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INTRODUCTION

Neoplasms are common in fish, and are classified
similarly to those in higher vertebrates (Schlumberger
& Lucke 1948, Groff 2004). Tumours in fish have been
reported in almost all organs and tissues (Wellings
1969, Groff 2004); however, reports related to oral
 tumours are rare. In fish, oral tumours (i.e. odontomas,
ameloblastomas, papillomas and fibromas) have been
reported in Melanogrammus aeglefinus (Thomas
1926), Oncorhynchus tsha wyt scha (Schlumberger &

Katz 1956, Stolk 1957, Stock ley 1975, Grim et al. 2009),
Sparus aurata (Harshbarger 1974, Easa & Faisal
1987), Tautogolabrus adsphersus (Harsh barger 1974),
Cyprinodon variegatus variegatus (Martineau et al.
1990), Alcichthys elongatus (Honma et al. 2003), Car-
charias taurus, Prionace glauca (Boru cins ka et al.
2004), Sphyraena barracuda (Gopalakrishnan et al.
2011), Sander vitreus (Coffee et al. 2013), Sphyraena
jello (Vijayakumar et al. 2014), Pterophyllum scalare
(Videira et al. 2015) and Carcharodon carcharias (Hu-
veneers et al. 2016). However, odontomas, myxomas
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growths on the gingiva, intra-oral bones and tongue. The tumours exhibited delayed eruption and
intra- or extra-oral swelling, varied in consistency from extremely firm to fleshy and released muci-
nous material. The majority of tumours consisted of numerous clumped toothlets, but some in -
cluded hardened  tissues. Local area invasion/transmission was observed in most cases; however,
necropsy examination revealed no gross evidence of distant metastasis into visceral organs. Radi-
ographic examination of compound odontomas revealed distinct unilocular radio-opaque mini-
toothlets surrounded by defined radiolucency, whereas complex odontomas exhibited unilocular
and indistinct radio-opaque masses within a much more extensive radiolucent zone. Histopatho-
logically, the intra-oral tumour lesions were characterized by numerous imperfect (germ) toothlets
consisting of a disorganized combination of dental tissues: pulp tissues with manifested and pre-
dominantly mixed hard dental tissues of immature dentine and enamel, numerous small to large
and round to polyhedral ossicles embedded in hypocellular fibrous stromal tissues and sparsely
spaced bland spindloid cells with cleft-like spaces of loose mucoid stroma. Histochemically, the
neoplastic lesions stained positive for periodic acid-Schiff and Masson’s trichrome. Based on the
clinical and histological findings, the tumours were diagnosed as compound odontomas, complex
odontomas, odontogenic myxomas, lingual myxomas and psammomatoid ossifying fibromas.
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and psammomatoid ossifying fibromas are rare tu-
mours in fish. To our knowledge, this is the first report
of spontaneous occurrence of compound odontomas,
complex odontomas, odontogenic myxomas, lingual
myxomas and psammomatoid ossifying fibromas in
pickhandle barracuda Sphyraena jello Cuvier, 1829
(Sphyraenidae).

MATERIALS AND METHODS

Sample collection

The pickhandle barracuda is widely distributed
along the eastern and western coast of India, and is
found in both marine and estuarine environments (De
Bruin et al. 1995). Barracudas affected by tumours
were sampled over a period of 2 yr (January 2014 to
December 2015). Samples were collected from fishing
boats, auction yards and merchants at the Parangipet-
tai fish landing centre, Tamilnadu, southeast coast of
India. Fish were identified based on a FAO fish identi-
fication guide (De Bruin et al. 1995) and tumor- affected
fish were brought to the laboratory for further investi-
gation. The colour, nature, size and site of origin of tu-
mours were observed.

Radiography

Both normal and tumour-affected fish were decap-
itated, and the heads were thoroughly washed under
running tap water and rinsed with distilled water.
The cleaned heads were laterally radiographed at
100 mA, 45 kV.

