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Abstract In a field study, infecting European flounder
(Platichthys flesus L.) subclinically with different parasite
species did not result in any alteration of the innate
immune response. Due to the high variability in infection
status and the immune parameters measured, no relation-
ships of biological significance were found. The data
indicate that copepods, as the most abundant parasites,
most probably had no major influence on immune
responses measured here. Thus it might be concluded
that these parameters were not sensitive to parasite
infections occurring under natural conditions. The im-
mune parameters considered here are regarded as promis-
ing indicators of chemical contaminant-induced variation
in piscine immune responses, which could be implement-
ed in pollution monitoring programmes.
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Introduction

Worldwide, the aquatic environment is abused by the
introduction of a high number of xenobiotic compounds
derived from human activities in industry and agriculture.
Many of these substances have the potential to impact on
the ecosystem at relatively low concentrations (Conell et
al. 1999). In order to assess the risk of contaminant
exposure for organisms, and to classify the environmental
health of an ecosystem under challenge, innate immune
responses in fish are recommended as bioindicators of
xenobiotic exposure (Bols et al. 2001). In laboratory or
mesocosm studies, the immunomodulatory potential of a
wide variety of compounds, such as hydrocarbons or
heavy metals, has been assessed [for review see Dunier

and Siwicki (1993); Zelikoff et al. (2000)]. In these
experiments, hatchery- or laboratory-raised fish of known
health status were exposed to specific compounds at
defined concentrations for a limited period of time [e.g.
Zelikoff et al. (2000); for review see Bols et al. (2001)]. In
’real world’ monitoring programmes, fishes were collect-
ed at coastal or marine sites for an assessment of effects
of a largely unknown mixture of contaminants (Secombes
et al. 1997; Zelikoff et al. 1997). In many cases,
biomarker responses varied within wide ranges, which
made interpretation of biological effects difficult. Besides
genetic heterogenicity, some variation might originate
from differences in life history and parasite infection in
individuals examined. In coastal or marine environments,
most fish individuals harbour a very diverse parasite
fauna (Overstreet et al. 1997; Broeg et al. 1999; Schmidt
et al. 2003), and infections with some species might result
in a modulation of physiological or immune responses
(Overstreet 1997), which are considered as indicators of
biological effects of environmental contaminants. In most
studies carried out in the past, physiological or innate
immune response were only evaluated with regard to
chemical residues found in the fish or at the sample site
(Tahir et al. 1993; Secombes et al. 1995, 1997) and
nonpathogenic infections, with parasites for instance,
were not considered. In an integrated biological effect
monitoring programme on flounder, Platichthys flesus, in
addition to some innate immune responses, the parasite
fauna of the same individuals was assessed (Schmidt et al.
2003; Skouras et al. 2003). This allowed a correlation of
immunological measurements to the parasitological find-
ings.

Methods

Sampling

In April and September 1999 and 2000, a total of 331 flounder (P.
flesus L.) were collected at five different locations in the German
Bight (Elbe estuary, Inner Eider estuary, Outer Eider, Spiekeroog
and Tiefe Rinne near Helgoland), during cruises with the research
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vessel “Uth�rn” of the Alfred Wegener Institute. Details of
sampling, examination of the flounder and collection of parasites
have been described elsewhere (Schmidt et al. 2003; Skouras and
Steinhagen 2003). For analysis, only macroscopically healthy
flounder of the size class 18–25 cm were used. Table 1 shows the
number of individuals analysed at the sampling site during all
sampling periods.

Examination procedure

On board the research vessel, body length and weight of each fish
were measured, and macroscopic visible ectoparasites were collect-
ed. Blood was drawn from the caudal vein into disposable syringes
pre-filled with a lithium-heparin bead (Sarstedt, Germany). From
the blood, the haematocrit was determined according to standard
procedures (Houston 1990). The remaining blood was then trans-
ferred to centrifugation tubes, centrifuged at 2,000 g for 15 min at
4�C, and the supernatant plasma was collected and frozen at –80�C.
Then the fish was killed, dissected and the head kidney was
removed and transferred into a centrifugation tube filled with wash
medium (RPMI medium supplemented with 10,000 IU l-1 sodium
heparin, medium: Biochrom, Berlin, Germany, heparin: Sigma St.
Louis, Mo.) and stored at 4�C for up to 24 h for further processing.
In addition liver, kidney, intestine, gills and muscle samples were
collected for parasitological, physiological and biochemical research
as well as residual analysis (Dizer et al. 2003; Schmidt et al. 2003).
From the morphological measurements, a whole body condition
factor (CF) was determined for each fish according to the formula:
CF = body weight in g � (body length in cm)-3 and used as an
allometric index for overall health (Busacker et al. 1990).

