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ABSTRACT 
Mycobacterium marinum (M. marinum) was isolated for the first time from 
the dusky grouper (Epinephelus marginatus) collected during the early fall 
of 2008 emergent mass mortalities among the grouper populations of the 
Saloum bay and rocky coastal zones of Marsa Matrouh province, Egypt. The 
acid fast bacilli of the M. marinum were successfully detected within the 
Ziehl - Neelsen stained granulomatous reactions scattered within liver of the 
collected fishes. Laboratory diagnosis was based on the successful isolation 
of the pathogen on Lowenstein-Jensen medium after 14 days of incubation at 
28ºC. Further confirmatory scheme based on the conventional biochemical 
testing was adopted to ensure the final identity of the retrieved isolates. 
Positive acid fast staining, negative PAS staining, Gram positive staining, no 
motility, growth at 25 ºC, 30 ºC and no growth at 37 ºC, smooth yellow-
lemon colored appearance of colonies were all among the criteria used for 
identifying the retrieved isolates.  We hypothesized that, the emergence of 
the disease in this fish population was triggered by the high magnitude of 
environmental contaminants, abrupt rise of water temperature, predation, and 
presence of number of cohabitating reservoir wild animals in the 
surrounding aquatic environment. 

ــــــــــــــــــــــــــــــــــــــــــــــ  
Keywords: Dusky grouper, Epinephelus marginatus, Mycobacteriosis, 
Mycobacterium marinum, Environmental pollution. 

 
INTRODUCTION 
Grouper fish are genera of the subfamily Epinephelinae of 
the family Serranidae, in the order Perciformes (Cornish and Harmelin-
Vivien, 2004). The common name grouper is usually given to fish in one 
of two large genera: Epinephelus and Mycteroperca (Cornish and 
Harmelin-Vivien, 2004). Despite the fact that Grouper fish are variable in 



First record of Mycobacteriosis…. 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   
4th Sci.  Congr. of Egypt. Soc. For Anim. Manag. 25-28 Oct., 2010                               

173 

size, they can be moderately large with maximum lengths over a meter 
and weights over 65 kg in some sporadic cases (Jory and Iverson, 
1989). It is a protogynous hermaphrodite, changing from female to male 
at large size. Females in Southern Mediterranean areas like Tunisia 
reached sexual maturity at age 5, while sex reversal of females to males 
takes place between the 9th and 16th years with a maximum at the12th 
year (Chauvet, 1981; Bannerot, 1984). Groupers are predator type of 
fish that swallow prey rather than cutting pieces off it. They possess few 
teeth on the edges of their jaws, followed by strong crushing plates inside 
the gill pharyngeal cavity.  This category of fishes is carnivorous in 
nature where they prey on fish, octopus, crab, lobster and dead carcasses 
in the lack of their natural food prey (Heemstra and Randall, 1993).  
Grouper fish are that kind of predators that lie in wait to surprise their 
prey, rather than chasing in open water (Heemstra and Randall, 1993).  
 

More than 14 species of grouper are widely distributed along vast areas of 
the world’s marine habitats, which include the Atlantic Ocean, 
Mediterranean Sea, Red Sea, Indian Ocean and Pacific Ocean (Heemstra 
and Randall, 1993). Dusky grouper (Epinephelus marginatus) is one of 
the grouper fishes that are native to the Mediterranean coastal zones 
(Aronov, 2002). Their range extends from France, Spain, Moroco, 
Tunisia, Egypt and Israel Mediterranean coastal shores (Cornish and 
Harmelin-Vivien, 2004). Dusky groupers are much more abundant in the 
southern part of the Mediterranean than in the north.  However, a decline 
in populations has been observed in Tunisia and southern Spain due to 
overfishing (Cornish and Harmelin-Vivien, 2004). Overexploitation 
from commercial fishing is the primary threat. The slow growth rate and 
the complex reproductive style of E. marginatus complicate its inability 
to withstand high fishing pressure (Fennessy, 1998).  
 

