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ABSTRACT: Immunohistochemical, ultrastructural and pathological studies were carried out on the
gills of bream Abramis brama (L.) from Lake Mondsee, Austria, that were naturally infected with
Ergasilus sieboldi Nordmann, 1832. Of a total of 14 specimens of bream examined, the gills of 7 (50 %)
were parasitized with this copepod and the intensity of infection ranged from 1 to 23 crustaceans per
host. Histopathological investigations of infected gill showed extensive tissue damage due to attach-
ment and feeding of the crustacean. Parasites attached close to the base of filaments near the gill
arch. Pressure exerted by the ectoparasite attached to the lateral margin of the gill filaments induced
atrophy of the secondary lamellae. Tissue reactions included hyperplasia and mucous cell prolifera-
tion of the respiratory epithelium. Mucous cells displayed an intense immunohistochemical reactivity
with the anti-nitric oxide synthase antibody. In parasitized primary and secondary lamellae, a high
number of eosinophilic granular cells and rodlet cells were noticed. Rodlet cells represent an inflam-
matory cell type closely linked to other piscine inflammatory cells. Presence of a high number of
inflammatory cells at the site of E. sieboldi attachment is related to intense host cellular reaction.
KEY WORDS: Ergasilus sieboldi infection - Immunohistochemistry - Ultrastructure - Cellular
responses - Gill - Abramis brama
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INTRODUCTION cytosis connected with intensified hemopoiesis and

also an accelerated process of destruction of these cells

Crustacean ectoparasites of fishes show an impres-
sive diversity of structural and functional adaptations,
and belong to several diverse orders, including Cope-
poda, Isopoda, Amphipoda and Ostracoda; they can be
extremely harmful to their host (Kabata 1984).

Species of Ergasilus are ubiquitous; 21 species have
been described from different hosts and locations in
Brazil (Motta Amado & Rocha 1995), while in Europe E.
sieboldi has been recorded in 14 species of British
freshwater fishes (Alston & Lewis 1994). In gills of
Tinca tinca infected by E. sieboldi, haemorrhages and
inflammation were accompanied by reactive granulo-
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in the peripheral blood (Einszporn-Orecka 1973).
Moreover, extensive tissue damage resulting from the
feeding and attachment of this parasite was reported in
several species of fishes (Abdelhalim 1990). In addi-
tion, it was suggested that lesions due to attachment
and feeding of ergasilids may be secondarily infected
with fungi, bacteria and viruses (Nigrelli 1950, Dogiel
et al. 1958). In the present study, lamellar fusion due to
the hyperplasia of the interlamellar epithelium, mas-
sive mucous cell proliferation as well as the occurrence
of a high number of eosinophilic granular cells (EGCs)
and rodlet cells (RCs) in gills of bream infected with E.
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sieboldi were recorded. In other fish species, it has
been suggested that RCs represent an inflammatory
cell type closely linked to other piscine inflammatory
cells (Dezfuli et al. 2000, Manera et al. 2001).

Increase or infiltration of different types of cells (e.g.
granular cells, lymphocytes, mucous cells) at the cope-
pod attachment site on gills of fishes was reported by
Bennet & Bennet (1994, 2001), Leino (1996) and Roubal
(1989, 1999). With regard to mucous cells, nitric oxide
synthase (NOS) activity has been previously reported
in mucous and epithelial cells in mammals and has
been related to epithelial cell integrity or secretion
(Brown et al. 1992, 1993, Kwon et al. 2001). NOS
derived from inducible NOS is closely related to host
defence mechanisms and is important as a toxic
defence molecule against infectious organisms; fur-
thermore, leukocyte-derived cytokines are known to
stimulate its production at the site of inflammation
(Coleman 2001, Kwon et al. 2001).

This investigation comprises immunohistochemical
methods and observations carried out by light and
transmission electron microscopy and is the first report
of the occurrence and reaction of RCs in gills of a fish
infected with an ectoparasite.

