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infected through prolonged exposure to infected 
humans via inhalation of respiratory secretions or 
ingestion of contaminated food (Hackendahl et al. 
2004; Turinelli et al. 2004; Sykes et al. 2007; Parsons 
et al. 2008; Martinho et al. 2013; Engelmann et al. 
2014). Dog-to-human transmission has not been 
identified except in one case in which a person was 
infected with TB during a necropsy (Posthaus et al. 
2011). TB-infected dogs can carry high mycobac-
terium loads in their respiratory secretions; thus, 
the risk of dissemination into the environment can 
be high. Such dissemination may then serve as a 
source of infection for other animals or humans. 
Euthanasia is recommended for animals with TB 

because of the hazards they pose to human health 
(Gay et al. 2000; Hackendahl et al. 2004; Sykes et 
al. 2007; Parsons et al. 2008; Posthaus et al. 2011). 

The dog in this case lived in an urban area, re-
mained predominantly inside the house, and rarely 
went out for walks. There was no known family 
history of TB and no known exposure to a person 
infected with TB. All of the family members had 
negative results on M. tuberculosis screening tests, 
despite sharing the household with the infected 
dog. In this case, the source of infection was not 
established; the dog could have been spontaneously 
exposed or been in contact with aerosolised, bac-
teria-contaminated material.

Figure 5. Histopathologic examination 
of the lung, pleura and granuloma. (A) 
The lung tissue contains many mac-
rophages, indicative of chronic granu-
lomatous pneumonia. (B) The pleura is 
expanded by granulomatous inflamma-
tion (pleurisy). Haematoxylin and eosin 
(H&E) staining (bar = 50 μm). (C) The 
granuloma has caseation necrosis and 
multifocal areas of calcification consist-
ent with tubercles. H&E staining (bar = 
500 μm). (D) Acid-fast staining of the 
lung tissue identified numerous acid-fast 
stained bacilli (arrows and circular area). 
Ziehl-Neelsen staining (bar = 50 μm)

Figure 4. Cytological examination of the 
pleural fluid at presentation (A, B) and 
post-mortem (C, D). (A, B) A sediment 
smear of the left pleural effusion shows a 
predominance of neutrophils, with fewer 
macrophages. Bacteria were not observed. 
(Diff-Quik stain, A, × 400; B, × 1000). 
(C) A sediment smear of the right pleural 
fluid contains a large number of erythro-
cytes in the background. Macrophages 
contain numerous negative-staining rod 
structures consistent with Mycobacterium 
sp. (Diff-Quik stain, × 1000). (D) Impres-
sion of the large tubercle (granuloma) 
contains scattered negative-staining rod 
structures (arrows and circular area) (Diff-
Quik staining, × 400)
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Diagnosing TB is challenging because the clini-
cal signs are non-specific and similar to chronic 
disease processes. Some of these clinical signs in-
clude non-productive coughing, weight loss, py-
rexia, dyspnoea, diarrhoea, vomiting, and anorexia. 
Further, infected dogs can remain subclinical for 
long periods of time (Gay et al. 2000; Hackendahl 
et al. 2004; Turinelli et al. 2004; Parsons et al. 2008). 
As is characteristic of TB, it was difficult to deter-
mine the approximate time of exposure or onset of 
infection in this dog. Further, the dog had a pulmo-
nary mass accompanied by the non-specific clini-
cal signs mentioned above; the presenting clinical 
signs appeared to be more closely related to chronic 
progression of the tumour rather than to other dis-
eases, including TB.

Cytological and histopathological examinations 
are useful for detecting rod-shaped, negative-stain-
ing bacilli on routine stains or acid-fast bacilli on 
Ziehl-Neelsen staining (Gay et al. 2000; Hackendahl 
et al. 2004; Parsons et al. 2008; Martinho et al. 
2013). Definitive diagnosis of mycobacterial or-
ganisms and species can be made using bacterial 
culture, and molecular genetic techniques such as 
PCR or restriction fragment length polymorphism 
analysis (Hackendahl et al. 2004; Parsons et al. 
2008; Martinho et al. 2013; Engelmann et al. 2014).

Laboratory findings are non-specific for ca-
nine TB and are reported to include leukocyto-
sis, non-regenerative anaemia, increased ALP and 
alanine aminotransferase (ALT) activities, azo-
taemia, and hyperglobulinemia (Hackendahl et 
al. 2004; Martinho et al. 2013). Neutrophilia and 
lymphopenia in patients with bacterial infections 
are frequently associated with acute/chronic in-
flammatory processes and/or the illness-induced 
glucocorticoid-mediated stress response. The term 
acute inflammation refers to the type of inflamma-
tory reaction, not to the duration of disease. When 
inflammation is prolonged and there is an active 
need for neutrophils in the inflamed tissue, the 
acute inflammatory pattern can be seen (Stockham 
and Scott 2008).

