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ABSTRACT: Mycobacteriosis (piscine tuberculosis) has been
reported to affect a wide range of freshwater and marine fish
species; however, this is the first report describing mycobacterial infections in turbot Scophthalmus maximus. High numbers of granulomas were initially observed in the organs of
moribund farmed turbot. Bacteriological analysis of organs
with granulomas led to the isolation of Mycobacterium marinum. Further analysis, to determine the prevalence of the
infection in the farm and to identify its source, showed the
occurrence of a dual infection by M. marinum and M. chelonae. The presence of Nocardia sp. in some of the fish
infected with mycobacteria was also detected. The presence
of granulomas in internal organs of apparently healthy fish
indicated a high prevalence of the disease, a conclusion that
was supported by isolating mycobacteria from all fish with or
without granulomas. The infection was probably responsible
for the mortality observed (approximately 2% mo–1), as most
of the recently dead fish presented high numbers of granulomas and isolation of mycobacteria was possible from all of the
fish. The isolation of M. marinum from the inlet water suggested this as the most plausible source for the infection
occurring in the farm.
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Mycobacteriosis has been reported to affect a wide
range of freshwater and marine fish species, suggesting an ubiquitous distribution (Frerichs 1993, Belas et
al. 1995). However, no information could be found on
mycobacterial infections in farmed turbot Scophthalmus maximus.
In general, mycobacterioses in fish have been described as a systemic, chronic, progressive disease
with granulomas scattered or grouped in virtually any
parenchymatous tissue, but especially in the spleen,
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kidney and liver (Frerichs 1993, Belas et al. 1995).
Mycobacterium marinum, M. fortuitum and M. chelonae are the most common species found in fish
(Frerichs 1993, Belas et al. 1995). Recently, 2 new
mycobacterium species infecting fish have been proposed (Heckert et al. 2001, Herbst et al. 2001). In addition, M. marinum, M. fortuitum and M. chelonae have
been reported as being capable of infecting warmblooded vertebrates, including man (Frerichs 1993).
The present work reports the occurrence of mycobacteriosis in a turbot farm in Portugal.
Materials and methods. Fish sampling and necropsy:
Moribund turbot (1st sampling group) were initially
collected from a turbot farm (rearing temperature of
18 ± 1°C), killed by overdose of anaesthetic (ethylene
glycol monophenyl ether, Merk; 0.05% v/v) and
necropsised. Head kidney, spleen and, when showing
visible granulomas, other internal organs were sampled for histological, ultrastructural and bacteriological
studies. For further studies concerning the prevalence
of the disease in the farm, 30 recently dead (within
≤ 1 d; 2nd sampling group) and 19 apparently healthy
(3rd sampling group) fish at harvest size (mean weight
of 1213 g) were collected and all the organs checked
for the presence of visible granulomas. Whole head
kidney and spleen from 10 recently dead (2nd sampling group) and 10 apparently healthy (3rd sampling
group) fish were used for bacteriological analysis. In
addition, the presence of mycobacteria was investigated in the kidney and spleen of 30 fingerlings (5 g)
arriving at the farm and before transfer to the rearing
tanks (4th sampling group).
Histology: Tissue samples of the organs containing
granulomas from fish of the 1st sampling group were
fixed in 10% buffered formalin and stained with
haematoxylin-eosin (H&E) and Ziehl-Neelsen (ZN).
Ultrastructural study: Tissue samples (1st sampling
group) and isolated mycobacteria cultured in 7H10
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Middlebrook broth (Difco) were fixed with 2.5% glutaraldehyde-1.0% osmium tetroxide-0.5% uranyl acetate
(Silva et al. 1987) and embedded in Epon. Sections
were contrasted with uranyl-lead (Silva et al. 1987)
and viewed under a Zeiss EM 10 electron microscope.
Bacteriology: Fresh smears of isolated granulomas
from the 1st sampling group were made and stained
with ZN. Isolated granulomas from the 1st sampling
group and whole organs from the 2nd, 3rd and 4th
sampling groups, with or without granulomas, were
macerated using sterile mortars and pestles and
treated with the BBL Mycoprep decontamination kit
according to the manufacturer’s instructions (Becton
Dickinson). The macerate was allowed to settle and
200 µl of the supernatant were inoculated into Løwenstein-Jensen (L-J) media and incubated at 25°C.
Mycobacteria were identified by rate of growth, colonial morphology and biochemical methods including:
acid-alcohol-fastness; photochromogenicity; scotochromogenicity; growth at 28, 37 and 42°C; growth on
nutrient agar (28°C), levulose (sole C) and mannitol
(sole C); growth with 5% NaCl; enzymatic activity
(urease, b-galactosidase, nitrate reductase, arylsulfatase, catalase at 22°C, heat-stable catalase at 68°C,
Tween 80 hydrolysis); tolerance to picric acid (0.2 mg
ml–1); citrate and oxalate utilisation; sensitivity to thiosemicarbazone (2 and 19 µg ml–1), ethambutol (2 and
5 µg ml–1) and paraminosalicilic acid (0.5 µg ml–1).
Water, sediments and biofilm analysis: Five litre
samples of water were collected from the inlet, rearing
tank and outlet of the farm using sterile containers.
Each sample was vacuum pumped through a 0.45 µm
pore filter, which was subsequently macerated and
decontaminated as described before for the organs.
Each sample was inoculated onto L-J medium (200 µl;
50 L-J tubes per sample) and incubated until visible
growth had occurred. In the non-contaminated samples mycobacteria were further identified using the
methods mentioned above. Samples of sediments and
biofilm growing on the walls of the rearing tank were
also collected and decontaminated as described previously but isolation of mycobacteria was not possible
because of contamination by other bacteria.
Results. Clinical signs: In general, moribund fish
showed discoloration of the skin, lethargy, lack of
appetite and solitary swimming. Some fish showed
abdominal swelling and exophthalmia. A persistent
mortality of approximately 2% mo–1 was observed during the present study (June to October 2001), representing a 2-fold increase in the average mortality in the
farm.
Post-mortem observations: Approximately 67% of
the recently dead fish (2nd sampling group) showed
macroscopic greyish-white granulomas scattered or
grouped in various organs, especially in the kidney

