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ZOONOTIC DISEASES AND ANTIMICROBIAL
RESISTANCE: A DUAL THREAT AT THE
HUMAN-ANIMAL INTERFACE

Shahroz Qasim!’, Aman Ullah Khan', Ali Raza'

' Department of Pathobiology, University of Veterinary and
Animal Sciences (Jhang Campus), Lahore, Pakistan

Abstract

With over 200 zoonotic diseases and the emergence of antimicrobial-
resistant (AMR) microbes, a substantial threat looms over public health. If
we are unable to cope with AMR, it suggests a potential of 10 million global
fatalities by 2050. The evolving landscape of AMR transcends geographic
boundaries and species, necessitating collaborative and multidisciplinary
efforts. The interplay between humans, animals, and the environment high-
lights the profound significance of One Health in addressing these inter-
connected challenges. The imperative of multidisciplinary efforts to safe-
guard the health and well-being of our shared world, comprised of humans,
animals, and the environment, can pave the way toward success. The role of
surveillance, education, and public awareness in combating AMR and fos-
tering responsible antimicrobial use is inevitable in addressing this global
concern.

Key words: Antimicrobial resistance, zoonoses, One Health
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ZOONOTSKA OBOLJENJA I ANTIMIKROBNA
REZISTENCIJA: DVOSTRUKA PRETNJA
U RELACIJI LJUDI-ZIVOTINJE

Shahroz Qasim!, Aman Ullah Khan', Ali Raza'

' Departman za patolosku biologiju, Univerzitet veterinarskih nauka
i nauka o zivotinjama (Jhang Campus), Lahore, Pakistan

Kratak sadrzaj

Preko 200 zoonotskih oboljenja i sve ucestalija pojava mikroorgani-
zama rezistentnih na antimikrobne lekove (AMR) predstavljaju ozbiljnu
pretnju za javno zdravlje. Ako ne uspemo da se izborimo sa antimikrobnom
rezistencijom, to moze da znaci potencijalnih 10 miliona smrtnih slu¢ajeva
na globalnom nivou do 2050. Slika $irenja AMR prevazilazi sve geograf-
ske granice i vrste, §to zahteva kolaborativne i multidisciplinarne pristupe.
Povezanost izmedju ljudi, Zivotinja i Zivotne sredine istice znacaj koncepta
»Jednog zdravlja“ (One Health) u pristupu ovakvim visestruko povezanim
izazovima. Ovakve multidisciplinarne aktivnosti za o¢uvanje zdravlja i do-
brobiti naseg zajednickog sveta sastavljenog od ljudi, zivotinja i okoline, su
svakako imperativ koji moze otvoriti put za uspeh. Uloga nadzora, edukacije
irazvoja javne svesti je klju¢na u borbi protiv AMR i afirmisanju odgovorne
primene antimikrobnih supstanci u okviru ovog globalnog problema.

Kljucne reci: antimikrobna rezistencija, zoonoze, Jedno zdravlje

INTRODUCTION

Antimicrobial resistance (AMR) stands as a formidable challenge in the
realm of veterinary medicine and public health, presenting a critical threat to
the health and well-being of animals and humans. At its core, AMR refers to
the ability of microorganisms to withstand the effects of antimicrobial agents,
such as antibiotics, rendering these treatments less effective (Founou et al.,
2017). In the context of One Health, this phenomenon strikes at the heart of
efforts to maintain animal health, ensure food security, and safeguard public
health through the prevention and treatment of infectious diseases (Saleem
et al., 2022). With over 200 zoonotic diseases, the development of antibiotic-
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resistant bacteria and their dissemination environment and living organisms is
causing a huge threat to human beings (Dafale et al., 2020).

The data, showing that approximately 4.95 million deaths were linked to
bacterial antimicrobial resistance on a global scale in 2019, underscores the
significant benefits of proactive infection prevention (Laxminarayan, 2022). If
the current pattern of improper and excessive antibiotic use persists, projec-
tions suggest that it could lead to approximately 10 million fatalities globally
by the year 2050 (Pulingam et al., 2022). The global landscape is now char-
acterized by an escalating concern over AMR, transcending geographical
boundaries and species barriers (Christaki et al., 2020). The localized issue has
transformed into a pervasive challenge that spans continents, ecosystems, and
sectors. The effective management of AMR is vital because it is overshadowing
the remarkable development of medicine in the field of antibiotics (Marston et
al., 2016). It has become the need of the hour to reinforce the impeccable mark
of antibiotics, which helped save millions of lives for humans and animals.

A comprehensive strategy is imperative to confront the multifaceted chal-
lenge posed by AMR. The One Health approach emerges as a powerful para-
digm, advocating for collaboration across the realms of human health, animal
health, and the environment. Recognizing the intricate connections between
these domains, One Health emphasizes the inextricable linkages between the
health of animals, humans, and ecosystems (Olaru et al., 2023). By recogniz-
ing the interplay between veterinary medicine, medical practice, and environ-
mental factors, the One Health approach deepens our understanding of AMR
transmission and paves the way for integrated solutions that transcend disci-
plinary boundaries (Dafale et al., 2020).

The rise of novel, opportunistic pathogens and the increasing prevalence
of drug resistance among existing pathogens represent a global concern of
paramount significance (Dafale et al., 2020). Many of these emerging diseases
have transcended geographical boundaries, infiltrating diverse environments
worldwide. This evolving disease landscape exploits the breeding grounds for
pathogenic determinants within ecosystems, utilizing any available biologi-
cal host. Among these hosts, animals have emerged as a prominent breeding
ground for drug-resistant pathogens (Dafale et al., 2020).

Within the intricate ecosystem of the animal gut, a myriad of microbial
communities coexists, acting in synergy to benefit their host (Purohit et al.,
2018). Introducing drug-resistant pathogens into this microbial landscape
disrupts the delicate balance and structure of the community, facilitating the
transfer of resistance genes to other pathogens within the gut (Abushaheen
et al., 2020). Bacteria have developed various means to ease their transmis-



Arhiv veterinarske medicine, Vol. 17, No. 1, 5 - 17, 2024
Qasim, S... et al.: Zoonotic diseases and antimicrobial resistance...

sion between animals and humans, leading to zoonotic infections with signifi-
cant implications for public health. One key route for bacterial transmission
is direct contact between animals and humans, allowing pathogens to transfer
from one species to another. Additionally, some bacteria can spread through
insects or contaminated food and water sources to reduce the gap between ani-
mal reservoirs and human populations. Once bacteria successfully cross the
species barrier, their characteristics play a crucial role in shaping their viru-
lence and pathogenicity. These pathogens may possess virulence factors, such
as toxins and adhesion molecules, that enable them to adhere to host tissues,
evade immune responses, and cause disease in both animal and human hosts.
Furthermore, the ability of bacteria to adapt to different host environments
enhances their survival and persistence, further contributing to their patho-
genic potential.

The intricate interplay between humans and animals within ecosystems
has given rise to a compelling paradigm known as the “One Health” approach.
This approach recognizes the interconnections between human, animal, and
environmental health, particularly in the context of antimicrobial resistance.
It underscores the need for a holistic understanding of how the health of ani-
mals and humans are intertwined, emphasizing the importance of collabora-
tive efforts to address the complex challenges posed by emerging pathogens
and drug resistance.

ONE HEALTH AND AMR: UNDERSTANDING THE CONNECTION

The intricate web of life intertwines across species and ecosystems, form-
ing a complex tapestry where the health of animals, humans, and the environ-
ment is interdependent (Olaru et al., 2023). In the face of global challenges,
such as antimicrobial resistance (AMR), the One Health approach emerges as
a compelling strategy to address the multifaceted complexities at the human-
animal-environment interface (Dafale et al., 2020).

The One Health concept signifies a departure from traditional, compart-
mentalized approaches to health management. It acknowledges that the health
of humans is deeply entwined with the well-being of animals and the envi-
ronment and that disruptions in one domain can reverberate throughout the
interconnected network. This holistic perspective underscores that disease
processes do not respect disciplinary boundaries; they transcend species and
ecosystems, necessitating collaborative efforts to unravel their complexities.
Microorganisms are ubiquitous as they are present in the gut of animals, ma-
nure, soil, water bodies, and human beings. As they are interconnected and
components of a cycle, drug-resistant pathogens pose a matchless threat. These
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pathogens reproduce at an instant rate and also produce resistance in the na-
tive gut microbiome of living organisms (Dafale et al., 2020). This is due to the
indiscriminate use of antibiotics and the lack of effective policies to restrain its
dissemination.

Consequently, it becomes inevitable to entail multidisciplinary teams in-
volving medical specialists, veterinarians, ecologists, and stakeholders to man-
age this aggravating concern of AMR (Dafale et al., 2020). By embracing the
principles of One Health, practitioners, researchers, and policymakers are bet-
ter equipped to grapple with the challenges posed by emerging diseases, in-
cluding those fueled by antimicrobial resistance.

The global rise of antimicrobial resistance exemplifies the urgent need
for a One Health perspective (Majumder et al., 2020). As pathogens evolve
and adapt in response to antimicrobial agents, they threaten both human and
animal populations, transcending geographic borders and species barriers.
Within this context, the interplay between animal health, human health, and
the environment becomes glaringly evident. Zoonotic diseases, which are in-
fections that can be transmitted between animals and humans, serve as poign-
ant examples of how the interconnectedness of these realms can magnify the
challenge of AMR. The transmission of resistant pathogens from animals to
humans and vice versa not only heightens the potential for treatment failures
but also underscores the shared vulnerabilities that traverse species lines.

The One Health approach is a call to recognize the indivisible nature of
the health of animals, humans, and the environment. It reminds us that the
boundaries between these domains are porous, and the solutions to complex
challenges like AMR must be collaborative, multidisciplinary, and holistic 14.
As we navigate the intricate web of health interactions, fostering synergies be-
tween veterinary medicine, human medicine, and environmental science is
imperative. This review article seeks to delve deeper into the nexus between
AMR and the One Health framework, shedding light on the ways in which
these concepts intersect and offering insights into the transformative potential
of collaborative approaches in safeguarding the health of our shared world.

ZOONOTIC DISEASES AND AMR: A DUAL THREAT

In the intricate tapestry of global health, zoonotic diseases emerge as a
crucial juncture where the boundaries between animal and human health blur,
posing a dual threat that resonates across species lines. Zoonoses, entailing
60% of the infectious ailments that a human being suffers from, are transmis-
sible between animals and humans and have garnered increasing attention due
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to their potential to incite not only immediate health crises but also to con-
tribute to a more insidious menace: antimicrobial resistance (AMR) (Rahman
et al., 2020). As we navigate this complex landscape, it becomes evident that
the convergence of zoonotic diseases and AMR presents a critical nexus that
demands comprehensive exploration (Olaru et al., 2023).

Antibiotics are used to cure bacterial infections, increase growth to cover
up decreased body weight, and enhance milk production. Their mode of ac-
tion varies based on what structure of bacteria they attack. Although their use
is of matchless importance, the unmetabolized antibiotics are disseminated to
the surroundings, such as water bodies, soil, other animals, and human beings.
It leads to modification in the sensitivity of microorganisms and they start de-
veloping resistance to antibiotics (Dafale et al., 2020). This change in sensitiv-
ity has posed a massive threat to the public and animal health (Jin et al., 2022).

Zoonotic diseases, at their core, exemplify the interconnectedness of
ecosystems and species. These diseases traverse the interface between animals
and humans, often sparking outbreaks that lay bare the vulnerabilities within
our intertwined health systems. As agents of transmission leap from animals to
humans and vice versa, they amplify the potential for the dissemination of re-
sistant pathogens. Indeed, the movement of zoonotic infections carries with it
the lurking specter of AMR—an intricate interplay that renders the treatment
of such diseases increasingly challenging.

The misuse of antimicrobials in animal populations, often intended
to combat zoonotic infections, has inadvertently fueled the development of
resistance (Kasimanickam et al., 2021). These scenarios magnify the delicate
balance that must be struck between safeguarding animal health, controlling
zoonotic outbreaks, and mitigating the risk of AMR amplification. Amidst the
tapestry of zoonotic diseases, specific pathogens stand out for their potential
to fan the flames of AMR. These bacteria, like Campylobacter and Salmonella,
cause sickness in people, and are found in animals like poultry. Because of
this, farmers use medicines to kill bacteria in poultry. However, some bacte-
ria become resistant to these medicines. This shows that we need to work on
stopping diseases from spreading and making sure medicines keep working
well. Campylobacter is one of the leading causes of bacterial gastroenteritis
worldwide. It is commonly transmitted through the consumption of contami-
nated food, particularly undercooked poultry, unpasteurized milk, and con-
taminated water. Campylobacteriosis typically manifests as diarrhea (often
bloody), abdominal pain, fever, and sometimes vomiting. While most cases
of Campylobacter infection are self-limiting, severe cases can occur, especially
in vulnerable populations such as the elderly, infants, and immunocompro-
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mised individuals. Campylobacteriosis is a significant public health concern,
and strategies to prevent contamination of food and water sources are essential
for its control. The shared susceptibility of animals and humans to these path-
ogens necessitates a coordinated, multidisciplinary approach that recognizes
the vulnerabilities and potential consequences in both realms.

SURVEILLANCE AND MONITORING EFFORTS

In the relentless pursuit of combating antimicrobial resistance (AMR),
surveillance and monitoring stand as sentinel guardians, poised to decipher
resistant pathogens’ intricate patterns and dynamics. Rooted in the realms of
both veterinary and medical practice, these vigilant endeavors play a pivotal
role in assessing the extent of AMR, identifying emerging threats, and guid-
ing prudent interventions. Within this pivotal context, the surveillance and
monitoring of AMR become linchpins that demand thorough exploration and
evaluation.

Genomic surveillance offers the chance to detect genetic markers that sig-
nal resistance to antimicrobials or host adaptation, enabling timely interven-
tion and reducing the risk of broader spread (Argimon et al., 2021). Therefore,
genomic data is of huge importance to cope with the evolving sensitivity of
pathogens to antimicrobials. The cornerstone of effective AMR management
lies in comprehensive surveillance programs that cast a discerning eye on the
intricate interplay between pathogens, antimicrobials, and the diverse en-
vironments they traverse. Conducting regular national surveys to assess the
prevalence of antimicrobial resistance (AMR) provides a dependable, firsthand
evaluation of AMR rates in countries that lack robust and extensive surveil-
lance networks. This entails the use of a carefully chosen subset of surveillance
locations, determined by statistically sound probability sampling techniques,
to ensure accurate data that reflects the entire nation (Bertagnolio et al., 2023).
These programs serve as a critical conduit for collecting and analyzing data on
the prevalence, distribution, and genetic traits of resistant microorganisms. In
both veterinary and medical domains, surveillance not only informs clinical
decision-making but also guides policy development, enabling evidence-based
strategies to tackle the looming specter of AMR. The insights garnered from
surveillance initiatives empower healthcare practitioners, policymakers, and
researchers with a potent arsenal to counteract the inexorable rise of resistance.

However, the path to establishing and maintaining robust surveillance sys-
tems in veterinary practice is beset with challenges. Unlike the controlled en-
vironments of clinical laboratories, the multifaceted landscapes of veterinary

11
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settings encompass diverse animal species, production systems, and geograph-
ical variations. Coordinating data collection, standardizing methodologies,
and ensuring representativeness at the national level and across boundaries
poses a formidable task (Anjum et al., 2021). Furthermore, the varying ca-
pacities and resources of different regions often hinder the implementation
of uniform surveillance strategies. Overcoming these challenges necessitates a
harmonized approach that considers the unique contexts of each setting while
fostering collaborative efforts. The global stage paints a diverse tableau of AMR
surveillance strategies, reflecting the nuanced dynamics of different regions
and countries. While some areas have harnessed robust surveillance networks
encompassing veterinary clinics, hospitals, and even environmental reser-
voirs, others struggle to establish the foundational infrastructure for system-
atic monitoring. Disparities in surveillance capacity, data sharing, and analyti-
cal capabilities further complicate the evaluation of global progress. The global
stage paints a diverse tableau of AMR surveillance strategies, reflecting the
nuanced dynamics of different regions and countries. While some areas have
harnessed robust surveillance networks that encompass veterinary clinics,
hospitals, and even environmental reservoirs, others struggle to establish the
foundational infrastructure needed for systematic monitoring. Disparities in
surveillance capacity, data sharing, and analytical capabilities further compli-
cate the evaluation of global progress. The World Health Organization (WHO)
has been actively funding and supporting AMR investigations in developing
countries, including several African countries. One notable example is the
Global Antimicrobial Resistance Surveillance System (GLASS), a collaborative
effort led by WHO to collect and analyze data on AMR from around the world,
including many developing countries (WHO, 2020). In Africa, the WHO has
been working closely with national governments, local health authorities, and
research institutions to strengthen surveillance systems for AMR, build labo-
ratory capacity, and develop national action plans to combat AMR effectively.
For instance, the WHO Regional Office for Africa has been supporting AMR
surveillance initiatives in Nigeria, Kenya, Uganda, and South Africa, among
others. These efforts reflect a global recognition of the importance of address-
ing AMR as a public health priority. By investing in surveillance, research,
and capacity-building initiatives in developing countries, the WHO and other
international organizations aim to create a more comprehensive understand-
ing of the global AMR threat and develop effective strategies to combat it. Ad-
ditionally, by supporting these efforts in developing regions, the global com-
munity can work towards ensuring equitable access to effective antimicrobial
treatments and mitigating the spread of drug-resistant infections worldwide.

12



Arhiv veterinarske medicine, Vol. 17, No. 1, 5 - 17, 2024
Qasim, S... et al.: Zoonotic diseases and antimicrobial resistance...

