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ABSTRACT. Diseases are of particular importance for aquaculture worldwide, particularly in intensive
culture. In Mexico, intensive culture of channel catfish is mainly done in floating cages. The aim of the present
study was to determine the presence of the myxozoan Henneguya and the effect of site, period and host length
on its prevalence in cage-cultured channel catfish. Over a year, fish were examined on six different sites.
Results showed the presence of Henneguya exilis in all the farms. However, no significant effects were
observed for site and season on prevalence, nor was there a correlation between host length and infection
prevalence.
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Variaciones espaciales y temporales en la prevalencia de Henneguya exilis
en bagre de canal (Ictalurus punctatus), cultivado en jaulas, en Tamaulipas,
México
RESUMEN. Las enfermedades tienen una gran importancia en la acuacultura mundial, especialmente en
sistemas de cultivo intensivos. En México, el cultivo intensivo del bagre de canal se realiza principalmente en
jaulas flotantes. El objetivo de la presente investigación fue el determinar la presencia del myxozoo
Henneguya y el efecto del lugar, periodo y longitud del huésped con la prevalencia en el bagre de canal en
jaulas de cultivo. Durante un año, se examinaron peces obtenidos de granjas en seis localidades. Los
resultados mostraron la presencia de Henneguya exilis en todas las granjas, sin embargo no se observaron
efectos significativos para el sitio y época en la prevalencia, ni hubo una correlación entre la prevalencia de la
infección y la longitud del huésped.
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Channel catfish Ictalurus punctatus is intensively
cultured in earth ponds in USA, whereas in Mexico
food-size fish are intensively cultured in floating
cages. In 2008, the aquaculture of channel catfish in
Mexico reached 970 ton (CONAPESCA, 2008) with
Tamaulipas as the first producer using controlled
systems. Biotic factors can affect the prevalence of
pathogens in these systems, as wild fish population

around cages (Beveridge, 2002), size host (Adriano et
al., 2005), fish species (Beecham et al., 2010) and
abiotic factors as stress by management (Lio-Po &
Lim, 2002) or low levels of dissolved oxygen
(Francis-Floyd, 1993). Some reports show the effect
of fish age (Saksida et al., 2007), stress (Hammell &
Dohoo, 2005), fish mean weight (Heuch et al., 2009),
type of ecosystems (Vagianou et al., 2006) and
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temperature (Johnson et al., 2004; Antonelli et al.,
2010), on outbreaks and prevalence of pathogens in
fish cultured in sea water cages, but there are few
studies that have examined factors affecting pathogen
prevalence in freshwater cages. One of the most
common protozoans likely to be encountered in
freshwater culture of channel catfish belongs to the
genus Henneguya (Myxobolidae) (Hoffman, 1999).
Two species of this genus, H. exilis and H. ictaluri
cause the lamellar disease and the proliferative gill
disease respectively (Current & Janovy, 1976; Griffin
et al., 2008). In USA, outbreaks of these diseases
occur in catfish raised in earthen ponds, whereas in
Mexico there are few reports of these pathogens. The
present study was undertaken to determine the
presence and prevalence of Henneguya species in the
channel catfish I. punctatus cultured in floating cages,
in Tamaulipas state, and to evaluate the effect of site,
period and host size on its prevalence.
During one year, channel catfish were collected
every two months (May 2007-April 2008) from six
sites in Tamaulipas (five sites in reservoirs created by
dams and one in a river). Sites located in the reservoirs
were 1) Pedro J. Méndez 24º14’N, 99º33’W, 2) María
Soto la Marina 24º24’N, 98º59’W, 3) La Loba
24º21’N, 98º37’W, 4) Vicente Guerrero 23º57’N,
98º44’W, 5) Emilio Portes Gil 22º57’N, 98º47’W; and
the site 6) Soto la Marina was located in a river
23º57’N, 98º27’W (Fig. 1). Except for site 5, the rest
of the sites belong to the same hydrological system.
Fish (n = 20-40 fish/farm/sample period) were
collected from rectangular floating cages of 1.2 m
widex1.2 m long x 2.4 m depth (6.9 m³ of volume).
Cages are tied between them and form a battery,
which are also tied with polyethylene ropes, and they
are anchored to shore and water bottom. The cages are
made of a rigid net, which is formed of steel
embedded with hard plastic, and the mesh size has
1.27x2.54 cm. Depth of water in reservoirs ranged
from 6 to 17.5 m, whereas the river depth was 2.0 m.
Sampled fish were stored in plastic bags, covered with
ice, and transported to the Facultad de Medicina
Veterinaria y Zootecnia of Universidad Autónoma de
Tamaulipas, Cd. Victoria, Tamaulipas.
Collected fish were measured (fork length in cm),
externally evaluated, and dissected; external and
internal organs were analyzed using standard
protocols (Pritchard & Kruse, 1982; Secretaría de
Pesca, 1994; Hoffman, 1999). Presumptive Henneguya plasmodia were measured, cysts were crushed to
obtain spores, and their total length (TL), body length
(BL) and width (in µm) were determined with an
optical micrometer. Parasite identification was done
according to Hoffman (1999) and Feist & Longshaw

