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A long-term epidemiological study of Cryptosporidium molnari in aquacultured European sea bass (ESB) and
gilthead sea bream (GSB) was performed in different types of facilities on the Atlantic, Cantabric, and
Mediterranean coasts. Four types of studies were carried out. In study A, fish raised from juveniles to
marketable size (ongrowing stage) were periodically sampled in three different types of cultures. Studies B and
C focused on hatchery and nursery facilities. In study D, occasional samplings were performed during
mortality or morbidity outbreaks. As a general trend, C. molnari was more prevalent in GSB than in ESB. Data
on the distribution pattern of C. molnari in total sampled GSB (studies A, B, and D) had a variance higher than
the mean (overdispersion). In GSB (study A), the type of ongrowing system (sea cages, earth ponds, or indoor
tanks) was found to have no significant effect. There was a significant relationship between the presence of the
parasite and both fish weight and season. The highest infection values were recorded in spring. Prevalence and
intensity had convex weight profiles, with a peak in 30- to 100-g fish. In study D, the prevalence of infection was
higher in fish recently introduced in sea cages and in preongrowing systems. In studies B and C, fish were
almost never infected before entering the postlarval and nursery facilities. The parasite seems to enter the host
mainly through the water in production steps with less stringent water treatment. Recirculation systems and
fish cannibalism could contribute to oocyst concentration and dispersion in aquaculture facilities.

Parasite populations tend to show an aggregated distribution
in host populations, in which different factors, such as host size,
host density, and environment, are involved (4, 35). Host-
parasite relationships at the population level are complex, and
many factors related to the microhabitat (the host) and the
macrohabitat (the host environment) have to be considered. In
farmed hosts, culture conditions clearly affect this relationship,
as they influence host density and other collateral factors.
Gilthead sea bream (Sparus aurata L.) and European sea bass
(Dicentrarchus labrax L.) are successfully cultured in the Med-
iterranean Sea and the Atlantic Ocean. Their production has
reached almost 100,000 tons in the Mediterranean basin (17).
With the increase of intensive farming, severe disease out-
breaks have been reported, including those produced by emer-
gent parasites (9).

A new protozoan parasite, Cryptosporidium molnari (Api-
complexa) was described from cultured sea bass and sea bream
(3), and homologous transmission and cross-transmission have
recently been demonstrated under experimental conditions
(40). Cryptosporidia are small coccidian parasites recognized
as significant pathogens for humans and many other verte-
brates (12, 13, 18, 19, 46). The importance of piscine species
remains to be determined, but C. molnari may produce patho-

logical effects, mainly in small fish (3). Epidemiological data
are very important for ascertaining the significance of this new
parasite for aquaculture. In the present paper, a long-term
epidemiological study of C. molnari in different culture facili-
ties of sea bass and sea bream is presented. Fish were studied
from the hatchery to the market size stage of production in
several culture systems on the Atlantic, Cantabric, and Medi-
terranean coasts. The influence of host and environmental
factors on parasite distribution and infection levels was ana-
lyzed.

MATERIALS AND METHODS

Farms and facilities surveyed. Epidemiological surveys of gilthead sea bream
and European sea bass were conducted from December 1997 to July 2001 in
several aquaculture facilities, located primarily on the Spanish coasts. The sur-
veyed farms or facilities, their geographical location, and the type of study are
detailed in Table 1. Culture systems are identified according to the production
cycle in which fish were sampled (H for the hatchery, postlarval, and nursery
steps and F for the step that raises fish from juveniles to marketable size in
aquaculture [ongrowing]; PFG is used for the preongrowing stage). A basic
management model of marine fish farms including hatchery, postlarval, nursery,
preongrowing, and ongrowing facilities is presented in Fig. 1. Some sampled
facilities included only some culture phases, e.g., ongrowing. All fish from on-
growing systems were reared under natural temperature and photoperiodic con-
ditions, following the standard procedures of each farm. The indoor experimen-
tal tanks of the Instituto de Acuicultura de Torre de la Sal (IATS) received a
standard flowthrough seawater supply from a pump on shore (37% salinity; 30-
to 40-�m-pore-size sand filter).

Sampling schedules of four different types of studies. (i) Study A. A total of
631 gilthead sea bream and 62 sea bass from different ongrowing systems were
periodically surveyed, as detailed in Tables 2 and 3 for gilthead sea bream and
sea bass, respectively. In all groups, the first sampling was done before fish
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entered the corresponding ongrowing facility (thus, it reflects the previous preon-
growing situation) and then every 3 months until fish reached market size. For
some groups, origins, including hatchery, nursery, and preongrowing facilities,
were traced.

