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Abstract
A case of mycobacterial infection in silver arowana (Osteoglossum bicirrhosum) is described in the 
present work. An adult male silver arowana exhibited granulomas in the liver and spleen with 
acid-fast bacilli identified as Mycobacteria fortuitum. To our knowledge this is the first report of 
mycobacterial infection in this fish species.

The silver arowana, Osteoglossum bicirrhosum (Cuvier, 1829), is a tropical freshwater fish of the family 
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Osteoglossidae also named “bonytongues” 
(Allen et al., 2002). This species is native of 
the rivers in the South American tropical area, 
near the Rio de Janeiro and Orinoco basins 
(Maldonado-Ocampo et al., 2008). 

In the Amazon region this species has an eco-
nomic significance as a food fish (Garcia et 
al., 2009) but in other countries it is widely 
marketed in the aquarist sector (Tovar Verba 
et al., 2014). 

Non-tuberculous mycobacteria (NTM) are 
worldwide recognised as causative agents of 
infections in fish, also transmissible to human 
beings. The species most frequently isolated are 
Mycobacterium marinum, Mycobacterium fortui-

tum and Mycobacterium chelonae (Decostere et 
al., 2004; Gauthier and Rhodes, 2009), however 
many other species have been isolated in fish 
both with and without symptoms such as M. ab-
scessus, M. chesapeaki, M. shottsii, M. pseudoshott-
sii, M. gordonae, M. peregrinum, M. salmoniphilum 
and M. nonchromogenicum (Heckert et al., 2001; 
Rhodes et al., 2004, 2005; Righetti et al., 2014; 
Puk et al., 2018).

 M. marinum, M. chelonae and M. fortuitum are 
also the species most frequently associated with 
human infections (Decostere et al., 2004) to 
which M. abscessus has recently been added to 
the previous ones (Lee et al., 2010).
In ornamental fish, the presence of NTM has 
been reported and monitored for decades, and 
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it continues to be an issue of great interest for 
its importance with regards to zoonosis (Zanoni 
et al., 2008; Puk et al., 2018).

No cases of mycobacterial infections in fish of 
the family Osteoglossidae have been reported to 
date. The aim of the present work is to describe 
the first case of mycobacterial infection in a silver 
arowana. 

An adult male silver arowana, reared individu-
ally in a large size private aquarium (800 L), was 
found dead and sent for post-mortem investiga-
tions at the Fish Diseases Laboratory of the IZS 
PLV (Turin, Italy). 

The animal was necropsied under aseptic condi-
tions and examined for lesions. Samples from 
liver, spleen and kidney were collected for histo-
pathological, parasitological and bacteriological 
investigations, including mycobacterial culture, 
according to the standard protocol applied for 
ornamental fish in the laboratory.

The tissues for histopathology were fixed in 
10% neutral-buffered formalin and processed 
by standard paraffin wax techniques. Samples 
were cut in 4±2 μm sections and stained with 
haematoxylin-eosin (HE) and Ziehl-Neelsen 
(ZN) methods for acid-fast bacilli. The slides 
were evaluated microscopically at increasing 
magnifications (100x, 200x, 400x); diagnosis of 
mycobacteriosis was based on the observation 
of granulomatous lesions in selected organs as-
sociated with acid-fast rods.

Standard bacteriological examination was per-
formed from kidney tissue using first isolation 
media (Columbia Blood Agar - CBA). The colo-
nies grown after 24-48 h of incubation at 22±2°C 

were selected, cloned to pure culture on CBA and 
identified by biochemical tests (API 20E and 20 
NE, bioMérieux, France). 

