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The trematodes of the Alaria genus are parasites 
of many wild and domestic carnivores, mainly foxes, 
wolves, raccoons, dogs and cats (3, 10, 12, 16, 18, 
34, 37). The parasite has a complex life cycle with 
two intermediate hosts. The final host excretes non-
invasive eggs with the feces; after incubation, these 
eggs hatch into miracidia that actively search for the 
first intermediate host, i.e. the freshwater snail com-
mon ramshorn (Planorbis planorbis) or Whirlpool 
ramshorn (Anisus vortex) (26). In the snail’s body the 
parasite passes through further stages of development, 
i.e. mother sporocysts, daughter sporocysts, embryoid 

bodies, and finally furcocercariae. The furcocercariae 
then leave the snail and actively infect another inter-
mediate host, i.e. a tadpole or imago of European frog 
(Rana temporaria) or moor frog (Rana terrestris) (23, 
39). In the body of the second intermediate host, the 
parasite develops into the invasive forms that attack the 
final host, i.e. mesocercariae (5, 17). The life cycle of 
Alaria trematodes can also be realized in many paretic 
(atypical) hosts that allow the species to survive if 
there are not enough typical hosts. Within this group, 
special attention should be paid to the wild boar (Sus 
scrofa) – an omnivore that can eat other intermediate 
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Summary
The study was aimed at assessment of the usefulness of a digestion method, a standard procedure for routine 

examination of wild boar meat for Trichinella, in detecting the presence of Distomum musculorum suis (DMS) 
in the population of wild boars from the Eastern Lublin province. The study material included 500 samples 
collected from the diaphragm pillars of 250 young boars (6-12 months) and 250 boars above one year of age. 
First, the meat was tested with the digestion method that is a referential procedure for trichinosis detection. 
Then, the samples in which over ten mesocercariae were found were assessed with an Alaria-Migration 
Technique (AMT). The digestion method confirmed the presence of Alaria mesocercariae in 42 carcasses of 
young boars (16.8%) and 117 samples of animals older than one year (46.8%). The study showed a diversified 
intensity of the parasite presence in the carcasses of individual animals. The invasion intensity ranged from 
1 to 18 parasites in 50 g of meat in the young animals, and from 1 to 22 larvae in the older individuals. The 
carcasses of eight young and thirty two older animals contained over 10 parasites per 50 g of the meat, which 
accounted for 3.2% and 12.8% animals per respective age group. AMT analysis also indicated variable intensity 
of the parasite infestation, amounting to 32-57 mesocercariae in young animals and 31-71 larvae in the older 
ones. The study demonstrated an almost three times higher efficiency of the AMT method than the digestion 
method, which made us conclude that the former should be recommended for Alaria detection. The digestion 
method used for routine detection of Trichinella, despite its lower accuracy in diagnosing Alaria mesocercariae, 
can be also employed for the detection of DMS in the case of intensive parasite infection. Our study confirmed 
high prevalence of the parasite among wild boars from the Eastern Lublin Province. We also found that the 
invasion intensity depended on the animal age and was higher in older individuals. Considering the zoonotic 
nature of alariosis and its frequency, it poses an increasingly common problem for official veterinarians during 
the sanitary and veterinary evaluation of wild boar meat.
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hosts (snails, tadpoles, frogs), or the carrion of other 
paretic hosts (mice, rats, polecats, martens, raccoons) 
as an opportunist (19, 21, 22, 27, 28, 33). Its habitats 
(forest biotopes with numerous wetlands) also make 
wild boar a frequent, though atypical, host in the life 
cycle of Alaria trematodes.

If the parasite develops in a paretic host, the me-
socercariae are not further transformed but undergo 
secondary encystation and retain their full infectious 
capability. When consumed by a wild boar, meso-
cercariae usually migrate from the gastrointestinal 
tract to the periomental fat, connective or muscular 
tissue, where they are referred to in the public health 
nomenclature as Distomum musculorum suis (DMS). 
At this developmental stage, the parasite can be found 
accidentally during an official examination of wild 
boar meat for Trichinella. With a significant increase 
in the number of foxes as final hosts and wild boars as 
paretic hosts (Fig. 1), the incidence of confirmed cases 
of alariosis, detected during the routine examination of 
wild boar meat for Trichinella, has grown considerably 
over the past few years.

