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As a result of the increase of game meat intended for human consumption through Europe, a plethora of food-
borne diseases, including trichinellosis, may occur in consumers, posing a relevant public health threat.

Thus, this study aims to a citizen science approach to monitor the occurrence of Trichinella spp. in wild boar
meat intended for human consumption, evaluating the risk of infection for consumers.

Following the European Regulation 2015/1375 (laying down specific rules on official controls for Trichinella in
meat), from 2015 to 2021, hunters (n = 478) were involved to collect diaphragm pillar samples of wild boars
from mainland southern Italy, which were tested for Trichinella spp. L; larvae via HCl-pepsin digestion and
Multiplex PCR.

Overall, 139,160 animals were collected (average of 19,880 per year), being 14 (i.e., 0.01%) tested positive to
Trichinella britovi by the combined biochemical and molecular approach. An average larval burden of 28.4 L; per
gram of meat was found (minimum 3.2 - maximum 132.6). A statistically significant difference was found in the
prevalence according to hunting seasons (p < 0.01, with higher values in 2016 and 2021) and regions of the
study area (p < 0.01). No statistically significant decrease in the prevalence of T. britovi throughout the study
period was found (p = 0.51), except in Apulia region (p < 0.01).

These findings revealed a stable prevalence of T. britovi in wild boar meat intended for human consumption,
suggesting a risk of infection for consumers, especially hunters and local markets users. Citizen science sur-
veillance models could be promoted to improve trichinellosis control and prevention in a One Health perspective.

1. Introduction increasing the chance for zoonoses transmission [3]. Moreover, in the

last decades, the human consumption of wild boar meat and meat

Considering that over 70% of emerging zoonoses origin from wild-
life, the increasing density of synanthropic animal species in peri-urban
areas may enhance the spread of pathogens to pets, farm animals and
humans [1]. Is this the case of wild boar populations (Sus scrofa) which
are getting new ecological niches in urban settlements [2], potentially
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products has posed further challenges to the control and prevention of
food-borne diseases [4], including trichinellosis. This parasitic zoonosis,
caused by Trichinella spp. (Adenophorea, Trichinellidae), is responsible
for life-threatening clinical implications in humans, such as chronic
weakness and myalgia, trouble coordinating movements, heart and
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breathing symptoms, and even death in heavy infections [5]. Among the
ten distinct Trichinella species worldwide identified, four (i.e., Trichinella
spiralis, Trichinella pseudospiralis, Trichinella nativa and Trichinella britovi)
have been found in European wild boar meat, to date suspected as one of
the main source of infection for consumers [6]. In addition, due to the
omnivorous diet of wild boars and their wide geographical distribution,
these ungulates can act as a reservoir of infection for wild mammals and
birds, enabling the spread of Trichinella into distant areas of the world
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[7]. Despite this, in European countries few large-scale studies are
available on the occurrence of Trichinella spp. in wild boars, even if their
meat products are commonly present in local markets and traditional
festivals [8], being considered as a delicacy and touristic attractiveness
due to the nutritional and culinary properties [9]. According to the
European legislation on specific rules for official controls of Trichinella in
meat (i.e., the Commission Implementing Regulation EU 2015/1375 and
2019/627) [10,11], all quarry susceptible to this parasite should be

S

Fig. 1. Map showing the distribution of wild boars (n = 14) tested positive to Trichinella britovi according to different altitudes (meters on the sea level, masl) and

regions of mainland southern Italy, 2015-2021.
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screened for presence of larvae (L;) in the muscles before being placed
on the market for human consumption. However, given the trichinellosis
outbreaks due to the ingestion of untested raw/undercooked wild boar
game meat products in Europe, such as France [12], Spain and Sweden
[13], Serbia [14], Belgium [15], as well as Italy [16], the health edu-
cation of citizens (especially hunters) on the biology of this parasite and
its monitoring in these ungulates is the way forward to prevent food-
borne diseases, including trichinellosis.

Therefore, under the frame of a citizen science approach involving
wild boar hunters of southern Italy, the aim of this study was to assess
the occurrence of Trichinella species in game meat intended for human
consumption for evaluating the risk of infection to consumers.

