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Mycobacterial infection in aquarium fish
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ABSTRACT: In the first part of the study, 70 aquarium fish of different species, originating from stocks from the
Czech Republic, were pathomorphologically examined for the presence of granulomatous lesions. Granulomas
were diagnosed in 44 (62.9%) fish. From these, acid fast rods (AFR) were found in 29 (65.9%) by staining according
to Ziehl-Neelsen (Z-N). In the remaining 26 (37.1%) fish without granulomatous lesions, the presence of AFR was
microscopically proven in 3 (11.5%) fish. In the second part of the study, direct microscopic examinations accord-
ing to Z-N and culture examinations for the presence of mycobacteria were carried out in 17 randomly selected
fish of the Apistogramma cacatuoides, Trichogaster leeri, Trichogaster trichopterus, Pterophyllum scalare, Paracheirodon
axelrodi species with the pathomorphological discovery of granulomas. Mycobacteria were culturally found in 12
(70.6%) fish. Mycobacterium marinum, pathogenic for fish, was isolated from 6 fish, of which in one M. triviale was
found at the same time and in two M. avium mixed serotypes 6, 8 and 9 (genotype 1S901—, 1S1245+). M. gordonae
was isolated from a further 6 fish, of which in two M. avium mixed serotypes 6, 8 and 9 (genotype 1S901—, IS1245+)
was also isolated at the same time. A mixed infection of more species of mycobacteria was therefore found in five
fish. In these it may be assumed that the mycobacteria of the M. triviale and M. avium mixed serotypes 6, 8 and 9
(genotype IS901—, IS1245+), non-pathogenic for fish, came from the water environment and “merely contaminated”

the tissues of the fish.
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The mycobacterial infection of freshwater fish
was first described as early as 1897 (Bataillon et
al., 1897). In areas of the temperate zone and in the
tropics, mycobacterial infection is among the most
common chronic diseases of freshwater and sea fish
(Roberts and Schlotfeldt, 1985; Noga, 1995; Kiesch,
2000). In the last few years, mycobacteriosis has
been described in many species of freshwater and
sea fish in the wild and kept in captivity, in which
it causes major economic losses.

Chronic infections caused by different species
of mycobacteria have been found in fish from the
Mediterranean Sea [sea bass (Dicentrarchus labrax),
sea bream (Sparus aurata), silver mullet (Mugil cure-
ma) and amberjack (Seriola dumerili)] (Rodgers and
Furones, 1998). Mycobacterial infections were also
found in sea fish in Japan, causing economic losses

(Kusuda and Kawai, 1998). There was a spontane-
ous outbreak of mycobacteriosis in fancy veiltail
guppies (Lebistes reticulatus), raised on an ornamen-
tal fish farm in Venezuela. Numerous mycobacteria
were detected in smears from the kidneys, liver,
mesentery and spleen of the fish and from fresh
faecal material from clinical ill fish with listlessness,
emaciation, spinal curvature, sunken eyes and loss
of colour (Conroy and Conroy, 1999).
Mycobacteriosis was found in two stocks of
zebrafish (Brachydanio rerio) in the presence of
symptoms like skin erosions and ulceration along
the flank just caudal to the pectoral fins, hyperemic
gills, petechia around the opercula, abdominal dis-
tention, emaciation, congested liver with inflam-
mation and multifocal hepatic necrosis (Astrofsky
et al., 2000). Antonio et al. (2000) found mycobacte-
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riosis in fish of the delta smelt species (Hypomesus
transpacificus) in the wild and kept in captivity at
a ime when they were subject to different stresses
(a water temperature higher than 17°C or the period
of spawning). Mycobacteriosis was diagnosed in
wild rabbitfish (Siganus rivulatus) populations as-
sociated with commercial mariculture cages and
inhabiting various sites along the Israeli Red Sea
coastline (Diamant et al., 2000).

Ingestion of mycobacteria is probably the major
source of infection, including fish that have recently
eaten dead tankmates (Noga, 1995). Another pos-
sible means of mycobacterial infection is through
injured skin, to which numerous identifications of
mycobacteria in skin lesions bear witness (Inglis et
al., 1993; Astrofsky et al., 2000; Heckert et al., 2001;
Herbst et al., 2001). Given that the mycobacteria
were isolated from unborn embrya from infected
viviparous mothers, Conroy and Conroy (1999)
posit the transovarial transmission of mycobacteria
in viviparous fish.