The magnetic stirrer digestion method (4) used in 
the official meat testing procedure for trichinosis is 
not a typical diagnostic method for the detection of 
alariosis in wild boar meat. A novel alternative based 
on differential detection of these parasites is the Alaria-
migration technique (AMT), based on the ability of 
mesocercariae to move actively from solid tissues into 
the surrounding liquid (warm water), as developed 
by German researchers. The differences between the 
methods lie in the sample type (connective and fatty 
tissue), the testing procedure (digestive solution) and 
the tools (a sieve) (29, 31). Despite these differences, 
the digestion method can still be used to detect Alaria 
trematodes, as evidenced in our own and other studies 
(7, 8, 11, 36).

The aim of the study was to assess the accuracy of 
the digestion method, a standard procedure for rou-
tine examination of wild boar meat for Trichinella, in 
detecting the presence of Distomum musculorum suis 
in the populations of wild boars from Eastern Lublin 
province.

Material and methods
The study material involved 500 meat samples col-

lected from 500 wild boars (Sus scrofa). Half of the sam-
ples (n = 250) were collected from young animals (6- to 
12-month-old piglets) and the other half from older individ-
uals (subadults, young adults, boars, sows). The investigated 
animals were collected by hunters in the Eastern Lublin 
region during five hunting seasons in the years 2014-2019 
(Fig. 2). From each animal, a 100 g sample of muscular 
tissue was collected from the pillars of the diaphragm.

The meat was first digested with hydrochloric acid and 
pepsin with the use of a magnetic stirrer, this being the ref-
erence method for detecting Trichinella (4). Each sample 
was digested individually using 50 g of meat and 1 liter of 

digestive solution. The digesting procedure was carried out 
on a magnetic stirrer at 44-46°C for 30 to 60 min, depend-
ing on the animal age and according to the routine proce-
dure of digesting wild boar meat. The digested liquid was 
then poured through a sieve and funnel into a separating 
funnel, where it was left for 30 minutes, this being the first 
sedimentation cycle. After this time, 40 ml of the digested 
fluid was transferred into a graduated cylinder and left for 
10 min for the second sedimentation cycle. Finally, 30 ml 
samples of the supernatant were removed and the remaining 
10 ml of the sediment, along with 10 ml of distilled water 
used for rinsing the cylinder, were poured into a counting 
basin. The trematodes were then counted under a projection 
trichinoscope at 15-20 times magnification or, if necessary, 
60-100 times magnification.

In the next stage of the study, the boars whose samples 
yielded over 10 mesocercariae in 50 g of meat by the 
digestion method were then tested with the AMT method, 
designed for the detection of Distomum musculorum suis. 
Again, 50 g samples were collected from the same boar car-
casses from the pillar of the diaphragm. The samples were 
finely cut with scissors into pieces of about 0.5 × 0.5 cm. 

Fig. 1. The number of wild boars and foxes in Poland and the 
Lublin province in the years 2000-2009

Fig. 2. Wild boars hunted in Poland and the Lublin province 
during five hunting seasons and used in the study
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They were then placed on a metal mesh sieve in a glass 
funnel at 10 cm from its bottom. Warm water (46-48°C) was 
then poured over the sample and allowed to naturally cool 
to room temperature. The samples were left for 90 minutes 
to allow mesocercaria migration and sedimentation from 
the samples. Following this, 10 ml of the resulting sedi-
ment was poured into a graduated cylinder and, together 
with 10 ml of distilled water used for rinsing the cylinder, 
transferred into a counting basin. The larvae were counted 
under a projection trichinoscope at 20 times or, if necessary, 
at 60-100 times magnification, similarly to the digestion 
method. The purpose of the second stage of the study was 
to compare the effectiveness of metacercariae detection by 
the digestion and AMT methods by identifying differences 
in the numbers of detected parasites.

The results were analyzed by calculating the mean values 
and the percentage of tested wild boars demonstrating 
a positive result. The influence of individual variability 
factors on the determined parameters was established by 
analysis of variance using the T-Tukey’s multiple confi-
dence interval test. Any relationships scoring p ≤ 0.05 were 
considered significant.

Results and discussion
Data on the presence of Distomum musculorum suis 

in wild boar meat obtained by the digestion method 
are presented according to age in Table 1.

Animal age was found to have a significant effect 
on the degree of parasitic infestation. Mesocercariae 
were present in 42 carcasses of 
animals below one year of age, 
known as piglets in hunting ter-
minology, representing 16.8% 
of the entire population from the 
investigated area. In the animals 
older than one year, called sub-
adults, young adults, sows and 
boars, the parasite was detected 
in 117 samples, accounting for 
46.8% of the studied population.