Histopathology and histochemistry

Excised biopsies were fixed in 10% neutral phos-
phate-buffered formalin solution for 48 h. Ossified
bone tumours were subsequently decalcified with
5% formic acid; biopsies were then dehydrated
through a graded alcohol series, cleared in xylene
and embedded in paraffin wax (56°C melting point).
Serial sections of 4 µm thickness were cut with a
rotary microtome (Yorco YSI-115) and then deparaf-
finized and rehydrated with xylene and a graded
series of ethanol. Sections were then stained as fol-
lows. Harris haematoxylin and eosin (H & E) staining
was performed according to the method of Coolidge
& Howard (1979). Glycoprotein in the tumour tissues
was stained with periodic acid-Schiff (PAS) base

according to the method of Yamabayashi (1987). Col-
lagen deposition in the tissue was analysed by stain-
ing with Masson’s trichrome following the method of
Chang & Kessler (2008), and Alcian blue staining
was done according to Bancroft & Stevens (1982).

RESULTS

Tumour prevalence

The prevalence of neoplasms in Sphyraena jello
sampled at the Parangipettai landing centre is shown
in Table 1. Of 11 736 fish examined, 43 were affected
with extra- and/or intra-oral tumours, with an overall
prevalence of 0.37%. A higher prevalence (0.40%)
was observed in 2014 than in 2015 (0.32%). The
highest seasonal prevalence (0.68%) was observed
during the post-monsoon period in 2014, whereas the
lowest prevalence was (0.06%) occurred during the
summer of 2015. Among fish with oral tumours, 3 had
lingual tumours, and we observed a higher occur-
rence in females (60.47%) than in males (39.53%).
Tumour-affected barracuda length and weight var-
ied from 48.3 to 87.6 cm (mean ± SD: 80.6 ± 4.11 cm)
and 0.528 to 3.164 kg (mean ± SD 2.51 ± 0.42 kg).

Gross pathology

Orocutaneous and odontogenic tumours in the bar-
racuda were observed in and around the mouth region
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Season No. of fish No. of fish Preva-
examined affected lence (%)

2014
Post-monsoon 1624 11 0.677
Summer 1816 3 0.165
Pre-monsoon 1723 5 0.290
Monsoon 1296 7 0.540

Total 2014 6459 26 0.402

2015
Post-monsoon 1409 8 0.567
Summer 1585 1 0.063
Pre-monsoon 1323 3 0.226
Monsoon 960 5 0.520

Total 2015 5277 17 0.322

Grand total 11 736 43 0.366

Table 1. Prevalence of oral tumours in Sphyraena jello landed
at Parangipettai in Tamil Nadu, southeast India.  Seasons
are based on calendar months (post-monsoon:  January−
March; summer: April−June; pre-monsoon: July−September; 

monsoon: October−December)
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(Fig. 1). Most of the neoplasms were reddish, although
several were pinkish-gray and gray-white. Neoplasms
exhibited delayed eruption and caused intra- or extra-
oral swelling. They varied in their consistency from ex-
tremely firm to fleshy and released mucinous material.
The majority of the jaw tumour lesions consisted of nu-
merous clumped toothlets. Most lesions were located
on the upper jaw, followed by the lower jaw and in
some cases were observed both on the jaws and on the
tongue. The lesions usually extended into the mouth,
often deforming the jaw to such an extent that the fish
was unable to close its mouth properly (Fig. 1). Gener-
ally, single tumours occupied the entire mouth, al-
though multiple lesions (2−5 nodes) were observed in
some cases (Fig. 1A,B). The neoplasms varied in size
from 24 to 82 mm. Surgically excised lesions revealed
that the tumours were located on the gingiva, tongue
and both sides of the intra-oral region of the supra -
maxilla, premaxilla and dentary bones and their asso-
ciated musculature. Necropsy examination re vealed

no gross evidence of distinct metastasis into other vis-
ceral organs. However, in most cases, local area inva-
sion/transmission was observed (62.79%).

