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ABSTRACT: The host-parasite interface of Filicollis anatis (Palaeacanthocephala) in domestic ducks 
was investigated by electron microscopy. The tissue alterations caused by mature female worms were 
more conspicuous than those around the presoma of male worms and immature females. The bulbus of 
mature females always projected into the ducks' peritoneal cavity. The host's inflammatory tissue was 
characterized by abundant heterophilic granulocytes and macrophage/epitheloid cells and the pre- 
sence of macrophage giant cells. Its composition differed along the length of the mature female's 
presoma. At the bulbus and the anterior part of the neck a broad belt of degenerated reactionary tissue 
with accumulations of a wax-like substance and containing foreign bodies bordered the homogeneous 
surface coat of the presoma. Occasionally the tissue surrounding the bulbus seemed to become torn so 
that the worm and the peritoneal fluid were in direct contact. Results are discussed and compared with 
acanthocephalan infestations in fishes and mammals. 

INTRODUCTION 

The host-parasite interface of acanthocephalans in 
fish as well as in mammals has been investigated by 
electron microscopy (Taraschewski 1989a, b,  Tara- 
schewski et  al. 1989, Zhao et  al. 1990). Only descrip- 
tions using light microscopy, however, are available on 
the host-parasite interface of acanthocephalans in birds 
(Pflugfelder 1956, Moore & Bell 1983). The aim of the 
present Light and electron microscopical investigation 
is to describe the mechanical effects caused by acan- 
thocephalans in domestic ducks, the host's response at 
the point of attachment and the appearance of that part 
of the parasite that is in close contact with the host's 
tissues. The palaeacanthocephalan Filicollis anatis is 
known to parasitize wild and domestic ducks through- 
out Europe (Soliman 1955, Styczynska 1958). In domes- 
tic ducks it has been found to cause mortality (Hof- 
mann et al. 1989). 

MATERIALS AND METHODS 

Two domestic ducks were obtained from a private 
supplier and released at a brook which was known to 
harbour numerous isopods Asellus aquaticus infested 
with larval Filicollis anatis. The ducks foraged in the 
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creek but also received kitchen wastes. After 2 mo the 
ducks were killed and their intestines were opened 
immediately in order to excise intestinal tissues. 

Intestinal tissues with attached acanthocephalans 
were either used as  squash preparations or were pre- 
pared for histology. Sections of u p  to 1 cm in diameter 
were fixed in Bouin's solution, embedded in paraffin, 
sectioned at 5 to 7 ,pm and stained with hematoxylin- 
eosin. Worms and surrounding tissues of up to 5 mm in 
diameter were also studied using semithln sections 
(0.5 pm) prepared as follows: Samples were fixed in 
5 % glutaraldehyde buffered with 0.1 M sodium 
cacodylate, pH 7.4 at 4 O C  for 24 h. After fixation they 
were treated with 2 % O s 0 4 ,  using the same buffer, and  
then dehydrated in graded ethanol, transferred to 
propylene oxide and embedded in araldite. Araldite 
sections were stained with methylene blue and Azur A. 

For electron microscopy, intestinal samples were 
treated as described for semithin sections. Ultra-thin 
sections were stained with uranyl acetate and lead 
citrate. They were examined in a Zeiss EM9 S2. 

RESULTS 

The guts of the ducks contained 23 and 56 speci- 
mens, respectively, of Filicollis anatis. Most worms 
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were mature females. The presoma of male worms, 
which measured up to about 8 mm in length, does not 
include a bulbus. I t  did not project into the peritoneal 
cavity of the ducks but was embedded in tissue of the 
intestinal wall. The presoma of female worms com- 
prises a bulbus (Fig. 1). The depth of penetration of 
females depended on the size of the worms. Mature 
females with a length of 1 to 3 cm projected into the 
peritoneal cavity with their bulbus (Fig. 2) while the 
neck was surrounded by the tissue of the intestinal wall 
(Fig. 4). In contrast, females smaller than 8 to 10 mm in 
length had penetrated only the tunica muscularis of the 
intestinal wall (Fig. 3); thus the bulbus was not visible 
from the serosal surface of the intestinal wall. The 
presoma of all worms also comprises a proboscis. How- 
ever, in female worms the proboscis is not well sepa- 
rated from the bulbus. In all sections the proboscis of 
male as well as of female worms usually was found half 
invaginated, so that it formed a cavity at the anterior tip 
of the worm. 

