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Systemic nocardiosis  

Main health problems found in meagre 

samples (NCIMB 2057 and NCIMB 1290) and
the ethanol-fixed muscle tissue sample 1A2.
Low-intensity molecular weight bands at 600 bp
were observed in the FFPE, but these are not
shown due to the faintness of the bands.

Discussion

A relatively small population (55 000) of cultured
meagre in Greece, from three sites, was reported to
be affected with systemic granulomatous lesions
(Kantham & Sboukis 2010). Causes of such lesions
in fish are numerous and have been reported to be
due to the presence of foreign bodies, bacteria
Mycobacterium spp., Renibacterium salmoninarum
(Roberts 2001), and Francisella sp. (see Olsen et al.

2006), parasites and certain fungi, particularly Ich-
thyophonus hoferi and Aphanomyces (see Roberts
2001). Ascorbic acid deficiency can also cause gran-
ulomatous inflammation as reported in gilthead
seabream by Alexis, Karanikolas & Richards
(1997). To our knowledge, there have been no
previous reports of nocardiosis in this fish species
in aquaculture. The only other report of Nocardia
from the Mediterranean is from a striped dolphin,
Stenella coeruleoalba Meyen, found on the Spanish
coast that had a systemic Nocardia sp. infection
although death was attributed to necrotic inflam-
matory pulmonary lesions (Degollada et al. 1996).
The bacteria isolated in this study from the infected
meagre showed typical nocardial morphology as
observed in the Gram stain and were filamentous,
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Figure 4 Histopathology of nocardiosis

in affected Argyrosomus regius. (a) An

impression smear from the liver

showing a well-defined granuloma.

(b) Focal nocardial colonies with necro-

tic tissue, encapsulated by fibrocytes

and a mixed inflammatory response.

(c) Well-developed granuloma within

the kidney. Notice the outer layer

of melano-macrophages. (d) Ventricular

myocarditis with multiple, typical

well-defined granulomas with necrotic

centres. (e) Severe irregular granuloma

within the spleen. Notice the degree of

tissue necrosis surrounding the granu-

loma. (f) Multiple granulomas in the

epidermis showing different stages of

development with acute necrotic myosi-

tis. (g), (h) Low power cross-sections

through the skin showing multiple

granulomas and severe dermatitis

with necrotic myositis. Scale bars,

a = 250 lm; b = 20 lm; c = 100 lm;

d = 500 lm; e = 200 lm; f = 100 lm;

g = 500 lm; and, h = 500 lm.
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pattern with more granulomas having necrotic
centres and bacteria present was generally seen in
the skin, muscle (Fig. 4g,h) and to a lesser degree
in the parenchymatic organs. Granulomas in the
liver, spleen, kidney, gut and mesentery were more
multifocal and irregular in shape, but with some
regular, well-developed, focal granulomas also
being seen (Fig. 4c,d,e). Noticeably, fewer bacteria
were found at the centre of the necrotic zone. The
infection infiltrating the muscles was found to dis-
play different degrees of myositis at the junction
between the skin and muscle suggesting that the
infection was spreading from the skin into the
muscle bundles. The presence of filamentous
branch-forming bacteria was very clear with tissue
Gram staining (Fig. 3d) and with the Fite-Faraco
stain (Fig. 3c). No positive results were obtained
with PAS staining, therefore, weakening the prob-
ability that the infection was due to a fungal
agent.

Bacteriology

After 3 days incubation at 25 °C, small
0.1–0.2 cm yellowish-white colonies, taken from
the skin, muscle, kidney and liver, were visible on
5% BA, 5% BA + 1% NaCl, LJA, TSA,
TSA + 2% NaCl and CMA, mostly as pure
cultures. Where necessary, individual bacterial
colonies were picked off the original plates and
subcultured. Samples taken from the skin and kid-
ney produced colonies but none were obtained

from the liver. The colony morphology varied
depending on the agar type that the sample was
used for recovery and growth. Colonies on the
5% BA and 5% BA + 1% NaCl plates became
brownish in colour and more adherent to the
media surface, while the colonies growing on the
TSA and the TSA + 2% NaCl plates also became
brownish in colour but took on a dry, wrinkled
appearance. No growth was observed on the Sab-
ouraud dextrose agar + chloramphenicol plates.
Gram staining revealed Gram-positive filamentous,
short branching, irregular beaded, rod-shaped bac-
teria. Staining with ZN showed very weak acid
fast, short branching rod-shaped bacteria. The
bacterial strain identified as S2A4 was taken as
representative of the dominant colony type recov-
ered from the affected fish and further identifica-
tion was performed on this strain only.
The results of the API-ZYM test performed are

provided in Table 1 and showed that the bacteria
isolated from the infected meagre isolate S2A4
had a similar profile compared with the N. kamp-
achi NCIMB 2057, except for alkaline phospha-
tase, butyrate esterase, chymotrypsin, cystine
arylamidase, myristate lipase and valine arylami-
dase (Table 1).