Many different species of mycobacteria belong-
ing to both fast and slow growing species have
been isolated from fish (Wayne and Kubica,
1986). However, those most frequently isolated
were mycobacteria of the species Mycobacterium
marinum, M. fortuitum, M. chelonae and M. avium,
which are considered pathogenic for fish (Thoen
and Schliesser, 1984; Stoskopf, 1993; Noga, 1995;
Sanders and Swaim, 2001). Of the other species
of mycobacteria, the following have been iso-
lated: M. aurum, M. gordonae, M. parafortuitum,
M. poriferae a M. triplex (Arakawa and Fryer, 1984;
Arakawa et al., 1986; Bragg et al., 1990; Dalsgaard et
al., 1992; Stoskopf, 1993; Tortoli et al., 1996; Teska
et al., 1997; Bruno et al., 1998; Talaat et al., 1999;
Diamant et al., 2000; Herbst et al., 2001; Perez et
al., 2001). In certain species of mycobacteria, their
pathognomic importance has not yet been made
clear. For example, M. chelonae subsp. abscessus was
isolated from 25 to 100% of fish examined of the
Japanese medaka species (Oryzias latipes) at the age
of 2 to 27 months, without finding clinical symp-
toms of mycobacteriosis or a significantly higher
mortality (Teska et al., 1997).

The diagnosis of mycobacterial disease in fish is
possible on the basis of the discovery of granulo-
mas during autopsy in native preparates or dur-
ing histopathological examination. Mycobacteria
are identified by staining the smears according to
Ziehl-Neelsen (Z-N) as acid fast-rods (AFR), which
occur independently or in clusters (Daoust et al.,
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1989; Diamant et al., 2000). Immunohistochemical
methods have been used in the diagnosis of my-
cobacteriosis in many studies (DeMartinez and
Richards, 1991; Dalsgaard et al., 1992; Hatai et al.,
1993; Gomez et al., 1996; Teska et al., 1997; Colorni et
al., 1998; Bruno et al., 1998; Conroy and Conroy, 1999;
Wolf and Smith, 1999; Astrofsky et al., 2000; Sanders
and Swaim, 2001). Culture examination is appropri-
ate for use not only to make previous diagnostic
methods more precise, but also to obtain a mycobac-
terial isolate which may be more closely defined e.g.
biochemically or using molecular biological methods
(Wayne and Kubica, 1986; Rychlik and Pavlik, 1997;
Matlova et al., 1998; Bruno et al., 1998; Dvorska et al.,
1999a, 2001; Antonio et al., 2000; Heckert et al., 2001;
Herbst et al., 2001; Ucko et al., 2002). The possibilities
of direct detection and identification of the DNA of
mycobacteria in biological material using methods of
molecular biology have also been tested with varying
success in the diagnosis of mycobacterioses (Talaat
et al., 1997; Fiedler et al., 2000).

Mycobacteriosis in fish is also a very frequently
laboratorially diagnosed disease in the Czech
Republic (Navratil et al., 2000). For this reason, in
the first part of our work, the frequency of the in-
cidence of granulomas and AFR during the routine
pathomorphological examination of aquarium fish
was monitored. In the second part, the direct micro-
scopic examination according to Z-N of a further
18 randomly selected fish in which granulomas
had been found was supplemented by a cultiva-
tion examination for mycobacteria with subsequent
species identification of isolates.

MATERIAL AND METHODS

The first phase of the work

In the first phase of our work, a total of 70 aquar-
ium fish which had been delivered for examination
from stocks in the Czech Republic with different
health problems were examined (Table 1). Their
bodies were subjected to pathomorphological and
microscopic examination of native preparates with
a focus on granulomatous lesions in the skin and
in parenchymatous organs. The wet mounts were
subsequently stained according to Z-N to identify
AFR. Skin scrapings and prints of the skeletal mus-
culature and individual organs of the body cavity
(hepatopancreas, spleen, kidneys and contents of
the intestine) from each fish were examined.
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Table 1. Pathomorphology and Ziehl-Neelsen staining
(first part of the study)

PM examination Z-N staining

Lesions No. % AFR No. %

- 26 37.1 - 23 329
+ 3 43

+ 44 62.9 - 15 21.4
+ 29 35.8

Subtotal - 38 54.3
+ 32 45.7

Total 70 100 70 100

PM = pathomorphology (findings of granulomas) in
parenchymatous organs

Z-N = Ziehl-Neelsen staining

AFR = acid fast rods after the Z-N staining

The second phase of the work

In the second phase, a further 17 randomly se-
lected individuals from five species of aquarium fish
with granulomas in parenchymatous organs were
culturally examined (Table 2). Samples of tissue for
culture examination were homogenised in a mor-
tar, then centrifuged, treated using the HCI-NaOH

method and cultured at temperatures of 25°C and
37°C on three media (one egg yolk medium ac-
cording to Herrold, one liquid serum medium ac-
cording to Sula and one egg medium according to
Stonebrink). The growth of mycobacterial strains
was monitored every 2 weeks for a period of two
months (Fischer et al., 2000).