Generally, the host's cellular reactions at the attach- 
ment site of small females and of male worms were less 
pronounced than those caused by mature females. A 
predominantly haemorrhagic reaction was noted 
around the presoma of these small worms. The tissue 
near the presoma consisted mainly of heterophilic 
granulocytes and erythrocytes. Macrophages occurred 
less frequently and fibroblasts and collagen fibres were 
also less frequently found or rare. Their number 
increased with increasing worm size. Plasma cells did 
not occur. The inflammatory tissue did not show a clear 
zonation as around the presoma of mature females. 
Fig. 3 shows an immature female worm which has been 
sectioned, the presoma of which is already surrounded 
by reaction tissue with different zones. Around the 
trunk of each male or immature female worm an 
exudate was found consisting mainly of necrotic 
leucocytes and fluids from necrotic tissue and from 
hypertrophic goblet cells. The exudate exuded from 
the lesions into the intestinal lumen (Fig. 3). 

At the attachment site of mature females, the exuda- 
tion of necrotic cells and mucus-like substance from the 

lesion was less than around male and immature female 
worms. The inflammatory tissue around the presoma of 
mature females was arranged in different zones. 
Around the mid neck and the posterior part of the neck 
infiltrating cells formed a solid mass (Fig. 5) which 
mainly consisted of macrophages (Fig. 7) partly con- 
verted into epitheloid cells. This tissue was inter- 
spersed with granulocytes, fibroblasts and collagen 
fibres (Fig. 7). In close proximity to the worm tegument 
it showed necrosis, but the necrotic band was narrow 
(Fig. 5). 

At the anterior part of the neck and around the 
bulbus the host's inflammatory tissue consisted of 
different layers arranged around the worm. At close 
contact with the worm's tegument, a more or less broad 
necrotic band always existed (Fig. 4) .  The inner part of 
this necrotic band consisted of necrotic defense cells, 
mucus-like substance, drops or aggregations of mar- 
kedly and of slightly osmiophilic matter (Figs. 9 & 13), 
bacteria, filiform fungi, mineral grains and synthetic 
fibres (Fig. 4). The outer part of the necrotic zone was 
characterized by necrotic macrophage/epitheloid cell 
tissue (Fig. 8). These cells were closely connected by 
numerous protuberances of their outer surface. They 
contained many microfilaments and drops or vacuoles 
of slightly osmiophilic matter and large quantities of a 
highly osmiophilic, wax-like matter (Fig. 8). Often, the 
wax-like substance contributed more than 50% of a 
cell's cytoplasm. The nuclei and mitochondrla of these 
cells often were lysed (Fig. 8). 

Externally, the necrotic zone formed solid tissue with 
numerous macrophages interspersed with few 
heterophilic granulocytes, fibroblasts and collagen 
fibres (Fig. 7). The macrophages harboured intact nuc- 
lei and mitochondria and were rich in phagosomes 
and/or phagolysosomes (Fig. 7). 

The solid macrophage band was bordered exteriorly 
by an outer loose mesh of entangled cells (Figs. 4 & 6) 
comprising fibroblasts with surrounding collagen 
fibres, heterophilic granulocytes, macrophages, macro- 
phage giant cells (Fig. 11) and a few lymphocytes. 
Hypertrophic blood vessels as well as blood capillaries 

Figs. 1 to 6. Light micrographs of Filicollis anatis (Figs. 1 to 4) and surrounding tissue of the host's intestinal wall (Figs. 2 to 6).  
Fig. Anterior half of a mature female wornl. Note the long neck and the conspicuous bulbus. The small proboscis carrylng many 
small hooks is partly retracted into the bulbus; X 10. Flg. Intestinal lumen showing several mature females. The trunks 
(metasoma) can be seen inside the intestine and the encapsulated bulbi at the outer side of the gut. One bulbus is not fully 
encapsulated; X 2. Flg Semithin longitudinal section of an immature female worm protruding through the tissue of the 
intestinal wall. The bulbus does not yet project into the peritoneal cavity; X 40. Fig. Semithin transverse section through the 
upper part of a mature female's neck and the surrounding tissue. Note the zonation of the reactive tissue; X 180. Fig. Semithin 
section through the anterior part of a mature female's neck and the solid unzonated tissue around; X 160. Fig. Sernithin section 
through the loose connective tissue at the outer part of the capsule enclosing the bulbus of a mature female; x 180. BU: bulbus; 
BV: blood vessel; CL: cells and liquids discharged into the intestinal lumen; EB: encapsulated bulbus; FB: fibroblast; IN: inner 
belt of the necrotic zone; IT: intact macrophage tissue; LC: loose mesh of conective tissue; N: neck; NT: neck tegument; ON: outer 
belt of the necrotic zone; PR: proboscis receptaculum; RT: reactionary tissue; SE: serosa; ST: subtegumental musculature; TP: 

tunica propria; TR: trunk (metasoma); TU: tunica muscularis 
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were contained in this tissue (Fig. 6 ) ,  but blood cells 
(mainly erythrocytes and heterophilic granulocytes) 
were also found outside blood vessels in haemorrhagic 
foci (Fig. 10). 