Figure 1. Reservoirs: 1) Pedro J. Méndez: 24º14’N,
99º33’W, 2) María Soto la Marina 24º24’N, 98º59’W, 3)
La Loba 24º21’N, 98º37’W, 4) Vicente Guerrero
23º57’N, 98º44’W, 5) Emilio Portes Gil 22º57’N,
98º47’W; 6) Soto la Marina River 23º57’N, 98º27’W.

(2006); prevalence determined according to Margolis
et al. (1982). Data were analyzed statistically using a
MedCal* v.12.3 Statistical Software; data analyzed by
the Kolmogorov-Smirnov test indicated non-normality. Kruskal-Wallis test was carried out to determine
the effect of site and period on prevalence, whereas
the Spearman correlation test was used to determine
the relation of host size on prevalence. Differences
were considered significant at P < 0.05. An annual
average of prevalence per site and season was
performed to observe variations on space and time.
A total of 954 fish were examined. Gills were the
only organ affected by Henneguya plasmodia, which
were oblong in shape and brown in color in fresh
samples, and averaged 400-800 µ in length (Fig. 2);
fresh mature spores were 60.29 µ (±6.34) total length,
spore body length 16.46 µ (±1.76) and spore width
4.18 µ (±0.87) (Fig. 3). The site of infection and
morphologic characteristics of plasmodia and spores
were consistent with Henneguya exilis (Figs. 2 and 3).
Figure 4 shows the spatial annual average prevalence
at each site. Although the farm located at the river had
the lowest parasite prevalence, this difference was not
significant (P = 0.1407). Average prevalence by
period is shown in Figure 5. No parasites were
observed from any farms in the second sampling
period (July-August), whereas a peak of parasite
prevalence was detected in the period of March-April;
however, such variations in periods were not
statistically significant (P = 0.5635). Mean host size
was 20.11 cm (±7.84), but there was no significant
correlation between host size and prevalence of the
parasite (r = -0.086).

Henneguya exilis in channel catfish

196

Figure 2. Gill filaments showing plasmodia between
secondary lamella. Bar = 0.5 mm.

Figure 4. Annual prevalence (%) of Henneguya exilis by
site.

Figure 3. Smear of crushed plasmodium showing spores
of Henneguya exilis. Bar = 0.02 mm.

In our study, location did not affect the H. exilis
prevalence, although the farm located in the river
showed prevalence values near to zero. The cause for
this low prevalence could be related to low numbers of
the H. exilis intermediate host, the oligochaete Dero
digitata (Feist & Longshaw, 2006). Density of D.
digitata (Naididae) has been experimentally associated
with outbreaks of proliferative gill disease in channel
catfish (Belleraud et al., 1995). The farms located in
reservoirs have several years of operation, whereas the
river farm had its first period of operation during the
study. In pond and cage aquaculture, faeces and
unconsumed food can contribute to the accumulation
of organic compounds underneath, which increases the
concentration of nitrates, phosphates and decreasing
dissolved oxygen, all of which has been correlated
with the presence of some oligochaetes, including D.
digitata (Krodkiewska & Michalik-Kucharz, 2009).
Another factor that likely has an effect in the
transmission of the parasite is the water current, which
is slightly faster in the river, and could contribute to
the absence of spores from cages. Aditionnally, for

Figure 5. Annual prevalence (%) of Henneguya exilis by
period.