The mycobacterial strains obtained were identi-
fied according to their morphological appearance,
by staining according to Z-N and using biochemi-
cal methods (Wayne and Kubica, 1986). The PCR
method with primers for detecting 15901 (Kunze
etal., 1992),151245 (Guerrero et al., 1995) and sero-
typing described by Wolinsky and Schaefer (1973)
and modified by Siissland and Hrdinova (1976)
were used to identify isolates of the M. avium
complex.

RESULTS

The first phase of the work

In the first part of the study, of the 70 fish exam-
ined, pathomorphological changes were found in
44 (62.9%). AFR were identified in the parenchyma-
tous organs in 29 fish in which granulomas were
discovered and in 3 of 26 fish without granulomas.
In total, AFR were therefore found in 32 (45.7%) of
the 70 fish examined (Table 1).

Table 2. Mycobacteria detection by culture examination in parenchymatous organs with granulomas (second part of

the study)
Z-N staining Culture examination

AFR No. % isolation No. %

- 7 41.2 - 4 57.1
+ 3* 429

+ 8 47.0 - 1 12.5
+ 7 87.5

++ 2 11.8 - 0 0
+ 2 100

Subtotal - 5 29.4
+ 12 70.6

Total 17 100 17 100

Z-N = Ziehl-Neelsen staining

AFR = acid fast rods after the Z-N staining (- not detected, + detected in low concentration, ++ detected in massive

amounts)
*fish No. 1, 5 and 7 from Table 3
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Table 3. Mycobacterial species isolated from fish with granulomas

Fish species Fish No. M. marinum M. triviale M. gordonae M. avium*

1 + + -

2 - - + + serotype 8

3 + - - + serotype 9
Cacatoo Dwarf Cichlid 4 + - - + serotype 9
(Apistogramma cacatuoides) 5 + - - -

6 - - + -

7 + - - -

8 - - + + serotype 6
Pearl Gourami (Trichogaster leeri) 9 + - - -
Tthee Spot Gogrami 10 _ _ N B
(Trichogaster trichopterus)
Angelfish (Pterophyllum scalare) 11 - - + -
Cardinal Tetra (Paracheirodon axelrodi) 12 - - + -

M. = Mycobacterium, *M. avium subsp. hominissuis isolates of genotype 1S901- and 151245+ (Mijs et al., 2002)

The second phase of the work

In the 17 randomly selected fish in which granu-
lomas were found AFR of differing intensity were
identified in 10 fish, of which mycobacteria were
culturally isolated in 9 of them. After the exami-
nation of seven fish without direct microscopic
identification of AFR, the culture examination was
positive in three further fish (Table 2).

From the total of 12 culturally positive fish
(70.6%), four species of mycobacteria were isolated:
M. marinum, M. gordonae, M. triviale and M. avium
subsp. hominissuis genotype 1S901— and 151245+
and serotypes 6 (n=1), 8 (n=1) and 9 (n = 2) (Mijs
et al., 2002). In five fish, two species of different
mycobacteria were identified (Table 3). M. marinum
was isolated (Table 3) from three fish without direct
microscopic identification of AFR in granulomatous
lesions (Table 2).

DISCUSSION

The first phase of the work

From the identification of granulomatous lesions
in more than 60% of the fish examined originating
from stocks of aquarium fish in the Czech Republic
with health problems, it is possible to draw conclu-
sions about the high frequency of chronic infections
accompanying the creation of granulomas. Since
AFR were not found in all granulomatous lesions
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through direct microscopy (Table 1), it is possible
to presume infection through other sources caus-
ing the creation of granulomas. Wolke and Meade
(1974) and Chen (1992) have described the creation
of granulomas after infection with bacteria of the
genus Nocardia. Chang and Plumb (1996), Perera
et al. (1998) and Shoemaker et al. (2000) isolated
Streptococcus iniae from the granulomas of fish.
Dykova et al. (1996) identified amoeba in granulo-
matous lesions and Hatai et al. (1994), Wada et al.
(1994), Vishwanath et al. (1998) and Roberts and
Rodger (2001) identified fungi (notably species
Ichthyophonus hoferi and Aphanomyces invadans).
Another reason for the failure to identify AFR in
granulomatously changed tissue through direct
microscopy could have been the destruction of
mycobacteria, or their low number, which was
microscopically undetectable. Similar discoveries
have also been described in other species of animals
with granulomatous infection, e.g. in pigs. In these
it was found that not only mycobacteria, but also
bacteria of the Rhodococcus equi species contributed
to the emergence of tuberculous lesions in the ce-
phalic and intestinal lymph nodes (Dvorska et al.,
1999D).

