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Abstract

Macracanthorhynchus hirudinaceus is a zoonotic parasite affecting suids worldwide which are the definitive hosts for
this helminth species. Macracanthorhynchus hirudinaceus is of significant economic and management concern due to its
pathogenicity, causing intestinal obstruction and perforation in the definitive hosts. Current study is the preliminary inves-
tigation from Sardinia, Italy, reporting the pathomorphological findings and molecular characterization of M. hirudinaceus
in the wild boars (Sus scrofa meridionalis). A total of 59 wild boars were examined showing acanthocephalan infection in
8 (13.6%) animals. In total, 49 parasites were collected with a mean intensity of 6.1. Comparatively higher infection levels
were observed for males (16.7%) and young boars (14.3%); however, these epidemiological differences were statistically non-
significant. Histopathological examination revealed the presence of a variable number of nodules (~5 mm) in the intestine
of M. hirudinaceus infested animals surrounded by a hyperemic-hemorrhagic halo. Several parasites were recovered from
the intestinal lumen attached by the means of characteristic hooks showing necrosis in muscle layers. A moderate number
of plump reactive fibroblasts and lesser numbers of fibrocytes were embedded with and at the borders of the inflammatory
nodules in a moderate amount of homogeneous intensely eosinophilic fibrillary material rupturing the cell membrane. For
molecular characterization, six isolated worms were amplified for the partial mitochondrial cox! gene showing distinct
interindividual variations. This first pathological and molecular description from southern Europe provided new knowledge
about the diffusion of M. hirudinaceus in wild boars, furthering the research into the origin and transmission status of M.
hirudinaceus in endemic localities.
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Introduction
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Europe, Asia and North Africa (Wilson 2005). In the last
04 Claudia Tamponi decade their population has increased remarkably in most

cltamponi@uniss.it

areas of Europe, including Italy (Pittiglio et al. 2018). To
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The wild boars are classified as one of the most invasive
animal species in the world according to the International
Union for the Conservation of Nature: Species Survival
Commission (IUCN SSC), not only because of the environ-
mental concern, but also due to significant damage to agri-
cultural and natural habitats, and key infectious disease res-
ervoirs transferring diseases to animals and humans (ISSG
2013, Fredriksson-Ahomaa 2018). Being omnivorous with
high adaptation capacity, wild boars feed on small mam-
mals, invertebrates, carrions and tubers and could therefore
host a high diversity of gastro-intestinal helminths that have
great public health importance (Solaymani-Mohammadi
et al. 2003).

Among the helminths of wild boars is the zoonotic acan-
thocephalan Macracanthorhynchus hirudinaceus (Leng
et al. 1983; Schmidt 1971; Radomyos et al. 1989). The life
cycle is indirect, the adult stage infects the small intestine
of wild boars, the definitive hosts and can be accidentally
transmitted to humans by ingestion of the intermediate host,
arthropods, usually coleoptera from Scarabaeidae family
(Melolontha vulgaris, Cetonia aurata, Polyphilla fullo,
Anomalia vitis). The most important intermediate hosts
in the United States are the June beetles (Cotinis nitida),
New World scarab beetles (genus Phyllophaga), and other
beetle species that feed primarily on dung (Pavlovic et al.
2010). Adult worms possess a retractable proboscis armed
with hooks and granulomatous lesions are often found at the
site of attachment. Since acanthocephalans lack digestive
tract, nutrients uptake occurs directly through the tegument
(Bowman et al. 2003). Female worms measure up to 40 cm
in length, while males are smaller and measure up to 10 cm
(Mowlavi et al. 2006). Mature eggs released through the
female’s uterine are passed in the feces of the host. Deep
brown in color and spindle shaped, eggs measure 110 pm
by 65 pm having three layered shell and well developed
acanthors. The eggs are capable of surviving under extreme
climatic conditions. After being ingested by dung beetles,
the acanthor larva develops to an infective cystacanth stage
in around 3 months. Wild boars become infected by ingest-
ing beetle grubs with the cystacanths developing into adults
(Urquhart et al. 1996, Bowman et al. 2003, Marchiondo
2019).