Thrombocytosis is commonly found with chronic 
inflammatory diseases, including pulmonary TB 
(Baynes et al. 1987; Unsal et al. 2005). According 
to findings in human medicine (Unsal et al. 2005), 
interleukin-6 (IL-6), produced by various immune-
associated cell types including T cells, B cells, 
fibroblasts and monocytes, is responsible for re-
active thrombocytosis in pulmonary TB. When 

the M. tuberculosis organism is phagocytosed by 
macrophages, production and secretion of IL-6 is 
increased and activates the inflammatory cascade. 
This process leads to systemic effects, including 
an acute phase reaction and reactive thrombo-
cytosis (Unsal et al. 2005). Further, when chronic 
inflammation persists, production of acute-phase 
proteins, immunoglobulins, and complement pro-
teins may increase. However, the concentration of 
albumin, a negative acute-phase protein, usually 
decreases due to a reduction in albumin synthe-
sis. This process leads to hypoalbuminaemia and 
hyperglobulinaemia. Further, pleural effusions also 
contribute to hypoalbuminaemia via loss of protein 
into the pleural space (Stockham and Scott 2008). 
In sum, in the present canine case, thrombocyto-
sis, together with the neutrophilia, lymphopaenia, 
hypoalbuminaemia, and hyperglobulinaemia, were 
all likely a result of the chronic active inflammation 
induced by pulmonary TB. Since the dog had nor-
mal urine concentration, prolonged anorexia, and 
gastrointestinal disturbance, pre-renal azotaemia 
due to dehydration was confirmed.

Elevated serum AST, ALT, and ALP levels are of-
ten related to diffuse liver involvement in human TB 
patients (Sharma et al. 2012). Further, hepatocyte 
damage can occur with hypoxia and inflammation 
(Stockham and Scott 2008). In this case, the con-
centrations of other liver enzymes, including serum 
ALT, bilirubin, and gamma-glutamyl transferase, 
were not increased. Further, serum potassium lev-
els and lactate dehydrogenase concentrations were 
in the normal range; haemolysis was thus ruled out 
as a cause of AST elevation (Stockham and Scott 
2008; Koseoglu et al. 2011). Given these findings, 
further hepatic investigation was not performed. 
However, in human medicine, liver biopsy and his-
topathological examinations are recommended to 
diagnosis TB when serum hepatobiliary enzyme 
levels are elevated (Sharma et al. 2012).

Hyperlactataemia is often concomitant with shock, 
severe sepsis, neoplasia, seizure, poisoning, acute 
hepatic failure, and low cardiac output states. 
Additionally, inadequate utilisation of oxygen, and 
presence of tissue hypoxia can be a contributing 
factor (Pang et al. 2007; Stockham and Scott 2008). 
In the present case, hypoxia associated with the se-
vere pleural effusion and pleural adhesion together 
with bacterial sepsis were likely responsible for the 
hyperlactataemia. Lactate measurement in pleural 
effusion can also help in distinguishing septic ef-
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fusion from other types (Pang et al. 2007) but was 
not done in this case. 

Pleural effusion is a common finding in pulmo-
nary TB. However, only few studies in veterinary 
medicine have reported the pathogenesis of tuber-
culous pleural effusion. In human medicine, the 
formation of pleural effusion in TB is associated 
with the rupture of a subpleural caceous focus in 
the lung into the pleural space and a delayed hyper-
sensitivity reaction to tuberculous protein, which 
leads to increased protein permeability in the pleu-
ral capillaries. In addition, decreased pleural fluid 
clearance from the pleural space also contributes to 
the formation of pleural effusion; this occurs when 
the lymphatics in the parietal pleura are obstructed 
by lymphocytic pleurisy (Light 2010). Further, mes-
othelial cells are prevented from entering the pleu-
ral space by intense covering of the pleural surface 
with lymphocytic infiltration and fibrin material 
(Light 2010). Thus, as described herein, mesothelial 
cells are seldom observed with tuberculous pleural 
effusion. In this case study, severe pleurisy and a 
delayed hypersensitivity were thought to be the ma-
jor causes of the observed pleural fluid formation.

Tubercles are normally categorised as nodular, 
grey, miliary, or caseous. Calcified and fibrous tu-
bercles are observed less frequently than the other 
types in dogs (Hackendahl et al. 2004; Turinelli et 
al. 2004). Coagulation necrosis is not as common 
in canine lesions as in bovine or human lesions; 
however, when present, massive caseation devel-
ops, with a white-grey, soft, crumbly material, as 
described herein. Tubercles with caseation, calci-
fication, and fibrin walls encapsulating the lymph 
nodes or organs, as reported in this case, are an 
unusual finding in dogs (Turinelli et al. 2004).

In summary, the remarkably large mass on the 
diagnostic images and concurrent inflammatory 
exudate without obvious bacteria mimicked a 
pulmonary tumour with secondary inflammation, 
such that canine tuberculosis was not suspected. 
However, at necropsy, the mass was discovered to 
be a giant tubercle, and acid-fast organisms were 
observed in macrophages in the pleural fluid, con-
firming the diagnosis of TB. The haemorrhagic 
pleural effusion was an additional unusual finding 
in this case. Granulomas should be considered in 
the differential diagnosis of intrathoracic masses, 
and bilateral serial evaluation of pleural fluid is 
recommended to aid in the diagnosis. In addition, 
cytological evaluation of the intrathoracic lymph 

nodes and mass via fine-needle aspiration, and liver 
biopsy when serum AST, and ALP are elevated, 
which were not performed in this case, may be 
helpful in making an accurate diagnosis.

This is the first case of canine pulmonary M. tu-
berculosis in South Korea. However, tuberculosis is 
an important disease in both human and animals, 
and its zoonotic potential should be fully explored. 
Recognition of the variable clinical characteristics 
of pulmonary TB in dogs might be helpful in mak-
ing a diagnosis, especially in countries where M. tu-
berculosis is still prevalent.
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