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Abstract

European hedgehogs, Erinaceus europaeus (Linnaeus, 1758), are small mammals found in western Europe and also
in parts of northern Europe. They can be seenin rural, suburban and urban areas, but are usually found in grassland
with edge habitats. These animals are omnivorous and serve as definitive or paratenic hosts for several parasites,
including acanthocephalans (phylum Acanthocephala). During necropsy of a European hedgehog, a single adult
parasite was collected from the intestinal lumen and preserved in 70% ethanol. After morphological evaluation of
the specimen, it was identified as Moniliformis cestodiformis (von Linstow, 1904) (Acanthocephala: Moniliformidae).
This is the first report of M. cestodiformis in a European hedgehog, as well as in Europe. More epidemiological studies
need to be carried out to map the location and prevalence of this parasite in Portugal and the European continent.
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Resumo

Os ouricos, Erinaceus europaeus (Linnaeus, 1758), sdo pequenos mamiferos que se localizam na Europa ocidental e
também em regides do Norte da Europa. Eles podem ser avistados em areas rurais, suburbanas e urbanas, mas sao
geralmente encontrados no campo no limite daqueles habitats. Sdo animais omnivoros e servem de hospedeiros
definitivos ou paraténicos de muitos parasitas, incluindo acantocéfalos (filo Acanthocephala). Durante a necropsia
de um ourigo, um exemplar adulto acantocéfalo foi recolhido do limen intestinal e preservado em etanol a 70%.
Depois de uma avaliagdo morfolégica desse exemplar, este foi identificado como Moniliformis cestodiformis (von
Linstow, 1904) (Acanthocephala: Moniliformidae). Esta é a primeira referéncia de M. cestodiformis num ourico, assim
como na Europa. Mais estudos epidemioldgicos necessitam ser realizados, para localizar este parasita e calcular a
sua prevaléncia em Portugal e no continente europeu.
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Introduction

European hedgehogs, Erinaceus europaeus (Linnaeus, 1758) are small nocturnal mammals native to western and
northern Europe (Reeve, 1994; Pfaffle, 2011; Sangster et al., 2016; CABI, 2022). They can be seen in rural, suburban
and urban areas, but are usually found in grassland with edge habitats (Jahfari et al., 2017). This kind of habitat
preferences often results in direct or indirect contact with wildlife, domestic animals and also humans (Amori, 2016).
European hedgehogs are omnivorous, feeding mainly on invertebrates including beetles, caterpillars, woodlice and
other insects, as well as snails, slugs and earthworms. Hedgehogs can also eat vertebrates, such as snakes, vipers,
frogs, toads, fish, birds and their eggs, and small mammals (Pfaffle, 2011; Naem et al., 2015). Because of these
food preferences, E. europaeus may act as a definitive or paratenic host of several parasites, some of them being
zoonotic, like Trichinella spp. and Leptospira spp. (Jones et al., 2005; Riley & Chomel, 2005; Pozio, 2007; CABI, 2022).
Furthermore, several parasites can affect E. europaeus, like protozoa, fleas, mites, ticks and helminths, including
acanthocephalans (Pfaffle, 2011).

The genus Moniliformis (Moniliformida: Moniliformidae) Travassos, 1915 includes 20 recognized species (Amin,
2013; Aminetal., 2016; Gomes et al., 2020; Lynggaard et al., 2021; Dai et al., 2022). The adult forms are medium-sized
thorny-headed worms with a very small proboscis when compared to their trunk. The worms are pseudosegmented
rounded anteriorly and posteriorly (Golvan, 1962; Amin et al., 2016).

Moniliformis spp. infect warm-blooded vertebrates, including mammals and birds. For example, M. moniliformis
uses rodents and humans as definitive hosts, being zoonotic in countries where insects, such as cockroaches, are
eaten raw (Coomansingh-Springer et al., 2019). Five Moniliformis spp. are known to infect hedgehogs, but only
Moniliformis cestodiformis (von Linstow, 1904) Travassos, 1917 has been reported in Erinaceus spp. (Amin et al., 2016).

Knowledge about the parasites of E. europaeus from mainland Portugal is scarce. Concerning M. cestodiformis,
it has only been reported in Erinaceus spp. in West Africa in 1925 (Amin et al., 2016). The present study describes
for the first time M. cestodiformis in an E. europaeus specimen and also represents the first report of this parasite
in Europe.

Material and Methods

In May 2019, a female European hedgehog in poor physical condition, found in Monsanto forest park, within
the municipality of Lisbon, was brought to the Wild Animal Rehabilitation Centre of Lisbon (LXxCRAS), together with
five offspring. The female stayed with the pups during the first 9 days but, due to her refusal to eat, they were
separated. She was treated with natural complementary food (Anima-Strath®, 2.5 ml, per os [PO]), a nutritional
complement (Duphalyte®, 12 ml/kg, PO) and 3 ml of saline solution subcutaneously (SC), at body temperature.
On the next day, the female hedgehog was treated with fenbendazole (Panacur®, 100 mg/kg, PO). On the 11" day
the animal was warmed up due to hypothermia, but did not survive.