Over the last two decades, aquaculture has proliferated in the coastal 
zones of south Mediterranean countries with consequent increase in the 
economical influx to these nations. Once counted as an environmentally 
safe practice, aquaculture is currently considered as a potential source of 
pollution to the marine environment (Findlay et al., 1995). Organic 
enrichment of the seabed is the most critically posed impact of cage 
mariculture (Gowen and Bradbury, 1987; Iwama, 1991). A small 
proportion of the carbon supplied to the fish via the feed is retrieved 
through harvest, whereas a considerable amount reaches the seabed, 
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either as wasted food pellets or as fecal excretions. In salmonid cage 
farming, 29% of carbon (Hall et al., 1991), 23% of nitrogen (Hall et al., 
1991) and 47–54% of phosphorus (Holby and Hall, 1991) may be lost in 
particulate form and end up on the sea bottom. It is also likely that the 
high population densities together with the presence of high levels of 
excreted carbon and nitrogen compounds in the re-circulated water in 
hatcheries contribute to the growth, establishment and multiplication of 
aquatic fastidious organisms such as mycobacterium (Ashburner, 1977; 
Hedrick et al., 1987).  
 

Mycobacteriosis, caused by aquatic Mycobacterium species, is a common 
disease in a wide variety of fish species world-wide. Genus 
Mycobacterium is classified under the family Mycobacteriaceae , which 
consists of 54 species at present, although it seems likely that some still 
remain to be classified (Master,1995). In aquatic environment, three 
species of Mycobacterium, M. marinum, M. fortuitum and M. chelonae, 
have often been reported as the cause of mycobacteriosis in wide variety 
of aquatic species (Nigrelli and Vogel, 1963; Ross, 1970; Giavenni and 
Finazzi, 1980; Colorni, 1992; Puttinaowarat, 1999; Jacobs et al., 
2009). All three mycobacteria are also potential human pathogens (Paul 
and Gulick, 1993; Guay, 1996; Kullavanijaya, 1999). Among aquatic 
mycobacteria, M. marinum is the most prevalent species in tropical 
freshwater and marine fishes (van Duijn, 1981).  
 
Mycobacteriosis of fish can be possibly transmitted in the aquatic 
environment by ingestion of contaminated food or aquatic debris, 
although bacterial invasion through damaged skin or gill tissue may also 
be possible (Frerichs, 1993; Hawke, 2000; Jacobs et al., 2009). 
Mariculture of translocated stocks or invasive species increases the risk of 
introduction of disease agents to new areas, with potentially serious 
consequences to native fishes (McVicar, 1975). Introduced pathogens 
originating in cage-farmed fish may establish self-shedding reservoirs in 
cohabiting wild fish populations (Munro et al., 1983; Treasurer and 
Cox, 1991). One of the most serious disputes against aquaculture is that 
accidental release of fish, or discharge of untreated water in which they 
were kept, may propagate infections in the natural environment 
(Coutant, 1998).  Regionally, fish mycobacteriosis has been one of the 
most devastating outbreaks associated with the Israeli marine cage culture 
in recent years. The disease was first diagnosed in Eilat (Red Sea) in 
1990 in cage cultured sea bass, Dicentrarchus labrax (Colorni, 1992), 



First record of Mycobacteriosis…. 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   
4th Sci.  Congr. of Egypt. Soc. For Anim. Manag. 25-28 Oct., 2010                               

175 

and the causative agent, M. marinum, has been detected in several marine 
fish species since then (Diamant et al., 2000).  High percentage of wild 
rabbitfish caught between marine cages in Eilat was found to be affected 
by the same strain of M. marinum. Transmission of M. marinum between 
fish and amphibians through co-cultivation or exposure to M. marinum 
contaminated water has also been reported (Clark and Shepard, 1963).  
 
Clinical signs of mycobacteriosis may include skin discoloration, 
inappetence, lethargy, abnormal swimming behavior, segregation, 
cutaneous ulcerations or erosions, ascitis, reduced growth, and 
exophthalmia (Wood and Ordal, 1958; Jacobs et al., 2009). Internally, 
the disease usually characterized by the presence of multiple 
granulomatous nodules scattered within the internal organs including 
liver, spleen, kidneys and intestine with or without adhesions (Austin 
and Austin, 2007; Frerichs, 1993; Noga, 1995). Traditional diagnosis of 
this pathogen is mainly based on recovery of the pathogen on culture 
medium followed by a panel of differential biochemical tests (Kent and 
Kubica, 1985; Austin and Austin, 2007; Jacobs et al., 2009) for final 
presumptive identification. This classical method which might takes up to 
several weeks, sometimes fails to identify M. marinum conclusively 
(Aronson 1926; Abalain-Colloc et al., 2003; Austin and Austin, 2007). 
Tissue staining techniques can give a primary inference to the 
granulomatous lesions encountered in the affected tissue (Nyka & O’ 
Neill, 1970; Gauthier et al., 2003).  Recent advances in molecular 
biology have triggered a quick diagnosis of mycobacterial isolates to the 
species level using nucleic acid based molecular techniques (Knibb et 
al., 1993; Ranger et al., 2006; Yip et al., 2007).  
 