Despite the large population and wide distribution of
wild boars in Sardinia, very few studies on parasites of these
animals have been carried out on the island (Bandino et al.
2015; Bonelli et al. 2020; Setsuda et al. 2020). Regarding
M. hirudinaceus, the only study in wild boars in Sardinia
was published in conference proceedings and refers to a
case report (Pilo et al. 2012). Therefore, no data on the epi-
demiology and molecular characterization of this parasite
in Sardinian wild boars are currently available. To fill this
knowledge gap, the current study aimed to assess the preva-
lence of M. hirudinaceus in wild boars in Sardinia, as well as
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to report the pathomorphological findings and the molecular
genetic characteristics of this parasite for the first time from
Southern Europe to have a better understanding of genetic
diversity of its population in Sardinia, Italy.

Material and methods
Sample collection

From 2009 to 2020, a total of 59 wild boars were examined
at Istituto Zooprofilattico Sperimentale della Sardegna, Tor-
toli, Sardinia. Animals considered in this study were culled
during the hunting seasons. At necropsy, data about age, sex,
and hunting site were recorded. Based on tooth development,
animals were classified as juveniles (< 18 months of age)
and adults (> 18 months of age) (Massei and Toso 1993;
Papini et al. 2018). The gastrointestinal tract was opened and
macroscopically examined for the presence of parasites and
pathological lesions. All acanthocephalans were collected
and stored in 70% alcohol until morphological identification
and biomolecular analysis at Parasitology Laboratory of the
Veterinary Teaching Hospital of the University of Sassari,
Italy. Morphological identification of M. hirudinaceus was
performed using the morphological keys available in litera-
ture (Petrochenko, 1958; Richardson 2005).

Histological examination

Selected tissue samples of the intestinal tracts showing acan-
thocephalan lesions were fixed in 10% buffered formalin,
dehydrated with a series of increasing alcohol concentration
and cleared in xylene and were subsequently embedded in
paraffin. Multiple sections of 3 pm thickness were stained
with hematoxylin and eosin (H.E.) and evaluated at light
microscopy. Tissues were imaged using Nikon Eclipse 80i
and digital computer images were recorded with a Nikon
Ds-fil camera.

Biomolecular analysis

DNA from six collected worms was extracted using
G-spin™ Total DNA Extraction kit (iNtRON Biotechnol-
ogy, Korea) according to the manufacturer’s instructions.
PCR amplification of the mitochondrial cytochrome ¢ oxi-
dase subunit 1 gene (coxI) was performed using one set of
primers, Acanth_Cox1-F1 (5'-TTTGGAGGGGTTTGATGG
GT-3") and Acanth_Cox1-R4 (5'-CCCCAGACATTCTTC
TCTCCA-3’), and the same conditions previously described
(Kamimura et al. 2018). PCR products were purified using
Nucleospin Gel and PCR Clean Up (Macherey—Nagel
GmbH & Co. KG, Diiren, Germany) and sent to an exter-
nal sequencing service (Eurofins Genomics, Ebersberg,
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Germany). The sequences were obtained using primers
Acanth_cox1-F4 (5'-TTGGGTATTTGGGCATGGTG-3")
and Acanth_cox1-R2 (5'-CACCATGCCCAAATACCC
AA-3") employed exclusively for sequencing (Kamimura
et al. 2018) of the partial cox/ gene and compared with the
reference sequences for M. hirudinaceus (FR856886, Weber
et al. 2013; LC350021, Kamimura et al. 2018) available on
the NCBI database using BLAST algorithm (https://blast.
ncbi.nlm.nih.gov/Blast.cgi).

Multiple alignment of the obtained nucleotide sequences
for the cox! gene was done using Clustal W program. The
aligned sequences, trimmed to median length (961 bp),
were then exported to DnaSP program for the computa-
tion of polymorphism in the obtained sequences (Rozas
et al. 2017). A maximum-likelihood tree was generated
for the coxl sequences along with the reference sequences
(FR856886, LC350021, AF416997) keeping Monoli-
Sformis monoliformis (AF416998) as an outgroup employ-
ing MEGA-X software (Kumar et al. 2018). The obtained
nucleotide sequences for the M. hirudinaceus isolates were
submitted in Genbank database under the accession num-
bers: MZ683370-MZ683375.