Occasionally, the worms seemed to have ruptured 
this tissue as well as the serosa. In such cases the 
bulbus was found in direct contact with the peritonea1 
fluid (Fig. 2) .  

Plasma cells (Fig. 12) occurred in all zones of the 
reactionary tissue around mature female worms, but 
they were never numerous in any of the zones. 

Along their entire presoma all worms were covered 
with an  electron-lucent, homogeneous substance (Fig. 
9) which was separate from the wax-like, highly 
osmiophilic matter accumulating in the necrotic zone. 
However, it was continuous with the (probably liquid) 
substance inside the crypts of the tegument's outer 
limiting membrane (Fig. 9).  Within the tegument's 
stnped layer (Fig. 9) the crypts of the outer membrane 
were fused and thus formed large caverns which were 
interspersed with numerous supporting fibres. The pre- 
soma tegument with its homogeneous surface coat was 
rich in drops and vacuoles of different osmiophilic 
property. Especially the lemnisci (which are paired, 
sack-shaped outgrowths of the presoma tegument) 
contained many such structures in a generally 
osmiophilic matrix (Fig. 14). 

DISCUSSION 

The host-parasite interface of Filicollis anatis in 
domestic ducks seems to reflect on the one hand factors 
typical for palaeacanthocephalan infestations and on 
the other hand factors characterizing the cellular 
defense mechanisms of birds. 

According to Taraschewski (1988a) there are per- 
forating acanthocephalans, which penetrate deeply 
into or through the intestinal wall of their hosts, and 
non-perforating species with a superficial attachment 
to the mucosa. Among the perforating species such as 
the fish-parasitizing palaeacanthocephalan Acantho- 
cephalus anguillae the depth of penetration seems to 
increase with the duration of infestation (Taraschewski 

1989a). In the present study the exact age  of the worms 
was not known, but it was assumed that the males, 
which usually are short-lived among acanthocephalans 
(Nick01 1985) and the small females are young speci- 
mens. The host's tissue response to the presoma of 
these worms can be  considered an  acute inflammatory 
reaction. At the point of attachment of large females, 
which were probably almost 2 mo old, the chronic 
infestation associated with the worms' deep penetra- 
tion caused considerable tissue reaction. 

The solid ring of macrophage/epitheloid cell tissue 
around the posterior part of the worms' neck, i.e. in 
the tunica propria of the host, seems to be  essentially a 
stabilizing reaction, in order to protect the lesion and  
to prevent the influx of microorganisms from the intes- 
tinal lumen into the duct around the worm. The abun- 
dant foreign bodies in the necrotic zone around the 
neck were probably introduced into the duct during 
the attachment of the worm. Inside the body cavity, 
i.e. around the bulbus, the host does not need to build 
up a very solid reactionary tissue. The haemorrhagic 
foci within the outer loose mass of connective tissue 
seem to be  due  to occasional tearing of this tissue by 
the worm. 

A broad necrotic zone of host tissue around the 
anterior part of the presoma has also been described 
from perforating fish acanthocephalans (Taraschewski 
1988a). The presoma of Filicollis anatis is covered with 
a homogeneous coat which is continuous with the con- 
tents of the crypts of the tegument's outer membrane, 
resembling the presonla surface of fish-parasitizing 
palaeacanthocephalans and eoacanthocephalans (Tara- 
schewski 1989a, b).  In fish as well as in ducks the 
homogeneous coat seems to contain lipids derived from 
the surrounding necrotic host tissue. It is likely that the 
homogeneous coat is a protective measure of the 
palaeacanthocephalan and the eoacanthocephalan 
presoma against the host's defence. The highly 
osmiophilic, wax-like substance accumulating a t  the 
presoma of F. anatis may consist of lipids with long- 
chained fatty acids which are not incorporated into the 
(probably liquid) surface cover. In infestations of 
archiacanthocephalans in mammals such a cover does 
not exist (Taraschewski et  al. 1989, Zhao et  al. 1990). 

