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Abstract: The species of the genus Trichinella are etiological agents distributed all over the world
and are able to infect mammals, birds, and reptiles. Trichinella spiralis is the species most adapted to
domestic and wild pigs and is also the most important etiological agent of trichinellosis. The wild
boar (Sus scrofa) is a nocturnal omnivorous mammal belonging to the Suidae family. S. scrofa has a
great appetite and its diet includes a variety of small prey such as mice, rats, and other rodents, as
well as carcasses of larger animals. The aim of this study was the identification and the molecular
characterization of Trichinella larvae isolated from the muscle tissue of S. scrofa specimens collected in
different counties of Romania. The muscle samples were examined by artificial digestion and the
larvae identified at the species level by multiplex PCR. T. spiralis, a species that is able to infect a
considerable number of different host species including humans, was identified. In Romania, S. scrofa
is an important reservoir species for T. spiralis and plays an important role in linking the domestic
and the wild cycle of Trichinella, with serious repercussions for human health.
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1. Introduction

The Sus scrofa is an omnivorous ungulate species largely diffused in the hunting fauna
of Romania [1]. Being a species with a high adaptability to various types of habitats, the
S. scrofa represents, in the big game category, the subject of greatest interest for hunting
activities [2]. The analysis of data, provided by the Ministry of Environment, Water, and
Forests (MEWF) [3] for the 2014-2023 period, revealed an overpopulation of S. scrofa until
the year 2020. However, after 2020, the population declined due to the African swine fever
(ASF) epidemic that affected Romania.

The observed population value in the 2014-2020 period was more than 2.4 times higher
than the optimal population value established for this species for the natural hunting habitat
of Romania. Even if in recent years, the herds assessed for this species have considerably
decreased under the effect of the African swine fever epidemic, they remain at a value of
more than 1.4 times higher than the optimal herd value calculated according to natural
conditions of habitat, as shown by the MEWF data [3]. This overpopulation was also
probably the cause of the rapid expansion of the African swine fever, which, in turn,
generated the decrease in the S. scrofa herd by more than 30% in just three years (2020-2023).
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Sus scrofa is a species with a very high natural birth rate (186%) [2], having the ability
to restore their flocks in relatively short periods of time. The number of hunted animals
fluctuated from 25,750 in 2015 to 50,857 in 2020 and then 13,608 in 2023 [3]. Because of this
high hunting activity, a remarkable amount of S. scrofa meat and raw material was supplied
to the Romanian food industry.

Due to the anatomical, behavioral, and feeding peculiarities, as well as hunting man-
agement measures, the S. scrofa is a perfect host for the transmission of various parasitic
zoonoses, particularly the nematodes belonging to the Trichinella genus [4,5]. Trichinella
spiralis is the species most adapted to domestic and wild pigs, and also to rats, having
a cosmopolitan distribution. This species is also the most important etiological agent of
human disease [6]. The sylvatic cycle of T. spiralis involves wild carnivores which can
become an important route of transmission of the infection to the domestic cycle. Residues
from pigs infected with T. spiralis are the main source of infection for synanthropic animals
(rats, horses, stray cats, and dogs) [7-9]. Trichinella spiralis was identified in S. scrofa isolates
in Germany, Spain, Poland, Finland, Austria, Bulgaria, France, Hungary, and Lithuania,
with this wild animal being considered a reservoir host for the established species of the
genus Trichinella [10]. The epidemiology of trichinellosis caused by T. spiralis is in transition
in terms of incidence and sources of infection [11]. The consumption of raw or undercooked
S. scrofa meat represents the source of infection with Trichinella spp. larvae, even when
they are present in low numbers [12]. The first episode of trichinellosis in humans in the
2015-2016 period was reported in Serbia as a result of the consumption of S. scrofa meat [13].
In Portugal, infections of the hunters who consumed S. scrofa meat that were not controlled
by trichinoscopy and artificial digestion have been reported [14]. In Romania, infection
with the Trichinella spp. is still significantly present, affecting several species of domestic
and wild animals, omnivores, and carnivores, with different prevalence rates over the years
and thus maintaining a close epidemiological relationship between the domestic cycle
and the sylvatic outbreak of the zoonotic nematode. In S. scrofa, in Romania, the species
T. spiralis and T. britovi have been identified [15,16], with a higher prevalence of the lat-
ter [17]. The present study was conducted to assess the current epidemiological situation
of the Trichinella spp. infection in S. scrofa in the western regions of Romania. Therefore,
this research was aimed at the identification and molecular characterization of Trichinella
larvae isolated from the muscles of S. scrofa from the west, southwest, and northwest
of Romania.