Radiography

A radiograph of a normal barracuda head is pre-
sented in Fig. 2A. In odontoma-affected fish, the
mass of extra bone tissue was usually merged with
the upper and lower jaws. Compound odontomas ex -
hibited distinct unilocular radio-opaque mini-tooth -
lets surrounded by regions of defined radiolucency
(Fig. 2B), whereas complex odontomas were charac-
terized by unilocular and indistinct radio-opaque
masses within a much more extensive radiolucent
zone (Fig. 2C). Compound odontomas were mostly
found in the supramaxilla, followed by the premax-
illa and dentary bone, whereas complex odontomas
were only observed in the supramaxilla. 
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Fig. 1. Sphyraena jello with mouth tumours; reddish-white, bony to fleshy masses are located on, in and around the (A, B) 
gingiva, upper and lower jaw (scale bars = 2 cm), (C) mandible and (D) tongue. Rulers in panels C and D are in cm
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Histopathology and histochemistry

Compound odontomas

Compound odontoma lesions were consistent with
disorganized dental tissues that exhibit distinct ce -
mentum, dentin and enamel with odontoblastic cells
in the pulp tissue (Fig. 3A). The lesions were com-
posed of malformed dentin in the main portion of
the hard tissue (Fig. 3B). PAS staining showed posi-
tive results for polysaccharides and glycoproteins
(Fig. 3C). Masson’s tri chrome stain was positive for
collagen, revealing short, coarse and wavy collagen
fibres (Fig. 3D).

Complex odontomas

Complex odontoma lesions consisted of less consol-
idated pulp tissue mixed with hard dental tissues
(Fig. 4A). The hard tissue was largely consistent with
disorganized dentin and odontogenic pulp tissues.
Degenerative odontogenic dental tissues were scat-
tered throughout loose connective tissue (Fig. 4B).
PAS staining yielded positive results for polysaccha-
rides and glycoproteins (Fig. 4C). Masson’s trichrome
stain was positive for collagen, with lesions exhibit-
ing short, coarse and wavy collagen fibres, and tooth-
lets consisting of abundant collagen (Fig. 4D).

Psammomatoid ossifying fibromas

Mandibular lesions consisted of numerous
small to large and round to polyhedral ossicles
embedded in hypocellular fibrous stromal tis-
sues. Myxomatous stromas were loosely packed
in the centre and densely in the periphery, and
fibro blastic cells consisted of low to moderate
numbers of collagen fibrils (Fig. 5A). Concen-
tric, lamellated, ossicle-like psammoma bodies
were present. The stroma consisted of pleomor-
phic spindle cells with indistinct cytoplasm and
basophilic nuclei. Mitotic figures were rarely
ob served (Fig. 5B). Masson’s trichrome stain
was positive for collagen and revealed that the
lesions  contained variable amounts of collage-
nous to myxomatous stroma. Psammoma bodies
contained large amounts of collagen (Fig. 5C).
PAS staining showed positive results for glyco-
protein and polysaccharides, and the lesions
exhibited slight to moderate stains with myxoid
and psammoma bodies, respectively (Fig. 5D).

Odontogenic myxomas

The fibrous stromal tissues extended into the
bony trabecular tissues of the intra-oral bone
musculature. The stromal tissues contained
tightly packed spindled fibroblasts and were
perforated by cleft-like spaces of loose mucoid
stroma. The neoplastic cells contained medium-
sized to tiny, oval nuclei (Fig. 6A). PAS staining
yielded positive results for polysaccharides and
glycoproteins and indicated that the lesions
contained moderate levels of glycones (Fig. 6B).
Masson’s trichrome stain was positive for colla-
gen and revealed that the myxoid matrix con-
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Fig. 2. Radiographs of Sphyraena jello: (A) normal, (B) radio-
dense compound odontoma in the supramaxilla (arrow), (C) com-
plex odontoma in the supramaxilla (arrow) and compound odon-

toma in dentary bone (arrowhead). Scale bars = 5 cm
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tains short and wavy collagen fibres (Fig. 6C). Alcian
blue staining was positive for acid mucopolysaccha-
rides and sialomucins and showed that the myxoid
matrix contained abundant acid mucopolysaccharides
(Fig. 6D).

