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 Goldfish (Carassius auratus L.), a freshwater fish belonging to the family Cyprinidae, is an important ornamental fish species in the world. Herewith, 
we report a case of systemic mycobacteriosis along with concurrent fibroma in goldfish.

 The protruding mass and internal organs exhibiting lesions were collected for histopathology and molecular diagnosis. The sections of 
cutaneous mass were stained with haematoxylin and eosin (H&E) and Masson trichrome, whereas sections from spleen as well as kidney were stained 
with H&E and Ziehl-Neelsen. For identifying the etiological agent, 16S rRNA gene fragment was amplified and sequenced, using genus-specific primers 
for Mycobacterium sp. 

 In histopathology, multiple granulomas could be observed in kidney and spleen sections. Importantly, typical acid-fast bacilli were 
demonstrated in granulomas in 
spleen. The sequence of 16S 
rRNA gene fragment amplified 
from spleen and kidney showed 
m a x i m u m  s i m i l a r i t y  t o  
Mycobacterium stomatepiae. 
Besides, the histopathological 
characteristics of the protruding 
mass were consistent with 
cutaneous fibroma. 

 These findings 
assume significance as several 
M y c o b a c t e r i u m  s p e c i e s ,  
including the current one from 
ornamental fish are reported to 
be of zoonotic significance.

 Fibroma; Goldfish; 
Granuloma; Mycobacteriosis, 
16S rRNA gene
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Introduction

Fish mycobacteriosis is a common bacterial disease 
affecting farmed and wild fishes worldwide, including India 
(Gauthier and Rhodes, 2009; Das et al., 2016; Gokulraj et al., 
2019). The disease is caused by diverse Mycobacterium species, 
commonly referred as non-tuberculous mycobacteria. Some of 
the commonly associated species include M. fortuitum, M. 
marinum and M. chelonae (Decostere et al., 2004), but several 
other spp., namely M. montefiorense (Levi et al., 2003) M. 
stomatepiae, M. angelicum (Pourahmad et al., 2008) and M. 
gordonae (Kusar et al., 2017) have also been associated with fish 
mycobacteriosis. Over 150 fish species are reported to be 
affected by this disease (Decostere et al., 2004). Many of these 
fishes are long-term carriers of mycobacteria before any clinical 
signs of the disease are detected grossly, and therefore, may 
transmit the infection to other fish in aquarium, tank or pond 
(Lowry and Smith, 2007). Importantly, mycobacteria, causing 
infection in fishes, can also result in chronic illness particularly in 
immuno compromised individuals. These bacteria often affect 
people handling affected fish and the resultant infections are 
called fish handler's disease or fish tank granuloma. In human 
beings, the infections usually develop in extremities and are 
either ulcerative or raised granulomatous nodules (Kiesch, 2000). 

Goldfish (Carassius auratus L.), a freshwater fish of the 
Cyprinidae family, is an important ornamental fish species (Tu et 
al., 2015). It is widely preferred by hobbyists because of 
morphological varieties, attractiveness, variety of colors and high 
tolerance to environmental demands. The healthy offsprings of 
goldfish are considered essential for meeting the market demand 
(Gumus et al., 2016). However, goldfish is susceptible to a 
number of pathogens, especially viruses, bacteria and parasites 
(Verma et al., 2015; Roohi et al., 2016; Sahoo et al., 2016). 
Amongst the bacterial diseases, mycobacteriosis is quite 

 frequent in goldfish (Francis-Floyd, 2011) and several 
mycobacterial species namely M. gordonae, M. chelonae, M. 
marinum (Pate et al., 2005) and M. fortuitum (Uma and Ronald, 
2016) are reported from this ornamental fish. The typical lesions 
in diseased fish include systemic granulomas, as observed in 
human tuberculosis (Nau et al.  1997). Besides, several 
neoplasms, including fibroma, leiomyoma, infiltrative lipoma have 
also been reported in ornamental fishes (Constantino et al., 1999; 
Sood et al., 2017). The diseases and tumours are responsible for 
decreased attractiveness of ornamental fishes due to loss of 
colour, scales, fins and unsightly lesions. 

In view of the above, the present study reports a case of 
systemic mycobacteriosis along with concurrent fibroma in 
goldfish. 

Materials and Methods

A goldfish (body weight- 90 g; length- 19 cm) having a 
mass on dorsal region of operculum on left side, was brought to 

,

Fish Health Management Laboratory of Peninsular and Marine 
Fish Genetic Resources Centre, ICAR-NBFGR, Kochi from an 
ornamental fish farm in Kerala. The fish was euthanized with an 
overdose of MS222 (Sigma-Aldrich, St. Louis, USA) and 
necropsy was carried out to record the gross lesions in internal 
organs. The cutaneous mass along with spleen and kidney were 
collected in RNA later and 10% neutral buffered formalin (NBF). 
The samples fixed in NBF were routinely processed for 
histopathology, and tissue sections (5μm thickness) were stained 
with haematoxylin and eosin (H and E). Sections of the cutaneous 
mass were stained with Masson trichrome whereas sections from 
spleen and kidney were stained with Ziehl-Neelsen following 
Luna (1968). 

