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THE INFLAMMATORY RESPONSE OF FISH TO HELMINTH PARASITES
DEZFULI B.S*, LUl A*, BOLDRINI P.** PIRONI F.* & GIARI L. *

Summary:

Fish serve as a good model for studying vertebrate immune
systems because they have a relatively simple system. Descriptions
of histopathological effects of helminth parasites on fish are few
and far between with limited observations made on the
identification of the inflammatory cells involved in the host
reaction. Recently, two cell types found within teleosts received a
great deal of attention, namely mast cells and rodlet cells. Fish
mast cells also known as eosinophilic granule cells, are
morphologically and functionally similar to their mammalian
counterparts. Acute tissue damage causes mast cells degranulation
and the release of mediators of inflammation, whereas, an
increase in the number of these cells is usually found in chronically
inflamed tissues. Rodlet cells, however, are exclusive to fish and
are characterized by a distinct cell cortex and conspicuous
inclusions, called rodlets, which accounts for their name. Piscidin
has also been encountered within rodlet cells. As important cell
types within the immune system of fish, both mast cells and rodlet
cells have been seen to increase in number in infected fish,
notably at the sites of pathogen attachment or infection. The
present survey will provide data from studies with the light
microscope on the response of mast cells and rodlet cells in a
range of fish species (Anguilla anguilla, Oncorhynchus mykiss,
Salmo trutta, Coregonus lavaretus) infected with a range of
different parasite genera including representatives from the
Digenea, Cestoda, Nematoda and Acanthocephala.
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he digestive tract of many fish has been shown

to be a favourite environment for the establish-

ment and growth of pathogenic organisms. Endo-
parasitic helminths often induce inflammation and modi-
fication of the structure and function of local tissues
(Castro, 1992). According to Sharkey (1992), the inflam-
mation consists of a complex series of homeostatic
mechanisms involving the immune, nervous and circu-
latory systems in response to tissue injury or infection.
There are several published records on the essential
role of enteric immune cells in inflammatory processes
caused by parasitic helminths (Fairweather, 1997; Mai-
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frino et al., 1999; Dezfuli et al., 2000a, 2002a, b, 2003b;
Bosi et al., 2005).

The cellular involvement in the inflammatory response
in teleostean fish could be biphasic, initiating with an
influx of neutrophils followed by latter arrival of mono-
cytes/macrophages (Reite & Evensen, 2006). In fish,
two inflammatory cell types, namely mast cells and
rodlet cells (RCs) are closely linked to other piscine
inflammatory cells (Reite, 1997; Dezfuli et al., 2000b).
Mast cells are found mainly in the connective tissue
distributed throughput the body, and are more fre-
quently found in tegumentary, urinary, respiratory,
reproductive and gastrointestinal systems (Rocha &
Chiarini-Garcia, 2007). These cells have been noticed
in all vertebrates, fish (Roberts et al., 1971; Reite,
1996), amphibians (Chiu & Lagunoff, 1972), reptiles
(Sottovia-Filho & Taga, 1973), birds (Selye, 1965) and
mammals (Galli, 1990; Chiarini-Garcia & Pereira, 1999).
Nevertheless, there is some controversy in the litera-
ture about mast cells existence in fish despite the fact
that early reviews of the mast cells left little doubt that
this cell type was present in all groups of vertebrates
(Reite & Evensen, 2006). In fish parasitized with hel-
minths, greater number of mast cells was noticed in
site of infection (Reite, 1997; Dezfuli et al., 2000b; Reite
& Evensen, 2006).

Regarding rodlet cells (RCs), they are characterized by
a thick fibrous capsule, a basal nucleus, and conspi-
cuous inclusions, called rodlets, which accounts for
their name (Manera & Dezfuli, 2004). Rodlet cells have
been encountered in a wide range of tissues of fresh-
water and marine teleosts (Leino, 1974, 1982; Manera
& Dezfuli, 2004). However, despite the agreement on
rodlet cells developmental stages, the location, migra-
tion, origin and role of these cells are controversial
topics much debated since their first description more
than 100 years ago (Reite & Evensen, 2006). The pos-
sible function of RCs as immune cells was derived from
studies that reported an increase in the number of
these cells in fish parasitized with protozoan (Leino,
1996; Dezfuli et al., 2004) and metazoan parasites
(Reite, 1997; Dezfuli et al., 2000b, 2002a, 2003a, 2007a).
In the present survey, our main goal has been to study
the histopathology in several fish species resulting
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from infection with a range of different helminth
genera with light microscopy. Particular attention was
paid to characterize the host cellular reaction against
the parasite. Results of this investigation furnish fur-
ther evidence on relationship between mast cells and
rodlet cells and the role of both cell types in piscine
inflammatory network.