Lingual myxomas

The hypocellular fibrous stromal tissues extended
into the tongue musculature. The neoplastic lesions
consisted of sparsely spaced bland fibroblasts and
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Fig. 3. Compound odonto -
ma in Sphyraena jello. (A)
Disorganized combina -
tion of dental matrix (ar-
rows) scattered in stromal
tissue (H&E). (B) Dege -
nerative odontogenic den -
tin (arrows), enamel (black
arrowheads) and odonto-
blastic cells (open arrow-
heads) in pulp tissue
(H&E). (C) Periodic acid-
Schiff moderately stains
the dental matrix (ar-
rows). (D) A lesion stained
with Masson’s trichrome
shows dentin (ar rows) sur-
rounded by enamel (ar-

rowheads)

Fig. 4. Complex odontoma
in Sphyraena jello. (A) De-
generative dental matrix
shows disorganized dentin
(arrows) and odontogenic
pulp tissues (arrowheads)
(H&E). (B) Dentin (arrows),
enamel (black arrowheads)
and odontoblastic cells (open
arrowheads) in pulp tissue
(H&E). (C) Periodic acid-
Schiff mo derately stains
den tin and enamel (thin ar-
rows), odontoblasts (arrow-
heads) and pulp tissues
(thick arrow). (D) Masson’s
tri chrome mo derately stains
the dental matrix, dentin
(thin arrows), enamel (black
arrowheads), odontoblast
(open arrowheads) and pulp 

tissues (thick arrow)
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were perforated by cleft-like spaces of loose mucoid
stroma. The neoplastic cells had medium-sized to
tiny oval nuclei (Fig. 7A). Masson’s trichrome stain
was positive for collagen, and the lesion exhibited
long, coarse and wavy collagen fibres (Fig. 7B). PAS

staining yielded positive results for polysaccharides
and glycoproteins (Fig. 7C). Alcian blue staining was
positive for acid mucopolysaccharides and sialo-
mucins, revealing that the myxoid stromas contained
abundant acid mucopolysaccharides (Fig. 7D).
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Fig. 6. Odontogenic myxo -
ma in Sphyraena jello. (A)
Bland spindloid cells with -
in a myxomatous matrix
(arrows) (H & E). (B) A pe-
riodic acid-Schiff-stained
lesion shows moderate
amounts of glycoprotein
and polysaccharides (ar-
rows). (C) Masson’s tri -
chrome staining of a lesion
reveals long, coarse and
wavy collagen fibres and a
mucin cleft (arrow). (D) Al-
cian blue staining high-
lights acid mucopolysac-

charides (arrows)

Fig. 5. Psammomatoid ossi -
fying fibroma in Sphyra -
ena jello. (A, B) Numerous
round to polyhedral ossi-
cles (arrows) embedded in
fibrous stromal tissues (ar-
rowheads) (H & E). (C) A
Masson’s trichrome-stai ned
lesion shows moderate to
abundant collagen content
in ossicles (arrows) with
protoplast (arrowheads)
and myxoid stro mas em-
bedded in loose collagen
fibres. (D) Periodic acid-
Schiff staining of a lesion
reveals moderate amounts
of glycoprotein and poly-
saccharides in central ossi-
cles (arrows) and abun-
dant amounts in peripheral
ossicles (open arrowheads);
stromal tissues show mod-
erate staining (black arrow-

 heads)
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Summarizing the histological findings of the bar-
racuda tumours, we found 5 different histomorphic
neoplastic cell types. Among the tumours, compound
odontomas were predominant (53.94%) followed by
complex odontomas (13.95%), odontogenic myxo-
mas (11.63%), lingual myxomas (6.98%) and psam-
momatoid ossifying fibromas (2.33%). Mixed condi-
tions were also found, such as compound with complex
odontoma (4.65%) and compound odontoma with
odontogenic myxoma (6.98%) (Table 2).

