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ARTICLE INFO ABSTRACT

Keywords: Prevalences of infections caused by food- and waterborne parasites, some of them causing
Food and waterborne parasites a significant disease burden, are on the increase. In the absence of systematic surveillance
Backyard chicken programmes for many of these parasites, particularly in extensive or free-range husbandry

Free-range farming
Parasite monitoring
PRISMA research programme

settings, research efforts are under way to design monitoring procedures and improve food
safety, beyond the current standard of practice or of food safety legislation. An example is
given of the commencement of these efforts, by presenting the experimental work package in
a research project which entails testing of meat (heart tissue) of backyard poultry and game
birds for the presence of Toxoplasma gondii gDNA. The high molecular prevalence of infec-
tion detected in some bird species, particularly in backyard chickens raised in rural areas,
points to the need for comprehensive and timely surveillance programmes to be applied to
all extensively farmed, or game animals and birds used for human consumption. Surveillance
should include testing of animal feed as well as the environment (water and soil). However,
until risk-based surveillance programmes are operational, meat safety will principally depend
on adherence to prevention practices, such as pre-market product processing, as well as on
educating consumers in hygienic handling and proper meat preparation practices.

1. Introduction for most of the FWP, and the parasitoses they cause

are not notifiable for the most part.
The prevalence of infections caused by food-

. . In controlled husbandry conditions of inten-
and waterborne parasites (FWP) in humans and

sive farming, parasitic diseases are easily sur-
veyed, prevented, or treated. For instance, surveil-
lance programmes for Toxoplasma gondii infection
for pig farms that supply around 50% of all slaugh-

animals in Europe is increasing (Bouwknegt et al.,
2018), prompting needs for a holistic approach to
their surveillance. There is a need to quickly identify

reservoirs of infection, recognise emerging threats,
and warn public health authorities in good time.
Currently, there are no active surveillance programs
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ter pigs in the Netherlands have been in place since
2012 (Swanenburg et al., 2019). In addition to on-
farm risk factor management (such as neutering all

Paper received August 7" 2025. Paper accepted August 18" 2025.

The paper was presented at the 63™ International Meat Industry Conference “Food for Thought: Innovations in Food and Nutrition” —

Zlatibor, October 05"-08™" 2025.

Published by Institute of Meat Hygiene and Technology — Belgrade, Serbia.
This is an open access article CC BY licence (http://creativecommons.org/licences/by/4.0)

76


https://orcid.org/0000-0001-7976-3104
https://orcid.org/0000-0002-1424-0123
https://orcid.org/0000-0002-3033-1658
https://orcid.org/0000-0002-7375-6752
https://orcid.org/0009-0008-5187-4089
https://orcid.org/0000-0001-9468-0948
https://orcid.org/0000-0001-6097-3216
mailto:iklun@imi.bg.ac.rs

Meat Technology — Special Issue 66 (2025) 3, 76—80

cats and covering feed storage), control of 7. gon-
dii infection includes a large-scale serological mon-
itoring programme endorsed by a private food
producing company. This risk-based active surveil-
lance combines farm audits and serological test-
ing to identify high, medium and low risk farms.
A random sample of slaughter pigs is serologically
monitored for T gondii-specific antibodies at each
delivery to abattoirs, depending on the farm status
(fewer animals are sampled from low-risk farms, as
opposed to those from high risk, or from a new sup-
plier’s farm; also, in the case of continuously nega-
tive serological results on repeated testing, the num-
ber sampled is decreased). This method has proven
effective for T. gondii surveillance, as well as being
affordable both in cost and time. However, this is
still an unregulated programme, as opposed to that
for Trichinella surveillance, Europe-wide. Provi-
sions of a 2022 Serbian bylaw, harmonized with the
European Union regulation from 2015, allow for the
implementation of a risk-based approach in the test-
ing for Trichinella infection in Serbia. Namely, pig
farms could be designated ‘Trichinella-free’, where-
upon only 10% of animals from those farms would
be subject to mandatory post-mortem Trichinella
inspection; the enactment of this bylaw is nonethe-
less slow to begin (Beti¢ et al., 2025 — this Special
Issue).