(ii) Study B. This study was carried out mainly at the hatchery, postlarval, and
nursery facilities of H-2 throughout the year 2000, though some batches were
also monitored after entering other ongrowing systems. Samplings at H-2 were
usually carried out at significant points of the production cycle: before and after
the weaning period and before and after 40 to 50 days of transfer to the recir-
culation system. Water quality and the food supply changed along with the
different steps of production (Fig. 1).

Three different groups of gilthead sea bream were surveyed, as detailed in
Table 4. Group B-1 was split into two subgroups with different filtration condi-
tions on day 62 posthatching (p.h.). Group B-1a was reared with UV-irradiated
and coarse-filtered water at facility H-2 (Fig. 1), and group B1-b was reared with
UV-irradiated (80 to 70 mJ/cm2 with a flow of 3 m3/h) (Rex 1PE30, Sefiltra), and

sequentially fine-filtered (10-, 5-, and 1-�m-pore-size filters) water at IATS
facilities.

(iii) Study C. Details on the sampling schedule can be found in Tables 5 and
6 for sea bream and sea bass, respectively. It included two samplings at facility
H-1 (before and after weaning) and several samplings at H-2, according to the
hatchery health control program.

(iv) Study D. A total of 324 gilthead sea bream and 25 sea bass were occa-
sionally sampled, mostly when mortality or morbidity outbreaks occurred, as
detailed in Tables 7 and 8 for sea bream and sea bass, respectively.

Parasitological study and histological processing. Most fish were transported
alive to IATS facilities and sampled at their arrival or within the next day.
Occasionally, fish were sampled on-site, and formalin-fixed tissue portions were
sent for histological processing. Fish were sacrificed, and tissue portions were
processed for histology as previously described (3, 40). The presence of C.
molnari stages was diagnosed mostly in histological sections, though in some
groups only smears of mucosal scrapings stained with Giemsa were studied (3).

FIG. 1. Diagrammatic representation of a typical production management model of gilthead sea bream and European sea bass from hatch to
the end of the preongrowing stage, based on H-2 facilities. In study B, sampling points (arrows) were selected according to changes in food type,
water quality, and location. Fine filtration, 30- to 40-�m-pore-size sand filter, plus 10- and 20-�m-pore-size sequential cartridge filters. Coarse
filtration, 30- to 40-�m-pore-size sand filter only. UV irradiation was performed with 61.3 to 52.1 mJ/cm2 and a water flow of 25 to 30 m3/h
(DeltaC30; Aquabona, S. L.).

TABLE 1. Farms and facilities surveyed in the epidemiological study

Type of facility surveyed Farm or facility
designation Geographical location

Study

Sea bream Sea bass

Hatchery and nursery H-1 South Atlantic (Spain) C, D
H-2 Cantabric (Spain) B, C B, C
H-3 Atlantic (France) A

Preongrowing indoor tanks PGF-1 South Mediterranean (Almerı́a, Spain) A, D
PGF-2 South Atlantic (Spain) D
PGF-3 Northwest Atlantic (Spain) D
PGF-4 Southwestern Mediterranean (Murcia, Spain) D

Ongrowing sea cages F-1 Western Mediterranean (Castellón, Spain) A, D
F-2 Western Mediterranean (Tarragona, Spain) A, D
F-3 Western Mediterranean (North Castellón, Spain) D A
F-4 Southwestern Mediterranean (Murcia, Spain) D
F-5 Atlantic (Canary Islands, Spain) B

Ongrowing earth ponds F-6 River Ebro Delta region, (Tarragona, Spain) A, D
Indoor preongrowing and outdoor

ongrowing concrete ponds
F-7 River Ebro Delta region, (Tarragona, Spain) D

Experimental ongrowing indoor facilities IATS Western Mediterranean (Castellón, Spain) A, B, D D
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The intensity of infection was semiquantitatively evaluated according to a scale
(1� to 6�) based on the number of parasitic stages per microscope field (at a
magnification of �625) as follows: 1�, 1 to 5; 2�, 5 to 10; 3�, 10 to 20; 4�, 20
to 30; 5�, 30 to 50; 6�, �50. Uninfected fish were scored 0.

