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Alaria alata flukes are cosmopolitan parasites. In Europe, the definitive hosts are red foxes (Vulpes vulpes), wolves (Canis
lupus), and raccoon dogs (Nyctereutes procyonoides), as well as animals that belong to the Felidae family. Intermediate
hosts, such as snails and frogs, are the sources of infection for definitive hosts. The developmental stages of A. alata
mesocercariae may occur in paratenic hosts, including many species of mammals, birds, and reptiles, as well as in wild
boars (Sus scrofa), which are important from the zoonotic point of view. Alaria alata is a widespread trematode that is
considered a potential cause of a human disease called alariosis, which is associated with the consumption of raw or
undercooked meat of intermediate or paratenic hosts of this parasite.
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| 1. Characteristics of A. alata

The adult stage of A. alata was described in 1782 by Goeze, whereas the larval stage of this parasite was revealed by
Gestaldi in 1854. Further descriptions of A. alata were made by Duncker, who studied the larval stages of these
trematodes in swine muscles WRIBIM4IE |n 1842, Bugge identified a link between the presence of mesocercariae in frogs
and pigs 8. The relationship between A. alata and its mesocercarial larval stage, DMS, was demonstrated in 1953
[, Alaria alata belongs to the family Diplostomatidae and the genus Alaria. The species of this parasite inhabit different
regions. Alaria alata is common in Europe, while A. mustelae, A. intermedia, A. marcianae, A. arisaemoides, A.
canis, and A. taxideae can be found in North and South America BIIRALLNL2ANS] The hody of A. alata in the adult stage is
3 to 6 mm long and 1 to 2 mm wide, and it is divided into two sections. The front part of this fluke has a wing-like shape
and ends in an additional clinging Brandes organ. It contains four clavate cells, which despite their glandular appearance
do not have ducts 12, However, according to recent research by Nacheva and Manikovskaya (2019), the Brandes organ
is a morphofunctional unit that performs a primary function in the digestion of food by means of developed glandular
structures, and it specializes in secretory activity 4. The rear part of A. alata has a cylindrical shape and contains most of
the internal organs (Figure 1).

Figure 1. The adult stage of A. alata isolated from the small intestine of a red fox; 40x magnification (by J. Karamon).



The larval stage of A. alata has the shape of an oval, reaches up to 0.5 mm in length, and has fine parallel lines. It is
equipped with a mouth and abdominal sucker 22! (Figure 2). In several studies, a series of electron microscopy photos of
larval forms originating from wild boars revealed additional sucker-like surface structures.
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Figure 2. The larval stage of A. alata detected in the muscle tissue of a wild boar (by M. Wasiak).

| 2. Life Cycle of A. alata

The life cycle of the Alaria genus is complex and involves definitive, intermediate, and paratenic hosts (Figure 3). The
definitive hosts are carnivores, including foxes, wolves, raccoons, lynxes, martens, badgers, dogs, and cats (16][17][18]
They become infected by eating frogs or tadpoles that contain mesocercariae, whose length can reach up to 0.5 mm
(Figure 4). These parasites migrate through abdominal and thoracic cavities or via the circulation to the lungs, where the
mesocercariae enter the metacercarial stage. Next, they are swallowed and develop in the small intestine, reaching 3—-6
mm in length and 1-2 mm in breadth as adult flukes 2. In studies on the distribution of the parasites in the small
intestines of foxes, A. alata were detected mostly in the anterior parts of the intestines in almost all infected foxes (99.4%)
19 Eggs (oval, size 98-125 x 62—81, light brown and operculated with a lid—operculum), which are a dispersive form of
the parasite, are laid in definitive hosts and excreted with the feces into the environment. Miracidia, an invasive form of the
parasite in intermediate hosts, are released from the eggs in aquatic environments, and they infect the first intermediate
hosts, which are freshwater snails (e.g., Helisoma, Planorbis spp.). The miracidia develop into sporocysts that hatch a
fast-moving larval stage—cercariae—which leave the snails, penetrate tadpoles or frogs, and develop into non-
reproductive mesocercariae. The consumption of these amphibians by carnivores completes the life cycle of A. alata.
However, as mentioned before, the life cycle of this parasite can also involve paratenic hosts, such as wild boars, mice,
rats, martens, polecats, and pigs, as well as wild birds and some species of snakes and lizards. Similarly to the definitive
hosts, they can be infected by eating mesocercariae from intermediate (tadpoles or frogs) or other paratenic hosts 2217
(28] within these hosts, the mesocercariae do not reach the stage of adult flukes; however, they can survive for months in
the connective tissues between muscles or the adipose tissue, which constitute a kind of reservoir of this fluke for
definitive hosts or other paratenic hosts. The migration of the mesocercariae from one paratenic host to another does not
reduce the infectivity of the parasite 3. In addition, humans can become paratenic hosts by consuming mesocercariae
that are present in raw or undercooked game, pork, frog legs, or snails 2. Infections with A. alata in humans cause
alariosis.
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Figure 3. Life cycle of A. alata (by J. Karamon).