Parasitological examination

On board, the flounder were examined for ectoparasites. Specimens
were collected from the skin and stored in 70% ethanol for further
counting and identification. Fresh smears were taken from skin,
gills, nose cavity, and gut and gall bladder epithelium and
immediately examined for the presence of parasites by light
microscopy. Then the fish were killed and dissected. Gills then
were fixed in 4% buffered (pH 7.2) formaldehyde solution. The gut
was removed, opened and transferred to saline solution (0.9%
NaCl) and a drop of detergent was added. Under these conditions,
parasites detached from the intestinal tissue and settled at the
bottom of the vial. Then the supernatant fraction was discarded, the
sediment resuspended in saline and again allowed to settle for a few
minutes. After three washes, organic waste was removed from the
gut contents. The remaining parasites were fixed in 70% ethanol for
further investigation. Then gut, kidney, gall bladder and gills were
fixed in 4% buffered formaldehyde solution. Transverse sections of
mid- and hind-gut, as well as small parts of the kidney, were taken
for histological investigation. Gills, gut and gut contents were
examined for metazoan parasites with a dissection microscope.
Parasites were collected, counted and stored separately for
individual fish. Sections of gut and kidney were processed by
standard histological procedures (Romeis 1989), stained by Giem-

sa’s technique and examined with a light microscope for tissue
invading parasites.

To identify the macroparasites, individuals were cleared in 80–
90% lactic acid, mounted in glycerine-jelly and observed with the
microscope. Smears of Trichodina spp. were air dried and stained
by Klein’s silver impregnation method (Lom and Dykov� 1992).

Parasites were identified using standard literature (Yamaguti
1959, 1963a, 1963b, 1971; Kabata 1979) and with support from Dr.
M. Køie (Marine Laboratory, Helsingør, Denmark) for trematodes,
cestodes and acanthocephalans and from Dr. F. Moravec (Institute
of Parasitology, Cesk� Budejovice, Czech Republic) for nematodes.

For all parasites, the prevalence at the sampling site was
calculated. In addition, infection parameters such as intensity and
abundance of countable parasites were calculated according to
Busch et al. (1997).

Lysozyme assay

Lysozyme activity of flounder plasma was determined by means of
a turbidimetric assay according to Parry et al. (1965). A suspension
of 0.2 g l-1 Micrococcus lysodeikticus (Sigma-Aldrich, Germany) in
0.05 M sodium phosphate buffer (pH 6.2) was mixed with 25 �l
flounder plasma to give a final volume of 200 �l per well. The
optical density was read in a spectrophotometer at 530 nm
immediately after mixing, after 0.5 min and after 4.5 min at a
temperature of 20€2�C. The decrease in absorbance was used to
calculate lysozyme activity. One unit of lysozyme activity is
defined as the amount of sample causing a decrease in absorbance
of 0.001 min�1. Hen white egg lysozyme (Sigma-Aldrich, Ger-
many) was used as the external standard as described by
Hutchinson and Manning (1996).

Leucocyte isolation

Leucocyte isolation was done as described previously (Skouras and
Steinhagen 2003). Briefly, cell suspensions of head kidney
leucocytes (HKL) were prepared by forcing the tissues through a
100 �m nylon screen (Swiss Silk Bolting Cloth Mfg, Zurich,
Switzerland). Isolated HKL were washed three times with wash
medium at 550g for 10 min and resuspended in cell culture medium
(RPMI-1640 supplemented with 100,000 IU l-1 penicillin, 100 mg l-
1 streptomycin and 4 mM l-glutamine and 1% [v/v] carp serum
(chemicals: Biochrom, Berlin, Germany; carp serum: serum from
15 individual Cyprinus carpio L. was pooled, heat inactivated for
30 min at 56�C, 0.2 �m filtered and stored at �20�C until use).
Numbers of viable cells were determined by trypan blue exclusion
in a Neubauer haemocytometer.