Statistical analysis. Prevalence and mean intensity were calculated for each
sampled group. In studies A and C, the influence of the type of facilities and the
production stage on the presence of C. molnari was statistically analyzed by using
a chi-square test of independence (41), with a Yates correction for continuity
when necessary. The Fisher exact test was run when the expected values of the
contingency table were very low. This test was also used to analyze the relation-
ship between prevalence of infection and fish weight and season in study A. In
addition, a nonlinear regression was used to study the distribution of the prev-

alence of infection among fish weight classes and seasons. All the statistical
analyses were performed with SigmaStat software (SPSS Inc., Chicago, Ill.).

In order to study the dispersion pattern and the age (weight)-intensity profile
of C. molnari in gilthead sea bream cultures, data from studies A, B, and D were
merged. The variance to mean ratio (VMR) was calculated for total sampled fish
and for each weight class. In addition, the frequency distribution of the parasite
within the sampled hosts was obtained.

RESULTS

Study A. (i) Gilthead sea bream (Table 2). In both sea cage
farms, prevalence and intensity of infection were maximum in
the second sampling, though fish were introduced uninfected
in ongrowing facility F-1 and infected in F-2. Later on, a
decrease in infection levels occurred, and the parasite was not
found in the last samplings. In earth ponds (F-6), fish were
found infected only in samplings 3 and 4. In contrast to the
remaining systems, C. molnari was only found in samplings 4
and 5 of the IATS-2 group (indoor facilities).

The overall results indicate slight differences according to
the ongrowing system, with maximum infections in indoor fa-
cilities, followed by sea cages and ponds. It is remarkable that
fish from the same origin introduced at the same time in facility
F-1 and IATS were parasitized in F-1 but not in IATS (group
IATS-1).

TABLE 2. Prevalence and intensity of C. molnari in gilthead sea bream groups surveyed in ongrowing systems in study A

System and farm
Previous origin Sample

no.
Sample

date nb Fish weight
(g)

Prevalence
(%) MIc

Hatchery Preongrowing

Sea cages
F1 H-3 H-3 1a Mar 1999 19 21.2 � 4.7 0 0

2 Jul 1999 20 92.3 � 12.9 55 4
3 Oct 1999 28 222.8 � 35.0 3.6 1
4 Feb 2000 20 313.5 � 53.3 0 0
5 Jul 2000 19 339.7 � 50.1 0 0

F2 H-1 PGF1 1a Apr 1999 31 8.4 � 7.2 3.2 2
2 Jul 1999 16 41.0 � 16.1 31.7 1.5
3 Oct 1999 20 110.3 � 19.5 0 0
4 Jan 2000 20 142.3 � 31.1 0 0
5 Apr 2000 20 176.6 � 38.6 0 0
6 Jul 2000 17 281.3 � 48.3 0 0

Total 230 6.5 3.3

Earth ponds, F6 H-2 and H-3 H-2 and H-3 1a June 1999 22 2.1 � 0.9 0 0
2 Sept 1999 34 59.4 � 12.9 0 0
3 Dec 1999 39 119.2 � 24.7 5 1.5
4 Apr 2000 20 143.0 � 31.9 10 1
5 Jul 2000 20 201.8 � 7.3 0 0
6 Oct 2000 22 414.0 � 76.5 0 0

Total 157 2.5 1.25

Indoor tanks
IATS-1 H-3 H-3 1a Mar 1999 19 21.2 � 4.7 0 0

2 June 1999 41 72.6 � 16.3 0 0
3 Sept 1999 35 266.1 � 59.1 0 0

IATS-2 H-3 H-3 1 Jun 1999 20 9.1 � 2.1 0 0
2 Sept 1999 38 85.0 � 16.3 0 0
3 Dec 1999 34 157.3 � 27.5 0 0
4 Apr 2000 38 199.8 � 44.1 42.1 4
5 Jul 2000 30 349.3 � 54.1 10 4

Total 244 7.8 4

a Sampling carried out before introduction in the ongrowing system.
b n, number of fish examined.
c MI, mean intensity of infection.

TABLE 3. Prevalence and intensity of C. molnari in European sea
bass groups surveyed in ongrowing systems in study Aa

Sample
no.

Sample
date nb Fish weight

(g)
Prevalence

(%) MI

1c Sept 1999 19 18.7 � 5.8 57.9 1
2 Jan 2000 5 42.2 � 8.6 0 0
3 Sept 2000 20 117.3 � 49.6 0 0
4 Dec 2000 18 328.8 � 84.6 0 0

a All groups sampled were from farm F-3, with hatchery H-1 and preongrow-
ing facility PGF-1 as origins. For the total sample (62 fish), prevalence was 17.7%
and mean intensity (MI) of infection was 1.

b n, number of fish examined.
c Sampling carried out before introduction in the ongrowing system.
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(ii) European sea bass (Table 3). Fish were found infected
only in the first sampling, before introduction in F-3 (sea
cages). Subsequent samplings in this facility were negative.

