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Abstract

organs of European tench Tinca tinca (L.) kept in an experimental recirculation system. Aetiological 
diagnosis of these granulomas resulted from a detailed study of their ultrastructure. Primary role 
of amoebae in aetiology of the granulomas was supported by negative results of microbiological 
examinations focused on Mycobacterium spp., fungi and mycoplasmas.

Introduction
Amoebae have been reported as ecto- and en-

severe lesions in farmed marine and freshwater 

of gill diseases (Amoebic Gill Disease of marine 

salmonids) and many other amoebae isolated 

free-living amoebae that contain mitochon-
dria and are relatively easy to culture on agar 
media. Despite the fact that internal organs of 

amoebae, their presence (proved by successful 

-

Limited number of reports exists on severe 
lesions caused by amoebae in internal organs 

1993; Dyková et al., 1996; Paperna et al., 1996; 
Constenla and Padrós, 2010), which have been 

contain descriptions of severe granulomatous 

amoeba-like organisms. Granulomas in organs 
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development and, as a rule, their gross appear-

the aetiology. In these previous studies neither 
routine histological examinations nor addi-

an accurate diagnosis. Thus a multidisciplinary 
approach was applied in the present study in 
order to establish an aetiological diagnosis of 
multiple granulomas found in European tench, 
Tinca tinca (L.), maintained for a long period of 
time in a recirculation system.

Materials and methods

spawning and were reared at a water tem-

equipped with aeration, heating and UV illu-
mination. In the early period of rearing, young 

commercial food mixture. 

In over three years, a total of 25 tench of 140–
1017 g body weight and 20–36.7 cm total length 
were examined post-mortem. A focused study 
on the aetiology of granulomas was made in 

specimens were sampled for microbiological, 
histopathological and ultrastructural studies.
For detection of pathogenic microorganisms, 
tissue samples were taken from macroscopi-
cally visible lesions as well as non-altered par-
enchymatous organs. The collected materials 
were inoculated onto blood and Ordal agars 
and special media for fungi, mycobacteria and 
Mollicutes (mycoplasmas). Mycological isolates 

-
cal characteristics using the diagnostic media 
and slide culture methods. Isolate of the genus 
Penicillium

was inoculated on Czapek yeast autolysate 
agar (CYA), malt extract agar (MEA), yeast 
extract sucrose agar (YES), creatine sucrose agar 
(CREA) and 25% glycerol nitrate agar (G25N) 

 Epicoccum nigrum was carried 
out according to Domsch et al. (1980) by in-
cubation for 10 days in the dark on oatmeal 

-

Rosengarten (1984). Mycobacteria were cultured 
on Herrold egg yolk medium, liquid serum 
medium according to Sula (Kubin et al., 1986) 
and on egg medium according to Stonebrink 
(Whipple and Merkal, 1985). The temperatures 
of incubation lasting two months were 25 and 

sequence analysis of 16S rRNA gene and ITS 
region (Harmsen et al., 2003). 

For the routine histopathological examination, 
samples of kidney, spleen and liver of tench 

stained with hematoxylin and eosin (HE), peri-

Ultrastructure of granulomatous lesions was 
studied using small samples of liver, spleen 

dehydrated with a graded acetone series and 
embedded in Spurr resin. A JEOL JEM 1010 
electron microscope operating at 80 kV was used 
for examination of ultrathin sections stained 
with 2% uranyl acetate in 50% methanol and 
post-stained with Reynold’s lead citrate. Camera 
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Results
Macroscopical changes
Fourteen (56%) of 25 tench examined presented 
grossly visible, severe granulomatous lesions 
in the kidney (Figure 1). Granulomas with the 
diameter range 1–10 mm predominated in 
the enlarged kidneys. Their presence in other 
organs was rare: in two specimens, granulomas 
were also found in the liver, in another one, also 
in the spleen. The maximum number of lesions 

Histopathology revealed granulomatous in-

granulomas were in advanced stages of their 
development. They contained large necrotic 
centres delimited by mature connective tissue 
layer. The peripheral layer of less advanced 
granuloma stages contained individual or ag-

gregated small cells (3.5–4 μm in diameter; 

of functional head and trunk kidney tissues due 
to massive development of granulomas. Stain-
ing with Ziehl-Neelson method was negative 
for presence of acid fast rods.