EDUCATIONAL INITIATIVES AND PUBLIC AWARENESS

In the ongoing battle against antimicrobial resistance (AMR), knowledge
is unequivocally a powerful weapon that holds the potential to reshape be-
haviors, alter practices, and ultimately drive a transformative shift in how
we interact with antimicrobial agents. For instance, vaccines are considered
a better option to dodge the spread of AMR and infectious diseases (Micoli
et al., 2021). As the challenge of AMR continues to cast a shadow on global
health, the imperative to educate and raise awareness among key stakehold-
ers becomes ever more pressing (Ahmed et al., 2020). From veterinarians and
medical professionals to farmers and the general public, fostering a nuanced
understanding of responsible antimicrobial use resonates as a linchpin in the
effort to mitigate AMR’s impact.

Central to the educational endeavor is the understanding that antimicro-
bial stewardship transcends professional boundaries and extends to every facet
of society. The study reveals that insufficient training on the optimum use of
antibiotics and irrational use of essential antibiotics is escalating this global
issue (Saman et al., 2023). For veterinarians and medical practitioners alike,
the judicious use of antimicrobials forms an integral component of their prac-
tice—forging a bridge between the realms of clinical care and public health.
Equipping these professionals with comprehensive knowledge not only en-
hances the quality of patient care but also aligns with the larger goal of curbing
the emergence and spread of resistant pathogens.

The agricultural sector, in particular, occupies a critical position in the
AMR narrative. Farmers, who play a pivotal role in food production, are
uniquely positioned to drive change through their choices in animal husband-
ry and antimicrobial use. Educating farmers about the consequences of overre-
liance on antimicrobials, the emergence of resistance, and the ripple effects on
both animal and human health can catalyze the adoption of more sustainable
and responsible practices. By forging a connection between knowledge and
action, the agricultural landscape can be transformed into a bastion of AMR
mitigation (Calvo-Villamanan et al., 2023).

A key conduit for driving awareness and behavioral change lies in the realm
of public awareness campaigns and educational programs. These initiatives
wield the power to ignite collective consciousness, shaping public perceptions
and attitudes toward antimicrobial use. Whether through digital platforms,
community outreach, or school curricula, these campaigns have the potential
to resonate with diverse audiences, bridging the gap between the complexities
of AMR and the everyday lives of individuals. By fostering an understanding
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of how individual actions contribute to the larger tapestry of AMR dynamics,
these programs can spur a groundswell of support for responsible antimicro-
bial practices.

CONCLUSION

The interplay between AMR, zoonotic diseases, surveillance efforts, policy
interventions, educational initiatives, and emerging research trends under-
scores the multifaceted nature of this critical concern. As we draw this review
article to a close, a tapestry of insights and imperatives emerges-a testament to
the collaborative spirit that must underpin our efforts to safeguard the well-be-
ing of our shared world. The lines between animal, human, and environmental
health are not mere abstractions-they are tangible connections that shape the
landscape of infectious disease dynamics, the propagation of resistance, and
the efficacy of our interventions. The One Health ethos serves as a beacon, illu-
minating the path toward a holistic understanding of the intricate interactions
that define the AMR landscape. It reminds us that no facet of this challenge
can be addressed in isolation; the collective wisdom of veterinary, medical, en-
vironmental, and policy domains must converge to enact sustainable change.

As we look toward the horizon, the battle against AMR invites us to rec-
ognize that our actions today will echo far beyond the present moment. The
strides we make in responsible antimicrobial use, the partnerships we cultivate,
the policies we enact, and the knowledge we impart will reverberate through the
intricate web of health and well-being that spans across species and ecosystems.
The tapestry woven through these pages carries with it a profound call-a call to
engage, to learn, to adapt, and to unite in a shared mission to safeguard both
animal and human health. The journey to curb antimicrobial resistance is not a
solitary pursuit; it is a symphony of collective effort, a tapestry of collaboration,
and a testament to the power of our shared commitment to a healthier future.
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Abstract

This review article presents various aspects of polycyclic aromatic hy-
drocarbons (PAH) found in smoked animal-derived foods. The article cov-
ers PAHs and smoking methods, their levels and origins, regulatory aspects,
existing knowledge gaps, as well as their impact on human health and fu-
ture prospects concerning smoked animal-derived foods from the Republic
of Serbia. Given our tradition and the widespread appreciation for smoked
meat among consumers, producers are increasingly incorporating smoking
into the production process of various animal and non-animal food prod-
ucts to encourage consumption diversification. Over the past ten years, our
research has included smoking in traditional and industrial conditions. So
far, we have examined the presence of PAHs in meat products, fish products
and honey. Research on PAHs in grilled and smoked cheese is underway,
after which we the results of the presence of PAH compounds in all types
of smoked animal origin food will be available. Our findings revealed the
presence of PAHs in the majority of studies conducted in the Republic of
Serbia. Therefore, it is crucial to maintain continuous monitoring of their
levels. Additionally, there is a need to develop models and implement solu-
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tions aimed at reducing PAHs in animal-derived foods intended for human
consumption.
Key words: smoking, food production, smoked meat, smoked fish
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UGLJOVODONIKA U DIMLJENIM PROIZVODIMA
ZIVOTINJSKOG POREKLA: PERSPEKTIVA U SRBIJI
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Kratak sadrzaj

U ovom preglednom radu predstavljeni su mnogi aspekti prisustva
policikli¢nih aromati¢nih ugljovodonika u dimljenoj hrani Zzivotinjskog
porekla. Obradeni su najznacajniji PAH-ovi, vrste dimljenja, njihov sadrzaj
i izvori, regulativa, nedostaci u sada$njim saznanjima, uticaj PAH-ova na
zdravlje ljudi i buduca stanovi$ta vezana za dimljenu hranu Zzivotinjskog
porekla iz Republike Srbije. Poznavajuéi nasu tradiciju i prihvac¢enost dim-
ljenog mesa medu potro$acima, nasi proizvodaci sve vise koriste dimljenje
u cilju povecanja potro$nje ostalih vrsta hrane zivotinjskog i ne zivotinjskog
porekla. Tokom prethodnih deset godina, nasa istrazivanja su obuhvatala
dimljenje u tradicionalnim i industrijskim uslovima. Do sada smo ispitivali
prisustvo PAH-ova u mesnim proizvodima, ribljim proizvodima i medu.
U toku su istrazivanja PAH-ova u pec¢enom i dimljenom siru, nakon cega
bismo imali rezultate prisustva PAH jedinjenja u svim vrstama dimljene
hrane Zivotinjskog porekla. Rezultati istrazivanja su pokazali da su PAH-
ovi prisutni u ve¢ini studija sprovedenih u Republici Srbiji, zbog ¢ega ih
treba kontinuirano pratiti i raditi na modelima i reSenjima koji dovode do
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njihove redukcije u namirnicama Zivotinjskog porekla koje su namenjene
za ishranu ljudi.

Kljucne reci: dimljenje, proizvodnja hrane, dimljeno meso, dimljena
riba

INTRODUCTION

Smoked products, and smoked meat in particular, hold a prominent place
in the diets of people in the Republic of Serbia and the wider Balkan region
due to their popularity. Smoked food, such as smoked meat and smoked fish
products are very popular and consumed quite often in our region (Babic et al.,
2017; Novakov et al., 2022).

With a deep-rooted tradition and high consumer acceptance of smoked
meat, producers are leveraging smoking techniques more frequently in the
food production process. Smoked meat and meat products, smoked fish and
fish products, as well as smoked cheese are available on the Serbian market.

Although fish consumption in the Republic of Serbia is comparatively low-
er than in EU countries (FAO, 2022; FAO, 2024), fish and fish products are sig-
nificant in the Serbian diet, particularly during the Christmas and Easter fast-
ing periods. The taste of smoked carp, as one the mostly common fish species
in Serbian market, resembles the taste of other traditional smoked products
and therefore, affects the increase of the fish consumption (Babi¢ et al., 2018a).
Consumption of smoked fish has significantly increased over the past few dec-
ades in many European countries including the Republic of Serbia (Tesi¢ et al.,
2013; FAOQ, 2022; FAO, 2024), due to their receptive sensory properties, high
nutritional value which includes polyunsaturated fatty acids, minerals, vita-
mins and proteins favorable content (Bansal and Kim, 2015; Bongiorno et al.,
2015). Lately, the growing consumer dissatisfaction with industrially produced
food and the growing interest in nonconventional products urges producers
to look for other alternatives - traditional and authentic food, such as smoked
food.

Smoking is considered as one of the oldest procedures for preserving food
(Djinovic et al., 2008), but nowadays, smoking primarily serves to impart the
characteristic color, aroma, flavor, and appearance to smoked food products.
(Fasano et al., 2016). During the pyrolysis of organic compounds, many chem-
ical contaminants including polycyclic aromatic hydrocarbons (PAHs) are
formed (Sun et al., 2019). PAHs are a large group of ubiquitous, persistent or-
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ganic pollutants consisting of two or more fused aromatic rings in their chemi-
cal structural (Babi¢ et al., 2018b). PAHs originate from two main sources:
natural (biogenic and geochemical) and anthropogenic (Yebra-Pimentel et al.,
2015). Naturally, PAHs occur in fossil fuels, but are also formed during the
incomplete combustion of organic materials such as sawdust, charcoal, diesel,
wood and vegetation. Most of the PAHs have been proved to have teratogenic-
ity, carcinogenicity and mutagenicity, posing a great threat to human health.
Benzo(a)pyrene, as the most common compound in smoke, is metabolized
in the human body into benzopyrene diol epoxide, which is then covalently
bound to cellular macromolecules, including DNA. In addition, PAHs inter-
feres with normal cell function, disrupting the cell membrane and enzyme sys-
tem (ATSDR, 2012; Bogdanovic¢ et al., 2019). Many studies have shown that
the major source of exposure to PAHs is through food consumption (Bansal
and Kim 2015; Domingo and Nadal 2015; Yebra-Pimentel et al., 2015). EFSA
(2008) estimated the dietary exposure for the sum of PAHS8 (benz(a)anthra-
cene (BaA), chrysene (CHR), benzo(b)fluoranthene (BbF), benzo(k)fluoran-
thene (BkF), benzo(a)pyrene (BaP), indeno(1,2,3-cd)pyrene, dibenz(a,h)an-
thracene (DhA) and benzo(ghi)perylene (BgP)) as 1.73 mg/day per person.

The main goal of this study is to highlight PAHs as very important chemi-
cal contaminants in smoked products of animal origin, to present the national
and European legislation related to the present issue and give an overview of
the level of contamination of smoked meat and fish products found on the
Serbian market.

PAHs IN SMOKED PRODUCT OF ANIMAL ORIGIN ON THE
SERBIAN MARKET

The content of PAHs in smoked meat and meat products on the Serbian
market has been examined in several studies. Djinovic et al. (2008) investi-
gated the levels of PAHs in beef ham, pork ham, bacon without skin, bacon
with skin, “Cajna” sausage and “Sremska” sausage originating from Serbia, pro-
duced by meat industry Zlatiborac. The tested products did not exceed the
maximum permitted limits. Skrbi¢ et al. (2014) investigated PAH levels in
smoked dry fermented sausage “Petrovskd klobdsa” from Serbia. The highest
total concentration of 16 PAHs was found in the samples smoked in traditional
smokehouse, being almost 15 times higher than the total 16 PAHs content
in sausages smoked in industrial smokehouse. The most abundant PAH was
phenanthrene. PAH4 was below the maximum allowed legislation levels. In a
study conducted by Kartalovi¢ et al. (2015) the content of PAH4 in household-

22



Arhiv veterinarske medicine, Vol. 17, No. 1, 19 - 30, 2024
Vranesevig, J... et al.: Review of polycyclic aromatic hydrocarbons ...

produced smoked meat were analyzed. Ham produced in traditional drying
facilities and smoking cabinets in Serbia contained 11.51 pg/kg of total PAHs.
Kartalovi¢ et al. (2022) analyzed the content of PAHs in traditionally smoked
and dry-cured bacon “Slavonska slanina” and determined that it was safe for
consumption. PAH4 were determined as follows: 14.84 ug/kg in the middle,
10.60 pg/kg on the surface and 17.37 ug/kg in the skin in traditional smoked
meat samples, while the PAH4 content in the samples smoked in industrial
conditions were below the level of quantification. Skaljac et al. (2022) found
benzo[a]pyrene and PAH4 were below the limits of detection in all analyzed
samples of “Petrovskd klobdsa” smoked in industrial conditions. Vranesevi¢
et al. (2022) examined the content of PAHs and the possibilities of their re-
duction in traditional (homemade) smoked dry-cured pork loin produced in
Serbia. Dinovi¢-Stojanovi¢ et al. (2023) investigated benzo(a) pyrene and sum
of PAH4 compounds levels in our types of dry fermented sausages collected
from market in Belgrade, Serbia. They found that all analyzed samples PAH’s
levels were under limits regulated by Serbian and EU legislation. Skaljac et al.
(2023) analyzed the total content of 16 PAHs in traditional dry fermented beef
sausage from Serbia and found the content of BaP to be lower than the limit of
detection, while contents of PAH4 were from ND to 7.42 pg/kg. Skaljac et al.
(2024) examined the content of PAHs in dry cured meat products, bacon and
dry fermented sausages smoked in six different chambers from the territory
of Vojvodina. Benzo[a]pyrene and PAH4 were lower than the set maximum
legislation values.

Smoked carp, trout and salmon are the most commonly consumed types of
smoked fish in Serbia. Smoked mackerel, herring and sprats, usually canned,
can also be found. Also, non-smoked fish, especially shellfish, originating from
polluted areas or areas where oil has been spilled, should be checked for the
PAHs presence. There are several studies regarding PAHs levels in fish pro-
duced or marketed in Serbia. Babi¢ et al. (2018a, 2018b) analyzed PAH levels
in smoked common carp meat in industrial and traditional conditions with
and without filters and found that the meat was safe for consumers in accord-
ance with European and national legislation. Novakov et al. (2017) determined
the total PAHs levels of 17.67 ug/kg in canned tuna, 15.12 pug/kg in canned sar-
dines and 57.19 pg/kg in smoked sprouts. In canned smoked sprouts benzo(a)
pyrene concentration reached 8.29 pg/kg, which was above the legislation lim-
it. Novakov et al. (2021) analyzed mussels from the Serbian market and found
PAHs levels to be under the legal limits.

In addition to meat and fish, PAHs can also be found in other products of
animal origin. Thus, Petrovi¢ et al. (2021) analyzed pesticides, antimicrobial

23



Arhiv veterinarske medicine, Vol. 17, No. 1, 19 - 30, 2024
Vranesevig, J... et al.: Review of polycyclic aromatic hydrocarbons ...

drugs and PAH concentrations in honey from Serbia and found that 6.6% of
polyfloral honey samples contained high PAHS8 (58.9 -656.2 ng/g) concentra-
tions.

INFLUENCE OF DIFFERENT FACTORS AFFECTING PAH
LEVELS IN FOOD

Numerous factors influence the PAH content in food, making it a focal
point of a majority of research studies in this field. Some investigations are
focused on the differences in PAH content in traditional and industrial smok-
ing, some on the distance from the fire to the product, some on the filters that
can absorb harmful substances from the smoke (Babi¢ et al., 2018b). There
are also differences in PAHs content when different types of casings are used
(Mastanjevi¢ et al., 2020). There are also studies that have shown that plastic
packaging can absorb a certain amount of PAHs during product storage (Se-
manova et al., 2016).

Traditional and especially homemade traditional manufacturing is not
standardized and is uncontrolled. PAH4 level in samples of “Hercegovacka
pecenica” subjected to traditional smoking highly exceeded maximum limits
set by the EU Regulation (12 pg/kg) by up to 10 times (Pulji¢ et al., 2019).
Pancetta, dry pork neck (“budola”), pork tenderloin and “Slavonska kobasica”
were smoked in traditional smokehouse and in an industrial chamber to see
variations and influence of different smoking type on chemical contaminants
content (Kartalovi¢ et al., 2020; Mastanjevi¢ et al., 2020). “Slavonska kobasi-
ca” contained BaP above 5 ug/kg in 4 samples and PAH4 level above 30 pg/
kg in 3 samples, meaning they were not in accordance with EU regulation
(Mastanjevi¢ et al., 2020). There are ways to apply traditional smoking but with
the use of certain filters. In the investigations conducted by Babi¢ et al. (2018a,
2018b) samples of common carp meat were smoked in traditional conditions
using different filters. The zeolite filter appeared to be the best one solution
through traditional production of smoked common carp meat. The casing
type, especially for sausages is also an important way of the PAHs reduction.
Mastanjevi¢ et al. (2020) found that higher total content of the 16 PAHs in
sausages stuffed in natural casings than those in collagen casings. Semanova
et al. (2016) proved the migration of PAHs from smoked sausages to LDPE,
where the total PAH4 content decreased from 30.1 to 5.7 pg/kg, during 180
min of interaction with packaging material, proving that packaging type and
length of storage also may have an important impact on PAH reduction. Direct
smoking when a kiln is placed directly below food during the drying process is
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still the most commonly used technique. Homemade smokehouses are mostly
handmade according to the needs and capabilities of the producer. Traditional
smoked meat products are not under monitoring and there is no strict regu-
lation of product variables (type of raw materials, additives, smoking condi-
tions, relative humidity etc.). The production processes (smoking, drying and
ripening) of the homemade traditional smoked products takes from one to
three months. One of the most important problems in traditional smoking in
households is the deposition of char particles and more volatile compounds
on the surface of meat products, which results in penetration from the surface
area toward inner part of smoked meat products during the storage period
(Kartalovi¢ et al., 2022). The amount of PAH4 in smoked samples subjected to
traditional smoking highly exceeded maximum limits set by the EU by up to
10 times (Pulji¢ et al., 2019). The consumption of this kind of smoked products
can be potentially harmful to consumers’ health and that is the reason why
the “as low as reasonably achievable” (ALARA) principle is in force in all EU
countries. On the other hand, the amounts of the PAH4 in all smoked samples
subjected to industrial smoking processes were below the limit of quantifica-
tion (Pulji¢ et al., 2019). PAH reduction in smoked products can also be af-
fected by the distance between the fire and the product. Dry fermented beef
sausages smoked in traditional condition at distance of 2 m from the smoke
sours (kiln) had significantly higher contents of 16 PAHs and PAH4 than the
sausages smoked at distance of 4-5 m (Skaljac et al., 2023). When errors in the
smoking process occur, the rinsing method should be considered in home-
made manufacturing, in order to obtain safe products (Vranesevi¢ et al., 2022).