DNA from above organs of the affected fish was extracted 
using a DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany), 
and mycobacterial 16S rDNA was detected using genus-specific 
primers T39 (GCGAACGGGTGAGTAACACG) and T13 
(GCACACAGGCCACAAGGGA), as per Talaat et al. (1997). The 
PCR products were purified using Gel Extraction Kit (Fermentas 
Life Sciences, Vilnius, Lithuania) and cloned into pTZ57R/T 
vector (Fermentas Life Sciences), followed by transformation into 
Escherichia coli DH5α. The recombinant plasmids were 
sequenced using M13 forward and reverse primers. The 
sequences of amplicons from spleen and kidney were compared, 
and species-level identification was based on the maximum 
identity combined with greatest sequence coverage in NCBI 
Blast. Mycobacterium species with higher similarity were 
selected for homology assessment. All the sequences were 
aligned with the CLUSTALW programme in MEGA 7.0 software 
(Kumar et al., 2016) and trimmed for equal length (924bp). 
Phylogenetic tree was constructed using Neighbor-joining 
method (Saitou and Nei, 1987) and pair-wise sequence similarity 
was calculated with closest Mycobacterium species. Further, 
bootstrap value of 1000 was used to determine the confidence 

T interval of the resultant tree. M. tuberculosis NCTC 7416
(X58890) was used as outgroup.

Results and Discussion

The mass on the operculum measuring approximately 1 
cm diameter protruded from the surface on the operculum, and 
was multinodular, yellowish-pale, spherical and firm. The cut 
surface was whitish-grey and consisted of variably-sized distinct 
lobules. Histopathologically, the cutaneous mass was 
multilobular and composed of wavy and interlacing bundles of 
collagen intermingled with fibroblasts. The neoplastic fibroblasts 
were fusiform with ovoid nuclei and abundant cytoplasm. Their 
nucleoli were indistinct, and mitotic figures were not observed. 
The cells were separated by abundant ground substance, and 
numerous congested blood vessels along with multifocal 
haemorrhages were observed in the tumour tissue. Marked 
vacuolar degeneration and sloughing were observed in 
cutaneous epithelium overlying the mass (Fig. 1a). Masson 
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trichrome staining showed abundant collagen in interlacing 
bundles (blue) whereas the nuclei of fibroblasts stained red (Fig. 
1b). On the basis of lack of significant cellular and nuclear atypia 
and anaplasia of neoplastic fibroblasts, the tumour was identified 
as fibroma. The fibromas in fishes are most common in the dermis 
and usually occur singly (Wongsathein, 2006; Handharyani et al., 
2008), as in this study. The histopathological alterations, namely 
fusiform cells with ovoid nuclei, indistinct nucleoli, lack of mitotic 
figures and presence of abundant ground substance in the 
affected goldfish are in accordance with those reported earlier in 
fishes with fibroma (Lopez and Raibaut, 1981; Constantino et al., 
1999; Sahoo et al., 2017). The tumour in this study was well 

vascularized and lacked inflammatory response as described 
earlier (Harshbarger, 1972). In contrast to the present findings, 
perivascular infiltration of mononuclear inflammatory cells was 
observed previously in the dermis of goldfish with fibroma (Lopez 
and Raibaut, 1981). It is to be noted that the cause of fibroma 
development is still unclear though a few environmental factors 
and infectious agents, particularly retroviruses (Francis et al., 
1993) and nematode (Overstreet and Edwards, 1976) have been 
incriminated. In this study, the infectious etiology was not 
suspected due to lack of inflammatory reaction as well as 
absence of bacteria and parasites in histological sections. 
Therefore, it was assumed that environmental factors could be 

Fig. 2 : (a) A section of the goldfish kidney showing multiple caseo-calcareous granulomas, surrounded by fibrosis, replacing most of the renal 
parenchyma. Some of the granulomas were coalesced (arrows) and calcified (arrowheads). (b) A higher magnification revealed caseous necrosis in the 
centre surrounded by epithelioid cells and fibroblasts at the margins. Haemorrhages were also seen in the renal parenchyma (arrows).

Fig. 1 : (a) Overview of the vascular dermal fibroma with overlying skin epithelium and marked vacuolar degeneration. (b) Higher magnification revealing 
whorling pattern and mature fibroblasts more conspicuously. The dermal mass did not show significant nuclear pleomorphism and anaplasia and there 
was absence of prominent nucleoli as well as mitoses, consistent with fibroma (Masson's trichrome x40X).
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the cause of fibroma, as reported earlier (Lopez and Raibaut, 
1981). 

