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Although Macracanthorhynchus hirudinaceus is a neglected acanthocephalan of suids occasionally responsible for
severe infections in humans, the spread of wild boar (Sus scrofa) populations in Europe could promote the cir-
culation. Herein, we report the first morphometric, histological and molecular characterization of a severe
M. hirudinaceus infection in a boar from continental Italy. The boar’s intestine displayed granulomatous enteritis
due to 24 helminths (14 females, 10 males), identified as adults of M. hirudinaceus by a combined morphometric/

molecular approach. The phylogenetic analysis of the coxl gene revealed a close relationship of the
M. hirudinaceus sequence type found herein with those from Hungary and insular Italy. The high haplotype di-
versity and low nucleotide diversity of M. hirudinaceus specimens would suggest its rapid demographic expansion
in the Mediterranean basin. More research is needed to assess the presence of M. hirudinaceus in susceptible
beetle species and the role of boars in the epidemiology of infection.

1. Introduction

Also known as the thorny-headed worm, Macracanthorhynchus hir-
udinaceus (Archiacanthocephala, Oligacanthorhynchida) is a neglected
zoonotic acanthocephalan that infects pigs (Sus scrofa domesticus) and
wild boars (Sus scrofa) as definitive hosts and beetles (e.g., coleoptera of
the family Scarabaeidae, commonly Melolontha vulgaris, Cetonia aurata,
Polyphylla fullo, Anomalia vitis) as intermediate hosts [1,2].

Briefly, parasitic eggs containing a first-stage larvae (acanthor) are
shed in the faeces of definitive hosts and ingested by intermediate hosts
where the larvae mutate into a second-stage (acanthella) that develop to
infective-stage (cystacanth); if ingested by the definitive host, the cys-
tacanth becomes an adult attaching to the small intestinal wall [3].
Besides being responsible of economic losses due to the slow growth and
weight loss in pigs [4], M. hirudinaceus occasionally infects dogs, wild
carnivores and humans through the accidental ingestion of insects,
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especially in young children [5]. Although in the 1800 s human acan-
thocephaliasis was confined in the Volga Valley of Russia, by frequent
consumption of the raw cockchafer beetle (Melolontha melolontha) [5],
cases of infection have been reported worldwide in the last decades, i.e.,
in Africa (Madagascar, New Guinea), America (United States, Brazil),
Asia (China, Thailand, Vietnam), Europe (Bulgaria, Czech Republic) and
Oceania (Australia) [5]. Clinical symptoms of human acanthocephaliasis
are often severe, as abdominal pain and digestive complications due to
the mechanical damage caused by penetration of the parasitic proboscis
inside the wall of the host’s intestine [3]. Despite the relevance for
public health, few reports are available to date on M. hirudinaceus in wild
boars, viz. in Turkey [6], Iran [7,8], Belalus [9], Japan [10], Tunisia
[11], Bulgaria [12], Ukraine [13], Romania [14] and Spain [15,16]. In
Italy, M. hirudinaceus has only been found in boars from the islands of
Sicily and Sardinia [2,17], except for two reports from central Italy
without molecular or histological characterization [18,19]. However,
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Fig. 1. Cephalic end of M. hirudinaceus specimen from the boar’s intestine,
showing typical retractile proboscis equipped with rows of hooks.

boar populations have increased throughout Europe in recent years
invading crops, pastures and peri-urban areas [20,21], where these
animals are potentially exposed to the parasite, likely contributing to its
maintenance and transmission to animals and humans.

Herein, we report the first morphometric, histological and molecular
characterization of M. hirudinaceus infection in a S. scrofa specimen from
continental Italy and discuss the potential role of boars in the epide-
miology of this neglected parasite.

2. Methods
2.1. Study area and sampling

In December 2022, a two-years-old female wild boar was culled
within an official hunting area of southern Italy (Caserta province -
41.297580°N, 14.244231°E). The carcass was collected by hunters
supported in the field by an official veterinarian of the University of
Naples Federico II (Naples, Italy), under the frame of a ministerial
monitoring plan for zoonoses in wildlife of southern Italy (authorization:
“Decreto Dirigenziale 210-Piano B7 DPAR”). The animal was aged by
using the examination of the teeth [22] and the whole carcass was
delivered to the wildlife disease unit of the Department of Animal
Health, Experimental Zooprophylactic Institute of southern Italy (Por-
tici, Italy). During necropsy, helminths were found inside the small in-
testine of the boar with presence of deep nodular-like lesions inside the
intestinal wall. Helminths and intestinal tracts were conferred to the
units of Parasitology and Histology for insights, whereas a part of hel-
minths collected in 96% ethanol was sent to the Department of Veteri-
nary Medicine, University of Sassari (Sassari, Italy), for molecular
analyses.