Figure 4. A. alata movement sequence in a muscular cyst of a wild boar (by M. Rozycki).

| 3. Detection of A. alata in Definitive and Paratenic Hosts

The presence of adult flukes in definitive hosts is mainly connected with the microscopic detection of eggs in fecal
samples or post-mortem parasite recovery from intestinal content. However, the diagnosis of A. alata infection in the meat
of paratenic hosts is performed during inspections for Trichinella spp. Therefore, most reports of the presence of A.
alata in wild boar meat in the literature come from tests for the presence of Trichinella spp. using the reference magnetic
stirrer method with artificial digestion (MSM) according to 1ISO 18743 [22, This technique is not dedicated to the detection
of flukes of Alaria spp. In 2006, the German Federal Institute for Risk Assessment pointed out the existence of a risk of
infection with alariosis for game consumers 23], At that time, because of the lack of an appropriate method for detecting
this parasite, the real number of infected wild boars could not be determined. Therefore, in 2010, the mesocercaria
migration technique (AMT) was developed for the detection of A. alata. In the AMT, a sample of minced meat weighing 30
+ 2 g is transferred to a strainer, which is placed in a funnel and immersed in warm water (46—48 °C). After 90 min, 20 mL
of the liquid is drained into a measuring cylinder and then into a Petri dish or larval counting basin, and it is viewed under
a stereomicroscope or trichinoscope at a magnification of 15-20x 18l Subsequently, German researchers used the
method described above to examine archived wild boar meat samples that were classified as not containing A.
alata mesocercariae during the detection of Trichinella spp. with the artificial digestion method. The AMT showed that
11.5% of the samples tested contained A. alata mesocercariae 2. The limited possibility of detecting A.
alata mesocercariae using artificial digestion was caused by their lower resistance to the digestive fluid (HCL/pepsin),
which damaged the parasites and caused the loss of their characteristic mobility, making their identification difficult. Due to
their characteristic shape and size, A. alata mesocercariae often do not reach the final stage of the MSM (examination of
sediments) because they stay in the strainer. Therefore, one of the reasons for the low detection of mesocercariae with
the MSM may also be the inadequate diameter of the mesh size in the sieves used for the tests 24, However, according
to ISO 18743:2015, which has been indicated as a reference method in the EU Commission Regulation 2020/1478 since
October 2020, the diameter of the mesh size may vary from 180 to 200 pm. A larger mesh size may provide a greater
possibility for the detection of A. alaria mesocercariae. Moreover, these parasites are most often located in the layer of
connective tissue between the muscles, especially where there is a large amount of adipose tissue; however, for MSM
testing for trichinosis, it is advised that samples are free of fat and fascia 2. As a result, in official statistics, the presence
of A. alata might be underreported. Studies were also conducted in Latvia to determine the level of potentially false-
negative results found using the MSM compared with the level in the results obtained using the AMT. In these analyses, it



was found that 40% of the samples tested with the MSM contained A. alata mesocercariae, but after using the AMT, this
percentage increased to 76.7%. In addition, a significant difference in the number of mesocercariae detected was
observed. Their number per gram ranged from 0.02 to 1.22 when using the AMT and from 0.02 to 0.56 when using the
MSM. In 13 (21.7%) samples, mesocercariae were found only on the sieve during the ASM test. This nhumber indicates
that these samples were false negatives when tested with the MSM 24l |n studies performed in the Czech Republic
between 2012 and 2013 with the AMT, the percentage of wild boar meat samples containing A. alata mesocercariae was
6.8%; however, when using the MSM, no mesocercariae were found in any of the 221 samples tested 28] |n Lithuania,
during routine tests for the detection of Trichinella spp., the percentage of simultaneously detected samples containing A.
alata mesocercariae was 7% 24l In Poland, veterinary inspectors observed the presence of A. alata during regulatory
testing of wild boar carcasses for trichinellosis. A questionnaire was sent to participants in proficiency tests
for Trichinella spp. detection in Poland in 2020 (489 participants), which revealed the occurrence of mesocercariae in wild
boar meat samples at the level of 4%. According to the data obtained, A. alata were found only in wild boars. However,
according to data collected by the Veterinary Research Institute in Poland, 33% of the wild boars inhabiting the
southeastern region of Poland (which is rich in water reservoirs) were infected with mesocercariae (unpublished data).