In Serbia, T gondii infection in food animals
has been monitored to the greatest extent in pigs
through individual research efforts since 2002. Sero-
prevalence in intensively farmed market-weight
pigs over the years has been in the range of 8.3-
17% (Klun et al., 2006; Kuruca et al., 2017; Beti¢
et al., 2022), while a much higher seroprevalence
of 30-41% has been determined for intensively and
semi-extensively farmed sows (Klun et al., 2006,
2011), and particularly for extensively farmed or
free-range pigs, such as in Mangalitza breed droves
— 67% (Kuruca et al., 2016). Understandably, con-
trolling parasitic infections in an extensive husband-
ry setting is much more challenging; it would per-
haps be practically impossible to create a uniform
one-fits-all control programme that could enable cir-
cumvention of post-harvest mitigation measures.
When using meat from free-range animals, vigilance
in adhering to these measures is still crucial, be it
freezing of meat for 48-72 hours, proper salting or
curing, vacuum packing for a minimum of 21 days,
cooking to an internal temperature of 66 °C (Dubey
et al., 1990), or any other means confirmed to kill

all viable parasites (tissue cysts) within the meat or
meat product.

2. The chicken connection

Similarly, consuming undercooked meat from
chickens raised in extensive husbandry conditions,
such as free-range or backyard, or from game birds,
poses a public health risk. Although it is commonly
accepted that chicken meat in general does not pose
a risk since it is usually consumed properly cooked,
or at least the risk is lower than from other types
of meat, specifically from pigs, sheep or goats (Ten-
ter et al., 2000), in certain situations the risk may
be much higher. Only in one type of dish is chick-
en meat purposefully used uncooked, and that is in
the southern Kyushu region of Japan, where tradi-
tional ‘torisashi’ (e.g. sashimi, or ‘carpaccio’) is pre-
pared from thinly sliced meat, seared on the surface
while remaining raw within, and served with vari-
ous seasonings. However, in Europe and other parts
of the world, chicken meat may still accidental-
ly remain undercooked (with viable 7. gondii tissue
cysts reaching the consumer), due to undue haste
in preparing food, for instance when catering for
large numbers of people, or in some cases of street
served food. Eating undercooked poultry is a known
risk factor for developing campylobacteriosis (rev.
in Varrone et al., 2020). Alternatively, poor stand-
ards of hygiene may lead to the use of meat cutting
boards for salad (raw vegetables or fruit) preparation
immediately afterwards, allowing for cross-contam-
ination, i.e., transfer of particles of infected meat
(or tissue cysts) to other food that is naturally eaten
raw. Also, chicken liver is sometimes prepared and
eaten quickly seared, without thorough cooking to
reach an internal temperature of 66 °C; consumption
of chicken liver paté has been implicated in numer-
ous cases of campylobacteriosis and/or salmonello-
sis outbreaks (Wensley and Coole, 2013; Lahti et al.,
2017). Therefore, it can be inferred that this mode
of transmission is also highly probable for 7. gondii.

Due to their feeding habits, with scratching the
ground and pecking, backyard and free-range chick-
ens are frequently exposed to the parasite. They have
been used as sources of 7. gondii strains around the
world, and they make for good indicators as well as
sentinels for detecting environmental contamination
with T gondii oocysts (Dubey, 2010; Dubey et al.,
2020). However, no surveillance for 7. gondii infec-
tion is performed (nor is it mandatory) on chicken
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farms, let alone in free-range poultry or wild-caught
game birds.