REGULATIONS

The monitoring of PAHs has been strongly recommended by the European
Union, as well as regulations by the Republic of Serbia. BaP and PAH4 (BaP,
Chr, BaA and BbF) were chosen as a marker for the occurrence and effects
of carcinogenic PAHs in food. Maximum level for BaP is 2 ug/kg and for the
sum of PAH4 is 12 pug/kg (Commission Regulation (EU) No 915/2023; Official
Gazette of the Republic of Serbia, 81/2019, 126/2020, 90/2021, 118/2021 and
127/2022).

Despite the application of GHP and GMP and HACCP to the possible ex-
tent, the current maximum levels for PAHs are not achievable in several EU
Member States in certain traditionally smoked meats and meat products and
traditionally smoked fish and fish products, where smoking practices cannot
be altered without changing significantly the organoleptic characteristics of
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the food. In order not to close many small and medium size enterprises in
Croatia, Ireland, Spain, Poland, Latvia, Cyprus, Sweden, Finland, Portugal and
Slovakia, a derogation for local production and consumption is maintained
without a time limit for certain traditionally smoked products (meat, meat
products, fish and fish products) only in those Member States, namely 5 pg/kg
for BaP and 30 pg/kg for PAH4 (Commission Regulation (EU) No 915/2023).

Allowed levels of BaP and PAH4 for muscle meat of most smoked fish and
smoked fish products including smoked crustaceans, crabs and crab-like crus-
taceans are 2 and 12.0 pg/kg, respectively. Similar to European Union legisla-
tion for meat products, the EU (Commission Regulation (EU) No1255/2020)
allowed Latvia, Finland and Sweden to place some traditional fish and fishery
products, smoked and market in their territory, with the BaP content level
lower than 5.0 pg/kg and PAH4 level lower than 30 pg/kg.

CONCLUSION

There are many techniques for quantification of PAHs. Gas chromatog-
raphy-mass spectrometry (GC-MS), which has limited level of LOQ, is most
commonly used, including studies that we have conducted. Our activities today
are directed towards the improvement of knowledge of the sensitive detection
methods for PAHs in each particular smoked food type which would consider-
ably help consumers to avoid the risk associated with PAHs consumption. In
order to decrease the level of PAHs and reduce the risk of PAHs occurrence in
smoked meat products, traditional producers should be educated how to use
the improved/novel smoking techniques and adjust the smoking parameters.
This should result in safer smoked meat products. The results of conducted
studies call for a need to monitor PAHs in traditional smoked products. In ad-
dition, likely revision of the existing rulebook for traditional smoked products
might also be necessary.
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Abstract

A cross-sectional study was conducted in order to determine the preva-
lence of Toxocara canis, potential risk factors, and knowledge, attitude, and
practices in Bishoftu, central Ethiopia. Fecal samples were taken from 300
randomly selected dogs of different sex, age group, breeds, and diarrheal
status. The samples were processed using a flotation technique to detect
the eggs of Toxocara canis. The current result revealed an overall preva-
lence of 32.33% (95% CI: 27.07 - 37.95) of Toxocara canis. The prevalence
of the disease was 30.30% (95% CI: 22.61 - 38.90), 31.06% (95% CI: 23.30
- 39.70), and 44.44% (95% CI: 27.94 - 61.90) in young, adult and older dogs,
respectively. The prevalence of Toxocara canis was 32.43% (95% CI: 26.77 -
38.50) and 31.71% (95% CI: 18.08 - 48.09) in female and male dogs, respec-
tively. The present findings indicated that there were statistically significant
links between the prevalence of Toxocara canis regarding dog breeds and
diarrheal status (p < 0.05). The prevalence was higher in German Shep-
herd breed dogs (56.52%; 95% CI: 34.49 - 76.81) than in local dog breeds
(30.32%; 95% CI: 24.97 - 36.11). The prevalence of the disease was higher
in diarrheic dogs (46.48%; 95% CI: 34.55 - 58.71) than in non-diarrheic
dogs (27.95%; 95% CI: 22.24 - 34.24). The knowledge, attitude, and prac-
tice assessment in the present study indicated poor dog management prac-
tices and insufficient public awareness. Most dog owners (56.7%; 95% CI:
50.85 - 62.35) did not deworm their dogs regularly, while 90.67% (95% CI:
86.79 - 93.71) fed dogs raw animal products. The present finding indicated
that most respondents were not aware of zoonotic canine parasites (83.7%;
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95% CI: 81.18 - 89.43) and toxocariasis (80.7%; 95% CI: 75.74 - 84.98). This
study demonstrates a higher prevalence of Toxocara canis and lower public
awareness about the disease. Therefore, this study recommends strategic
deworming of dogs, better dog management, and increased public aware-
ness in order to control the impact of the disease on animal and human
health.

Key words: Attitude, Bishoftu, Dog, KAP, Prevalence, Toxocara canis,
Zoonosis

PREVALENCIJA TOKSOCARA CANIS I PROCENA

ZNAN]JA, STAVA 1 PRAKSE ZAJEDNICE U
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U BiSoftu, centralna Etiopija, izvr§ena je studija preseka sa ciljem da se
odredi rasprostranjenost Toxocara canis, potencijalni faktori rizika, kao i
da se utvrdi kakav je stav javnosti, praksa drzanja pasa i stepen informisa-
nosti kada je u pitanju ovaj parazit. Uzeti su uzorci fecesa od 300 nasumi¢no
izabranih pasa razli¢itog pola, starosti, rase i ucestalosti pojave dijareje. Ovi
uzorci su obradeni putem tehnike flotacije kako bi se detektovala jajaca
Toxocara canis. Dobijeni rezultat je pokazao prevalenciju od 32.33% (95%
CI: 27.07 - 37.95) Toxocara canis. Prevalencija je bila: 30.30% (95% CI: 22.61
- 38.90) kod mladih, 31.06% (95% CI: 23.30 - 39.70) kod odraslih i 44.44%
(95% CI: 27.94 - 61.90) kod starijih pasa. Prevalencija Toxocara canis je bila
32.43% (95% CI: 26.77 - 38.50) kod pasa zenskog pola i 31.71% (95% CI:
18.08 - 48.09) kod pasa muskog pola. Dobijeni rezultati pokazuju da je bilo
znacajnih statistickih razlika izmedu prevalencije Toxocara canis kada je u
pitanju rasa pasa i ucestalost pojave dijareje (p < 0.05). Prevalencija je bila
veca kod nemackog ov¢ara (56.52%; 95% CI: 34.49 - 76.81) nego kod loka-
Inih rasa pasa (30.32%; 95% CI: 24.97 - 36.11). Rasprostranjenost ove boles-
ti bila je veca i kod pasa sa dijarejom (46.48%; 95% CI: 34.55 - 58.71) nego
kod pasa koji nisu imali dijareju (27.95%; 95% CI: 22.24 - 34.24). Kada su
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u pitanju informisanost, stav i praksa drzanja pasa, ova studija je pokazala
da je nac¢in drzanja pasa neadekvatan i da javnost nije dovoljno informisana
o ovom parazitu. Veéina vlasnika (56.7%; 95% CI: 50.85 - 62.35) ne vrsi re-
dovno ¢is¢enje pasa od parazita, dok 90.67% (95% CI: 86.79 - 93.71) hrani
pse sirovim namirnicama zivotinjskog porekla. Studija pokazuje i da ve¢ina
ispitanika nije ¢ula za zoonotske parazite kod pasa (83.7%; 95% CI: 81.18
- 89.43) i toksokariozu (80.7%; 95% CI: 75.74 - 84.98). Studija pokazuje
visoku prevalenciju Toxocara canis kao i nedovoljnu informisanost javnosti
0 ovoj bolesti. Stoga se preporucuje ¢i$¢enje pasa od parazita, bolji uslovi
drzanja pasa kao i podizanje svesti javnosti o ovom problemu kako bi se
kontrolisao uticaj bolesti na zdravlje Zivotinja i ljudi.

Kljucne reci: stav, BiSoftu, pas, informisanost, stav i praksa, prevalen-
cija, Toxocara canis, zoonoze

INTRODUCTION

Pet animals play a significant role in society worldwide. They are important
companions, contributing to the physical, social, and emotional well-being of
their owners, especially children. It has been reported that pet owners visit
their doctor less often, use fewer medications, and have lower blood pressure
and cholesterol levels than non-pet owners (Martins et al., 2023). Dogs are the
most sociable canids, adapted to human habitation worldwide. Although they
offer significant benefits to many people, dogs can be a potential public health
risk, since natural transmission of parasitic infections from dogs to humans
may occur, either directly or indirectly through environmental factors (Rob-
ertson et al., 2000). Dogs are definitive hosts for several enteric parasites with
zoonotic importance, among which Toxocara canis is the one that is regarded
as the most common (Khante et al., 2009; Soriano et al., 2010).

Toxocariasis is a zoonotic disease caused by the larval stage of Toxocara
canis (T. canis) which is the common roundworm living in the intestines of
almost all animal species and humans. It is also found in a larval form in the
tissues of all these animals (Despommier, 2003). It is a cosmopolitan parasite
of canines and the major agent of human toxocariasis causing serious health
problems in many countries (Fan et al., 2003). Epidemiological studies indi-
cated that the prevalence of T. canis infection was 9.5% in Brazil (Mundim et
al., 2001), 3.1% in North Central Colorado, USA (Hackett and Lappin, 2003),
8.5% in the Netherlands (Nobel et al., 2004), and 21% in central Ethiopia
(Yacob et al., 2007). Mature T. canis nematodes live in dogs™ intestines (the
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definitive hosts) and produce large numbers of unembryonated eggs that are
excreted in the feces. It is a potential source of environmental contamination
posing a high risk of infection for healthy dogs and people (Fahrion et al.,
2008). These eggs are not immediately infectious; they develop to the infective
stage (third-stage larvae) in the environment. Survival and development are
affected by both temperature and exposure to moisture. Although many eggs
may no longer be viable after 6 months, some can survive in the soil for a year
or more (Himsworth et al., 2010).

Dogs can become infected by ingesting embryonated eggs from the envi-
ronment, through the transplacental route in the uterus, larvae in their dam’s
milk, or the tissue of paratenic hosts. Humans get infected by ingestion of em-
bryonated eggs either from the soil, dirty hands, raw fruits and vegetables, or
larvae from undercooked meat of paratenic hosts. T. canis infection in humans
can cause symptoms related to the internal organs (visceral larva migrans), eye
(ocular larva migrans), or brain (cerebral larva migrans) due to larva migra-
tion (Despommier, 2003). Currently, there is an increase in the dog population
in both urban and rural settlements in developing countries due to the use of
dogs for security, hunting, and other recreational activities (Ceballos et al.,
2014). Even though some dogs are looked after adequately, many communities
still have large populations of stray domestic dogs without control and with
little or no access to veterinary care. The increase in the freely roaming dog
population leads to environmental contamination with dog faeces, which is a
potential risk for dogs and public health due to the possibility of transmission
of zoonotic parasites (Chomel and Ben, 2011).

T. canis is a highly prevalent disease in Ethiopia, with both animal and
public health implications (Dubie et al., 2023; Yacob et al., 2007). However,
epidemiology of the disease and the awareness of the public are inadequately
comprehended in Bishoftu, central Ethiopia. Studies that generate basic infor-
mation on the level of disease, environmental contamination by parasitic eggs,
and human awareness are prerequisites and have significant roles in the effec-
tive prevention and control of T. canis. Moreover, understanding communities’
perceptions towards dog husbandry, contact with pets, and knowledge about
zoonotic disease are important steps towards the development and implemen-
tation of appropriate disease prevention and control strategies. Therefore, the
objectives of this study were to determine the prevalence of T. canis infection
in dogs, identify putative risk factors, and to assess the communities’ knowl-
edge, attitude, and practices regarding dog management practices, zoonotic
canine parasitic diseases, and their public health implications in Bishoftu, cen-
tral Ethiopia.
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MATERIAL AND METHODS
Description of the study area

The study was conducted in Bishoftu, a town in central Ethiopia located
in Oromia National Regional State, East Shewa Zone, located 47 kilometers
southeast of Addis Ababa (Figure 1) at latitude and longitude of 8°35°’N and
40°E with an elevation 1860 meters above sea level. It is the administrative
center of Ade’a woreda. It experiences bimodal patterns of Rainfall with the
main rainy season extending from June to September with an average rainfall
of about 880 mm. The mean annual minimum and maximum temperatures
are 12.3°Cand 27.7 °C, respectively with an average of 20 °C. The mean rela-
tive humidity is 61.3% (Yemenu and Chemeda, 2010).

Oromia -

Regional/Boundaries

0 2.75 5.5 1
km

Legend

B Bishoftu Town
Oromia Region
I Ethiopian Regions

Figure 1: Map of Bishoftu town in central Ethiopia
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Study design

A cross-sectional study was conducted in order to determine the preva-
lence of T. canis infection in dogs and assessment of knowledge, attitude, and
practice of the community in the study area through the processing of fecal
samples that were collected from randomly selected houses and a question-
naire survey.

Study Animals

The dog populations in the selected households of Bishoftu town were
used as the study animals. Furthermore, interviews were conducted with dog
owners to gauge their knowledge, attitudes, and perceptions regarding disease
prevention and control strategies, as well as the zoonotic significance within
the community. During the sampling period, health care, feeding and watering
practice, dog handling, hygienic conditions, contact between people and dogs
and other related information was recorded using a semi-structured question-
naire.

Sampling method and sample size determination

Simple random sampling method was the sampling technique used to se-
lect dogs for sampling of feces and the sample size included all dogs in random-
ly selected houses. The sample size was determined using the formula given by
Thrusfield (2005), with a level of confidence of 95% and absolute precision of
5%. For the sample size determination, prevalence of 21% was used according
to the study conducted by (Yacob et al., 2007) in the study area. Therefore, the
required sample number was 255. However, the study was conducted on 300
dogs, with the aim to increase the accuracy of the result.

Sample collection

Fresh fecal samples weighing about 20 g were collected from each dog’s
rectum using disposable examination gloves. The samples were put in a sepa-
rate plastic container and the sampling containers were labeled with the nec-
essary information (breed, sex and age, fecal consistency). The samples were
then transferred to an ice box, and immediately taken to Addis Ababa Univer-
sity College of Veterinary Medicine Parasitology Laboratory for processing.
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Laboratory Diagnosis

Coprological examination for the detection of T. canis eggs was performed
using simple floatation techniques. The flotation fluid was prepared by taking
400 g of sodium chloride (NaCl) into to1000 mL of tap water and stirring to
dissolve the salt crystals (Awoke et al., 2011). About 3 gm of the fecal sample
was placed into a mortar and crushed, then diluted with 45 mL flotation solu-
tion. The sample was then filtered into a beaker using a sieve, then the filtrate
was poured into a clean test tube and after that a cover slip was placed on the
filled test tube and left to stand for 20 minutes. The cover slip was later trans-
ferred onto a glass slide and examined under a microscope for separation of T.
canis eggs in the sample based on their morphological characteristics accord-
ing to Hendrix and Sirois (2007) and Kim et al. (2020).

Questionnaire survey for KAP assessment

Dog owners were interviewed about the knowledge, attitude, and practices
of the community when it comes to disease prevention and control strategies
and their zoonotic importance. During the sampling period, health care, feed-
ing and watering practices, dog handling, hygienic conditions, contact be-
tween people and dogs and other related information was recorded using a
semi-structured questionnaire.

Data management and analysis

The data collected from the field and parasitological investigations were
entered into a Microsoft Excel spreadsheet. The imported data included the
results of the questionnaire survey, putative risk factors, and the laboratory
results of the disease status. The data was then checked and coded properly.
The data was analyzed using STATA statistical software (Stata-SE version 14),
and the results were presented in tabulated and frequency distribution tables.
Descriptive statistics were used to summarize the KAP survey. The chi-square
test was used to determine the association between presumed risk factors and
the prevalence of T. canis infection. The potential factors were considered sta-
tistically significant factors of T. canis when the p-value was lower than 0.05 at
a 95% CI.
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RESULTS
Prevalence of Toxocara canis and associated risk factors

A total of 300 dogs (259 males and 41 females) were examined. Out of
these, 97 dogs were found positive for Toxocara canis. The overall prevalence
of T. canis in those dogs was found to be 32.3% (95% CI: 27.07 - 37.95). The
current finding revealed that old dogs were more affected with T. canis than
other age groups (Table 1). Out of the 36 examined old dogs, 16 dogs (44.4%)
were infected with T. canis, whereas from the 132 young and 132 adult dogs 40
(30.3%) and 41 (31.1%) dogs were infected with T. canis, respectively.

Table 1. The prevalence of T. canis among dogs with different age categories

Age ex;rr(l);i?ﬂe d Positives P(l;&;/ozlecnlc)e p-value | X?
< lyear 132 40 (22.6310;3;)8.90) 0.252 | 2.760
1 -7 years 132 41 (23.322)1:0369.70)
?Xe ' 36 16 (27.9%14;464 1.90)
Total 300 97 (27‘0372:3;7.95)

The prevalence of T. canis in male and female dogs was 84 (32.4%) and 13
(31.7%), respectively, as shown in Table 2. However, there was no significant
difference in the prevalence of the disease between male and female dogs (p >
0.05). There was a significant link between the prevalence of T. canis and dog
breed (p < 0.05). The prevalence of the disease was 30.3% (95% CI: 24.97 -
36.11) in local and 56.5% (95% CI: 34.49 - 76.81) in German Shepherd breed
dogs (Table 3).
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Table 2: Prevalence of T. canis between male and female dogs

Sex ex:r(r):iie d Positives P(g:;zl?se p-value X2
Male 259 84 (26.7372:4338.50) 0.927 0.009
Female 41 13 (18.03;31:7418.09)

Total 300 97 (27.0372:3:7.95)
Table 3: Prevalence of T. canis on local and German Shepherd dog breeds

Breed ex;rr(:iie d Positives P(rge;f (;01 ecnse p-value | X2
Local 277 84 (24.9370:3326.1 1 0.010 | 6.661
glirp)r?lilrld > b (5449 - 7631)

Total 500 7 (27.0372:33?7.95)

The present study indicated that the presence of diarrhea was significantly

associated with T. canis infection of dogs (p < 0.05). The dogs with diarrhea
were more affected with the disease than dogs without clinical diarrhea. The
present finding showed that the prevalence of the parasite was 46.5% (95%
CI: 34.55 - 58.71) in diarrheic dogs and 27.9% (95% CI: 22.24 - 34.24) in non-
diarrheic dogs as stated in Table 4.