2. Methods
2.1. Participants enrolment

All participants enrolled (i.e., hunters, n = 478) were fully informed
about the research aim and features. In accordance with the European
Regulation EC No 853/2004 (laying down specific hygiene rules for on the
hygiene of foodstuffs) [17], participants were trained on health education
and proper handling of wild boar carcasses as recommended in Section
4, Chapter 1. All participants were supported in the field activities by
veterinarians specialized in meat inspection of the University of Naples
Federico II (Italy) and regional health systems (Aziende Sanitarie Locali,
ASL).

2.2. Study area and sampling

This study included all regions (i.e., Apulia, Basilicata, Calabria,
Campania) of southern Italy (Fig. 1.), characterized by a typical Medi-
terranean temperate climate and progressively continental features in
mainland and mountainous landscapes. From October 2015 to
December 2021, diaphragm pillar samples (approximately 100 g) of
individual wild boar carcasses were collected by the participants, stored
at +4 °C in plastic biohazard bags, and delivered to the closer provincial
section of the reference laboratory for Trichinella spp. of the Department
of Animal Health, Experimental Zooprophylactic Institutes of Campania
and Calabria (IZSME) and Apulia and Basilicata (IZSPB), for the
biochemical examination.

2.3. Biochemical analyses

All diaphragm pillar samples (5 g) were screened for the detection of
Trichinella spp. larvae using the HCl-pepsin digestion method, in
accordance with the specific rules on official controls for Trichinella in
meat (i.e., Commission Implementing Regulation EU 2015/1375 and
2019/627) [10,11]. Briefly, all samples were first analysed in pools,
using 10 samples for each pool; when a positive was found, all samples
of the pool were individually tested. In order to assess the average larval
burden (i.e., no. larvae per gram of sample, Ipg), isolated larvae were
observed and counted by stereomicroscopy (Leica S9i, Leica Micro-
systems GmbH). All larvae were then fixed in 96% ethanol, stored at 2° -
8 °C and delivered to the European Union Reference Laboratory for
Parasites (EURLP) of the Istituto Superiore di Sanita (Rome, Italy) for
identification at the species level.

2.4. DNA extraction and PCR protocol

DNA was extracted from single larvae following the EURLP internal
protocol “Identification of Trichinella muscle stage larvae at the species
level by Multiplex PCR”. Briefly, DNA was purified using DNA IQSystem
kit (Promega, USA) and Tissue and Hair Extraction kit (Promega, USA).
Five primer sets, targeting specific regions (expansion segment V, ITS1
and ITS2) of the ribosomal DNA repeats, were used to obtain a species-
specific electrophoretic DNA banding pattern [18,19].
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2.5. Statistical analysis

Exact binomial 95% confidence intervals (CIs) were established for
the proportions of infection herein found. The exact Fisher’s test was
used to assess statistical differences of infection rates among the hunting
seasons and regions of the study area. A value of p <0.05 was considered
statistically significant. Statistical analyses were performed by using the
online software Epitools - Epidemiological Calculators [20]. The distri-
bution of T. britovi-positive wild boars according to the altitudes and
regional borders of the studied area was determined using ArcGIS
(version 10.3; ESRI, Redlands, CA, USA).

3. Results

Overall, the citizen science approach herein followed permitted to
collect and analyse a total number of 139,160 wild boar diaphragm
pillars from mainland southern Italy, with an increasing number of
samples recorded in all regions of the study area throughout the
observed period (i.e., from 4,449 in 2015 to 22,460 in 2021, average
value of 19,880 animals per year) (Table 1). Out of 139,160 wild boars
examined, 14 (i.e., 0.01%; 95% CI: <0.01-0.02) scored positive to
Trichinella spp. (Fig. 2.) by the HCl-pepsin digestion method and larvae
were identified as T. britovi by the multiplex-PCR assay; no case of co-
infection by different Trichinella species was found. The preponder-
ance of positive wild boars (i.e., n = 11/14; 78.6%; 95% CI: 52.4-92.4)
was found in geographic areas of 400 m above sea level (masl) (Fig. 1.).
The HCl-pepsin method revealed an average larval burden in diaphragm
pillar samples of 28.4 Ipg, with minimum and maximum values ranging
from 3.2 to 132.6, respectively. During the different hunting seasons,
higher prevalence values (i.e., 0.02%; 95% CI: 0.01-0.06) were
observed in wild boars collected during 2016 and 2021. Regarding the
regions, a statistically significant difference in prevalence was found (p
< 0.01), being in Apulia the highest infection rate recorded (i.e., 0.6%;
95% CI: 0.2-2.2). No statistically significant decrease in the prevalence
of T. britovi throughout the study period was found (p = 0.51), except in
Apulia region (p < 0.01). Detailed data on prevalence, confidence in-
tervals and statistical analyses, based on different hunting seasons and
regions, are listed in Table 1. The map reporting the distribution of
T. britovi-positive wild boars, according to different altitudes and
regional borders of the study area, is shown in Fig. 1.