3. Hunting for parasites

The possibilities of setting the stage for a nov-
el and comprehensive surveillance programme for
FWP are being explored in a 3-year project fund-
ed by the Science Fund of the Republic of Serbia —
Environmental Monitoring of Food and Waterborne
Parasites — PARASITE HUNTER (DIPIS, 2025). It
aims to establish a data-driven surveillance frame-
work for FWP to improve food safety beyond the
current standard, by including monitoring of vul-
nerable groups (humans and animals) not covered
by the current food safety legislation. The holistic
approach applied is expected to produce informa-
tion on the presence of FWP of public health signif-
icance; therefore, the species targeted by the project
are: Ascaris spp., loxocara spp., Trichuris spp., Tae-
nia spp., Diphyllobothrium spp., Echinococcus spp.,
Spirometra spp., Opisthorchis felineus, Fasciola
hepatica, Cyclospora cayetanensis, Cryptosporid-
ium spp., T. gondii, Entamoeba spp., and Giardia
spp-

The PARASITE HUNTER project compris-
es six experimental work packages, and one each of
analytical and coordination packages. Experimen-
tal packages entail analysis of food (domestic ani-
mal tissues, leafy vegetables and herbs), feed (hay,
silage), environmental matrices (water and soil),
freshwater crustaceans, and wild animals inhabit-
ing urban areas, for the presence of zoonotic para-

sites using standardised parasitological and molec-
ular techniques. The work also includes exploring
the likelihood of interaction of golden jackals as
parasite reservoirs with food and feed. In parallel,
data is collected on information and knowledge of
food producers and suppliers (farmers, fishermen,
hunters) about FWP, as well as parasitic diseases
and prevention measures. The impact of ecosystem
health and wildlife on food safety will be evaluat-
ed. All data thus collected will be analysed in the
context of assessing food safety and public health
risks, while considering potential means of prevent-
ing parasite transmission either at the production or
distribution level.

For instance, for 7. gondii surveillance, hearts
of backyard or free-range chickens, waterfowl, game
birds, as well as lambs have been collected and test-
ed for the presence of 7. gondii gDNA. The results
showed a high molecular prevalence of 7. gondii in
hunted pheasants and backyard chickens, particu-
larly rural (80%), while those raised in peri-urban
areas had a considerably lower prevalence of infec-
tion (21%), similar to mallards (Table 1) (Penezi¢
et al., 2025, in press). T. gondii has previously been
detected and isolated from chickens in Serbia, with
two strains successfully propagated in mice (Uzelac
et al., 2021), so the current results were hardly sur-
prising. However, they show the need for compre-
hensive and timely surveillance programmes to be
applied to extensively farmed, or wild (hunted) ani-
mals and birds used for human consumption, as well
as to include testing of animal feed, and water and
soil from the animals’ habitats and environments.

Table 1. Toxoplasma gondii infection in edible birds (poultry and game) in Serbia, based on detection of
parasite gDNA in heart tissue.

Bird species (type)

Domestic chicken (backyard poultry)

Ring-necked pheasant (game bird)

Mallard (duck game)

T. gondii infection (%) Reference
41
Penezi¢ et al., 2025 (in
29
press)
23

PARASITE HUNTER is in its second imple-
mentation year, and by its completion, it is envis-
aged that it will give a new viewpoint as well as
recommendations that could enhance food safe-
ty standards. The resulting proposals are aimed for
inclusion in a white paper which will be put forward
to the stakeholders — policy makers in Serbia, in the

hope of instigating a country-wide, systematic sur-
veillance programme for FWP. Ideally, risk-based
surveillance programmes would pinpoint the neces-
sary intervention strategies and keep the costs to a
minimum, while not compromising the outcome of
effective food safety control measures to reduce the
disease burden.
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4. Conclusion

Until researched, evidence- and risk-based sur-
veillance programmes for most of FWP are set up,
food as well as public health safety will essential-
ly depend on diligent adherence to post-harvest pre-

vention practices to control FWP. These practic-
es involve pre-market processing of meat and meat
products by using procedures that inactivate the par-
asites, as well as educating consumers in safe and
hygienic ways of handling and preparing the meat
at home.
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