Table 4: Prevalence of T. canis by fecal consistency among diarrheic and non-diarrhe-

ic dogs

Ff:cal Tot.al Positives Prevalence pvalue | X2
consistency | examined (95% CI)
Diarrheic 71 33 (34.5426:458'71) 0.004 | 8.507
Non-diarrheic 229 64 22. 2247:9; 4.24)
Total 300 97 (27.0372;3;7.95)
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Knowledge, attitude, and practice assessment

Regarding knowledge, attitude, and practice of the public, the study
showed that of 300 dog owners, 184 (61.3%) kept dogs for security purposes,
62 (20.7%) as a pet and 54 (18%) for both security purposes and as a pet. Of
300 dog owners, 74% (95% CI: 68.65 - 78.87) provided a house for their dogs
and 78 (26%) did not provide any shelter for their dogs. The majority of owners
170 (56.7%) did not take their dogs to the veterinary clinic for deworming on
a regular basis and only 130 (43.3%) owners dewormed their dogs regularly.
Most of the owners 60.7% (95% CI: 54.89 - 66.23) clean their dogs’ houses
(Table 5).

Table 5: Knowledge, attitude, and practice of the respondents on pet husbandry

Variables spondents omCD
Purpose of dog keeping

Security 184 61.3 (55.57-66.87)
Hobby 62 20.7 (16.23-25.70)
Both 54 18.0 (13.82-22.82)
Does your dog have a house?

Yes 222 74.0 (68.65-78.87)
No 78 26.0 (21.13-31.35)
Is your dog dewormed regularly?

Yes 130 43.3 (37.65-49.15)
No 170 56.7 (50.85-62.35)

Do you keep the dog and its house clean?

Dog is washed and the

house is cleaned 102 34.0 (28.65-39.67)
The house is washed and cleaned 16 5.3 (3.08-8.52)
Only house cleaned only 182 60.70 (54.89-66.23)
Where does your dog defecate?

Inside the house 41 13.7 (9.99-18.08)
Outside the compound 205 68.3 (62.74-73.56)
Anywhere within and out- 54 18.0 (13.82-22.82)

side the compound
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Variables pondens___ oon D).
What is the dog’s waste disposal site?

Municipal garbage site 154 51.3 (45.52-57.12)
Along the roadsides 146 48.7 (42.88-54.48)
Is your dog tied permanently?

Yes 46 15.3 (11.45-19.92)
No 254 84.7 (80.08-88.55)
What do you feed your dog?

Raw meat 110 36.7 (31.20-42.40)
Cooked meat 18 6.0 (3.59-9.32)
Household leftovers 10 3.3 (1.61-6.04)
Raw meat and household leftovers 162 54.0 (48.18-59.74)
How do you feed your dog?

On the floor 60 20 (15.62-24.98)
In a bowl 240 80.0 (75.02-84.38)
Does your dog have access to the outdoors?

Yes 265 88.3 (84.15-91.74)
No 35 11.7 (8.26-15.85)

Most dog owners (54%; 95% CI: 48.18 - 59.74) fed raw meat and household
leftovers to their dogs -110 (36.7) of them fed only raw meat, 18 (36%) of dog
owners fed their dogs cooked meat, while 10 (3.3%) of them fed only house-
hold leftovers. The majority of dogs (68.3%) defecated outside the compound;
41 (13.7%) dogs defecated in their house while 54 (18%) dogs defecated every-
where. In total 154 (51.3%) dog owners disposed of waste from the doghouse
to the municipal landfill and 146 (48.7%) disposed of waste along roadsides.
The majority of dog owners (80%) provided feed to their dogs in a bowl and
88.3% (95% CI: 84.15 - 91.74) eat outdoors (Table 5).

The present finding indicated that 93.3% (95% CI: 89.89 - 95.88) of the
respondents have children, whereas 35 (11.7%) do not have children in their
homes. The finding indicated that 53.7% (95% CI: 47.84 - 59.42) of the re-
spondents and their families had experienced close contact with their dogs
and 27% of them stated that there was a contact between their dogs and only
their children, whereas 19.3% of them had no contact with their dogs and fam-
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ily at all. Similarly, 247 (82.3%) respondents reported that their children play
in their compound and 40 of them stated that their children play on the road-
sides, while 13 (4.3%) of children play everywhere (Table 6).

Table 6: Zoonotic disease, sanitation, and pet contact related attitude and knowledge
of the respondents

Variables spondenss (om D
Are children presence?

Yes 280 93.3 (89.89-95.88)
No 20 6.7 (4.12-10.11)
Dog Contact History

No contact with children 58 19.3 (15.02-24.26)
Very close contact with all of us 161 53.7 (47.84-59.42)
The dog only plays with children 81 27 (22.06-32.40)
Children’s playing areas

In the compound 247 82.3 (77.54-86.48)
On the roadsides 40 13.3(9.70-17.71)
Anywhere 13 4.3 (2.33-7.30)
Do the children bite their nails?

Yes 242 80.7 (75.74-84.98)
No 58 19.3 (15.02-24.26)
Do children wash their hands before a meal?

Yes 281 93.7 (90.29-96.14)
No 19 6.3 (3.86-9.71)
What type of food do you feed your children?

Raw vegetables 11 3.7 (1.84-6.47)
Only cooked foods 289 96.3 (93.53-98.16)
Do you know that parasitic diseases are transmitted from dog to human?
Yes 49 16.3 (12.33-21.01)
No 257 83.7(81.18-89.43)
Have you heard of toxocariasis?

Yes 58 19.3 (15.02-24.26)
No 242 80.7 (75.74-84.98)
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Regarding the hand-washing practice of their children before meals, the
finding indicated that handwashing was practiced by 93.7% (95% CI: 90.29
- 96.14) of the respondents, and 6.3% of the respondents never wash their chil-
dren’s hands. The respondents indicated that 3.7% fed their children raw veg-
etables, whereas 96.3% of respondents fed their children only cooked foods.
The level of awareness of the community on parasitic diseases indicated that
83.7% of them didn’t know that parasitic diseases can be transmitted from
dogs to humans, whereas 19.3% of respondents were aware of the fact that
parasitic diseases can be transmitted from dogs to humans, and 80.7% (95%
CI: 75.74 - 84.98) of them do not have information about the disease toxoca-
riasis (Table 6).

DISCUSSION

The present study found a higher prevalence of T. canis in Bishoftu, central
Ethiopia. Coprological examination of 300 samples revealed that the overall
prevalence of T. canis was 32.3% (95% CI: 27.07 - 37.95). The finding regarding
the prevalence of T. canis in the current study was in line with the studies that
reported 39.79% in Bahir Dar (Abere et al., 2013), 38.8% in Hawassa (Dejene et
al., 2013), and 36.6% in Ilam province (Alimohammad et al., 2011). However,
this finding was higher than in the studies that reported 21% in Central Ethio-
pia (Yacob et al.,, 2007), 17.1% in Ambo (Endrias et al., 2010), 4.2% in Canada
(Jofte etal., 2011), 7.9% in South Africa (Mukaratirwa and Singh, 2010), 5.54%
in Brazil (Oliveira-Sequeira et al., 2002), 3.8% in India (Keshaw et al., 2016),
13.7% in Tanzania (Swai et al., 2010) and 26.6% in Bahir Dar (Zelalem and
Mekonnen, 2012). A higher prevalence of T. canis in the present study might
be due to the widespread parasites, poor management and feeding systems of
the dogs, ecological factors required for the biology of the parasites, season of
study, size of taken samples, and public awareness regarding dog health care.

The present study revealed that there was no statistically significant dif-
ference (p > 0.05) in the prevalence of the disease among age groups, but old
dogs were more affected than other age groups. Similarly, Endrias et al. (2010)
and Dubie et al. (2023) reported insignificant association of T. canis with age
categories. The higher prevalence of the disease in older dogs might be due to
the higher chance of exposure to contaminated feed or environment, the geri-
atric body defense system, and poor management systems. Accordingly, there
was no significant difference (p > 0.05) observed in the prevalence of T. canis
between male and female dogs. Likewise, several studies also reported that sex
was not significantly associated with T. canis infection (Alimohammad et al.,
2011; Dubie et al., 2023). The similarity in the prevalence of T. canis in female
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and male dogs might be due to similar management practices for both sexes.

The present study revealed a statistically significant difference (p < 0.05) in
the prevalence of T. canis between local and German Shepherd dog breeds. In
line with this finding, Abere et al. (2013) reported significant difference in the
prevalence of the disease among dog breeds. This difference might be due to
the resistance of local breeds or adaptation to the endemic parasites because
of frequent exposure. The finding of the present study indicated a significant
difference in the prevalence of T. canis between diarrheic and non-diarrheic
dogs. Similarly, studies revealed that the presence of diarrhea was significantly
associated with T. canis infection (Zelalem and Mekonnen, 2012). The findings
suggested that T. canis should receive appropriate attention and consideration
in the diagnosis of canine diarrhea.

The questionnaire survey revealed poor dog management practices and
lower awareness of the public on zoonotic canine parasitic diseases. The pre-
sent study showed that most dog owners clean only the dog’s house and do
not keep the hygiene of their dogs. Accordingly, most owners do not take their
dogs to veterinary clinics for deworming on a regular basis. Similarly, several
studies (Holland, 2017; Schwartz et al., 2021; Abadilla and Paller, 2022) re-
ported poor dog management, absence of or infrequent dog deworming, and
poor hygiene. The majority of dogs were fed household leftovers and raw ani-
mal products that can certainly lead to exposure to helminth infections. In line
with this, Finley et al. (2008) stated the increasing provision of raw feed to dogs
is a major potential source of zoonotic pathogens. The present study revealed
that most dogs defecate outside the compound anywhere. The present findings
and several studies indicated poor pet management practices and lower public
awareness in most developing countries.

The present study revealed that over 50% of the children and their families
had close contact with their dogs. The present finding was similar to a previous
study in the Netherlands (Overgaauw et al., 2009). The findings imply a high
risk of contracting zoonotic parasitic diseases from dogs. Hygienic practices
such as hand washing after contact with dogs were practiced in most homes
with dogs. In line with this finding, Stull et al. (2013) stated that owners who
are not concerned about the hygienic status of their dog, should be washing
their hands regularly. However, Overgaauw et al. (2009) reported that most
dog owners wash their hands less frequently after a contact with their dogs.
Hand hygiene plays a significant role in preventing and reducing the risk of
zoonotic infections, such as toxocariasis, especially in developing countries.

The present study indicated that most dog owners (83.7%; 95% CI: 81.18 -
89.43) had poor knowledge about the zoonotic transmission of canine parasit-
ic diseases. In line with this finding, a study conducted in Hawassa showed that
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97% of the respondents were not aware of zoonotic canine parasitic diseases
(Dejene et al., 2013). In another study in Ambo, 55.7% of the owners had no
knowledge about the role of dogs in transmitting diseases to humans (Endrias
etal., 2010). Accordingly, most dog owners (80.7%; 95% CI: 75.74 - 84.98) had
no awareness about the disease toxocariasis. Similarly, several studies (Kanta-
rakia et al., 2020; Tamiru et al., 2022; Ntampaka et al., 2022) reported lower
public awareness on toxocariasis and its zoonotic transmission. The present
study indicated lower public awareness of zoonotic canine parasitic diseases.
Awareness about the risk of zoonotic diseases such as toxocariasis is a pre-
requisite for effective disease prevention, hygienic practices, and better dog
management practices.

CONCLUSION

The present study revealed a widespread distribution of T. canis infection
in dogs in Bishoftu, central Ethiopia. The study identified that dog breeds and
the presence of diarrhea were significantly associated with the prevalence of T.
canis. The prevalence of the disease was higher in German Shepherd dog breed
and in dogs with the clinical diarrhea. The knowledge, attitude, and practices
assessment indicated poor dog management and lower hygienic practices.
Most dogs were fed raw animal products, they defecated everywhere, and were
not dewormed regularly. The awareness of the public about zoonotic canine
parasitic diseases and toxocariasis was lower. The current higher prevalence
of T. canis in dogs and the lower public awareness of the disease in Bishoftu
in central Ethiopia call for the need for implementation of appropriate con-
trol and prevention measures. Therefore, this study recommends strategic
deworming of dogs against helminths, better dog management and hygienic
practices, and awareness of the community about zoonotic canine diseases and
sanitary measures to control the impact of the disease in animals and human
health.
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Abstract

Salmonella spp. is considered as a high-priority foodborne hazard for
control in wild boar meat. This comprehensive study about Salmonella spp.
in population of wild boars in Serbia was conducted with an aim to assess
the influence of hunting and dressing procedures on the spread of Salmo-
nella on wild boar carcasses and to examine the molecular similarities of
strains isolated from wild boars. Samples from wild boars from twelve hunt-
ing estates in South-West Vojvodina, Serbia, were taken from 425 hunted
animals, which was 25.3% of the total wild boar population in all hunting
estates. Three samples were taken from each animal’s skin swabs, feces, and
carcass meat swabs. A total of 1,275 samples were examined using stand-
ard ISO protocols. Subtyping of the isolates was performed and compared
using Pulsed-field gel electrophoresis (PFGE). Salmonella prevalence was
4.2%, and Salmonella Enteritidis was the dominant serotype (74.5%). Car-
cass meat contamination originated from the feces of the same animal. Two
or more entrance wounds, damage of the abdominal cavity caused by non-
expert shooting were factors found to increase Salmonella contamination
on the skin and/or on carcass meat. Rain during the hunting and practice of
diaphragm and peritoneum removal and the evisceration being performed
on the ground/floor or in hanging position did not lead to increase in Sal-
monella contamination on the meat. Although the determined prevalence
was not high in wild boars compared to farm pigs, it is possible that Sal-
monella entered the food chain through contaminated meat. Therefore, the
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importance of good hunting and hygiene practice in handling and dressing
wild boar carcasses should not be underestimated.

Keywords: wild boar, Salmonella, process hygiene, game meat, hunting
procedures

SALMONELLA KOD DIVLJIH SVINJA (SUS SCROEFA):

UTICAJ PROCEDURA LOVA I OBRADE
NA BEZBEDNOST MESA
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Smatra se da je Salmonella spp. visokoprioritetni patogen u kontroli
mesa divljih svinja. U ovom radu su prikazani rezultati obimnog istrazivanje
Salmonella spp. u populaciji divljih svinja u Srbiji koja su sprovedena sa
ciljem da se proceni uticaj procedura lova i obrade na $irenje Salmonella na
trupovima divljih svinja kao i da se utvrde molekularne sli¢nosti izolovanih
sojeva. Uzorci su uzeti iz 12 lovi$ta sa podrudja Jugoistoéne Vojvodine u
Srbiji, ukupno je uzorkovano 425 ulovljenih Zivotinja koje su u tom mo-
mentu ¢inile 25.3% ukupne populacije divljih svinja u lovistima. Sa svake
zivotinje su uzorkovana tri uzorka, bris koze, feces i bris trupa. Ukupno
je ispitano 1,275 uzoraka standardnim ISO protokolom. Subtipizacije je
izvr§ena primenom elektroforeze u pulsnom polju (PFGE). Utvrdena je
prevalenca Salmonella od 4.2%, dok je Salmonella Enteritidis je bila domi-
nantni serotip (74.5%). Takode, potvrdeno je da kontaminacija trupa potice
iz fecesa iste Zivotinje. Dve ili vi§e ulaznih rana i o$tecenje trbusne duplje
uzrokovano ne-ekspertskim pucanjem su faktori koji poveéavaju kontami-
naciju koze i trupa sa Salmonella spp. Ki$a tokom lova, praksa odstranji-
vanja dijafragme i periotneuma i evisceracija na terenu/podu ili u visecem
polozaju nisu doveli do rasta kontaminacije trupova sa Salmonella spp.
Iako utvrdena prevalenca kod divljih svinja nije velika u odnosu na farmski
uzgajane svinje i dalje postoji mogucnost ulaska Salmonella u lanac hrane
preko kontaminiranog mesa. Stoga ne treba potceniti znacaj dobre lovne i
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dobre higijenske prakse prilikom rukovanja i obrade trupova divljih svinja.
Kljucne reci: divlje svinje, Salmonella, higijena procesa, meso divljaci,
lovne procedure

INTRODUCTION

The European wild boar (Sus scrofa) is widely distributed in Europe, with
a consistently increasing population since the second half of the last century
(Massei et al., 2015). The biggest amount of game meat is consumed by hunters
and their families, up to 1-4 kg/year per capita (Ramanzin et al.,, 2010), while
its consumption is limited in the general population, 0.6-1.0 kg/year per capita
in Austria, France, Germany and Switzerland (Atanassova et al., 2008; Membré
et al., 2011). Consumers tend to follow trends of eating healthily (lower per-
centage of fat) and game meat is considered as a completely “natural” product
because animals are raised without intensive farming.

Game meat harvesting and processing differ significantly from classical live-
stock meat production and represents a challenge itself. Domestic animals raised
for food production in farm conditions are subject to regular veterinary health
control and official ante and post mortem inspection at slaughterhouses, while in
game species only post mortem examination is performed (Mirceta et al., 2017).
The game meat safety assurance and implementation of the concept “from forest
to fork” encompasses the following: the influence of hunting estate environment,
hunting and carcass dressing methods (including evisceration technique used),
meat inspection after shooting, transport to the dressing/chilling facilities, etc
(Petrovi¢ et al., 2014; Rodas et al., 2014; Mirceta et al., 2017).