Study B. (i) Gilthead sea bream (Table 4). In group B-1, the
parasite was not detected in the hatchery facilities (subgroup
B-1a) until 120 days p.h., when prevalence was 94.7% In con-
trast, fish transferred to IATS (subgroup B-1b) and kept with
fine-filtered water were never found parasitized, even at day
272 p.h.

In both groups B-2 and B-3, the two first samplings at H-2
were negative, whereas high prevalence and intensity were
observed at the third sampling (in H-2 for group B-2 and in
IATS for group B-3). However, in subsequent samplings after
transfer to IATS (239 and 435 days p.h., respectively, for B-2
and B-3), the parasite was not found.

(ii) European sea bass (Table 4). The parasite was not found
in any of the samples carried out in group B-4.

Study C. (i) Gilthead sea bream (Table 5). The two sam-
plings carried out at facility H-1 (30 and 60 days p.h.) gave a
negative result for C. molnari. In H-2, some fish groups were
found in the hatchery already infected with medium intensity,
and all groups examined from the postlarval-nursery tanks
were infected. Thus, the total prevalence was somewhat higher
in the postlarval-nursery facility than in the hatchery (25.7
versus 17.7%), though the mean intensity of infection was
slightly lower. As there were no statistically significant differ-
ences between H-1 and H-2, data from both hatcheries were
merged and compared to those of the postlarval-nursery facil-
ity. In such a comparison, a statistically significant relationship
between the rearing step (hatchery and postlarval-nursery
step) and the presence of the parasite was found (P � 0.01).

(ii) European sea bass (Table 6). The two samplings carried
out in H-1 (30 and 60 days) were also negative for C. molnari.
In H-2, infection was found in both the hatchery and the
postlarval-nursery periods, with a higher prevalence in the

TABLE 4. Prevalence and intensity of C. molnari in gilthead sea
bream and European sea bass from the facilities surveyed in study B

Fish species
and group Facility Days p.h. na Prevalence

(%) MIb

Gilthead sea
bream
B1-a H-2 19c 9 0 0

62d 19 0 0
85d 20 0 0

120 20 94.7 5
B1-b H-2 19c 9 0 0

62d 19 0 0
IATS 132e 20 0 0

155e 10 0 0
175e 10 0 0
272e 10 0 0

B-2 H-2 50d 20 0 0
120 20 0 0
153g 13 84.6 4

IATS 435f 20 0 0
B-3 H-2 80d 20 0 0

117g 20 0 0
IATS 152f 24 100 5

239f 20 100 5

European sea
bass, B-4

H-2 18c 20 0 0

48c 40 0 0
96d 19 0 0

123d 10 0 0
F-5 344 10 0 0

a n, number of fish examined.
b MI, mean intensity of infection.
c Fine-filtered water in H-2.
d Coarse-filtered water in H-2.
e IATS fine-filtered water.
f IATS standard-filtered water.
g Sampling 1 day before transfer to IATS facilities.

TABLE 5. Prevalence and intensity of C. molnari in gilthead sea bream from the facilities surveyed in study C

Farm, facility type Group Sampling date nb
Fish weight
(g) or age
(days p.h.)

Prevalence (%) MIc

H1, hatchery C-H1-1 Dec 1998 5 30 days 0 0
C-H1-2 Jan 1999 20 60 days 0 0
Total 25 0 0

H2, hatchery H2-1 Dec 1997 30 0.1 g 13 4
H2-2 Feb 1998 30 0.3 g 40 4
H2-3 May 1998 30 64 days 0 0
Total 90 17.7 4

H2, postlarval plus nurserya H2-1 Dec 1997 90 1.5–3 g 28.8 2
H2-2 Feb 1998 30 3 g 30 2
H2-3 May 1998 90 86–144 days 28.9 2
H2-4 Jul 1998 60 71–88 days 11.6 4
H2-5 Oct 1998 60 1–1.5 g 28.3 2
H2-6 Jan 2000 180 60–140 days 25.5 4
Total 510 25.7 2.4

H1 plus H2, hatcherya 115 13.9 4

a Statistically significant difference between groups at P � 0.01.
b n, number of fish examined.
c MI, mean intensity of infection.
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latter. As no statistically significant differences between H-1
and H-2 were found, merged data from both hatcheries were
compared with those of the postlarval-nursery facility, and a
statistically significant relationship between the type of facility
and the presence of the parasite was also found for this host
(P � 0.0001).