2. Materials and Methods
2.1. Diagnostic Procedures

The research was conducted in the 2021-2022 period, on a total of 20 S. scrofa specimens
(14 males and 6 females). The S. scrofa were shot based on the annual harvest quota
approved by the Minister of Environment, Water and Forests. The hunting action by which
these S. scrofa specimens were harvested was conducted in compliance with Law 407 /2006
(on hunting and wildlife protection) [18]. These animals came from different hunting funds,
including six counties in Romania (Mehedinti, Caras-Severin, Timis, Hunedoara, Satu Mare,
and Mures) (Figure 1).
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Figure 1. Map showing the geographical areas where the S. scrofa carcasses were collected; red
triangles show the male-positive sites and the red squares show the female-positive sites.

2.1.1. Artificial Digestion

About 30 g of muscle from the diaphragm of each animal was tested for the presence
of the Trichinella spp. larvae by the artificial digestion method, according to the Commission
Regulation (EC) no. 1375/2015[19]. After artificial digestion, larvae were collected, counted,
stored in 96% ethanol, and sent to the European Reference Laboratory for Parasites (EURLP)
(Rome, Italy) for species identification by multiplex PCR [20].

2.1.2. PCR Protocol

Briefly, the DNA was purified from single larvae using a DNA IQ System kit (Promega,
Madison, WI, USA) and a Tissue and Hair Extraction kit (Promega, Madison, WI, USA). Five
primer sets, targeting specific regions (expansion segment V, ITS1 and ITS2) of the ribosomal
DNA repeats, were used in multiplex PCR to obtain a species-specific electrophoretic DNA
banding pattern [21,22].

3. Results

Of the 20 specimens, 6 S. scrofa from the Mehedinti, Timis, Hunedoara, and Satu Mare
counties tested positive for the presence of Trichinella spp. larvae by the artificial digestion
method (Figure 2).

Figure 2. The larvae of Trichinella spp. isolated from S. scrofa muscle.
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Six Trichinella larvae have been individually evaluated by multiplex PCR and identified
as T. spiralis (Figure 3).
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Figure 3. Capillary electrophoresis run of the multiplex PCR on Trichinella larvae collected from
S. scrofa; Al to A6 larvae isolated from S. scrofa; A7 T. spiralis positive control; A8 T. britovi positive
control; A9 negative control; A10 size marker.

4. Discussion

In Europe, expanding S. scrofa populations represent a potential risk of dissemination
of zoonotic nematode infections due to their high susceptibility to infection [11]. Raw or
undercooked S. scrofa meat and its products are one of the most important sources of human
trichinellosis worldwide. In Europe, the following four species of the genus Trichinella
have been isolated from the muscle of S. scrofa: T. spiralis, T. britovi, T. pseudospiralis, and
T. nativa [23,24]. Although in Eastern Europe, most outbreaks of human trichinellosis are
due to the consumption of native pork [25,26], especially those raised in the traditional
system, with a substantial risk of infection, nowadays, outbreaks of trichinellosis episodes
are associated with the consumption of game meat, especially S. scrofa [11].

The epidemiological situation that is registered in Romania is similar to those reported
in other European countries, with the species identified in S. scrofa being T. spiralis and
T. britovi [16]. The present study revealed a 30% prevalence of the Trichinella spp. in
S. scrofa, in counties from the west, southwest, and northwest of Romania, with the only
species identified and molecularly characterized being T. spiralis. In the Balkan countries,
which are considered endemic for Trichinella nematodes in both domestic and wild animals,
the prevalence of these zoonotic pathogens in animals is high [27,28]. The dietary habits
of consuming raw meat and meat products have led to a remarkably high prevalence of
trichinellosis in people living in this European region. Santrac et al. reported the presence
of T. britovi in S. scrofa in Bosnia and Herzegovina [27], and Zivojinovic et al. [28] reported a
prevalence of 53% of T. spiralis and 31% of T. britovi in Serbian wildlife. Hunting in Poland
is a longstanding tradition and has become an even more popular phenomenon since
1990, with over 60,000 S. scrofa specimens being hunted annually. T. spiralis and T. britovi
were the species isolated from the host muscle [29,30]. A Polish study conducted in 2017
revealed, for the first time, the presence of T. nativa (a frost-resistant species) in S. scrofa.
This finding was not only one of the few cases of T. nativa infection in S. scrofa worldwide,
but also one of the few cases of T. nativa detected so far beyond the known range of this
species [31]. In Hungary, three species of the zoonotic nematode were identified in S. scrofa,
namely T. britovi (64.7%), T. spiralis (29.4%) and T. pseudospiralis (5.9%) [32]. Two years
later, Tolnai et al. [33] isolated T. spiralis and T. britovi from the S. scrofa muscle and argued
that the distribution of T. spiralis in Hungarian wildlife was determined by transboundary
transmission of the parasite from neighboring endemic countries. The long survival of
T. britovi larvae was associated with climatic conditions (average annual temperature)
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that ensured a slower decomposition of wild animal carcasses. In the Iberian Peninsula,
T. britovi is the representative species in wildlife [14,34], but mixed infection with T. spiralis
and T. britovi was reported in a S. scrofa hunted in the province Caceres (Spain) [35]. A
mixed infection T. spiralis/I. pseudospiralis in S. scrofa was also reported for the first time
by Nockler et al. in Germany [36]. Langner et al. identified, for the first time, T. spiralis in
raccoons [37].

