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ABSTRACT.	 A 3-year-old neutered female poodle with a long history of dermatophytic skin disease was presented with lethargy, anorexia 
and progressive weight loss. Abdominal ultrasonography revealed markedly enlarged mesenteric lymph nodes and multiple hypoechoic 
foci in the spleen. Cytology of the mesenteric lymph nodes and spleen showed granulomatous inflammation with fungal organisms and 
negatively stained intracytoplasmic bacterial rods consistent with Mycobacteria spp. Based on culture, multiplex polymerase chain reaction 
and sequence analysis, the bacterium was identified as Mycobacterium avium subspecies hominissuis. Despite treatment with antibiotics, 
the dog’s condition deteriorated, and it died approximately 3 weeks after first presentation.
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Tuberculosis infection caused by nontuberculous myco-
bacteria (NTM) species, referred to as atypical mycobacteria, 
has been regularly detected worldwide [11]. In past decades, 
NTM has attracted the interest of human and veterinary 
medicine because of the public health threat it presents for 
the potential transmission of tuberculosis [1]. Of the NTM 
family members, Mycobacterium avium complex (MAC) 
is an environmental mycobacteria ubiquitously present in 
water, soil, food, plants and animals [9].

The present report describes a pet dog with an M. avium 
subspecies hominissuis infection diagnosed by clinical ex-
amination, cytology, culture, multiplex PCR assay and direct 
sequencing of the PCR product.

A 3-year-old neutered female poodle was presented to a lo-
cal veterinary hospital with the clinical signs of lethargy, an-
orexia, mild fever (39.2°C) and progressive weight loss. The 
dog had undergone ovariohysterectomy, and approximately 
5 weeks after the surgery, it began to undergo episodes of der-
matophytosis. The skin disease was responsive to antifungal 
therapy with ketoconazole (10 mg/kg, IV, q12hr for 5 weeks), 
itraconazole (5 mg/kg, IV, q12hr for 10 weeks) and terbinafine 
hydrochloride (40 mg/kg, IV, q24hr for 6 weeks). A physical 

examination revealed sporadic alopecia affecting the trunk, 
neck and extremities and a palpable mass in the abdominal 
cavity. Complete blood counts and serum biochemical tests 
were within normal limits, except for mild hyperglycemia. 
Thoracic radiographs were not significant. Abdominal ultra-
sonography revealed splenomegaly with global distribution 
of multiple hypoechoic areas (Fig. 1A) and marked enlarge-
ment of the mesenteric lymph nodes (Fig. 1B).

Exploratory laparotomy was undertaken in an attempt to 
remove the affected spleen and lymph nodes. During the 
surgery, multiple white nodules measuring approximately 
0.5 to 1 cm in diameter were noted in the spleen (Fig. 2A). 
The presence of enlarged mesenteric lymph nodes was 
detected (Fig. 2B). Fine needle aspirates were taken from 
both tissues and stained with Diff-Quik (Merck, Darmstadt, 
Germany). Cytologic examinations revealed a moderate 
number of individualized macrophages and epithelioid cells 
with occasional multinucleated cells. Within the cytoplasm 
of the macrophages and free in the background, there were 
numerous negatively stained bacterial rods (Fig. 3A). In the 
background, small lymphocytes and plasma cells were occa-
sionally present along with many erythrocytes. Splenic and 
mesenteric lymph nodal aspirates were subjected to acid-
fast (Ziehl-Neelsen) and periodic acid-Schiff (PAS) stain-
ing (Sigma-Aldrich, St. Louis, MO, U.S.A.) as described 
previously [4]. Direct Ziehl-Neelsen staining revealed a 
high number of strongly acid-fast positive rod-shaped bac-
teria within macrophages (Fig. 3B). PAS staining showed 
moderately pink-colored linear bacteria within the macro-
phages and linear structures with oval to elongate yeast-like 
swellings, measuring 1 to 2 µm in width and 2 to 6 µm in 
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Fig. 1.	 Abdominal ultrasonography of the spleen and mesenteric lymph node of the dog. (A) Multiple hypoechoic areas were identified in the 
spleen and (B) enlarged mesenteric lymph node.

Fig. 2.	 Gross morphology of the spleen and mesenteric lymph node of the dog. (A) Multiple white nodules were noted in the spleen. (B) The 
mesenteric lymph node was grossly enlarged.