Study D. (i) Gilthead sea bream (Table 7). Infection levels
were highly variable among the different groups examined.
High prevalence and intensity of infection were usually ob-

served in fish sampled in preongrowing systems. A progressive
decrease in infection levels was observed in IATS groups after
their introduction into the facilities. In sea cages, the parasite
was found occasionally, mainly in small fish. Notable were the
high prevalence and intensity of infection in fish from earth
ponds (F-6) with weights of 27.8 g.

(ii) European sea bass (Table 8). Only small fish recently
introduced in IATS facilities were found infected with low
prevalence and medium intensity.

TABLE 6. Prevalence and intensity of C. molnari in European sea bass in the facilities surveyed in study C

Farm, facility type Group Sampling date nb Fish weight or
agec Prevalence (%) MId

H1, hatchery H1-1 Mar 1999 12 37 days 0 0
H1-2 Apr 1999 15 67 days 0 0
Total 27 0 0

H2, hatchery H2-1 Feb 1998 30 0.3 g 16.6 4
H2-2 May 1998 30 60 days 26.6 2
H2-3 Jan 2000 30 50 days 0 0
Total 90 14.4 3

H2, postlarval plus nurserya H2-1 Feb 1998 90 0.7–1.5 g 37.7 2
H2-2 May 1998 90 100–137 days 47.7 3
H2-3 Jan 2000 30 1–2 g 0 0
H2-4 May 2000 10 2.5 g 50 2
Total 220 37.3 2.8

H1 plus H2, hatcherya 117 11.1 3

a Statistically significant difference between groups at P � 0.0001.
b n, number of fish examined.
c Weight in g; age in days p.h.
d MI, mean intensity of infection.

TABLE 7. Prevalence and intensity of C. molnari in gilthead sea bream surveyed in study D

Type of facility Groupa Sampling
date nb Fish weight (g) Prevalence (%) MIc

Preongrowing D-PGF1-1 Jul 2001 20 2.1 � 0.5 25 5.7
D-PGF2-1 May 2001 20 12.8 � 1.8 0 0
D-PGF3-1 May 2000 20 67.9 � 11.7 10 1
D-PGF3-2 Sept 2000 18 38.7 � 14.2 11.1 2

Sea cages D-F1-1 Apr 1999 10 123.4 � 36.6 10 1
D-F1-2 Mar 2000 20 17.1 � 5.8 10 2
D-F2-1 Jul 1999 8 127.6 � 49.6 0 0
D-F3-1 Jul 1999 7 121.9 � 31.7 0 0

Sept 1999 12 244.2 � 34.9 0 0
D-F3-2 Jul 1999 8 81.9 � 29.7
D-F3-3 Jul 1999 10 20.1 � 6.4 8 3.8
D-F3-4 Jul 1999 10 21 � 5.3 8 2.1

Ongrowing earth ponds D-F6-1 Feb 2000 12 27.8 50 4.3
Concrete ponds D-F7-1 May 2001 20 3.0 � 1.1 0 0

June 2001 20 5.4 � 2.2 0 0
Indoor ongrowing tanks and

experimental facilities
D-IATS-1 June 2000d 20 3.9 � 1.1 65 2.86

Jul 2000 9 6.5 � 2.3 0 0
Aug 2000 20 16.9 � 5.4 5 1
Feb 2001 10 65.1 � 7.8 0 0

D-IATS-2 Jul 2000e 20 4.5 � 1.3 10 3.5
Sept 2000 20 32.7 � 8.3 5 1
Feb 2001 10 68.7 � 13.6 0 0

a The corresponding farm or facility is included in the designation of each group.
b n, number of fish examined.
c MI, mean intensity of infection.
d First sampling in the preongrowing facilities of F7.
e First sampling in PGF-4.
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Analysis of the distribution of C. molnari throughout gilt-
head sea bream cultures (i) Dispersion pattern in total sam-
pled fish (studies A, B, and D). In Fig. 2, the frequency distri-
bution of C. molnari for total sampled animals is shown.
Pattern of distribution data had a variance clearly higher than
the mean (overdispersed), with aggregation in the null inten-
sity (absence of the parasite). The VMR was 2.46.