Results

In total, 59 wild boars were examined among which 38 were
categorized as adults whereas 21 were juvenile and subadult.
Among the 59 wild boars examined, 23 were females and 36
males. An overall prevalence of 13.6% was found among the
culled wild boars; males had higher infectivity level (16.7%)
than the females (8.7%) with non-significant difference in
infection levels (y*=0.211; P=0.629). Among age cohorts,
there was slightly higher proportion of infection in the young
animals (14.3%) compared to the adults (13.2%) alluding to
non-significant difference between the age groups in terms
of infection (y*=0.01; P=0.904).

A total number of 49 M. hirudinaceus specimens were
collected (range: 1-24 specimen per wild boar), with a
mean abundance (mA) of 0.8 and a mean intensity (ml) of
6.1. Males constituted 44.9% (22 out of 49) and females
55.1% (27 out of 49) of the recovered M. hirudinaceus
specimens. Total body length ranged from 5.4 in males to
14.1 cm and 6.2 to 32.5 cm in female worms. Stereomi-
croscopical observation of M. hirudinaceus showed the
cephalic region characterized by the retractile proboscis
with typical hooks and epidermal elevation at their inser-
tion point (Fig. 1). The gross examination of the infected
wild boars showed a variable dilation of the intestinal
lumen and the presence of several parasites at dissection
(Fig. 2a and b) attached by means of its apical portion
entirely embedded in the wall. The mesenteric lymph
nodes were enlarged, and the serosa of the small intestine

Fig.1 Stereomicroscopical observation of anterior end of Macracan-
thorhynchus hirudinaceus with its characteristic spiny head

showed a variable number of roundish small nodules
(~5 mm) surrounded by a hyperemic-hemorrhagic halo
(Fig. 2¢). In the mucosal surface of the small intestine, the
nodules after the parasites removal showed a slight relief,
centrally umbilicated (Fig. 2d).

Histological examination

The histological examination showed a moderate, focal,
0.2 0.2 mm, irregular nodular inflammatory chronic granu-
lomatous reaction oriented around a longitudinal section of
an adult acanthocephalan characterized by focally disrupt-
ing and ulcerating the intestinal mucosa, extending to the
muscular layer and to less extent to the serosa. The para-
site was characterized by a thin outer cuticle and a thicker
hypodermis (up to 250 um) with both felted and cross fibers
containing lacunar channels, outer circular and inner longi-
tudinal somatic muscle layers, and lemnisci with compres-
sor muscles within a pseudocoelom (Fig. 3). The overlying
mucosa was replaced by a moderate number of karyorrhectic
neutrophils and less number of eosinophils, admixed with
a moderate amount of eosinophilic granular material with
cellular debris (Iytic necrosis), in turn surrounded by a mod-
erate number of lymphocytes and plasma cells and few epi-
thelioid macrophages. Admixed with and at the borders of
the inflammatory nodule were a moderate number of plump
reactive fibroblasts and lesser numbers of fibrocytes embed-
ded in a moderate amount of homogeneous intensely eosino-
philic fibrillary material (collagen) interpreted as fibroplasia
(pyogranuloma). Peripheral myofibers presented increased
eosinophilia and loss of the sarcoplasmic cross striation
(degeneration) or fragmentation of sarcoplasm with rupture
of the cell membrane.
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Fig.2 Macroscopical exami-
nation of the small intestine
showing the presence of several
worms in the open gut (a) with
the spiny-head penetrating the
intestinal wall (b), and nodular
lesions on the serosa (¢) appear-
ing umbilicated in the mucosal
surface after removal parasites

(@

Fig. 3 Histological view of the small intestine H.E.-stained showing
a moderate, focal chronic pyogranulomatous and ulcerative enteritis
around a longitudinal section of Macracanthorhynchus hirudinaceus