Our findings confirmed a high 
prevalence of Distomum mus-
culorum suis in the population 
of wild boars from the Eastern 
Lublin Province. This high prev-
alence can be attributed to many 
factors and phenomena associ-
ated with the animal populations 
and the natural environment. 

One significant factor is fox abundance, the final host 
of the parasite (Fig. 1); while its abundance varied 
significantly over the last twenty years, its numbers 
peaked from 2010 to 2017, coinciding with the study 
period. The special role played by foxes in the epizootic 
chain of alariosis has also been confirmed by other 
researchers (12, 36, 38). Another factor potentially 
contributing to high incidence of the parasite in the 
investigated population was the high density of the 
animals in the study period (Fig. 1 and 2).

The biotope inhabited by the wild boar populations 
from the Eastern Lublin Province also seems to play 
an important role in the high prevalence of alariosis. 
The area can be described as a wetland abundant 
with swamps, peat bogs and water pools, and thus 
favorable for the development of water snails and 
frogs, known to act as intermediate hosts. A similar 
relationship between the infestation rate and the site 
of the sample collection has been confirmed by other 
Polish researchers. Bilska-Zając et al. (2) report an in-
cidence rate of 4.2% in the southern Poland provinces 
of Małopolska and Śląsk; in addition, Strokowska et 
al. (35) report the rates from 26% in the Pomerania 
and Kujawy-Pomerania regions, through 49% in the 
Masovia region, up to 65% for the Warmia-Mazury 
region, which is dominated by wetlands.

Numerous authors (7, 11, 24, 30, 32, 38, 25, 22) 
have confirmed the presence of Alaria mesocercariae in 

Tab. 1. The presence of DMS in wild boars from the Eastern Lublin province depending on the animal age

Animal age
Number (%) of wild boars tested with the digestion method

Total Positive results Positive results with over  
10 mesocercariae in the sample*

Young animals below 1 year (piglets) 250  42a (16.8%) 8a (3.2%)

Animals older than 1 year (subadults, young adults, boars, sows) 250 117b (46.8%) 32b (12.8%)

Explanations: * the samples in which the digestion method yielded over 10 parasite larvae were tested with AMT; a, b – difference 
significant in vertical direction for p ≤ 0.05

Fig. 3. The effect of wild boar age on the intensity of Alaria mesocercariae invasion 
detected by the digestion method (n = 500)
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many European populations of 
wild boar. As noted in the pres-
ent study, the prevalence of the 
parasite infestation appeared to 
be linked with the animal habitat 
and the parasite identification 
method.

The intensity of Alaria meso-
cercaria invasion detected by the 
digestion method is presented 
in Figure 3. A range of intensi-
ties of parasite invasion were 
reported between individual 
animals. The intensities ranged 
from 1 to 18 per 50 g meat 
samples in young animals, and 
1-22 in older animals. Intensities 
of over 10 parasites per 50 g of 
meat were recorded in the carcasses of eight young 
(3.2%) and 32 older (12.8%) animals (Tab. 1).

The results of the AMT testing performed in the 
samples collected from the animals where the diges-
tion method revealed the presence of over 10 parasites 
are given in Figure 4. The findings also indicated 
that the intensity of the parasite infestation in 50 g 
meat samples varied considerably between carcasses, 
amounting to 32-57 individuals in young animals and 
31-71 in the older ones. Similar high intensities of in-
festation with Alaria mesocercariae yielded by AMT 
method have also been confirmed by other authors (2, 
20, 29, 31, 36).

Effectiveness of both methods is compared in 
Table 2 and Figure 5. Our study demonstrated almost 
three times higher efficiency of the AMT method 
than the digestion method. Similar conclusions were 
reached by Riehn et al. (29, 31) and Ozoliņa and 
Deksne (20), while Strokowska et al. (36) reported 
nearly seven times higher effectiveness of the AMT 
method in wild boars from the north-eastern Poland.

Our present study compared the effectiveness of the 
AMT and digestion method in only 40 samples: 32 
older animals and eight younger ones. Of these, the 
latter demonstrated considerable rates of infestation by 
over 10 mesocercariae per 50 g of meat. In addition, the 

two tested methods yielded substantial differences in 
the number of detected trematodes, ranging from 1 to 
22 larvae in the digestion method, and from 31 to 71 
in the AMT method. This confirms the huge diversity 
in the invasion intensity in individual animals.