Results of microbiological examinations
The results of microbiological examinations of 
granulomas were all negative. Two isolates of 
Mycobacterium sp. were not related to granu-
lomatous lesions as M. nonchromogenicum was 
isolated from muscles of one and M. peregrinum/
septicum from the gut of another tench specimen 
examined. Similarly, the isolates of Penicillium 
crustosum and Epicoccum nigrum were of extra-

mycoplasmas also gave negative results.

Results of transmission electron microscopy
The study of ultrastructure of the small cells 
observed in histological sections within the 

Figure 1. Multiple granulomas grossly visible in the kidney of tench.
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peripheral layer of granulomas (Figures 2 and 
3) revealed features resembling those of trophic 
stages of amoebae (Figures 4 and 5). The cells 
were located intracellularly in the parasito-
phorous vacuoles. They contained amorphous 
material in the phagosome-like endocytotic 
formations/channels surrounded by a zone of 

-
collar (Figure 5). Deposits of electron-dense 
amorphous material were observed also within 
parasitophorous vacuoles, between trophozo-
ite and the wall of vacuole. Rounded nuclei 
of the cells contained electron-dense nucleoli. 
No structures comparable to mitochondria or 
Golgi apparatus as known from free-living 

-
lar cytoplasm of trophozoites, despite of the 
fact that hundreds of sections were examined. 

vesicles?) that were observed in the cytoplasm 

of some trophozoite sections did not provide 
enough features for their comparison with ultra-
structural details known from amitochondriate 
amoebae.

The search for hydrogenosomes as known in 
other non-mitochondrial eukaryotes (e.g., an-
aerobic fungi, rumen or free-living ciliates, and 
trichomonadids) also gave negative results. 
Based on ultrastructural characteristics, the 
agent of granulomatous lesions was assigned 
to Archamoebae, the group of amoeboid organ-
isms currently characterised by the absence of 
mitochondria (Williams and Keeling, 2003).

Discussion
This study introduces an agent of granuloma-
tous lesions that due to its size (smaller than 

might be overlooked in routine histological 

Figures 2 and 3. Histopathology of granulomas in the kidney tissue of tench. Note amoebae on the periphery 
of granuloma (arrows); necrotic centre of granuloma (nc).
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Figure 4. Ultrathin section through the periphery of a tench granuloma. Amoebae are marked with arrows; 
Figure 5. Detail of an intracellularly located amoeba. 

Phagocytotic channel surrounded by phagocollar is marked with arrow; nucleus of amoeba trophozoite (n); 
host cell nucleus (hcn). 
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examination. Granulomatous lesions as well 
as the agent of these lesions examined in tench 

Steinhagen et al., 1993; Dyková et al., 1996). 
Surprisingly, the agent of granulomatous lesions 

 
Solea senegalensis) studied by Constenla and 
Padrós (2010) showed the same ultrastructural 
features as the agents described from freshwater 

granulomas with similar/identical aetiology, the 
Constenla and Padrós (2010) study revealed an 
ultrastructurally identical agent dispersed also 
individually in the intestine. This information 

-
commensals from digestive tract of various 

Schizamoeba salmonis Davis, 
1926; Entamoeba gadi Bullock, 1966; E. ctenophar-
yngodoni Chen, 1955; and E. molae Noble et 
Noble, 1966. The lack of data on ultrastructure in 
descriptions of these amoeba species, however, 

in our study. The agent under our study might 

experienced in the recirculation system does 
not exclude the possibility of an opportunistic 
infection caused by an endosymbiont inhabiting 
digestive tract of tench.

The data thus far collected on ultrastructure 
of the agent of granulomatous lesions in tench 
allow the assignment of this agent to archamoe-
bae but do not permit its generic determination 
within this group of Archezoa. A considerable 
heterogeneity of archamoebae, encompassing 
e.g., Entamoeba, Pelomyxa, Mastigamoeba and En-

dolimax species, has been repeatedly stressed by 
various authors (Keeling, 1998, 2002; Silberman 
et al., 1999; Williams and Keeling, 2003) who 
noted the importance of this group of organisms 
for reconstruction of early events in eukaryotic 

pathogens with an archamoeba whose generic/
species determination only can be completed 
by a detail molecular study.

This study formed part of the ECIP project No. 
P505/12/G112 supported by the Grant Agency of 
the Czech Republic and the Ministry of Educa-
tion, Youth and Sports of the Czech Republic 
(AdmireVet; Grant No. CZ 1.05/2.1.00/01.0006-
ED0006/01/01). This study was partly funded 
by the Czech Collection of Microorganisms.
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