MATERIALS AND METHODS

In August 2001, 14 specimens of bream Abramis
brama, ranging from 32 to 46 cm (38.23 £ 4.11, mean +
SE) in total length and from 345.30 to 970.20 g (599.29 +
172.47, mean + SE) in weight were sampled by seine net
on 1 occasion from Lake Mondsee (South Austria). After
capture, the fish were brought alive to the laboratory and
killed within 6 h by a sharp blow to the head. Gills were
examined for ectoparasites, and gill filaments with
attached Ergasilus sieboldi were removed and fixed in
Bouin's fluid and then embedded in paraffin, sectioned
at 7 nm and stained with Azan-Mallory. For electron
microscope purposes, pieces of infected gills up to 7 mm
in diameter were fixed in 2% glutaraldehyde in 0.1 M
cacodylate buffer, post-fixed in 1 % osmium tetroxide in
the same buffer for 2 h, dehydrated in graded ethanol,
transferred to propylene oxide and embedded in an
Epon-Araldite mixture. Semithin sections were cut on a
Reichert Om U2 ultramicrotome with glass knives and
stained with Azure-A Methylene blue. Ultrathin sections
were stained in a 50 % alcohol uranyl acetate solution
and lead citrate, and examined in a Hitachi H-800 elec-
tron microscope. Light photomicrographs were obtained
with a Leitz photomicroscope. For comparative purposes,
gills of 6 uninfected breams were processed by the same
methods.

For immunohistochemical investigations, glass slides
with tissue sections were immersed in 1:1 saturated

potassium ethoxide and 100% ethanol for 30 min to
remove the Epon-Araldite mixture from the sections
(modified from the method of Xiang & Markel 1995).
The slides were then rinsed in 3 changes of 100 %
ethanol for 7 min each to clean off potassium ethoxide,
rehydrated in graded ethanol (100, 90, 80, 70 %) and
treated with 1% NalO, in distilled water for 20 min.
After some washes with physiological solution
(phospate-buffered saline, PBS), sections were treated
with 3 % hydrogen peroxide for 30 min. After 2 washes
with PBS, sections were incubated at room tempera-
ture in blocking buffer (10% normal goat serum in
PBS) for 30 min. After 2 washes with PBS, the sections
were incubated with a solution containing the primary
antibody (3% BSA in PBS, 1:500 diluted rabbit anti-
nitric oxide synthase I (NOS-I; bNOS, polyclonal anti-
body) (Chemicon) for 24 h at 4°C. As a negative con-
trol, adjacent sections were incubated in the same
solution in the absence of the primary antibody. All the
sections were washed 3 times in PBS. The antigen/
antibody complex was revealed using Super Sensitive
kit Multilink Immunodetection System (BioGenex).
The sections were stained with chromogen-specific
substrate for peroxidase and diaminobenzidine (DAB),
washed in water, and then dehydrated, mounted and
examined under bright-field illumination.

For counting the RCs, an average of 2642 + 461 (mean
+ SE) linear microns of gill lamellar tissue was screened
from 10 different fish (5 uninfected and 5 infected), di-
vided into 3 groups of sections: 5 sections of uninfected
breams, 5 sections of lamellae at the point of parasite
attachment and 5 sections of infected gills some dis-
tance away from the parasite attachment sites. The
mean RC number per linear micron was calculated for
each group and a 1-way analysis of variance (ANOVA)
was used to detect differences between groups. Analy-
ses of covariance (ANCOVA) were applied to the RC
number covariate for the corresponding counted linear
microns to ensure a correct statistical analysis.

RESULTS

Gills of 7 out of 14 Abramis brama specimens were
infected with Ergasilus sieboldi, the intensity of infec-
tion ranging from 1 to 23 parasites per host. Adult
females attached to primary lamellae (gill filaments)
with their claw-like second antennae (Figs. 1 & 2) close
to the gill arch near the base of filaments (Fig. 3). The
parasite's body lay between the hemibranchs with the
axis parallel to the primary lamellae axis and with its
cephalic extremity oriented towards the gill arch. In
parasitized gills, enhanced mucous production, con-
gestion, haemorrhages and primary lamellae erosions
were encountered.
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Histopathological and immunohisto-
chemical observations

At the site of attachment, regressive
phenomena prevailed (Figs. 1 & 2).
Complete superficial tissue erosion
with primary lamellae cartilage, blood
vessel exposure and haemorrhages re-
sulted from compression and mechani-
cal action of the parasite mouth, swim-
ming appendages and second antennae.
Erosion, desquamation and necrosis of
secondary lamellae occurred near the
site of parasite attachment (Figs. 1 & 2).