whirling disease, caused by other myxosporean, an
increase of water flow is suggested as a prevention
practice for the control of worm populations
(Brinkhurst, 1996). Sites 1 to 4 (Fig. 4), which belong
to the same hydrological system, had the highest
levels of Henneguya prevalence, with the farm
examined in site 4, having the highest prevalence
observed in this study. In this area there are some
nearby farms, which may probably have the infection
and help maintaining the high levels of prevalence
among farms. The absence of H. exilis at all farms
during July-August can be related to several factors,
but it was probably due to maturation of plasmodia,
and spore release. In the present study, the seasonal
prevalence of the parasite was less than 18.0% for all
the sampling periods in the year, except for the
March-April period, where it reached 54.3%. Our
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observation of high H. exilis prevalence during
March-April and absence during July-August is
consistent, not with the parasite prevalence but with
the proliferative gill disease in USA. Some reports
indicate that April is the month with its highest
seasonal occurrence, and equally July-August with a
low occurrence in commercial catfish (Camus et al.,
2004, 2005; Khoo et al., 2008). In our study no
correlation between prevalence and host size was
observed. Adriano et al. (2005) found similar results
with Henneguya caudalongula in cultured fish and
Gbankoto et al. (2001) with other myxosporean
species of wild fish. According with Griffin et al.
(2009), closed earthen ponds and multi-batch culture
is a more favorable environment for dissemination of
myxozoan parasites in the catfish industry. In pond
culture, the contact of fish with muddy, nutrient-rich
bottoms facilitates parasite transmission, while
floating cage systems may decrease the direct contact
between worms and fish, helping lessening the
intensity of infection and the expression of the disease.
Additionally, severity of infection in proliferative gill
disease is related to the number of spores in water, and
a continuous release of them by intermediate host
(Wise et al., 2004). Fish cultured in cages have more
risk of disease than those reared in ponds (Beverdige,
2002), but in our study, despite high prevalence, no
mortalities associated with H. exilis were detected.
Other considerations should be taken into account, as
the severity of disease and damage caused by H. exilis
in the hosts.
Knowledge of the prevalence of H. exilis in
different geographical sites in channel catfish cultured
in cages can further help in establishing management
strategies for its control. Although no significant
differences related to effect of site and times of year
on prevalence were found in this study, it is likely that
aquatic environment conditions have a direct effect on
H. exilis prevalence. Further studies must be carried
out to evaluate the effect of other biotic and abiotic
factors on prevalence and disease of this parasite.
ACKNOWLEDGEMENTS
We would thank to the Comité de Sanidad Acuícola
del Estado de Tamaulipas A.C. for providing us
information for the present manuscript. We specially
thank Sistema Producto Bagre in Tamaulipas and fish
owners, and the Programa de Mejoramiento del
Profesorado of Secretaría de Educación Pública (SEP)
for providing scholarship to JRC.
REFERENCES
Adriano, E.A., S. Arana & N.S. Cordeiro. 2005. Histology, ultraestructure and prevalence of Henneguya

piaractus (Myxosporea) infecting the gills of
Piaractus mesopotamicus (Characidae) cultivated in
Brazil. Dis. Aquat. Org., 64: 229-235.
Antonelli, L., Y. Quilichini & B. Marchand. 2010.
Sparictoyle chrysophrii (Van Beneden and Hesse
1863) (Monogenea:Polyopisthocotylea) parasite of
cultured Gilthead sea bream Spaurus aurata
(Linnaeus 1758) (Pisces: Teleostei) from Corsica:
ecological and morphological study. Parasitol. Res.,
107(2): 389-398.
Beecham, R.V., M.T. Griffin, S.B. La Barre, D. Wise, M.
Mauel, L.M.W. Pote & C.D. Minchew. 2010. The
effects of proliferative gill disease on the blood
physiology of channel catfish, blue catfish, and
channel catfish x blue catfish hybrid fingerlings. N.
Am. J. Aquacult., 72(3): 213-218.
Belleraud, B.L., L.M. Pote, T.L. Lin, M.J. Johnson &
C.R. Boyle. 1995. Etiological and epizooto-logical
factors associated with outbreaks of proliferative gill
disease in channel catfish. J. Aquat. Anim. Health,
7(2): 124-131.
Beverdige, M.C.M. 2002. Overview of Cage Culture. In:
P.T.K. Woo, D.W. Bruno & L.H. Susan Lin (eds.).
Diseases and disorders of finfish in cage culture.
CABI Publishing, Oxon, pp. 41-59.
Brinkhurst, R.O. 1996. On the role of tubificid oligochaetes in relation to fish disease with special
reference to the Myxozoa. Ann. Rev. Fish Dis., 6: 2940.
Camus, A.C., P. Gaunt & M.J. Mauel. 2004. CVM Aquatic Diagnostic laboratory summary. Thad Cochran
National Warmwater Aquaculture Center. NWAC
News, 7(1): 6-7.
Camus, A.C., P. Gaunt & M.J. Mauel. 2005. CVM
Aquatic Diagnostic Laboratory Summary. Thad
Cochran National Warmwater Aquaculture Center.
NWAC News, 8(1): 6-7.
Comisión Nacional de Acuacultura y Pesca (CONA
PESCA). 2008. Anuario Estadístico de Acuacultura y
Pesca. Secretaría de Agricultura, Ganadería,
Desarrollo Rural, Pesca y Alimentación. México.
Available: http//www.conapesca.sagarpa.gob.mx. Reviewed: 6 September 2010.
Current, W.L. & J. Janovy. 1971. Ultraestructure of
interlamellar Henneguya exilis in the channel catfish.
J. Parasitol., 62(6): 975-981.
Feist, S.W. & M. Longswhaw. 2006. Phylum Myxozoa.
In: P.T.L. Woo (ed.). Fish diseases and disorders,
Vol. 1: Protozoan and metazoan infections. Cabi,
Oxfordshire, pp. 230-296.
Francis-Floyd, R. 1993. Environmental diseases of
catfishes. In: M.K. Stoskopf (ed.). Fish medicine. WB
Saunders, Philadelphia, pp. 506-510.