(ii) Culture system effect (study A). There was no significant
dependency between the type of ongrowing facilities (sea
cages, earth ponds, or indoor tanks) and the presence of C.
molnari. However, the type of cage facility was found to be
significantly related to the prevalence of infection (P � 0.014),
with infection levels higher in F-1 than in F-2 (Table 2).

(iii) Season effect (study A). The relationship between the
prevalence of infection and season adjusted well to a nonlinear
regression curve (R 2 � 0.998, P � 0.041) (Fig. 3). A statisti-
cally significant dependency was found between prevalence of
infection and the season (P � 0.001). No fish was found par-
asitized in winter, whereas prevalence and intensity reached
peak values in spring, with a progressive decrease in summer
and autumn.

(iv) Fish weight effect. Figure 4 shows the distribution of C.
molnari infection according to weight in fish from commercial
farms of study A. Both the prevalence and the intensity of
infection showed a convex profile, and the former followed a
nonlinear regression curve with a good adjustment (R2 �
0.9631, P � 0.0071). The highest values were recorded in the
30- to 100-g fish class, with infection levels subsequently de-
creasing in larger animals and disappearing in fish weighing
more than 300 g. The statistical analysis detected a significant
dependency between the presence of the parasite and fish

weight (P � 0.0001). Figure 5 shows the VMR for each weight
class of all sampled gilthead sea bream in studies A, B, and D.
The VMR increased steadily with weight class and adjusted
well to a linear regression curve (R2 � 0.971, P � 0.001).

DISCUSSION

The information obtained from all four studies gives an
overall picture of the situation of cryptosporidiosis in farmed
fish in the different production steps, from the hatchery until
fish reach market size. It is remarkable that C. molnari was
highly prevalent in some of the surveyed cultured fish but that
prevalence and intensity of infection were lower in European
sea bass than in gilthead sea bream. This finding is in accor-
dance with the results of oral experimental infections (40), thus
suggesting probable differences in host susceptibility to the
parasite.

In study A, only slight differences were detected among the
different ongrowing culture systems. The statistically significant
differences between F-1 and F-2 sea cages were probably in-
fluenced by the different previous origins of the fish, as fish
from F-2 were introduced already parasitized. In contrast, on-
growing sea bass were never found infected in the studied sea
cage farm (F-3), in spite of being parasitized before introduc-
tion.

Studies B and C provided some interesting results concern-
ing infection in the hatchery, postlarval, and nursery facilities.
As a general trend, gilthead sea bream were very rarely in-

FIG. 2. Frequency distribution of C. molnari for total sampled gilt-
head sea bream.

FIG. 3. Nonlinear regression adjustment of C. molnari prevalence
of infection versus season in gilthead sea bream, study A (R 2 � 0.998,
P � 0.041). Values above each bar indicate the mean intensity of
infection.

TABLE 8. Prevalence and intensity of C. molnari in European sea bass surveyed in study D

Type of facility Group Sampling date na Fish weight (g) Prevalence (%) MIb

Hatchery L-F4-1 June 1999 5 250 0 0
Indoor tanks L-IATS-1 May 2000 20 5.7 � 1.09 10 3

a n, number of fish examined.
b MI, mean intensity of infection.
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fected before weaning, as C. molnari was only found in two
groups of 0.1 and 0.3 g sampled in Dec 97 and Feb 98 in H-2
(study C). On the remaining occasions, fish were always found
infected after weaning. A similar situation was observed for sea
bass in study C. For both fish species, such differences meant a
significant relationship between the presence of the parasite
and the production step, which could be related to different
factors. Water quality might be involved, as treatment of the
water supply changes substantially from the hatchery (fine fil-
tration) to the postlarval and nursery zones (coarse filtration)
of H-2. The results of group B-1 apparently support this hy-
pothesis, as fish of the B-1a subgroup were positive for the
disease 58 days after subgroup splitting and transfer to coarse-
filtered water in H-2, whereas the sister B-1b subgroup fish,
kept in IATS facilities with fine filtration, had not acquired the
infection even 7 months after transfer. IATS water treatment

(80 mJ/cm2; fine filtration) of group B-1b could have been
more effective than the treatment applied in the sister sub-
group in H-2, but we should also take into account that IATS
water inflow can be considered free of C. molnari, according to
our long-term records (IATS-positive fish came from other
facilities).