The zoonotic capability of M. marinum has been documented in large 
number of research articles.  M. marinum lives saprophytically in warm 
aquatic environments and appears unusual in being not only fish 
pathogen but also a human pathogen, causing chronic skin ulcerations 
called swimming-pool granulomas. The case can be complicated in 
AIDS, IBIOLA virus patients and other immunosuppressive diseases 
where the disease takes a systemic form (Enzensberger et al., 2002; 
Lahey, 2003).  
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[The current study presents a unique record of Mycobacteriosis as one of 
the most important emerging diseases among grouper populations at the 
coastal south Mediterranean zones of Egypt.   
 

MATERIALS AND METHODS 
 Sampling   
A total of 5 representative dusky grouper fishes were collected during the 
event of mass mortalities among the grouper population from the Saloum 
bay and rocky coastal zones of Marsa Matrouh province, Egypt. Fishes 
were found apparently dying between the rocky communities at the 
shallow coastal lagoons of Marsa Matrouh Mediterranean province.  The 
groupers mortalities were at their peak during late summer and early fall 
of 2008. Fish were kept on crushed ice inside well insulated ice box till 
transported to the Fish Disease and Management Laboratory (FDML) at 
Cairo University few hours after the event of mortalities.  
 

Sample processing  
Collected fish were euthanized using an overdose of MS222 (Tricaine 
Methane Sulfonate – Finquel- Argent Chemical Laboratories, 
Washington) in sea water then clinically examined for any external 
abnormalities before being dissected. Fish were dissected under complete 
aseptic condition then pooled chunks from spleen, liver and kidney were 
cut into very small pieces in a sterile plastic Petri dish then homogenized 
in Hanks Balanced Salt Solution (HBSS , 1:4 w/v) (Sigma Chemical Co, 
St. Louis, MO, USA).  Equal volume of Na OH 4 % was added to each 
pooled homogenate sample. The mixture was further neutralized by 
adding phosphate buffered saline (pH=7) then centrifuged at 3000 rpm 
for 30 min (Isenberg, 1998).  
 
Bacteriological Examination  
The resulted pellets were re-suspended in HBSS solution then 100 µl of 
the suspension were streaked onto Lowenstein - Jensen media slants 
supplemented with 5% Sodium Chloride (BBL-Becton Dickinson- 
Franklin Lakes, NJ, and USA).  Inoculated slants were incubated at 28 ºC 
and 37 ºC for 14 days. Slants were inspected on weekly base for any 
bacterial colonial growths. Colonies were examined for acid-alcohol 
fastness by the Ziehl - Neelsen technique. The bacterium was identified 
by its rate of growth, colonial morphology, pigmentation at dark and 
light, and biochemical properties. The bacterium was tested for growth on 
MacConkey agar plate, salt tolerance on Dorset Egg media supplemented 
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with 0, 1, 3, and 5% NaCl, Tween 80 hydrolysis, urease, heat-stable 
catalases (68°C), niacin production, tellurite reduction, nitrate, and 
pyrazinamide utilization. The identification scheme of the retrieved 
isolates was adopted from Austin and Austin (2007) and Holmes et al. 
(1999).  
 

 Histopathology 
 Tissues sample were fixed in 10% neutral buffered formalin solution, 
and were then processed and embedded in paraffin. Five-micron sections 
of tissue were stained with hematoxylin and eosin (H & E) using methods 
described by Bancroft et al. (1996). Selected sections were stained using 
Periodic Acid Chief (PAS) and Ziehl Neelsen’s method for acid-fast 
bacteria. Random sections of H&E stained liver tissue were examined at 
100 - 400 X for the presence and number of mycobacterial granulomas. 
 