Salmonella frequently occurs in various types of meat used for human con-
sumption and it is the most important pork meat pathogen in industrialized
countries (EFSA, 2010). Wildlife could be transmission and accumulation vec-
tor of Salmonella in contact with domestic animals, direct contact with hu-
mans and through meat of water birds and wild boars (Hilbert et al, 2012). To
the best of our knowledge, no outbreak of salmonellosis has ever been traced
to the consumption of wild boar meat. This might be due to the general low
consumption of game meat and/or the low incidence of Salmonella in wild
boar meat (Hilbert et al., 2012). It is considered that Salmonella is a relevant
biological hazard for hunted wild game animals, despite the fact that it is not
considered a priority (Gortazar et al., 2007). It is well known that some of the
hunting procedures for wild animals (such as skinning and carcass washing)
ultimately lead to an increase in contamination of the carcasses (Mirceta et
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al., 2017; Orsoni et al., 2020). Information on the influence of the hunting and
dressing processes on Salmonella presence on wild boar carcass meat from
Serbia is lacking.

A large study was conducted on the Salmonella in wild boars, with the first
part investigating its epidemiology, presence and distribution (Petrovi¢ et al.,
2022). The aim of this second study was to assess the influence of the hunting
and dressing process on the presence of Salmonella in wild boars. Molecular
technique (PFGE) was used to determine the source of Salmonella carcass con-
tamination by examination of molecular similarities of strains isolated from
different sampling sites of wild boars.

MATERIAL AND METHODS
Study area and animals

Wild boars that originated from twelve different hunting estates in the
region of South-West Vojvodina were examined in this study. Ten hunting
estates investigated were large, fenced hunting estates, while two were open
areas. Intensive management of wild boars for hunting purposes was used in
all twelve hunting estates. Intensive management in Vojvodina encompasses
habitat management to preserve the natural ecosystem, continuous monitor-
ing of health status, sampling of hunted and dead wild boars supplementary
feeding, and control of predators. The samples were collected during two hunt-
ing seasons (2013-2014) as part of a large project on pathogens occurring in
wild boars. Research on the prevalence of Salmonella was supposed to contin-
ue but had to be stopped due to the outbreak of African swine fever (Polacek et
al. 2021). The number of wild boars per hunting estate varied throughout the
season, but it was estimated to be 1,677, out of which 425 were sampled. This
was a representative sample, with 25.3% of the total wild boar population that
was present at the moment of hunting when sampling was conducted.

Hunting and sampling procedures

The hunts were performed by using “still hunting method” (fixed posi-
tions for shooting) and using rifle bullets. At the end of the hunt, animals
were usually collected and eviscerated either in the field at the collection point
or transported to a respective game handling establishment for evisceration
and dressing (not more than 2 hours). The sampling was conducted in win-
ter hunting seasons. The fecal samples were taken directly from the rectum,
approximately 50 g. Before sampling, sponge —swabs were moisturized with
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Maximum Recovery Diluent (10 ml). Swab samples were taken by swabbing
skin or carcass meat surface using the sponge-swab technique (Nasco Whirl-
Pak™ Speci-Sponge). Skin swab samples were collected immediately before
evisceration from approximately 1000 cm? of skin (lateral rump-perianal-
medial rump-flank-brisket-neck). Carcass meat surface samples were taken
shortly after the evisceration, and all other procedures were completed in no
more than 10 minutes. Four carcass meat sites corresponding to the previously
sampled skin (i.e. inner side of the rump and flank, thorax and brisket) were
sponge-swabbed using sterile square plastic templates, which delineated a 100
cm? area (in total, 400 cm?). In this study, samples from a total of 425 freshly
shot wild boars were collected, with three samples from each animal tested
for the presence of Salmonella spp.: skin swabs, feces, and carcass meat swabs
(1,275 samples in total). All samples were transported in a chill-bin with exter-
nal cooling system at 4°C to the laboratory within 3 h.

Microbiological procedure

The samples were stored at 4 °C and analyses were performed within 24
hours. Isolation of Salmonella was performed according to the ISO 6579:2002
sponge-swab samples and fecal samples procedures (Annex D) (ISO, 2002).
Producers of all bacteriological culture media were Biokar Diagnostics, France
and Oxoid, Ireland, except for Salmonella differential agar (Hi media, India).
Suspected colonies of Salmonella spp. were further confirmed using API 20
Enterobacteriaceae (API 20E) strips (bioMérieux, Marcy I'Etoile, France). Se-
rotyping was performed according to the CEN ISO/TR 6579-3:2014 (ISO,
2014) with commercial antisera (Institute of Public Health of Serbia “Dr Milan
Jovanovi¢ Batut”, Belgrade).

Characterization of isolated Salmonella strains

In order to investigate the possible source of Salmonella contamination
isolates from different sampling sites of wild boars (n = 20; feces = 13, carcass
=5, skin = 2 - Table 1), subtyping of the isolates was performed and compared
by pulsed-field gel electrophoresis (PFGE). Salmonella isolates were genotyped
by applying the Standardized Laboratory Protocol for Molecular Subtyping
of Salmonella by PFGE method (CDC, 2013). The macro-restriction of the
genomic DNA was done with the Spel and Xbal restriction enzymes. The mac-
ro-restriction of the Salmonella Braenderup H9812 strain was used as a mo-
lecular size standard. The obtained profiles were statistically analyzed by using
Ward’s linkage of correlation coefficients between PFGE patterns of different
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genotypes using the SPSS cluster analysis software (IBM Corp. Released 2012.
IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.).
Hierarchical cluster analysis was performed in order to group serotypes with
similar PFGE patterns resulting in a dendrogram (Zou et al., 2010). Length of
the lines between serotypes shows similarities between serotypes. The shorter
the length, the more similar the serotypes are. Distances between serotypes
(from 0 to 25) reflect differences between clusters.

Table 1: List of isolates examined by PFGE

Isolate  Sampling site Hunting Group Salmonella
Sign estate

312 Feces C B S. Typhimurium
313 Skin E B S. Typhimurium
320 Feces I B S. Typhimurium
321 Carcass I B S. Typhimurium
344 Feces D B S. Typhimurium
346 Feces D B S. Typhimurium
317 Feces G D S. Enteritidis
319 Carcass I D S. Enteritidis
333 Feces D D S. Enteritidis
336 Feces D D S. Enteritidis
354 Feces D D S. Enteritidis
355 Feces D D S. Enteritidis
358 Feces D D S. Enteritidis
375 Feces E D S. Enteritidis
376 Feces E D S. Enteritidis
246 Carcass K D S. Enteritidis
248 Carcass K D S. Enteritidis
249 Carcass K D S. Enteritidis
254 Skin K D S. Enteritidis
318 Feces E C S. Infantis

Data analyses

The prevalence of Salmonella, X2 square test and p value were calculated
using IBM SPSS Statistics 20 (IBM, Armonk, NY, USA). The results of the
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statistical tests were considered significant at p<0.05. Different hunting and
dressing procedures that may have an impact on Salmonella prevalence were
investigated. These included the following: 1. rainfall during the hunting, 2. the
number of entrance wounds, 3. damage to the abdominal cavity, 4. the practice
of removal of diaphragm and peritoneum, 5. the evisceration on the ground
or in hanging position, 6. the order in which an animal was killed during the
hunting day; and 7. the location where Salmonella spp. was found - skin, car-
cass meat and/or feces.

RESULTS
Prevalence of Salmonella spp. in wild boars

Table 2 presents overall data, including the epidemiological part of the
study as well as Salmonella findings in feces (Petrovic et al., 2022).

Table 2: Prevalence of Salmonella in each hunting estate (HE): prevalence in animals
and positive samples

. Examined  Salmonella Salmonella isolates
. No of ani- . - . .
Hunting mals in HE animals positive (% of examined animals)
estates (% of popu- animals . carcass  lymph 5
per year . skin feces
lation) (prevalence %) meat node
A 180 63 (35.0) 2(3.2) 0 0 0 2(3.2)
B 160 26 (16.3) 0 0 0 0 0
C 210 59 (28.1) 1(1.7) 0 0 0 1(1.7)
D 82 12 (14.6) 4(33.3) 0 0 0  4(33.3)
E 340 66 (19.4) 2 (3.0) 1(1.5) 0 0 1(1.5)
F 210 57 (27.1) 1(1.8) 0 0 0 1(1.8)
G 150 48 (32.0) 1(2.1) 0 0 0 1(2.1)
H 220 26 (11.8) 0 0 0 0 0
I 55 32 (58.2) 2 (6.3) 0 2 (6.3) 0 1(3.1)
] 20 10 (50.0) 0 0 0 0 0
K! 35 15 (42.9) 5(33.3) 2(133) 2(133) 1(6.7) 2(13.3)
L 15 11 (73.3) 0 0 0 0 0
TOTAL 1677 425 (25.3) 18 (4.2) 3(0.7) 4(09) 1(0.2) 13(3.1)

]«

K” and “I” are open hunting estates, all other estates have fence

* The results for feces were already published (Petrovi¢ et al, 2022)
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The presence of Salmonella spp. was confirmed in 18 wild boars, with an
overall prevalence of 4.2%. The highest prevalence was found in two estates,
open estate “K” (33.3%) and fenced estate “D” (33.3%). Three animals had
more than one Salmonella serotype detected. Serotyping of the 21 Salmonella
isolates resulted in fifteen Salmonella Enteritidis isolates (71.4% of total num-
ber of isolates), five isolates of Salmonella Typhimurium (23.8%) and only one
Salmonella Infantis isolate (4.8%).

Salmonella Typhimurium strain was detected both in feces and on the car-
cass meat of the same animal (hunting estate “I), so the total number of posi-
tive animals in this estate is two. In the hunting estate “K” the Salmonella En-
teritidis strain was isolated from the skin and carcass, but not from the feces of
the same animal. In all other examined animals, Salmonella was isolated from
only one of the sampling sites. Prevalence of Salmonella enterica serotypes as
percent of all examined samples was as follows: on carcass Enteritidis 0.7%,
Typhimurium 0.2%; on skin Enteritidis 0.4%, Typhimurium 0.2 % and in feces
Enteritidis 1.6%, Typhimurium 0.7%, Infantis 0.2%.

Influence of different factors on Salmonella findings

Several factors that influenced Salmonella presence were investigated.
Rainfall during hunting increased findings of Salmonella on the skin (x2 =
9.18, p = 0.01), but not on the carcass meat (x2 = 1.38, p = 0.5). The possibil-
ity of detecting Salmonella on the skin significantly increased if boars had two
or more entrance wounds (x2 = 6.30, p = 0.04). The X2 test indicated that the
damage of the abdominal cavity caused by non-expert shooting, significantly
increases the likelihood of finding Salmonella on the skin (x2 = 7.03, p = 0.03),
but it was not correlated with the findings on carcasses (x2 = 0.76, P = 0.73).
The practice of diaphragm and peritoneum removal did not significantly affect
the finding of Salmonella. Furthermore, there was no significant difference be-
tween the evisceration being done on the ground/floor or in hanging position
(x2 < 3.84, p > 0.05), Salmonella was more commonly detected in feces (3.1%),
than on the carcass meat (0.9%), skin (0.7%) or mesenteric lymph node (0.2%),
but this difference is not statistically significant (x2 = 1.22, p = 0.54).

Characterization of isolated Salmonella strains
The dendrogram carried out based on the Ward’s linkage correlation coef-

ficient obtained between the Spel and Xbal macrorestriction PFGE profiles
(Figures 1 and 2), demonstrates the existence of 8 groups of isolates. The fol-
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lowing groups of identical isolates according to both PFGE profiles were
found (isolate numbers and origin are shown in table 1): group one (320, 321),
group two (344, 346), group three (246, 248, 249), and big group four (254,
317, 319, 333, 336, 354, 355, 358, 376). Identical profiles of isolates 320 and
321 as well as isolate 319, which is identical to the whole group of isolates from
feces (group four) were significant in proving the hypothesis that there was a
cross contamination between feces and carcass/skin.
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Figure 1: Pulsed-field gel electrophoresis (PFGE) macro-restriction fragment pat-
terns of Salmonella sp. digested with Xbal enzyme.
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Figure 2: Dendrogram derived from the Ward linkage coefficient of correlation be-
tween the obtained PFGE Xbal macro-restriction profiles; Hunting estates are in
quotation marks

DISCUSSION

A quarter of the wild boar population present at the tested location (25.3%)
was examined for Salmonella, with an overall prevalence of 4.2%. The preva-
lence in wild boars is a little bit higher than the prevalence (2.0%) in farmed
pigs from the same Vojvodina region (Stojanac et al., 2013). However, it is
much lower than in finishing pigs from Hungary (up to 21.5%, Biksi et al.,
2007) or free-range pigs from Spain (32.6%, Garrido et al, 2021). A relatively
low prevalence (below 4%) was also found in other published studies. In one
study in Italy, Orsoni et al. (2020), did not find Salmonella presence on car-
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casses of hunted wild boars. On the contrary, one earlier study by Rodas et
al. (2014) determined its presence in 3.6% of investigated meat samples. Sal-
monella was more commonly detected in animals from open hunting estates
compared to fenced estates, because the presence of wild boars from open
hunting estates in Vojvodina was noticed around waste where a large amount
of improperly removed carcasses of domestic animals were dumped (estate
“K”) (Petrovi¢ et al. 2022).

The dominant serotype in this study was Salmonella Enteritidis (71.4%),
while other serotypes are less prevalent. Salmonella enterica serotypes Enter-
itidis, Typhimurium and Infantis were also found in Switzerland, Portugal and
Italy (Magnino et al., 2011; Vieira-Pinto et al., 2011; Wacheck et al., 2010), but
other serotypes, like S. Diarizonae, S. Manhattan have been detected in some
other studies (Rodas et al., 2014). Our present findings from wild boars prove
that similar Salmonella serotypes are present in wildlife and in domestic pigs
and poultry in the same geographical area, with S. Enteritidis, S. Infantis and S.
Typhimurium frequently found in domestic animals (47.7%, 27.9% and 13.9%,
respectively) (Petrovic et al., 2015). These serotypes are also the most common
isolates from human infections in Serbia according to the national data (Insti-
tute of Public Health of Serbia, 2014).

As for the sample site, feces yielded most of the isolated Salmonella (3.1%),
and skin and carcass meat were significantly less contaminated (0.7% and
0.9%, respectively). Salmonella presence in feces is expected and indicates pos-
sible shedding of the pathogen, which can contaminate animal skin and subse-
quently carcass meat surface during handling and dressing procedures (Anti¢
etal., 2011).

In all the tested animals, a post mortem inspection was performed and no
signs of post-mortal lesions in Salmonella positive animals were found. Salmo-
nella in wild boars is rarely manifested through clinical signs of the disease, yet
an outbreak of wild boar salmonellosis with septicemia, caused by Salmonella
Choleraesuis has been reported in Italy (Conedera et al., 2014).

The microbiological conditions of meat from hunted animals can be com-
promised by poor placement of shots (in the abdomen), the evisceration and
dressing in the field without access to clean water, and ageing of carcasses at
ambient temperatures (Gill, 2007; Paulsen, 2011; Mirceta et al., 2017).

This study found that damage of the abdominal cavity caused by improp-
erly placed shot significantly increases the possibility of finding Salmonella on
the skin, but surprisingly not on the carcass meat. These findings are to some
extent consistent with Atanassova et al. (2008) and Avagnina et al. (2012), who
found that animals shot in any location posterior to the diaphragm can be
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reasonably considered to be at higher risk of microbiological contamination
of carcass meat (with general microbial load, but undoubtedly with pathogens
as well) than those shot elsewhere (heart, head and neck, spine). However,
these studies did not look into wild boar skin as an important source of carcass
microbial contamination. Another interesting result from our study was that if
an animal had been shot two or more times, there was a statistically significant
increase in Salmonella findings on the skin but not on the carcass.

Rain during hunting increases the likelihood of finding Salmonella on the
skin of the shot animals, probably due to a better transferability of bacteria to
the swabs from the wet than from the dry skin, as demonstrated on cattle hides
(Blagojevic¢ et al., 2012). On the other hand, rain was not found to increase
Salmonella presence on carcasses (with the skin left on) immediately after evis-
ceration - one of the reasons might be a different sampling method for skin
and carcass meat (2.5 times smaller surface of carcass meat was sampled).

Interestingly, the removal of diaphragm and peritoneum, as a hygiene
measure usually performed during the dressing of carcasses, had no statistical
significance on the prevalence of Salmonella on the carcass meat. In addition,
there was no difference between evisceration on the floor or while hanging. It
has to be pointed out, however, that our investigation of risk factors for Sal-
monella presence is based on a very small number of contaminated skins and
carcasses (0.7% and 0.9%, respectively), which pose a major limitation to the
interpretation of the results.

The PFGE characterization of the S. Typhimurium isolates found in feces
(isolate 320) and carcass meat surface of the same animal (isolate 321) was
identical to indistinguishable PFGE profiles, according to Spel and Xbal. This
finding confirms that carcass meat contamination originated from the feces of
the same animal. It was also observed that this animal had been shot expertly
(i.e. one shot in the head) but eviscerated in a lying position in the field and
without maintaining good hygiene practice (evisceration). Furthermore, Sal-
monella Typhimurium isolates 344 and 346 from the feces of the same animal
were compared and no difference was found in the PFGE profiles. The same
was the case between Salmonella Enteritidis isolates 246 and 248 from the
same carcass. The comparison of the isolates from the same animal was done
because animals may be infected with different Salmonella genotypes due to
the various accesses to the food sources and contaminated environment (Piras
etal. 2021).

Low Salmonella detection rate on wild boar carcass meat compared to the
findings in feces as a primary source of carcass microbial contamination is to
some extent expected. Despite the frequently poor carcass dressing practices
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observed during our study, contamination of carcass meat with enteric patho-
gens may be often infrequent (Gill, 2007).