However, the effect of water treatment must be carefully
considered. The UV irradiation used in H-2 (applied in all the
production steps) seems to be ineffective in preventing cryp-
tosporidiosis. Modifications in the type of filtration used in the
production steps seem to be responsible for differences in the
prevalence and intensity of infection, as the finest filtration
(10-�m-pore-size filters) corresponded to the lowest infection
levels. UV irradiation (ranging between 20 and 120 mJ/cm2)
and conventional filtration of tap water for human consump-
tion have been shown to be unreliable for the removal of
Cryptosporidium spp. (19). Furthermore, discrepancies in UV
killing doses for Cryptosporidium spp. (8, 28, 39) could be
explained by differences in the actual fluence (UV dose), which
depends also on water turbidity and water flow rate (30). Thus,
the efficacy of the UV irradiation used in H-2 (61.3 to 52.1
mJ/cm2) could have been lowered by turbidity, as coarse fil-
tering was applied as early as 40 days p.h. Once parasites are
inside the facilities, the recirculation system of postlarval and
nursery steps could contribute to concentrate the oocysts.

Transmission of C. molnari seems to take place mostly
through the water supply, as in other cryptosporidia (6). With
fish parasites, transmission and dispersion by water are facili-
tated by the aquatic habitat of the host and the frequent re-
leasing of fully sporulated oocysts with mucus casts or feces.
Horizontal transmission of C. molnari to sea bass and gilthead
sea bream was experimentally demonstrated (40). The inges-
tion of other infective stages besides oocysts, favored by fre-
quent cannibalism among these fish, could contribute to the
dispersion of the disease. However, the involvement of live
food is not to be discounted. Although fish were found infected
mostly after weaning, the infective stages could have been
introduced during the hatchery period and remained undetect-
able until further samplings in the postweaning period. It is
noticeable that different rotifers can ingest C. parvum oocysts
when exposed to them (20). However, the presence of C. mol-
nari in live fish food has not been ascertained, and it is difficult
to demonstrate with the available diagnostic tools. The role of
aquatic organisms as reservoirs and transmitters of cryptospo-
ridiosis has been reported for other Cryptosporidium ssp. (22,
23, 44). Different aquatic organisms could also act as reservoirs
of C. molnari and contribute to transmission, mainly in sea
cages or earth ponds. In addition to changes in the water
quality, weaning itself could be another risk factor as reported
for humans (13, 46) and some farmed animals (24).

According to Arneberg et al. (4), transmission rates of mac-
roparasites depend on host population density in natural par-
asite communities. Since there are no reports on the epidemi-
ology of C. molnari in natural populations, the data obtained in
the present study of cultured fish cannot be compared. How-
ever, host population densities are evidently higher in farming
systems than in the wild, which probably facilitates transmis-
sion. Cryptosposidiosis has been frequently reported in farmed
animals (12), but data on wild animals are scarce. Sturdee et al.
(42) found the highest cumulative prevalence of Cryptospo-

FIG. 4. Nonlinear regression adjustment of C. molnari prevalence
of infection versus weight class in gilthead sea bream, study A (R2 �
0.9631, P � 0.0071). Values above each bar indicate the mean intensity
of infection.

FIG. 5. Dispersion of C. molnari in total sampled gilthead sea
bream, expressed as the VMR in relation to host weight. Dotted line
represents the linear regression adjustment (R2 � 0.971, P � 0.001).
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ridium with respect to pasture animals in home-bred calves.
Wild animals can act as reservoirs of Cyrptosporidium spp.,
with subsequent significance for human welfare (29) or animal
welfare (reviewed in reference 33).

The clear influence of the age and weight of fish can be
deduced from the four studies presented here. Thus, the high-
est infection levels were observed in preongrowing and early
ongrowing fish, with a tendency to decrease with fish weight.
The results obtained confirm the age distribution of Cryptospo-
ridum spp. in other hosts. In humans, all age groups are sus-
ceptible, but the majority of the cases in most Western studies
are in children (45). In livestock, natural and experimental data
have demonstrated that infections are usually high in neonates
and the young and less prevalent in adults (5, 10, 12, 24, 32, 36).
Although information on piscine cryptosporidiosis is very
scarce, it mostly confirms the present results. In cultured tur-
bot, epidemiological data obtained for Cryptosporidium scoph-
thalmi (1) over a period of several years have shown a high
prevalence and intensity of infection in small fish, with a sharp
decrease in larger animals (P. Alvarez-Pellitero, M. J. Re-
dondo, A. Sitjà-Bobadilla, A. Macı́as, A. Riaza and F. Padrós,
Abstr. 5th Int. Symp. Fish Parasites, p. 4, 1999). The remaining
data on piscine hosts are incomplete or based on few sampled
animals (7, 25, 27, 31) but seem to indicate the same tendency.