Water analysis 
Water samples from (1- 4 meter) depths were collected from the Saloum 
bay and rocky coastal zones of Marsa Matrouh province during the event 
of mortalities. The water samples were analyzed for any changes in the 
measures of water pH, temperature, dissolved oxygen and toxic 
ammonia. Water temperature and pH were measured using a waterproof 
digital combo pH meter & thermometer (HI 98127 (pHep 4) -Hanna 
instruments Inc., RI, USA). Dissolved oxygen (DO) concentration were 
measured using a digital dissolved oxygen meter (HI 9142 - Hanna 
instruments Inc., RI, USA). Total ammonia nitrogen (TAN mg/L) was 
determined following the method described by Chattopadhyay (1998).   
 
RESULTS  
During our investigatory visit to the site of mass mortalities, it has been 
noticed that hundreds of grouper fishes were found dead on the water 
surface as well as in the lagoons between coastal rocks. Clinical 
examination of the collected moribund groupers revealed the presence of 
number of external clinical abnormalities including, skin discoloration, 
abnormal, irregular skin ulcerations at the isthmus and lateral sides of the 
fish, apparent exophthalmia and mild ascitis. Internal examination 
revealed the presence of different sized granulomatous nodules scattered 
within the liver, spleen. Adhesion of the internal organs together with the 
mesentery has been noticed in two of the affected fishes.  
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Bacterial isolates retrieved from the pooled tissue samples for each 
individual of the 5 groupers after 14 incubation days on Lowenstein - 
Jensen slants were presumptively identified as M. marinum using both 
cultural characteristics and conventional biochemical tests (Table 1).The 
retrieved isolates were aerobic, non-spore-forming, non motile, gram-
positive, acid-fast bacilli. All isolates were fast growers with yellow 
lemon like photochromogenic smooth colonies on Lowenstein - Jensen 
slants. The conventional biochemical testing for the retrieved isolates 
revealed the inability for growth on MacConkey agar plate, ability to 
grow on Dorset Egg media supplemented with 0, 1, 3, and 5% NaCl. 
Isolates were negative for heat-stable catalases (68°C), tellurite and 
nitrate reduction while positive for Tween 80 hydrolysis, urease and 
pyrazinamide utilization.  
 
Table 1.  Morpho-chemical tests result for the retrieved M. marinum suspect 
isolates. 
Biochemical / morphological tests 
 

Result 

Ziehl-Neelsen stain Pleomorphic acid fast bacilli 
 

Gram staining Gram positive 
 

Motility Non Motile 
Growth rate Fast 
Colony morphology Smooth and moist with yellow 

lemon colored appearance 
Pigmentation in light Photochromogenic (pigmented) 
Growth on MacConkey   - 
Nitrate reduction - 

 
Tellurite reduction - 
Catalase 68 ºC - 
Tween 80   hydrolysis (5 - 10 days readings) + 
Tolerance to 0, 1, 3, 5 % sodium chloride + 

 
Urease utilization + 

Pyrazinamidase utilization(4 – days) + 
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Table 2.The relation between the rate of infection and the age of dogs 
 

No infected / No examined   
At least 

4-5 
years 

3-4 
Years 

2-3 
Years 

1-2 
Years 

Under 
one year 

Total No. 
of 

infected 
animals 

Total No. 
of  

examined 
animals 

1/5  
2.4 % 

23/45  
54.8 % 

11/50  
26.2 % 

4/34  
9.5 % 

3/17  
7.1 % 

42 151 

 

The histopathological examination of the H&E stained slides of collected 
groupers revealed the presence of different stages of multiple focal 
granulomatous reactions. Depending on the stage of the granuloma 
formation, two types of granulomas were detected. The detected early 
stages of granuloma were characterized by the presence of central 
inflammatory cells surrounded by outer fibrous connective tissue capsule 
while the older stages showed central necrosis surrounded by layers of 
different mononuclear cells and few giant cells (Fig.1). The entire 
reaction was encircled by an outer layer of fibrous connective tissue 
capsule (Fig. 2). Both stages of granulomas showed no evidence of 
calcification (Fig. 2 - 3).  