Biomolecular analysis

The partial cox! nucleotide sequences obtained for the
six M. hirudinaceus isolates were (>99%) similar to a
sequence from Hungary (FR856886) but showed 89-90%
similarity to an isolate identified from Japan, LC350021.
There were 16 nucleotide polymorphic sites within the
analyzed fragment of the cox/ gene yielding 12 singleton
variable sites and 4 parsimony informative sites. There
was a single non-synonymous substitution (valine to iso-
leucine) resulting from a point mutation at first position
of the codon at nucleotide number 181 with respect to
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the reference sequence. It was further revealed that all
six nucleotide sequences had interindividual nucleotide
variations yielding six different haplotypes having 6.267
average number of nucleotide differences (k) among them.
Phylogenetic assessment of the obtained sequences indi-
cated a robust clustering with the reference sequence from
Hungary with strong bootstrap values at the relevant tree
nodes. The Japanese M. hirudinaceus isolate clustered
outside the European population indicating the difference
between these parasitic populations. Evolutionary linkages
among the sequences are determined by the genetic dis-
tance between the populations depicted by the horizontal
branch lengths on a phylogenetic tree (Fig. 4).

MZz683372*
‘*

MZ683375*
[ M2683373*

L77

FR856886 Hungary

62

57

MZz683370*

Mz683371*

97 MZ683374%

1350021 Japan

AF416997 ingens

‘AF416998

Fig. 4 Maximum-likelihood phylogenetic tree of the cox] mtDNA
sequences for Macracanthorhynchus hirudinaceus specimens (written
in red with asterisk) indicating positioning with Hungarian isolate.
Bootstrap values are represented as number on the tree nodes
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Discussion

The present survey provides new insights into the epidemi-
ology and molecular characterization of M. hirudinaceus
in wild boars for the first time in Sardinia, Italy. In addi-
tion, pathomorphological alterations due to this parasite
in the gastrointestinal tract are described. As far as we
know, no previous epidemiological surveys have been car-
ried out on M. hirudinaceus in wild boars in Sardinia. Fur-
thermore, there are only a few studies on the prevalence
of the acanthocephalan in these ungulates in Italy (Magi
et al. 2005; Papini et al. 2018) as well as in Europe. Low
prevalence observed in the current study (12.1%) was quite
similar to what was ascertained from central Italy (9.4%;
Papini et al. 2018), southern Italy (Sicily) (11.1% in feral
pigs; Migliore et al. 2021) and Spain (12.1%, Gass6 et al.
2015). Apart from this, M. hirudinaceus has more frequent
occurrence (range: 33.0-81.8%) in other endemic areas
like Morocco (Amayour et al. 2017), Argentina (Ciocco
et al. 2019), Iran (Mowlavi et al. 2006; Sarkari et al. 2016;
Dodangeh et al. 2018) and Tunisia (Lahmar et al. 2019).
The worldwide variations in recorded prevalence could be
related to the different climatic conditions and soil com-
position that may influence the distribution of the dung
beetles (Scarabaeidae) which act as intermediate hosts of
M. hirudinaceus (Foata et al. 2005; Lizana et al. 2021).
Regarding reptiles, little is known about them as poten-
tial paratenic hosts of M. hirudinaceus, but their varied
worldwide distribution may likely contribute to prevalence
of M. hirudinaceus in wild boars. Indeed, reptiles act as
paratenic hosts of different parasitic zoonoses including
acanthocephalans such as Macracanthorhynchus ingens
and Macracanthorhynchus cutulinus (Khokhlova, 1986;
Hartnett et al., 2018; Mendoza-Roldan et al., 2020). The
acanthocephalan M. hirudinaceus can infect not only
wild boars but also domestic pigs, jackals and red foxes
and while it has been rarely in dogs, in which a case of
pseudoparasitism or misidentification with Macrachan-
thorhynchus catulinus may have occurred (Dalimi et al.
2006; Lahmar et al. 2014; Barbosa et al. 2017; Gherman
and Mihalca, 2017; Kouam et al. 2018). Incidental hosts
include muskrats, squirrels, and humans (Baker, 2007).
However, it was established that this parasitosis is most
common in pigs raised in free-range and extensive produc-
tion systems compared to those raised in industrial farms
(Barbosa et al. 2017). In Sardinia, the free-ranging pigs
are forbidden due to the African Swine Fever eradication
programme (PE-ASF15-18), but semi-extensive pig breed-
ing is still present on the island (Anagrafe Nazionale Zoot-
ecnica 2020). Furthermore, the intermediate hosts of M.
hirudinaceus are well distributed in Sardinia (Carpaneto
etal. 2011).