The reverse finding was made in three fish in
which pathomorphological changes of a granu-
lom character were not found, but in which AFR
were found through direct microscopy (Table 1).
The cause was probably the initial phase of the
pathomorphological process before the creation of
visible granulomas in the parenchymatous organs.
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It may also have been a question of contamination
of the body surface, branchiae or digestive tract of
aquarium fish with non-pathogenic mycobacteria
from the water environment, in which mycobacteria
often occur (Horvathova et al., 1997; Kazda, 2000).

The second phase of the work

In the second phase of our work, by comparing
the results of direct microscopic and culture exami-
nation for the presence of AFR, we had a higher
yield from culture examination (Table 2). The patho-
morphological examination of fish supplemented
by direct microscopic examination for the detection
of AFR may therefore be considered as a fast, but
only auxiliary examination. This is indicated by
the culture identification of mycobacteria patho-
genic for fish in three individuals nos. 1, 5 and 7
(Table 3) without microscopic identification of AFR
(Table 2). The negative cultivation results in one fish
with microscopically identified AFR (Table 2) may
be explained by a devitalisation of mycobacteria
through the defence mechanisms of the host organ-
ism. Nor may other factors be ruled out, such as, for
example, a low number of live mycobacteria in the
tissue examined, which may have been killed dur-
ing the preparation of the sample. It is also known
that nocardia, which stain like AFR, may cause
infection in fish accompanied by the creation of a
granulomatous infection (Wolke and Meade, 1974;
Wayne and Kubica, 1986; Chen, 1992).

It therefore follows from these results that
cultivation examination may supplement and
above all make more precise the routine diagno-
sis of mycobacterial infections in fish based only
on pathomorphological examination and direct
identification of AFR after staining the preparate
according to Z-N.

On the basis of biochemical methods, it was
found that in the fish with granulomas which we
examined, two species of mycobacteria occurred:
M. marinum and M. gordonae (Table 3). The ac-
celeration of the course of the disease in infected
individuals may be assisted by the weakening of
their immune system, leading to a generalisation of
the infection (Wayne and Kubica, 1986; Noga, 1995;
Matlova et al., 1998; Antonio et al., 2000). However,
other species of mycobacteria (M. triviale a M. avium
subsp. hominissuis of serotypes 6, 8 a 9 and geno-
types 1S901- and IS1245+) were also isolated from
the fish tissue examined. These occur normally in

the water and external environment and are consid-
ered non-pathogenic species for fish (Arakawa et al.,
1986; Wayne and Kubica, 1986; Matlova et al., 1998).
Mycobacteria pathogenic and non-pathogenic for
fish may be brought into an aquarium together with
aquarium plants, sand, water or through the con-
taminated surface of various aquarium appliances
(Goslee and Wolinsky, 1976; Horvathova et al., 1997;
Pavlik et al., 2000; Kiesch, 2000; Kazda, 2000).

From a pathogenic perspective, it also important
to note that the mycobacteria did not occur in the
afflicted fish independently, but were always found
together with other species of mycobacteria patho-
genic for fish (Table 3). It may therefore be assumed
that they were not the main cause of disease in the
fish, but may have appeared with the weakening
for the organism or simply through accompanying
mycobacterial “contamination”.

Mycobacterial infections in fish also present a risk
factor for the human population. They become in-
fected while working with the contents of aquaria
with infected fish (Street et al., 1991; Vincenzi et
al., 1992; Shih et al., 1997; Smith, 1997; Speight and
Williams, 1997; Lehane and Rawlin, 2000; Antonio
et al., 2000). The consumption of insufficiently heat
treated fish foods is a presumed source of poten-
tially pathogenic mycobacteria for patients infected
with HIV (Von Reyn et al., 1996; Ristola et al., 1999).
For example, M. marinum has been isolated from
patients with skin lesions and infected lymph nodes
(Alinovi et al., 1993; Edelstein, 1994; Ang et al., 2000;
Jernigan and Farr, 2000; Seiberras ef al., 2000; Bhatty
et al., 2000), which has also been identified in in-
fected fish in the Czech Republic (Table 3).

CONCLUSIONS

The following conclusions may be drawn from
our results:

1. The incidence of mycobacterial infections in
fish may be considered relatively high in the Czech
Republic.

2. The examination of fish focusing on mycobac-
terial infections which is based only on pathomor-
phological examination and direct microscopic
identification of AFR according to Z-N is inadequate
for making a final diagnosis.