4. A. alata as a Potential Threat in the Production of Food of Animal Origin
and Preventive Actions

Humans may act as paratenic hosts; in some countries, depending on local dietary habits, they can be infected by eating
frogs (frog legs) or any predators of frogs, among which the wild boar is the main source of infection [Z. Frog-eating birds
(herons, birds of prey, etc.) must also be taken into account as a source of human infection, even though these are not
very popular dishes and are not normally consumed. There are also other sources of infection, but they are highly
unlikely; these include Mustelidae (badgers, weasels, otters, etc.), Procyonidae (raccoons and coatis), which have been
found to harbor the mesocercarial stage in their tissues, and even reptiles (2812939 The human hazards related to the
consumption of meat products that contain mesocercariae of A. alata depend on various factors, such as prior freezing of
the meat, the amount of meat consumed, and the methods used in the processing of the meat Bl Freezing is
recommended for inactivating many parasites, including Trichinella or Toxoplasma 224, Gonzales-Fuentes et al. (2015)
pointed out that freezing game meat to an internal temperature of at most —13.7 °C inactivates mesocercariae 23l The
survival of the larvae of A. alata at the temperatures in refrigerators (4 to 8 °C) is very high, even during long-term storage;
therefore, the potential risk for consumers remains high B4. To date, there is no precise information about the doses
required for infections. However, after analyzing confirmed alariosis cases, it can be assumed that the severity of the
symptoms is correlated with the number of larvae taken in B3[B8IE7I38] According to current knowledge, heat treatment is
the most effective method for the inactivation of A. alata mesocercariae in wild boar meat. Heating at 72 °C for 2 min kills
mesocercariae; therefore, the meat becomes fit for consumption 2. In the work of Portier et al. (2011), it was shown
that A. alata larvae could survive for at least five days when frozen (-18 °C) %, The most effective method for killing
these flukes—as in the case of Trichinella spp.—is cooking at 71 °C 23], |n addition, hygienic production is very important
for minimizing the risks to consumers, as smear infections can occur during meat processing [BIB6I4LI38] |t is difficult to
estimate the risk linked with the consumption of raw or undercooked meat products made from organic or free-range pigs.
Studies conducted in Serbia on diaphragm samples collected from 72 free-range pigs showed that the percentage of
samples infected with A. alata mesocercariae was 2.77%. The researchers then underlined that the risk of human
alariosis increases in regions where there is a tradition of making homemade pork products 2. In addition, in other
countries, delicacies made from raw ground pork are very popular dishes. Among them, there are types of fresh
sausages, such as ltalian sausage, bratwurst, Polish steak tartare, and German mett. These products are made from
chopped, ground, or even pureed uncooked pork meat. In some territories, such as France and some Nordic countries,
the consumption of game meat is related to the historical culture, in which this type of meat is shared among hunters and
their families. Therefore, this group of consumers is especially exposed to the consumption of meat infected by A.
alata 1221341 |n 2014, in Germany, studies were performed to determine the survival rate of A. alata larvae during the
production of raw cured meat products, such as raw ham, salami, and raw sausage. These studies intended to clarify
whether mesocercariae are eliminated during the production of these products and if traditional meat products play a role
as sources of A. alata infections in humans. In the experiment, the meats of wild boars and raccoons that were positive for
the presence of A. alata were used. A comparison of the three different technological processes showed that no live
larvae were found in any of the ready-made hams, which proved that 100% of A. alata mesocercariae were inactivated
during production. However, 11.9% of salami sausages and 18.2% of the second type of raw sausage contained
mesocercariae 24 h after preparation in the initial fermentation stage. Therefore, even tasting the meat during production
may lead to an intake of A. alata mesocercariae. These results indicate that the consumption of raw sausages in particular
may be risky for consumers, especially if these products are consumed immediately after production 43 The German
Federal Institute for Risk Assessment (BfR) conducted an evaluation to determine the risk of infection with parasites after



consumption of game meat. This type of product is generally consumed in low amounts in Germany (200 to 400 g per

person each year). However, the consumption of game meat in Germany has increased in recent years, and a certain

group of people, including hunters, their relatives, and their friends, can consume 50-90 times more meals containing

game each year 44l45]46] There s also an increasing interest in medium or rare game meat, which is pink at the core.

The document mentioned above includes a recommendation to thoroughly cook game meat, raw game sausages, and

raw meat products before consumption 22,
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