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Abstract

cultures, the bacterium Aeromonas salmonicida subsp. salmonicida (ASS) and the parasite Philasterides 
dicentrarchi (PD).

.

Introduction

pathogen interactions due to the high stocking 
density used in culture systems and prevalence 

-
dilla et al., 2006; Xu et al., 2012a, 2012b; Zhang 

Aeromonas salmonicida subsp. salmonicida (ASS) is 

disease characterized by an ulcerative dermatitis 

hemorrhages, both externally and internally and 

with salmonids ( ); however, 
-

eased turbot (Scophthalmus maximus) (Farto et 
al., 2011). To our knowledge, there is currently 

-

its virulence could be enhanced. In particular, 
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Philasterides dicentrarchi (PD) is a highly virulent 

host and migrate through the bloodstream and 
connective tissues to reach various organs and 
tissues. Ultimately PD can result in the death 

increased by multiple pathogen interactions on 

in order to design new therapeutic strategies to 

when bacteria and parasite were inoculated as 
-

ments.
 
Material and methods
Bacteria. A. salmonicida

-

-
., 2012) using the 

2002).

The bacterial isolate was cryopreserved in tryp-
ticase soy broth (TSB; Cultimed), supplemented 

to use, the ASS isolate was resuscitated and 

grown on trypticase soy agar (TSA; Cultimed) 

Ciliate. P. dicentrarchi
The ciliates were isolated by abdominocentesis 

washing with physiological saline solution 

-

-

B (Antibiotic Antimycotic Solution, Sigma). PD 
was periodically subcultured at 20ºC.

Fish
Unvaccinated turbot (Scophthalmus maximus, L.) 

Galicia (NW Spain). They were moved to the 

-

through systems (three exchanges per day). 
-

tained at 33  with a 12L:12D photoperiod. 

obtain accurate statistical analyses.

with sodium hypochlorite to eliminate patho-
gens. The physicochemical parameters were 
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-
ration. The 

day). When disease symptoms appeared the 
anesthetized and then euthanized 

and parasite presence. 

Determination of bacterial sublethal dose 
A preliminary test to determine the bacterial 

-
 .

-
onies were inoculated and grown in TSB shake 

Farto et al., 2011). 
The cells were harvested and resuspended in 

600nm, 109 

TSA plates.

The bacterial suspension (0.1 mL) was inocu-
lated in turbot by injection into the abdominal 

3  
6 -

neally injected (0.1 mL) with PSS were used as 

as described by Lago et al. (2012). 

Determination of ciliates sublethal dose
A preliminary test to determine the ciliates 

-

-

in a Neubauer chamber. The original suspen-
sion was then washed and adjusted with PSS to 

Experimental infections with monocultures of 
ASS and PD 

duplicate experiments) to monocultures (0.1 

102

Experimental infections with mixed cultures 
of ASS and PD 

turbot were exposed (in duplicated experi-

2

as described previously. Ciliate presence was 
determined by direct microscopic examination 
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Ethical approval
All experimental protocols were approved 
and supervised by the National 
on Animal Research and Ethics in accordance 
with European regulation on animal protection 

Statistical analysis
-

two replicates, and they were compared by 
-

Results
Determination of bacterial sublethal dose

determined to be 102

Experimental infections with monocultures of 
ASS and PD 
The PD dose used did not result in turbot 

-
ing turbot (in both replicates). When a pure 

replicates) (Table 2). 

Experimental infections with mixed cultures 
of ASS and PD 
When experimental treatments mixing ASS 

recorded in each replicate tank respectively. 

Table 1.

Mean weight (g) Group Doses1 Mortality2 Recovery 
ASS D3

Recovery 
ASS S4

A. salmonicida 2

A. salmonicida 3

A. salmonicida

Control 0

1

2

3
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replicate. No mortality was recorded in control 

-

pathogens separately as inoculum. The results 

inoculated with only bacteria and those treated 
-

detection (Figure 1). 

-

2 

-

Discussion
An interaction between PD and ASS was dem-

turbot to ASS -
-

proximately 100g turbot under normal culture 

host, ASS and PS.

Table 2.

Infection Pathogen Mortality1 Detection D2 Detection S3

A. salmonicida

Single A. salmonicida

P. dicentrarchi

 P. dicentrarchi

Mixed
A. salmonicida

P. dicentrarchi

Mixed
A. salmonicida

P. dicentrarchi

 Control

1 

2

3

2
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Figure 1.

Figure 2.  and PD. Each curve 



In order to show the interaction between both 
pathogens, it was necessary to select doses that 
were sublethal when bacteria and parasite were 
inoculated as monocultures. In our assays with 

2 

-
ment, since the bacteria were not re-isolated in 

days, whereas the other tested doses resulted in 
much more rapid mortality. The higher doses 

3

., 2012).

The monoculture treatments showed that both 
-

throughout the monitoring period. The detec-
-

gests that Philasterides dicentrarchi weakens S. 
maximus
the results obtained previously (Piazzon et al., 

-

-

In summary these results are suggestive that co-

-

subtle, it is important that they are documented 

An important implication could be that the 

pathogens. 

Acknowledgements
This study was supported by a grant “Con-

kindly providing the wild-type isolate of A. 
salmonicida and P. dicentrarchi.

References
Bandilla M, Valtonen ET, Suomalainen LR, 

Aphalo PJ and Hakalahti T (2006). A 

susceptibility to bacterial disease in rainbow 
trout. International Journal for Parasitology 
36

Byers HK, Gudkovs N and Crane MSJ (2002). 



Aeromonas salmonicida

Diseases of Aquatic Organisms 
49

Histopathological changes in turbot 
Scophthalmus maximus due to a histophagous 
ciliate. Diseases of Aquatic Organisms 18

with EEA relevance. 
European Union L 276, 20.10.2010, p. 33–79. 

Farto R, Milton DL, Bermúdez MB and Nieto 

virulent and avirulent Aeromonas salmonicida 
subsp. salmonicida 
Diseases of Aquatic Organisms 95

Philasterides dicentrarchi (Ciliophora, 
Scuticociliatida) as the causative agent 

Scophthalmus maximus in Galicia (NW 
Spain). Diseases of Aquatic Organisms 46, 

Lago EP, Nieto TP and Farto R (2012). 
Aeromonas salmonicida 

subsp. salmonicida strains associated with 

of Aquatic Organisms 99

Scuticociliate proteinases may modulate 
turbot immune response by inducing 
apoptosis in pronephric leucocytes. 
International Journal for Parasitology 37

C and Sanmartín ML (2003). Philasterides 
dicentrarchi (Ciliophora, Scuticociliatida): 

Scophthalmus 
maximus). Aquaculture 217

Fish immunity to scuticociliate parasites. 

Developmental and Comparative Immunology 
43

Toranzo AE, Magariños B and Romalde JL 

diseases in mariculture systems. Aquaculture 
246

Xu DH, Shoemaker CA and Klesius PH (2012a). 
as a potential 

Edwardsiella ictaluri in channel 
329, 160-

Xu DH, Shoemaker CA, Martins ML, 
Pridgeon JW and Klesius PH (2012b). 

to the bacterium Edwarsiella ictaluri 
parasitism by 
Veterinary Microbiology 158, 216 - 219.

Zhang C, Li DL, Chi C, Ling F and Wang GX 
Dactylogyrus intermedius parasitismo 

enhances Flavobacterium columnare invasion 
and alters inmune-related gene expression. 
In Carassius auratus. Diseases of Aquatic 
Organisms 116, 11-21.