Figs. 7 to 9. Transmission electron micrographs of duck host tissue near the upper part of the neck of a mature female Fihcollis 
anatis and of the worm's tegument (Fig. 9). For location of tissues see Fig. 4. Fig. Intact macrophage tissue with numerous 
phagosomes in the macrophages; X 5400. Fig Outer part of the necrotic zone of degenerate macrophages and epitheloid cells. 
Note the abundance of wax-like matter in this tissue; X 7000. hg Inner part of the necrotic zone at the worm's tegument. Note 
the homogeneous electron-lucent layer between the worm and the wax-like matter; X 16900. AE: amorphous electron-dense 
material; BL: burst or lysed mitochondrion; CF. collagen fibres; CO: crypt of the outer membrane of the tegument; EL: drop of 
electron-lucent matter; FB: fibroblast; FC: supporting fibre inside a crypt of the outer membrane; FP: finger-like protuberance of 
the tegument's outer membrane; HG: heterophilic granulocyte; MF: microfilaments; IvlI: mitochondrion; MP: macrophage; NU: 
nucleus; OS: osmiophilic wax-like substance; PA: phagosome (phagolysosome?), RE: rough endoplasmic reticulum; SC. surface 

coat; SL: striped layer of the tegument 
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Figs. 12 to 14. Transmission electron micrographs of duck host's defence cells (Fig. 12) and presoma tegument of Filicollis anatis 
(Figs. 13. 14). Fig. 12. Plasma cell. Note the abundance of rough endoplasmic reticulum; x 16400. Fig. 13. Bulbus tegun~ent with 
fused crypts of the outer membrane. Arrowheads: caverns of fused crypts; X 14 100. Fig. 14. Basal part of the lemniscus; X 14 100. 
CO: crypt of tegument's outer membrane; EL: drop of moderately osmiophilic substance; FC: fused crypts of the outer membrane; 
LB: labyrinthine basal membrane; OS: osmiophilic wax-like substance; RE: rough endoplasmic reticulum; SC: surface coat; SL: 

striped layer 

Figs. 10 & 11. Transmission electron micrographs of the loose mass of connective tissue at the periphery of the capsule around the 
bulbus of a mature female Filicollis anatis (cf. Fig.4). Fig. 10. Focal haemorrhage in the connective tissue. Note that the 
erythrocytes have infiltrated the tissue; X 5400. Fig. 11. Non-haemorrhagic area with fibroblasts, macrophages and macrophage 
giant cells; x 5400. CF: collagen fibres; EY: erythrocyte; FB: fibroblast; GC: macrophage giant cell; HG: heterophilic granulocyte; 

MP: macrophage; RE: rough endoplasmic reticulum 
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In palaeacanthocephalan and eoacanthocephalan 
infestations in fish the worm presoma is surrounded by 
a tissue reaction consisting of different leucocytes 
(mainly eosinophilic granulocytes), erythrocytes, and 
depending on the age of the infestation and the depth 
of worm penetration, also fibroblasts and collagen 
fibres (Taraschewski 1988b, 1989a, b). Plasma cells, 
however, seldom occur. In contrast, the tissue around 
the presoma of archacanthocephalans in mammals 
harbours numerous plasma cells outnumbering the 
eosinophilic granulocytes after the acute phase of 
infestation (Taraschewski et al. 1989, Zhao et al. 1990). 
Concerning birds, our knowledge about the processes 
of defense and immunization against helminths is 
rather limited (see Dieterlen-Lievre 1988). Plasma cells 
seem to be involved in the defence of ducks against 
F, anatis. However they were not as numerous as in 
the inflammatory tissue of mammals infested with 
archiacanthocephalans (Taraschewski et al. 1989, Zhao 
et al. 1990). The capsule around the presoma of F. 
anatis in domestic ducks is characterized by an abun- 
dance of heterophilic granulocytes and the presence of 
macrophage giant cells. This reflects the composition of 
leucocytes in the avian blood (Dieterlen-Lievre 1988). 

Pflugfelder (1956) stated that Filicollis anatis was 
conspicuously more pathogenic than the small palae- 
acanthocephalan Polymorphus rninutus, and Hofmann 
et al. (1989) reported mortality among domestic ducks 
infested with F. anatis. It is not yet clear whether this 
pathogenicity results from the tissue alterations com- 
bined with inflammations and possible secondary 
infections by microorganisms or from the absorbance of 
nutrients from the host's intestinal lumen, or from all of 
these factors. 
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