CONCLUSION

This study provides valuable data on the presence of Salmonella spp. in
wild boar population from the flat regions of Vojvodina and also clarifies some
gaps in knowledge related to the epidemiology of this important foodborne
pathogen. The overall Salmonella prevalence in wild boars from hunting es-
tates in Vojvodina region was 4.2%, with a dominating serotype being S. Ente-
ritidis. This study also confirmed that wild boar carcass meat surface contami-
nation originates from the feces of the same animal. Although the prevalence
of Salmonella was not found to be high in wild boars, there is still likelihood
of exposure of meat consumers to this pathogen. Significant factors that influ-
enced Salmonella presence on wild boar skin and carcass meat were rainfall
during the hunt, two or more shots, and non-expert shooting. Therefore, good
hunting practices and education of hunters in hygiene practices are essential
in reducing the risk of Salmonella exposure to consumers of wild boar meat.
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Abstract

In this study, veterinary students from the Faculty of Veterinary Medi-
cine, University of Belgrade and Department of Veterinary Medicine, Fac-
ulty of Agriculture, University of Novi Sad were surveyed to evaluate their
knowledge and attitudes toward farm animal welfare. Data were collected
from 431 students by survey consisting of 39 closed-ended questions di-
vided into two parts (demographic characteristics and a five-point Likert
scale). Results showed that female students, students aged 18 to 21 years,
from veterinary high schools, from urban areas, with mixed diets, who own
pets, were predominated. Younger students and students from the Faculty
of Veterinary Medicine, University in Belgrade agree significantly higher
(p<0.001) that animal welfare is necessary for sustainable agriculture, food
safety, biological functioning, emotional state, and natural behavior, as well
as zootechnical procedures and rearing systems impairing the welfare of
farm animals compared with students of the final year of studies, and from
Department of Veterinary Medicine, Faculty of Agriculture in Novi Sad.
Female students, and younger students, from urban areas, who own pets,
have more concerned attitudes regarding farm animal welfare (p<0.001).
The findings of this study confirm that attitudes toward farm animal welfare
are not homogeneous and are associated with students’ demographic char-
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acteristics. Also, results suggest that more attention should be paid to the
curriculum and program to indirectly improve the welfare of farm animals.
Keywords: attitudes, farm animals, students, welfare

ZNANJE I STAVOVI STUDENATA VETERINE U SRBIJI

PREMA DOBROBITI FARMSKIH ZIVOTINJA

Katarina Nenadovi¢", Dunja Videnovi¢?, Milutin Pordevic',
Mirjana Duki¢-Stojsi¢?, Marijana Vucinic¢!

! Katedra za zoohigijenu, Fakultet veterinarske medicine,
Univerzitet u Beogradu, Beograd, Republika Srbija

? Fakultet veterinarske medicine, Univerzitet u Beogradu, Beograd, Republika Srbija

? Departman za stocarstvo, Poljoprivredni fakultet, Univerzitet
u Novom Sadu, Novi Sad, Republika Srbija

Kratak sadrzaj

70

U ovom istrazivanju, student veterine sa Fakulteta veterinarske medi-
cine, Univerziteta u Beogradu i Departmana za veterinarsku medicine, Pol-
joprivrednog fakulteta Univerziteta u Novom Sadu su anketirani kako bi se
ispitalo znanje i stavovi o dobrobiti farmskih Zivotinja. Podaci su prikupljeni
od 431 studenata anketom koja se sastojala od 39 pitanja zatvorenog tipa
podeljenih u dva dela (demografski podaci i Likertova skala). U istrazivanju
su dominirali student Zenskog pola, studenti od 18 do 21 godine, poreklom
iz srednjih veterinarskih $kola, iz urbane sredine, sa mesovitom ishranom i
koji poseduju ku¢nog ljubimca. Mladi studenti i studenti Fakulteta veteri-
narske medicine Univerziteta u Beogradu se znacajno vise (p<0.001) slazu
da je dobrobit Zivotinja bitna za odrzivu poljoprivredu, bezbednost hrane,
emotivno stanje Zivotinja, prirodno ponasanje, kao i da zootehnicke pro-
cedure i sistem gajenja zivotinja narusavaju dobrobit farmskih Zzivotinja u
poredenju sa studentima starijih godina i studentima Departmana za vet-
erinarsku medicine, Poljoprivrednog fakulteta Univerziteta u Novom Sadu.
Studenti zenskog pola, mladi studenti, studenti iz urbanih sredina, koji
poseduju kuénog ljubimca imaju zabrinutije stavove o dobrobiti farmskih
zivotinja u odnosu na ostale studente (p<0.001). Rezultati ovog istrazivanja
potvrduju da stavovi prema dobrobiti farmskih Zivotinja nisu homogeniida
su povezani sa demografskim karakteristikama. Takode, rezultati sugerisu
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da bi viSe paznje trebalo posvetiti nastavnom planu i programu kako bi se
indirektno poboljsala dobrobit domac¢ih Zivotinja.
Kljucne reci: stavovi, farmske Zivotinje, studenti, dobrobit

INTRODUCTION

Public opinion is the strongest driving force for improving animal welfare,
but veterinarians are expected to adequately present the problem of breed-
ing farm animals based on scientific facts, taking into account animal welfare.
In addition to the multitude of scientific studies that have been conducted in
recent decades, increasing public concern has led to stricter legislation on the
conditions of farm animal breeding.

Public concern about animals used by humans is not a new phenomenon
and has increased significantly over the last century. This began with the Brit-
ish Animal Welfare Acts of the nineteenth century (Buller et al., 2018), contin-
ued with the publication of Ruth Harrison’s book “Animal Machines” in 1964,
and was followed by the development of philosophical arguments in defense of
animal welfare (Singer, 1975) and animal rights (Regan, 1985). As the veteri-
nary profession has increasingly focused on animal welfare, scientific interest
in the attitudes of veterinarians and veterinary students towards animals has
increased, as they can influence public opinion on animal welfare. For exam-
ple, entire systems of animal production are now considered unacceptable if
they are adverse to animal welfare (Ryan, 1997).

Considering the physiological and behavioral needs of animals at the state
level, changes in the educational and legislative system can positively impact
the improvement of welfare. Students, especially those in veterinary medicine,
agriculture, and natural sciences represent future generations of profession-
als who will closely collaborate with stakeholders in the animal industry, thus
influencing how animals will be bred and treated (Phillips et al., 2012). Under-
standing the attitudes of students toward animals and their knowledge of their
welfare is crucial. Analyzing these variables in samples of veterinary medicine
students could lead to a better understanding of how future veterinarians per-
ceive the welfare of different species, which should be a prerequisite for suc-
cessfully enhancing animal welfare (Pirrone et al., 2019)

Veterinary medicine students have an ethical and professional obligation
to respect, preserve, and improve animal welfare. In Serbia, veterinarians take
a professional oath of allegiance, pledging to use their skills and knowledge for
the benefit of animal health and welfare. The attitudes of veterinarians toward
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animal welfare stem, at least partially, from their training (Crook, 2000), and
veterinary students are expected to demonstrate a high level of professional in-
terest in animal welfare. Therefore, understanding the perspectives, attitudes,
and perceptions of students on these issues is fundamental, as they can serve
as an indirect measure of educational adequacy and effectiveness (Heleski et
al., 2005). Resolving animal welfare issues on farms is not simple, as it involves
many aspects of a complex nature. The purpose of this study was to determine
the knowledge and attitudes of veterinary students in Serbia toward farm ani-
mal welfare.

MATERIAL AND METHODS

The study protocol was approved by the Animal Ethical Committee of
the Faculty of Veterinary Medicine, University of Belgrade, Serbia (Approval
number, 03-12/2022).

During the period from December 2022 to January 2023 a total of 431 stu-
dents from the Faculty of Veterinary Medicine, University of Belgrade (FVM)
and the Department of Veterinary Medicine, Faculty of Agriculture, Univer-
sity of Novi Sad (DNS), were surveyed online using the Google Forms plat-
form. The research covered students from all years of the integrated academic
program. Participants were informed that participation in the survey was vol-
untary and anonymous and that the survey results would be used for scientific
research and animal welfare improvement.

The survey consisted of 39 closed-ended questions divided into two parts.
The first group of questions related to the demographic characteristics of the
respondents (gender, age, education level, area of residence, dietary habits, pet
ownership, farm animal ownership, year of study and study location). The sec-
ond part of the survey contained a series of fifteen statements presented using
a five-point Likert scale (1 - strongly disagree to 5 - strongly agree), where
higher numbers indicated a higher level of empathy between students towards
farm animals (Ostovi¢ et al., 2016). The survey focused on the welfare of farm
animals in Serbia.

Statistical analysis
For statistical data analysis SPSS v17.0 software was used. To determine the
frequency of students’ responses and their attitudes, the mean value (¥) and

standard error (SE) were calculated from the Likert scale. The differences in
attitudes between different demographic characteristics of students as well as
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different study years were analyzed using the nonparametric Mann-Whitney
U-test and Kruskal-Wallis test on the equality of the medians, adjusted for
ties. When significant differences were found, the Dunn-Bonferroni post hoc
test was performed. The level of significance for which results were considered
statistically significant in these studies was set at p<0.05.

RESULTS

The demographic characteristics of the respondents (gender, age, educa-
tion level, area of residence, dietary habits, pet ownership, farm animal owner-
ship, year of study and study location) are present in Table 1. As shown in Table
1, predominated the female students (73.09% - 315/431), aged 18 to 21 years
(48.26% - 208/431), from veterinary high schools (46.40% - 200/431), and
urban areas (78.42% - 338/431). Students who consume mixed diet were the
most represented (89.56% - 386/431), those who have pets (86.77% - 374/431),
and those who do not own farm animals.

Table 1. Demographic characteristics of students from the Faculty of Veterinary
Medicine, University of Belgrade (FVM), and the Department of Veterinary Medi-
cine, Faculty of Agriculture, University of Novi Sad (DNYS)

Demographic

characteristic Faculty
FVM DNS Total
(n=357) (n=74) (n=431)
N % N % N %
Male 90 25.21 17 22.97 107 24.83
Gender Female 262 73.39 53 71.62 315 73.09
Other 5 1.40 4 5.41 9 2.09
18-21 175 49.02 33 44.59 208 48.26
Age 22-24 110 30.81 30 40.54 140 32.48
Over 24 72 20.17 11 14.86 83 19.26
Gymnasium 121 33.89 35 47.30 156 36,19
Ei‘;;a' Vestceg:;r Y 177 4958 23 3108 200  46.40
Other 59 16.53 16 21.62 75 17.40
Living Urban 286 80.11 52 70.27 338 78.42
area Rural 71 19.89 22 29.73 93 21.58
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et Faculty
FVM DNS Total
(n=357) (n=74) (n=431)

Mixed 317 88.80 69 93.24 386 89.56

Diet Vegetarian 32 8.96 4 5.41 36 8.35

Vegan 8 2.24 1 1.35 9 2.09

Pet own- Yes 312 87.39 62 8378 374  86.77

ership No 45 12.61 12 16.22 57 13.23

Farm Yes 89 24.93 24 32.43 113 26.22
animal

owner- No 268 75.07 50 67.57 319 74.01

ship

I 86 24.09 23 31.08 109 25.29

I 66 18.49 6 8.11 72 16.71

Year of 11 50 14.01 7 9.46 57 13.23

study v 45 12.61 10 13.51 55 12.76

A\ 47 13.17 8 10.81 55 12.76

VI 63 17.65 20 27.03 83 19.26

Female students from FVM and DNS were the most present (73.39% -
262/357; 71.26% - 53/74), as well as students aged 18 to 21 years (49.58% -
177/357; 43.24% - 32/74), with mixed diet (88.80% - 317/357; 93.24% - 69/74),
from gymnasium (49.58% - 177/357) and veterinary high school (47.30% -
35/74), students who own pets (87.39% - 312/357; 83,78% - 62/74), and those
who do not own farm animals (75.07% - 268/357; 67.57% - 50/74) (Tables 2
and 3).
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Table 2. Demographic characteristics of students from the Faculty of Veterinary

Medicine, University of Belgrade (FVM)

I I I v \% VI Total
FVM /year of study (n=386) (n=66) (n=50) (n=45) (n=47) (n=63) (n=357)
N (%) N(%)  N(@%) N (%) N (%) N (%) N (%)
Male 14(16.28) 19(28.79) 10(20) 10(22.22) 15(31.91) 22(34.92) 90 (25.21)
Gender Female 72(83.72) 46 (69.70) 39 (78) 34(75.56) 32 (68.09) 39 (61.90) 262 (73.39)
Other 0 1(1.52) 12)  1(222) 0 2(3.17) 5 (1.40)
18-21  85(98.84) 61(92.42) 28(56) 3 (6.67) 0 0 177 (49.58)
Age 2224 0 5(7.58) 18(36) 34(75.56) 37(78.72) 16(25.40) 110 (30.81)
over24 3 (3.49) 0  4(8) 8(17.78) 10(21.28) 47(74.60) 72 (20.17)
Vet-
erinary 30 (34.88) 27(40.91) 15(30) 13(28.89) 15(31.91) 21(33.33) 121 (33.89)
school
Education  Gym-
i 41(47.67) 29(43.94) 27(54) 22(48.89) 23 (48.94) 35(55.56) 177 (49.58)
Other 15(17.44) 10(15.15) 8(16) 10(22.22) 9(19.15) 7 (1L.11) 59 (16.53)
Mixed 80 (93.02) 52(78.79) 45(90) 37(82.22) 43(91.49) 60 (95.24) 317 (88.80)
Diet Vef:rtlar' 4(465) 12(18.18)  4(8) 6(13.33)  3(6.38)  3(476)  32(8.96)
Vegan  2(233)  2(3.03) 12)  2(444)  1(2.13) 8(2.24)
petown. Yes  80(93.02) 62(93.94) 38(76) 42(9333) 38(80.85) 52(82.54) 312(87.39)
ership 6(698)  4(6.06) 12(24) 3(6.67) 9(19.15) 11(17.46) 45 (12.61)
a:;f;l Yes  20(2326) 20(30.30) 10(20) 11(24.44) 8(17.02) 20(31.75) 89 (24.93)
OVSV}?EI’ No  66(76.74) 46(69.70) 40 (80) 34 (75.56) 39 (82.98) 43 (68.25) 268 (75.07)
1]

Based on the overall mean values (Table 4), veterinary students in Serbia
agree that animal welfare is necessary for sustainable agriculture, food safety,
biological functioning, the emotional state of animals, and natural behav-
ior. However, older students as well as DNS students agreed significantly less
(p<0.001, p<0.05) with the above statements compared to younger students
and FVM students (Table 4).
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Table 3. Demographic data of students from the Department of Veterinary Medicine,
Faculty of Agriculture, University of Novi Sad (DNS)

I il il v % VI Total

DNS / year of study (n=23) (n=6) (n=7) (n=10) (n=8)  (n=20) (n=74)
N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Female  15(65.22) 4(66.67) 4(57.14) 8(80) 7(87.50) 15(75) 53 (71.26)

Gender  Male  4(17.39) 2(33.33) 3(42.86) 2(20) 1(12.50) 5(25) 17(22.97)

Other  4(17.39) 0 0 0 0 0 4(5.41)

1821 22(95.65) 6(100) 4(57.14) 0 0 0 32(43.24)

Age 22-24 1(4.35) 0 3(42.86) 10(100) 7(87.50) 10(50) 31 (41.89)

over 24 0 0 0 0 1(12.50) 10(50) 11 (14.86)

Vit:}rlgzry 8(34.78) 4(66.67) 5(71.43) 4(40) 7(87.50) 7(35) 35 (47.30)

Education Gympnasium 9 (39.13)  1(16.67) 1(14.29) 2(20) 1(12.50) 9(45) 23 (31.08)

Other  6(26.09) 1(16.67) 1(14.29) 4 (40) 0 4(20) 16 (21.62)

Omnivores 22 (95.65) 6(100)  7(100) 10 (100) 7(87.50) 17(85) 69 (93.24)

Diet  Vegetarian 1 (4.35) 0 0 0 1(1250) 3(15)  5(6.76)
Vegan 0 0 0 0 0 0 0

Petown-  Yes 21(91.30) 5(83.33) 6(8571) 6(60) 8(100) 16(80) 62 (83.78)

ership No 2(8.70) 1(16.67) 1(14.29) 4 (40) 0 4(20) 12(16.22)

Farm Yes 6(2609) 3(50) 4(57.14) 2(20) 3(37.50) 6(30) 24 (32.43)

m?,i:fsﬁip No 17(73.91)  3(50) 3(42.86) 8(80) 5(62.50) 14(70) 50 (67.57)

Table 4. Mean values (+SE) of student attitudes regarding the role of animal welfare
in agricultural sustainability, food safety, biological functioning, emotional state, and
expression of natural behaviors

Year of study I 1l 1 v v VI In total
/ Questions
FVM 4.61+0.0°"* 4.44+0.10  4.44+0.11  4.37+0.13 4.38+0.13  4.3240.14™ 4.43+0.04
I  DNS 3.98+0.15 4504022  4.43+030  4.30+0.21 4.63+0.18  3.83+0.17 4.28+0.13
Total  4.63+0.06°CF  4.44+0.10°  4.44+0.10°  4.36+0.10°  4.42+0.11¢  4.33+0.11° 4.44+0.04
FVM 4.78+0.06 4.76+0.06  4.62+0.09  4.64+0.12 451+0.14  4.60+0.11 4.65+0.04
I DNS 4.87+0.10 4.33+0.33 500  4.60+0.22 500  4.75+0.16 4.76+0.11
Total 4.79+0.05 4724006  4.67+0.08  4.64+0.10 458+0.12  4.64+0.09 4.67+0.03
FVM 4.72+0.07 4.61+0.08  4.76+0.08  4.69+0.09 457+0.12  4.71£0.09 4.68+0.03
III DNS 4.35+0.22 4.00+0.63  4.86+0.14  4.50+0.34 4.88+0.13  4.65%0.18 4.53+0.11
Total 4.64+0.07 4.56+0.09  4.77+0.07  4.66+0.09 4.6240.11  4.70+0.08 4.65+0.03
FVM 4.77+0.06 477+0.09  4.98+0.02  4.82+0.07 4.77+0.10  4.73+0.11 4.83+0.03
IV DNS 4.52+0.20 5.00 500  4.80+0.20 500  4.70+0.22 4.74+0.09
Total 4.73+0.06 4.79+0.09  4.98+0.02  4.82+0.06 4.80+0.09  4.72+0.10 4.81+0.03
FVM 4.68+0-06*  4.64+0-10  4.88+0-07*  4.89+0-05  4.43+0-14> 4.67+0.10* 4.72+0.04
V  DNS 4.39+0.19 4504034  4.86+0.14  4.60+0.22 4.88+0.13  4.80+0.09 4.64+0.08
Total 4.73+0.06 4.63+0.10  4.88+0-06"  4.84+0-06"  4.49+0.12"  4.70+0.08 4.71+0.03
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*** and capital letters - p<0.001; * and lowercase letters - p<0.05; an asterisk denotes
significance between different faculties while letters denote significance within one
faculty; I - Farm animal welfare role in sustainable agriculture, IT — Farm animal
welfare role in food safety and quality, III — Farm animal welfare role in biological
functioning, IV - Farm animal welfare role in emotional state, V — Farm animal wel-
fare role in expression of natural behaviors.