For mycobacterial culture, fresh tissues collected 
from spleen and liver were homogenised sepa-
rately and decontaminated for 30 min using 1.5% 
cetylpyridinium (Sigma-Aldrich, Italy). Ten μL 
of each homogenate were spread on a glass slide, 
over an area of approximately 1 cm x 2 cm, and 
then, stained using the ZN method. At least 300 
fields were microscopically examined at high 
magnification (1000x). One loop of 10 μL of the 
decontaminated homogenate was inoculated on 
2 Stonebrink medium (Microbiol, Uta, Cagliari, 
Italy) tubes and 2 Löwenstein-Jensen medium 
(Microbiol, Uta, Cagliari, Italy) tubes. For each 
medium, one tube was incubated at 30±1 °C and 
the second at 25±1 °C. The tubes were checked 
daily for 2 months; all suspected colonies were 
microscopically examined using ZN staining and 
were also subcultured. All isolates were identi-
fied following the methods of Kent and Kubica 
(1985) and Wayne and Kubica (1986). 

Bacterial strains isolated from both the spleen and 
liver were suspended in 200 μL of DNAase-free 
water and subjected to DNA extraction using 
a QIAamp DNA minikit® (Qiagen, Venlo, the 
Netherlands) following the manufacturer’s pro-
tocol for blood or body fluids, except for elution 
performed in 60 μL Qiagen elution buffer AE. 
Extracted DNA was subjected to amplification 
and sequencing of the hsp65 gene, using the 
primer pair Tb11-Forward (5’ACCAACGATG-
GTGTGTCCAT3’) and Tb12-Reverse (5’CTTGTC-
GAACCGCATACCCT3’) (Telenti et al., 1993). 
Forward and reverse sequences were aligned 
using ClustalW. hsp65 sequences were analysed 
using BLAST® tool, based on NCBI database.
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At necropsy, no visible lesions neither cutane-
ous nor in the visceral organs were observed. At 
histopathological examination, granulomatous 
lesions were detected in the liver and the spleen 
(Figure 1) but not in the kidney. Granulomas 
showed a central necrotic area surrounded by 
several layers of laminar necrotic material and 
externally enclosed by flattened spindle-shaped 
cells. All granulomas were ZN positive with 
mild to moderate numbers of acid-fast bacilli 
in the necrotic centres and in macrophages 
(Figure 2).

Aeromonas hydrophila was isolated and identified 
from the kidney. Parasitological investigations 
were negative. 

From all samples it was possible to isolate non-
chromogenic colonies on the two media and the 
purified isolates were identified by phenotypical 
and biochemical characterisation techniques as 
M. fortuitum in both the spleen and the liver.
BLAST analysis identified both strains as M. 
fortuitum with a 100% identity rate (E-value 
0.0) with the reference strain DSM 46621 (ATCC 
6841). The sequence has been submitted to 

Figure 1. Spleen: granulomatous lesion with a central area of eosinophilic cellular debris with dark brown 
pigment surrounded by inflammatory cells and enclosed by a thick capsule (HE) bar = 100μm. 
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GenBank with the accession number MF280110.
To our knowledge this is the first report of my-
cobacterial infection in this fish species caused 
by M. fortuitum. 

On the basis of the distribution and character-
istics of the microscopical lesions found in the 
subject, we can hypothesise that the mycobacte-
rial infection should not to be considered as the 
primary cause of death of the fish. Indeed, the 
presence of multifocal microscopic lesions at an 
advanced stage of evolution indicates that this 
is a chronic infection. The cause of death could 
be referred to a multifactorial complex of events 
linked to aquarium management mistakes, also 

confirmed by the circulation of A. hydrophila, a 
bacterium characterised by low pathogenicity, 
but reported as the cause of systemic facultative 
bacterial infections related to poor environmen-
tal conditions (Noga, 2010).

The case described, characterised by the pres-
ence of a chronic infection in a subject without 
symptoms, reiterates that the zoonotic risk for 
aquarists and sellers of ornamental fish is real. 
In this regard, the correct management of the 
aquarium is therefore of fundamental impor-
tance in order to prevent potential health prob-
lems for the professional figures involved and 
it can be achieved by complementing correct 

Figure 2. Spleen: acid-fast bacilli within the necrotic core of the granuloma (ZN) bar = 100μm.
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sanitization and disinfection practices along 
with control of the batches of imported fish 
(Decostere et al., 2004).
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