2.2. Morphometric analysis of specimens

Structural features of the helminths were evaluated by optical ster-
eomicroscopy (Leica DM-LB2) with a digital camera software (Leica Las
version 4.5.0) (Leica Microsystems, Wetzlar, Germany); all measure-
ments obtained were compared to those available in the literature [2,7,
23].
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Fig. 2. Multiple granulomas (black arrowheads) in the boar’s small intestine
caused by M. hirudinaceus specimens with presence of enlarged mediastinal
lymph nodes (blue arrowhead).

2.3. Histological analysis

Helminths and intestinal tracts of the boar were fixed in 10% buff-
ered formalin, embedded in paraffin and 3 um-thick sections were set up
and stained with haematoxylin and eosin, according to D’Aquino et al.
[24].

2.4. DNA extraction and PCR

DNA was extracted from helminths using G-spin™ Total DNA
Extraction kit (iNtRON Biotechnology, Korea), according to the manu-
facturer’s instructions. PCR amplification of the mitochondrial cyto-
chrome c oxidase subunit 1 gene (cox1) was performed using primers
Acanth_Cox1-F1 (5-TTTGGAGGGGTTTGATGGGT-3) and Acanth_Co
x1-R4 (5-CCCCAGACATTCTTCTCTCCA-3') with cycling conditions ac-
cording to Kamimura et al. [10]. Amplicons were purified using
Nucleospin Gel and PCR Clean Up (Macherey-Nagel GmbH & Co. KG,
Diiren, Germany).

2.5. Sequencing, polymorphism analyses and phylogenesis

Amplicons were sequenced in both directions with primers
Acanth_cox1-F4 (5-TTGGGTATTTGGGCATGGTG-3") and Acanth_cox1-
R2 (5-CACCATGCCCAAATACCCAA-3) [10]. Sequences were aligned
via BioEdit software (version 7.7), trimmed to median length (947 bp)
and then exported to DnaSP software (version 6) for the computation of
polymorphisms [25] with Tajima’s [26] and Fu’s Fs tests [27]. A
maximum-likelihood tree of the cox1 fragments obtained was generated
by MEGA-X software with 1000 bootstrap replications [28], including
homologous sequences from GenBank and a sequence of Monoliformis
monoliformis (OK415026) as outgroup.

Table 1
Morphometric features (reported in mm) of female and male M. hirudinaceus specimens (n = 10 for each) from a wild boar of southern Italy. Standard deviation, SD.
Feature Females (n=10) Mean + SD Males (n=10) Mean + SD
min - max min - max
Total body length 123.1-348.4 235.7 + 96.8 54-87 66.6 + 13.3
Mid - body width 3-6 458 +£1.17 2-3 2.78 £ 0.38
Proboscis length 0.71-0.85 0.79 £+ 0.07 0. 56-0.82 0.67 £ 0.11
No. rows in proboscis 5-6 6.2 +0.84 5-6 6.2 + 0.84
No. hooks per row 6-8 7.0+1 6-7 6.4+ 0.5
First hook length 0.186-0.291 0.231 + 0.05 0.132-0.210 0.174 £ 0.03
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Fig. 3. Histological findings with HE-staining of a M. hirudinaceus female and lesions of the boar’s small intestine: (a) longitudinal section of the parasitic wall (W),
muscle (M), ovarian balls (green arrowhead) and eggs (blue arrowhead); (b) details of M. hirudinaceus metasomal body cavity with ovarian balls (green arrowhead)
and developing eggs (blue arrowhead) in longitudinal and transversal section; (c) boar’s intestine showing multiple granulomas (G) and two parasitic proboscises (P);
(d) details of severe enteritis with diffused necrosis (N), circled by neutrophilic granulocytes in apoptosis, eosinophilic granulocytes, epithelioid macrophages and

two parasitic proboscises invading the mucosa (P).