and spleen and less frequently in the digestive tract
and liver, and 84% of apparently healthy fish with
commercial size (3rd sampling group) had granulomas
as described for dead fish (Table 1 and Figs. 1 & 2).
Table 1 also shows the relative amount of visible granulomas in the organs of fish from the 2nd and 3rd sampling groups. All affected fish showed enlarged spleen
and kidney. None of the fingerlings showed any sign of
disease and no granulomas could be observed.
Histopathology: Granulomas of varying sizes were
identified in the H&E-stained sections of organs of
moribund fish from the 1st sampling group (Fig. 3).
Pre-granulomatous lesions consisted of an extensive
accumulation of epithelioid cells surrounded by lymphocytes. Lymphocyte infiltration was present in the
entire tissue. The mature granulomas consisted of
clumps of epithelioid cells surrounded by a thin fibrous
capsule and often with a central area of caseous necrosis, sometimes showing a calcified centre. No Langhans giant cells were found, but atypical mononucleated giant cells were observed within the epithelioid
zone of some granulomas (Fig. 4). In sections of infected organs stained with ZN, acid-fast bacilli (frequently granular) were occasionally found (Fig. 5).
Ultrastructural characteristics: The bacteria seen in
the infected organs (Fig. 6) and in the cultures (Fig. 7)
showed a multi-layered cell envelope typical of mycobacteria (Silva & Macedo 1983) with a cytoplasmic
membrane and a cell wall with a peptidoglycan layer
covered by an outer electron-transparent layer.
Bacteriology: Mycobacterium marinum was first isolated from granulomas from the kidney and spleen of
moribund fish (1st sampling group). Mycobacteria were
found in all the cultures from the recently dead (2nd
sampling group) and apparently healthy (3rd sampling
group) fish irrespective of the presence of granulomas.
After exposure to light, 3 types of colonies could be obTable 1. Scophthalmus maximus. Number of recently dead
(2nd sampling group) and apparently healthy (3rd sampling
group) fish with relative amount of visible granulomas in the
organs. 0, no visible granulomas; 1, few visible granulomas;
2, many visible granulomas
Kidney Spleen Digestive tract
Recently dead fish
0
12
1
3
2
15
N