Fig.1. Hematoxylin and Eosin (H&E) stained sections of dusky grouper 
(Epinephlus marginatus) liver showing the presence of multiple focal 
granulomas (Magnification power 100).  
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Fig.2. Hematoxylin and Eosin (H&E) stained sections of dusky grouper 
(Epinephlus marginatus) liver showing the ultra-details of the typical 
mycobacterium granuloma ( Necrotic center without caseation or 
calcification (N), Aggregations of macrophages or mononuclear cells 
(M) surrounded by fibrous connective capsule (FCT) (Magnification 
power 400).  
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Fig.3. Ziehl - Neelsen stained sections of dusky grouper (Epinephlus 
marginatus) liver exhibiting typical mycobacterium granuloma with 
few mycobacterium bacilli embedded in the core necrotic structure of 
the granuloma. The entire structure is surrounded by fibrous connective 
capsule (Magnification power 400).  

 
Examination of the Ziehl Neelsen stained slides from the liver of the 
collected groupers revealed the presence of red acid fast pleomorphic 
bacilli within the core structure of the multifocal granulomas (Fig. 3).  
 

Water quality parameters of the samples collected during the emergent 
event of grouper mortalities including water temperature, pH, total 
ammonia nitrogen (TAN) and dissolved oxygen were determined. The 
determined water quality measures were compared to the average normal 
values that were routinely measured by authorities for the same coastal 
areas prior to the event of mass mortalities. Abrupt increase in 
temperature from (25 ºC to 28 ºC), pH from (8.1to 9.5), total ammonia 
(TAN) from (0.3 to 1.5 PPM) and sharp decrease in dissolved oxygen 
from (9.8 to 6 PPM) were the environmental stimulus that initiated and 
boosted the infection (Table 2).  
 

DISCUSSION 
Mass fish kills in the natural waters are recurrent syndromes that utilize 
the death of large number of fishes within limited time and throughout a 
specified water basin.  These deaths might include certain species of 
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fishes or extend to more than one species sharing the same geographical 
location and same food chain. In our case, only grouper fishes have 
reflected the emergent case of mortalities.  This could be linked to the 
unique behavioral pattern of groupers in which they swim, hide, predate, 
group and socialize at the water lagoons between the rocks.  Those 
groupers can prey on dead carcasses in the lack of their natural food prey 
(Heemstra and Randall, 1993). The moderately static water lagoons 
between the rocks of Saloum Bay and its closer Marsa Matrouh coastal 
zones could be a natural reservoir for many environmentally hazardous 
wastes such as sewage, industrial effluents, shipping, yachting and 
anthropogenic  activities . Those hazards represent a vulnerable source of 
infection and challenge to the immune system of groupers which 
consequently potentiate the occurrence or resurgence of disease outbreaks 
which simulates the mycobacterioisis outbreaks that happened at 
Chesapeake Bay in 1997 (Vogelbein et al., 1998).  
 
The poor nature of the food web in this zone of the Mediterranean water 
complicated with long term environmental pollution and abrupt turn 
down of water quality during the hot season of the late summer and early 
fall were suggested to be the most triggering factors behind the initiation 
of the event of mass mortalities.  This assumption coincides with Rhodes 
et al. (2004) who concluded that elevated temperature or reduced food 
web may also be necessary for development of fish disease outbreaks like 
that reported in our current study.   
 
The cohabitation is another implementing factor in the initiation and 
spread of infections. The cohabitation between the same fish under the 
same grouper populations and with other wild species such as water 
reptiles, aquatic amphibians as well as aquatic migratory birds could have 
played a critical role in the emergence of mycobacteriosis as a disease 
that is new to such pristine area of the world (Belas et al., 1995; Inglis et 
al., 1993; McVicar, 1975; Munro et al., 1983; Treasurer and Cox, 
1991). It is also likely that cohabitation between different aquatic species 
in the same spatial area together with the presence of high levels of 
excreted carbon and nitrogen compounds as organic wastes from marine 
cages in the neighborhood might highly contributed to the growth, 
establishment and multiplication of aquatic fastidious organisms such as 
mycobacterium (Ashburner, 1977; Hedrick et al., 1987). 
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The clinical examination and post mortum findings of the collected dusky 
groupers coincided with those reported for typical cases of 
mycobacteriosis in grouper and other fishes in which the granulomatous 
nodules were numerous within different internal organs (Wood and 
Ordal, 1958; Frerichs, 1993; Noga, 1995; Austin and Austin, 2007; 
Jacobs et al., 2009). Further, adhesions of the internal organs together 
with the mesentry were noticed in two of the cases. Similar findings were 
previously presented in several reports dealing with aquatic animal 
mycobacteriosis throughout the past few decades (Noga, 1995; Austin 
and Austin, 2007). 
 