Fig. 3.	 Fine needle aspirates of the spleen and enlarged mesenteric lymph node of the dog. (A) Macrophages contain unstained rod-shaped 
mycobacteria in the spleen. Aqueous-based Wright, HP oil, × 1,000. Scale bar: 20 µm, enlarged. (B) Large numbers of acid-fast-positive 
intracytoplasmic bacilli were identified in the mesenteric lymph node. Ziehl-Neelsen stain, HP oil, × 1,000. Scale bar: 20 µm, enlarged. (C) 
PAS-positive oval to elongated hyphal structures were identified in the spleen. Periodic acid-Schiff stain, HP oil, × 1,000. Scale bar: 20 µm, 
enlarged.
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length, that were similar in morphologic appearance to the 
dermatophytes (Fig. 3C). The cytological diagnosis was 
granulomatous splenitis and lymphadenitis with intracyto-
plasmic bacteria, which was consistent with Mycobacterium 
spp. Although fungal culture and identification were not 
performed, based on the history of persistent skin disease 
and the presence of fungal hyphae in the internal organs, sys-
temic dermatophyte infection was considered highly likely.

The aliquots of aspirates from the spleen and mesen-
teric lymph nodes were subjected to bacterial culture and 
identification. The tissue samples were homogenized and 
decontaminated by a 10% oxalic acid solution for 10 min 
or 1.5% 1-hexadecylpyridinium chloride for 30 min at room 
temperature. After centrifugation at 1,000 × g for 10 min, 
the supernatant was inoculated on a growth medium con-
taining Lowenstein-Jensen slants with and without glycerol. 
The inoculated media were incubated for 8 weeks at 37°C. 
Genomic DNA was extracted from visible colonies using a 
DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, U.S.A.) 
according to the manufacturer’s instructions. Multiplex PCR 
assays were carried out as described previously [16]. The 
primer sets were generated based on 16S rRNA and IS1311 
sequences obtained from GenBank that were designed to 
discriminate the Mycobacterium avium subspecies hominis-
suis from MAC organisms [15]. The reactions generated 
a 484 bp product of 16S rRNA and a 608 bp product of 
IS1311, and subsequent direct sequencing of these products 
identified the bacteria as Mycobacterium avium subspecies 
hominissuis (Fig. 4).

The patient was discharged and prescribed an antibiotic 
regimen composed of enrofloxacin (10 mg/kg, IV, q24hr), 
clavulanate/amoxicillin (12.5 mg/kg, IV, q12hr) and doxy-
cycline (5 mg/kg, IV, q12hr) for 3 weeks. The antibiotic 
treatment appeared to be effective, resulting in improved 
appetite, clinical signs and remission of the enlarged mesen-
teric lymph nodes and splenic lesions detected on abdominal 
ultrasonography. Approximately 3 weeks later, however, the 
dog was brought to the hospital for evaluation of recurrent 
lethargy, anorexia and notable weight reduction. The patient 
had pyrexia (40.1°C). Hematologic analysis revealed ane-
mia, severe thrombocytopenia and inflammatory leukocyto-
sis (45,600 cells/µl) with left shift. The patient was admin-
istered a combination of rifampicin (10 mg/kg, IV, q12hr) 
and enrofloxacin (Baytril, 5 mg/kg, IV, q12hr). Euthanasia 
was recommended due to the poor prognosis and concern 
for zoonotic risk, but the dog died due to the deterioration 
of its condition.

The global incidence of NTM infection is increasing, 
and various MAC organisms have been identified using 
the advanced multiplex PCR assay [11, 14, 16]. M. avium 
subspecies hominissuis has only recently been identified, 
and it has mainly been reported in pigs and humans, with 
occasional cases in horses, a pet parrot and dogs [2, 7, 10, 
12, 17]. The virulence of M. avium subspecies hominissuis 
in birds is low, but it causes severe disease in humans and 
veterinary species [12]. In humans, MAC, including M. 
avium subspecies hominissuis, causes respiratory diseases in 
adults, lymphadenopathy in children and disseminated infec-

tions in immunocompromised patients [3, 9, 14].
Dogs are known to be potential sources for the dissemina-

tion of atypical tuberculosis to humans and other animals 
[1, 18]. Although dogs are less susceptible to the disease due 
to their inherent resistance [6], sporadic MAC-associated dis-
eases have been reported [4, 5, 7, 8]. In contrast to infection 
by direct contact between typical mycobacteria and a host, 
MAC infection predominantly occurs indirectly by exposure 
to environmental contaminants, such as water and soil [9]. 
Following infection through the oral or respiratory tract, a 
large proportion of canine cases have generalized granulo-
matous inflammation involving multiple organs, such as the 
mesenteric lymph nodes, liver and spleen [8, 9]. One of the 
important underlying factors predisposing an animal to MAC 
diseases is immune status, and immunosuppression in young 
dogs may play an important role in the clinical development 
of a MAC infection [1, 2, 4, 7, 8]. Although the immune 
status of the present dog was not critically evaluated, the dog 
was most likely immunocompromised. Chronic and recur-
rent skin disease and long-term treatment with antifungal 
agents potentially caused immunosuppression. The presence 
of dermatophytic fungal hyphae in the spleen and mesen-
teric lymph node following long-term treatment is very rare; 
however, it may have been associated with the suppressed 
immune status of the patient.