13
5
12

Apparently healthy fish
0
4
13
1
6
3
2
9
3
N

Liver

Heart

21
7
2
30

23
6
1

27
2
1

18
1
0
19

19
0
0

18
1
0
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Figs. 1 & 2. Scophthalmus maximus. Fish heavily infected by
mycobacteria. Notice the granulomatous lesions in Fig. 1 kidney
and Fig. 2 spleen

Fig. 4. Scophthalmus maximus infected by mycobacteria.
(a) Atypical mononucleated giant cells (MGC) in a granulomatous lesion of kidney (haematoxylin-eosin stained).
(b) Higher magnification of an area in (a)

Fig. 3. Scophthalmus maximus infected by mycobacteria.
Haematoxylin-eosin stained kidney granulomata at different
stages of development. C, fibrous capsule; CN, caseative necrosis; EP, epithelioid cells; G, mature granuloma; PG, pregranulomatous lesions

served based on macroscopic observation, namely
rough white-creamy colonies (biochemically identified
as M. chelonae), rough shining orange-yellowish
colonies (identified as M. marinum) and white hard-dry

colonies (identified as belonging to the genus Nocardia). From the 10 apparently healthy fish (3rd sampling
group), M. marinum was isolated exclusively from 3 of
them, M. chelonae exclusively from 2 of them, and both
strains from the remaining 5 fish. In this group, M. chelonae was always found in the kidney while M. marinum was always in the spleen. Nocardia was isolated
from the kidney of 2 fish simultaneously with M. chelonae. From the kidney of the 10 recently dead fish (2nd
sampling group), M. marinum was isolated exclusively
from a single fish, M. chelonae from 8 fish and both
strains from a kidney of a single fish. Only one fish
showed Nocardia, again simultaneously with M. chelonae. No bacteria were isolated from the kidney and
spleen samples from the fingerlings. M. marinum was
isolated from all the water samples, while in the outlet
water M. fortuitum, M. peregrinum and M. aurum were
also isolated. M. chelonae was not isolated from any of
the water samples tested.
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Fig. 5. Mycobacteria infecting Scophthalmus maximus. ZiehlNeelsen stain of a section from kidney of a recently dead fish.
The acid-fast bacilli are extremely granular. This granularity is
due to the presence of abundant lipid droplets, as shown by
electron microscopy in Fig. 6. ¥ 1000

Discussion. The present study describes a dual
infection by mycobacteria in farmed turbot. Analysis of
a few isolated granulomas from the kidney and spleen
of moribund fish (1st sampling group) led to the identification of Mycobacterium marinum. In general, the
granulomas present in the infected fish showed the
same structure as those described in other fish with
mycobacterial infections (Hedrick et al. 1987, Chinabut et al. 1990, Hatai & Lawhavinit 1993, Bruno et al.
1998, Colorni et al. 1998, Diamant et al. 2000). In con-

