease of the
mesenteric and hepatic lymph nodes and liver was sus-
pected. Ultrasound-guided fine needle aspirates of the
abdominal mass were stained using May-Griinwald-
Giemsa stain and cytologic evaluation indicated mild
cellular necrosis and moderate pyogranulomatous
inflammation consisting of nondegenerate neutrophils,
small mature lymphocytes, and activated macrophages
containing nonstaining rods suspicious for acid-fast
bacteria. Because these bacteria were positive on Ziehl-
Neelsen staining, infection with Mycobacterium spp.
was suspected. After consulting with the National Ref-
erence Center for Mycobacteria and Supranational
Reference Laboratory of the World Health Organiza-
tion (WHO, Borstel, Germany), 2 weeks after the Ist
presentation a laparotomy was performed to obtain
multiple diagnostic biopsy specimen samples. To deter-
mine the organ of origin, the extent of the disease
throughout the abdomen, and possible involvement of
the lungs and hilar lymph nodes, which would have
led to euthanasia because of public health safety issues,
a computed tomographic (CT) examination was
performed before laparotomy.

Computed tomography examination (Fig 2) was per-
formed using a 16-slice helical scanner® with a slice

Fig 1. Longitudinal gray-scale ultrasonographic image: An
ovoid slightly heterogenous lobulated mass of low echogenicity
(white arrowheads) containing a large vessel (white arrow) is visi-
ble. The cranial and caudal extent of the lesion is not included in
the images.
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Fig 2. Postcontrast sagittal computed tomographic images of
the abdominal cavity, soft-tissue algorithm. The sagittally refor-
matted image is slightly to the right of the midline: Note the ring
enhancement of the lesion while the center noncontrast enhancing
and hypoattenuating (Mean 20 HU) indicating central necrosis
or exudate. The caudal vena cava (arrows) is narrowed at the
level of the cranial aspect of the space-occupying lesion. Ventral
displacement of the portal vein (arrowheads) caudal to the liver
hilum is present. Several ovoid hypoattenuating noncontrast
enhancing areas are visible within the liver parenchyma (open
arrows). The asterisk (*) indicates the gallbladder.

thickness of 3 mm. Pre- and postcontrast abdominal
CT images after manual IV injection of nonionic
iodinated contrast medium® at a dosage of 600 mg/kg
were acquired. An elongated, well-defined, multilobu-
lated, cavitary space-occupying lesion 19 cm in length
was noted, adjacent to the portal vein and caudodorsal
to the gastric body and pylorus, extending caudally to
the level of the caudal pole of the left kidney. Cranio-
ventral displacement of the gastric body, pylorus, and
left limb of the pancreas was present and the right
limb of the pancreas and the duodenum were displaced
to the right.

Narrowing of the caudal vena cava was present at
the level of the mass. The interior was heterogenous
with attenuation values ranging from 15 to 45 Houns-
field Units (HU). Overall, the peripheral margins of
the mass were slightly hyperattenuating, and the cen-
tral aspects exhibited lower attenuation values but
were interspersed by amorphous hyperattenuating foci
(up to 82 HU). There was subtle hazy increased atten-
uation of the fat in the mesentery and liver hilum sur-
rounding the lesion. On postcontrast CT images ring
enhancement in the periphery of the subdivisions of
the space-occupying mass along with largely nonen-
hancing lesion centers resulted in a heterogenous
appearance. Part of the portal vein including the junc-
tion with the splenic and gastroduodenal veins was
localized centrally within the cranial aspect of the
mass and appeared to be severely compressed and dis-
torted in shape. The gastric and pancreaticoduodenal
lymph nodes had mild spherical enlargement with a
short-to-long axis ratio above the reported reference
range of 0.5.!

Multiple round, well-defined, noncontrast-enhancing
nodules 5-25 mm in diameter and with HU of 30 were

present throughout the liver parenchyma. A CT diag-
nosis of necrotic mesenteric and hepatic lymphadenop-
athy with early calcification and hepatic nodules was
made. The CT investigation of the thorax was unre-
markable.

Laparotomy was performed to obtain biopsy sam-
ples and identified multifocal nodular lesions affecting
the serous membranes of the diaphragm, stomach,
intestines, and liver as well as liver parenchyma and
multiple severely enlarged mesenteric lymph nodes.
Biopsy specimens of abdominal lymph nodes were sub-
mitted to the National Reference Center for Mycobac-
teria in Borstel, Germany and processed according to
WHO guidelines. The specimens were inoculated on 2
solid® and 1 liquid® media. There was only 1 strain
grown, isolated from 2 different specimens. The strain
was grown on all solid media with the typical mor-
phology for M. tuberculosis. Differentiation was per-
formed with a DNA strip assay, a molecular based
technique (GenoType MTBC®) and Mycobacterium
tuberculosis was identified. Drug susceptibility testing
was carried out for first-line drugs and performed
using the Mycobacteria Growth Indicator Tube
(MGIT) system.?