4. Discussion

This study reports the first large-scale survey using citizen science
approach for assessing the occurrence of Trichinella spp. in wild boar
game meat of Italy.

The high number of wild boars screened (i.e., n = 139,160; n =
19,880 per year) and the wide study area (mainland southern Italy)
herein investigated highlight the importance of citizen science as a way
forward to obtain data of interest to public health. Moreover, the
increasing number of samples collected in all investigated regions
throughout the observed period (i.e., from 4,449 in 2015 to 22,460 in
2021), clearly indicates a positive feedback by hunters in terms of health
education, game meat safety surveillance and trichinellosis outbreaks
prevention. Indeed, although the high abundance of wild boar pop-
ulations in the studied area has been estimated [2], the main reason for
this increasing trend of samples in later years is likely the training on the
food safety of game meat and potential infection risks, involving a
growing number of hunters aware of the importance of testing meat.

The low overall prevalence (i.e., 0.01%) of T. britovi in wild boar
populations of Italy is consistent with that of Hungary (0.01%) [21] and
Croatia (0.07%) [9], although higher rates of infection are reported in
these ungulates from Estonia (0.7%) [22] and Latvia (2.2%) [23].
Indeed, this significant difference of infection prevalence in different
countries would confirm the greater occurrence of T. britovi in the north
than in the south of Europe, due to a plethora of environmental
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Table 1
Wild boar diaphragm pillar samples (n = 139,160) tested for Trichinella spp., continental southern Italy, 2015-2021.
Hunting season Region
Apulia Basilicata Calabria Campania Total 95% CI p-value
Pos/Tot % Pos/Tot % Pos/Tot % Pos/Tot % Pos/Tot %
2015 0/25 NA 0/2 NA 0/1,216 NA 0/3,206 NA 0/4,449 NA NA NA
2016 2/11 18.2 0/4 NA 0/5,354 NA 1/9,830 0.01 3/15,199 0.02 0.01 - 0.06 p<<0.01
2017 0/10 NA 0/690 NA 0/9,163 NA 0/9,316 NA 0/19,179 NA NA NA
2018 0/15 NA 2/624 0.3 0/13,517 NA 0/10,726 NA 2/24,882 <0.01 <0.01 - 0.03 p<<0.01
2019 0/71 NA 2/1,519 0.1 0/14,502 NA 1/13,278 <0.01 3/29,370 0.01 <0.01 - 0.03 p<<0.01
2020 0/109 NA 0/1,174 NA 1/11,270 0.01 1/11,068 0.01 2/23,621 0.01 <0.01 - 0.03 p=0.990
2021 0/84 NA 2/1,274 0.2 0/5,233 NA 2/15,869 0.01 4/22,460 0.02 0.01 - 0.05 p<0.01
Total 2/325 0.6 6/5,287 0.1 1/60,255 <0.01 5/73,293 0.01 14/139,160 0.01 <0.01 - 0.02 p<<0.01
95% CI 0.2-22 0.05-0.2 <0.01 - 0.01 <0.01 - 0.02 <0.01 - 0.02
p p<0.01 p=0.580 p=0.630 p=0.860 p=0.51

95% CI: 95% confidence interval; NA: not applicable; p: p-value with statistical significance <0.05; Pos/Tot: number of positive samples on the total examined.
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Fig. 2. Trichinella spp. L, larvae found by HCl-pepsin method in a diaphragm
pillar sample of a wild boar collected in southern Italy between 2015 and 2021.