3. The culture identification of mycobacteria
without identifying the isolate cannot lead to the
discovery of the etiological agent of fish disease
because of the incidence of atypical mycobacteria
in the water environment of the aquarium.
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4. The species of mycobacteria isolated in our
study are potentially pathogenic mycobacteria for
the human being. Infected aquarium fish in the
Czech Republic therefore also represent a risk fac-
tor for the human population.

Acknowledgements

The authors thank A. Maslanova and Z. Gregorova
from the Veterinary Research Institute, Brno, Czech
Republic for help in obtaining literature.

REFERENCES

Alinovi A., Vecchini F., Bassissi P. (1993): Sporothricoid
mycobacterial infection — a case-report. Acta Derma-
Venereol., 73, 146-147.

Ang P, Rattana-Apiromyakij N., Goh C.L. (2000): Retro-
spective study of Mycobacterium marinum skin infec-
tions. Int. J. Dermatol., 39, 343-347.

Antonio D.B., Swanson C., Cech J.J., Mager R.C., Doro-
shov S., Hedrick R.P. (2000): Prevalence of Mycobacte-
rium in wild and captive delta smelt. Calif. Fish Game,
86, 233-243.

Arakawa C.K., Fryer J.L. (1984): Isolation and charac-
terization of a new subspecies of Mycobacterium chelonei
infectious for salmonid fish. Helgolander Meeresun.,
37, 329-342.

Arakawa C.K,, Fryer ].L., Sanders J.E. (1986): Serology of
Mycobacterium chelonei isolated from salmonid fish. J.
Fish Dis., 9, 269-271.

Astrofsky K.M., Schrenzel M.D., Bullis R.A., Smolowitz
R.M., Fox J.G. (2000): Diagnosis and management of
atypical Mycobacterium spp. infections in established
laboratory zebrafish (Brachydanio rerio) facilities. Comp.
Med., 50, 666-672.

Bataillon E., Dubard R., Terre U. (1897): Un nouveau type
de tuberculose. C. R. Soc. Biol., 49, 446-449.

Bhatty M.A., Turner D.PJ., Chamberlain S.T. (2000): My-
cobacterium marinum hand infection: case reports and
review of literature. Brit. ]. Plast. Surg., 53, 161-165.

Bragg R.R., Huchzermeyer H.F., Hanisch M.A. (1990):
Mycobacterium fortuitum isolated from three species of
fish in South Africa. Onderstepoort J. Vet. Res., 57,
101-102.

Bruno D.W., Griffiths J., Mitchell C.G., Wood B.P,, Fletcher
Z.]., Drobniewski F.A., Hastings T.S. (1998): Pathology
attributed to Mycobacterium chelonae infection among
farmed and laboratory-infected Atlantic salmon Salmo
salar. Dis. Aquat. Org., 33, 101-109.

76

Chang P.H., Plumb J.A. (1996): Histopathology of ex-
perimental Streptococcus sp. infection in tilapia, Oreo-
chromis niloticus (L.) and channel catfish, Ictalurus
punctatus (Rafinesque). J. Fish Dis., 19, 235-241.

Chen S.C. (1992): Study on the pathogenecity of Nocardia
asteroides to the formosa snakehead, Channa maculata
(Lacepide). ]. Fish Dis., 15, 47-53.

Colorni A., Avtalion R., Knibb W., Berger E., Colorni B.,
Timan B. (1998): Histopathology of sea bass (Dicentra-
rchus labrax) experimentally infected with Mycobacte-
rium marinum and treated with streptomycin and
garlic (Allium sativum) extract. Aquaculture, 160, 1-
17.

Conroy G., Conroy D.A. (1999): Acid-fast bacterial infec-
tion and its control in guppies (Lebistes reticulatus)
reared on an ornamental fish farm in Venezuela. Vet.
Rec., 144, 177-178.

Dalsgaard I., Mellergaard S., Larsen J.L. (1992): Myco-
bacteriosis in cod (Gadus-Morhua L) in Danish coastal
waters. Aquaculture, 107, 211-219.

Daoust PY., Larson B.E., Johnoson G.R. (1989): Mycobac-
teriosis in yellow perch (Perca flavescens) from two lakes
in Alberta. ]J. Wild. Dis., 25, 31-37.

DeMartinez M.C.C., Richards R.H. (1991): Histopathol-
ogy of vitamin C deficiency in a cichlid, Cichlasoma
urophthalmus (Gunther). J. Fish Dis., 14, 507-519.

Diamant A., Banet A., Ucko M., Colorni A., Knibb W.,
Kvitt H. (2000): Mycobacteriosis in wild rabbitfish Si-
ganus rivulatus associated with cage farming in the Gulf
of Eilat, Red Sea. Dis. Aquat. Org., 39, 211-219.