6

Figs. 6 & 7. Mycobacteria infecting Scophthalmus maximus. Electron-micrograph of M. marinum in Fig. 6, the spleen and Fig. 7, the
cultures, showing a multi-layered cell envelope typical of mycobacteria. CM, cytoplasmic membrane; P, peptidoglycan layer; ETL, electron-transparent layer. Fig. 6: ¥75000; Fig. 7: ¥67000; Inset: ¥190000

trast to previous descriptions in other fish species, a
high number of mature granulomas with calcified
centres and some atypical giant cells were observed in
the present study. These features are described as
atypical of piscine tuberculosis (Majeed et al. 1981,
Chinabut et al. 1990, Hatai & Lawhavinit 1993, Colorni
et al. 1998) and closely resemble the histology of mammalian mycobacteriosis (Wolke & Stroud 1978). In the
present study few bacilli were seen in the infected tissues consistent with mammalian granulomas (Wolke &
Stroud 1978), but this varies from previous reports
regarding fish mycobacteriosis (Hedrick et al. 1987,
Chinabut et al. 1990, Hatai & Lawhavinit 1993, Bruno
et al. 1998, Colorni et al. 1998, Diamant et al. 2000,
Heckert et al. 2001).
Since mycobacterial infections have been described
in fish as causing chronic mortality with significant
economic impact (Ashburner 1977, Hedrick et al. 1987,
Bruno et al. 1998, Colorni et al. 1998), and have potential ability for infecting humans (Frerichs 1993, Belas et
al. 1995), further analyses were carried out in order to
determine the prevalence of the infection in the farm
(2nd and 3rd sampling groups) and to identify its
source. This led to the identification of a multiple infection by Mycobacterium marinum and M. chelonae as
well as the presence of Nocardia sp. in some of the fish.
It is difficult to draw any conclusions about the role of
Nocardia in the outbreak reported here, because only
a few colonies were isolated from a few fish. However,
this is the first report of the isolation of Nocardia sp.
from turbot, indicating that this fish species may be a
potential host.
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While infection by Mycobacterium marinum has been
widely described in fish, infection with M. chelonae has
so far been identified only in cold-water salmonid species, although with persistence in the salt-water phases
of the life cycle of these species (Frerichs 1993, Bruno et
al. 1998). Therefore, this represents the first report of the
isolation of M. chelonae from a temperate water fish
species. A curious observation was made in this study,
namely, when both M. marinum and M. chelonae were
present in the same fish, they were always isolated from
the spleen and kidney, respectively. It is speculated that
each mycobacterium may have a different port of entry
or different organ specificity.
The fact that mycobacteria were isolated from all
apparently healthy fish tested, even from fish without
visible granulomas, indicates a high prevalence of the
pathogen. Furthermore, most of the recently dead fish
had high numbers of granulomas and mycobacteria
were isolated from all of them, suggesting that mortalities were due to the mycobacteriosis. Under the
crowded conditions prevailing in the tanks, transmission through the water, faecal products or by feeding
on dead fish may have resulted in the high prevalence
and subsequent mortality (Hedrick et al. 1987).
The original source of the mycobacteria found on the
farm is speculative, as the long period before a clinically noticeable disease develops may mask that
source. Alternatively, this may have disappeared at the
time of the study. Analyses of juvenile fish just arriving
at the farm from the supplier hatchery were all negative. However, the possibility of other batches brought
in earlier years being responsible for the first introduction of mycobacteria into the farm cannot be excluded.
Although ingestion of contaminated food is known to
result in mycobaterial infection in other fish species
(Chinabut et al. 1990), this source is not likely in the
present situation since the farm only uses extruded
food, a process that substantially reduces the prevalence of mycobacteriosis (Chinabut et al. 1990).
Mycobacterium chelonae was not isolated from any
of the water samples. This could have been due to the
high contamination in the samples. On the other hand,
M. fortuitum, which has been described as infecting
temperate water fish species (Frerichs 1993), while
being isolated from some water samples, was not isolated from any of the fish analysed in the present study.
In addition, M. peregrinum and M. aurum, which were
isolated from water samples, were not found in fish.
The fact that Mycobacterium marinum was isolated
from the inlet water suggests that this is the most plausible source for the infection occurring at the farm.
However, the settling tanks from the waste water are
located just above the inlet pumping well, and therefore it is possible that the inlet became contaminated
by the effluent water.
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