The owners were educated about the potential
health risk and were asked to contact their physician.
Furthermore, they were advised to avoid contact
between their dog and young, old, or immunosup-
pressed people. The case was reported to the public
health officer. Monthly evaluation of fecal smears from
both the dog and its littermate using Ziehl-Neelsen
staining failed to detect any Mycobacteria spp.

In accordance with statutory provisions and the
owners’ wishes, treatment was initiated whereas sus-
ceptibility testing was pending with 3 antibiotics
described for their use in M. tuberculosis infections™:
rifampicin” 10 mg/kg administered PO q24h, clarithro-
mycin® 12 mg/kg administered PO q12h, and enroflox-
acin® 5 mg/kg administered PO ql2h for the Ist
3 months. Results obtained 2 months after diagnosis
indicated M. tuberculosis to be susceptible to rifampi-
cin, isoniazid, ethambutol, and pyranzinamid, but
resistant to streptomycin. Subsequently, rifampicin and
clarithromycin were continued indefinitely.

The dog was reevaluated every 4 weeks for the next
6 months, and from then on monthly including physi-
cal examination, hematology, serum biochemistry,
fecal smear examination using Ziehl-Neelsen staining,
thoracic and abdominal radiographs, and abdominal
ultrasound and CT examinations at 7, 12, and
20 months postdiagnosis. Appetite was restored and
diarrhea resolved 4 weeks after treatment was initiated,
and all blood parameters except albumin (25.6 g/L)
and alkaline phosphatase activity (143 U/L) were
within reference intervals 7 months after diagnosis.
Thoracic and abdominal radiographs were unremark-
able.

CT examinations at 7, 12, and 20 months postdiag-
nosis (Fig 3A,B) identified progressive multifocal calci-
fication and decreased size of the mesenteric and
hepatic lymph nodes. At the time of writing
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Fig 3. (A, B) Follow-up CT 20 months after diagnosis: Precon-
trast (A) and corresponding postcontrast (B) sagittal computed
tomographic images of the abdominal cavity, soft-tissue algo-
rithm, slightly to the right of the midline. A progressive decrease
in size and increase in mineral content predominantly in the
lesions peripheries is evident. Mineralization of the mass wall is
visible (black arrows). The gallbladder is indicated by the asterisk
(*). Because of reduction in size, the lesions comprise 2 separate
entities (black and white arrowheads).

(31 months clinically
healthy.

Canine M. tuberculosis infection is rarely reported,
and so far an intra-abdominal localization and success-
ful treatment in a dog has not been documented.
M. tuberculosis is a nonmotile, nonspore-forming, obli-
gate intracellular, gram-positive aerobic bacillus that is
characteristically acid-alcohol fast. Culture is difficult
and takes several weeks because the organism divides
only once every 15-20 hours and needs special culture
conditions such as Lowenstein-Jensen Medium. Its
unique cell wall composition (hydrophobic waxy myco-
late layer and peptidoglycan layer held together by
arabinogalactan) makes Mycobacterium spp. highly
resistant to heat, pH changes, routine disinfection, and
antibiotics.>

Humans are reservoir hosts for the organism and
dogs have not been reported to spread M. tuberculosis
infection to people.> Thus, infections in dogs are con-
sidered an anthropozoonosis, with dogs becoming
infected after prolonged exposition to human respira-
tory secretions. Transmission of M. tuberculosis to

postdiagnosis), the dog is

dogs almost always remains unclear. A case report
proved positive by genotyping for anthropozoonosis
from a woman to her dog.® Furthermore in 2011, 3
veterinary pathologists with low risk before necropsy
of a dog with disseminated clinical M. tuberculosis
infection tested serologically positive a few weeks
later.*

Considering that the owners of the present dog
never showed any signs of tuberculosis, the Mediterra-
nean background of the dog, and the long incubation
period, it is likely that this dog became infected in
Greece, possibly by ingestion of garbage contaminated
by infected human sputum, before being obtained by
the current owners.

Few cases of infection of dogs with Mycobacteria
spp. are reported throughout the world. M. tuberculo-
sis usually infects the respiratory system of mammals
because it needs high oxygen tension for survival and
replication. Thus, aerogen disease transmission by
inhaled infectious sputum is the most common route
of infection. Until now, all reported cases of infections
with M. tuberculosis in dogs were localized in the pul-
monary system.> In a review published in 1962 of 48
dogs and cats with known exposure to human tubercu-
losis, 14.6% were culture positive for M. tuberculosis."
Recent studies in a high-risk setting in South Africa
reported a prevalence of 1% of nonclinical tuberculosis
in dogs which is similar to the prevalence in Europe in
the early part of the 20th century when 0.1-6.7% of
dogs were M. tuberculosis positive.''"'> Rare cases of
Mycobaterium spp. infection of the digestive tract in
the dog described so far are caused by M. bovis (mem-
ber of the Mycobacterium tuberculosis complex) or
members of the M. avium complex.'* '8