o OR168977 Macr horhynchus hirudi Sus scrofa meridionalis, Italy
95| FR856886 Macr horhynchus hirudi Sus scrofa scrofa, Hungary
s MZ683373 Macr Trynchus hirudi Sus scrofa meridionalis, Italy (Sardinia)
. MZ683375 Mac horhvnchus hirudi Sus scrofa meridionalis, Ttaly (Sardinia)
MZ683372 Mac horhynchus hirudi Sus scrofa meridionalis, Ttaly (Sardinia)
87
MZ683371 Macr horhvnchus hir Sus scrofa meridionalis, Italy (Sardinia)
MZ683370 Macracanthorhvnchus hirudi Sus scrofa meridionalis, Italy (Sardinia)
- MZ683374 Macracanthorhynchus hirudi Sus scrofa meridionalis, Ttaly (Sardinia)
LC350021 Macr horhynchus hirudi Sus scrofa leucomystax, Japan
OK415026 Moniliformis sp.

—
0,1

Fig. 4. Phylogenetic relationship of M. hirudinaceus sequences in this study (bold) and those available in literature. Phylogenesis was based on 947 bp of the cox1
partial gene and inferred by the Maximum Likelihood method based on Tamura 3-parameter model and Gamma distribution used to model evolutionary rate dif-
ferences among sites (+G) selected by best-fit model. Evolutionary analyses were conducted on 1000 bootstrap replications using MEGA X software. Homologous

sequence from M. moniliformis (OK415026) was used as outgroup.

2.6. Statistical analysis

A standard deviation (SD) was calculated for the mean morphometric
values between female and male helminths found herein. The statistical
analysis was performed with the online software GraphPad QuickCalcs

website software [29].

3. Results

A total number of 24 helminths (i.e., 14 females and 10 males) was
retrieved from the small intestine of the wild boar. By morphology, all
helminths displayed white-reddish color, a transversely wrinkled cuticle
and a retractile proboscis equipped with a variable number of rows of
hooks characterized by decreasing size posteriorly (Fig. 1). The mean
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Table 2
Diversity and neutrality indices of M. hirudinaceus cox1 sequences from this study and insular Italy. Polymorphic (segregating) sites, S; number of mutations, Eta;
average pairwise nucleotide differences, k; nucleotide diversity, Pi; number of haplotypes, Hn; haplotype diversity, Hd; variance of haplotype diversity, nd; P-value, p.

S Eta k pPi Hn Hd

rd Tajima’s D P Fu’'s Fs P

17 17 6.38095

0.00674 7 1.000

0.0583 -0.44763 > 0.10 -2.449 > 0.10

values of total body length and mid-body width were 235.7 mm and 4.6
mm for females, whereas 66.6 mm and 2.8 mm for males, respectively;
details of morphometric features and body measurements of the hel-
minths are reported in Table 1.

At macroscopic examination, the intestinal tract of the boar dis-
played miliary to button-like inflammatory neoformations (Fig. 2), hard
in consistency and clear in shear section. Histologically, a parasitic
granulomatous enteritis was detected with multicentric inflammatory
granulomas characterized by necrosis centers, cellular debris and mul-
tiple mineralization in the mucosa and surrounding hyper-segmented
eosinophilic and neutrophilic granulocytes. Clusters of bacteria,
epithelioid macrophages and activated fibroblasts circumscribed the
areas of injury. Parasitic eggs found at histological examination
appeared ovoid and thick-shelled with a mamillated outer membrane
and measured 98-102 pm in length and 54-62 um in width (Fig. 3).

Molecular analysis of the cox1 partial gene sequences confirmed the
morphometric identification of M. hirudinaceus, displaying 100% query
coverage and 99-100% nucleotide identity compared to those available
in the GenBank database. The sequences of 20 M. hirudinaceus speci-
mens obtained from the boar of this study were identical and clustered
with high bootstrap values with those from Hungary and Sardinia
(Fig. 4). The M. hirudinaceus sequence found herein was deposited in
GenBank under the accession number OR168977. The computation of
polymorphisms revealed high haplotype diversity and low nucleotide
diversity of M. hirudinaceus from this study and insular Italy (Sardinia),
with not significantly negative values of Tajima’s D and Fu’s Fs tests
(Table 2).