Dvorska L., Havelkova M., Bartos M., Bartl J., Pavlik 1.
(1999a): Insertion sequences of mycobacteria and their
use in the study of epidemiology of mycobacterial in-
fections (in Czech). Vet. Med. — Czech, 44, 233-251.

Dvorska L., Parmova 1., Lavickova M., Bartl J., Vrbas V.,
Pavlik I. (1999b): Isolation of Rhodococcus equi and
atypical mycobacteria from lymph nodes of pigs and
cattle in herds with the occurrence of tuberculoid gross
changes in the Czech Republic over the period 1996-
1998. Vet. Med. — Czech, 44, 321-330.

Dvorska L., Bartos M., Martin G., Erler W., Pavlik I. (2001):
Strategies for differentiation, identification and typing
of medically important species of mycobacteria by
molecular methods. Vet. Med. — Czech, 46, 309-328.

Dykova I., Lom J., Machackova B., Sawyer T.K. (1996):
Amoebic infection in goldfishes and granulomatous
lesions. Fol. Parasitol., 43, 81-89.

Edelstein H. (1994): Mycobacterium marinum skin infec-
tions — report of 31 cases and review of the literature.
Arch. Int. Med., 154, 1359-1364.

Fiedler Z., Mazurova J., Novotny L., Dvorak P. (2000):
Rapid diagnosis of mycobacterial infection in a Caras-



Vet. Med. — Czech, 48, 2003 (3): 71-78

Original Paper

sius auratus by specific DNA detection (in Czech).
Veterinarstvi, 50, 223-224.

Fischer O., Matlova L., Bartl J., Dvorska L., Melicharek
L., Pavlik I. (2000): Findings of mycobacteria in insecti-
vores and small rodents. Fol. Microbiol., 45, 147-152.

GomezS., NavarroJ.A., Gomez M. A., Sanchez J., Bernabe
A. (1996): Comparative study of immunohistochemical
methods to diagnose mycobacteriosis in swordtail
Xiphophorus helleri. Dis. Aquat. Org., 24, 117-120.

Goslee S., Wolinsky E. (1976): Water as a source of poten-
tially pathogenic mycobacteria. Am. Rev. Respir. Dis.,
113, 287-292.

Guerrero C., Bernasconi C., Burki D., Bodmer T., Telenti
A. (1995): Anovel insertion element from Mycobacterium
avium, 151245, is a special target for analysis of strain
relatedness. J. Clin. Microbiol., 40, 304-307.

Hatai K., Lawhavinit O., Toda K., Sugou Y. (1993):
Mycobacterium infection in pejerrey, Odonthestes bon-
ariensis Cuvier and Valenciennes. J. Fish Dis., 16,
397-402.

Hatai K., Nakamura K., Rha S.A., Yuasa K., Wada S.
(1994): Aphanomyces infection in dwarf gourami
(Colisa lalia). Fish Pathol., 29, 95-99.

Heckert R.A., Elankumaran S., Milani A., Baya A. (2001):
Detection of a new Mycobacterium species in wild
striped bass in the Chesapeake Bay. J. Clin. Microbiol.,
39, 710-715.

Herbst L.H., Costa S.F., Weiss L.M., Johnson L.K., Bartell
J., Davis R., Walsh M., Levi M. (2001): Granulomatous
skin lesions in moray eels caused by a novel Mycobac-
terium species related to Mycobacterium triplex. Infect.
Immun., 69, 4639-4646.

Horvathova A., Kazda J., Bartl J., Pavlik I. (1997): Occur-
rence of conditionally pathogenic mycobacteria in the
environment and their effect on the human and animal
body (in Slovak). Vet. Med. — Czech, 42, 191-212.

Inglis V., Roberts R.]J., Bromage N.R. (1993): Mycobacte-
riosis: nocardiosis. In: Bacterial Diseases of Fish. Black-
well Science, 1st ed. 219-233.

Jernigan J.A., Farr B.M. (2000): Incubation period and
sources of exposure for cutaneous Mycobacterium mari-
num infection: case report and review of the literature.
Clin. Infect. Dis., 31, 439-443.

Kazda J. (2000): The Ecology of the Mycobacteria. 1st
ed. Kluwer Academic Publishers, Dordrecht, Boston,
London. 72 pp.

Kiesch N. (2000): Aquariums and mycobacterioses. Rev.
Med. Brux., 21, 255-256.

Kunze Z.M., Portaels F., McFadden J.]J. (1992): Biologically
distinct subtypes of Mycobacterium avium differ in pos-
session of insertion sequence IS901. J. Clin. Microbiol.,
30, 2366-2372.