M. avium subspecies hominissuis infection is rare in dogs 
and has been reported in only 3 canine cases [2, 7]. This is 
the first case of M. avium subspecies hominissuis infection in 
a pet dog from South Korea, a country with an intermediate 
tuberculosis burden that is exhibiting a rapid upward trend 
in NTM disease incidence [13]. Furthermore, to the best of 
our knowledge, the present case report describes systemic 
coinfection with mycobacterium and fungus in a dog for 
the first time. The present case is valuable as an example 
of the potential public health risk of M. avium subspecies 
hominissuis infection in dogs, particularly for children and 
persons with immunosuppressed conditions. Caution should 
be exercised regarding interspecies transfer of the causative 

Fig. 4.	 Identification of mycobacterium avium subspecies hominis-
suis using gel electrophoresis separation of multiplex PCR prod-
ucts. Lane M, molecular ladder; lane 1, spleen from the patient; 
lanes 2–7, M. avium subspecies avium ATCC 35716, M. avium 
subspecies paratuberculosis ATCC 19698, M. intracellulare ATCC 
13950, M. bovis AN5, M. tuberculosis H37Rv and M. avium sub-
species hominissuis 104, respectively; and lane 8, distilled water 
(negative control).
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agent from an infected pet dog. Given the light of increas-
ing interaction between human and companion animals, the 
present case report encourages veterinary practitioners to 
increase the awareness of potential mycobacterial infection 
and emphasizes the need for rapid identification and admin-
istration of an appropriate drug regimen for mycobacteria.

ACKNOWLEDGMENTS. This study was supported by the 
Brain Korea 21 Program for Leading Universities & Students 
and the Research Institute of Veterinary Sciences, College of 
Veterinary Medicine, Seoul National University.

REFERENCES

	 1.	 Biet, F., Boschiroli, M. L., Thorel, M. F. and Guilloteau, L. A. 
2005. Zoonotic aspects of Mycobacterium bovis and Myco-
bacterium avium-intracellulare complex (MAC). Vet. Res. 36: 
411–436. [Medline]  [CrossRef]

	 2.	 Campora, L., Corazza, M., Zullino, C., Ebani, V. V. and Abramo, 
F. 2011. Mycobacterium avium subspecies hominissuis dissemi-
nated infection in a Basset Hound dog. J. Vet. Diagn. Invest. 23: 
1083–1087. [Medline]  [CrossRef]

	 3.	 Despierres, L., Cohen-Bacrie, S., Richet, H. and Drancourt, M. 
2012. Diversity of Mycobacterium avium subsp. hominissuis 
mycobacteria causing lymphadenitis, France. Eur. J. Clin. Mi-
crobiol. Infect. Dis. 31: 1373–1379. [Medline]  [CrossRef]

	 4.	 Eggers, J. S., Parker, G. A., Braaf, H. A. and Mense, M. G. 1997. 
Disseminated Mycobacterium avium infection in three minia-
ture schnauzer litter mates. J. Vet. Diagn. Invest. 9: 424–427. 
[Medline]  [CrossRef]

	 5.	 Gow, A. G. and Gow, D. J. 2008. Disseminated Mycobacterium 
avium complex infection in a dog. Vet. Rec. 162: 594–595. 
[Medline]  [CrossRef]

	 6. 	 Greene, C. and Gunn-Moore, D. 2006. Infections caused by 
slow-growing mycobacteria. pp. 462–477. In: Infectious Dis-
eases of the Dog and Cat. 3th ed., Elsevier, St. Louis.

	 7.	 Haist, V., Seehusen, F., Moser, I., Hotzel, H., Deschl, U., 
Baumgärtner, W. and Wohlsein, P. 2008. Mycobacterium avium 
subsp. hominissuis infection in 2 pet dogs, Germany. Emerg. 
Infect. Dis. 14: 988–990. [Medline]  [CrossRef]

	 8.	 Horn, B., Forshaw, D., Cousins, D. and Irwin, P. 2000. Dis-
seminated Mycobacterium avium infection in a dog with chronic 
diarrhoea. Aust. Vet. J. 78: 320–325. [Medline]  [CrossRef]

	 9.	 Inderlied, C. B., Kemper, C. A. and Bermudez, L. E. 1993. 

The Mycobacterium avium complex. Clin. Microbiol. Rev. 6: 
266–310. [Medline]

	10.	 Kriz, P., Jahn, P., Bezdekova, B., Blahutkova, M., Mrlik, V., 
Slana, I. and Pavlik, I. 2010. Mycobacterium avium subsp. hom-
inissuis infection in horses. Emerg. Infect. Dis. 16: 1328–1329. 
[Medline]  [CrossRef]