At the distal part of the infected pri-
mary lamellae, proliferation of the in-
terlamellar epithelium induced lamel-
lar fusion. Moreover, massive mucous
cell proliferation as well as EGC and
RC infiltration were observed (Fig. 3),
especially in the secondary lamellae
(Fig. 4). A massive presence of EGCs
was observed in the primary lamellae
tissue beneath the covering epithelia,
whereas RCs appeared in subepithelial
and infraepithelial positions in linear
clusters and arrays, and were consis-
tently associated with EGCs. In para-
sitized gills, the cytoplasm of mucous
cells reacted positively with the anti-
body against NOS (Figs. 5 & 6).

Differences of RCs/100 linear micron
quotients (ANOVA, p < 0.01) were
recorded between uninfected fish
(mean + SE: 0.29 + 0.07) and para-
sitized conspecifics (2.43 + 0.33); more-
over, there was a difference among
infected fish, namely between areas
near an attached ectoparasite (3.05 +
0.25) and areas some distance away
(1.50 £ 0.24) (ANOVA, p < 0.01).

Ultrastructural observations

Primary lamellae of infected gills presented a high
number of EGCs (Fig. 7). Such cells were voluminous,
with their cytoplasm containing numerous round-to-
ovoid granules. Some displayed a homogeneous, elec-
tron-dense content, but others had an outer clearer
halo and an inner dense core. Granule rarefaction and
dissolution were also encountered. In many instances,
EGCs appeared in the blood vessels of the primary and
secondary lamellae adherent to the lining endothe-

lium.

Figs. 1 to 4. Fig. 1. Attachment of adult female Ergasilus sieboldi (arrowhead) to

gills of Abramis brama. Second antennae (arrow) of the copepod are visible be-
tween gill filaments (Azan-Mallory; x140). Fig. 2. Parasite attached by clawed
maxilliped (asterisk) deeply penetrating gill tissue (Azure-A Methylene blue;
x115). Fig. 3. Semithin section of gill with E. sieboldi, showing few rodlet cells
(arrows) at depth of secondary lamellae near head of crustacean (H) (Azure-A
Methylene blue; x330). Fig. 4. Semithin section of infected gill, showing high
number of rodlet cells (arrows) in primary (asterisk) and secondary (arrowhead)
lamellae near the site of copepod attachment (Azure-A Methylene blue; x800)

RCs were numerous in primary lamellae as well as in
the epithelium of both sides of the secondary lamellae;
however, in the secondary site, they were often
encountered between the respiratory epithelium lining
and the pillar cells delimiting the blood vessels (Fig. 8).
RCs displayed typical cytological features such as a
subplasmalemmar fibrillar capsule, an eccentrically
basally located nucleus (Fig. 9) and rodlets with their
central dense core oriented to the apical part of the
cells protruding in a crown-shaped configuration. No
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evidence of rodlet extrusion was seen. Notwithstand-
ing, rodlet dissolution and lateral extrusion in the inter-
stitium were documented (Fig. 10). In such instances,
the subplasmalemmar capsule disintegrated laterally,
permitting the expulsion of the dissolving rodlets into
the lateral interstitium (Fig. 10). RCs were contracted
and an outer halo of amorphous substance appeared
between them and the other cells (Fig. 11).

In the secondary lamellae, endothelial cells dis-
played villar protoplasmatic projection and increased
their adhesiveness with respect to neutrophilic granu-
locytes, monocytes, lymphocytes and erythrocytes

Figs. 5 to 8. Abramis brama infected by Ergasilus sieboldi. Fig. 5. Sagittal section

of adult female E. sieboldi (arrowhead) attached to gill filament, immunoreactivity
of cells (arrows) to nitric oxide synthase (NOS) is evident (x62). Fig. 6. High
magnification of encircled area in Fig. 5; note presence of high number of mucous
cells (arrows) positive to NOS; A = abdomen (x256). Fig. 7. Eosinophilic granular
cells (arrows) within primary lamellae of infected gill (x5400). Fig. 8. Secondary
lamellae, showing rodlet cells (arrows) and blood cells (asterisks) (x4200)

(namely endothelial cell ‘activation'). Evidence of
blood clotting was also encountered (Fig. 8). Neu-
trophilic granulocytes were particularly abundant in
the blood vessels adhered to the activated endothelium
and also in the interstitium around blood vessels
(Fig. 12). They possessed an eccentrically located
nucleus as well as elongated and flattened granules
with a dense core (Fig. 12).