Production of reactive oxygen species by HKL

Generation of reactive oxygen species (ROS) by HKLwas
measured by means of the nitro blue tetrazolium salt (NBT)
reduction assay after cell isolation, as described earlier (Skouras
and Steinhagen 2003). Briefly, cells were incubated in 96-well flat-
bottom microtitre plates (106 cells in a final volume of 175 �l cell
culture medium) in triplicate and their ROS production was induced
by adding 0.15 mg l-1 phorbolmyristate acetate (PMA). The
indicator NBT was added at 1 g l-1. Wells without PMA served to
determine the spontaneous ROS generation of cells. After incuba-
tion for 2 h at 18�C, the supernatants were removed and the cells
were fixed by adding 125 �l of 100% methanol. Each well was
washed twice with 125 �l 70% [v/v] methanol. Methanol was
removed and the fixed cells were air dried overnight and stored in
the dark for up to 2 weeks. The reduced NBT (formazan) was
dissolved in 125 �l of 2 M KOH and 150 �l DMSO per well (all
chemicals: Sigma-Aldrich, Germany). The optical densities were
recorded with a spectrophotometer at 650 nm.

Table 1 Summary of the number of flounder (Platichthys flesus)
caught for the analysis of innate immune parameters and parasites
in 1999–2000. All parameters were measured from the same
individual

Site Spring
1999

Autumn
1999

Spring
2000

Autumn
2000

Elbe 20 20 20 20
Spiekeroog 9 20 9 20
Helgoland 20 20 20 20
Inner Eider 15 – 18 –
Outer Eider 19 20 20 20
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Endocytosis activity of head kidney phagocytes

Endocytosis activity of head kidney phagocytes was measured by
means of neutral red retention of isolated head kidney cells as
described by Matthews et al. (1990). This assay was adapted to
microtitre plates. Briefly, 106 cells were incubated in a final volume
of 175 �l culture medium for 2.5 h at 18�C with 10 mg l-1 neutral
red (NR, Sigma-Aldrich, Germany). All set-ups were made at least
in triplicate. After incubation, each well was washed twice with
125 �l phosphate-buffered saline (PBS). After removing the PBS,
the cells were air dried overnight and frozen at �20�C for up to 2
weeks. For spectrophotometric readings, the cells were lysed with
100 �l acid ethanol (3% HCl in 95% ethanol) and mixed with
100 �l PBS. The optical densities were recorded at 492 nm.

Statistics

Normality of the data was tested using the Kolmogorov-Smirnow
test. To determine the significance between groups, data were
compared using the Student’s t-test, Mann-Whitney’s rank sum test
when the test for normality failed, or the Kruskal-Wallis ANOVA
and subsequent multiple comparison by means of the Student-
Newman-Keuls method at a probability of error P<0.05. Correla-
tions between data sets were tested using Pearson’s product
moment correlation test or Spearman’s rank correlation test, when
the test for normality failed. Correlations were considered as
significant at a probability of error P<0.05. The analyses were
carried out using SigmaStat 2.0 and STATISTICA 6 (StatSoft)
software packages. For correlations, data of parasite abundance
were compared to immunological measurements.

Results and discussion

A total of 28 parasite species/taxa were recorded during
the sampling campaigns in 1999 and 2000. Out of these,
17 species/taxa were present at all sampling sites, but not
all of them were found during both seasons or during each
sampling campaign. A list of the parasites, their preva-
lence and mean abundance is shown in Table 2, for details
see Schmidt et al. (2003). Only seven species/taxa were
regularly present over the whole sampling period: the
Ciliophora Trichodina spp., the copepods Acanthochon-
dria cornuta, Lepeophtheirus pectoralis and Lernaeocera
branchialis, the helminths Zoogonoides viviparus and
Cucullanus heterochrous, and undetermined metacercaria
in the gills. Species of Microsporea, Myxozoa and
Apicomplexa, which previously were reported to influ-
ence immune responses in fish (Munoz et al. 1998, 2000;
Leiro et al. 2001), were also considered for analysis.