In Table 5 the results of the attitudes of students toward cognitive abilities
in animals. Among first-year FVM students, the average values of attitudes
regarding the awareness of farm animals were significantly higher (p<0.05;
p<0.001) compared to the attitudes of first-year DNS students (Table 5). FVM,
DNS, and first-year students believe that poultry is significantly less capable of
thinking (p<0.05; p<0.001) compared to other farm animals (Table 5).

Table 5. Mean (+SE) of student attitudes regarding the cognitive abilities of farm
animals

Year of study

. I I 111 I\% \% VI In total
/ Questions
FVM 4.65+0.07°*  4.3840.13  4.66+0.09*  4.49+0.14*  4.53£0.10 4.44£0.14 4.53+0.05%**
Cattle DNS 4134020 4.67+0.21 4144026  3.70+0.37a  4.88+0.13a 4.40+0.28 4.2740.12

In total 4.54+0.07 4.40£0.12  4.60+0.09  4.35+0.14  4.58£0.08 4.43+0.12 4.49+0.04

FVM  456£0.07°* 447012  4.64+0.08  447x0.15  453+0.12 441+0.14  451+0.05"

Pigs ~ DNS 4.04+0.20 5.00  4.29+0.29 3.90+0.38  4.75£0.16 4.45+0.28 4.3140.12
In total 4.5610.07 4.5140.12  4.59+0.08  4.36+0.15  4.56+0.10 4.42+0.12 4.50£0.04

FVM 433011 4.06£0.14  430+0.13  4.20£0.18*  4.30£0.13 3.92+0.16  4.18+0.06*
VI Poultry DNS 3.5240.27a  4.17+040  3.86£0.40  3.40+0.34a 4.63+0.18a 4.10£0.30 3.86+0.14
In total 4.16+0.11  4.0740.13  4.25+0.12  4.06+0.16  4.35+0.12 3.96+0.14 4.13+0.05

FVM 4572009 4.29+0.14 4.62£0.09* 4.47£0.14*™*  4.40£0.12 430+0.14 4.44+0.05**
Sheep  DNS 3.91+0.23a  4.50+0.34  4.00£0.38  3.60£0.34a 4.75+0.16e 4.30+0.28 4.1240.13
In total 443+0.03  43140.10  4.54+0.05  4.31+0.07  4.46+0.03 4.30+0.02 4.39+0.05

FVM 4.6240.08* 4354013 4.62£0.09**  4.53+0.14*  4.47+0.12 4.32+0.14  4.48+0.05*
Goats  DNS 4.00+0.23a 4.67£0.21b  4.00+0.37a 3.60£0.34a.b 4.88+0.13E 4.35+0.27 4.19£0.12
In total 4.49+0.08 438+0.12  4.54+0.10  4.36+0.14  4.53£0.11 4.33+0.13 4.43+0.04

FVM 471£0.07 4.64£0.10  4.60£0.09  4.36x0.17  4.50£0.12 4.37£0.13 4.55+0.04

Cattle DNS 448+0.13  4.67£021  4.14+044  420+047  4.88+0.13 4.20+0.30 4.39+0.12

In total 4.66£0.06  4.64£0.09  4.54+0.10  4.33+0.16  4.55+.0.11 4.33£0.13 4.52+0.04

FVM 4.65£0.07 4.58+0.11  4.46x0.13  4.33x0.17  4.47£0.12 4.32+0.14 4.48+0.05

Pigs ~ DNS 430£0.18 4.83£0.17  4.14+045  4.00+0.47  4.88£0.13 4.20£0.30 4.3210.13

In total 4.59+0.07 4.60£0.10  4.42+0.12  4.27+0.16  4.53+0.10 4.29+0.13 4.46+0.05

FVM 438+0.11 424£0.12  437+0.15  4.04+0.18  4.26£0.16 3.97%0.16 4.22+0.06

VII  Poultry DNS 3.96+0.22  3.50+0.56  4.00+0.49 3.30+0.54  4.63+0.26 3.95+0.34 3.91+0.15

In total 4.29+0.12  4.18+0.12  4.32+0.14 391+0.18  4.31+0.14 3.96+0.14 4.17+0.06

FVM 4.63+0.07 4.53+0.10  4.48+0.13  431x0.16  4.3840.13 4.35+0.13 4.46+0.05
Sheep  DNS 4.44+0.16 4.50+0.34  4.14+0.46 4.00+0.47  4.88+0.13 4.10+0.30 4.31£0.13
In total 4.59+0.07 4.53+0.10  4.44+0.12 4.26+0.16  4.46+0.11 4.29+0.13 4.41+0.05

FVM 4.63£0.07 4.53+0.11  4.50+0.12 438+0.16  4.36£0.13 4.33£0.14 4.47£0.05
Goats  DNS 4.48+0.15 4.50+0.34  4.14+045 4.00+£0.47  4.88£0.13 4.10£0.30 4.32£0.13
In total 4.5940.06  4.53+0.11  4.46%0.12 431+0.16  4.44+0.12 4.2840.13 4.45+0.05

*** and capital letters - p<0.001; * and lowercase letters - p<0.05; an asterisk denotes
significance between different faculties while letters denote significance within one
faculty; VI - Are animals sentient beings. VII - Do animals have feelings.
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As shown in Table 6, first-year students and students of FVM significantly
more (p<0.05; p<0.001) considered that zootechnical procedures and rearing
systems impaired the welfare of farm animals compared to students of older
years and students of DNS. FVM students in Serbia believed that dehorning
cattle without anesthesia (4.49+0.05) and unenriched cage housing systems
(4.37%0.05) most negatively influenced the welfare of farm animals.

Table 6. Mean (+SE) of student attitudes regarding zootechnical procedures on farms

%fle"sfns;ify I i m v v VI In total
FVM  460008" 412:0.06A 4380.15" 416:0.15A 37240184 395:0.17A 4.11£0.06"
VI DNS 3874006 4008026 343:030 3806039  3.88:023  3.60:030 3.78:0.13
Total  446+0.09%  411+0.14°  426+014  409H0.04% 37410160 387H0.15%  405+0.06
FVM 45540110 436+0.14  456:0.13¢ 4384013 AI13£0.16' 421%0.15% 438+0.06
X DNS 4344023 451050  400+038 4204033 4754006 4201024 431:0.12
Total 4504011 437:0.03  449+012 4344013  42130.14% 4204013 4374005
FVM  468:008"  441:0.04 4321016 4334016  4042017% 3.9540.18" 432£0.06"
X DN 400028 383065 4424030 3801044 4006046 3904032 3.96+0.15
Total  4534009"  436:0.04 433015 4248015  404:016" 3944015 426+0.06
FVM  450£0.10° 409014  360018% 3844018 323+0.18% 349+0.17% 3874007
XI  DNS 3694030 250:056°  414+040° 320042 3374055  345:03) 347016
Total  433$0.1070° 396+0.15%  367:0.07% 3730170 326+0.18%  34840.15" 380+0.06
FVM 462007  400+0.16'  358:020° 3824018 374:019" 3894016" 401+0.06
X1 DNS 3744007 367061 343:048 3404042  363:053  370:030 364015
Total  4444009"  397:0.05  356:0.08" 37440170  373:007% 3844014% 395+0.06
FVM 4813006  454:0.02 440011 476+010° 417+016M 432:0.15 453:0.05
XV DNS 4084025  433+066  485:0.04 4008037 4631026 430023 428:0.13
Total  466+008" 45340120  445:011 46240117 423014 431013  449+0.05
FVM 46540075 4326002  406:0.06" 4204017  404:0.06" 411:0.16" 428+006"
XV DNS 3784005  350£056  443:030 3604050  437+0.18 4158025 3.96:0.14
Total  446:009%  425:013 4113015 411016 4094014 4124014 4224005

*** and capital letters - p<0.001; * and lowercase letters - p<0.05; an asterisk denotes
significance between different faculties while letters denote significance within one
faculty; VIII - tie-stall housing system without access to exercise is cruel, IX - con-
ventional cage housing system of hens affect welfare, X - piglet castration without
anesthesia affect welfare, XI - Teeth-clipping in piglets affect welfare. XII - tail dock-
ing in piglet affect welfare. XIV - dehorning cattle without anesthesia affects welfare.
XV - tail docking in lambs affects welfare.
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A statistically significant difference in attitudes was found between differ-
ent demographic groups of students (Table 7). Female, and younger students
significantly more (p<0.001) agree that animal welfare is essential for sustain-
able agriculture, food safety, biological functioning, emotional state, and natu-
ral behavior, as well as that zootechnical procedures and housing systems com-
promise the welfare of farm animals, compared to other students. Students
aged 18 to 21, from veterinary and other high schools, from urban areas, who
own pets, significantly more (p<0.05; p<0.001) believed that zootechnical pro-
cedures and housing methods compromise the welfare of farm animals com-
pared to other students. A significant difference (p<0.05) in attitudes about
zootechnical procedures and housing systems was found between FVM and
DNS students. No significant difference was found between different demo-
graphic groups of students regarding the cognitive abilities of farm animals
(p>0.05) (Table 7).

Table 7. Influence of student demographic characteristics on the role of animal wel-
fare, cognitive abilities of animals, and zootechnical procedures on farms

. - Role of ani- Cognitive abili- Zootechnical pro-
Demographic characteristic . .
mal welfare ties of animals cedures on farms

Gender Female 4.77+0.024 3.630.03 4.34+0.044
Male 4.49+0.06 3.51+0.07 3.57+0.10
18-21 4.72+0.03 3.63+0.04 4.31+0.06*

Age 22-24 4.67+0.05 3.56+0.04 4.08+0.0733*
over 24 4.68+0.06 3.5740.062 3.99+0.10*

Gymnasium 4.62+0.05 3.57+0.05 3.91+0.08%%

Education Veterinary school 4.73+0.05 3.59+0.03 4.30+0.06"
Other 4.76+0.05 3.68+0.06 4.40£0.08*

Living area Urban 4.73+0.034 3.60+0.03 4.29+0.044
Rural 4.57+0.06 3.57+0.06 3.74%0.11

Mixed 4.68+0.03 3.58+0.03 4,12+0.058

Diet Vegetarian 4.83+0.06° 3.67+0.10 4.59+0.10"
Vegan 4.95+0.04° 3.60+0.05 4.89+0.074
Pet ownership Yes 4.72+0.03* 3.62+0.03 4.21+0.05*
No 4.53+0.08 3.50+0.09 3.90+0.13
Farm animal Yes 4.60+0.06 3.63+0.06 3.78+0.10
ownership No 4.73+£0.03* 3.58+0.04 4.31+0.054
I 4.74+0.04* 3.62+0.04 4.49+0.074
1I 4.66+0.06 3.68+0.05 4.25+0.12°
Year of study 111 4.79+0.04° 3.62+0.08 4.13+.094
v 4.70+0.05 3.49+0.09 4.10+0.10%

\% 4.5940.08® 3.67+0.07 3.90+0.114°

VI 4.66+0.07 3.50+0.07 3.98+0.11*
Place of study FVM 4.70+0.03 3.60+0.03 4.23+0.05*
DNS 4.68+0.05 3.56+0.07 3.91+0.11

Capital letters - p<0.001; lowercase letters - p<0.05.
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DISCUSSION

Teaching veterinary students does not only imply professional education
but also plays a significant role in shaping and educating these professionals on
how to deal with emotionally challenging aspects of veterinary work, as well as
in developing their attitudes and opinions on animal welfare as the primary
task of every veterinarian (Main et al., 2009). Veterinarians are expected to
promote positive attitudes towards animals and advocate for their welfare
(Hernandez et al., 2018). However, previous studies have shown that veteri-
nary students’ attitudes differ concerning animal species (Magnani et al., 2017;
Mariti et al., 2018; Pirrone et al., 2019) and demographic data (Izmirli and
Phillips, 2012; Pirrone et al., 2019). The results of this research are the first to
address the attitudes of Serbian veterinary students towards the welfare of
farm animals. Animal welfare is essential for sustainable agriculture (Keeling,
2005; Broom, 2021), food safety and quality (Viegas et al., 2011), biological
functioning, emotional states, and expression of natural behaviors (Fraser,
2008; Mellor, 2016). In this study, veterinary students in Serbia agree that ani-
mal welfare is important for farm animals. However, first-year students con-
sider animal welfare more critical for sustainable agriculture and food safety
compared to older students, which is the line with the results of other research-
ers (Ostovi¢ et al., 2016). Animal welfare is a complex concept that includes
three elements: the animal’s normal biological functioning (health, productiv-
ity), its emotional state (absence or presence of pain, fear, boredom), and its
ability to express certain normal behaviours (Fraser et al., 1997). Each of these
elements has its own merits but none of them fully depict the animal’s welfare
independently; it cannot fully present the state of the animal welfare. There-
fore, it is accepted that animal welfare encompasses all three areas: physical
health, behavior and emotions (Duncan and Fraser, 1997; Mendl, 2001). In
line with this, students in this study highly rated that animal welfare affects
emotional states, biological functioning, and expression of natural behaviors.
Scientific studies on veterinary students’ attitudes towards animal welfare have
been conducted at several British universities (Paul and Podberscek, 2000) and
have shown a correlation between the year of study and students’ feelings to-
wards social and farm animals. Specifically, final-year students showed lower
levels of empathy than those in the early years of study (Pollard-Williams et al.,
2014). The results of this research are in line with the previous research that
older students, as well as students from the Department of Veterinary Medi-
cine, Faculty of Agriculture in Novi Sad, significantly less agreed with the
statements about farm animal welfare and showed less empathy compared to
younger students and students from the Faculty of Veterinary Medicine, Uni-
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versity of Belgrade. The lower empathy for higher years of study seems coun-
terintuitive regarding veterinary education. Physiology, anesthesia, pharma-
cology and many other subjects within the veterinary program are filled with
information about physiological pain and stress. Lower empathy in higher
years of veterinary students could be a mechanism to cope with disturbing
events manifested in veterinary practice (Paul and Podberscek, 2000; Batche-
lor and McKeegan, 2012). Animal welfare is based on ethical principles that
animals are conscious and sentient beings, capable of experiencing pain, stress,
fear, frustration and other unpleasant and positive emotions (Duncan, 2006).
Regarding the cognitive abilities of animals, this study found that veterinary
students (from DNS compared with FVM) believe that poultry has fewer cog-
nitive abilities and feelings compared to other farm animals, while cattle and
pigs are ranked with the highest cognitive abilities. These results are in line
with other research (Levine et al., 2005; Ostovi¢ et al., 2017; Shtylla Kika et al.,
2023) who found that students were more likely to agree that cattle and pigs are
more intelligent compared to poultry. Animal welfare protection is one of the
main tasks of the veterinary profession. One of the deontological principles,
the principle of equality, refers to the obligation to treat each vertebrate fairly
and equally since has been established that all vertebrates can experience pain
(National Research Council, 2009). According to Viiuela-Fernandez et al.
(2011), zootechnical procedures performed on farm animals, usually without
the use of anesthesia and analgesia, are the most striking examples of inducing
pain in animals. In this study, veterinary students believe that pig’s castration,
and cattle dehorning without anesthesia were zootechnical procedures that
most disrupt animal welfare. Also, first-year students significantly inre agree
that these zootechnical procedures compromise animal welfare compared to
final-year students, which is following other research (Paul and Podberscek,
2000; Pollard-Williams et al., 2014; Ostovi¢ et al., 2017). In many veterinary
faculties, including in Serbia, where a decline in overall empathy of students
towards animals has been observed, and the curse of animal welfare is taught
in the first year (Abood and Siegford, 2012). Because of that, it could be con-
sidered to include this subject in the final years of study. Additionally, students
who own farm animals are less empathic towards zootechnical procedures
compared to other students. Previous research has found that students who
own farm animals and have farm experience have a reduced concern for ani-
mal rights and welfare own farm animals (Serpell, 2005, Herzog et al., 1991;
Bjerke et al., 1998). Also, this result could be a consequence of the knowledge
of zootechnical procedures by the students, and thus they are more acceptable
to them compared to students who do not own farm animals. Gender distribution
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among students in this study revealed female predominance across all study
years, consistent with the global trend of increased female presence in the vet-
erinary profession (Lofstedt, 2003; Irvine and Vermilya, 2010). In this study,
female students significantly agreed that animal welfare is essential for sustain-
able agriculture, food safety and quality, biological functioning, emotional
state and natural living, as well as the zootechnical practices and rearing sys-
tems on farm animals compared to male students and others. These results are
in agreement with those recorded by Paul and Podberscek, 2000; Serpell, 2005;
Hazel et al., 2011; Van der Weijden, 2013; Ostovic et al., 2017) who conducted
concerning attitudes of veterinary students, veterinarians, members of veteri-
nary faculties and consumers regarding animal welfare, indicates that female
respondents tend to hold more positive attitudes compared to males. Kendall
et al. (2006) reported that females’ are primarily family caretakers, engaged in
household tasks, and have more contact with animals; they are more likely to
understand animal needs and have a more positive attitude. According to Or-
mandy and Schuppli (2014), the difference in attitudes towards animal welfare
between genders can also be ascribed to the “moralistic” attitude of females
toward the animals, while men express more “dominionistic” attitudes. In this
study, the male respondents were less likely to believe that animals can experi-
ence emotions such as love, boredom, depression and anxiety. The males show
more skepticism (Walker et al., 2014), since unlike females, they are also less
likely to believe that animals can exhibit certain changes in behavior when
experiencing suffering. As the trend of enrolling female veterinary students
increases in many countries (Irvine and Vermilya, 2010; Ostovic et al., 2016),
it could potentially lead to improvements in animal welfare in the future. How-
ever, female veterinary graduates are more likely to focus on social rather than
farm animals (Lofstedt, 2003), which means that the agriculture sector, which
is covered by predominantly male veterinarians, will not benefit.