Polymerase chain reaction

Figure 5 shows positive bands at the correct molec-
ular weight (600 bp) from the Nocardia-specific
PCR in the two positive control bacterial
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Figure 3 Histopathology, Gram and

Fite-Faraco staining associated with

nocardial affected Argyrosomus regius.

(a) Nocardial colonies within the skin

surrounded by macrophages and epithe-

lioid cells. (b) Filamentous nocardial

colonies surrounded by macrophages

and epithelioid cells. (c) Fite-Faraco

stain showing clear acid-fast nocardial

organisms. (d) Gram stain of skin tissue

showing the distinctive filamentous

Gram-positive nocardial organisms. Scale

bars, a = 20 lm; b = 20 lm; c =20 lm;

and, d = 20 lm.
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Bacteria: Nocardiosis 

Systemic granulomatosis 

Moravec et al., 2007; Merella et al., 2009; 
Ternendo et al., 2010; Andree et al.,2016 

Parasite: Monogenea / Nematode 

Ø  Non infectious disease  
Ø  Wide impact on meagre 

population  
Ø  High prevalence but low 

mortalities 
Ø  Associated to poor growth 
Ø  Unacceptable for the consumer Mycobacterium 

Elkesh et al., 2013 
Vega et al submitted 

Timur et al., 2015 



Systemic granulomatosis  

Multiple white to yellow lesions with hard consistency, 
progressively developping into necrotic focus that may be 

calcified with concentric layers of cells (endotelial, 
inflamatory and macrophages) 

Ø  Unknown and possibly 
diverse ethiology 

Ø  Could be related to 
nutritional unbalances 

Ø  For meagre only 
described in farmed fish 



Systemic granulomatosis in other fish species 

Granulomatosis 
hypertyrosinemia in turbot fed 

diets deficient in vitamin C 

Fish with granulomatosis 
showed an excess of tyrosine 

Granulomas formed by 
mineral deposits of unknown 

origin  

Non infectious disease with 
mineralized granulomas 

suggested to be associeated 
to to mineral or vit D 

unbalances 



Systemic granulomatosis in Canary Islands meagre 

ê vitamin C in feeds High incidence in 
meagre broodstock 
(F1>) and juveniles 

> Low vitamin K 
levels in weaning 

diets (D 8.1) 

   Fish Farm – sea cage 

First record of 
granulomas in 
meagre larvae 



Objective 

Ø To evaluate the effect of vitamins E and 
C and K on granulomatosis occurrence 
in meagre (Argyrosomus regius) 



Experimental design Initial weight          79.6 ± 0.3 g  
 
Initial density          7.9 kg/m3 (50 fish/
tank) 

 
Tank volume          0.5 m3 

 
Water temperature       17.6 to 21.6 °C 
 
Feeding period          90 days 

                      Diets 
Ingredients  O K EC KEC EECC KEECC 
Lutavit		E-50	 0.0 0.0 300.0 300.0 700.0 700.0 
Lutavit	C	Aquastab	35%	 0.0 0.0 100.0 100.0 600.0 600.0 
Vitamin	K	 0.0 35.0 0.0 35.0 0.0 35.0 
Proximate 
Composition  

Crude Protein (%dw) 
48.8 ± 

0.1 49.6 ± 0.1 48.7 ± 0.2 48.6 ± 0.1 48.7 ± 0.3 48.5 ± 0.3 

Crude Lipid (%dw) 
17.9 ± 

0.2 17.6 ± 0.1 19.5 ± 0.4 17.4 ± 0.3 17.7 ± 0.1 16.8 ± 0.2 

Vitamin E (mg/kg) 158.7 172.5 283.6 276.5 416.4 449.2 

Vitamin C (mg/kg) 16.6 19.0 71.1 72.4 227 240 



Growth performance 
 

Weight, length, weight gain, 
K, FCR and SGR calculated 
at 45 and 90 days of feeding 

Histology  
 
Samples of liver, kidney, heart and spleen 
•  50 initial fish 
•  23 fish / diet at 90 days 
 

Hematoxylin and Eosin 

Ziel-Neelsen (ZN) 

Fite-Faraco method 

Gram stain 

Analysis Nocardia culture 
Samples of liver, kidney, heart and spleen 

Culture medium: YEME 
Gram Stain 

 
 

Kidney, heart and spleen were completely 
processed, liver was cut in several sections 
(5-6) to evaluate the largest tissue-surface 
possible. 