An epidemiological study conducted in Italy revealed a stable prevalence of T. britovi
in S. scrofa meat intended for human consumption, suggesting a risk of infection for
consumers, especially hunters and users of local markets. The authors recommended that
veterinary health education surveillance models be promoted to improve trichinellosis
control and prevention in a One Health perspective [38]. The first description in Estonia
of T. psedospiralis in S. scrofa and T. spiralis in S. scrofa and lynx was made by Karssin
et al. [39]. Trichinella spiralis, T. britovi, T. pseudospiralis, and a mixed T. spiralis/T. britovi
infection were reported in Croatia [40]. The presence of a Trichinella infection among
wildlife populations suggests a sylvatic cycle of transmission in Argentina, which can serve
as a reservoir for humans and domestic animals. The identification of T. spiralis species in
S. scrofa and rats, with a high prevalence in the latter, allowed authors to emphasize the
need to improve the pig management process in small individual farms without adequate
technology, to improve feed quality, and to upgrade veterinary services to avoid Trichinella
infection [41,42]. Infections with Trichinella spp. have been reported in Vietnam [43].
The predominant species that were isolated from the S. scrofa musculature in Israel were
T. spiralis and T. britovi [44], while in Chile, it was T. spiralis [45].

The review by Gherman et al. [16] refers to the research carried out over the last
30 years on the presence of Trichinella infection in over 80% of Romania’s territory
(33 counties). Infections of wild animals were reported in all the studied areas, with
the prevalence of Trichinella spp. in wild canids and felids being at the top of the epidemi-
ological pyramid, followed by bears, mustelids, and S. scrofa. A picture regarding the
circulation of T. spiralis and T. britovi species in Romania was also provided by Nicorescu
et al.,, who isolated T. britovi larvae from the muscles of S. scrofa and found that they were
a higher percentage (57.33%) compared to T. spiralis (23.68%). The authors indicated the
presence of T. britovi throughout the country, especially in areas with high altitudes (hill,
mountain), favorable areas for the presence of wild carnivores, which are a reservoir of
infection for S. scrofa. In the south of Romania, T. spiralis predominates in pigs and, implic-
itly, in the domestic cycle, compared to the north of the country, where the situation is in
favor of T. britovi [17]. The results of the present study are in line with those previously
reported by Blaga et al. [15] and Borza et al. [46]. Comparing to what has been previ-
ously observed, this study identified T. spiralis as the only species isolated from muscle of
S. scrofa originating from geographical areas, both with low altitudes (counties Mehedinti,
Timis and Satu-Mare), as well as medium to high altitudes (Hunedoara County). The
epidemiological surveillance carried out over a period of six years validated the presence
of T. spiralis and T. britovi in domestic and game animals from the northeastern part of
Romania. T. spiralis is the dominant species in pigs, horses, S. scrofa, and bears and occupies
the entire northeastern area of Romania, while T. britovi is associated with S. scrofa and
bears in the mountainous areas [47]. S. scrofa meat is a real source of infection with larvae of
Trichinella spp. even when they are found in sparse numbers [12]. Moreover, the presence
of the Trichinella nematode in host canid species located in the peripheral habitats of rural
localities where traditional hunting activities are frequently encountered may represent a
way of transmission of this zoonosis to species of wild fauna of hunting interest (S. scrofa)
and through it, to the people [16,48,49]. The prevalence of human trichinellosis was de-
scribed as reaching high percentages in northwestern Romania compared to other regions
of the country [50,51]. According to the authors, this could be the result of poor veterinary
sanitary control of pork raised in backyards and slaughtered at home, to which culinary
habits are added. In this region, hunting practices are common, and pig scraps from
backyards and home-slaughtered pigs are left by hunters to attract wild animals [50,51].
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Human trichinellosis continues to represent a public health problem in western Romania.
Recent studies conducted in this region have shown that the vast majority of trichinellosis
cases were severe and patients required hospitalization [25,26]. It should be noted that the
number of reported human trichinellosis cases does not illustrate the actual prevalence of
the disease. In a seroepidemiological survey conducted in western Romania, anti-Trichinella
antibodies were detected in healthy blood donors, who were not previously diagnosed with
trichinellosis. The demonstration of Trichinella antibodies in this group of asymptomatic
individuals suggests that in this region, the exposure to the nematode and the prevalence
of infection are higher than the number of reported cases [52].

5. Conclusions

In the present study, we detected and molecularly identified T. spiralis larvae in muscle
tissue of S. scrofa specimens collected in six different counties of Romania. The animals
originated from hunting funds belonging to areas with different geographical features such
as low altitudes (Mehedinti, Timis, and Satu-Mare counties) and medium to high altitudes
(Hunedoara County) zones. The S. scrofa represents, in Romania, an important reservoir
host for T. spiralis and a link between the domestic and the sylvatic cycle of this parasite,
with an important impact on human health.
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