	11.	 Martín-Casabona, N., Bahrmand, A., Bennedsen, J., Østergaard 
Thomsen, V., Curcio, M., Fauville-Dufaux, M., Feldman, 
K., Havelkova, M., Katila, M. and Köksalan, K. 2004. Non-
tuberculous mycobacteria: patterns of isolation. A multi-country 
retrospective survey. Int. J. Tuberc. Lung Dis. 8: 1186–1193. 
[Medline]

	12.	 Mijs, W., de Haas, P., Rossau, R., Van der Laan, T., Rigouts, 
L., Portaels, F. and van Soolingen, D. 2002. Molecular evidence 
to support a proposal to reserve the designation Mycobacterium 
avium subsp. avium for bird-type isolates and’M. avium subsp. 
hominissuis’ for the human/porcine type of M. avium. Int. J. 
Syst. Evol. Microbiol. 52: 1505–1518. [Medline]

	13.	 Park, Y. S., Lee, C. H., Lee, S. M., Yang, S. C., Yoo, C. G., Kim, 
Y. W., Han, S. K., Shim, Y. S. and Yim, J. J. 2010. Rapid increase 
of non-tuberculous mycobacterial lung diseases at a tertiary 
referral hospital in South Korea. Int. J. Tuberc. Lung Dis. 14: 
1069–1071. [Medline]

	14.	 Primm, T. P., Lucero, C. A. and Falkinham, J. O. 2004. Health 
impacts of environmental mycobacteria. Clin. Microbiol. Rev. 
17: 98–106. [Medline]  [CrossRef]

	15.	 Rossi, M. C., Gori, A., Zehender, G., Marchetti, G., Ferrario, 
G., De Maddalena, C., Catozzi, L., Bandera, A., Degli Esposti, 
A. and Franzetti, F. 2000. A PCR-colorimetric microwell plate 
hybridization assay for detection of Mycobacterium tuberculosis 
and M. avium from culture samples and Ziehl-Neelsen-positive 
smears. J. Clin. Microbiol. 38: 1772–1776. [Medline]

	16.	 Shin, S. J., Lee, B. S., Koh, W.J., Manning, E. J., Anklam, K., 
Sreevatsan, S., Lambrecht, R. S. and Collins, M. T. 2010. Ef-
ficient differentiation of Mycobacterium avium complex species 
and subspecies by use of five-target multiplex PCR. J. Clin. 
Microbiol. 48: 4057–4062. [Medline]  [CrossRef]

	17.	 Shitaye, E. J., Grymova, V., Grym, M., Halouzka, R., Hor-
vathova, A., Moravkova, M., Beran, V., Svobodova, J., Dvorska-
Bartosova, L. and Pavlik, I. 2009. Mycobacterium avium subsp. 
hominissuis infection in a pet parrot. Emerg. Infect. Dis. 15: 
617–619. [Medline]  [CrossRef]

	18.	 Thorel, M. F., Huchzermeyer, H. F. and Michel, A. L. 2001. My-
cobacterium avium and Mycobacterium intracellulare infection 
in mammals. Rev. Sci. Tech. 20: 204–218. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/15845232?dopt=Abstract
http://dx.doi.org/10.1051/vetres:2005001
http://www.ncbi.nlm.nih.gov/pubmed/21908381?dopt=Abstract
http://dx.doi.org/10.1177/1040638711418616
http://www.ncbi.nlm.nih.gov/pubmed/22042560?dopt=Abstract
http://dx.doi.org/10.1007/s10096-011-1452-2
http://www.ncbi.nlm.nih.gov/pubmed/9376436?dopt=Abstract
http://dx.doi.org/10.1177/104063879700900416
http://www.ncbi.nlm.nih.gov/pubmed/18453382?dopt=Abstract
http://dx.doi.org/10.1136/vr.162.18.594
http://www.ncbi.nlm.nih.gov/pubmed/18507926?dopt=Abstract
http://dx.doi.org/10.3201/eid1406.071463
http://www.ncbi.nlm.nih.gov/pubmed/10904815?dopt=Abstract
http://dx.doi.org/10.1111/j.1751-0813.2000.tb11781.x
http://www.ncbi.nlm.nih.gov/pubmed/8358707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20678342?dopt=Abstract
http://dx.doi.org/10.3201/eid1608.100097
http://www.ncbi.nlm.nih.gov/pubmed/15527150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12361252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20626955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14726457?dopt=Abstract
http://dx.doi.org/10.1128/CMR.17.1.98-106.2004
http://www.ncbi.nlm.nih.gov/pubmed/10790097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20810779?dopt=Abstract
http://dx.doi.org/10.1128/JCM.00904-10
http://www.ncbi.nlm.nih.gov/pubmed/19331752?dopt=Abstract
http://dx.doi.org/10.3201/eid1504.081003
http://www.ncbi.nlm.nih.gov/pubmed/11288512?dopt=Abstract