The presence or absence of parasites had some impact
on several of the innate immune parameters measured
here, but the pattern varied with the single parasite species
(Table 3). Individuals with Trichodina sp. infection had
reduced plasma lysozyme levels with 990 (767–1348) IU
ml-1 compared to 1,172 (892–1519) IU ml-1 in non-
infected fish. In flounder with a renal myxosporidian
infection (Myxozoa sp. 1), the basal ROS production was
decreased, with 0.039 (0.025–0.143) OD values compared
to 0.093 (0.044–0.262) in unaffected individuals. In
individuals with high copepod load (more than 20

Table 2 List of parasite spe-
cies, target organ/tissue, preva-
lence and abundance in
flounder (P. flesus) in the Ger-
man Bight during sampling
campaigns in spring and au-
tumn 1999–2000. Abundance
data are given for all countable
parasite species

Taxonomic
group

Parasite species Target
organ/ tissue

Prevalence Abundance

Apicomplexa Epieimeria sp. Gut 24.3€20.1

Ciliophora Trichodina spp. Gills 54.2€31.8

Microsporea Microsporea sp.1 Kidney 30.3€10.3
Glugea stephani Gut 0.7€2.0

Myxozoa Myxozoa sp. 1 Kidney 9.5€11.0
Myxidium incurvatum Gall bladder 23.6€17.5

Digenea Derogenes varicus Gut 6.0€9.0 0.1€0.4
Brachyphallus crenatus Gut 4.5€6.6 0.2€2.1
Zoogonoides viviparus Gut 17.1€27.2 9.3€34.7
Lecithaster gibbosus Gut 1.5€3.2 0.01€0.1
Podocotyle atomon Gut 5.6€7.5 0.2€1.6
Metacercaria sp. 1 Gills 60.7€22.6 32.0€106.8

Cestoda Bothriocephalus spp. Gut 0.8€1.9 0.01€0.1
Proteocephalus sp. Gut 0.8€2.6 0.04€0.5
Cestoda larvae sp. 2 Gut 0.3€1.2 0.02€0.3

Nematoda Paracapillaria gibsoni Gut 16.6€17.1 2.6€14.1
Cucullanus heterochrous Gut 46.2€20.8 1.5€3.2
Dichelyne minutus Gut 5.8€8.3 0.1€0.3
Goezia sp. Gut 1.4€3.8 0.03€0.2

Hysterothylacium aduncum Gut, liver 12.9€12.0 0.3€2.1
Acanthocephala Corynosoma sp. Gut 3.7€4.2 0.1€0.4

Echinorhynchus gadi Gut 3.8€12.0 0.1€0.3
Pomphorhynchus laevis Gut 0.4€1.6 0.1€1.3

Copepoda Acanthochondria cornuta Gill cavity 67.8€28.1 5.3€6.4
Caligus elongatus Skin 4.8€10.2 0.1€0.9
Holobomolochus confusus Nose cavity 3.9€7.4 0.1€0.9
Lernaeocera branchialis Gills 95.0€15.4 58.3€55.9
Lepeophtheirus pectoralis Skin, fins 76.3€27.7 8.1€7.8
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copepods per fish, n=246), the plasma lysozyme activity
and the basal and PMA-triggered ROS production of
HKL were increased. Individuals with high copepod load
had a plasma lysozyme activity of 1,128 (856–1,461) IU
ml-1, a basal ROS production of 0.0965 (0.045–0.261) OD
and a PMA stimulated ROS production of 0.342 (0.215–
0.590) OD. In individuals with low copepod load (<20
copepods, n=56, the lysozyme activity was 875 (602–
1,234) IU ml-1, and the respiratory burst activity was
0.057 (0.029–0.181) OD and 0.216 (0.103–0.368) OD,
respectively.

In individuals with renal microsporidian infections
(Myxozoa sp. 1) or with Myxidium incurvatum, the innate
immune responses monitored here appeared not to be
affected when compared to measurement from individuals
not infected by these parasites.

High infections with helminths, calculated as the sum
of all gut-dwelling helminth parasites such as digeneans,
cestodes, nematodes and acanthocephalans, an impact on
the innate immune response measured here was calculated
(r=0.19, P<0.05), but when the data plots for this
relationship were analysed, a clear correlation could not
be visualized. The majority of the flounder harboured low
numbers of helminths only. In these individuals, the
measurements of the immunological parameters already
varied over the whole range. This picture applied to other
parasites in this study as well. The majority of the