On post-mortem, spleen exhibited multiple white nodules 
of varying sizes on its surface whereas whole of the kidney had 
variable sized grayish-white nodules on its gross and cut surface. 
In kidney and spleen sections, many necrotizing granulomas 
were observed replacing most of their parenchyma, particularly in 
kidney (Fig. 2a,b). The granulomas in kidneys had a central core 
of caseous necrosis surrounded by macrophages, epithelioid 
cells and fibrous connective tissue. Dystrophic calcification was 
observed in the necrotic areas of some of these granulomas (Fig. 
2a). In places, these granulomas were seen coalescing. In 
spleen, macrophage aggregation without necrosis was more 
evident representing early granuloma formation, and fewer 
necrotizing granulomas, at times, having acid-fast bacilli were 
also observed (Fig. 3a,b). Acid-fast bacilli, however, were not 
seen in kidney sections on special staining. In the present case, 
the lesions in kidney and spleen of goldfish were clearly 
suggestive of systemic mycobacteriosis. Mycobacteriosis is a 
common bacterial disease affecting ornamental fish (Noga, 2010; 
Delghandi  et al., 2020; Puk and Guz, 2020), and goldfish is 
reported to be more prone to mycobacteriosis (Francis-Floyd, 
2011). Importantly, systemic granuloma formation is the 
characteristic histopathological alteration of chronic 
mycobacterial infection in fish (Talaat et al., 1998; Martınez-Lara 
et al., 2021) and several non-tuberculous mycobacteria, namely 
M. marinum, M. fortuitum, M. chelonae and M. gordonae have 
been incriminated as etiological agent of mycobacteriosis in 
goldfish (Pate et al., 2005). Caseous necrosis, as observed in the 
centre of granulomas in the affected goldfish, has been observed 
earlier in naturally infected fish (Balouet and Baudinlaurencin, 
1986) and also following experimental infection (Talaat et al., 
1998). Besides, calcification and fibrosis are suggestive of 

healing and indicate an attempt of host to clear the infection. 
Furthermore, the multi-centric granulomas in this study were 
similar to those noticed at late-stage human tuberculosis (Ulrichs 
and Kaufmann, 2006). In spleen, melanomacrophage centres 
(MMCs) were observed in close proximity of granulomas, which is 
in accordance with earlier report in goldfish (Talaat et al., 1998). 
The MMCs, considered primitive analogues of germinal centres 
observed in mammals, may develop in association with chronic 
inflammatory conditions and act as focal depositories of resistant 
intracellular bacteria (Agius and Roberts, 2003). 

PCR products of 924 bp were amplified from DNA 
extracted from both the organs of affected goldfish, using genus-
specific primers of Mycobacterium. The sequenced products from 
spleen and kidney were 100% identical to each other, therefore, 
the sequence from spleen was submitted to GenBank under the 
accession number MF871619. The nucleotide BLAST of the 
sequence revealed maximum similarity (99.89%) and 100% 
query coverage with M. stomatepiae. CLUSTALW alignment of 
the sequence with other reference Mycobacterium species 
revealed that goldfish spleen amplicon showed maximum 
similarity (99.9%) with 16S rRNA of Mycobacterium stomatepiae 
(AM884331). Furthermore, the phylogenetic analysis suggested 
that the mycobacterial amplicon from goldfish spleen forms a 
distinct clade with non-tuberculous slow growing species of the 
genus Mycobacterium (Fig. 4). In the affected goldfish, the partial 
16S rRNA gene sequence from both the organs showed 
maximum homology with Mycobacterium stomatepiae, which 
was first reported from cichlid Stomatepia mariae held at London 
Zoo Aquarium, United Kingdom (Pourahmad et al., 2008). 
Morever, it is important to mention that infection due to M. 
stomatepiae has also been observed in human beings (Shahraki 
et al., 2015), which suggests that these mycobacteria can be 
zoonotic. 

Fig. 3 : (a) A section of the goldfish spleen showing granulomas of varying sizes. The granulomas displayed caseous necrosis in the centre surrounded 
by epithelioid cells. (b) Ziehl- Neelsen staining showing typical acid-fast bacilli (arrow) in centre of granuloma in spleen. 



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, July 2021¨

1023  et al.: Systemic mycobacteriosis and fibroma in goldfishT. R. Swaminathan

The present study forms the first report of systemic 
mycobacteriosis caused by M. stomatepiae, with concurrent 
dermal fibroma in goldfish from India. The present findings 
assume significance as several mycobacterial species, including 
the current one from ornamental fish are reported to be zoonotic 
(Lescenko et al., 2003). Besides, in humans, there are many 
reports of mycobacterial infections that have been correlated with 
handling of ornamental fish (Casal and Casal, 2001). Hence, 
people need to be educated about health risks of handling 
aquarium fishes so as to prevent transmission of mycobacterial 
infection from fish to human beings.
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