4. Discussion

This is the first morphometric, histopathological and molecular case
of a severe M. hirudinaceus infection in a wild boar from continental
Italy.

The infection has been previously reported only in two cases from
central areas of the peninsula without molecular or histological insights
[18,19]. Although morphometric features of M. hirudinaceus specimens
(Fig. 1, Table 1) are in accordance with those of the literature [2,7,23,
30], a molecular confirmation is always recommended considering the
possible misidentification of species via morphology [31] and underes-
timation of coprological examinations [15].

The severe infection found may be the result of repeated ingestion of
infected beetles, which is not surprising as these insects feed on faeces
and plant roots (up to 20 cm deep) in forests, parks and gardens [32] and
may therefore be ingested through the typical coprophagous and rooting
(up to 40 cm deep) behaviors of boars [33,34]. Despite the great
biodiversity of Coleoptera species acting as competent vectors for
M. hirudinaceus, the one responsible for infection in the study area may
be larvae of the cockchafer M. melolontha, widely spread in the Medi-
terranean basin where up to 20 million specimens per 18 km? have been
estimated [32].

The presence of multicentric granulomas (Fig. 2 and Fig. 3) is in line
with previous studies [2,7,17,35] and suggests the importance of
considering these lesions at necropsy in the differential diagnosis of
tuberculosis, especially where the latter is endemic in boars [36,37]. In
addition, future studies are needed to assess the potential correlation
between M. hirudinaceus and other parasitic, viral and bacterial
co-infections in terms of host’s health status. This hypothesis is not be
ruled out considering the impact of such neglected parasites on the body
condition variations of hosts co-infected with other pathogens [38] and

the positive correlation between helminths and tuberculosis severity
[39].

From a public health perspective, the high density of boars in Europe
[20], including Italy [21], enhanced during the Covid-19 lockdown
[40], could drive the rise in the environment of contaminated faeces
available to coprophagous beetles, increasing the risk of accidental
infection to humans. During the lockdown, the reduction of artificial
light at night (i.e., “ALAN”), which is a well-known factor of insect
decline [41], may have been a trigger for the spread of beetles. This
hypothesis finds support in a recent study showing the increased
abundance and distribution of some beetle species during the lockdown
[42]. In addition, the high survival ability of parasitic eggs in the
environment, which remain infectious up to 3 years tolerating drought
and below-zero temperatures [43], poses a further risk of infection to
beetles [17]. From an epidemiological perspective, although the circu-
lation of M. hirudinaceus has been reduced in domestic pigs due to
improved management of extensive [10] and industrial production
systems [4]. However, hygiene safety assurances in domestic animals do
not apply to free-ranging wildlife. Indeed, high prevalence is reported in
boars from central (i.e., 9.4%) [19] and insular Italy (11.1% in Sicily,
12.1% in Sardinia) [2,17], as well as in canids that commonly share with
these ungulates same rural/peri-urban areas, such as stray dogs
(4.3-4.8%) red foxes (Vulpes vulpes) (22.7-43.8%) [44,45] and golden
jackals (Canis aureus) (3.2%) [46]. These findings underline the
importance to improve the surveillance of boars and also other wildlife
for assessing the diffusion of this zoonotic acanthocephalan in southern
Italy.

The phylogenetic analysis of the cox1 gene reveals a close relation-
ship of the M. hirudinaceus sequence found in this study with those from
Hungary and insular Italy (Fig. 4). The high haplotype diversity and low
nucleotide diversity of M. hirudinaceus (Table 2) is indicative of a rapid
demographic expansion of the parasite. Although not statistically sig-
nificant, the negative values of Tajima’s D and Fu’s Fs suggest an excess
of rare polymorphic sites, feature of recent population expansion, and
presence of rare haplotypes compared to what is expected under
neutrality, pointing to past bottleneck and/or purifying selection events.

Future studies are needed to clarify the beetle species involved in the
biological cycle of M. hirudinaceus in Italy and the role of boars and wild
canids in the maintenance and transmission of this neglected parasite in
urban and peri urban environment.
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