In our study, students aged 18 to 21, as well as those who graduated from
veterinary secondary schools and other secondary schools, were significantly
more likely to believe that zootechnical procedures and methods of keeping
harm the welfare of farm animals compared to students aged 22 to 24 and
over 24, and those who finished high school. These results could be ascribed
that attitudes towards animal welfare become more positive from childhood to
adolescence, but after that, attitudes tend to become more negative (Kendall
et al., 2006; Binngiesser et al., 2013; Martens et al., 2019). These results sug-
gest that attitudes towards animal welfare depend on age, tradition, and edu-
cational approach in a particular region. In this study, predominated students
who consumed mixed diet, while significantly fewer identified as vegetarians,
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whose diet consists mainly of plant-based foods, while a small number de-
clared themselves vegan, meaning they do not consume any animal products
in their diet and do not use items made from fur, leather or any other animal-
derived materials.

In this study, students from veterinary medicine high school have signifi-
cantly higher attitudes toward zootechnical procedures compared with other
secondary schools. This result can be ascribed to the fact that students who
attended veterinary medicine high school had more exposure to farm animals,
their breeding practices and the implementation of zootechnical procedures
on farms throughout their education and practice compared to students who
completed gymnasium. For these reasons, they are more informed about how
poor zootechnical procedures, usually without the use of anesthesia and an-
algesia, and housing can disrupt the welfare of farm animals. Students who
were raised in rural areas were found to be less empathic toward farm animal
welfare than those with urban backgrounds. This finding could be explained
by different opportunities for contact and relationship with animals offered by
rural and urban environments. People from urban areas are less likely to have
contact with animals they eat and are spared from watching the animal slaugh-
ter. Instead, in urban areas, animals are perceived as companions and family
members, given names, and attributed human characteristics (anthropomor-
phism) and this could contribute to urban individuals expressing a higher level
of concern for the welfare of farm animals (Pifer et al., 1994; Ormandy and
Schuppli, 2014).

CONCLUSION

The attitudes of veterinary students in Serbia express a high level of em-
pathy towards farm animals. They mostly associate animal welfare with bio-
logical functioning. The research results indicate that students do not perceive
different species of animals equally in terms of cognitive abilities and zoot-
echnical procedures. Generally, the attitudes of first-year students were more
positive than those of final-year students, indicating a lower level of empathy
towards animals. The results of this study raise the question of whether these
future generations of veterinarians can promote animal welfare in Serbia and
what their level of competitiveness will be in the international labor market.
These results suggest that more attention should be paid to the curriculum
and programs to indirectly improve the welfare of farm animals. Specifically, it
is necessary to “convince” students that today’s animal husbandry is not only
about the survival of animals, but above all about the quality of their lives. Dif-
ferences among universities should be investigated further.
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Abstract

The avian influenza virus (AIV), traditionally confined to avian hosts,
has recently been detected in various mammal species, raising significant
concerns for both animal and public health, necessitating efficient and ac-
curate methods for virus detection and characterization. This study pre-
sents a sequencing protocol combined with a comprehensive bioinformat-
ics pipeline designed for the sequencing and analysis of AIV genomes. The
presented streamlined approach encompasses whole genome PCR-amplifi-
cation of the viral genome, enabling the genome characterization and de-
tection of viral mutations with high precision. An amplicon-based MiniSeq
sequencing workflow based on a set of PCR primers targeting all genome
segments was developed. Three samples from H5 high pathogenic avian
influenza (HPAI) outbreaks in Serbia were sequenced using the MiniSeq
platform. The protocol involves optimized sample preparation, tailored
specifically for AIV, library preparation and sequencing. This is comple-
mented by a robust bioinformatics pipeline that includes quality control,
read mapping, consensus genome generation, subtyping and pathotyping,
as well as statistical sequencing data. The pipeline efficiently processes raw
sequencing data, ensuring high-quality genome assemblies and accurate
identification of viral strains. The protocol was used on AIV samples from
varjous avian species, demonstrating its applicability and reliability. The re-
sults highlight the protocol’s capability to generate comprehensive genomic
data, which is crucial for monitoring viral evolution and informing public
health interventions. The described integrated approach offers a powerful
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tool for AIV surveillance and research, facilitating timely and informed
decision-making in response to avian influenza outbreaks. This protocol
can be readily adapted for use in various laboratory settings, contributing to
global efforts in combating avian influenza and enhancing our understand-
ing of its genomic landscape.

Key words: avian influenza, high-throughput sequencing, bioinfor-
matics, viral genomics, molecular characterization
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Virus avijarne influence (AIV), ¢iji su domacini ptice, sve ¢e§ce infici-
ra razli¢ite vrsta sisara, §to izaziva znacajne zabrinutosti za zdravlje ljudi i
zivotinja, §to zahteva efikasne i precizne metode za detekciju i karakteri-
zaciju virusa. U ovoj studiji predstavljen je protokol za sekvenciranje AIV
sa kompletnom bioinformatickom analizom, dizajniranim za sekvenciranje
i analizu genoma AIV. Opisani protokol obuhvata PCR-amplifikaciju celog
genoma virusa, omogucavajuci karakterizaciju genoma i detekciju virusnih
mutacija sa visokim stepenom preciznosti. Protokol obuhvata umnozavanje
svih segmenata genoma AIV primenom jednog seta prajmera u jednoj PCR
reakciji. Tri uzorka dobijena tokom epidemije H5 HPAIV u Srbiji su sekven-
cirana kori$¢enjem MiniSeq platforme. Takode, protokol obuhvata opti-
mizovanu pripremu uzoraka, posebno prilagodenu za AIV, pripremu bibli-
oteke i sekvenciranje. Ovaj pristup je dopunjen robusnim bioinformati¢kim
analizama kojim je obuhvacena kontrola kvaliteta, mapiranje dobijenih
sekvenci, generisanje kompletnog genoma, tipizacija i patotipizaciju, kao
i statisticku analizu podataka sekvenciranja. Bioinformatickom analizom
se efikasno obraduju podatke sekvenciranja, osiguravajudi visokokvalitetne
cele genoma i preciznu identifikaciju virusnih podtipova. Protokol je pri-
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menjen i testiran na uzorcima AIV iz razli¢itih vrsta ptica, ¢ime je doka-
zana njegova primenljivost i pouzdanost. Rezultati ove studije ukazuju
da razvijeni protokol generiSe omogucava efikasno umnozavanje celog
genoma AIV i generi$e kvalitetne sekvence, $to je klju¢no za karakteri-
zaciju i pracenje evolucije virusa. Opisani integrisani pristup nudi moc¢an
alat za nadzor i istrazivanje AIV, olaksavaju¢i pravovremeno i informisa-
no donosenje odluka kao odgovor na epidemije avijarne influence. Ovaj
protokol se moze lako prilagoditi za upotrebu u razli¢itim laboratorijskim
okruzenjima, doprinose¢i globalnim naporima u borbi protiv avijarne in-
fluence i unapredenju razumevanje virusa na molekularnom nivou.

Kljucne reci: avijarna influenca, sekvenciranje nove generacije, bioin-
formatika, genomika virsa, molekularna karakterizacija

INTRODUCTION

Avian Influenza Virus (AIV) is a highly pathogenic virus affecting both
poultry and humans, with recent outbreaks causing significant economic and
health impacts worldwide. The rapid evolution and genetic diversity of AIV
necessitate robust and efficient methods for accurate detection, characteriza-
tion, and surveillance. Advances in sequencing technologies have provided
new opportunities, yet challenges remain in integrating these technologies into
a streamlined workflow. Current literature highlights the need for comprehen-
sive approaches combining sample amplification, high-throughput sequenc-
ing, and bioinformatics analysis (Imai et al., 2018; Puryear et al., 2023; Ip et al.,
2023). Recent studies have demonstrated various methodologies for sequenc-
ing AIV, each contributing valuable insights into the virus’s genetic makeup
and evolution. However, there remains a gap in providing an all-encompassing
protocol that can facilitate seamless transitions from sample collection to data
analysis. This study presents a sequencing protocol with an accompanying bio-
informatics pipeline specifically designed for AIV. This approach integrates the
entire process, from sample amplification to sequencing and bioinformatics
analysis, into a single, cohesive workflow. This protocol can be of use in various
of AIV genomic studies, ultimately aiding in better understanding and man-
agement of AIV outbreaks, enabling more effective monitoring and control
measures.
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MATERIALS AND METHODS
Ethics statement

The animal procedures conducted in this study adhered strictly to Serbian
and European regulations on animal experimentation and notifiable diseases.
All samples were collected as part of the official surveillance of Avian Influ-
enza, supervised by Serbian veterinary directorate and in accordance with Ser-
bian veterinary legislation, as these procedures are routinely performed for
official surveillance.

Sample collection and nucleic acid extraction

Carcasses of birds (both domestic and wild) with suspected AIV infection,
collected during 2021-2022 were delivered to our laboratory for detection of
AIV. Organs were harvested and prepared for nucleic acid extraction. Viral
RNA extraction was performed with IndiMag Pathogen Kit (Indical Biosci-
ence, Germany) as described by the manufacturer. The presence of the AIV
genome in these samples was confirmed by targeting the detection of matrix
gen (M gen), using RT-qPCR with TagMan-based one-step RT-qPCR with oli-
gonucleotide primers and probes and thermal profiles described by Spackman
et al. (2002) and by using commercial kit RNA UltraSense™ One-Step Quanti-
tative RT-PCR System (Invitrogen, ThermoFisher Scientific), according to the
manufacturer’s instructions. All samples were processed in a BSL2+ laboratory
in strict compliance with biosafety procedures. Out of all the tested samples,
three were selected for sequencing, based on the Ct values (below 28).

PCR amplification for whole genome sequencing

Since the beginning and the end of each genome segment are homolo-
gous, whole genome amplification was performed using only two primers
(MBTuni-12 and MBTuni-13) described by Zhou et al. (2009). The PCR am-
plification was performed using SuperScript™ IV One-Step RT-PCR System
(ThermoFisher Scientific, USA) and the PCR was performed in 25 pl reaction
volumes with 1.5 ul forward and reverse primers (10 pmol/pl), 12.5 ul of Su-
perScript IV buffer mix, 0.5 ul of SuperScript enzyme mix, 5 pl of extracted
RNA and DEPC water up to 25 pl. The PCR thermal profile was as follows:
reverse transcription at 48°C for 45 minutes, DNA polymerase activation and
reverse transcriptase inactivation at 98°C for 2 minutes, followed by 5 cycles

92



Arhivveterinarske medicine, Vol. 17, No. 1, 89 - 97, 2024
Gajdov, V... et al.: Sequencing protocol and bioinformatics pipeline ...

of denaturation at 94°C for 30 seconds, amplification at 45°C for 30 seconds,
and elongation at 72°C for 3 minutes. This was further followed by 35 cycles of
denaturation at 94°C for 30 seconds, amplification at 57°C for 30 seconds, and
elongation at 72°C for 3 minutes, with a final elongation at 72°C for 10 min-
utes. The PCR amplification was performed using a PCR instrument -Thermo-
cycler Gradient (Eppendorf, Germany).

Whole genome sequencing

To assess the PCR amplification, the concentration of dsDNA was meas-
ured using Qubit 4 (ThermoFisher Scientific, USA), following the manufactur-
ers instructions, followed by purification with the GeneJET PCR Purification
Kit (ThermoFisher Scientific, USA). Before library preparation, samples were
diluted to a working concentration of 1 ng/pl, instead of the recommended
100 ng/pl described in the library preparation protocol, because the low viral
RNA concentration in the samples makes it challenging to achieve 100 ng/ul
of DNA even after PCR amplification (although it should be noted that the
protocol supports DNA concentration of 1 ng/ul to 500 ng/pl). Library prepa-
ration and sequencing was performed with the DNA Prep kit (Illumina, USA),
following the manufacturers” instructions, with one modification (described
in the previous sentence). The libraries were pooled and sequenced (2x150
paired-end) on the MiniSeq benchtop sequencer (Illumina, USA). The data-
sets generated in this study are available in NCBI GenBank under the acces-
sion numbers PP853088- PP853111.

Sequencing data analysis

Raw sequencing reads were initially assessed for quality using FastQC
(v0.11.9) (Andrews, 2010). Statistical data on the raw reads were generated
with Prinseq (v0.20.4) (Schmieder and Edwards, 2011). To ensure high-qual-
ity data, low-quality bases, primers, and adapters were trimmed using Trim
Galore (v0.6.7) (Krueger, 2012). Reference-guided genome assembly was con-
ducted using BWA (v0.6) (Li and Durbin, 2009), Samtools (v1.16.1) (Li et al.,
2009), and iVar (v1.3.1) (Grubaugh et al., 2019). Coverage statistics were ob-
tained using weeSAM (v1.6) (Aydemir and Baykal, 2018). A custom reference
genome was constructed with the Vapor tool (v1.0.2) (Southgate et al., 2020)
utilizing a custom-built database containing all Avian Influenza Virus (AIV)
genomes from the NCBI GenBank. Subtyping was performed with the Blast
command line tool with a custom-made database comprised of all available
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AIV HA and NA genome segments from GISAID. The pathogenicity of the
viruses was checked by identifying the presence of multi-basic hemagglutinin
cleavage sites using the EMBOSS Transeq tool (Rice et al., 2000).

RESULTS and DISUSSION

Out of all the samples that tested positive for AIV presence by used RT-
qPCR, three AIV positive sample materials were chosen for further analysis,
PCR amplification and whole genome sequencing. A total of 2.6 Gbp of in-
formation was obtained from a sequencing run with a density of 321+3 K/
mm?, with 78.56+0.42% of the clusters passing quality control (QC) filters.
Approximately 87.16% of Readl and 92.43% of Read2 sequences contained
high-quality bases, meeting the > Q30 base calling QC standard, as generated
by FastQC and Prinseq. BLAST analysis of the AIV hemagglutinin and neu-
raminidase sequences identified two viruses as belonging to the H5N1 sub-
type and one to the H5N8 subtype. All AIVs were categorized within clade
2.3.4.4b. The high pathogenicity of the viruses was confirmed by the presence
of multi-basic hemagglutinin cleavage sites. Consensus genome was generated
for all samples. The complete genomes of all three virus samples yielded equal
or greater than 3000-fold sequence coverage depth. The results of this study
demonstrate the efficacy of this comprehensive sequencing and bioinformatics
pipeline in accurately identifying and characterizing AIV from field samples.
The high-throughput sequencing yielded 2.6 Gbp of data, with a significant
proportion of high-quality reads, underscoring the robustness of the initial
quality control and data preprocessing steps. The initial quality assessment us-
ing FastQC and the subsequent data trimming with Trim Galore ensured that
dataset maintained high standards, with over 87% of Readl and 92% of Read2
sequences meeting the > Q30 quality threshold. This high level of quality is
essential for reliable downstream analyses. Our PCR protocol successfully am-
plified the whole genome of the viruses, enabling the simultaneous detection
of two different subtypes. The reference-guided genome assembly using BWA,
Samtools, and iVar was highly effective, as evidenced by the coverage depth ex-
ceeding 3000-fold for all samples. High depth is critical for ensuring the accu-
racy of variant calling and genome assembly, providing a solid foundation for
subsequent analyses. Constructing a custom reference genome with the Vapor
tool, utilizing a comprehensive database of AIV genomes from NCBI GenBank
proved advantageous. This approach enhances the accuracy and relevance of
genomic analyses by tailoring the reference to include the most recent and
locally relevant strains, reducing bias, and improving assembly quality. It al-
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lows for more precise detection of region-specific mutations and pathogenicity
markers, providing detailed evolutionary insights and adaptability to rapidly
evolving pathogens like AIV. BLAST analysis and phylogenetic classification
identified three H5N1 and one H5N8 subtypes, all belonging to clade 2.3.4.4b.
The ability to accurately subtype the viruses and place them within a specific
clade demonstrates the effectiveness of this pipeline and the utility of using
a custom reference genome. Most of the papers describing AIV sequencing
use in-house developed protocols and pipelines (Puryear et al., 2023) or focus
on the utilization of Oxford Nanopore technology (Imai et al., 2018) and that
is why this paper presents an integrated protocol and bioinformatics pipeline
designed to streamline the entire process of AIV. It combines sample amplifi-
cation, sequencing, and data analysis into a cohesive workflow. By providing
a comprehensive, all-in-one solution, the paper aims to facilitate scientists’ ef-
forts in efficiently obtaining and analyzing high-quality genomic data, enhanc-
ing the accuracy and speed of AIV research and surveillance.

CONCLUSION

In conclusion, the conducted study presents a simple yet effective sequenc-
ing and bioinformatics pipeline for the analysis of AIVs. The high quality of
the sequencing data, combined with the use of a custom reference genome,
allowed for accurate identification, assembly, and pathogenicity assessment of
the viruses. These results contribute valuable data to the global understanding
of AIV diversity and evolution and highlight the importance of continued sur-
veillance and methodological advancements in the field. Future studies could
build on this approach by incorporating additional bioinformatics tools and
expanding the scope of bioinformatic analysis.
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