Henneguya exilis in channel catfish

Gbankoto, A., C. Pampouli, A. Marques & G.N. Sakiti.
2001. Ocurrence of myxosporean parasites in the gills
of two tilapia species from Lake Nokoué (Bénin,West
Africa): effect of host size and sex, and seasonal
pattern of infection. Dis. Aquat. Org., 44: 217-2 22.
Griffin, M.J., D.J. Wise, A.C. Camus, M.J. Mauel, T.E.
Greeenway & L.M. Pote. 2008. A real-time
polymerase chain reaction assay for the detection of
the myxozoan parasite Henneguya ictaluri in channel
catfish. J. Vet. Diagn. Invest., 20: 559-566.
Griffin, M.T., L. Khoo, L. Torrans, B.G. Bosworth, S.M.
Quiniou, P.S. Gaunt & L.M. Pote. 2009. New data on
Henneguya pellis (Myxozoa:Myxobolidae), a parasite
of blue catfish Ictalurus furcatus. J. Parasitol., 95:
1455-1467.
Hammell, K.L. & I.R. Dohoo. 2005. Risk factors
associated with mortalities attributed to infectious
salmon anemia virus in New Brunswick, Canada. J.
Fish Dis., 28: 651-661.
Hoffman, G.L. 1999. Parasites of North American
freshwater fishes. Comstock Publishing Associates.
Cornell University Press, Ithaca, 539 pp.
Heuch, P.A., R.S. Olsen, R. Malkenes, C.W. Revie, G.
Gettinby, M. Baillie, F. Lees & B. Finstad. 2009.
Temporal and spatial variations in lice numbers on
salmon farms on the Hardanger fjord 2004-06. J. Fish
Dis., 32: 89-100.
Johnson, S.C., J.W. Treasurer, S. Bravo, K. Nagasawa &
Z. Kabata. 2004. A review of the impact of parasitic
copepods on marine aquaculture. Zool. Stud., 43(2):
229-243.
Khoo, L, P. Gaunt & M.J. Mauel. 2008. Aquatic
diagnostic laboratory summary report. Thad Cochran
National Warmwater Aquaculture Center. NWAC
News, 10(2): 6-7.
Krodkiewska, M. & A. Michalik-Kucharz. 2009. The
bottom Oligochaeta communities in sand pites of
different trophic status in Upper Silesia (Southern
Poland). Aquat. Ecol., 43: 437-444.

Received: 16 May 2012; Accepted: 26 February 2013

198

Lio-Po, G. & L.H.S. Lim. 2002. Infectious diseases of
warm water fish in fresh water. In: P.T.K. Woo, D.W.
Bruno & L.H. Susan Lin (eds.). Diseases and
disorders of finfish in cage culture. CABI Publishing,
Oxon, pp. 231-281.
Margolis, L., G.W. Esch, J.C. Holmes, A.M. Kuris &
G.A. Schad. 1982. The use of ecological terms in
parasitology (Report of an Ad Hoc Committee of the
American Society of Parasitologists). J. Parasitol., 68:
131-133.
Pritchard, M.H. & G.O. Kruse. 1982. The collection and
preservation of animal parasites. (Tech. Bull. 1).
University of Nebraska Press (Lincoln), Nebraska,
pp. 141.
Saksida, S., G.A. Karreman, J. Constantine & A. Donald.
2007. Differences in Lepeophtherirus salmonis
abundance levels on Atlantic salmon farms in the
Broughtob Archipielago, British Columbia, Canada.
J. Fish Dis., 30: 357-366.
Secretaría de Pesca. 1994. Proyecto de Norma Oficial
Mexicana NOM020-PESC-1993, que acredita las
técnicas para la identificación de agentes patógenos
causales de enfermedad en los organismos acuáticos
vivos cultivados, silvestres y de ornato en México.
Diario Oficial 7 Diciembre (Primera Sección),
México.
Vagianou, S., F. Athanassopoulou, V. Ragias, D. Di
Cave, L. Leontides & E. Golomamazou. 2006.
Prevalence and pathology of ectoparasites of
Mediterranean Sea bream and sea bass reared under
environmental and aquaculture conditions. Isr. J.
Aquacult./Bamidgeh, 58: 78-88.
Wise, D.J., A.C. Camus, T.E. Schwedler & J.S. Terhune.
2004. Health Management. In: J.A. Tucker & C.S.
Hargreaves (eds.). Biology and culture of channel
catfish. Elsevier, Amsterdam, pp. 445-502.