During necropsy, a single adult parasite was collected from the intestinal lumen and preserved in 70% ethanol.
The parasite was measured and some eggs were collected. The obtained material was prepared on a slide with
Hoyer's medium and observed under an optical microscope. To identify the parasite specimen, an identification
key was used (Amin et al., 2016). Information regarding proboscis hooks and their roots, the female reproductive
system and gonopore were collected. To confirm the species, proboscis, proboscis receptacle, lemnisci, hooks and
its roots, the terminal part of reproductive system and eggs were observed and measured.

Results

The parasite presented a total length of approximately 13 cm (Figure 1A). Due to its morphological conformation,
being round anteriorly and posteriorly and pseudosegmented in-between (Figure 1A), it was identified as belonging
to genus Moniliformis.

Except where millimeters (mm) are indicated, the following measurements are all in micrometers (um). Proboscis
was 475 long and 195 wide (Figure 1B); it had 16 rows of six to 10 hooks each. Hook blades decreased in size
posteriorly. The largest hooks had 23.41 by 9.6 and the smallest 4.78 by 2.06 (Figures 1C and 1D); hook roots were
stout and inserted in the ventral middle part (Figure 1E); proboscis receptacle was 1.13 mm long and 396 wide
(Figure 1F). Lemnisci was 1.68 mm long and 166 wide posteriorly (Figure 1F).
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Figure 1. Moniliformis cestodiformis. A: Adult female specimen. Morphological conformation, with pseudosegmentation of trunk
(yellow arrow). B: Proboscis. C-D: Hooks. E: Hook roots (black arrows) with an invagination in the ventral middle part. F: Anterior
part of the body showing proboscis (p), proboscis receptacle (pr) and lemnisci (I); the diagonal musculature of the proboscis
receptacle is also visible. G: Posterior part of the body showing the eggs (e), uterus (u), vagina (v) and gonopore (g). H: Gonopore
and its orifice (black arrow). I: Egg. Scale bar on A: 1 cm. Scale bar on B: 100 pm. Scale bar on C-E and I: 20 pm. Scale bar on F
and G: 200 pm. Scale bar on H: 40 pm.

Regarding the reproductive system, uterus was 640.5 long, and vagina 135.8 long and 32.5 wide (Figure 1G).
Gonopore was nearly terminal (Figure 1G) and its orifice was 67.7 long in its major axis (Figure 1H). Eggs were
87.5-95 long by 45-50 wide (Figure 11). Likewise, all measurements are in micrometers (um). Accordingly, the female
specimen was identified as Moniliformis cestodiformis (von Linstow, 1904).

Discussion

Parasites are known to have a substantial impact on population dynamics of their hosts (Irvine, 2006). They are a
threat to debilitated hedgehogs, frequently leading to morbidity and even death. Some parasites can also represent
a zoonotic risk and pose a possible cross infection with pets (Wright, 2014). The hedgehog described in this study
was in a poor physical condition and the presence of M. cestodiformis may have impaired its health improvement.

Although several acanthocephalan species have been reported in hedgehogs (Pfaffle, 2011), only a few
earlier publications mention M. cestodiformis. This species was originally described in 1904 by von Linstow as
Echinorhynchus cestodiformis from two different African species of hedgehogs, Atelerix albventris and Atelerix frontalis
(Travassos, 1917). Approximately a century ago, Travassos (1917) transferred it from the genus Echinorhynchus to
the genus Moniliformis (Travassos, 1915). Southwell & Macfie raised Moniliformis erinacei as a new species from
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measurements obtained from a male and a female specimen in Erinaceus spp. from West Africa (Sandground,
1926). According to Amin et al. (2016), these two species, M. cestodiformis and M. erinacei, are the same and the
latter must not be considered as valid species.

None of the previous parasitological surveys in European hedgehogs between 1926 and 2016, e.g., Pfaffle et al.
(2014), refers to M. cestodiformis. One paper (Amin et al., 2016) includes this species in identification keys and only
refers to M. erinacei in Erinaceus spp. from West Africa. The geographical distribution of this parasite is probably
not wide enough to be accounted for during hedgehog necropsies or coprological analysis of their feces, as it
happens with some other parasites, such as trematode Brachylecithum mackoi in European hedgehogs from Elba
island (Casanova & Ribas, 2004).

Conclusion

The present study is a major contribution to the knowledge of the European hedgehog parasitological fauna from
Portugal and Europe, providing valuable data concerning M. cestodiformis and bringing to light the first reference
in E. europaeus from Portugal and the European continent. More collections and epidemiological studies must be
performed to understand its prevalence and localization in Portugal and also in Europe, since work concerning M.
cestodiformis is non-existent according to the best of our knowledge.
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