
Recent Advances in Research of
Marine Myxozoans

Oswaldo Palenzuela  
Instituto de Acuicultura de Torre la Sal
Consejo Superior de Investigaciones

Científicas



European Finfish Mariculture
Industry (1990-2003)
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Main contributors to “others”: Portugal, Cyprus, Malta, Mauritania Croatia, Tunisia, 
and, Turkey.
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12-fold increase (1184%)
“Other” from 19% to >30%

5-fold increase (493%) [**]
“Other” from 11% to 25%

Data source: FAO (FISHTAT)



Current Mediterranean Mariculture

• Focused on few fish species for
which basic husbandry and
handling routines are developed.

• Signs of market saturation
(price drop). Low profitability.

• Diversification to new species at
industrial scale with poor
background knowledge (high
risk).

• Increasing competence and
single market. Pressure to
reduce operation costs. Scarce
areas for new facilities.

• Explosive growth of intensive
culture in netpens over other
models. 



Causes and Consequences
• Very high stocking density
• Low genetic diversity
• Accesibility of pathogens and easiness of transmission

• Of all etiological agents, parasites are specially fastidious:
• Treatments unavailable, difficult, and/or expensive. No vaccines
• Basic knowledge on parasites scarce (life cycles, biochemistry, etc.)
• Obstacle to production and profitability of cultures, and threat for 

introduction of new species



Relative importance of parasitic etiologies in 
marine pisciculture

Bacteria Parasites Viruses Others



Relative importance of parasitic etiologies in 
fish mariculture

Primary pathogens. Causing direct or indirect mortality (in 
association with opportunistic pathogens).
Sublethal pathogens. Responsible for low growth rates and 
productivity, low quality of final product and increased production 
costs.
Indeterminate status species: having potential to belong to either 
class but not enough data is available.
Aquaculture changes natural ecologic balance by concentrating 
large fish biomasses with poor genetic diversity under stress. This 
favours host-captures and switches from one category to another. 
New fish species or new farming models can be seriously 
hampered by emerging parasites, so far innocuous in other 
circumstances.





Parasitic Enteritis: Enteromixosis
• Emaciative disease or parasitic enteritis due

to Enteromyxum spp. One species in turbot
(E.scophthalmi) and another in a large
number of fish hosts.

• The parasite invades the intestinal tract
causing descamative enteritis with cachexia
and death of up to 100% of susceptible 
stocks.

• Characteristic prominent bony ridges due
to atrophy of muscle. Intestinal walls thin, 
transparent, sometimes focal congestion
and accumulation of liquid in the lumen. 
Large numbers of spores in E.leei, but very
scarce in E.scophthalmi (only in terminal
infections).

• Very variable susceptibility in different fish
species.

















Labridae (Symphodus spp.) 
S. tinca

S. cinereus

S. ocellatus
S.rostratus

S.mediterraneus

S.melopsS.melopsS.roissali



Labridae

Xyrichthys novacula Thalassoma pavoCoris julis

Labrus viridisLabrus bergyltaLabrus merula



Centracanthidae, Sparidae, Mullidae, 
Pomacentridae, Scorpaenidae...

Spicara maena Diplodus vulgarisDiplodus sargus

Mullus surmuletus Chromis chromis Scorpaena porcus



Molidae, Blenniidae, Gobiidae...

Gobius niger Parablennius zvonimiri

Mola mola
Scartella cristataLipophrys pavo









Validation of a PCR-based diagnostic tests: 
experimental design

• Fish Sampling:
– Non-lethal swabs (PCR NL)
– Small pieces of intestine (Rt & Im)
– Entire digestive for histology

• Blinding of samples: random mixing in 
lots

• Procesing and analyses of the samples in a 
“blind” fashion.
– PCR of samples
– Routine microscopy (four labs)
– In-depth histopathological study (Gold-

standard by consensus of two labs)

Validated test(s)





L-PCR3+



Transmission and life cycle
E. leei gets transmitted directly from fish to fish by cohabitation, 
waterborne contamination or eating infected material. The 
infective stages are not the spores, but cells present within the 
developmental cells.
Parasites cause inflammation and detachment of the intestine 
epithelial layer. They are then released in foecal casts, together with 
epithelial debris. They retain viability in sea water for short periods 
of time.
Other myxozoans cannot be transmitted directly from fish to fish, 
needing participation of invertebrates where infective spores are 
developed. It is possible that E.leei has this kind of development in 
addition to the direct transmission.
By E.leei-specific PCR we have detected assorted positive 
invertebrates in enzootic sites. Their true meaning is yet to be
characterised.
In intensive mariculture, problems arise due to the direct 
transmission (with or without participation of feral fish as vectors).