DISCUSSION

Studies on oral tumours in fish are very scarce
(Schlumberger & Lucke 1948, Gopalakrishnan et al.
2011, Vijayakumar et al. 2014), although some spon-
taneous oral tumours have been reported (Honma et
al. 2003, Grim et al. 2009, Coffee et al. 2013, Videira
et al. 2015). Gopalakrishnan et al. (2011) and Vija -
yakumar et al. (2014) reported intra-oral sarcomas
and compound odontomas in Sphyraena barracuda
and S. jello in India. In our investigation of S. jello,
the prevalence of compound odontomas was higher
than that of other tumours. To our knowledge, this is
the first report of complex odontomas, odontogenic
myxomas, lingual myxomas and psammomatoid ossi-
fying fibromas in S. jello. Gross pathological exa -
minations of the distended exophytic neoplastic

growths suggested that they were benign in charac-
ter; in contrast, the ulceration, hyperemic and inva-
sive reaction suggested a malignant character. Our
clinical observations revealed that single or multiple
intra-oral neoplasms in S. jello occurred mostly on
the upper jaw, followed by the lower jaw and tongue.
Neoplasms have previously been reported in S. bar-
racuda and S. jello (Gopalakrishnan et al. 2011,
Vijayakumar et al. 2014).

We found no great variation between study years
in the prevalence of tumours affecting barracuda.
However, seasonal tumour prevalence fluctuated
strongly. Vijayakumar et al. (2014) reported a higher
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Tumour type No. Frequency
of fish (%)

Compound odontoma 26 53.49
Complex odontoma 8 13.95
Odontogenic myxoma 5 11.63
Lingual myxoma 3 6.98
Psammomatoid ossifying fibroma 1 2.32

Mixed condition
Compound with complex odontoma 2 4.65
Compound odontoma with 3 6.98
odontogenic myxoma

Table 2. Frequency of neoplasms in Sphyraena jello collec -
ted from the Parangipettai landing centre, south-east coast 

of India in 2014 and 2015

Fig. 7. Lingual myxoma in
Sphyraena jello. (A) Myx-
omatous spindloid cells
(arrows) (H & E). (B) Mas-
son’s trichrome-stained
 lesion, showing short to
long and wavy collagen
fibres (arrows). (C) Peri-
odic acid-Schiff staining
reveals moderate amounts
of glycoprotein and poly-
saccharides (arrows). (D)
Alcian blue staining high-
lights acid mucopoly -
saccharides (arrows) and
mu cinous clefts (arrow-

heads)
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prevalence of odontomas during the monsoon sea-
son, whereas we found a higher tumour prevalence
in the post-monsoon season. Gopalakrishnan et al.
(2011) reported a tumour prevalence of 0.32 and
0.67% in S. longiceps and S. barracuda, respectively,
which is similar to our results. However, for S. jello,
Vijayakumar et al. (2014) reported a prevalence of
12.1%, which was much higher than the overall
prevalence of 0.37% that we found among S. jello.

Sex can be an important factor in tumour preva-
lence in fish, with females at higher risk than males
(Baumann et al. 1990, Pinkney et al. 2001, 2004). In
the present study, we observed a higher incidence
among females than among males. Previous studies
have also reported higher tumour prevalence in
females than in males (Martineau et al. 1990, Keller
et al. 2011, Pinkney et al. 2014), although some stud-
ies reported a higher incidence in male than in
female fish (Bowser et al. 1988, Okihiro 1988, Kortet
et al. 2003, Korkea-aho et al. 2006, 2009).

Several field studies have indicated that neoplasms
are more commonly observed in larger fish (Smith et
al. 1989, Lee & Whitfield 1992, Poulet et al. 1994,
Mikaelian et al. 2000, Kortet et al. 2002) and older
fish (Smith et al. 1989, Mellergaard & Nielsen 1995,
1997). We also found that the larger and older S. jello
were frequently affected with tumours. Age-related
factors are postulated for neoplasia in some species
of fish; for example, spontaneous epidermal neo-
plasms are more common in goldfish Carassius aura-
tus at ≥5 yr of age (Etoh et al. 1983).