Therefore, the distribution of cryptosporidiosis differs from
the most generalized age- or size-dependent pattern for meta-
zoan parasites, in which the prevalence and intensity of infec-
tion increase with the age or size of host, even in fish (14, 26,
35). The infection pattern with a peak at a particular age and
size host and a subsequent decrease in older animals, a convex
profile, has also been described for fish myxosporeans (2, 21,
34, 43) and some fish protozoans (37). Biological, ecological,
and immunological aspects may affect the host age distribution
and dispersion patterns. The age-dependent exposure and the
density-dependent parasite establishment are among these fac-
tors (15). In several animal cryptosporidioses, the higher sus-
ceptibility of neonates has been attributed to the immunolog-
ical immaturity of the host (32), and in humans the
susceptibility to and the severity of cryptosporidiosis appears to
be related to the immunocompetence of the host (10).

In fish, size (not age) has been determined to be critical for
the maturity of the immune system and for reaching acceptable
levels of protection after vaccination (16). The convex age and
prevalence-intensity profile observed for C. molnari can be
explained by a decrease in exposure to the parasite or a de-
crease in susceptibility to the parasite with age. Lower suscep-
tibility due to acquired immunity has been reported for several
parasites (reviewed in reference 15). Whether the immuno-
competence of gilthead sea bream may play a role in the
observed age distribution pattern of C. molnari needs further
investigation. In addition, a lower exposure to the parasite in
larger animals cannot be ruled out, since aquaculture proce-
dures could favor parasite entrance, concentration, and dis-
persal in young fish. Consequently, different fish sizes in cul-
tured populations imply changes in culture conditions that
mirror those in feeding and migratory behaviors in some wild
populations.

The dispersion pattern of C. molnari corresponds to that of
an overdispersed parasite distribution, as the VMR of total
sampled gilthead sea bream was �1, and the frequency distri-

bution was clearly aggregated. In any host-parasite system,
differences in the infectivity of parasites or the susceptibility of
host will result in overdispersion of parasites throughout the
host population. In fact, this is the model described for the
great majority of parasites (38). Furthermore, VMR was
higher than 1 in all gilthead sea bream size classes and in-
creased in a linear manner with host weight, with no saturation
in adult stages. Thus, the age-intensity profile was not convex
in the dispersion pattern. Whether this profile would have
become convex if larger fish had been sampled is unknown, but
the combination of the different processes influencing parasite
distribution leads usually to a convex profile in parasite distri-
butions (5).

A seasonal distribution of C. molnari was found in gilthead
sea bream, with maximum prevalence and intensity occurring
in spring, followed by summer. Seasonality occurs in natural
infections of different fish coccidia (reviewed in reference 11)
and has also been found for Cryptosporidium spp. of some
nonpiscine hosts (12). In a long-term study of livestock and
small wild animals, seasonally combined data showed the high-
est Cryptosporidium prevalence in autumn (42). In humans,
cryptosporidial infections are typically predominant during the
warm and wet season in tropical developing areas (13). Tem-
perature is probably one of the major factors involved in sea-
sonal fluctuations of C. molnari infection, though other factors,
such as the availability of infective stages and host density and,
more probably, a combination of different processes could
contribute to the observed situation.

In conclusion, C. molnari appears to be a ubiquitous parasite
in gilthead sea bream cultures, reaching the highest infection
levels in preongrowing and early ongrowing stages. The para-
site seems to enter the host at a previous production stage
(postlarval or nursery), either through the water or food.
Aquaculture procedures that use recirculation systems and
cannibalism among fingerlings may concentrate and facilitate
oocyst dispersion. As a water filtration treatment that guaran-
tees the total removal of oocysts is not feasible even in the first
steps of the production cycle, early detection of the infection is
advisable to avoid its dispersal in the facilities and its transfer
to other systems through normal aquaculture trading.
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Palenzuela, F. Padrós, S. Vázquez, and J. M. Nieto. 2004. Cryptosporidium
scophthalmi n. sp. (Apicomplexa: Cryptosporidiidae) from cultured turbot,
Scophthalmus maximus L. Light and electron microscope description and
histopathological study. Dis. Aquat. Organ. 62:133–145.
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