The results of the performed panel of growth and biochemical tests for 
the retrieved isolates were in complete accordance with those described 
for M. marinum in numerous literatures (Kent and Kubica, 1985; 
Tortoli, 2003; Austin and Austin, 2007; Jacobs et al., 2009). The fast 
growth on Lowenstein - Jensen slants after a period of 14 days incubation 
at 28 ºC, smooth yellow lemon colored appearance of the colonies, 
photochromogenicity in absence of light, inability of growth on 
MacConkey agar plate, salt tolerance on Dorset Egg media supplemented 
with 0, 1, 3, and 5% NaCl is conformant with M. marinum growth profile 
reported by Kent and Kubica (1985); Master (1995); Austin and 
Austin (2007). The biochemical profile of the retrieved isolates including 
the hydrolysis of tween 80; urease and pyrazinamide utilization; negative 
nitrate and tellurite reduction with catalase test (68 ºC) negative runs 
parallel to the organism profile reported by Holmes et al. (1999) and 
Austin and Austin (2007).  
 
The histopathological examination of the H&E stained slides of collected 
groupers revealed the presence of different stages of multiple focal 
granulomatous reactions (Fig.1) which suggest different stages of 
infection due to persistent existence of the invasive pathogen in different 
lag phases of growth within the natural aquatic environment surrounding 
the fish. This assumption is strengthened by Faisal and Eissa (2009) 
conclusion about the existence of more than one stage of infection within 
the same population and same fish when exposed to natural infection of 
the obligate intracellular Renibacterium salmoninarum (R. 
salmoninarum). In fact, M. marinum and R. salmoninarum are close 
members of the order actinomycetals, which could give a clue about the 
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nature and sequential pathogenesis of granuloma associated with both 
organisms.   
 
The characteristic non-calcified nature of the formed granulomas (Fig. 2-
3) within the liver tissue is conformant with the granulomatous reaction 
reported throughout the piscine mycobacteriosis literatures (Bruno et al., 
1998; Wolke and Stroud, 1978; Wolf and Smith, 1999; Heckert et al., 
2001). The presence of scanty number of giant cells was consistent with 
those reported in most of mycobacteriosis literatures (Wolke and 
Stroud, 1978; Wolf and Smith, 1999; Heckert et al., 2001). The 
presence of acid fast bacilli within the center of the soft granulomatous 
lesions in liver (Fig.3) coincide with previous descriptions of Zeihl 
Neelsen stained granulomas in numerous publications (Bruno et al., 
1998; Wolke and Stroud, 1978; Wolf and Smith, 1999; Heckert et al., 
2001).Water quality has strong spatial heterogeneity and temporal flux, 
and these conditions could exacerbate both bacterial proliferation and 
host susceptibility (Kane et al., 2007). Water quality measures reported 
in our study were moderately deteriorated if compared to the normal 
measures for the same water basin before the occurrence of the mass 
mortality event (Table 2).  
 
This results were supported by the fact that certain water quality criteria, 
including those associated with degraded habitats, fluctuated high or low  
pH, and higher organic content, have been reported to foster the growth 
of environmental mycobacteria (Falkinham et  al., 2004). Other factors, 
associated with abrupt seasonal surge of water temperature, biofilms, and 
even water dynamics associated with global warming, would support the 
flare up of environmental pathogens including aquatic mycobacteria 
(Harvell et al., 1999; Falkinham et al., 2004). Possible industrial and 
organic contamination, algal blooms, and low dissolved oxygen levels 
could have served as environmental stimuli for the eruption of the 
currently reported emerging M. marinum infection in dusky groupers of 
Saloum as well as Marsa Matrouh coastal zones. The analogous similarity 
of the aquatic environment as well as the nature of environmental 
degradation of the Egyptian Marsa Matrouh and Saloum bay to that of 
American Chesapeake bay might give a clue to the spatial environmental 
dynamics behind the emergence of fish mycobacteriosis outbreaks in both 
aquatic environments (Hall et al., 2002). 
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To sum up, the deteriorated environmental paradigm of the currently 
studied water basin together with the natural behavior of the investigated 
fish were highly incriminated as the main stimulus behind the emergent 
eruption of M. marinum outbreaks among the dusky grouper (Epinephlus 
marginatus) in the current study.  
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