MATERIALS AND METHODS

Oncorhynchus mykiss (Walbaum, 1792), Anguilla

anguilla L., infected with a range of different para-
site genera including representatives from the Digenea,
Cestoda, Acanthocephala and Nematoda were sampled
in different sites by electrofishing. Fish were anaesthe-
tized using MS222 (Sandoz) and their spinal cords seve-
red. The digestive tracts were removed, opened lon-
gitudinally and examined for helminthes which were
recorded by number and location. Pieces of gut tissue
measuring up to 15 015 mm in area, with attached
parasites, were excised from infected fish and fixed in
chilled (4° C) Bouin’s for 8 h. The samples were then
transferred to 70 % ethanol, dehydrated through an etha-
nol series, and prepared for paraffin embedding. Sections
(5 um) were stained with haematoxylin-eosin, alcian
blue/PAS, or Toluidine Blue.
For Semithin sections, host tissues measuring up to 7 J
7 mm in area were fixed for 2.5 h in chilled (4°C) 2 %
glutaraldehyde solution, in 0.1 M sodium cacodylate
pH 7.2. After 2.5 h the tissues were rinsed for 12 h in
0.1 M sodium cacodylate buffer containing 5 % sucrose.
The samples were then post-fixed in 1 % osmium
tetroxide in the same buffer for 2 h, dehydrated in
graded ethanols, transferred to propylene oxide, and
embedded in an Epoxy-Araldite® mixture. Semi-thin
sections (1.5 um) were cut on a Reichert Om U 2 ultra-
microtome and stained with Toluidine Blue or basic fuch-
sin. For comparison, tissues from several uninfected fish
were processed with the parasitized samples. Light pho-
tomicrographs were taken using a Nikon microscope
Eclipse 80i.

f ;pecimens of Coregonus lavaretus L., Salmo trutta L.,

RESULTS

mong 32 Anguilla anguilla more than half was
infected with the digenean Helicometra fas-
ciata (Rudolphi, 1819). The intensity of infec-
tion ranged from 20 to several hundreds worms per
host. The most heavily parasitized region of host ali-
mentary canal was the intestine. Specimens of H. fas-
ciata were noticed either free in the lumen or attached
to the gut wall (Fig. 1). The digenean penetrates deeply
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through the intestinal folds with the anterior part of
its body. Attachment is secured mainly by one sucker,
while the other sucker attaches itself to a portion of
intestinal villi and isolates it from the rest of the fold
(Fig. 1). Concerning the relationship between rodlet
cells (RCs) and digenean, most often the RCs were in
the apex of intestinal villi, near the site of trematode
sucker attachment or in the vicinity of the parasite body
wall (Fig. 2). Frequently, rodlet cells had discharged part
or almost all of their contents into the interface region
between host and helminth body.

In some parasitized eels, the presence of nematode
larvae was noticed on outer surface of the intestine,
these larvae were identified as Contracaecum rudolphii
(Hartwich, 1964). Later histological sections revealed
the presence of nematode larvae also within the thick-
ness of the gut wall (Fig. 3). Near the encysted larvae,
rodlet cells were noticed in epithelium and mast cells
were in submucosa very close to the larva (Fig. 3).
Histopathological study on the intestines of 40 speci-
mens of farmed rainbow trout, Oncorhynchus mykiss
(Walbaum, 1792) showed that 25 were infected with
the pseudophyllidean cestode Eubothrium crassum (Bloch,
1779). The cestodes were found attached by their sco-
lices to the mucosal lining of the distal portion of the
pyloric caeca. Within the caeca, the strobila was free
in the lumen and tapeworm was found attached to the
epithelium of the caecum by means of the scolex
bothria (Fig. 4). Rodlet cells were observed in the muco-
sal epithelium (Fig. 5) in close proximity to the tegu-
ment of the parasite. Near the site of worm attachment
mast cells of the stratum granulosum were numerous
and exhibited granular depletion suggestive of a mas-
sive degranulation.

The hearts of 26 powan Coregonus lavaretus (L.) har-
boured metacercariae of the digenean trematode Ich-
thyocotylurus erraticus (Rudolphi, 1809). The vast
majority of metacercariae were located either singly
(Fig. 6) or as an aggregation of white cysts on the sur-
face of the bulbus arteriosus. The capsule formed by
the host's reaction to the parasite and its structure
appeared to comprise a series of concentric whorls of
fibroconnective elements (Fig. 6). Within the fibres, the
presence of mast cells in close proximity of the tre-
matode body wall was noticed (Fig. 6). In some hearts,
there was fusion of the granules of the mast cells near
parasite body.

In a sample of 25 Salmo trutta L., 20 specimens were
infected with the acanthocephalan Echinorhynchus trut-
tae (Schranck, 1788) (Fig. 7). Most acanthocephalans
were in the anterior (near the pyloric caeca) and mid-
dle intestine. The majority of the worms did not cross
the stratum granulosum (Fig. 7), but in several cases the
proboscis penetrated the muscularis layer. Folds around
the worm body remained intact, and in their epithe-
lial layer a large number of rodlet cells (RCs) were
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