Kusuda R., Kawai K. (1998): Bacterial diseases of cultured
marine fish in Japan. Fish Pathol., 33, 221-227.

Lehane L., Rawlin G.T. (2000): Topically acquired bacte-
rial zoonoses from fish: a review. Med. J. Austral., 173,
256-259.

Matlova L., Fischer O., Kazda J., Kaustova ]., Bartl J.,
Horvathova A., Pavlik I. (1998): Occurrence of myco-
bacteria in invertebrates and poikilothermic animals
and their role in man and other animals (in Czech). Vet.
Med. - Czech, 43, 115-132.

Mijs W., de Haas P., Rossau R., van der Laan T., Rigouts
L., Portaels F., van Soolingen D. (2002): Molecular evi-
dence to support a proposal to reserve the designation
Mycobacterium avium subsp. avium to bird-type isolates
and M. avium subsp. hominissuis for the human/porcine
type of M. avium. Int. J. Syst. Evol. Microbiol., 52,
1505-1518.

Navratil S., Palikova M., Vesely T. (2000): Most frequent
diseases of exotic fish and a case report on lymphocys-
tosis (in Czech). Veterinarstvi, 50, 225-227.

Noga E.J. (1995): Fish disease. Diagnosis and treatment.
Ist ed. Mosby. 367 pp.

Pavlik I, Svastova P, Bartl J., Dvorska L., Rychlik I. (2000):
Relationship between IS901 in the Mycobacterium avium
complex strains isolated from birds, animals, humans
and environment and virulence for poultry. Clin. Diag.
Lab. Immun., 7, 212-217.

Perera R.P, Fiske R.A., Johnson S.K. (1998): Histopathology
of hybrid tilapias infected with a biotype of Streptococcus
inige. . Aquat. Anim. Health, 10, 294-299.

Perez A.T., Conroy D.A., Quinones L. (2001): Presence of
acid-fast bacteria in wild and cultured silver mullets
(Mugil curema VAL., 1836) from Margarita Island Ven-
ezuela. Interciencia, 26, 252-256.

Roberts R.J., Schlotfeldt H.J. (1985): Grundlagen der
Fischpathologie. 1st ed. Verlag Paul Parey, Berlin,
Hamburg. 425 pp.

Roberts R.J., Rodger H.D (2001): The pathophysiology and
systematic pathology. In: Roberts R.]. (ed.): Fish Pathol-
ogy. 3rd ed. W.B. Saunders, London, Toronto. 55-132.

Rodgers C.J., Furones M.D. (1998): Disease problems in
cultured marine fish in the Mediterranean. Fish Pathol.,
33, 157-164.

Ristola M.A., Von Reyn C.F., Arbeit R.D., Soini H., Lumio
J., Ranki A., Buhler S., Waddell R., Tosteson A.N.A.,
Falkinham J.O., Sox C.H. (1999): High rates of dis-
seminated infection due to non-tuberculous mycobac-
teria among AIDS patients in Finland. J. Infect., 39,
61-67.

Rychlik I., Pavlik I. (1997): Molecular genetics methods in
identification and differentiation of bacterial strains and
species (in Czech). Vet. Med. — Czech, 42, 111-123.

77



Original Paper

Vet. Med. — Czech, 48, 2003 (3): 71-78

Sanders G.E., Swaim L.E. (2001): Atypical piscine myco-
bacteriosis in Japanese medaka (Oryzias latipes). Com.
Med., 51, 171-175.

Seiberras S., Jarnier D., Guez S., Series C. (2000):
Mycobacterium marinum nodular lymphangitis. Presse
Med., 29, 2094-2095.

Shoemaker C.A., Evans J.J., Klesius P.H. (2000): Density
and dose: factor affecting mortality of Streptococcus
inige infected tilapia (Oreochromis niloticus). Aquacul-
ture, 188, 229-235.

Shih J.Y., Hsueh P.R., Chang Y.L., Chen M.T,, Yang P.C.,
Luh K.T. (1997): Osteomyelitis and tenosynovitis due
to Mycobacterium marinum in a fish dealer. J. Formosan
Med. Assoc., 96, 913-916.

Smith S.A. (1997): Mycobacterial infections in pet fish.
Semin. Av. Exot. Pet. Med., 6, 40—45.

Speight E.L., Williams H.C. (1997): Fish tank granuloma
in a 14-month-old girl. Pediatr. Dermatol., 14, 209-212.

Stoskopf M.K. (1993): Fish Medicine. W.B. Saunders
Company, Philadelphia, Tokyo. 882 pp.