DISCUSSION

The copepods Ergasilus briani and E.
sieboldi can co-occur on the same host.
Apparently, E. sieboldi prefers smaller or
younger fishes (Bauer et al. 1969, Alston
& Lewis 1994) while, according to Dogiel
et al. (1958) and Abdelhalim (1990), the
intensity and prevalence of this copepod
infection increases with increasing host
size/age. During the present survey,
bream smaller than 40 cm in total length
harboured no more than 2 E. sieboldi,
whereas, the highest intensity of infec-
tion was recorded in fish with a total
length of over 41 cm.

Some copepods (e.g. Alella macrotra-
chelus) feed by browsing on fish gill ep-
ithelium (Kabata & Cousens 1977,
Roubal 1989) or by ingesting blood from
ruptured blood vessels (Muraga et al.
1981). Copepods attach by using various
appendages modified for grasping, and
this ectoparasite activity can lead to sec-
ondary infection by pathogenic organ-
isms (e.g. bacteria, fungi) and also to the
development of adhesions between gill
filaments (Nigrelli 1950, Reichenbach-
Klinke & Elkan 1965). Consequently, fish
respiration is impaired and reduced
feeding, weight loss, and general deteri-
oration of health can result (Reichen-
bach-Klinke & Elkan 1965). There are
few quantitative reports concerning the
extent of pathology caused by crus-
taceans in wild fish populations
(Roubal 1999). Some data on damage to
fish gills due to copepods appear in Ka-
bata & Cousens (1977), Sutherland &
Wittrock (1985) and Bennet & Bennet
(2001).

The severity of damage caused by er-
gasilid infection of fish specimens is di-
rectly proportional to the number of
copepods on the gills (Abdelhalim
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1990). Accordingly, less than 20 Erga-
silus sieboldi may have little effect, but,
when their intensity exceeds 100, gill
damage may be serious (Kabata 1970).
Some pathological effects of ergasilids
are decrease in body weight/condition
factor, reduction in the osmoregula-
tory/respiratory function of the gills,
blood cell changes and mortality. Re-
garding host mortality due to E.
sieboldi, a high intensity of infection
was reported to be the cause and details
were provided by Dogiel et al. (1958),
Fryer (1982) and Schéperclaus (1986).

As mentioned in the ‘Results’, a high
number of rodlet cells was encountered,
especially at the site of copepod attach-
ment. Published records on the occur-
rence of these cells in relation to ec-
toparasites are very rare, with the
available information referring only to a
protozoan (Leino 1979, 1996); according
to Leino, the RCs react to the presence of
myxosporeans (Protozoa), and RC secre-
tion has an antibiotic function. This au-
thor suggested that, in fish kidney and
gill, parasite infection of the epithelium
results in RC proliferation (Leino 1979,
1996). Similar findings were reported for
the intestine of Anguilla anguilla and the
liver and pancreas of Phoxinus phoxinus
infected with endoparasitic helminths
(Dezfuli et al. 1998, 2000, respectively).
The present report is the first to docu-
ment an increase in the number of RCs at
the site of attachment of an ectoparasite,
and may constitute an additional confir-
mation of the defensive role of these cells
in the piscine inflammatory system
against parasites (Dezfuli et al. 2000).

According to Campos-Perez et al.
(2000), fish gills are an important site of
NOS expression in rainbow trout, and
these authors highlighted the importance
of the gills as a tissue capable of initiating an immune re-
sponse against infectious agents. The results of the pre-
sent investigation provide further evidence in favour of
the anti-parasitic, immune response of gill tissue.
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Figs. 9 to 12. Abramis brama infected by Ergasilus sieboldi. Fig. 9. Few rodlet
cells (arrows) near surface of primary lamellae (x3400). Fig. 10. High magnifica-
tion of rodlet cell; note lateral opening of capsule (arrowheads) and extrusion of
some rodlets (asterisks) (x8200). Fig. 11. Peculiarity of cytoplasm of 3 rodlet cells

(arrows) beneath the covering epithelia of primary lamellae (x3000). Fig. 12.
Secondary lamellae, a neutrophil granulocyte (arrow) is attached to endo-

thelium (asterisk) (x27 000)
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