flounder carried low infections and, in these individuals,
the measurements of immune parameters varied in the
same ranges as observed for flounder with high parasite
loads. These findings indicate that, in the flounder
examined here, a sub-clinical parasite infection most
likely had little impact on the assessed immune param-
eters. This assumption was also supported by a multiple
regression analysis (Table 4). When parasite abundance
was considered as an influencing factor on the immune
parameters applied here, haematocrit (P<0.01) and the
plasma lysozyme activity (P<0.001) appeared to be
mainly affected by the presence of gut-dwelling helminths
while head kidney phagocytes (pinocytosis and basal
respiratory burst activity, P<0.01) were found to be
mainly influenced by the presence of an Epieimeria
infection (Table 4, cited as Apicomplexa). It was surpris-
ing that parasites with low prevalence and/or abundance
such as Epieimeria or the sum of helminths appeared as
significant explaining factors in a multiple regression
analysis while copepods, as the most abundant parasite
group, seemed to play a minor role as an influencing
factor on the innate immune responses measured here (see
Table 4).

Taken together, the data presented here suggest that
the sub-clinical parasite load of flounder caught from a
marine site has no major modulating impact on innate
immune functions of the individual. Thus, when these

Table 3 Comparison of the presence of parasites in flounder (P.
flesus) and immunological parameters measured from the same
individuals. The flounder were collected in 1999–2000 from five
different locations in the German Bight, North Sea. Immune
parameters of affected flounder were compared to measurements
obtained from non-infected individuals by means of the Mann-
Whitney rank sum test. Listed are P values obtained from the test.
For sum copepoda and sum helminth, correlations were conducted.
The Spearman rank correlation coefficient is shown. Statistically

significant differences in the immune response between the groups
at P<0.05 are marked in bold. (+): increased immune parameter in
infected flounder; (�): depressed immune parameter in infected
individuals. n=286–330; Microsporea: Glugea stephani; Microspo-
rea sp 1 (kidney); Sum Copepoda: sum of Acanthochondria
cornuta, Caligus elongus, Holobomolochus confusus, Lerneocera
branchialis, Lepeophtheirus pectoralis; Sum helminths: sum all of
Digenea, Cestoda, Nematoda and Acanthocephala

Parasite Haematocrit Lysozyme Pinocytosis Basal ROS PMA activated ROS

Microsporea 0.75 0.06 0.34 0.83 0.89
Trichodina spp. 0.95 0.02(�) 0.12 0.17 0.14
Myxdium incurvatum 0.41 0.07 0.43 0.14 0.56
Myxozoa sp. 1 0.26 0.14 0.24 <0.01(�) 0.25
Sum Copepoda 0.01 0.12 0.11 0.02 0.10
Sum helminths 0.09 0.19 0.02 0.11 0.10

Table 4 Multiple linear regressions between parasites in flounder
(P. flesus) and the immune parameters measured in the same
individuals. The presence of parasites is tested as explaining
variable on the immune responses applied here. The P values
obtained from the calculation are given. An influence was
considered to be significant at P<0.05*; P<0.001**. n=286–330.
Apicomplexa: Epieimeria sp.; Microsporea: Glugea stephani;

Microsporea sp. 1 (kidney); Ciliophora:Trichodina spp.; Myxozoa:
Myxidium incurvatum, Myxozoa sp. 1 (kidney); Sum Copepoda:
sum of Acanthochondria cornuta, Caligus elongus, Holobo-
molochus confusus, Lernaeocera branchialis, Lepeophtheirus pec-
toralis; Sum helminths: sum of Digenea, Cestoda, Nematoda and
Acanthocephala

Parasite Haematocrit Lysozyme Pinocytosis ROS PMA activated ROS

Apicomplexa 0.67 0.85 <0.01* <0.01* 0.09
Microsporea 0.21 0.14 0.21 0.44 0.93
Ciliophora 0.75 0.30 0.12 0.81 0.37
Myxozoa 0.34 0.34 0.19 0.23 0.12
Sum Copepoda 0.89 0.14 0.02* 0.60 0.52
Sum helminths <0.01* <0.01** 0.35 0.77 0.12
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immune parameters are considered as biomarkers for the
immunomodulatory potential of environmental contami-
nants, sub-clinical parasite infections most probably will
not affect the measurements. We are aware that this only
is true for those parasites found here and not for other
pathogens such as bacteria, viruses or fungi. In the present
investigation, most pathogenic species were excluded by
selecting externally healthy individuals only. In conclu-
sion, for an assessment of the immunomodulatory poten-
tial of environmental contaminants, clinically healthy fish
with parasite infections show little alteration of innate
immune responses.
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