FCPCT 

The objective of the present 
study was to determine the 
optimum feeding regime for 
greater amberjack to optimize 
growth, feed utilization and 
welfare status. 

The objective of the present 
study was to determine the 
optimum feeding regime for 
greater amberjack to optimize 
growth, feed utilization and 
welfare status. 

Results 

FCPCT 

Barcelona, 17-19 January 2017 



Survival was high (96-100 %) 
 and no significantly affected 

by dietary vitamin levels 
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Growth was lower in 
meagre fed the lowest 

Vit E+Vit C levels 



FCR ± 1.2-1.5 
SGR 0.6-1.4 

FCR ± 1.4-1.5 
SGR 1.1-1.5 

FCR ± 1 
SGR 0.8-1.3 

FCR < 1 
SGR 1.1-1.6 

(Couto et al., 2016, 
Velazco, 2015, 
Chatzifotis et al., 2011) 

(Bonaldo et al., 2009, 
Ortega, 2008, Gómez et 
al., 2003) 

(Chebbaki et al., 2010, 
Hossu, et al., 2005 , 
Robles, et al., 2006) 

(Norman, 2014, Moreno, 
2012, Handeland, et al., 
2008) 
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Macroscopic  and histological 
description 

Macroscopic lesions in heart and liver 
only observed in 10 fish   

(A & B) Concentric layers of 
macrophages and 
inflammatory cells around 
vascular endotelial cells  
  
(C) Necrotic center with 
external fibroblast layer and 
inflammatory cells 
 
(D) Granuloma composed 
completely of laminar material  
 
No calcification was observed 
in any of the granulomas 
studied 
 

A 

C D 

B 



Zielh-Neelsen / Fite-Faraco / Gram stain 
ü None of the specific stains 

revealed the presence of 
bacteria  

ü Nocardia culture was 
negative 

ü  PCR negative to Nocardia 
performed in paraffin 
samples  

Negative results in Ziel-Neelsen, Fite-Faraco, Gram stain, 
bacterial cultures and PCR reinforce the non infectious 
character of the systemic granulomatosis in meagre  
(Deliverable 8.1). 



Effects of diets on granulomatosis 
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Effects	of	diets	on	granulomatosis	incidence	

Liver		>	kidney		>	heart	
Spleen	was	not	affected					

%	FISH	WITH	GRANULOMAS	IN	
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Effects of diets on granulomatosis severity 

Granuloma severity in liver 
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Effects of diets on granulomatosis severity 

Granuloma severity in kidney 
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Granuloma severity in heart 
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 Granuloma formation 

Immunostaining for actin 

Granulomas were 
initiated always in 
the blood vessels, 
with inflammation 
of the endothelial 
cells, alteration of 

vascular 
permeability and  
causing vascular 
dysfunction, but 

severity was 
reduced by vit E & 
C supplementation 

No calcification 
was observed 



Oxida t i ve s t ress p romotes vascu la r 
dysfunction, inducing altered vascular 
permeability and inflammation and the 
aberrant expression of inflammatory adhesion 
 

Vitamin E and vitamin C counteract lipid peroxidative damage 
restoring vascular function and protecting endotelial tissue in 
blood vessels. 
 
Vitamin K supplementation improves arterial stiffness  in 
mammals and could contribute to reduce the severity of the 
lessions 

 Granuloma formation 



Summary 

Ø Dietary addition of vitamins E and C improved meagre growth 
performance. 

Ø Microscopic granuloma incidence did not affected feed 
efficiency or fish mortality.  

Ø Granulomas were present in almost half of the initial meagre 
population and the incidence increased along the trial  

Ø  Increase in dietary vit E and C reduced granulomas incidence 
and severity, particularly with supplementation of vit K  

Ø  The granuloma formation was initiated in blood vessels were 
oxidative stress would affect endotelial tissue causing 
vascular dysfunction, altered vascular permeability and 
inflammation. 

Ø No calcification was observed denoting that the origin of this 
granulomatosis is not directly related to mineral unbalances  



THANK	YOU	FOR	YOUR	
ATTENTION	