Street M.L., Umbert-Millet 1.]., Roberts G.D., Su W.P.D.
(1991): Non-tuberculous mycobacterial infections of
the skin. J. Am. Acad. Dermatol., 24, 208-215.

Siissland Z., Hrdinova V. (1976): Use of rapid agglutina-
tion in the serotyping of the Mycobacterium avium-in-
tracellulare complex (in Czech). Vet. Med. — Czech, 21,
209-213.

Talaat A.M., Reimschuessel R., Trucksis M. (1997): Iden-
tification of mycobacteria infecting fish to the species
level using Polymerase Chain Reaction and Restriction
Enzyme Analysis. Vet. Microbiol., 58, 229-237.

Talaat A.M., Trucksis M., Kane A.S., Reimschuessel R.
(1999): Pathogenicity of Mycobacterium fortuitum and
Mycobacterium smegmatis to goldfish, Carassius auratus.
Vet. Microbiol., 66, 151-164.

Teska].D., Twerdok L.E., Beaman J., Curry M., Finch R.A.
(1997): Isolation of Mycobacterium abscessus from Japa-
nese medaka. J. Aquat. Anim. Health, 9, 234-238.

Thoen C.O., Schliesser T.A. (1984): Mycobacterial infec-
tions in cold-blooded animals. In: Kubica G.P., Wayne
L.G. (eds.): The Mycobacteria, Part B. 1st ed. New York
and Basel. 1471 pp.

Tortoli E., Bartoloni A., Bozzetta E., Burrini C., Lacchini
C., Mantella A., Penati V., Simonetti M.T., Ghittino C.

(1996): Identification of the newly described Mycobac-
terium poriferae from tuberculous lesions of snake-head
fish (Channa striatus). Comp. Immun. Microbiol. Inf.
Dis., 19, 25-29.

Ucko M., Colorni A., Kvitt H., Diamant A., Zlotkin A.,
Knibb W.R. (2002): Strain variation in Mycobacterium
marinum fish isolates. Appl. Environ. Microbiol., 68,
5281-5287.

Vincenzi C., Bardazzi F., Tosti A., Varotti C., Morganti L.
(1992): Fish tank granuloma - report of a case. Cutis,
49, 275-276.

Vishwanath T.S., Mohan C.V,, Shankar K.M. (1998): Epi-
zootic ulcerative syndrome (EUS), associated with
a fungal pathogen, in Indian fishes: histopathology
— a cause for invasiveness. Aquaculture, 165, 1-9.

VonReyn C.F., Arbeit R.D., Tosteson A.N.A., RistolaM.A.,
Barber T.W., Waddell R., Sox C.H., Brindle R.]., Gilks
C.F.,, Ranki A., Bartholomew C., Edwards J., Falkinham
J.O., O’Connor G.T., Jacobs N.J., Maslow J., Lahdevirta
J., Buhler S., Ruohonen R., Lumio J., Vuento R., Prab-
hakar P., Magnusson M. (1996): The international epi-
demiology of disseminated Mycobacterium avium
complex infection in AIDS. AIDS, 10, 1025-1032.

Wada S.P., Yuasa K., Rha S.A., Nakamura K., Hatai K.
(1994): Histopathology of Aphanomyces infection in
dwarf gourami (Colisa lalia). Fish Pathol., 29, 229-237.

Wayne L.G., Kubica G.P. (1986): Genus Mycobacterium
Lehmann and Neumann 1896, 363AL. In: Sneath PH.A.,
Mair N.S., Sharpe M.E., Holt ].G. (eds.): Bergey’s
Manual of Systematic Bacteriology, 2. The Williams &
Wilkins Co., Baltimore. 1436-1457.

Wolf J.C., Smith S.A. (1999): Comparative severity of
experimentally induced mycobacteriosis in striped bass
Morone saxatilis and hybrid tilapia Oreochromis spp. Dis.
Aquat. Org., 38, 191-200.

Wolinsky E., Schaefer W.B. (1973): Proposed numbering
scheme for mycobacterial serotypes by agglutination.
Int. J. Syst. Bacteriol., 23, 182-183.

Wolke R.E., Meade T.L. (1974): Nocardiosis in chinook
salmon. J. Wildl. Dis., 10, 149-154.

Received: 02-07-15
Accepted after corrections: 03-04-03

Corresponding Author

Assoc. Prof. MVDr. Ivo Pavlik, CSc., Veterinary Research Institute, Hudcova 70, 621 32 Brno, Czech Republic
Tel. +420 541 321 241, fax +420 541 211 229, e-mail: pavlik@vri.cz, http://www.vri.cz/labs/tbc/default.ht

78