Computed tomography is a useful tool for diagnos-
ing M. tuberculosis infections in human patients." It
helps in differentiating 3 types of M. tuberculosis infec-
tion: the “wet ascitic” type, the “dry-plastic” type, and
“fibrotic-fixed” lesions.”® The most frequently encoun-
tered form is the “wet ascitic type”, which is character-
ized by a large amount of high-density ascitic fluid
because of its exudative content. The “dry-plastic”
type is difficult to diagnose on CT scans because of the
bulky mesenteric lymph nodes, which can result in a
misdiagnosis of abdominal lymphoma. The “fibrotic-
fixed” lesion is defined by distinctive abdominal or
omental masses.””?' In the present case, CT findings
were consistent with the “dry-plastic” type (ie,
enlarged mesenteric lymph nodes, well-circumscribed
areas with central low density, and peripheral enhance-
ment with low-attenuation centers).'” ' This enhance-
ment is highly suggestive, but not pathognomonic of
M. tuberculosis infection.'”?' The central low density
areas indicate central caseation necrosis.'” ' Advanced
lesions such as peripheral calcification, seen in the CT
examination performed after 7 months, have only been
described in M. tuberculosis infection in the liver or
spleen.”

The hepatic hypoattenuating foci seen in this patient
are similar to lesions described as a micronodular form
of hepatosplenic tuberculosis (diameter of 1-3 ¢cm) in
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human patients. This is caused by a secondary hema-
togenous dissemination of the primary form of the
disease. Although the micronodular form usually is
accompanied by miliary pulmonary tuberculosis, the
CT findings of the thorax in the present dog were
inconspicuous.'??°

Treatment options in human and small animal
patients offer few choices. Standard treatment of
uncomplicated M. tuberculosis infections in human
patients consists a minimum of 4 antibiotics (ie, isoni-
azid, rifampicin, ethambutol, and pyrazinamid for the
initial treatment over a period of 2 months) followed
by a maintenance treatment with 2 antibiotics (ie, iso-
niazid and rifampicin for several months).>> Strepto-
mycin is an antibiotic of last resort and should only
be administered after susceptibility testing.”> Options
for treatment of multi-drug-resistant M. tuberculosis
infection include fluoroquinolones, aminoglycosides,
and thiamides over a period of at least 21 months
starting with 5 antibiotics.”> Current recommenda-
tions for treatment of M. tuberculosis infections in
small animals start with a minimum of 2 antibiotics
(some combination of isoniazid, rifampicin, ethambu-
tol, dihydrostreptomycin, and pyrazinamid).> While
susceptibility testing was not available, a combination
of rifampicin, clarithromycin, and enrofloxacine was
chosen for several reasons. Firstly, streptomycin
should be kept as a last-resort antibiotic for human
patients and should not be used in dogs. Secondly,
isoniazid can cause severe adverse neurological effects
and has led to euthanasia in a case of pulmonary
M. tuberculosis infection in a dog.® Thirdly, pyrazin-
amid is useful in M. tuberculosis infections, but is
ineffective in M. bovis infection,”® which initially was
the presumed organism in this case because of its
localization." Rifampicin, which later turned out to
be effective according to susceptibility testing, has no
antagonistic effect with other antibiotics but is poten-
tially hepatotoxic. Therefore, liver enzyme activity
was monitored monthly and showed no change over
a l-year period. Enrofloxacin is an established and
well-tolerated antibiotic in small animal medicine. It
was chosen as the 3rd antibiotic in case of multi-
drug-resistant M. tuberculosis infection. Enrofloxacin
was discontinued after 3 months and maintenance
treatment was continued with rifampicin and clari-
thromycin.

Although low serum vitamin D concentrations have
been described in cats with active Mycobacteria infec-
tions,* the addition of vitamin D in M. tuberculosis-
infected patients had no clinically relevant effect on
antigen-induced lymphoproliferative response.”> There-
fore, vitamin D5 concentrations were neither measured
nor were vitamin D supplemented.

Treatment of M. tuberculosis infections in dogs is
controversial, mainly because of the human health
risk. Nevertheless, there are no documented cases of
M. tuberculosis infection spreading from dogs to
humans, thus this disease is known to be an anthropo-
zoonosis. With that in mind, we tried to limit the
potential risk by taking several measures: detailed

owner education, isolation of the dog from immuno-
suppressed persons as well as young and elderly peo-
ple, serial fecal examination for acid-fast bacteria to
detect if the dog was shedding organisms, and serial
physical examinations and diagnostic imaging to docu-
ment potential progression to the pulmonary system.
In treating the M. tuberculosis infection in this dog, we
walked a fine line between public health protection
and saving a beloved companion animal.

Footnotes

? Philips Brilliance, Philips Deutschland GmbH, Hamburg,
Germany

b Xenetix 300, Guerbet, Sulzbach, Germany

¢ Lowenstein Jensen and Stonebrink, Becton Dickinson, Cockeys-
ville, MD

4 MGIT 960 Becton Dickinson

¢ Hain Lifescience, Nehren, Germany

" Eremfat 300 mg, Riemser Arzneimittel AG, Greifswald,
Germany

¢ Clarithromycin HEXAL 500 mg, Holzkirchen, Germany

b Baytril 150 mg, Bayer HealthCare, Leverkusen, Germany
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