conditions which favour the survival of larvae in decaying muscles of
animal carcasses [24]. However, the finding of T. britovi as the only
Trichinella spp. in wild boars of the study area corroborates this species
as the main circulating in the Mediterranean basin [25], unlike the
central European countries where T. spiralis is notoriously widespread
[9]. In fact, although T. spiralis and T. britovi occasionally occur in
sympatry, their territorial separation could be due to the biological
ability of the first species to inhibit infections in the host by the second
one [9]. This hypothesis would agree with the experimental demon-
strations of inhibition by T. spiralis towards T. nativa and
T. pseudospiralis, indicating that co-infections do not occur when a host is
primarily infected by T. spiralis [18,26]. Finally, the preponderance of
positive wild boars (i.e., n = 11/14; 78.6%) from areas of at least
400masl in the study area confirms the wider circulation of T. britovi in
wildlife at high altitudes, due to a less anthropic pressure and, conse-
quently, increased carnivorous and scavenging behaviours in such areas
[271.

Regarding the larval burden of T. britovi in wild boar meat, the
average value herein found (i.e., 28.4 Ipg) suggests a high risk of human
infection, not only for hunters and their families and friends who
commonly represent the main users of these food products [8,28]. In
fact, as revealed by a recent questionnaire survey from Portugal, a high
percentage of hunters (i.e., 93%) give away/sell meat or homemade
products (e.g., raw sausages), often untested for Trichinella spp. (i.e.,
80% of cases), introducing at least 12 t of potentially infected meat on
the European market [8]. Consequently, it is not surprising that untested
wild boar meat is responsible for 55% of global cases of human trichi-
nellosis [28], being also implicated in several outbreaks of infection in

European countries in the last decades [12-16]. The data above, com-
bined to the increased consumption of wild boar meat in Europe [29],
emphasize the crucial role of public health stakeholders in trichinellosis
educational and surveillance programs towards hunters and consumers
to prevent the risk of infection, as recommended by the European
Regulation EC No 853/2004 [17] and the Commission Implementing
Regulation EU 2015/1375 and 2019/627 [10,11]. In addition, the
higher average of larvae in wild boars (i.e., 28.4 1pg) compared to other
wildlife, e.g. brown bears (Ursus arctos, 4.1 1pg), lynxes (Lynx lynx, 4.3
1pg), badgers (Meles meles, 11.7 1pg) [22], European polecats (Mustela
putorius, 24.6 1pg) [30], red foxes (Vulpes vulpes, 2.3 1pg) [31] and wolves
(Canis lupus, 7.6 1pg) [32] may indicate a repeated ingestion of infected
meat by these ungulates via scavenging, eventually enhanced through
the availability of wildlife carcasses from road accidents and improper
disposal of their offal by hunters during field activities [6,33]. Indeed,
the inappropriate discarding of carcasses on the hunting ground of the
study area (e.g., foxes culled by hunters to reduce the predation towards
other huntable species, such as hares Lepus europaeus - personal
communication) would increase the availability of large amount of po-
tential sources of infection to wild boars, promoting the parasitic cir-
culation [33,34]. This hypothesis furtherly underscores the importance
of training hunters on transmission pathways of zoonotic parasites, as
well as proper game meat handling procedures in the field.

Based on statistics, the absence of a significant decrease in preva-
lence throughout the study period (p = 0.51), except in Apulia, indicates
that T. britovi is well established in wild boar populations of southern
Italy, suggesting the need to intensify the link among sanitary stake-
holders and consumers [35]. In addition, the statistically significant
higher prevalence of T. britovi in Apulia than in other regions of the
study area (i.e., 0.6%; p < 0.01), could be related to several aspects
affecting the parasite circulation in a given environment (i.e., hunting
management, wildlife density, prey-predator regulation, overlap among
wild, synanthropic and domestic life cycle) [30] which need to be
further investigated.

5. Conclusions

These findings revealed a stable prevalence of T. britovi in wild boar
meat intended for human consumption, suggesting a risk of infection for
consumers, especially hunters and local markets users. In a One Health
perspective, citizen science projects and a deeper cooperation between
scientific stakeholders (e.g., physicians, veterinarians, biologists) and
data providers, such as citizens and wildlife managers, are advised to
establish technically sound surveillance models for the prevention of
trichinellosis.
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