Our experiments confirm that animal age plays 
a significant role in the prevalence of Alaria meso-
cercariae in wild boars; however, age did not appear 
to affect the intensity of the invasion (Tab. 1 and 2). 
The highest numbers of larvae detected in the 50 g 
meat samples are given in Figure 5. Our present find-

Tab. 2. The presence of DMS in the carcasses (50 g samples) of wild boars from the Eastern Lublin province depending on 
the detection method and animal age

Compared parameters Digestion method AMT method*

Wild boar age Young Old Young Old

Number of tested samples 250 250  8 32

Number of positive samples  44 117  8 32

Minimum number of larvae per sample   1   1 31 32

Maximum number of larvae per sample  18  22 57 71

Average number of larvae per sample   7   6 14 15

Average number of larvae per sample where over 10 mesocercariae were detected*  14  15 42 42

Explanations: * the samples in which the digestion method yielded over 10 parasite larvae were tested with AMT

Fig. 4. The effect of wild boar age on the intensity of Alaria mesocercariae invasion 
detected by the AMT method (n = 40)

Fig. 5.  Detection efficiency of Alaria mesocercariae depending 
on the testing method (n = 40)
Explanations: a, b – difference significant for p ≤ 0.05
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ings demonstrate that the digestion method is not an 
accurate method for detecting Alaria mesocercariae. 
This may be due to many factors based on the nature 
of the testing methods themselves. For example, the 
digestion method can detect Trichinella in skeletal 
striated muscle tissue (diaphragm, forearm, tongue or 
intercostal muscles), but is less sensitive for mesocer-
cariae that prefer connective and fatty tissues outside of 
the muscles. As such, our results for the diaphragmatic 
samples should be considered high, as these did not 
take into account the connective and fat tissue from the 
same individuals. Furthermore, the sieve used in the 
digestion method has a high pore density and hence 
retains most of the larvae, and the digestive solution 
completely destroys the parasite structures in as little as 
120 minutes, according to González-Fuentes et al. (9): 
Distomum musculorum suis does not have a hyaline 
sheath, the presence of which is used in the digestion 
test for Trichinella.

Our findings confirm a high incidence of Alaria 
mesocercariae in wild boars from the Eastern Lublin 
province, and they demonstrate the substantial role 
played by wild boars as a paretic host for this parasite. 
Considering the high number of wild boars hunted for 
human consumption, this poses a significant threat to 
food safety, as noted by other authors (6, 8, 13, 35). 
Numerous scientific reports (1, 6, 13-15) indicate that 
the trematode has zoonotic potential. Due to this, and 
its high prevalence and invasion intensity, careful 
examination of wild boar meat for Alaria is needed to 
ensure its safety. Furthermore, it is recommended that 
food of animal origin be treated with thermal process-
ing at a temperature ensuring parasite inactivation. 
These is also a need to implement mandatory, official 
procedures for detecting Alaria mesocercariae in Polish 
wild boars.

In summary, the trematode of Alaria genus is 
a parasite that attacks a range of wild and domestic 
carnivores, mainly foxes. It has a complex life cycle 
involving two intermediate hosts, and often also paretic 
hosts, among which can be wild boar (Sus scrofa). The 
presence of this parasite in wild boars is facilitated by 
the opportunistic behavior of the animals and their 
favoring of wetland habitats inhabited by the interme-
diate hosts. Many authors have documented the pres-
ence of alariosis in wild boars of numerous European 
regions depending on local environmental conditions.

Our study confirmed a high prevalence of the para-
site among wild boars from the Eastern Lublin province 
and that the invasion intensity depended on the animal 
age, being higher in older individuals.

The standard method for detecting Alaria mesocer-
cariae is the Alaria-Migration Technique (AMT) based 
on the parasite ability to migrate in warm water. Our 
tests confirmed that the AMT method is three times 
as sensitive as the digestion method, used for official 
examination of meat for Trichinella, in detecting 

Alaria trematodes in wild boars. However, despite its 
many inadequacies, the digestion method can also be 
employed for the detection of Alaria mesocercariae 
in cases of abundant parasite infection. Considering 
the zoonotic nature of alariosis and its frequency, it 
poses an increasingly common problem for official 
veterinarians during the sanitary and veterinary evalu-
ation of wild boar meat and when ensuring the safety 
of products derived from these animals.
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