The prevalence found in wild boars in current study,
may also represent a sanitary concern for the health sta-
tus of domestic pigs, particularly in areas where semi-
extensive farming allows uncontrolled contacts with wild
species that favours the transmission of viral diseases. The
ingestion of the intermediate host harboring cystacanth
larvae by the pigs could lead to economic losses for farm-
ers primarily due to slow growth and weight loss typical
of M. hirudinaceus severe infection (Barbosa et al. 2017).
Macracanthorhynchus hirudinaceus has been reported in
humans from China (Leng et al. 1983; Zhong et al. 1983),
Thailand (Hemsrichart et al. 1983; Radomyos et al. 1989)
and Russia (Schmidt 1971) to date. There is no description
of M. hirudinaceus in humans in Italy thus far; however,
the possibility of indirect transmission of this parasite to
humans could not be excluded. Indeed, the proximity of
wild animals to humans has thrived recently, especially
during the lockdown for the COVID-19 pandemic, as
documented also in Sardinia (Bressan 2020).

The prevalence of neglected and zoonotic parasites such
as M. hirudinaceus recorded in wild boars in Sardinia, sug-
gests the need to carry out further investigations throughout
the island on wild boars, which are known to harbor other
parasitic zoonoses such as Trichinella spp. (Bandino et al.
2015), Echinococcus granulosus sensu lato/s.l. (Paoletti
et al. 2019; Sgroi et al. 2019) and Toxoplasma gondii (Sgroi
et al. 2020).

Based on present study the age of wild boars seemed not
to represent a risk factor for infection, since no differences
were found between the prevalence in young and adults,
unlike to what was reported in Sicily (Migliore et al. 2021),
where M. hirudinaceus was identified only in young feral
pigs (< 1-yr-old), and in Iran (Mowlawi et al. 2006) where
adult wild boars were comparatively more infected than
young ones.

Pathological examination showed severe damage of the
small intestine wall, with the anterior part of the thorn-
headed worm penetrated into the sub mucosal layer of boar
intestine and caused severe inflammation. The findings of
this study are in line with those reported by previous stud-
ies (Mowlavi et al. 2006; Sarkari et al. 2016; Migliore et al.
2021).

Identification of epidemiological and pathogenic status of
a parasite is of paramount importance to understand its biol-
ogy and infectivity. There is accumulating evidence regard-
ing the reliability of the morphological studies alone as they
may result in misidentification of the species (Huston et al.
2020). Our study combined both morphological and molecu-
lar approaches to characterize the M. hirudinaceus isolates
retrieved from the wild boars in Sardinia. For molecular
analysis, the study involved sequencing for the cox/ gene
which is the most common and reliable marker in popu-
lation genetics and phylogenetic studies. So far, molecular
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data on M. hirudinaceus are very limited; there are only two
sequences in the NCBI database, one of which is a complete
genome from Hungary (FR856886) whereas, the other is
partial coxI sequence from Japan (LC350021). It is very
interesting to mention that all six nucleotide sequences for
the partial cox/ gene had high genetic variability which
shows an expanding M. hirudinaceus population within this
locality. The European sequences were more similar to each
other compared to the Japanese sequence displaying hetero-
geneity among the different geographical populations. Only
two reports of M. hirudinaceus occurrence are reported in
Japan and are yet to be established whether this species is
accidentally introduced or has endemic status (Kamimura
et al. 2018). But the clustering of Japanese isolate separately
from the European population shows that independent fac-
tors are operative at different geographical areas affecting
the genetic structure of the species. Due to scarcity of inves-
tigations and lack of molecular data, no studies on gene flow
among the M. hirudinaceus populations could be carried out
which limits our understanding of its geographical spread
and population structure.

Conclusion

This preliminary investigation involving pathomorphologi-
cal and molecular approaches to characterise acanthocepha-
lan species, M. hirudinaceus, from Italy has provided an
insight into level of infection and extent of endemism of
this parasitic species in southern part of Europe. Amid lack
of epidemiological and genetic information on this zoonotic
parasite from European side, continued efforts are required
to generate molecular data to find relationships among dif-
ferent regional and endemic populations. On the other side,
it is equally important to find out the transmission routes
of this parasite to limit its spread to humans and other host
species and devise suitable strategies for its control.
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