Odontomas are classified based on their radio -
graphic appearance. In radiographic differential
 dia gnoses, compound odontomas and complex odonto -
mas appear as clusters of small toothlets and radio-
dense masses of hard tissues, respectively (Bordini et
al. 2008, Serra-Serra et al. 2009). In our study, radi-
ographic examination revealed both compound and
complex odontomas in S. jello; the tumours consisted
of tissues native to teeth (enamel, dentin, cementum
and pulp tissue) as well as radiodense hard dental
 tissues.

Odontomas are considered relatively rare dental
neoplasms in both higher and lower vertebrates,
including fishes. In human and veterinary studies,
the histological classification of odontomas consists
of 2 main histotypes, viz. compound and complex
odontomas. The histologically diagnostic features of
the odontogenic neoplasms are dental pulp-like mes-
enchyme, dentin, cementum or an enamel matrix.
The compound odontoma recapitulates the organiza-
tion of a normal tooth, while the complex odontoma
appears as a disorganized mass of hard odontogenic

tissue (Shafer et al. 1983, Head et al. 2008). The bar-
racudas investigated in our study were diagnosed as
having compound odontomas, since many imperfect
tooth-like structures consisting of odontoblast, pre-
dentin and dentin were scattered throughout the
neoplastic tissue. The tooth-like structures (tooth
germ) in these specimens lacked a true enamel struc-
ture (hypermineralized tooth cap), as has also been
described in elkhorn sculpin Alcichthys elongatus
(Honma et al. 2003), walleye Sander vitreus (Coffee
et al. 2013) and pickhandle barracuda S. jello (Vija -
yakumar et al. 2014). The complex odontoma lesions
observed in this study were similar to those described
in humans by Lee & Park (2008) and were character-
ized by disorga nized enamel, dentin, cementum and
pulp tissue. To our knowledge, complex odontomas
have not previously been reported in fish; thus this is
the first report of complex odontomas in a fish spcies,
namely S. jello. Both compound and complex odon-
toma lesions are extremely firm and large and oc -
cupy the entire buccal cavity of the fish, thereby
affecting feeding activity.

Psammomatoid ossifying fibromas are rare in higher
vertebrates and have not been reported in fish. The
lesions that we observed in pickhandle barracuda
resembled tumours in humans reported by Malathi et
al. (2011), who described osteoid fibroma with aty pi -
cal ossification. In our study, psammo matoid ossify-
ing fibromas originated from the man di bular skele-
ton. We found no evidence of invasion and metastasis
in the distal organs, and low mitotic activity also sug-
gested the benign nature of the fibromas.

Myxomas are a rare tumour type in fishes. Cuta-
neous myxomas have been reported in Seriola
lalandi (Keller et al. 2011), Anguilla anguilla (Gjurce-
vic et al. 2014), Arius jella (Singaravel et al. 2016) and
Carassius auratus (Shohrpoor et al. 2016). We ob -
served myxomatous lesions in pickhandle barracuda
that were similar to those described by Keller et al.
(2011), who described bland spindle-shaped cells
embedded in an abundant myxoid or mucoid extra-
cellular matrix. Pathological examination of the
disten ded non-invasive and exophytic neoplastic
growths suggested a benign nature of these tumours
in barracuda. However, the overlying dermal ulcera-
tion, peripheral vascularization and inflammatory
mast cells indicated pre-malignant characteristics.
The fleshyer odontogenic myxomatous lesions are
slightly firmer than psammomatoid ossifying fibromas.

Based on the differential diagnoses of histological
and histochemical findings, the tumours observed in
the sampled pickhandle barracuda were diagnosed
as odontomas (compound and complex), psammo -
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matoid ossifying fibromas and myxomas (odonto-
genic and lingual). Long-term monitoring and dia -
gnoses will likely reveal higher numbers of tumours
in S. jello.
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