Epidemiology

The existence of epizootics, their incidence and severity depend on multiple
factors but most important are temperature and recirculation.
In S. aurata the infection tends to cronify in land-based facilities with some
degree of recirculation. There can be trickling mortality in animals >100g. 
Accumulative mortality can be serious depending on temperature. Growing
large S.aurata (>500g) is an additional risk factor.
In netpens usually there are not episodes of mortality although these can 
occur, specially with hot (>20 C) water. 

Diplodus puntazo is quite sensitive
and there is usually severe mortality
shortly after introduction in netpens
(500-2000 fish/day in 20-50g fish). 
Enteromyxosis is currently the main
limiting factor for its culture.

Wide host range and direct transmission are responsible for current
distribution of the disease. The infection has been diagnosed in all kinds of
facilities.



E. Leei control

No efficacious treatments.
No vaccines or possibility to generate them at short/mid 
term.
Potential for genetically resistant fish strains and/or 
immunoestimulation. Research underway.
Control of alternate hosts/infective stages. Research 
underway but direct transmission is the problem.
Currently the only strategies affordable are prevention: 
avoid risk factors and use early detection of infections to 
eliminate affected stocks and avoid concentration of 
infective material.
Test stocks from enzootic areas before introducing them to 
disease-free sites.



Testicular sphaerosporosis
Infection restricted to sea bass testes. The myxozoan Sphaerospora testicularis
develops within the seminiferous tubules.

Granulomatous lesions and focal necoris, sometimes extensive. Parasitic castration

Sometimes abdominal distension and
ascitis.
Aparently no direct mortality but
reported higher susceptibility to
bacterial infections.

Foto: C. Zarza





Sphaerospora testicularis (Myxozoa)

Diagnostics on fresh smears of sperm (only fluent 
animals) or histology. Experimental PCR test under 
development & validation.
Effective treatments not available.
Unknown life cycle. Possibly intermediate host but direct 
transmission cannot be completely ruled out. It is 
unknown whether or not animals can retain infections 
between seasons. 
Increasingly reported in sea cages (>80% males). Direct 
impact in ongrowing stocks is unknown, but worrisome.
Low-quality sperm and castration on valuable 
broodstock.



Sistemic sphaerosporosis

The mixozoan
Sphaerospora dicentrarchi
infecting connective tissue 
in sea bass and mugilidae.

Very high prevalence in all 
kinds of facilities, 
normally 80-100%. 
Chronic infections.
Intensity increases with 
fish age.



Polypodium hydriforme
PKX

Ceratomyxa shasta

Kudoa amamiensis

Henneguya doori

Sphaerospora dicentrarchi

Ceratomyxa tenuispora

Henneguya salminicola
Myxobolus squamalis
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Kudoa thyrsites
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Sphaerospora dicentrarchi (Myxozoa)

No external symptoms
Pathogenicity depends on parasitic load and 
organs affected heavily
Extensive mortality has been reported in 
juvenile fish (from 2g) associated to 
neurological symptoms, anorexia and poor 
growth. At high temperatures, both tanks and 
cages, (Eastern Mediterranean).
Possibly favors bacterial infections, but also 
has a direct pathogenic effect.
Life cycle unknown, possibly indirect 
(invertebrate)
Effective treatments not available (antibiotics 
reduced mortality in reported epizootics but 
data are fragmentary and not contrasted.
Diagnostic with histology (difficult in fresh 
smears)



Dr. Panos Varvarigos,
Vet care, Greece

Kidney mixosporidioses

Poor growth and dropping mortality
High prevalence and intensity in summer, 
all age classes in ongrowing stocks
Increasing incidence in Eastern 
Mediterranean & Adriatic

Leptotheca sparidarum

Glomerulonephritis due to 
Polysporoplasma sparis in gilthead sea 
bream. Kidney inflammation.



Kudoa iwatai (Myxozoa)
Diamant et al., in press

Recently in Red sea, 
unknown origin.
Adult fish (commertial
size). Broodstock.
Low mortality
Reduced market value
Increasing incidence

Skeletal muscle, brain, intestine, 
eyes, swim bladder.



Ceratomyxa spp. (myxozoa)
Gall bladder of D.labrax, 
S.aurata, D.dentex, Mugilidae
and sparidae: C. diplodae, C. 
labracis & C. sparusaurati

Similar effects in all
species

Secondary pathogen, 
common in mixed
infections.

Very prevalent in all
kinds of culture systems



Knowledge for prevention and control

Host-parasite relationship

Research

Life cycle, 
pathogenic action

Parasite strategy
Immune response,
barriers & defenses

Fish strategy

prophylaxis
control

modulation 
selection


